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Introduction:

Resistant hypertension is a problematic phenotype marked by the limited efficacy of available blood
pressure-lowering treatments [1], such as antihypertensive medicines and kidney denervation [2-4]. Given
its health-related and economic impact, it is an important medical and societal issue. Patients with resistant
hypertension have a higher risk of myocardial infarction, stroke, heart failure, chronic renal disease, and
death, in addition to the cost of multiple drugs [5,6]. Cardiovascular disease risk is associated to central
blood pressure. Central blood pressure seems to better relate with target organ damage and long-term car-
diovascular outcomes, compared to traditional brachial blood pressure [7,8]. Increased aortic stiffness,
assessed by carotid-femoral pulse wave velocity, is also an independent predictor of cardiovascular risk
[9]. However, there are few studies on exercise interventions to improve these markers in people with res-
istant hypertension.

The EnRicH (The Exercise Training in the Treatment of Resistant Hypertension) was a prospective,
single-blinded randomized clinical trial. The current analysis details the effect of aerobic exercise training
intervention or usual care on central blood pressure and carotid–femoral pulse wave velocity.

Methods:

Patients with resistant hypertension were randomized 1:1 to a 12-week moderate-intensity aerobic
exercise program (added to usual care) or usual care. Exercise training sessions were supervised and took
place three times per week. Each session included a 10-min warm-up and cool-down period, and 40
minutes of aerobic exercise. Walking and cycling were the main chosen exercises and intensity was
50-70% of maximum oxygen uptake (VO2 max). Secondary outcome measures included central blood
pressure and carotid–femoral pulse wave velocity. The Complior Analyse (Alam Medical, Saint Quentin
Fallavier, France) and the SphygmoCor (AtCor Medical, Sydney, NSW, Australia) were used to measure
central blood pressure and carotid–femoral pulse wave velocity. The two devices offer highly correlated
measurements and similar outcomes. The carotid–femoral pulse wave velocity measurements were taken
in accordance with Van Bortel et al. [10] expert's consensus document. SPSS version 28.0 was used for all
statistical analyses (SPSS Inc., Chicago, Illinois, USA). Student's independent t-test was used to compare
between-group differences at baseline, following the exercise program, and between changes in continu-
ousvariables frombaseline to theendof thestudy.Student’spaired t-testswereperformedforwithin-group
comparisons from baseline to the end of the study. The level of significance was set as P≤ 0.05.

Results:

Fifty-three patients (exercise n = 26, mean age 59.3 ± 8.2; control n = 27, mean age 60.8 ± 9.2) com-
pleted the study. No differences were found between groups at baseline. The change in central systolic
blood pressure was significantly different between groups by -12.2 (95% CI, -22.6to -1.9, P = 0.022), with
a mean change of -11.3 ± 19.2 mm Hg in the exercise arm vs 0.9 ± 11.8 mm Hg in the control arm. There
were no differences in carotid–femoral pulse wave velocity between groups (P= 0.197).

Discussion:
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This study demonstrated that a 12-week exercise training program reduces central systolic blood pres-
sure among patients with resistant hypertension. However, no significant changes were found for carotid-
femoral pulse wave velocity. Our study agrees with previous evidence of aerobic exercise with similar pro-
grams in patients with prehypertension and hypertension [11,12]. Possibly, higher exercise intensities or
longer duration programs may be necessary to induce changes to arterial stiffness.

Alimitationof this study is that exercise trainingprogramconsistedofmoderate-intensityaerobicexer-
cises. Therefore, other types of exercise and intensities need future investigation.

This trial demonstrated a benefit of 12-week of moderate-intensity aerobic exercise training on redu-
cing central blood pressure in patients with resistant hypertension. The central blood pressure reduction is
clinically promising as this indicator is associated with target organ damage, cardiovascular risk, and mor-
tality.
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