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COMMENT

Pathophysiology of the exaggerated blood pressure response to
exercise
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Persistent hypertension leads to the onset, progression, and
recurrence of various cardiovascular diseases, a decreased
quality of life, and an increased risk of mortality [1]. In
developed countries, age and obesity contribute to the
prevalence of hypertension [2]. It is estimated that 43 mil-
lion people in Japan, or one in three people, have hyper-
tension, which is responsible for 7.6 million deaths annually
worldwide [2]. Furthermore, studies show that systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
have independent relationships with heart failure, atrial
fibrillation, aortic dissection, atherosclerosis with peripheral
arterial disease, renal disease, dementia, and retinopathy
[2, 3]. Thus, hypertension is a major risk factor for most
cardiovascular and related diseases [3].

Individuals without resting hypertension but with an exag-
gerated blood pressure response (EBPR) present with end-
organ damage (e.g., albuminuria, left ventricular hypertrophy,
diastolic dysfunction), similar to those with sustained hyper-
tension. Estimates of the prevalence are uncertain because the
threshold for exercise-induced hypertension is undefined. The
prevalence in several healthy study cohorts of varying age, sex,
and ethnicity was estimated at 3–4%, while other studies of
healthy individuals have reported prevalence rates of up to 18%
[4]. However, the overestimation of exercise blood pressure is
higher in patients with established coronary artery disease
(CAD) risk factors, such as type 2 diabetes (>50%) and masked
hypertension (>40%), than in those without these conditions. A
growing body of evidence helps identify healthy individuals
without apparent cardiovascular disease or normotensive

individuals who present an increased risk of developing
hypertension and cardiovascular events in the future. In a sys-
tematic review by Keller et al., the definition of EBPR in car-
diopulmonary exercise testing (CPET) was unclear; however,
multiple studies showed that EBPR in CPET was associated
with new onset of hypertension and future cardiovascular
events [5]. Flow-mediated dilation (FMD) examines the rela-
tionship between higher SBP during submaximal intensity
exercise and increased arterial stiffness and decreased endo-
thelial function. However, the association between CAD and
the exaggerated blood pressure response to exercise (EBPE) is
not entirely clear, as there are limited data linking early markers
of atherosclerosis to EBPE. Additionally, the association
between EBPE and biomarkers of coronary microvascular
dysfunction (MVD) and inflammation is not known in detail.

Although previous studies have shown that the coronary
flow velocity reserve (CFVR) is reduced in patients with
various manifestations of hypertension, no studies have
assessed MVD in patients with EBPE using echocardiography
for vascular impairment. In their latest study, Baycan et al.
reported that patients with EBPE showed signs of coronary
MVD in addition to endothelial dysfunction and subclinical
atherosclerosis [6]. This was a single-center, cross-sectional
study of patients aged 20–80 years with symptoms of chest
pain who underwent an exercise stress test on a treadmill.
Patients with EBPE had a higher carotid intima-media thick-
ness and a significantly lower FMD than patients without
EBPE. In addition, patients with EBPE had significantly
higher office and 24-h mean SBP and DBP than those without
EBPE. A limitation described by the authors is that it is dif-
ficult to understand whether these results are specific to EBPE
or applicable to all patients with hypertension or mild hyper-
tension. However, EBPE remains a significant predictor of
CFVR after adjusting for 24-h ambulatory blood pressure
measurements, and it is reasonable to assume that EBPE itself
is associated with MVD. However, while comparing patients
with and without EBPE, there were no significant differences
in high-sensitivity C-reactive protein (hs-CRP) or copeptin
levels, which are markers of vascular inflammation. This could
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be because the subjects were young, averaging ~37 years of
age, and diseases that promote atherosclerosis were excluded.
This could have prevented detection.

However, the underlying pathophysiology of EBPE is
poorly understood. Wilson et al. found that total peripheral
resistance was not sufficiently reduced in patients with
EBPE to compensate for increased cardiac output during
exercise [7]. Thus, EBPE can be partially explained by
increased peripheral vascular resistance and an impaired
capacity for exercise-induced vasodilation. These responses
of peripheral vascular function are attributed to sympathetic
nervous system hyperactivity and increased vascular
response to adrenergic stimulation or microvascular wall
thickening, which alters the ability to respond to vasocon-
strictive stimuli [8]. Another explanation is the presence of
metabolic abnormalities in patients with EBPE on CPET,
such as high fasting glucose, triglycerides, and total cho-
lesterol levels, low glucose tolerance, and high obesity rates
[9–11]. Vascular inflammation is also considered a patho-
physiological intermediate linking EBPE and athero-
sclerosis. Previous studies revealed that inflammatory
biomarkers, such as hs-CRP and interleukin-6, are corre-
lated with peak SBP during exercise [12] (Fig. 1).

Thus, although the mechanism of elevated blood pres-
sure during exercise may be related to a variety of factors,
the results of various clinical trials suggest that micro-
vascular impairment is associated with an increased risk of
mortality, even in the absence of obvious significant epi-
cardial coronary stenosis. Evidence of abnormal micro-
vascular function in EBPE may be a useful screening
marker for future cardiovascular event risk. Further inves-
tigation of the long-term outcomes of patients with EBPE is
needed to verify whether it leads to an improved prognosis.
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Fig. 1 Assumed
pathophysiology of the
exaggerated blood pressure
response to exercise
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