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Abstract

We investigated the impact of hypertension on circulatory responses to exercise and the role of the
exercise pressor reflex in determining the cardiovascular abnormalities characterizing patients with
hypertension. Following a 7-day drug washout, 8 hypertensive (HTN; mean arterial pressure
[MAP] 130+4mmHg; 65+3yrs) and 8 normotensive (NTN; MAP 117+2mmHg; 65+2yrs)
individuals performed single-leg knee-extensor exercise (7W, 15W, 50%, 80%-Wpeqk) under
control conditions and with lumbar intrathecal fentanyl impairing feedback from p-opioid
receptor-sensitive leg muscle afferents. Femoral artery blood flow (Q, ), MAP (femoral artery), leg
vascular conductance (LVC), and changes in cardiac output (CO) were continuously measured.
While the increase in MAP from rest to control exercise was significantly greater in HTN
compared to NTN, the exercise-induced increase in CO was comparable between groups, and Q|
and LVC responses were ~18% and ~32% lower in the hypertensive patients (/A<0.05). The
blockade-induced decreases in MAP were significantly larger during exercise in HTN (~11mmHg)
compared to NTN (~6mmHg). Afferent blockade attenuated the central hemodynamic response to
exercise similarly in both groups resulting in a ~15% lower CO at each workload. With no effect
in NTN, afferent blockade significantly raised the peripheral hemodynamic response to exercise in
HTN, resulting in ~14% and ~23% higher Q,_ and LVC during exercise. Finally, Q. and MAP
during fentanyl-exercise in HTN were comparable to that of NTN under control conditions
(P>0.2). These findings suggest that exercise pressor reflex abnormalities largely account for the
exaggerated MAP response and the impaired peripheral hemodynamics during exercise in
hypertension.
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INTRODUCTION

Patients with hypertension (HTN) are, compared to their healthy counterpart (NTN),
characterized by exaggerated sympathoexcitation, increased vascular resistance,
compromised limb blood flow, and higher blood pressures during exercise 1-4. While the
cardiovascular risks associated with these irregularities are well recognized °, the reasons
why they occur are not completely understood. For example, some studies found the
absolute increases in mean arterial blood pressure (MAP; in mmHg) from rest to exercise
(arms or legs) to be similar in HTN and NTN % 6: 7 suggesting that the pressor
abnormalities during exercise are predominantly accounted for by the chronically elevated
baseline levels in hypertensive patients. Other studies, also not particularly limited to a
specific limb (arms or legs), muscle mass (small or large), or contractile regime ( isometric
or dynamic exercise), contradict these observations and document that the absolute changes
in MAP and sympathoexcitation from rest to exercise are substantially larger in HTN
compared to NTN 2 2. 8.9, This suggests that the pressor abnormalities during exercise in
hypertensive patients result from the combination of larger exercise-induced increases,
superimposed on chronically elevated baseline levels. The reason as to why in some studies
HTN patients display normal exercise-induced cardiovascular changes while in others HTN
patients are characterized by exaggerated responses remains unclear.

The cardiovascular response at the onset of, and during, exercise is determined by three
autonomic neurocirculatory control mechanisms. These include a feed-forward system,
called central command 19, and two feedback systems, namely, the baroreflexes 11, and the
exercise pressor reflex (EPR) 12, Findings from recent animal studies unanimously suggest
that the inappropriate cardiovascular response to exercise in hypertension is largely
determined by an overactive EPR emanating from both heightened mechano- and
metaboreflexes 1314, Briefly, the EPR is triggered by muscle contraction-induced
mechanical (i.e. the mechanoreflex component of the EPR) and chemical (i.e. metaboreflex
component) stimuli activating group 111/1VV muscle afferents which stimulate neural circuits
in the nucleus tractus solitarii and the ventrolateral medulla. This results in an increase in
both cardiac and muscle sympathetic nerve activity and parasympathetic withdrawal which,
in turn, causes substantial hemodynamic changes 15 16,

