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Abstract
Baroreflex function measured as baroreflex sensitivity (BRS) mirrors an integrated capacity of the autonomic
nervous system. We aimed to assess the relationship between measures of BRS and age and relevant clinical
characteristics.
80 subjects participating in the Copenhagen City Heart study (43 women) with a mean age of 59 ± 11 years
(range 41-79 years) were included. Baroreceptor activity was quantified through the Valsalva manoeuvre (VM) and
as a spontaneous function. BRS was tested against age, gender, smoking status, body size and predicted risk of
coronary heart disease based on the Framingham score.
BRS was found to decline with age, but this change disappeared when correcting for the age related increase in
systolic blood pressure. We found that the VM-derived indices of sympathetic vascular control declined with age as
did the vagally controlled heart rate changes in response to deep breathing and VM. We could not demonstrate any
correlation between BRS, smoking status, and body size when adjusting for age and gender, whereas spontaneous
BRS was reduced with increasing Framingham risk score. Principal component analysis revealed three component
explaining 69% of the total variance in our population comprising one component reflecting the sympathetic activity,
the parasympathetic system, and the integrated spontaneous BRS, respectively. The parasympathetic component
was the only one correlating with clinical characteristics of declining age, smoking habits, systolic blood pressure
and Framingham score.
It is concluded that the parasympathetic and sympathetic parts of the baroreflex arch behave differently with
respect to aging and cardiovascular risk factors. The most prominent changes are seen in cardiovagal control
whereas the effects of age related changes in sympathetic vascular control are less noticeable. Our study supports
the use of the cardiovagal part of the baroreflex arch as an indicator of cardiovascular risk.

Keywords: Baroreflex sensitivity; Aging; Cardiovascular risk;
Autonomic nervous system

Introduction
Baroreflex function measured as baroreflex sensitivity (BRS)
mirrors an integrated capacity of the autonomic nervous system and is
an established tool for the assessment of autonomic control of the
cardiovascular system. Changes in blood pressure will lead to changes
in the impulse frequency of the afferent nerves from the baroreceptors
terminating in the nucleus of the solitary tract and central relaying of
the signal leads to changes in the sympathetic and parasympathetic
outflow. In the original study by Hering [1], it was demonstrated that
stimulation of the nerves from the carotid sinus induced cardiac
slowing and vasodilatation with the latter being independent on the
bradycardia. This distinction between the effect on heart rate and the
vascular system is reflected in the division of baroreflex sensitivity in a
part that causes a change in the interbeat interval (cardiovagal BRS)
and a part that changes sympathetic nerve activity or vascular tone
(adrenergic BRS). Both cardiovagal and adrenergic BRS has been
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shown to be blunted with increasing age in a mutual independent
manner [2].
Cardiovagal BRS may be quantified by the heart rate response to
blood pressure changes induced by vasoactive drugs with minimal
effect on the sinus node. Non-interventional alternatives are mainly
represented by forced changes in cardiac filling by the Valsalva
manoeuver, by direct changes in external carotid pressures through
the neck chamber technique, or by analysis of spontaneous variations
of blood pressure and RR interval. A linearly and invers association
between cardiovagal BRS and age has been demonstrated in a number
of studies [3,4] and decreased cardiovagal BRS has consistently been
found in several age-related disease states such as ischemic heart
disease, hypertension, heart failure, and diabetes [5-7]. Cardiovagal
BRS has also been shown to be a strong, independent prognostic factor
in patients with ischemic heart disease or congestive heart failure [8].
Lifestyle factors are known to influence cardiovascular health and
cardiovagal BRS. Smoking increases sympathetic activity [9] and a
number of studies have demonstrated that - compared to non-smokers
- smokers have higher heart rates, diminished heart rate variability,
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and reduced cardiovagal BRS [10] with similar or lower blood
pressures [11]. Changes in body composition towards a higher relative
fat content are associated with an impaired cardiovagal BRS [12] and
leptin, released from adipocytes, could be a central factor through its
sympathoexcitatory activity [13].
Age related changes in adrenergic BRS are less clearly defined.
Aging is associated with increased sympathetic nerve activity mirrored
both by increasing plasma catecholamine concentrations [14] and in
measures of resting muscle sympathetic nerve activity [15] and these
changes seem to be a function not just of age but also by age-related
differences in ischemic heart disease, obesity, chronic physical activity,
or arterial blood pressure [15].
We primarily aimed to assess the relationship between measures of
baroreflex sensitivity and age. We set out to quantify both spontaneous
cardiovagal BRS and forced cardiovagal and adrenergic BRS indices
using the Valsalva maneuver (VM) as well as the purely
parasympathetic heart rate responses to VM and deep breathing.
Secondly we wanted to assess the relationship between these indices
and relevant clinical characteristics of the patients included.

