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Exaggerated Inspiratory Muscle
Metaboreflex in Arterial Hypertension
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States with increased incidence with older

age.! Hypertension is the leading risk fac-
tor for cardiovascular disease (CVD) development.
Hypertension-mediated autonomic and cardiovascu-
lar pathophysiology play an important role in disease
progression and symptomology of patients with CVD.
Recent evidence supports that older patients with
hypertension without overt CVD may exhibit pulmo-
nary system abnormalities that are often associated
with overt heart failure, exertional symptoms, and
mortality.?3 Specifically, older patients with hyperten-
sion have higher ventilatory to carbon dioxide slopes
during exercise than older adults with normotension,
with >70% of these slopes being abnormal in patients
with hypertension.? Heart failure is also associated
with pulmonary system abnormalities that directly re-
late to exercise intolerance and exertional symptoms
including inspiratory muscle weakness and reduced
inspiratory muscle endurance.® We found that inspi-
ratory muscle metaboreflex activation via high inspi-
ratory muscle work results in exaggerated increases
in mean arterial pressure (MAP) and leg vasoconstric-
tion, resulting in reduced leg blood flow in patients
with heart failure compared with controls.* However,
it is unclear whether these inspiratory muscle ab-
normalities are present earlier in the progression of
CVD. We hypothesized that older patients with hy-
pertension have lower inspiratory muscle endurance
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and greater increases in MAP with inspiratory muscle
metaboreflex activation (via high-intensity inspiratory
resistive breathing task [IRBT]) than age-matched
healthy controls.

We enrolled 9 patients with hypertension and 9
controls. All patients with hypertension were diag-
nosed with essential hypertension, and at-home blood
pressure measurements were performed to exclude
white-coat effect.® All participants provided informed
consent. All aspects of this study were approved by
the Mayo Clinic’s institutional review board and con-
formed to the principles outlined in the Declaration
of Helsinki. The data that support the findings of this
study are available from the corresponding author on
reasonable request.

The experimental design consisted of 2 visits.
During visit 1, participants were familiarized with
all experimental procedures. During visit 2, partic-
ipants performed IRBTs at 2% of maximal inspira-
tory pressure for 10 minutes (control condition) and
60% maximal inspiratory pressure until task failure
(metaboreflex condition) with >20minutes between
them. During the IRBTs, the breathing frequency
was 20 breaths per minute with a 50% duty cycle.
Maximal inspiratory pressure was measured. MAP
and heart rate were measured continuously via fin-
ger photoplethysmography. MAP was calibrated to
brachial artery blood pressure. Mouth pressure was
measured continuously.

Key Words: blood pressure m diaphragm m essential hypertension ® inspiratory muscle work ® respiratory muscles

Correspondence to: Joshua R. Smith, PhD, Department of Cardiovascular Medicine, Mayo Clinic, 200 First Street SW, Rochester, MN 55901.

Email: smith.joshual@mayo.edu

This article was sent to Tochukwu M. Okwuosa, DO, Associate Editor, for review by expert referees, editorial decision, and final disposition.

For Sources of Funding and Disclosures, see page 3.

© 2024 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2024;13:e033511. DOI: 10.1161/JAHA.123.033511


https://orcid.org/0000-0001-8349-1308
https://orcid.org/0000-0002-3446-0414
https://orcid.org/0000-0002-3687-6261
mailto:
mailto:smith.joshua1@mayo.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.123.033511&domain=pdf&date_stamp=2024-05-28

¥20z ‘o€ Ae|A uo Aq Blo'sfeulnofeye//:dny woly papeojumoq

Cifci et al

Data are reported as mean+SD. Mean values and
95% Cls are shown in Figure [A] and [C]. Time-to-task
failure and change in MAP were compared between
groups using unpaired t tests. MAP and heart rate
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Figure. Time-to-task failure and blood pressure response
during the 65% inspiratory resistive breathing task in the
hypertension and control groups.

Time-to-task failure was not statistically significant between
older participants with hypertension and control participants (A)
(P=0.93 via unpaired t test). Older participants with hypertension
had higher mean arterial pressure (MAP) at minute 2 and task
failure compared with controls (B) (both, P<0.04 via 2-way
ANOVA). Older participants with hypertension had greater
increases in MAP from rest to task failure than controls (C)
(P=0.04 via unpaired t test).
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were compared within (rest, 2minutes, and 10 minutes
or task failure) and between groups for 2% and 60%
IRBTs using 2-way mixed ANOVA. Tukey post hoc anal-
ysis was performed to determine where significance
existed. Statistical significance was set at P<0.05.

There were no statistically significant differences
between hypertension and control groups, respec-
tively, in sex distribution (4 men/5 women versus 6
men/3 women), age (67+10 versus 70«7 years), body
mass index (29+4 versus 28+4 kg/m?), maximal inspi-
ratory pressure (109+37 versus 112+30%predicted),
VOQpeak (10024 versus 113+13%predicted) as well
as resting systolic blood pressure (12715 versus
118+11 mmHg), diastolic blood pressure (82+7 versus
77+6mmHg), and MAP (97+8 versus 91+7 mmHq) (all
P>0.11). Medication prescribed to the participants with
hypertension included angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers (n=4), di-
uretics (n=3), p-blockers (n=3), and calcium channel
blockers (n=4). Hypertension duration was 9+8years.

Results from the 60% IRBT time-to-task failure were
not statistically significant between groups (P=0.93)
(Figure [A]). During the 60% IRBT, the hypertension
group had higher MAP at minute 2 and task failure
(both, P<0.04) (Figure [B]). Change in MAP from rest to
task failure was greater for patients with hypertension
than controls (P=0.04) (Figure [C]). Hypertension dura-
tion was not statistically related to time-to-task failure
or change in MAP during the 60% IRBT (both, P>0.31).
During the 60% IRBT, there was no group main effect
for heart rate (P=0.26). During the 2% IRBT, there was
no time or group main effects for MAP or heart rate
(both, P>0.12).

Our primary novel finding is that older patients with
hypertension had exaggerated MAP responses to in-
spiratory muscle metaboreflex activation than controls.
These findings have important implications for older
patients with hypertension as exaggerated cardiovas-
cular responses to inspiratory muscle metaboreflex
activation are important contributors to exercise in-
tolerance and exertional symptoms for patients with
CVD.® Further, the present findings are directionally
consistent with those recently reported in heart failure
with preserved ejection fraction*; a population with a
high prevalence of hypertension. In this context, our
findings suggest that these inspiratory muscle patho-
physiologic mechanisms may present earlier in the
CVD progression than previously recognized. In con-
trast, there were no statistically significant differences
in inspiratory muscle strength and endurance between
controls and participants with hypertension. Taken to-
gether, our findings coupled with those from a recent
study revealing an exaggerated ventilatory response
during exercise in hypertension® warrant further



¥20z ‘o€ Ae|A uo Aq Blo'sfeulnofeye//:dny woly papeojumoq

Cifci et al

investigation into the impact of inspiratory muscle work
on the integrative physiologic mechanisms to exercise
and exercise tolerance in hypertension.
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