
VOL. 10  NO. 2  February 2008 THE Journal of Clinical Hypertension 97

The effect of age on autonomic nervous system 
was assessed at rest and while standing using 
systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) , heart rate, and power 
spectral analysis of the time duration between 
2 consecutive R waves of an electrocardiogram 
(RR) interval variability, as well as on plasma 
norepinephrine and epinephrine levels in mild to 
moderate hypertensive patients (DBP, 90–110 
mm Hg). Patients younger than 60 years (n=57) 
and older than 60 years (n=32), were evaluated 
after a 3- to 4-week placebo period. Plasma cate-
cholamines were measured in the supine position 
at rest and after 10 minutes of standing. Power 
spectral analysis of the RR interval variabil-
ity was performed in each condition using the 
high-frequency (HF) band (0.15–0.4 Hz) as an 
index of parasympathetic activity and the low-
frequency (LF) band (0.05–0.15 Hz) and LF-HF 
ratio to estimate sympathetic activity. The total 
power was calculated as the sum of LF and HF 
power. supine SBP was significantly higher in 
older patients (P<.05). SBP and DBP increased 

significantly only in younger patients during 
standing (P<.05), while the changes were smaller 
and nonsignificantly lower in older patients. HR 
was similar in both groups at rest and increased 
similarly during standing. Norepinephrine 
and epinephrine levels were similar at rest and 
increased similarly in both groups of patients 
during standing. At rest, lower LF and HF com-
ponents were observed in older patients. The LF 
component increased less and the HF component 
decreased less in older patients during standing. 
A lower sympathetic and parasympathetic basal 
cardiac tone was observed at rest in older hyper-
tensive patients. Moreover, reduced hemody-
namic and sympathetic responses to standing as 
assessed by SBP, DBP, and the LF component of 
HR variability were observed in older hyperten-
sives in the presence of a normal catecholamine 
response. These observations could reflect a 
decreased sensitivity of cardiac β-adrenoceptors 
with aging. (J Clin Hypertens (Greenwich). 
2008;10:97–104) ©2008 Le Jacq

Both age and sex influence autonomic control 
of the cardiovascular system.1,2 Epidemiologic 

studies have reported a relationship between aging 
and increasing blood pressure.3–5 The physiologic 
changes in the cardiovascular system and in its 
autonomic regulatory mechanisms could explain 
the rise of blood pressure with age. Several studies 
have reported a decrease in baroreceptor sensitivity 
with aging in both normotensive and hypertensive 
persons.6–8 It has been postulated that a reduced 
baroreflex sensitivity could result from anatomic 
changes in baroreceptors or from decreased arterial 
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wall compliance secondary to aging, as well as 
from increased sympathetic nerve activity.6,9 Heart 
rate (HR) variability, analyzed by spectral powers, 
is now a generally accepted marker of autonomic 
function in hypertensive patients, specifically for 
cardiac autonomic tone, displaying individually 
reproducible circadian variations. We used the 
time duration between 2 consecutive R waves of 
an electrocardiogram (RR) interval for the analy-
sis. Several studies have used the evaluation of the 

beat-to-beat variability of RR intervals to assess 
the alterations in autonomic functions and their 
influence on the risk of cardiovascular disease and 
death.10 A progressive reduction in beat-to-beat 
HR variability has been reported with age.10,11 
Moreover, attenuation in the activity of both sym-
pathetic and parasympathetic components has also 
been observed with age.12,13 There is little informa-
tion in the literature about the effect of aging on 
cardiac autonomic activity assessed by HR vari-
ability in hypertensive patients, however.

The aim of this study was to evaluate auto-
nomic nervous system (ANS) activity at rest and 
after standing using hemodynamic and autonomic 
parameters such as systolic blood pressure (SBP), 
diastolic blood pressure (DBP), HR, plasma nor-
epinephrine (NE) and epinephrine (E) levels, as 
well as spectral power analysis of RR interval 
variability in young (younger than 60 years) and 
older (older than 60 years) patients with mild to 
moderate untreated hypertension and a sitting DBP 
between 90 and 110 mm Hg.

