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Abstract

Background: The baroreflex has been reported to play an important role in hemodynamic
regulation during exercise. Therefore, impairment of baroreflex function can induce an
abnormal response of systolic blood pressure (SBP) to exercise, including exercise-induced
hypertension. To clarify whether baroreflex function alters SBP response, we examined the
relationship of baroreflex sensitivity (BRS) with SBP response to exercise.

Methods: In 22 subjects without cardiac dysfunction, BRS (ms�mmHg) was measured by
the phenylephrine method, and a treadmill exercise test was administered according to
Bruce’s protocol.

Results: 1) The chronotropic response to exercise was higher in the normal BRS group
than in the reduced BRS group (p<0.01). The SBP at the initial phase of exercise (1 min after
the start of exercise) showed a smaller increase in the normal BRS group than in the reduced
BRS group (p<0.01). During the initial phase of exercise, BRS had negative correlation with the
SBP increment from rest (r=-0.408, p<0.05). During submaximal exercise (6 min after the start
of exercise), a positive correlation between BRS and SBP response (r=0.422, p<0.05) was shown.
2) Subjects were divided into 2 groups: 12 subjects with normal BRS (�5 ms�mmHg) and 10
subjects with reduced BRS (<5 ms�mmHg). During the initial exercise phase, the negative
correlation between BRS and SBP response was stronger in the normal BRS group (r=-0.398)
than in the reduced BRS group (r=-0.126). During submaximal exercise, BRS had a positive
correlation with BP response to exercise in subjects with normal BRS (r=0.462).

Conclusion: Preserved baroreflex function is thought to be related to the pressor response
to submaximal exercise, although the baroreflex is thought to be associated with the
stabilization of blood pressure change during the initial exercise phase. These findings suggest
that exercise-induced hypertension develops through the baroreflex mechanism.
(J Nippon Med Sch 2007; 74: 123―130)
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Introduction

Clinical studies have indicated that an excessive
response of blood pressure (BP) to exercise predicts
future hypertension 1―3. This suggests that
maladaptation of the cardiovascular system to
exercise stress is related to the pathogenesis of
hypertension. However, the mechanism of this
association has not been confirmed, although an
augmented sympathetic response to exercise4―6 has
been discussed.
Lately, the baroreflex mechanism as a cause of

hypertension has attracted attention. In past
investigations, reduced baroreflex function has been
reported to be associated with the development of
hypertension by allowing incremental increases in
BP7―9. This pathway to the development of
hypertension is considered to indicate a passive
effect of baroreflex on BP regulation. In most newer
reports, the baroreflex mechanism has been
suggested to work aggressively to maintain high BP
by shifting the operating point to a higher pressure
with sympathetic excitation. For example, the
baroreflex is reported to play an important role in
hemodynamic regulation during exercise while
shifting the baroreflex operating point higher via
central commands, ergoreflex or metaboreflex or
both10―14. It has been speculated that an exaggerated
response to stimulation through the baroreflex
mechanism leads to development of hypertension.
These findings indicate that hypertension can be
induced by either hypofunction or hyperfunction of
the baroreflex, but this has not been confirmed
clinically.
The aim of the present investigation was to

examine the influence of baroreceptor reflex
sensitivity (BRS) on response of BP to exercise and
to investigate the possible role of the baroreflex
mechanism in the development of hypertension
suggested by previous reports. Therefore, we
studied the relationship of BRS and the systolic BP
(SBP) response to exercise. Assessment was based
on comparisons of SBP and impaired and normal
baroreflex function between two exercise phases,
which were the initial (1 min after the beginning of

exercise) and submaximal (6 min after the beginning
of exercise) exercise phases.

Materials and Methods

Study Population
The study population consisted of 22 subjects (7

women and 15 men; mean age, 62 ± 8 years [mean ±
SD]) who consecutively visited our Department of
Cardiology. They underwent transthoracic
echocardiography, treadmill exercise testing, and
testing for BRS. Subjects were eligible for the study
if exercise was only limited by symptoms of fatigue
or dyspnea but not by angina, syncope, or
claudication. Excluded were patients who had had a
myocardial infarction within 3 months before the
study, unstable angina, left ventricular systolic
dysfunction (left ventricular ejection fraction <50%),
marked resting hypertension (�180�110 mmHg),
diabetes mellitus with neuropathy or were 70 years
or older. In patients with ischemic heart disease, the
diseased coronary artery had been treated. Other
exclusion criteria were the inability to reach stage II
in the standard Bruce protocol and the use of β-
blockers or non-dihydropyridine calcium-channel
blockers, such as diltiazem and verapamil. The
reason for these exclusion criteria is that these
factors were likely to influence results of exercise
testing. All aspects of the study were carefully
explained to study subjects before informed consent
for participation was given. These subjects were
divided into 2 groups: a normal BRS group
comprising 12 subjects with BRS of 5 ms�mmHg or
more and a reduced BRS group comprising 10
subjects with BRS of less than 5 ms�mmHg.

