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Abstract

Aim: Physical activity is one of the most effective ways to improve cardiovascular function.
The present study was performed to evaluate cardiovascular responses following high-intensity
interval exercise (HIIE) and moderate-intensity continuous exercise (MICE) in inactive obese
men. Methods: In the present semi-experimental study, eight inactive obese men (age: 22.5 2
2.5 years, body mass index: 31.5 + 1.5 kg / m2) using a randomized crossover design,
participated in three HIIE, MICE and control interventions. Blood samples were taken before,
immediately and one hour after exercise to measure nitric oxide (NO) concentration. Also, heart
rate and blood pressure were measured before, immediately and every 15 minutes for one hour
after exercises. Results: No significant changes in hemodynamic factors and NO were observed
in the control group. However, after HIIE and MICE protocols, a significant decrease (p <0.05)
in systolic blood pressure (SBP) was observed compared to baseline conditions, which this
phenomenon has persisted for a long time following HIIE. Heart rate and NO increased
significantly after both protocols (p <0.05), with the increase in NO following HIIE persisting
for longer. Conclusion: It seems that training intensity can be an influential factor in the
development of PEH. Also, due to the longer increase in NO caused by HIIE compared to MICE,
it can be considered that longer PEH after HIIE is probably related to the mechanism of NO-
induced vasodilation.
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Extended abstract

Background

Obesity is considered as the main global burden to health, so as to lead to increases cardio-metabolic risk factors via
different mechanisms including the alternation in adipocytokines secretion, promotion of insulin resistance, and its
associated metabolic disorders, such as Type 2 diabetes and cardiovascular diseases (1-3). The relationship between
obesity and hypertension is well understood, and obese people have higher levels of blood pressure from childhood to old
age (4). Exercise training is an effective intervention to improve blood pressure (4). A reduction in blood pressure in the
recovery period has been observed after a single bout of exercise, which is known as post exercise hypotension (PEH)
(5). The mechanisms of PEH include decreased cardiac output, total peripheral resistance, or both, the decrease in
peripheral resistance induced by physical activity is mainly a result of increased nitric oxide (NO) bioavailability (6). NO
is considered as one of the most important molecules required to maintain vascular function and produced by endothelial
cells in response to autonomic, hemodynamic, and humoral stimuli and act as a potent vasodilator (6). In obese subjects,
vascular injury usually happens and could be related to several dysfunctions, such as insulin resistance, hypertension, and
oxidative stress (7-9). Previous studies Have shown, increase in the NO production after exercise training, nevertheless
the acute effect of exercise training in production or bioavailability of the NO is antithesis. Santana et al. 2013 found
increasing of NO following acute maximal exercise in obese older women. High-intensity interval training (HIIT) has
well established to be an effective exercise stimulus, eliciting marked improvements in cardiorespiratory fitness and
endothelial function (6). However, the acute impact of HIIT in production or bioavailability of the NO in obese individuals
is not known. Therefore, the present study aimed to evaluate the effects of high-intensity interval exercise (HIIE) and
moderate continuous exercise (MICE) on both vascular function and NO as a biomarker associated with vascular function.
Methodology

The present study is quasi-experimental-applied research conducted randomized crossover design. Subjects were 8
inactive obese males with a mean age of 22.5 + 2.5 years, a height of 174.13 £ 5.8 cm, and a body mass of 95.1 + 5.88
kg, who were screened for the Physical Activity Readiness Questionnaire, and underwent a comprehensive health checkup
before the study to ensure that they were clear to complete the exercise protocols. They were randomly participated into
HIIE, MICE, and control sessions.

Exercise protocols

Exercises in both high and moderate-intensity protocols were performed on treadmill. High-intensity interval exercise
consisted of a 10-minute warm-up period at 50-60% of maximal heart rate (HRmax), followed by 4x4-minute intervals
at 85-95% of HRmax with 3 min active breaks between intervals, including walking or jogging at 50-60% of HRmax
and a 5-minute cool-down at 45-50% of HRmax. The moderate-intensity protocol was walking or running continuously
for 47 minutes at 60-70% of HRmax to ensure that the exercise protocols were isocaloric (10). The subjects were
instructed to control the intensity of the exercise by monitoring their HR and thereby adjusting the speed of the treadmill
to the corresponding preferred exercise intensity. HR and speed were recorded during exercise sessions.

Blood pressure and heart rate measurements

In each session, participants rested while seated for 10 minutes, a total of three times measurement were performed for
BP and HR at 5-minutes intervals, and mean values were recorded as baseline blood pressure and heart rate, also
immediately, 15, 30, 45, and 60 minutes after exercises BP and HR were measured.

Nitric oxide determination

Venous blood sampling was collected before, immediately, and 60 minutes after exercise. Blood samples were collected
in EDTA-contained tubes and centrifuged for 10 minutes (3000 RPM). Total Nitric Oxide was measured by ZellBio
GmbH (Germany). ZellBio GmbH NO assay kit is used to quantitative assay NO based on its metabolites (nitrite/nitrate)
and Griess Reaction. This kit can be used for NO determination in the range of 3.12-100uM and with 1uM sensitivity
and the intra-assay CV was below 4.4% according to kit instructions. ELISA reader (Bio Tek, EIX800, USA) was used
for measurement of NO (11).

Statistical methods:

Statistical analysis was performed utilized SPSS (v 21.0, IBM SPSS). The normality of the data was assessed using the
Shapiro-Wilk statistic. A2 x 6 ANOVA with repeated measures was conducted on heart rate and BP. When a significant
group-by-task interaction was detected, between-group differences at each level were examined using appropriate post
hoc analyses (Bonferroni correction and independent t-tests).

Results:

Compared to baseline, NO was significantly increased immediately after exercise (IAE) in both HIIE and MICE protocols
(P<0.05). At 60 m after HIIE, nitric oxide increased significantly in comparison to baseline conditions (P<0.05). A
significant decrease in SBP was observed from 15 to 45 minutes after HIIE compared with baseline and control sessions
(P<0.05). However, following the MICE, this significant decrease in SBP was only observed up to 30 minutes after
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exercise (P<0.05). A significant increase in HR was observed immediately and up to 45 minutes after HIIE compared
with baseline and control session (P<0.05), However, following MICE, this significant increase in HR was observed until
30 minutes after exercise (P<0.05). Compare to MICE the HIIE showed significantly more increase in HR, immediately
and 15 min after exercise (P<0.05).

Discussion and conclusion:

Our main findings are that both HIIE and MICE increase NO and decrease SBP significantly, but HIIE maintains the
responses for a longer time in obese young men. These findings demonstrate the vascular safety of HIIE and MICE as
well as the poor advantage of HIIE over MICE in promoting a transient increase in NO and reduction on SBP in this
population. These results support the role of peripheral, vascular NO on exercise-induced blood pressure-lowering
pathways in obese subjects.

Conclusion:

In summary, both HIIE and MICE protocols can increase NO levels and reduce SBP, though HIIE maintains the
responses for a longer time in obese young men. Based on our findings HIIE is a safe protocol and can have fairly
effects on vascular function.

Article message

HIIE and MICE protocols can improve cardiovascular responses in obese males, while HIIE maintains the responses for
a longer time.
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