Subjects and Methods
We included 80 subjects without overt cardiovascular disease aged
40-80 years recruited through The Copenhagen City Heart study. The
participants were equally distributed with respect to age, smoking
status, and gender. Subjects were enrolled in the study between May
and December 2011. The Danish Data Protection Agency and the
Danish Scientific Ethical Committee approved the study and written
informed consent was obtained from all participants.
Clinical characteristics registered in the study included: Age,
gender, smoking status, number of pack-years (number of packs per
day multiplied by the number of smoking years), height, weight, and
waist circumference (measured to the nearest cm). Body mass index
(BMI) and waist-to-height ratio (WHR) were calculated [16] as was
the 10-year risk of coronary heart disease from the Framingham score
[17].
All tests were performed between 8 a.m. and 10 a.m. in the fasting
state at standard room temperature. RR-intervals and blood pressure
were measured continuously from one precordial ECG-lead and by
Finometer equipment (FinaPress Medical Systems BV, Amsterdam,
The Netherlands), respectively. Data were sampled at 1.0 kHz and
analysed using commercial software (Chart 5.59, AD Instruments Inc,
Colorado Springs, USA). Data were acquired during 10 min of supine
rest, where the subjects were asked to refrain from speaking and
moving unnecessarily during the test. The subjects were loosely
strapped to an electrically driven tilt table and tilted to the upright
position within 3-4 s with the inclination of the table set at 60 degrees
and held in this position for 10 minutes unless the participant asked
for the test to be aborted due to orthostatic symptoms (Head-up tilt
test, HUT). Following this the subjects performed a Valsalva maneuver
(VM) in the sitting position as we wanted the Phase IV to reflect
peripheral vasomotor adrenergic function and not cardiac function
[18]. We used a mouthpiece connected to a mercury manometer by a
rubber hose with a small air leak to prevent closing of the glottis and
the subjects were asked to take a deep inspiration and then blow into
the mouthpiece trying to maintain an expiratory pressure of 40 mmHg
in 15 seconds. The procedure was repeated until two matching
responses were obtained.
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Following this the subjects were asked to breath at a rate of 6 min-1
during two minutes in the seated position (Deep breathing, DB).

Data analysis
Clinical blood pressure levels were obtained by the oscillometric
method on the upper arm after 5 minutes in the sitting position and
calculated as the mean value of three consecutive measurements for
systolic and diastolic blood pressure.
The ECG was band-pass filtered with cut-off frequencies at 0.6 and
40.0 Hz and the blood pressure data were low-pass filtered with a cutoff frequency of 40.0 Hz. RR-intervals were converted to instantaneous
heart rate and systolic and diastolic blood pressures were derived from
the maximum and minimum values on the continuous blood pressure
recording on a beat-by-beat basis
The hemodynamic response to the VM is divided in to four phases:
Phase I is the early increase in blood pressure, being followed by an
initial fall and subsequent rise in blood pressure during Phase II. Heart
rate increases throughout these phases. Phase III is the short decrease
in blood pressure at the release of strain and is followed in Phase IV by
a rapid increase in blood pressure above baseline and a fast reduction
in heart rate (Figure 1). The index of cardiovagal BRS (BRSv) was
calculated as the slope of the regression line of RR-intervals plotted
against mean blood pressure in the early Phase II [19,20]. Pressure
recovery time (PRT) was calculated as the interval between trough
values of systolic blood pressure in Phase III and time for return to
baseline values given as the mean value from 30 s before the maneuver.
Phase III was not calculated if the SBP did not decrease below baseline
[20]. The adrenergic BRS was calculated as the difference in SBP
between baseline and trough value in Phase III divided by the PRT
(BRSa) [20] and as the fall in SBP from baseline in Phase II with the
addition of 75 per cent of the drop in SBP in Phase III and then
divided by PRT BRSa1 [20]. Neither BRSa nor BRSa1 were calculated
if PRT could not be obtained.