BRS
BRS was assessed by the bolus phenylephrine

method of Smyth et al.15 Subjects were placed in a
supine position in a comfortable environment for at
least 30 minutes. Electrocardiograms were
monitored by continuous recording of lead II. The
BP was measured from the radial artery on the side
opposite the intravenous line using the Jentow
noninvasive continuous BP monitoring apparatus
(Nihon Colin Co., Ltd., Aichi, Japan) during the entire
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Table 1 Comparison of background between normal and reduced BRS groups 

p-valueReduced BRSNormal BRS

ns63±7 59±14Age (years)
ns6 : 49 : 3Sex (male : female)
ns3/10 (30%)4/12 (33%)Diabetes mellitus
ns3/10 (30%)3/12 (25%)Hypertension
ns3/10 (30%)4/12 (33%)Previous CAD

Medications
ns3/10 (30%)3/12 (25%)ACEI and/or ARB

Data are expressed as mean ± SD; P value was calculated between normal and 
reduced BRS group; ns, not statistically significant; CAD, coronary artery 
disease; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II 
receptor blockers. Hypertension is defined as a BP of 150/90 mmHg or greater. 
Characteristics shown in the table did not differ between the normal and 
reduced BRS groups.

test. After the stabilization period, patients received
bolus administration of phenylephrine (2 µg�kg IV)
to increase SBP by 15 to 40 mmHg; if the desired
increase was not achieved, the dose was increased
to 3 µg�kg. The bolus injection was repeated at least
3 times at whatever dose was found to be
efficacious. Then the linear regressions of the R-R
intervals on the electrocardiogram and the SBP
were calculated, including all points between the
beginning of the first significant increase in systolic
arterial pressure and the end of the plateau of
systolic arterial pressure. If the correlation
coefficients were statistically significant (r�0.6, p<
0.05), test results were used for analysis. The final
slope of these regression lines was the mean value of
at least 3 tests and was considered to be an index of
BRS, which was expressed in milliseconds per
mmHg (ms�mmHg). To define an abnormal BRS, the
BRS of healthy subjects was analyzed in our
previous study. A value (<5 ms�mmHg) below the
mean BRS minus 2 SD in healthy subjects was
defined as abnormally depressed. This value
indicating abnormality is similar to those previously
reported.

Exercise Treadmill Testing
All patients underwent symptom-limited treadmill

exercise testing according to the standard Bruce
protocol16. Exercise was stopped by symptoms of
fatigue or dyspnea when patients reached a rating
on the Borg perceived exertion scale of 1717. Heart
rate and 12-lead electrocardiogram were monitored

continuously during exercise using the Case 15
Stress System (Marquette Electronics, Inc.,
Milwaukee, WI, USA). BP was measured every
minute with an automatic sphygmomanometer
(STBD-780B, Nihon Collin Co., Ltd.), which is
commonly used in Japan and is considered to be
reliable because it detects the Korotokoff sound
supported by the ECG signal. Exercise capacity in
metabolic equivalents (METs) was estimated using
the formula described by the American College of
Sports Medicine18.
Arterial BP was compared at submaximal

exercise. Evaluation of BP response to peak exercise
is inadequate for determining the influence of the
baroreflex on BP response because BP response to
intense exercise is thought to be affected mainly by
mechanisms other than the baroreflex.

Statistical Analysis
All statistical analyses were peformed with the

SPSS program (SPSS, Inc., Chicago, IL, USA), and all
values are expressed as mean ± SD. We
investigated the relationship between BRS and the
exercise SBP response during the initial exercise
phase and the submaximal phase. Comparisons of
variables between groups were performed using the
unpaired Student’s t-test and chi-square analysis.
Analysis of correlation between values was
performed with Pearson’s method. Differences were
considered statistically significant at p values less
than 0.05.
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Fig. 1 BRS and exercise SBP in the initial phase of 
exercise 
ΔSBP: increase in SBP from rest to 1 min 
after the beginning of exercise. In the initial 
phase of exercise (at 1 min), BRS was 
negatively correlated with the increase in 
SBP from rest (r=－0.408, P<0.05).

Fig. 2 BRS and exercise SBP in the submaximal 
phase of exercise
ΔSBP: increase in SBP from rest to 6 min 
after the beginning of exercise. In the 
submaximal phase of exercise (at 6 min), 
BRS had a positive correlation with the 
increase in SBP from rest (r=0.422, P<0.05).

