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We read with great interest the study by Way et al.1 pub-

lished in this journal, which described and compared the

acute changes in central arterial stiffness (AS), wave reflec-

tions, and central hemodynamics (CH) in response to a bout

of high-intensity interval exercise (HIIE) and moderate-inten-

sity continuous exercise (MICE) in adults with diabetes. The

authors reported a significant reduction in augmentation index

(AIx) corrected by a heart rate (HR) of 75 beats/min

(AIx@75) and central systolic blood pressure after HIIE,

without significant changes in the pulse wave velocity

(PWV). In view of this important research topic and our

recent contributions to it, we would like to raise some

points of discussion that might help to better elucidate the

findings observed in the current study, and also suggest

pertinent directions to further studies.

Although the acute and chronic responses of different

modalities of exercise on AS and wave reflections have been

extensively studied,2�13 little is known about the effects of

HIIE on these parameters.14 A recent review12 revealed that a

single bout of aerobic exercise (AE) did not significantly

change the PWV (mean difference (MD) = 0.00 m/s, 95% con-

fidence interval (95%CI): �0.11 to 0.11, p = 0.96). We

recently developed an akin study in young obese women, con-

ducting an acute and chronic protocol (Fig. 1A). Similar
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results were reported in our study,15 in which we did not

observe changes in PWV after either HIIE or MICE in obese

women (Fig. 1B). The acute nature of the exercise seems to be

insufficient stimulus to alter the structural proprieties of the

arteries, such as elastin breakdown and collagen deposition in

the media layers,16 which might justify the absence of change

in PWV following AE observed by Way et al.1

Differently from the acute effects, PWV has been shown to

reduce chronically after AE intervention.3 In fact, we recently

demonstrated that both HIIE and MICE 8-week protocols sig-

nificantly reduced PWV in obese women, suggesting that

PWV is an intensity-independent variable (Fig. 1C).17 Consid-

ering the similarity between the obese and the diabetic popula-

tions in terms of AS, it is expected that the same results can be

found in individual with diabetes following AE chronically,

for both HIIE and MICE.

Regarding AE changes in AIx, the up-to-date meta-analysis

identified a reduction in AIx acutely (MD =�4.54%,

95%CI: �7.05 to �2.04, p = 0.0004).12 Nevertheless, previous

evidence reported that the AIx is highly dependent on HR,18

whereas AIx@75 has been proposed to mitigate the influence

of HR on AIx, better representing wave reflection in different

conditions, such as exercise. Interestingly, the same study

observed a significant increase in AIx@75 (MD = 3.58%,

95%CI: 0.56�6.61) after AE.12 These findings suggest that the

changes observed in AIx were being driven by an increase in

HR. Of note, a high heterogeneity was found in this review,

and its results should be interpreted with caution. Contrariwise,
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Fig 1. HIIE, MICE, and control condition protocols (A) of the acute bout of HIIE and MICE on cfPWV (B), AIx (D), and AIx@75 (F), and 8 weeks of HIIE and

MICE on cfPWV (C), AIx (E), and AIx@75 (G) in young obese women. * Differences in relation to baseline values. # Differences in relation to control condition

(interaction group vs. time). y Differences in relation to MICE (interaction group vs. time). AIx = augmentation index; AIx@75 = augmentation index corrected for

75 beats/min; cfPWV = carotid�femoral pulse wave velocity; HIIE = high-intensity interval exercise; HIIT = high-intensity interval training; HRmax =maximal

heart rate; MICE =moderate-intensity continuous exercise; MICT = moderate-intensity continuous training. Adapted with permission from Hortmann et al.15 and

de Oliveira et al.17
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Way et al.1 found a significant reduction in AIx@75 after HIIE

in diabetic subjects. It means that the effects of HIIE on AIx

were independent of changes in HR. Our study found a similar

result in young obese women, in which a single bout of HIIE

promoted significant reductions in AIx acutely (Fig. 1D),

wherein no statistically significant effects were verified after 8

weeks of HIIE (Fig. 1E). The same results were observed for

AIx@75 (Figs. 1F and 1G).15 Like Way et al.,1 we also found

a significant reduction in central systolic blood pressure after a

single bout of HIIE.15 It suggests that AIx seems to be more

responsive to AE than PWV acutely.5 AIx represents the

reflected wave, having a major role in the cross-talk between

the macrocirculation and the microcirculation.16 Therefore, it
might be assumed that AIx represents the capacity of the periph-

eral vessels to assimilate the forward pressure wave that travels

along the arterial tree toward the periphery. Surprisingly, although

not significant, our study showed an acute decrease in AIx for the

control group (Fig. 1D).15 The same reduction was reported by

Way et al.1 Although it might likely have happened due to the rest

period to which the subjects were exposed, it also raises awareness

of the oscillatory and unstable nature of this variable.

In terms of chronic effects of AE on AIx, similar to

observed by PWV, it is expected a reduction of AIx after AE

intervention.3 In accord with that finding, we found a tendency

toward reductions in AIx and AIx@75 after 8 weeks of HIIE

in obese women (Figs. 1E and 1G).17 This tendency to
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decrease observed only after HIIE could suggest that AIx is an

intensity-dependent variable. Thus, the clinical relevance of

the exercise-induce changes in AIx and AIx@75 still needs to

be properly addressed.

Another point of discussion is the sex differences regarding

acute AIx responses to AE. It appears that AIx in women is

more susceptible to reduce after a single bout of AE than in

men. Women have greater b-adrenergic receptor sensitivity,

leading to a greater vasodilation for a given amount of sympa-

thetic nervous activity and consequent reduction of AIx.19

Way et al.1 have merged men and women in a single sample,

and this sex-combined analysis may have attenuated the AIx

responses to AE. Moreover, the authors included individuals

with a wide range of age (29�59 years). Having in mind that

aging is a determining factor of the stiffening process,16 these

individuals could have been in different stages of vascular

aging, which might also have influenced the results. Yet, they

included individuals with type 1 and type 2 diabetes. Even

though it seems that there is no significant difference between

these conditions on the progressive development of AS and

impairments on CH,20 baseline differences between these groups

were reported. Baseline differences in age, sex, body mass index,

waist circumference, glycosylated hemoglobin, and duration of

diabetes could represent a potential risk of bias.

In summary, AE can promote acute and chronic benefits to

mitigate AS and the deterioration of CH. Moreover, despite a

tendency for HIIE in eliciting greater outcomes in these

parameters, the differences between HIIE and MICE are yet to

become further investigated. Studies with different populations

and different clinical settings (e.g., prehypertension to estab-

lished hypertension) are mandatory to better establish the role

of the intensity as well as of the intermittent nature of different

AE modalities on AS and CH.
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