In contrast to the findings in animal studies, the literature compiled from work in humans is
rather unclear with some studies documenting metaboreflex-based EPR abnormalities in
HTN 817 whereas others suggest normal cardiovascular responses to exercise while
simultaneously emphasizing EPR dysfunction in these patients 4 6. At least some of these
inconsistencies might result from the fact that human investigations on EPR function have
traditionally utilized post-exercise circulatory occlusion techniques (PECO) following
isometric exercise utilizing a small muscle mass. Since there are two subtypes of group
I11/1V muscle afferents, with one responding to metabolites associated with normal exercise
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and one only responding to a metabolic milieu seen during ischemic contractions 18- 19,
studies employing PECO may not entirely focus on EPR function as evoked by normal
exercise. Furthermore, findings based on the PECO approach are also limited as this
technique is utilized at rest with a different autonomic background activity compared to
exercise, and neglects the influence of central command and potential interactions between
the mechano- and the metaboreflex component of the EPR 20: 21,

To circumvent these issues, previous studies used intrathecal fentanyl to attenuate feedback
from group I11/IV muscle afferents during exercise 22. This pharmacological approach does
not alter muscle force generating capacity 23, but attenuates both the mechano- and the
metaboreceptive components of the reflex arc allowing for a functionally relevant
investigation of the EPR in health 22 24 and disease 2° 26, Of note, with respect to
hypertension, such an attenuation of muscle afferent feedback during leg exercise in
hypertensive subjects was recently documented to curb their exercising MAP to that of
normotensive individuals 2. However, as afferent blockade was not applied in the
normotensive participants, in whom this procedure is known to attenuate MAP during
exercise 24, the potential for abnormal EPR function in hypertension was not actually
addressed.

Therefore, the purpose of the current study was to evaluate a) the impact of hypertension on
the circulatory response to exercise, and b) the role of the EPR in determining the
cardiovascular abnormalities often characterizing hypertensive individuals. We hypothesized
that the leg vascular conductance and blood flow response to knee-extensor exercise is
impaired in HTN and that abnormal EPR function account for much of these irregularities.

METHODS

The data that support the findings of this study are available from the corresponding author
upon reasonable request. Eight normotensive (NTN) and eight age-, BMI-, and activity-
matched hypertensive (HTN) males participated in this study (Table 1). None of the subjects
were diagnosed with diabetes, pulmonary disease or heart failure. HTN subjects who were
on pharmacological treatment of hypertension (5 out of 8), discontinued their medication,
with a 7 day wash out period, prior to data collection. Hypertension was defined as a systolic
BP >140 mmHg and/or diastolic BP >90 mmHg 2. All experimental procedures conformed
to the Declaration of Helsinki and were approved by the Institutional Review Boards of the
University of Utah and the Salt Lake City Veterans Affairs Medical Center. All participants
were provided with and signed an informed consent.

Experimental protocol

Subjects were familiarized with the experimental procedures and the exercise modality in
the first session. In a follow-up session, subjects performed an incremental single-leg knee-
extensor test (0 £ 5 W/min) to task failure to determine their maximum work rate (Wpeak)-
After 48 to 72 hours, subjects returned to the laboratory where their right femoral artery and
vein were catheterized (18 gauge) using the Seldinger technique. Following 15 minutes of
rest, CO, sensitivity was evaluated by determining the ventilatory response to three levels of
inspired CO,. This test was conducted to assess the potential migration of intrathecal
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fentanyl to the level of the brainstem, which, if apparent, could confound the results of the
study as fentanyl can bind to the medullary opioid receptors and directly affect the neurons
that are involved in cardiovascular and ventilatory response 28,

Following a short break, measurements of femoral artery blood flow (Q, ), cardiovascular
variables, and arterial/venous blood samples were taken at rest. Thereafter, dynamic right leg
knee-extensor exercise (3 min duration, separated by 2 min of rest, 60 revolutions min~1) at
two absolute intensity work rates (7 and 14W) and two relative intensity work rates (50%
Wpeak: HTN 172 W; NTN 2243 W; P=0.2; 80% Wpea: HTN 28+3 W; NTN 365 W;
P=0.2) was performed. Cardiovascular variables and Q, were recorded continuously
throughout exercise, while arterial/venous blood samples were taken during the final minute
of each work rate. Subjects were asked to rate their perceived exertion on a modified Borg
scale of 0 - 10 29,

Following a 2-h rest period, the subjects were seated in an upright position and 1 ml of
intrathecal fentanyl (0.025 mg ml~1), an opioid analgesic with no effect on the force
generating capacity of the quadriceps 2330, was delivered intrathecally at vertebral
interspace L3-L4 22. Ten minutes later, the CO, sensitivity test and the exercise protocol
were repeated with attenuated feedback from group 11/IV muscle afferents (FENT).