Table 2 Difference in response to treadmill exercise between the normal BRS 
and reduced BRS groups

p-valueReduced BRSNormal BRS

ns 8.2±2.1 9.3±3.0Workload (METs)
Heart rate (beat/min)

ns 70±1078±9at rest
<0.01121±18149±12at peak exercise

SBP (mmHg)
ns144±19133±13at rest
<0.01157±11140±13at 1 min after starting
ns178±13174±21at 6 min after starting
ns200±20191±23at peak exercise

P value was calculated between normal and reduced BRS group; ns, not 
statistically significant; METs, metabolic equivalent. The reduced BRS group 
showed an impaired chronotropic response to exercise, and BP was significantly 
increased in the initial phase of exercise in comparison with the normal BRS 
group.

Results

As shown in Table 1, age, sex, and the presence
of diabetes mellitus and hypertension (>150�90
mmHg) did not differ between the normal and
reduced BRS groups. Subjects with reduced BRS
showed chronotropic incompetence on treadmill
exercise testing. The BPs at rest, 6 min after
starting exercise, and at peak exercise did not differ
between the two groups, and the BP response at 1

min after the start in the normal BRS group showed
a significant suppression of increases in comparison
with the reduced BRS group (Table 2).
The association between BRS and the response of

SBP to exercise was examined for initial and
submaximal exercise. In only 5 of the 22 subjects,
SBP in the initial exercise phase decreased in
comparison with that at rest. In the initial exercise
phase, the relationship of the increase of the BP
response correlated negatively with BRS (Fig. 1).
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Table 3 Correlation coefficient between BRS and SBP

Reduced BRSNormal BRS

Correlation coefficient of BRS with SBP
r= － 0.126r= － 0.398at 1 min after starting
r=0.231r=0.462at 6 min after starting

The correlation coefficient between BRS and BP response 
indicated the tendency for BP response to be greater in 
subjects with normal BRS than in subjects with reduced BRS, 
but the difference was not statistically significant.

Especially in subjects with normal BRS function,
that is, with preserved BRS function, just after the
beginning of exercise BP can decrease to less than
that at rest. In submaximal exercise, however,
increases in SBP from rest to 6 min after the start of
exercise was positively correlated with BRS (Fig. 2).
To clarify further the influence of BRS on BP

response to exercise, our study population was
divided on the basis of BRS. Table 3 shows the
difference in the correlation coefficient of BRS with
BP response between the normal and reduced BRS
groups. In subjects with preserved baroreflex
function, the correlation between BRS and BP
response both at initial and submaximal exercise
was stronger than in subjects with reduced function,
but the difference between groups was not
statistically significant.

Discussion

The present study assessed the influence of the
baroreflex system on the response of arterial BP to
exercise. The results suggested that the association
of the baroreflex with the BP response is
suppressive in the initial phase of exercise and is
accelerative at submaximal exercise, especially in
cases of preserved baroreflex function. The exercise-
induced BP elevation did not relate to a reduction of
baroreflex function, but rather to the preservation of
baroreflex function. This phenomenon is useful for
understanding the mechanism of exercise-induced
hypertension.

BP Control through Baroreflex Mechanism in
the Initial Phase of Exercise
Previously, we reported the correlation between

BRS and exercise heart rate response19,20. In these
reports, we showed baroreflex-related heart rate
responses to exercise in both the initial and
submaximal phases of exercise through
parasympathetic and sympathetic means. The
present study similarly indicated an association
between BRS and the heart rate response.
Concerning arterial BP, however, the response to
exercise differed among exercise intensities. The
reason for these differences may be that from the
standpoint of the autonomic system, the BP
response might be affected mainly by sympathetic
stimulation rather than by a parasympathetic effect.
The present investigation showed that BRS has a

negative correlation with the increase in SBP from
rest to 1 min after the beginning of exercise. A
similar phenomenon was reported by Melcher et al.13

in which arterial and cardiopulmonary baroreceptors
have a major role in suppressing changes in arterial
pressure at the start of exercise. In particular, they
reported that a decrease in SBP in the early phase
of exercise was prevented by BRS. In the present
study, however, most subjects exhibited an elevation
in SBP as an initial exercise response. A possible
reason for this difference is that our population
included subjects with hypertension or diabetes
mellitus or both and was older. In the normal BRS
group the change in SBP was restrained, suggesting
that the preserved BRS acts to suppress changes in
arterial BP in the initial phase, regardless of
elevation or depression.
Concerning the role of the central command in

hemodynamic regulation during the initial exercise
phase, it has been reported that this mechanism
leads to a shift of the operating point of the
baroreflex to a higher pressure in proportion to
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work intensity and stimulates sympathetic
activity 10,21,22. However, because of insufficient
intervention of ergoreflexes in the initial phase, the
shift of the set point of the baroreflex is incomplete
and results in a weak response of SBP through the
sympathetic system. In the initial exercise phase,
therefore, the preserved baroreflex system is
thought to be able to play a suppressive role in the
regulation of SBP, which is similar to our present
results.

