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Postural hypotension has been reported to 
affect between 6% and 30% of community-

dwelling individuals older than 65 years of age.1 
During postural stress, a complex system of car-
diovascular responses is required to maintain 
blood pressure (BP). These responses include the 
triggering of arterial baroreceptors and the sym-
pathetic nervous system as well as an appropriate 
end-organ response, including vasoconstriction 
and an increase in heart rate.2 Older individuals 
are at risk for postural hypotension due to age-
related changes in both the afferent and efferent 
limbs of the baroreflex arc,3 heightened sym-
pathetic nervous system activity,4 and impaired 
α-adrenergic5 and β-adrenergic6 receptor respon-
siveness of target organs. Clinical studies have sug-
gested that postural hypotension increases the risk 

for falls7 and stroke8 and is an independent predic-
tor of mortality.9 Although risk factors such as age, 
diabetes, hypertension, and vasoactive medication 
use have been identified, the pathogenesis of this 
disorder remains incompletely understood.10–12

Age, diabetes, and hypertension are also closely 
associated with increased central artery stiffness.13 
Recently, a study reported an association between 
arterial stiffness and orthostatic hypotension.14 
The authors suggest that treatments aimed at 
decreasing arterial stiffness may lead to improve-
ment in postural BP response. However, the 
study population consisted of hospitalized older 
patients with multiple comorbidities, including 
ischemic heart disease, atrial fibrillation, and dia-
betes, and at least one third of these patients were 
using vasoactive medications at the time of mea-
surement. These comorbidities and their treat-
ments have been independently associated with 
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This study tests the hypothesis that increased arterial stiffness is associated with postural hypoten-
sion in older adults. Aortic pulse wave velocity and postural blood pressure (BP) response were 
assessed in 49 nondiabetic community-dwelling normotensive (n=27) and hypertensive (n=22) 
older adults (mean age ± SD, 71±6.7 years) who were not receiving vasoactive medications. During 
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BP (SBP)(+10.6±14.6 mm Hg), 27 had a postural decrease of <20 mm Hg (–9.3±4.2 mm Hg), and 
nine had a postural decrease of >20 mm Hg (–29.1±8.1 mm Hg). Contrary to the proposed hypoth-
esis, pulse wave velocity was significantly greater in subjects with a postural increase in SBP than 
in those with a postural decrease in SBP <20 mm Hg (10.2±0.68 m/sec vs. 8.3±0.37 m/sec; p=0.03) 
and tended to be greater than in those with a postural decrease in SBP >20 mm Hg (10.2±0.68 
m/s vs. 8.5±0.73 m/sec; p=0.11). Higher pulse wave velocity was associated with a more posi-
tive postural SBP response at 1 minute (r=0.42; p=0.024), 3 minutes (r=0.38; p=0.007), and 5 
minutes (r=0.45; p=0.001). This study does not support a relationship between arterial stiffness 
and a postural decrease in BP among healthy older adults; other age-related factors regulating BP 
homeostasis likely play a greater role. (AJGC. 2005;14:224–229) ©2005 Le Jacq Ltd.
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arterial stiffness, which may have confounded the 
reported relationship. Therefore, to avoid these 
confounding limitations, healthy older ambulato-
ry normotensive and hypertensive individuals who 
were not actively treated with vasoactive medica-
tions were recruited for this study. This study tests 
the hypothesis that increased arterial stiffness is 
associated with the postural fall in BP in healthy 
and moderately hypertensive older adults.

METHODS
Subject Selection. Normotensive and hyperten-
sive men and women in good general health aged 
60–90 years were recruited for this cross-sectional 
study. Volunteers with a known history of symp-
tomatic cardiac disease, arrhythmia, diabetes, or 
kidney disease were excluded. Volunteers with a 
serum creatinine >1.5 mg/dL or fasting glucose 
≥126 mg/dL were also excluded. All subjects had 
a normal sinus rhythm on electrocardiogram 
(ECG) at the time of the study. Volunteers tak-
ing antihypertensive medication were asked to 
complete a 4-week withdrawal period. If their BP 
exceeded 180/110 mm Hg, they were excluded 
from the study and their medication was restart-
ed. Volunteers using other substances that could 
alter BP, e.g., tobacco or decongestants, were also 
excluded. Volunteers signed an informed consent 
form approved by the University of Michigan 
Institutional Review Board.