Measurements

Cardiovascular responses—Q (Doppler ultrasound), heart rate (HR; 12-lead ECG),
stroke volume (SV; Finapres), and cardiac output (CO; calculated as HR x SV) were
quantified as previously described 31. Specifically, for the measurement of Q , blood
velocity (cm/s) and vessel diameter were measured simultaneously in 12-s clips during the
final minute of exercise in the common femoral artery. Q (I/min) was calculated as: blood
velocity*re*(vessel diameter/2)2*60. Blood velocity measurements were performed with a
handheld probe positioned firmly to maintain an insonation angle of 60 deg or less at rest
and during exercise. Arterial and venous blood pressure measurements were achieved
utilizing pressure transducers in line with the femoral arterial and venous catheters 31. MAP:
diastolic pressure + 1/3 (systolic pressure — diastolic pressure); mean venous blood pressure
(MVP): average of venous systolic and diastolic pressure; perfusion pressure (PP): MAP —
MVP; leg vascular conductance (LVC): Q. /PP.

Blood derived variables—Femoral arterial and venous blood samples were
anaerobically collected and analyzed using a co-oximeter and blood gas analyzer (GEM
4000; Instrumentation Laboratory Co., Bedford, MA, USA). Arterial (C,0,) and venous
(C,0,) oxygen content was calculated as (1.39 (Hb) x (oxyhemoglobin saturation/100))
+(0.003 x PO, ). Percentage O, extraction was calculated as: [(C;02 - C,09) / C;05 ] x
100. Oxygen delivery was calculated as the product of Q, and C,0, and leg oxygen
consumption (VO,) as the product of C,0, - C,/O, difference and Q..

Steady-state CO, response test—Measurements were carried out as previously

described31. Briefly, after baseline responses to eupneic air were recorded for 5 min,
ventilatory responses to two different concentrations of inspired CO, (3 and 6% CO,, 70%
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05, and N, balanced; 4 minutes each) were measured in all subjects. Arterial blood samples
were collected during the final 30 s of each condition and analyzed for Pcqy. Breathing
frequency (fR) and tidal volume (VT) were averaged over the final minute in each condition.

Data Analysis—Data points over the last minute of exercise were averaged for all
dependent variables. The assumptions of a linear regression model were found to be upheld
by inspection of scatter plots and histograms of residuals and predicted values. A 3-way
interaction linear mixed model analyses with repeated measures were used to investigate the
effect of group (i.e. NTN and HTN), work rate (7W, 15W; 50%W peqk, 80%Wpeak) and
feedback condition (control, Fentanyl) on all the calculated responses. Posthoc pairwise
comparisons were performed to compare data across all three variables. Results are
expressed as mean £ SEM and Cohen’s effects sizes (d,) are provided when appropriate.
Statistical significance was set at P < 0.05.

Hypercapnic ventilatory response test

MAP and PP

Central hem

Intrathecal fentanyl had no effect on eupneic air breathing, as demonstrated by the

comparable breathing pattern and P,CO5 in all subjects in CTRL and FENT. Exposure to the
two levels of hypercapnia did not result in a difference in P;CO, and ventilatory responses in
CTRL and FENT or between the HTN and NTN groups (Table S1, online data supplement).