Figure 1: The Valsalva manoeuver. Heart rate (red line) and systolic
blood pressure (blue line) changes in response to the Valsalva
manoeuvre with 15 s strain at 40 mmHg. The various phase of the
manoeuvre are given at the top.
Heart rate response to the Valsalva manoeuvre was expressed by the
Valsalva ratio (VR) and calculated by dividing the longest RR-interval
after the manoeuver by the shortest RR-interval during the manoeuver
[21]. Heart rate response to deep breathing session was quantified by
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the difference between the mean value of the lowest and highest heart
rates during six consecutive breathing cycles (E-I) [21].
The sequence technique for analysing the spontaneous BRS was
used [22]. Ectopic-free segments of 5 min of continuous RR-intervals
(RRI) and systolic blood pressure (SBP) readings were analysed in the
supine position and between the 5th and the 10th minute of HUT.
Changes of at least 1 mmHg (SBP) and 6 ms (RRI) were required for
the calculation using a lag between SBP and RRI of one beat. The
linear correlation between RRI and SBP was computed for each of the
detected sequences. A regression slope was calculated for those
sequences having a correlation coefficient of 0.8 or more. We pooled
the slopes for both increasing and decreasing values in SBP and RRI
and the average of these regression slopes are given for the supine
position (BRS-supine) and the tilted position (BRS-HUT). We
calculated the change in BRS from the supine to the tilted position and
expressed this as a percentage of the supine value (BRS%).
Statistical analysis was done using SPPS 19 (SPSS inc. Chicago,
Illinois). Log normal transformation was used for non-normally
distributed parameters (BRS-supine, BRS-HUT, BRSv, VR, PRT,
BRSa, BRSa1).
Results are expressed as mean values ± standard deviations (SD) for
non-transformed data and as mean values with 95% confidence
intervals (CI) for transformed variables. Linear regressions were made
relating measures of BRS to age. Correlations are given by Pearson’s
correlation coefficient r. A two-sided significance level of 0.05 was
used.
A principal component analysis (PCA) was performed with respect
to the BRS measures. The suitability of PCA was assessed prior to
analysis using an overall Kaiser-Meyer-Olkin (KMO) measure greater
than 0.60 and a Barttlett’s test of sphericity with a significance level of
less than 0.01.

DBP (mmHg)

86.5

10.7

HR (bpm)

61.6

8.4

Table 1: Baseline characteristics of the included subjects, Clinical
characteristics of the 80 subjects given as mean ± SD except from
current smoking status which is reported as the number of current
smokers.
Mean values for the BRS parameters in each decade are given in
Table 2. Most of the BRS parameters decreased with age. There seemed
to be a tendency for spontaneous BRS-values and adrenergic indices to
decrease from the 4th to the 6th decade and then increase in the 7th
decade, whereas the vagal indices exhibit a more linear decline with
age. BRS decreased from the supine to the tilted position and the
relative change elicited by orthostatic stress was diminished with age
with a decrease in BRS% from 50,4% in the 4th decade to 21,8% in the
7th decade.
Age group (y)

Mean

SD

40-49

19

20.4

8.73

50-59

18

16.6

6.86

60-69

15

12.5

5.96

70+

15

13.4

6.46

40-49

19

8.5

3.17

50-59

19

8.1

2.15

60-69

15

7.8

4.14

70+

17

10.4

10.93

40-49

20

9.9

7.47

50-59

17

7.2

3.77

60-69

16

5.5

3.87

70+

16

7.1

7.18

40-49

22

1.6

0.33

50-59

19

1.4

0.21

60-69

18

1.4

0.27

BRS-supine (ms/mmHg)

BRS-HUT (ms/mmHg)

Results
A total of 80 participants (43 women) with a mean age of 59 ± 11
years (range 41-79 years) were included in the study. Clinical
characteristics of the subjects included are given in Table 1. BRS
measured by the sequence method could not be calculated in 13
patients in the supine and in 10 subjects in the tilted position due to
multiple ectopy or errors in blood pressure measurement. Adrenergic
indices (PRT, BRSa and BRSa1) could not be calculated in 12 patients
as the SBP in Phase III did not decrease below baseline values.

N

BRSv (ms/mmHg)

VR

Mean

SD

70+

19

1.3

0.17

Age (years)

59.1

11.3

40-49

22

14.4

3.88

Weight (kg)

74.4

12.9

50-59

19

12.3

5.86

Height (cm)

173

9.2

60-69

19

11.2

7.45

Waist circumference (cm)

89.6

12.0

70+

20

6.8

2.76

Current smoker (n)

25

40-49

21

32.1

14.70

Package years (years)

14.0

16.3

50-59

16

22.9

15.71

BMI (kg/m2)

24.7

3.0

60-69

18

11.6

21.83

WHR

0.52

0.06

70+

17

19.5

22.17

SBP (mmHg)

138.6

21.0

40-49

20

2.44

1.63
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E/I-difference (bpm)

Phase IV (mmHg)