Thirty-eight normotensive volunteers, free of 
vasoactive medications, were enrolled. Eleven 
hypertensive volunteers completed the 4-week 
antihypertensive medication withdrawal and were 
also enrolled. Subjects were studied by a single 
operator in the morning following an overnight 
fast free of caffeine products.

Arterial Stiffness. Aortic stiffness was assessed by 
measuring the carotid–femoral pulse wave velocity 
(PWV).15 Subjects were placed in a supine position 
and ECG leads were positioned to continuously 
record heart rate. Systolic BP (SBP) and diastolic 
BP (DBP) were measured with a manual sphyg-
momanometer. Subsequently, the location of the 
maximal impulse of the right common carotid 
and right common femoral arterial pulses were 
marked, as was the midpoint of the manubrium. 
To approximate the length of the descending 
aorta, the distance from the midpoint of the 
manubrium to the maximal pulse of the right 
carotid artery was subtracted from the distance 
from the midpoint of the manubrium to the maxi-
mal pulse of the right femoral artery (laorta [mm]). 

A hand-held high-fidelity tonometer (SPC-301; 
Millar Instruments, Houston, TX) was placed 
over the maximal impulse of the carotid artery to 
achieve a pressure wave contour with a consistent 
baseline, contour, and amplitude. A 20-second 
time span of these carotid pulse contours was 
recorded (AtCor version 7.0; AtCor Medical Inc. 
(USA), Chicago, IL). The average time (tc [ms]) 
between each R wave on the ECG and the foot of 
the corresponding carotid pressure waveform was 
calculated. Similarly, the tonometer was placed 
over the maximal impulse of the right common 
femoral artery to calculate tf (ms). PWV (m/sec) was 
then calculated by the equation PWV= laorta/(tf–tc). 
A measurement was excluded if the pressure con-
tour was of poor quality or if a significant differ-
ence (>15%) in heart rate was found between the 
carotid and femoral measurements. Four PWV 
measurements were recorded for each subject. A 
subject’s PWV was the average of the technically 
acceptable measurements.

To estimate intraoperator reproducibility of 
PWV, one operator completed serial measure-
ments in a subset of 18 volunteers on three study 
visits separated by 1 week. To estimate interopera-
tor reliability, two operators independently mea-
sured PWV in a subset of 22 volunteers during a 
single occasion. The intraoperator coefficient of 
variation for PWV measures obtained during three 
separate visits was 5.8%±3.6%. The interoperator 
coefficient of variation for PWV on the same visit 
was 5.1%±3.7%.

Upright Posture Protocol. Following 30 minutes 
of supine rest while PWV measurements were 
performed, baseline SBP and DBP were measured 
with a manual sphygmomanometer. Supine BP 
measurements were repeated until three consecu-
tive measurements were within ±2 mm Hg. These 
consecutive measurements were averaged. Subjects 
were then brought to a standing position in a stan-
dardized fashion in less than 10 seconds. BP and 
heart rate were recorded at 1, 3, and 5 minutes. 
The postural change in BP was calculated as the 
difference between the average supine BP and the 
pressures at 1, 3, and 5 minutes of standing. The 
lowest of the three values was used to classify sub-
jects as having no fall in SBP, a fall <20 mm Hg, or 
a fall ≥20 mm Hg.