Resting MAP (130+4 mmHg vs 117+2 mmHg; /£<0.05) and PP (104+4 mmHg vs 9542
mmHg; ~A<0.05) were higher in HTN compared to NTN. Under CTRL conditions, both the
absolute (mmHg) and relative (percent) increase in MAP from rest to exercise, at any
intensity, was higher in HTN compared to NTN (Figure 1; A<0.05). At any given absolute
and relative work rate, MAP was higher in HTN compared to NTN (Figure 1B and C)
(P<0.01). With no effect at rest (P=0.6; @,=0.53), intrathecal fentanyl attenuated MAP and
PP during exercise in HTN (/<0.01), resulting in exercising blood pressures that were no
longer different to those of the normotensive individuals during the CTRL condition (~>0.1;
a,<0.54) (Figure 1). Although fentanyl also reduced MAP during exercise in NTN (~<0.05),
the blockade-induced decrease at the two absolute intensities (~6 mmHg) was significantly
attenuated compared to that exhibited in HTN (~10 mmHg), but the effect was not different
(P>0.1; d,=0.31) between the two groups during exercise at the two relative intensities (~8
mmHg in NTN and ~10 mmHg in HTN). In the fentanyl condition, there was a larger
absolute (~£<0.05) and relative (A<0.05) increase in MAP from rest to exercise in the
hypertensive patients (Figure 1).

odynamics (HR and CO)

Resting HR and CO (NTN: 5.0 + 0.4 L.min™, HTN: 5.9 + 0.9 L.min™1 £>0.06; ¢,<0.94)
were not different between the two groups. The increase in HR and CO from rest to exercise
of a given absolute intensity was not different between HTN and NTN (Figure 2; £>0.10;
a,<0.46). HR was not different between the two groups at the two absolute work rates
(P>0.1; d,<0.60), but was higher in NTN during the two relative work rates (£<0.05). With
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no effect at rest, intrathecal fentanyl significantly attenuated HR during absolute and relative
work rates in both groups. With fentanyl blockade in both groups, the percent increase in HR
from rest to exercise, of any intensity, was larger in HTN compared to NTN (/<0.05).
Furthermore, without affecting resting values, intrathecal fentanyl significantly attenuated
the CO response to exercise in both groups. Consequently, in both groups, with fentanyl
blockade, the percent increase in CO from rest to exercise was not different (£>0.47;
a,<0.50; Figure 2C and D).

Peripheral hemodynamics (Q_ and LVC)

Resting Q, and LVC were not different between the two groups (~>0.7; @,<0.13). The
increase in Q_and LVC from rest to exercise during CTRL conditions was ~18% and ~35%
lower, respectively, in HTN compared to NTN (/<0.01). During CTRL exercise, at the same
absolute and relative work rates, Q, and LVC were 14-23% lower in HTN compared to
NTN (/<0.01; Figure 3). Intrathecal fentanyl had no effect on resting Q; and LVC in either
group (P>0.8; ¢,<0.10). During exercise, fentanyl significantly increased (/<0.05) Q, (12—
16%) and LVC (20-25%) at the two absolute and the two relative work rates in HTN (Figure
3A and C), resulting in no difference (P>0.2; ¢,<0.74) in the Q_response to 7 and 15W
compared to NTN individuals during the CTRL condition. Intrathecal fentanyl did not
change peripheral hemodynamics in NTN (~>0.5; ¢,<0.51; Figure 3B and D).

Leg O, Supply and O, Utilization

Detailed results from the femoral arterial and venous O, delivery and gas exchange
measurements are presented in Table S2 of the online data supplement. Resting leg O,
delivery and leg VO, (Figure 3E and F) were not different (P>0.80; d,<0.63) between the
two groups. The increase in arteriovenous O, difference, leg O, delivery and leg VO, from
rest to exercise (YW and 14 W) in CTRL conditions was lower in HTN compared to NTN
(P<0.05). During CTRL exercise, leg O, delivery was lower in HTN compared to NTN
(P<0.01) and arteriovenous O, difference was not different between the two groups (~>0.80;
a,<0.38), resulting in a ~21% lower leg VO, at the absolute work rates in HTN compared to
NTN (£<0.001). Intrathecal fentanyl had no effect on resting leg O, delivery and leg VO, in
either group (P>0.14; d,<0.13). In NTN, leg O, delivery, arteriovenous O, difference, and
leg VO, during exercise were not altered by fentanyl (P>0.60; d,<0.28). In contrast, in HTN,
while fentanyl had no effect on arteriovenous O, difference (~>0.31; ¢,<0.10), fentanyl
significantly increased leg O, delivery (A<0.01) and leg VO, (P<0.05) during absolute work
rates, resulting in no difference (P>0.20; ¢,<0.63) in leg VO, at 7 and 15W compared to
NTN individuals assessed during the CTRL condition.