PRT (s)
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50-59

15

3.09

1.90

lnPRT

-1.06

0.037

0.007

0.299

<0.0005

60-69

17

4.58

1.55

lnBRSa

2.57

-0.006

0.008

0.008

0.480

70+

16

6.34

6.25

lnBRSa1

3.446

-0.015

0.007

0.058

0.052

40-49

18

16.0

15.84

BRS%

-92.411

0.92

0.352

0.102

0.011

50-59

16

8.8

5.33

60-69

17

9.3

3.46

70+

16

11.5

6.92

40-49

18

20.4

12.12

50-59

16

15.4

9.93

60-69

17

13.6

7.28

70+

16

13.2

7.91

40-49

17

-50.4

24.87

50-59

18

-48.0

14.99

60-69

13

-29.4

38.46

70+

15

-21.8

39.84

BRSa (mmHg/s)

BRSa1 (mmHg/s)

%BRS

Table 2: Measures of baroreceptor sensitivity by age-group, Mean
values for BRS parameters shown by age groups.
BRS-supine and BRS-HUT are measures of spontaneous BRS in the
supine and head up tilted positions respectively and BRS% is the
relative ratio between these. BRSv is the cardiovagal BRS, BRSa and
BRSa1 are the adrenergic BRS, PRT and Phase IV are measured
adrenergic indices and the VR is the Valsalva ratio.
Data for the correlation between baseline hemodynamics, BRSmeasures and age are given in Table 3. SBP showed a weak, albeit
significant increase with increasing age whereas neither HR nor DBP
showed significant age-related changes. Except for data obtained
during HUT, cardiovagal BRS parameters tended to decline with age
reaching significance in the spontaneous supine BRS and in BRS%.
The overshoot in SBP during Phase IV of the Valsalva maneuvre
showed a weak, but significant negative correlation with age and PRT
was positively correlated to increasing age. Both the heart rate changes
in response to the Valsalva manoeuvre (VR) and to deep breathing (EI) declined significantly with age.
Intercept

Slope

SE

r2

p-value

SBP

93.3

0.768

0.193

0.169

<0.0005

DBP

85.5

0.018

0.107

0.000

0.868

HR

55.9

0.097

0.086

0.017

0.262

lnBRS-supine

3.43

-0.013

0.005

0.089

0.014

lnBRS-HUT

1.78

0.005

0.006

0.011

0.396

lnBRSv

2.92

-0.020

0.012

0.039

0.104

lnVR

0.67

-0.670

0.002

0.127

0.001

E-I

25.3

-0.238

0.052

0.209

<0.0005

Phase IV

52.0

-0.513

0.203

0.084

0.014
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Table 3: Correlations between baro reflex sensitivity and age
As SBP increased significantly with age we adjusted the
abovementioned correlations for changes in SBP. The adjustment
abolished the significance of the correlation between age and BRSsupine (padjusted=0.147) whereas the correlations were still significant
for BRS% (padjusted=0.040), phase IV overshoot (padjusted =0.028), PRT
(padjusted=0.001), VR (padjusted=0.039), and E-I (padjusted<0.0005). We
could not demonstrate any correlations between gender and the
measured or calculated variables.
Correlations between baseline hemodynamic measures and the
derived parameters for autonomic cardiovascular control are given in
Table 4. SBP was negatively correlated to BRS-supine and VR and
positively correlated to PRT. HR correlated negatively with BRSsupine, BRS-HUT, and BRSv. HR correlated positively with BRSa and
BRSa1. Neither weight, height, BMI, WH, nor smoking were
significantly correlated to baseline values of HR, SBP, or DBP. When
adjusted for age and gender, correlations between measures of body
size, smoking and BRS lost statistical significance except for a positive
correlations between weight and BRSa1 (p-value=0,026).
SBP

HR

Gender

r

p

r

p

r

p

BRS-supine (ms/mmHg)

-0.331

0.006

-0.337

0.005

-0.024

0.845

BRS-HUT (ms/mmHg)

-0.111

0.360

-0.279

0.019

-0.104

0.390

BRSv (ms/mmHg)

-0.217

0.074

-0.318

0.008

0.107

0.382

VR

-0.368

0.001

-0.193

0.092

0.191

0.093

E/I-difference (bpm)

0.121

0.283

-0.109

0.342

-0.022

0.845

Phase IV (mmHg)

0.135

0.257

0.161

0.183

0.081

0.497

PRT (s)

0.284

0.019

0.078

0.530

0.197

0.107

BRSa (mmHg/s)

0.139

0.263

0.264

0.032

-0.019

0.880

BRSa1 (mmHg/s)