Methods
Participants
The effects of age on ANS basal activity and 
reactivity to standing were studied in 65 men 
and 24 women by assessing SBP, DBP, HR, 
plasma NE and E, and RR interval variability in 
the frequency domain. Participants were selected 
in the present study on the basis of specific inclu-
sion and exclusion criteria. Healthy patients with 
mild to moderate hypertension aged between 
18 and 74 years inclusively were studied. The 
hypertensive patients who participated in the 
present protocol were recruited for various other 
studies. Previously treated patients stopped their 
current medication and undertook, along with 
previously untreated patients, a period of pla-
cebo treatment for 3 to 4 weeks. At the end of 
the placebo period, patients were required to 
have a clinic sitting DBP level >90 mm Hg and 
<110 mm Hg to be eligible for study enrollment. 

Table I. Population Demographics
Younger Than 60 y Older Than 60 y

No. of patients (male/female) 57 (42/15) 32 (23/9)
Age, y 51.7±6.4 65.4±4.0a

Duration of hypertension, mo 93.5±65.9 139.1±109.3a

Clinic sitting SBP, mm Hg 145.4±13.1 155.0±12.4a

Clinic sitting DBP, mm Hg 99.9±9.5 99.3±5.4
Clinic sitting heart rate, bpm 73.7±9.1 71.9±9.7
Weight, kg 85.8±16.4 78.9±18.4a

aP<.05 between groups. Abbreviations: bpm, beats per minute; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Figure 1. Changes in systolic and diastolic blood pres-
sure levels (mm Hg) and HR in hypertensive patients 
younger than 60 years and older than 60 years at the 
end of the period of placebo treatment (younger than 
60 years, n=57; older than 60 years, n=32), respective-
ly, after 20 minutes of rest in the supine position and 
10 minutes of standing stimulation. * indicates signifi-
cance (P<.05) between groups; +, significance (P<.05) 
of changes from rest. 
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Secondary causes of hypertension were excluded 
by history, physical examination, and laboratory 
test results. Patients with known cardiac events 
in the past 12 months, insulin dependent diabe-
tes, a history of drug or alcohol abuse, neurolog-
ic or psychiatric illnesses, or liver diseases were 
excluded. All participants gave informed written 
consent approved by the ethic committees of 
both hospitals. This study was performed under 
Drugs Directorate Guidelines for the Conduct of 
Clinical Investigations of Canada and according 
to the Declaration of Helsinki.

Study Design
After completing the placebo period, patients who 
qualified for study inclusion were evaluated in the 
clinical research units of either Sacré-Coeur Hospital 
or of Hôtel-Dieu Hospital or of the Institut de 
Recherches Cliniques de Montreal in the morning 
at 8 am ± 1 hour. The ANS was evaluated by the 
measurement of plasma catecholamine levels and 
analysis of RR interval variability. Hemodynamic 
parameters were noninvasively monitored dur-
ing resting in the supine position for 20 minutes 
and during 10 minutes of active standing, using a 
Holter monitoring device (Holter 6600, read with 
Burdick version 3.0; Deerfield, WI). Blood samples 
for the determination of plasma catecholamines 
levels were obtained at rest and after 10 minutes 
of active standing. The measurements were made 
using a high performance liquid chromatographic 
technique. The measurements of hormones were 
carried out blinded by a third-party technician.

Biochemistry
Catecholamines. Twenty minutes after positioning 
an intravenous line in the antecubital vein with 
a 20-gauge needle, blood samples were taken 
after 20 minutes of rest and after 10 minutes of 
standing. Venous blood was drawn into prechilled 
tubes containing sodium heparin 143 USP/10 mL 
for catecholamines and tubes containing ethyl-
enediaminetetraacetic acid (K3) 15% (0.057 mL, 
0.34 M) for drug levels. The samples were vor-
texed and centrifuged immediately at 4°C for 20 
minutes at 3000 rpm. Plasma samples (2 mL) 
for catecholamine assay were stored at –80°C in 
tubes containing 40 mL of a preservative solu-
tion composed of ethylenediaminetetraacetic acid 
(0.950 g) and glutathione (0.600 g) in 10 mL of 
water adjusted to pH 7.0. All plasma samples were 
stored at –80°C until assayed. For the determina-
tion of catecholamines by high-performance liquid 
chromatography, a modification of the method of 

Remie and Zaagsma14 as described by Hjemdahl,12 

was used as previously reported by de Champlain 
and colleagues4 The detection limit was 10 pg/mL 
for NE and E. The recovery in plasma was of 98% 
for NE and 95% for E, and the interassay variabil-
ity was 4% for NE and 6% for E.

