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ABSTRACT

Objectives: The present study aimed to examine the effects of high-intensity interval training (HIIT) and
moderate-intensity continuous training (MICT) on visceral fat and hemodynamic parameters in obese
adults.

Methods: Fifty-two males were included in this study and divided into three groups: HIIT group (n = 21,
age = 20.86 + 1.62 years, BF (%) = 30.10 + 5.02), MICT group (n = 22, age = 20.76 + 1.14 years, BF
(%) = 30.19 + 5.76), and control group (CON) (n = 9, age = 21.38 + 1.77 years, BF (%) = 30.40 + 5.10). The
HIIT and MICT groups received the exercise intervention three to four times per week for eight weeks
(HIIT: exercise intensity 80—95% HRmax, circuit; MICT: exercise intensity 60—70% HRmax, running), and
the control (CON) group received health education and guidance without exercise intervention. The body
compositions and serum lipid indexes were tested to calculated LAP and VAL The color doppler ultra-
sound diagnostic technology was used to test the artery diameter and blood velocity before and after the
intervention. Based on the test data, MATLAB software and Womersley theory were used to calculate the
hemodynamic parameters of the common carotid artery, including wall shear stress, flow rate, blood
pressure, oscillatory shear index, elasticity modulus, dynamic resistance, artery diameter, arterial stiff-
ness, circumferential strain and pulsatility index.

Results: We found that lipid accumulation product (LAP) was significantly decreased in both the HIIT
group (p < 0.01) and MICT (p < 0.05) group but not in the CON group (p > 0.05). In contrast, visceral
adiposity index (VAI) decreased in both the HIIT and MICT groups and increased in the CON group,
although the difference among groups was not significant (p > 0.05). After 8 weeks of intervention, the
blood velocity and wall shear stress were greater after HIIT and MICT intervention (p < 0.01). Artery
diameter, oscillatory shear index, arterial stiffness, and pulsatility index decreased significantly, and
circumferential strain increased significantly in the HIIT group (all, p < 0.01, p < 0.05) but not in the MICT
group (p > 0.05). Dynamic resistance was significantly decreased in the MICT group. There was no dif-
ference in the CON group after the period of intervention (all, p > 0.05). LAP was positively related to
artery diameter (r = 0.48, p = 0.011), blood pressure (r = 0.46, p = 0.002), flow rate (r = 0.31, p = 0.04),
oscillatory shear index (r = 0.44, p = 0.03), and elasticity modulus (r = 0.33, p = 0.029) but inversely
related to circumferential strain (r = —0.36, p = 0.028). The VAI was also positively associated with artery
diameter (r = 0.33, p = 0.03), elasticity modulus (r = 0.38, p = 0.009), and arterial stiffness (r = 0.39,
p = 0.012). In addition, the VAI was negatively correlated with the circumferential strain (r = —0.33,
p = 0.04).

Conclusion: The present study demonstrated that both HIIT and MICT exercises for 8 weeks could
effectively enhance visceral fat indices and partial hemodynamic parameters. Therefore, HIIT and MICT
exert important effects on reducing fat content and improving hemodynamic environment. But HIIT on
oscillatory shear index, arterial stiffness, circumferential strain, and pulsatility index was superior to
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MICT. In addition, there are close correlations between visceral fat and partial hemodynamic parameters

of the common carotid artery.

© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

During the past several decades, the prevalence of obesity
worldwide among adults has risen sharply, which might be
partially explained by an imbalance between energy intake and
energy expenditure.! Compared with those with subcutaneous
obesity, people with visceral obesity are more likely to develop
diabetes, hyperlipidaemia, hypertension, and hyperuricaemia.” It is
well known that visceral fat accumulation is related to car-
diometabolic risk factors, which might lead to a series of lesions in
the vascular system in obese individuals and an increased risk of
cardio-cerebrovascular diseases.> Anthropometric parameters of
general and central adiposity have become the most frequently
used surrogate predictors, including body mass index (BMI), waist
circumference (WC), and body fat percentage [BF (%)], but these
indices commonly used in clinical practice cannot accurately reflect
the degree of body fat accumulation. Currently, medical imaging
techniques such as Dual-Energy X-ray Absorptiometry (DEXA),
Computerized Tomography (CT) and Magnetic Resonance Imaging
(MRI) can accurately assess visceral fat content. Lipid accumulation
product (LAP) and visceral adiposity index (VAI), based on BMI, WC,
and lipid indexes, can be also used to evaluate the individual fat
distribution and visceral fat accumulation, which are emerging as
valuable indicators for visceral obesity. Study confirmed a linear
correlation between LAP, VAI visceral fat index and MRI, which
could indirectly reflect visceral fat.*~® Compared with these med-
ical imaging techniques, LAP and VAI are easier to implement and
more suitable for screening. The LAP represents a clinical index
based on the assessment of WC and triglycerides (TG), which es-
timates visceral lipid accumulation. The VAl is a simple, sex-specific
marker combining anthropometric data and lipid profiles and is
also a reliable indicator of visceral dysfunction, which makes up for
the weakness of waist circumference.” Similarly, recent research
has demonstrated that LAP and VAI are significantly positively
correlated with metabolic syndrome and atherosclerotic cardio-
vascular disease.®