0.223

0.070

0.291

0.018

0.098

0.429

%BRS

0.183

0.150

-0.062

0.629

-0.071

0.578

Table 4: Correlations between gender, baseline values of systolic blood
pressure and heart rate and measures of baroreflex sensitivity
Correlations between measures of cardiovascular autonomic
control and baseline values for systolic blood pressure, heart rate, and
gender given by the Pearson’s correlation coefficient with p-values
Neither weight nor BMI was significantly correlated to age although
BMI tended to increase with age (r=0,194, p=0,085) but both waist
circumference (r=0,255, p=0,024), and WHR (r=0,371, p=0,001)
increased with advancing age.
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Framingham risk score was positively correlated to SBP (r=0,532,
p=<0.0005), DBP (r=0,271, p=0,015), HR (r=0,225, p=0,048), and PRT
(r=0,398, p=0,001 and negatively correlated to BRS-supine (r=-0,378,
p=0,002).
In the principal component analysis, the overall Kaiser-MeyerOlkin (KMO) measure vas 0.66 and individual KMO measures were all
greater than 0.50 except for BRS-supine (KMO=0.43) and BRS-HUT
(KMO=0.44). We chose to keep these two variables in the model as
they were considered important BRS-indices. Removing them from
the model did not change the loading of the remaining variables on the
three components. Barttlett’s test of sphericity was statistically
significant (p<0.0005) indicating that our data were usable in a factor
analysis. Inspection of the correlation matrix showed that all variables
had at least one correlation coefficient greater than 0.3. Visual
inspection of the scree plot indicated that three components should be
retained – all had eigenvalues greater than one and explained 34.2%,
20.8% and 14.0% of the total variance, respectively. This threecomponent solution explained 68.9% of the total variance and
exhibited a simple structure with each variable having only one
component that loaded strongly upon it (Table 5). Component 1
loaded on BRSa, BRSa1, PRT, SBP and Phase IV – all indices derived
from the VM and all described as adrenergic indices and is therefore
denoted the adrenergic component (C_adren). Component 2 loaded
on spontaneous BRS in the supine and tilted position and this
component is denoted the baroreflex component (C_BRS).
Component 3 loaded on BRSv, VR and the E/I-difference and as these
are all indices of vagal function this component is denoted the vagal
component (C_vagal).
Component

-0.051

0.005

0.147

p

0.720

0.975

0.303

r

-0.160

0.095

-0.181

p

0.257

0.502

0.199

r

-0.205

-0.149

-0.347

p

0.145

0.291

0.012

r

0.054

-0.260

-0.308

p

0.704

0.063

0.026

r

0.029

-0.142

0.049

p

0.837

0.317

0.728

r

0.236

-0.300

-0.239

p

0.092

0.031

0.088

r

-0.097

-0.245

-0.283

p

0.492

0.080

0.042

r

0.144

0.024

0.182

p

0.309

0.868

0.197

r

0.124

0.071

0.149

p

0.380

0.617

0.292

r

0.058

0.085

0.037

p

0.684

0.551

0.794

r

0.078

-0.106

0.106

p

0.581

0.454

0.453

r

0.011

-0.145

0.024

p

0.939

0.311

0.868

Current smoker

Package years (years)

SBP (mmHg)

DBP (mmHg)

HR (bpm)

Framingham risk %

Height (cm)

Weight (Kg)

BMI (kg/m2)

C_adren

C_BRS

C_vagal

BRSa (mmHg/s)

0.958

-0.009

0.126

BRSa1 (mmHg/s)

0.944

-0.056

0.158

PRT (s)

-0.779

-0.061

0.231

Phase IV (mmHg)

-0.542

0.046

0.299

BRS-HUT(ms/mmHg)

-0.031

0.835

0.011

BRS-supine(ms/mmHg)

-0.016

0.899

-0.004

BRSv (ms/mmHg)

-0.116

-0.200

-0.887

VR

-0.024

0.246

-0.631

E/Idifference (bpm)

-0.154

-0.089

0.570

Table 5: Principal component analysis, Rotated structure matrix for
PCA with a three component model
We tested our new components against basal clinical characteristics
(Table 6) and found C_adren and C_BRS to be independent upon all
of the basal clinical characteristics except from C_BRS being inversely
correlated to heart rate. C-vagal decreased significantly with age,
package years, SBP and Framingham risk score.
C_adren

C_BRS

C_vagal

r

-0.220

-0.147

-0.421

p

0.117

0.299

0.002

Age (years)

J Hypertens
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r
Gender *

Waist circumference (cm)

WHR

Table 6: Correlations between baseline characteristics and components
baroreceptor function
Zero order correlations between baseline clinical characteristics and
the three components of cardiovascular control derived through
principal component analysis. Correlations given by Pearsons
coefficient (r) with p-values (p).