DISCUSSION

We investigated the impact of hypertension on the circulatory response to exercise and the
role of the EPR in determining the cardiovascular abnormalities characterizing patients with
hypertension. Compared to NTN, unmedicated HTN patients were, in addition to exhibiting
an elevated resting blood pressure, characterized by a substantially greater exercise-induced
increase in MAP and a compromised hyperemic response, as reflected by a lower Q, and
LVC at all work rates. Intrathecal fentanyl temporarily attenuated the EPR by partially
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blocking leg muscle afferent feedback, providing valuable insight into the role of this
autonomic control mechanism in determining the observed circulatory abnormalities in
HTN. Utilizing this approach, we determined that the fentanyl-induced decrease in MAP
during exercise was greater in HTN than NTN and that afferent blockade curbed the increase
in MAP during exercise in HTN to that seen in NTN under CTRL conditions. Furthermore,
while invariant in NTN, afferent blockade facilitated the peripheral hemodynamic response
to exercise in HTN and normalized Q; and LVC to the levels of NTN. These observations
suggest that individuals with hypertension are characterized by irregular EPR function and
that this reflex abnormality likely accounts for most of the altered hemodynamic responses
to exercise exhibited by this population.

Circulatory Responses to Exercise in Hypertension

While the literature from both human and animal studies suggest that MAP, vascular
resistance, and sympathoexcitation are greater during exercise in hypertension 14, the
impact of the disease on the hemodynamic response to exercise is less conclusive. Some
human studies report MAP and/or HR changes from rest to exercise to be comparable in
hypertensive and normotensive individuals 4 6 7, while others contradict these observations
and document exaggerated responses in hypertensive patients 2 5 8.9 It should be
recognized that the heightened blood pressure during exercise in hypertensive individuals
might simply result from normal exercise-induced increases, and therefore appropriate
autonomic control, added on top of an elevated baseline. It is therefore important for studies
focusing on the impact of hypertension on neurocirculatory control mechanisms (e.g. EPR)
to consider the adequacy of the patients’ circulatory response during the transition from rest
to exercise and not simply on levels during exercise. The patients in the current study were,
compared to NTN, characterized by a substantially greater exercise-induced increase in
MAP, significantly smaller exercise-induced increases in Q; and LVC, but similar increases
in CO and HR (Figure 1-3). Unlike several prior investigations 4 6 7, we considered these
abnormal responses to exercise to be a prerequisite for this study, focused on the hypothesis
that EPR dysfunction may account for the altered hemodynamic response to exercise in
patients with hypertension.

Impact of Hypertension on Exercise Pressor Reflex Function

This study suggests that altered EPR function predominantly account for the circulatory
abnormalities to exercise often observed in hypertension. This conclusion is based on the
observations that a) muscle afferent blockade increased the LVC and Q,_response to exercise
in HTN with no effect in NTN (Figure 3), and b) the afferent blockade-induced decrease in
MAP was substantially greater in HTN compared to NTN (Figure 1). Although afferent
blockade eliminated the majority of the difference in the MAP response to exercise between
the groups (i.e., comparing both groups in the blocked condition), the increase was still
larger in HTN. This remaining inequality suggests that, in addition to a dysfunctional EPR,
other factors also contribute to the abnormal MAP response to exercise in hypertension.
Indeed, disease-related impairments of other autonomic control mechanisms, such as the
arterial baroreflex 3233 and the chemoreflex 34, but also impaired functional sympatholysis 3
and vascular dysfunction 3% 36, have previously been identified to contribute to the
cardiovascular abnormalities in hypertension. These findings suggest that hypertension alters
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EPR function and that this accounts for the compromised Q, and LVC response associated
with this disease and for most, but not all, of the exaggerated MAP response to exercise in
this population.