Statistical Analysis. A sample size of N=47 was 
targeted, providing 80% power to detect that 
PWV explains 15% of the variation in postural BP 
change. All analyses were made using SAS version 
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8.0 (SAS Institute, Inc., Cary, NC). Continuous 
variables are expressed as means ± SD. Categoric 
variables are expressed as percentages. A Student 
t test was used to compare group means. Subjects 
were categorized by their postural BP change 
during the 5-minute stand as: 1) no change or a 
postural increase in SBP; 2) a postural decrease 
between 1 and 20 mm Hg; or 3) a postural 
decrease greater than 20 mm Hg. A one-way anal-
ysis of variance was used to analyze the association 
between baseline characteristics and these catego-
ries of postural BP change. Linear regression was 
performed to analyze the associations between 
PWV and the postural changes in SBP and DBP, 
as well as with previously reported predictors of 
postural pressure changes. Multiple linear regres-
sions were performed to assess the independence 
of these associations.

RESULTS
The average age of the subjects studied (22 men 
and 27 women) was 71±6.7 (range 60–87) years. 
The mean body mass index (BMI) was 25.3±3.6 
(range, 18.4–36.3) kg/m2. Eleven subjects (22%) 
had a history of drug treatment for hyperten-
sion (mean SBP, 154±14.5 mm Hg); 13 subjects 
(27%) with no history of hypertension had resting 
supine SBP ≥140 mm Hg (mean SBP, 150±8.5 
mm Hg). For the entire sample, the mean resting 
supine SBP was 139±19 (range 96–180) mm Hg; 
the mean resting supine DBP was 69.8±9.5 (range 
41–86) mm Hg. The mean resting supine heart 
rate was 59.9±7.6 (range 42–77) bpm.

The mean PWV and pulse pressure (PP) 
were 8.8±2.2 m/secec (range 5.6–14.6 m/sec) 
and 68.7±16 mm Hg (range 34–102 mm Hg) 
respectively. In univariate analysis, PWV cor-
related with resting SBP (r=0.72; p<0.001), PP 
(r=0.63; p<0.001), DBP (r=0.29; p<0.044), heart 
rate (r=0.47; p<0.001), age (r=0.32; p=0.024), 
and BMI (r=0.33; p=0.022). In multiple regres-
sion, PWV was independently associated with SBP 
(p<0.001), heart rate (p=0.003), BMI (p=0.016), 
and age (p=0.026); this model explained 67% of 
the variance in PWV.

No significant relationship was found between 
age or resting supine SBP and the postural change 
in SBP or DBP during the 5-minute stand (p>0.2 
for all time points). The associations between PWV 
or PP and the change in SBP and DBP at 1, 3, 
and 5 minutes are shown in Table I. A direct asso-
ciation was seen between PWV and the postural 
change in SBP at all three time points (Figure 1). 
This relationship remained significant (p<0.05 for 

Table I. The Association Between the Supine 
Pulse Pressure, Pulse Wave Velocity (PWV), and 
Postural Change in Blood Pressure (BP)

PULSE PRESSURE  
R VALUE (P)

PWV  
R VALUE (P)

Change in systolic BP (mm Hg) at:

1 Minute 0.42 (0.004) 0.32 (0.024)

3 Minutes 0.42 (0.003) 0.38 (0.007)

5 Minutes 0.38 (0.008) 0.45 (0.001)

Change in diastolic BP (mm Hg) at:

1 Minute 0.31 (0.033) 0.18 (0.209)

3 Minutes 0.27 (0.070) 0.24 (0.091)

5 Minutes 0.16 (0.288) 0.12 (0.405)
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Figure 1. Associations between pulse wave veloc-
ity (PWV) and postural systolic blood pressure (SBP) 
response at 1, 3, and 5 minutes
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all time points) when controlling for sex, resting 
heart rate, or age. Similarly, a direct relationship 
was seen between PP and the postural change in 
SBP at 1, 3, and 5 minutes; this association also 
remained statistically significant (p<0.03 for all 
comparisons) when controlling for sex, resting 
heart rate, or age. A direct relationship was also 
found between PP and the change in DBP at 1 and 
3 minutes, although the latter time point did not 
reach statistical significance.