Discussion
Our goal was to study the effect of aging in the different measures of
baroreflex sensitivity and to assess the relationship between these
measures and other important clinical characteristics. We found agerelated decrease in baroreceptor sensitivity (BRS) and in the ability to
adjust this sensitivity on assumption of the upright posture (BRS%).
We also found a blunting in the peripheral vascular adaptation to the
Valsalva maneuver and a decrease in forced changes in heart rate. We
confirmed that systolic blood pressure (SBP) increased with age [23]
and when corrected for this, the age related changes in BRS
disappeared.
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Previous studies have shown a negative, linear correlation between
age and cardiovagal BRS [3,4], between age and BRS parameters
derived from the VM [2], and between age and spontaneous
cardiovagal BRS measured by the sequence method [24]. Our findings
are more in line with a previous study showing a non-linear changes in
cardiovagal BRS with the steepest decline in the 4th or 5th decade and
a leveling out in older age groups [25]. This non-linearity could be due
to a “survival bias” as impaired BRS has been shown to be a significant
marker for cardiovascular mortality and morbidity [2,6,7].
Sympathetic nerve activity at rest has been found to increase with
aging which is mirrored in increased plasma noradrenaline
concentrations [26] and increased burst activity in muscle sympathetic
nerve fibres measured by microneurography [27]. The correlation
between age and plasma noradrenaline levels seems to be abolished
when adjusted for cardiovagal BRS suggesting that decreasing
cardiovagal BRS with age contributes to the relative
sympathoexcitation seen with age [28]. Others have found the efferent
sympathetic nerve activity during pharmacologically induced transient
hypertension or hypotension to be unaffected by aging in both healthy
subjects [29] and in rodents [30] and interpreted this as evidence for
an intact baroreflex function during normal aging. In our study, the
adrenergic vasomotor activity measured as PRT and the Phase IV
overshoot revealed significantly diminished vascular reactivity with
increasing age [31] suggesting that a higher sympathetic activity could
be necessary to adjust for blood pressure deviations. This would
explain the apparent normal baroreceptor sensitivity in older age
groups with increased plasma noradrenaline and sympathetic nerve
activity. Reductions in adrenergic receptor sensitivity in the target
organs [32] could explain why heart rate is unaffected by age despite
an increased sympathetic activity. Age related alterations in the
adrenergic responsiveness in the arterial system could be the result of
increased activity in G-protein-linked kinase 2 as suggested by Santulli
et al. [33].
Measures of heart rate variability primarily reflect vagal control of
heart rate and have been shown to be inversely related to age [34].
Vagal control is primarily transmitted through large myelinated nerve
fibers and these are thought to degenerate with increasing age [35]
which would result in decreasing conduction velocities and ultimately
in loss of control. Our findings of age related decline in heart rate
responses to deep breathing and VM are thus in accordance with the
literature.
We decided to make use of principal component analysis as the
number of possible measures of baroreceptor function and related
parameters autonomic function is large. The PCA revealed three
components that - in our minds - described the primary aspects of
baroreceptor control namely the sympathetic nervous activity, the
parasympathetic nervous activity and their integrated function and
through these components we were able to account for more than twothirds of the total variation encountered. The sympathetic component
of baroreflex control was independent upon age, gender and clinical
characteristics of our subjects - findings that are in accordance with
previous studies in humans and rodents [29,30]. The parasympathetic
component - on the other hand - decreased significantly with age,
smoking habits, SBP and calculated cardiovascular risk. Our findings
confirm the notion that it is the parameters primarily dependent on
vagal activity that expresses the most pronounced relation to age,
smoking and cardiovascular risk. Our findings are thus in line with
studies showing the prognostic importance of changes in vagal control
of heart rate [8].
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Body size and composition changes with age [36] and most of our
measures of changes in baroreceptor and autonomic nervous function
were not correlated to changes in these parameters when corrected for
age. However, the adrenergic baroreceptor parameter BRSa1 increased
with increasing weight which is in concordance with several studies
showing obesity to be characterized by heightened activity in the
sympathetic nervous system coupled with impaired cardiovagal BRS
[37,38]. Neither current smoking status nor number of package years
had any significant influence on measures of BRS when adjusted for
age.
Impairment of baroreflex function is not only related to
cardiovascular morbidity and mortality but also contributes to the agerelated increase in the incidence of orthostatic hypotension, syncope,
and falls [39]. Measurement of BRS is therefore of important both in
research and in the clinical setting and future studies are warranted in
order to establish standardized, age corrected measures of BRS to be
used in a diagnostic and prognostic set–up.