Autonomic and Hemodynamic Parameters. Beat-to-
beat recording of HR was conducted with 3-lead 
electrocardiography based on the X, Y, and Z sig-
nals from a modified Frank lead system, digitally 
recorded (Burdick, ALTIR DISC 6632R, Deerfield, 
WI) in the supine and upright positions. The 
electrocardiographic signal was digitalized at 500 
samples/s/channel. For optimal spectral analysis 
reproducibility, the HR recording had to meet a 
number of conditions: ideally, the signal needed to 
be regular, without artifacts and important arrhyth-
mias, and of sufficiently long duration. Usually, 
validated reliable software R-wave detection and 
an accurate fiducial marker of each R-wave ensure 
that only high quality data were submitted for 
spectral analysis. Segments of 256 seconds for 
each condition (rest, standing) were chosen for 
normalized power spectral analysis: during the last 
10 minutes in the supine position and during the 
period of 10 minutes active standing. Data were 
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Figure 2. Changes in norepinephrine and epinephrine plas-
ma levels (pg/mL) in hypertensive patients younger than 
60 years and older than 60 years at the end of the period 
of placebo treatment (younger than 60 years, n= 57; older 
than 60 years, n=32,) respectively, after 20 minutes of rest 
in the supine position and 10 minutes of standing stimula-
tion. * indicates significance (P<.05) between groups; +, 
significance (P<.05) of changes from rest.

The Journal of Clinical Hypertension® (ISSN 1524-6175) is published monthly by Le Jacq, located at Three Enterprise Drive, Suite 401, Shelton, CT 06484. Le Jacq is an imprint of Blackwell Publishing, which was acquired by John Wiley & Sons in 
February 2007. Blackwell’s programme has been merged with Wiley’s global Scientific, Technical, and Medical business to form Wiley-Blackwell.  Copyright ©2008 by Le Jacq. All rights reserved. No part of this publication may be reproduced or 
transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publishers. The opinions and ideas expressed in this 
publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Ben Harkinson at BHarkinson@bos.blackwellpublishing.com or 781-388-8511.

® 



THE Journal of Clinical Hypertension VOL. 10  NO. 2  February 2008100

analyzed using a computer program based on a 
fast Fourier transform algorithm. High-frequency 
(HF) power (0.15–0.4 Hz) was used as an index of 
parasympathetic activity, and low-frequency (LF) 
power (0.05–0.15 Hz) as well as the LF-HF ratio 
were used as indices of sympathetic activity.

Sitting Clinic Office Blood Pressure and HR. SBP 
and DBP levels were measured in the sitting posi-
tion, according to the World Health Organization 
guidelines, with a mercury sphygmomanometer (3 
measurements in the sitting position at 2-minute 
intervals after 5 minutes resting, followed by 1 
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Figure 3. Changes in low-frequency (LF), high-frequency (HF), and LF-HF ratio of power spectrum in hypertensive 
patients younger than 60 years (n=57) and older than 60 years (n=32) at the end of the period of placebo treatment, 
respectively, after 20 minutes of rest in the supine position and 10 minutes of standing stimulation. Values are given as 
means ± SD.* indicates significance (P<.05) between groups; +, significance (P<.05) of changes from rest; n.u., normal-
ized units.
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measurement in the standing position after at least 
2 minutes of equilibration).