The postural change in SBP was defined as the 
difference between the supine SBP and the lowest of 
the three SBP measurements during the 5-minute 
stand. Thirteen subjects had no change or a postural 
increase in SBP (+10.6±14.6 mm Hg; range 0–46 
mm Hg); 27 subjects had a postural decrease between 
1 and 20 mm Hg (–9.3±4.2 mm Hg; range –19 to 
–1 mm Hg); nine subjects had a postural decrease 
>20 mm Hg (–29.1±8.1 mm Hg; range –44 to –20 
mm Hg). Baseline characteristics by these three cat-
egories of postural BP response are shown in Table 
II. Men exhibited a significantly greater postural 
fall in BP than women (–14±13 mm Hg vs. –2.4±16 
mm Hg; p=0.010). The postural change in SBP 
correlated with resting PP (r=0.32; p<0.03), resting 
PWV (r=0.34; p<0.02), marginally with resting DBP 
(r=–0.25; p<0.08), but did not correlate with BMI, 
history of hypertension, resting SBP, or heart rate 
(p>0.1 for all). In stepwise multiple regression, the 
postural change in SBP was independently associated 
with resting PWV (p<0.003) and resting DBP (p<0.03) 
and tended to decrease in men (p=0.06); this model 
explained 27% of the variance in PWV.

During the 5-minute stand, dizziness was reported 
by two of the 13 (15%) individuals with no change or 
a postural increase in SBP, by seven of the 27 (26%) 
individuals with a postural decrease between 1 and 20 
mm Hg, and by three of the nine individuals (33%) 
with an SBP fall ≥20 mm Hg. The average PWV was 
greater in subjects with no postural decrease in SBP 

than in those with a postural decrease <20 mm Hg 
(10.2±2.4 m/sec vs. 8.3±1.9 m/sec; p=0.03) (Figure 
2). Similarly, the average PWV tended to be greater 
in subjects with no postural decrease in SBP than in 
those with a postural decrease >20 mm Hg (10.2±2.4 
m/sec vs. 8.5±2.2 m/sec; p=0.11).

DISCUSSION
The results of this study fail to demonstrate an 
association between increased arterial stiffness 
and a postural decrease in SBP or DBP. The 
present study was performed in a population of 
healthy older normotensive and hypertensive 
adults who were not receiving vasoactive medica-
tions. This subject selection minimized the con-
founding effects of medications and comorbid 
medical conditions on the postural BP response 
and its relationship to arterial stiffness. Although 
individuals with a known history of orthostatic 
hypotension were excluded, nearly 20% of the 
subjects studied exhibited a fall in SBP of 20 
mm Hg during the 5-minute period of upright 
posture. When these individuals with orthostatic 
hypotension were compared with the group with 
no change or a postural increase in SBP, their 
PWV tended to be lower, not higher.

Recently, Boddaert et al.14 reported that among 
older individuals hospitalized for complications 
related to a fall, arterial stiffness was greater in 
individuals with orthostatic hypotension com-
pared with those without orthostatic hypotension. 
It was proposed that stiff artery walls might restrict 
the mechanical stretch of arterial baroreceptors, 
thereby blunting the compensatory response to 
upright posture. A recent study of healthy and 
hypertensive older adults failed to demonstrate 
such an association between baroreflex sensitivity 
and arterial stiffness.16 Results from the present 
study do not support a postural BP fall–arterial 
stiffness relationship.