Considering the adverse effects that obesity has on vascular
hemodynamic and cardiovascular structure and function, not sur-
prisingly, obesity has a strong malignant impact on multiple car-
diovascular disease risk factors, including endothelial dysfunction,
carotid artery intima-media thickening, increased arterial stiffness,
and an abnormal hemodynamic environment.”'° Investigations in
recent years have demonstrated that hemodynamic abnormalities,
including blood velocity and wall shear stress, caused by obesity
play an important role in the occurrence and development of
vascular diseases."! Previous studies also found that due to exces-
sive accumulation of fat in obese people, the pumping function of
the heart is reduced, resulting in lower blood velocity and wall
shear stress than normal.>? Moreover, retrospective studies
strongly showed that the artery diameter and stiffness in young
obese individuals who have a BMI>30 kg/m? were greater than
those in normal-weight individuals.”> However, little is known
about the relationship between visceral fat and artery hemody-
namic parameters.

Studies strongly suggest that exercise can exert direct influences
on the vasculature via the impact of repetitive exposure to
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hemodynamic stimuli."® Exercise is a powerful physiological stim-
ulus that can effectively promote cardiovascular health and reduce
the risk of cardiovascular diseases by changing hemodynamic in-
dicators.' Studies have found that aerobic exercise has a positive
effect on enhancing carotid hemodynamic parameters, which can
effectively ameliorate cardiovascular diseases in obese adults.'
Although moderate-intensity continuous training (MICT) brings
many benefits to obese individuals, it still has limitations such as
long time and single exercise form, resulting in low exercise
adherence for obese adults. In recent years, high-intensity interval
training (HIIT) has displayed excellent adherence among obese
adults.'®!” The beneficial effects of HIIT for adults to control weight
and enhance hemodynamic parameters have received widespread
attention. Compared with MICT and high-intensity sustained ex-
ercise, the superior effects of HIIT have been attributed to larger
blood flow responses and/or greater reductions in oxidative stress,
which together may enhance endothelial cell sensitivity to shear
stress and increase nitric oxide (NO) bioavailability.'®!° Currently,
the effects of HIIT and MICT on the cardiovascular health of obese
people are discussed in depth from oxidative stress, inflammatory
response and vasoactive substances balance,° this study explored
HIIT and MICT on vascular health in obese from the perspective of
hemodynamics.?! Additionally, BMI, WC, and BF (%) are generally
used to measure obesity, but as powerful indicators for assessing
obesity-induced metabolic syndrome, there is little discussion on
the effect of HIIT and MICT on LAP and the VAI in obese individuals.

In this study, our objective was to evaluate the effects of 8 weeks
of HIIT and MICT on visceral fat and carotid haemodynamic pa-
rameters in obese adults. Based on the above introduction, we
hypothesized that 8-week HIIT would elicit superior improvements
in LAP, the VAI, and carotid haemodynamic parameters than MICT
in obese adults. Based on present observations, further, we pre-
dicted that there would be close correlations among LAP, the VAI,
and partial carotid hemodynamic parameters.

2. Materials and methods
2.1. Participants

Participation in the study was voluntary, and all participants
were enrolled from Dalian University of Technology. Eighty-nine
adults with obesity were recruited for the sports program. Of
these, 72 adults were willing to take part in the study. The inclusion
criteria were as follows: male, BMI>30 kg/m?, age 18—22 years;
non-smoker; not taking any vasoactive medications; sedentary and
not engaged in any structured/consistent physical exercise program
at any time over the prior 3 months by the Chinese version of the
International Physical Activity Questionnaire (IPAQ); the Physical
Assessment Risk Questionnaire (PAR-Q) was used to exclude par-
ticipants with exercise risk; on the basis of verifying that the recent
medical reports of all participants were normal, participants were
randomly selected for electrocardiogram assessment to further
ensure the safety of exercise. All participants were required to
complete a written informed consent form and a health history
screening. All protocols and procedures were approved by the
ethics committee of the department of Physical Education and


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

W. Shi, J. Chen, Y. He et al.

Sports, Beijing Normal University.

Of the 72 obese adults who were preselected, there were 56
participants in the exercise groups and 16 participants in the con-
trol group. 13 were excluded due to frequent absences during the
training, and 7 could not adhere to the program due to personal
issues (HIIT: 7; MICT: 6; CON: 7). And finally, 43 participants in the
two exercise groups (HIIT: 21; MICT: 22) and 9 participants in the
CON group completed our experiment (Fig. 1).

2.2. Experimental design

This study was designed as a prospective randomized controlled
trial. The participants were randomly divided into high-intensity
interval training group (HIIT) and moderate-intensity continuous
training group (MICT) using randomization software (GraphPad
software). In addition, we also recruited the CON group according
to the same inclusion criteria and ensured that the baseline levels of
each indicator in the CON group were not significantly different
from the exercise groups. The experimental procedure was
composed of a preparation period and pre-intervention measure-
ments (including anthropometric assessments, biochemical ana-
lyses, and body fat index and carotid hemodynamic parameter).
Both exercise groups underwent an 8-week HIIT or MICT program,
and the CON group did not perform the exercise intervention.
Considering the ethical requirements, the participants in the CON
group did not alter their current physical activity patterns during
the experiment. All participants were assessed for body composi-
tion, hemodynamic index of the common carotid artery, blood lipid
indicators, LAP, and VAI before and after the 8-week intervention.