Statistics
Results are expressed as mean ± SD. Nonpaired 
Student’s t test was used for the analysis of the 
effects of age on clinic blood pressure reading, HR, 
catecholamine levels, and spectral analysis of RR 
interval variability as well as for the differences 
between values observed at the same times fol-
lowing stimulation by active standing. Statistical 
analyses were performed with the Statistica (edi-
tion 2000) program (StatSoft, Tulsa, OK). A P 
value <.05 was used for statistical significance of 
comparisons between the 2 groups.

Results
Demographics
Fifty-seven persons aged 18 to 60 years and 32 
persons older than 60 years with mild to moder-
ate hypertension were studied in the present pro-
tocol (Table I). There were significant differences 
between the 2 groups of patients with respect to 
duration of hypertension and weight, which were 
respectively longer and lower in older patients. 
Moreover, the clinic sitting SBP was significantly 
higher in older patients (P<.05), but the clinic DBP 
and HR did not differ between the 2 groups.

Blood Pressure and HR During Standing
At rest in the supine position, SBP was significantly 
higher in older patients (P>.05), whereas DBP levels 
were identical in both groups (Figure 1). Standing 
increased SBP and SBP levels to a slight degree in the 
younger patients; changes in pressure were smaller 
in older patients (P<.05). No significant differences 
in HR were observed at rest or after stimulation 
during active standing in either group.

NE and E Levels During Standing
NE plasma levels tended to be higher at rest and 
during active standing in older hypertensive patients, 
but those differences were not significant (Figure 2). 
The significant increases in NE levels from rest to 
standing did not differ between groups. E plasma 
levels were slightly but significantly lower in older 
patients at rest; however, the significant increases in 
E levels during active standing were not significantly 
different between groups.

The LF and HF Components and the LF-HF Ratio 
of Power Spectra of RR Variability
The LF component was found to be signifi-
cantly lower in older compared with younger 

hypertensive patients after 20 minutes of rest in 
the supine position and during active standing. 
The increases in the LF component from the 
supine position to active standing were also sig-
nificantly greater in younger hypertensive patients 
(P>.05; Figure 3 and Figure 4).

The HF component was significantly lower at 
rest in the supine position in older hypertensive 
patients, but there were no differences between 
groups during active standing. The decrease in 
the HF component from rest to active stand-
ing, however, was significantly smaller in older 
patients (P<.05). Regardless of age, no significant 
difference in the ratio of LF-HF components was 
observed during rest or active standing. This ratio 
increased significantly more in the older group dur-
ing standing.

Total power was significantly higher (P<.05) in 
younger hypertensive patients during rest in the 
supine position and after active standing.

Discussion
The findings reported in the present study showed 
significant differences in autonomic responses 
between younger (younger than 60 years) and older 
(older than 60 years) hypertensive patients. Older 
patients with untreated hypertension were found to 
have significantly higher SBP, whereas no differences 
were observed between groups for DBP and HR. 
Following active standing, the HR increased similar-
ly in both groups, but the increases in SBP and DBP 
were attenuated in the older group. The autonomic 
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Figure 4. Total power of heart rate variability in hyper-
tensive patients younger than 60 years (n=57) and older 
than 60 years (n=32) at the end of the period of pla-
cebo treatment, respectively, after 20 minutes of rest in 
the supine position and 10 minutes of standing stimula-
tion. Values are given as means ± SD.* indicates signifi-
cance (P<.05) between groups; n.u., normailized units.
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control of blood pressure appears to decline with 
aging. Indeed, a decrease in cardiac sympathetic 
and parasympathetic components was observed in 
the older population. Decreased baroreflex sensitiv-
ity, sympathetic dysfunctions,15 increased arterial 
stiffness, and a decline in arterial compliance16 were 
postulated to be responsible for hemodynamic and 
autonomic changes. Our results are in line with 
the observations by Franklin and colleagues9 in a 
population-based study in which SBP was reported 
to increase progressively with age, but DBP rose 
until 60 years of age, then began to decline.