BP Control through Baroreflex Mechanism in
the Submaximal Exercise Phase
The present results indicated that during the

submaximal phase, BRS had a positive correlation
with the SBP response, especially in subjects with
preserved baroreflex function. This finding suggests
that in the submaximal phase, the baroreflex system
performs an important role in the acceleration of
sympathetic activity and that the preserved function
of the baroreflex is required for adequate
sympathetic support to adapt to stress.
The initial study in this field reported that BRS

weakened as exercise intensity increased11. However,
the baroreflex was later reported to regulate
hemodynamics during exercise, shifting the set point
of the target BP to a higher level12,23. To continue
performance of intensive exercise, precisely sensing
changes in the metabolic and mechanical
environment through the baroreflex system is
necessary to ensure sufficient blood flow to motor
muscles during exercise. If BP does not reach the
level demanded by working muscles, the baroreflex
system leads to the activation of sympathetic tone11,23

and BP elevation through the mechanoreflex and
metaboreflex10,21,22. However, these findings have not
been confirmed in a clinical study.
This present report attempted to clarify the roles

of the baroreflex mechanism in the regulation of the
BP response to submaximal exercise stress in
human subjects, although the methodology was
indirect. We found that in subjects with preserved
baroreflex function, BRS had an accelerative
relationship with the BP response. Our extensive
review of the literature revealed that this is the first
report of clinical evidence of baroreflex-induced

presser effects during exercise.

Impairment of Baroreflex Function as a
Possible Cause of Hypertension
A key report with regard to the development of

hypertension through a reduction of BRS8 showed
that the decrease of BRS is revealed in the phase
before the development of hypertension. This
finding indicates that the baroreflex function at rest
relates to the pathogenesis of hypertension. In a
newer investigation, however, subjects with mild
borderline hypertension had a set point shift to a
higher pressure level, although BRS remained in the
normal range24. Similarly, in the present paper the
attenuation of BRS at rest was not related to the
development of hypertension or to the enhanced
response of BP to exercise. These findings suggest
that the development of hypertension require both a
reduction in BRS and an additional mechanism, such
as an increase in humoral factors that have a role in
increases in peripheral vessel resistance25,26.
It has been reported24 that preserved baroreflex

function and the shifting of the operating point to
the higher BP is required for the development of
hypertension. For example, the baroreflex system
with an abnormally high operating set point is
thought to stimulate the renin-angiotensin system
through activation of the renal sympathetic nerve.
In our subjects with preserved BRS, baroreflex
function was correlated with the arterial BP
response to exercise more strongly than in subjects
with decreased BRS. In subjects with a
hypersensitive baroreflex, i.e., greater than 10 ms�
mmHg BRS, the SBP response was higher than in
other subjects. Therefore, both sufficient baroreflex
function and excess shifting of the operating point to
the range of hypertension might lead to exercise-
induced hypertension, although our present results
can only provide the basis for speculation.
To our knowledge, this is the first clinical report

showing that the arterial BP response to exercise is
altered by BRS and that this relationship is
influenced by exercise intensity. Although these
findings do not directly confirm the cause of
hypertension through the baroreflex mechanism,
they suggest a possible mechanism leading to the
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development of hypertension. In future, we must
investigate the questions raised by our results. Also
research into treatment for baroreflex abnormalities
is needed. Several reports27―29 have suggested
pharmacological and exercise therapies as methods
to improve decreased BRS. However, therapy for
the excess shifting of the operating point is still
unknown. If such functions of the baroreflex could
be recovered, adequate adaptation of the
cardiovascular system to stress and a decrease in
the incidence of hypertension may be achieved.

Limitations

We are aware of two limitations of the present
work. The first concerns the study population. We
did not collect data on patients with exercise-
induced hypertension, although some subjects did
have excessive response of BP to exercise. However,
this study is not clinical research on hypertension.
We did speculate on the alteration of BP regulation
during exercise by the baroreflex mechanism. To
confirm the cause of hypertension from a
pathophysiological basis, a more direct investigation
should be done. However, we believe that the
present study has clinical implications, because it is
the first investigation of exercise-induced
hypertension that concerns the baroreflex
mechanism.
The second limitation is that baroreflex function

was estimated at rest, but not during exercise.
Because noninvasive and continuous measurement
of arterial BP during dynamic exercise is difficult,
such an evaluation is beyond the scope of this
research. However, if the set point shift were to be
directly examined, we could better address
questions regarding the pathogenesis of
hypertension via the baroreflex mechanism. In
future, we should study not only BRS, but also the
abnormal response of resetting the baroreflex to a
higher systemic BP as an adaptation to stress.
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