Conclusion
Our study has demonstrated that cardiovagal and adrenergic
baroreceptor sensitivity behave differently with respect to aging and
cardiovascular risk factors. The most prominent age related changes
are seen in vagal control of heart rate whereas the effects of age related
changes in sympathetic vascular control are less noticeable. We have
also confirmed the correlation between reduced cardiovagal
baroreceptor sensitivity and risk of cardiovascular disease and our
findings support the use of measures of cardiovagal rather than
adrenergic baroreceptor sensitivity as a prognostic measure in patients
at risk for cardiovascular diseases.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Hering HE (1927) Die Karotissinusreflexe auf Herz und Gefässe vom
normalphysiologischen, pathologisch-physiologischen und klinischen
Standpunkt. Dresden. Steinkopff.
Huang CC, Sandroni P, Sletten DM, Weigand SD, Low PA (2007) Effect
of age on adrenergic and vagal baroreflex sensitivity in normal subjects.
Muscle Nerve 36: 637-642.
Laitinen T, Hartikainen J, Vanninen E, Niskanen L, Geelen G, et al.
(1998) Age and gender dependency of baroreflex sensitivity in healthy
subjects. J Appl Physiol (1985) 84: 576-583.
Monahan KD (2007) Effect of aging on baroreflex function in humans.
Am J Physiol Regul Integr Comp Physiol 293: R3-3R12.
Eckberg DL, Drabinsky M, Braunwald E (1971) Defective cardiac
parasympathetic control in patients with heart disease. N Engl J Med 285:
877-883.
Sopher SM, Smith ML, Eckberg DL, Fritsch JM, Dibner-Dunlap ME
(1990) Autonomic pathophysiology in heart failure: carotid
baroreceptor-cardiac reflexes. Am J Physiol 259: H689-696.
Mancia G, Ludbrook J, Ferrari A, Gregorini L, Zanchetti A (1978)
Baroreceptor reflexes in human hypertension. Circ Res 43: 170-177.
La Rovere MT, Pinna GD, Maestri R, Robbi E, Caporotondi A, et al.
(2009) Prognostic implications of baroreflex sensitivity in heart failure
patients in the beta-blocking era. J Am Coll Cardiol 53: 193-199.
Narkiewicz K, van de Borne PJ, Hausberg M, Cooley RL, Winniford MD,
et al. (1998) Cigarette smoking increases sympathetic outflow in humans.
Circulation 98: 528-534.
Lucini D, Bertocchi F, Malliani A, Pagani M (1996) A controlled study of
the autonomic changes produced by habitual cigarette smoking in
healthy subjects. Cardiovasc Res 31: 633-639.

Volume 3 • Issue 3 • 1000152

Citation:

Brinth L, Pors K, Latif T, Kjær A, Mehlsen J (2014) Baroreflex Sensitivity in Relation to Clinical Characteristics in Subject Aged 40 to 80
Years. J Hypertens 3: 152. doi:10.4172/2167-1095.1000152