In our study, basal plasma NE and E values after 
standing were not significantly different between 
groups. Conflicting results have been reported 
in the literature regarding catecholamine plasma 
levels in older hypertensive patients. In some 
studies, plasma NE levels have been observed to 
increase with advancing age in both hypertensive 
and normotensive persons,6,17 only in normoten-
sive persons,18 only in hypertensive patients,2 or 
in neither group.19,20 The increase in NE plasma 
levels with advancing age may reflect increased 
peripheral sympathetic activity as a consequence of 
the decreased peripheral responsiveness to adren-
ergic stimuli21 or with an age-related decrease in 
NE clearance.22,23 An elevation in plasma epineph-
rine has also been reported in older hypertensive 
compared with normotensive persons, suggesting 
increased sympathoadrenal activity in this group.24 
Earlier investigations showed that total plasma 
NE spillover was greater in older healthy adults 
compared with young controls.25 In contrast, 
the regional cardiac sympathetic responses were 
reported to be either similar or attenuated in older 
adults compared with young controls.14 In other 
studies, however, as in the present study, a lack of 
increase in NE plasma levels with age in hyperten-
sive patients was observed.26

Only a few age-related observations in patients 
with untreated hypertension regarding power spec-
tral analysis of the RR interval have previously 
been reported. In contrast with our observation of 
catecholamines levels, we found that both LF and 
HF components (RR variability) under basal rest-
ing conditions were significantly higher in younger 
hypertensive patients at rest, suggesting higher 
sympathetic and parasympathetic tone in that 
population. Moreover, the changes in the LF and 
HF components from rest to standing were greater 
in younger patients after postural stimulation. 
The present data thus suggest a higher autonomic 
activity and reactivity in the younger hypertensive 
population during postural changes.

It has previously been reported in normotensive, 
healthy persons that the LF component declined 
linearly until the age of 62 years and then stabi-
lized, whereas the HF component declined only 
between the ages of 9 to 30 years.27 Also, in the 
study by Lipsitz and associates,28 younger patients 
demonstrated a higher total power and LF power, 
but the HF component was not affected by age. 
Our results confirm previous observations by 
Yamasaki and colleagues,29 who found that the LF 
and HF components declined gradually with aging 
in normotensive participants. Age-related changes 
in autonomic function have also been reported by 
Finley and coworkers,8 who found that LF and 
HF power as well as the LF-HF ratio decreased 
in the supine position with age. Korkushko and 
associates30 also reported that LF and HF power 
increased progressively during the first 3 decades 
of life, then declined thereafter; the HF component 
decreases more slowly than LF power. In healthy 
individuals, the response to orthostatic stimula-
tion was found to be affected by age because the 
total power and LF power were greater in younger 
participants, while the HF component remained 
unchanged during aging.31 The RR interval at rest 
and during passive tilt demonstrated a significant 
age dependency, with both components signifi-
cantly decreasing with age.32 In older hypertensive 
patients (older than 60 years), LF and HF power 
were reported to be significantly lower than in 
middle-aged patients,33 as in the present study. 
Similar findings were also presented by Yo and 
coworkers,34 who reported a decline in total power 
in older hypertensive patients.

It was postulated that in healthy conditions, 
a reduction of LF power in individuals with 
advanced age could decrease vulnerability to coro-
nary artery accidents, sudden death and arrhyth-
mias, and acute cardiac events.35,36 It has also 
been suggested that the changes in HR variability 
secondary to aging are associated with a new equi-
librium between sympathetic and parasympathetic 
activities in the elderly.33,37–41

Conclusions
Our findings suggest an attenuation of the ANS in 
the regulation of cardiac function in older essential 
hypertensive patients. Although the exact mecha-
nism of this attenuation is not completely known, 
it is postulated that the effect of aging might by 
related to the parallel age-related reduction in sym-
pathetic vasomotor responsiveness42 and reduced 
respiratory sinus arrhythmia.26 In addition, our 
finding of a lower LF component of spectral power 
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in older hypertensives, in the presence of a normal 
catecholamine response, suggests that those chang-
es may be secondary to the age-related decrease 
of cardiac b-receptor sensibility. Indeed, our study 
suggests that b-blockers may not represent ideal 
antihypertensive therapy in the older population of 
hypertensive patients.33
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