Table II. Baseline Characteristics* by Postural Change in Systolic Blood Pressure (SBP) During the 5-Minute 
Stand

↑SBP ≥0 MM HG 
(N=13)

↓SBP 0–20 MM HG 
(N=27)

↓SBP >20 MM HG 
(N=9)

TREND  
P VALUE 

Age (yr) 71.8±5.7 69.3±6.9 75.7±5.8 0.30

Males 4 (31) 12 (40) 7 (78) 0.04

Body mass index (kg/m2) 26.8±5.0 24.6±3.0 25.3±1.9 0.24

History of hypertension 5 (38) 12 (44) 3 (33) 0.88

Supine SBP (mm Hg) 139±20.3 140±19 132±20 0.45

Supine diastolic BP (mm Hg) 65±11 72±8.2 70.1±9.8 0.18

Supine heart rate (bpm) 62±5.3 59.9±8.7 56.7±6.5 0.11

↑=increase; ↓=decrease; *data are mean ± SD or n (%)
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The conflicting results between the present study 
and the Boddaert et al. study are likely due to criti-
cal differences in the study populations. First, the 
present study was performed in a healthy ambula-
tory population, while the previous study examined 
patients acutely hospitalized for complications relat-
ed to a fall. Second, subjects in the present study 
were free of any vasoactive medications, while at 
least one third of the subjects in the previous study 
reported the active use of vasoactive medications 
including nitrates, calcium channel blockers, and 
angiotensin-converting enzyme inhibitors. Third, 
the subjects in the present study were normotensive 
and hypertensive older adults who were carefully 
screened to be in good general health; the previous 
study included individuals with ischemic heart dis-
ease, atrial fibrillation, heart failure, diabetes, and 
stroke. Furthermore, patients in the previous study 
who exhibited postural hypotension had a higher 
prevalence of cardiac disease and atrial fibrillation 
compared with those without hypotension. Studies 
have shown that individuals with cardiovascular 
disease have a diminished ejection time and heart 
rate response to postural stress.17–19 Given the find-
ings of the present study, the relationship identified 

between orthostatic hypotension and arterial stiff-
ness in the Boddaert et al. study was more likely 
due to these medical conditions and medications 
than the increase in arterial stiffness that occurs 
with aging.

Interestingly, a direct relationship was demon-
strated between the severity of arterial stiffness and 
a postural increase in SBP. As shown in Figure 1, 
individuals with greater arterial stiffness were more 
inclined to increase their BP when challenged with 
a postural stress. Although it was not discussed, 
this finding was also reported in the Boddaert et 
al. study.14 During postural stress, cardiovascular 
mechanisms are employed to maintain SBP, pri-
marily by increasing heart rate and stroke volume. 
One could hypothesize that when an increase in 
cardiac output is directed into a stiff arterial tree, 
a greater increase in SBP would occur than when a 
similar load is directed into a more compliant arte-
rial tree.20 Although this speculation requires fur-
ther study, the arterial stiffness–postural increase 
in SBP relationship does offer further evidence 
against the hypothesis that the age-related increase 
in arterial stiffness is associated with a greater risk 
for postural BP decline.
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Figure 2. Pulse wave velocity grouped by the postural change in systolic blood pressure (SBP): no decrease, a decrease 
<20 mm Hg, or a decrease >20 mm Hg
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It is important to note several limitations in this 
study. By design, the study did not include indi-
viduals with active medical conditions other than 
hypertension, nor were individuals on vasoactive 
medications included. Indeed, these conditions 
may have been responsible for the previous obser-
vation that arterial stiffness was higher in those 
with postural hypotension. The current study 
was also not designed to assess arterial stiffness 
in individuals with a history of falls or a history 
or symptoms of postural hypotension. The study 
design is also limited in part due to the well-
defined day-to-day variability reported in postural 
BP response.21–23 Measurements in this study were 
taken on a single visit and, therefore, do not pro-
vide information about day-to-day postural BP 
variations that are likely to exist. However, given 
that a statistically significant relationship was 
observed between arterial stiffness and postural 
SBP increase, it seems unlikely that the day-to-day 
variability in postural BP response would lead to 
the opposite finding on a different day.

CONCLUSION 
This study fails to identify an association between 
increased arterial stiffness and the postural decrease 
in SBP among healthy normotensive and moder-
ately hypertensive older individuals. Other factors 
regulating BP homeostasis likely play a greater role 
than the age-related increase in arterial stiffness in 
maintaining BP during upright posture.
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