Page 7 of 7
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Okubo Y, Miyamoto T, Suwazono Y, Kobayashi E, Nogawa K (2002) An
association between smoking habits and blood pressure in normotensive
Japanese men. J Hum Hypertens 16: 91-96.
Skrapari I, Tentolouris N, Perrea D, Bakoyiannis C, Papazafiropoulou A,
et al. (2007) Baroreflex sensitivity in obesity: relationship with cardiac
autonomic nervous system activity. Obesity (Silver Spring) 15:
1685-1693.
Collins S, Kuhn CM, Petro AE, Swick AG, Chrunyk BA, et al. (1996) Role
of leptin in fat regulation. Nature 380: 677.
Veith RC, Featherstone JA, Linares OA, Halter JB (1986) Age differences
in plasma norepinephrine kinetics in humans. J Gerontol 41: 319-324.
Ng AV, Callister R, Johnson DG, Seals DR (1993) Age and gender
influence muscle sympathetic nerve activity at rest in healthy humans.
Hypertension 21: 498-503.
Hsieh SD, Yoshinaga H (1995) Abdominal fat distribution and coronary
heart disease risk factors in men-waist/height ratio as a simple and useful
predictor. Int J Obes Relat Metab Disord 19: 585-589.
D'Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M, et al.
(2008) General cardiovascular risk profile for use in primary care: the
Framingham Heart Study. Circulation 117: 743-753.
Low PA (2003) Testing the autonomic nervous system. Semin Neurol 23:
407-421.
Vogel ER, Sandroni P, Low PA (2005) Blood pressure recovery from
Valsalva maneuver in patients with autonomic failure. Neurology 65:
1533-1537.
Schrezenmaier C, Singer W, Swift NM, Sletten D, Tanabe J, et al. (2007)
Adrenergic and vagal baroreflex sensitivity in autonomic failure. Arch
Neurol 64: 381-386.
Freeman R, Chapleau MW (2013) Testing the autonomic nervous
system. Handb Clin Neurol 115: 115-136.
Parati G, Di Rienzo M, Bertinieri G, Pomidossi G, Casadei R, et al. (1988)
Evaluation of the baroreceptor-heart rate reflex by 24-hour intra-arterial
blood pressure monitoring in humans. Hypertension 12: 214-222.
Wiinberg N, Høegholm A, Christensen HR, Bang LE, Mikkelsen KL, et
al. (1995) 24-h ambulatory blood pressure in 352 normal Danish subjects,
related to age and gender. Am J Hypertens 8: 978-986.
Kardos A, Watterich G, de Menezes R, Csanády M, Casadei B, et al.
(2001) Determinants of spontaneous baroreflex sensitivity in a healthy
working population. Hypertension 37: 911-916.
Dawson SL, Robinson TG, Youde JH, Martin A, James MA, et al. (1999)
Older subjects show no age-related decrease in cardiac baroreceptor
sensitivity. Age Ageing 28: 347-353.

J Hypertens
ISSN:2167-1095 JHOA an open access journal

26.
27.
28.
29.
30.
31.
32.
33.
34.

35.
36.
37.

38.
39.

Rowe JW, Troen BR (1980) Sympathetic nervous system and aging in
man. Endocr Rev 1: 167-179.
Wallin BG, Sundlöf G, Eriksson BM, Dominiak P, Grobecker H, et al.
(1981) Plasma noradrenaline correlates to sympathetic muscle nerve
activity in normotensive man. Acta Physiol Scand 111: 69-73.
Shimada K, Kitazumi T, Sadakane N, Ogura H, Ozawa T (1985) Agerelated changes of baroreflex function, plasma norepinephrine, and blood
pressure. Hypertension 7: 113-117.
Ebert TJ, Morgan BJ, Barney JA, Denahan T, Smith JJ (1992) Effects of
aging on baroreflex regulation of sympathetic activity in humans. Am J
Physiol 263: H798-803.
Kurosawa M, Sato A, Sato Y, Suzuki H (1988) The sympathoadrenal
medullary functions in aged rats under anesthesia. Ann N Y Acad Sci
515: 329-342.
Mancia G, Grassi G, Bertinieri G, Ferrari A, Zanchetti A (1984) Arterial
baroreceptor control of blood pressure in man. J Auton Nerv Syst 11:
115-124.
Ferrara N, Komici K, Corbi G, Pagano G, Furgi G, et al. (2014) Î²adrenergic receptor responsiveness in aging heart and clinical
implications. Front Physiol 4: 396.
Santulli G, Iaccarino G (2013) Pinpointing beta adrenergic receptor in
ageing pathophysiology: victim or executioner? Evidence from crime
scenes. Immun Ageing 10: 10.
Agelink MW, Malessa R, Baumann B, Majewski T, Akila F, et al. (2001)
Standardized tests of heart rate variability: normal ranges obtained from
309 healthy humans, and effects of age, gender, and heart rate. Clin
Auton Res 11: 99-108.
Peters A, Sethares C, Moss MB (2010) How the primate fornix is affected
by age. J Comp Neurol 518: 3962-3980.
St-Onge MP, Gallagher D (2010) Body composition changes with aging:
the cause or the result of alterations in metabolic rate and macronutrient
oxidation? Nutrition 26: 152-155.
Grassi G, Dell'Oro R, Facchini A, Quarti Trevano F, Bolla GB, et al.
(2004) Effect of central and peripheral body fat distribution on
sympathetic and baroreflex function in obese normotensives. J Hypertens
22: 2363-2369.
Beske SD, Alvarez GE, Ballard TP, Davy KP (2002) Reduced cardiovagal
baroreflex gain in visceral obesity: implications for the metabolic
syndrome. Am J Physiol Heart Circ Physiol 282: H630-635.
Lipsitz LA (1989) Orthostatic hypotension in the elderly. N Engl J Med
321: 952-957.

Volume 3 • Issue 3 • 1000152