Of note, leg VO, during CTRL exercise was substantially lower in HTN compared to NTN.
While this difference could theoretically be explained by a disease-related shift towards a
greater reliance on non-oxidative metabolism to perform muscular contractions, the similar
muscle lactate efflux in both groups (Table S2, online supplement) does not support this
contention. Alternative explanations for this discrepancy include a lower O, cost of
contraction in hypertensive individuals and/or a certain degree of plasticity in the O,
consumption process 37: 38, Additional investigations are needed to address the mechanism
underlying the observed group difference in leg VO, during exercise. Interestingly, with no
effect in NTN, afferent blockade raised leg VO, in HTN and this gain was mainly achieved
by an increase in O, delivery (Table S2, online supplement). While the blockade-induced
increase in leg VO, is potentially reflective of a shift back toward a greater reliance on
oxidative metabolism, the invariant lactate efflux does not support this idea.

The central hemodynamic (CO and HR) response to exercise at a given work rate was
comparable between HTN and NTN (Figure 2). Afferent blockade attenuated the CO
response similarly in both groups reflecting normal EPR control of cardiac output in
hypertension. This indirectly implies that the abnormal EPR control of MAP in hypertensive
patients is mainly accounted for by an increased systemic vascular tone or resistance, which
likely also contributes to the attenuated hyperemic response to exercise in these patients. The
significant effect of afferent feedback on the CO response in the current hypertensive
patients contrasts with a recent study demonstrating no effect of afferent blockade on cardiac
output in such patients during cycling exercise 2. Given the documented significance of the
EPR in determining the CO response to exercise in healthy young 38 and old 24 individuals,
and in patients with heart failure 2, this discrepancy is puzzling, but possibly related to
differences in the modality of exercise.

Although afferent blockade attenuated the HR response to exercise in both groups, the
increase from rest to exercise (performed with fentanyl) was significantly larger in HTN
compared to NTN. Given the lack of a difference in the CO responses to fentanyl exercise in
both groups, it is possible that the chronotropic effect of the EPR is compromised in
hypertension while the inotropic effect of the EPR might be enhanced. Although speculative,
the compromised chronotropic effect of the EPR might, potentially, be the result of a down-
regulation, or desensitization, of B1-adrenergic receptors, a structural alteration associated
with cardiovascular disease 3. The increased inotropic effect of the EPR might therefore
just be a compensatory response to meet the cardiac output requirement to perform exercise.

While the current study provides direct evidence for a dysfunctional EPR in hypertension,
the exact mechanism underlying this change remains uncertain. It is, for example,
reasonable to hypothesize that disease-related alterations in intrinsic muscle characteristics
40 may exacerbate the intramuscular metabolic perturbation at a given absolute work rate,
which, in turn, increases stimulation of metabosensitive muscle afferents and facilitates the
metaboreflex component of the EPR. However, in the current study, inferences based upon
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absolute work rate are confounded by the impact of a lower Wpeay in HTN compared to
NTN, which means that a given absolute work rate would be relatively more challenging
and, therefore, likely, result in a greater intracellular perturbation in the HTN group. Of note,
subjects also performed two relative work rates (50% and 80% Whpeak), where there should
not be group differences in intramuscular perturbation, but EPR abnormalities were still
evident (Figures 1 and 3). This casts doubt on exacerbated intramuscular perturbation as the
mechanism responsible for the augmented EPR in HTN compared to NTN. Other potential
explanations for the dysfuntional EPR in hypertension include increased afferent sensitivity,
altered CNS processing of afferent signals, and altered end-organ responsiveness to
sympathetic activity 14 41,42,

Finally, intrathecal fentanyl is specific to p-opioid receptors and only reduces approximately
60% of group I11/1V muscle afferent feedback from the exercising lower limb 43
Considering the partial nature of this block, the observed role of the EPR in determining the
cardiovascular response to exercise is likely an underestimation in both subject groups.
Furthermore, assuming the intramuscular metabolic perturbation (and therefore group H1/1V-
mediated afferent feedback) was more severe at the two absolute intensities (7 W and 15 W)
in HTN compared to NTN, the partial nature of the blockade would have resulted in greater
residual group 111/IV muscle afferent feedback in the patients. This might have caused a
larger underestimation of EPR function in HTN compared to NTN. It is therefore reasonable
to speculate that the actual degree of EPR dysfunction in hypertension is, potentially,
considerably more severe than reflected in the current set of data. It should be acknowledged
that the findings of this study are based on male participants who were either not medicated
or studied after a 7-day drug washout period. It is possible that in the presence of
medication, and in female participants, the outcomes of this work would be challenged.

Individuals with hypertension frequently present with irregular EPR function that largely
account for the patients’ altered hemodynamic response to exercise. These findings have
important implications for the development of future treatment strategies aimed at reducing
the risk of acute cardiac events and stroke during exercise and for improving exercise
tolerance which can, ultimately, facilitate an improved quality of life and reduce mortality.

PERSPECTIVES

This study exposed the abnormal EPR-mediated hemodynamic control in hypertensive
individuals as a potential therapeutic target. Specifically, afferent blockade normalized major
cardiovascular abnormalities in these patients and resulted in MAP and Q values that were
no longer different to those documented in NTN under control conditions. These
observations are of substantial clinical significance as they suggest a novel mechanism that
could be targeted to minimize the risk of acute cardiac events and stroke associated with an
exaggerated blood pressure response to exercise #4. Indeed, this study also offers a target to
ameliorate peripheral blood flow restriction and therefore exercise limitations that hinder the
success of physical rehabilitation, a highly effective non-pharmacological treatment strategy
for hypertension 45 46, Taken together, the present findings suggest that reversing EPR-

Hypertension. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sidhu et al.

Page 10

mediated hemodynamic abnormalities in hypertension may facilitate safer exercise and the
potential to perform physical activity in a more effective way. In practical terms, ischemic
preconditioning and repeated exposure to high concentrations of intramuscular metabolites
have been hypothesized to blunt the sensitivity of metaboreceptors®’: 48 and might offer a
potential strategy to attenuate group 111/IV muscle afferent feedback and therefore, perhaps,
EPR abnormalities in hypertension. However, the habitual use of these strategies as effective
therapeutic modalities in hypertension is currently unknown.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY & SIGNIFICANCE
What Is New?

. Patients with hypertension are characterized by an exaggerated blood pressure
response to physical activities and attenuated leg blood flow during exercise

. This study focused on the exercise pressor reflex (EPR), an autonomic
neurocirculatory control mechanism, as a potential determinant of the patients
abnormal hemodynamic responses to, and during, physical activities

What Is Relevant?
. Hypertensive patients suffer from abnormal EPR function

. Importantly, temporary pharmacological attenuation of the EPR largely
reversed the circulatory abnormalities and normalized exercising blood
pressure and leg blood flow in hypertensive patients to levels documented in
normotensive individuals

Summary

. Individuals with hypertension are characterized by irregular EPR function and
this reflex abnormality largely accounts for the abnormal hemodynamic
response to exercise in the hypertensive patients.
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Figure 1. Mean arterial pressure (MAP) at rest and during the final minute of each work rate
during the control (Ctrl) and fentanyl exercise in hypertensive (HTN) and normotensive (NTN)

participants.

There was an effect of HTN on MAP during CTRL (P< 0.05). *£< 0.05 vs. HTN (panel A)
and vs. CTRL (panels B and C).
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Figure 2. Heart rate at rest, during the final minute of each intensity, and percent increase in
cardiac output from rest during control (Ctrl) and fentanyl exercise in hypertensive (HTN) and

normotensive (NTN) participants.

HR was not different between the two groups at the absolute work rates (P = 0.2), but higher
in NTN compared to HTN during relative work rates (£< 0.05). The percent increase in
cardiac output from rest was not different between the two groups at both absolute and
relative work rates during CTRL exercise (P> 0.3). P values on graph indicate main effect

of fentanyl. *£< 0.05 vs. CTRL.
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Figure 3. Femoral blood flow, leg vascular conductance, and leg VO at rest and during the final
minute of each work rate performed under control (CTRL) and Fentanyl conditions in

hypertensive (HTN) and normotensive (NTN) participants.

During CTRL exercise at the same absolute and relative work rates, femoral blood flow, leg
vascular conductance, and leg VO, were lower in HTN compared to NTN (P < 0.05). P
values on graph indicate main effect of fentanyl. *£< 0.05 vs. CTRL.
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