2.3. Training protocols

For the two training protocols, all sessions were supervised and
conducted 3—4 times a week for 8 weeks without rest during
holidays. To effectively monitor the intensity of exercise in-
terventions, the Polar Team Pro were used to monitor heart rate
during exercise. The Actigraph GT3X + triaxial accelerometer was
used to monitor energy expenditure in both modes of exercise to
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ensure consistent energy expenditure.

2.3.1. HIIT

Lessons were drawn from the classic HIIT exercise program and
other studies, we adjusted according to the existing situation.' 2>
The total exercise time was 10—30 min, and the exercise intensity
was set to 80%—95% of the maximal heart rate (HRmax). The
HRmax was determined by calculation using the formula 220-age
(in years). There was no rest on holidays, and participants exer-
cised 3—4 times a week. Considering that the exercise intensity was
higher for obese college students who were sedentary and less
active, the increase in exercise intensity needed to be gradual.
Therefore, the entire exercise intervention program was divided
into 3 stages (Fig. 2).

2.3.2. MICT

The MICT program recommended at least 30 min of daily
moderate aerobic physical activity, which was mainly based on the
American College of Sports Medicine physical activity guidelines.
First, all participants in the MICT group performed warm-up ac-
tivities for 5 min, then 45 min of moderate-intensity aerobic ex-
ercise with a 60%—70% HRmax, and finally 5 min of relaxation
activities with a total exercise time of 55 min. The entire exercise
intervention program was divided into 2 stages. The specific exer-
cise intervention plan was as follows:

Weeks 1—4: 5 min warm-up exercises + playground running
(15 min jogging + 5 min variable speed running) + 25 min aerobic
exercises of different types between marches + 5 min stretching
and relaxation exercises.

Weeks 5—8: Considering the loss of muscle mass, a little
strength exercise without equipment was added appropriately
before aerobic exercise to ensure that the peripheral conditions of
the blood vessels in the two groups of hemodynamic tests are
consistent. In addition, study found that walking and jogging are
good exercises for overweight people to control their weight.”*
Hence, we adjusted the intervention program, mainly focusing on
walking and jogging.

Assessed for eligibility
n=89

18-22yr
BMI=30kg/m?
No cardiovascular diseases

i Inclusion criteria:
i No exercise risk factors

Male
i+ No regular exercise prior 3months :

Willing to participate in the experiment
Completing written informed consent
Completing a health history screening

Assessed for eligibility
n=72

Exercise groups
n=56

| HIIT-group | ‘ MICT-group

n=28 n=28
£+ Don'tadhere

Lost to follow up
n=7

Lost to follow up
n=6

Control groups
n=

@

Lost to follow up
n=7

n=21 n=22

n=9

| HIIT-group analyzed | ‘ MICT- group analyzed ‘ ‘ CON-group analyzed l

Fig. 1. Flow diagram of the selection of participants in the study.
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hase Content of the intervention

in place for 5 mins.

 with single leg-raising.

Relaxation exercise: streching exercise for Smins.

for Smins.
|

position legs open and close, interval rope skipping.

Relaxation exercise: streching exercise for Smins.

/single leg hop, lunge, jumping jack, jump rope

Relaxation exercise: streching exercise for Smins.

‘HIIT content: upward leg swing, horizontal jump, kneeling flat support,
pward leg swinging, jumping jack, single hand touching shoulder, push-up 60 seconds rest between each group,

* | HIIT content: upward leg swing, vertical jump, jumping jack, sitting

| HIIT content: sprint, upward leg swinging, accelerative running in place,
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Time schedule for each session Total time

‘Warm-up exercise: dynamic tensile exercise for Smins, accelerative running

Each action lasts 40 seconds and then rest for 20

seconds. Repeating for a total of 3 groups with a 25mins

‘Warm-up exercise: dynamic tensile exercise for Smins, accelerative sprint

Each action lasts 60 seconds and then rest for 30
seconds. Repeating for a total of 4 groups with
60 seconds rest between each group.

35mins

‘Warm-up exercise: dynamic tensile exercise for Smins, jogging for Smins.

Each action lasts 60 seconds and then rest for 30
seconds. Repeating for a total of 4 groups with
60 seconds rest between each group.

45mins

Fig. 2. HIIT intervention program.

2.3.3. CON

The participants in CON group were conducted a healthy life-
style study in various forms such as lectures and watching videos in
classroom, symposiums in school playground, We-Chat group
communication online. The contents mainly about the dangers of
obesity, its causes and how to improve it. During intervention, body
compositions and serum lipid indexes and hemodynamic testing
programs were performed, but no exercise intervention was
received.

2.4. Dietary advice

Diet control is essential in the process of fat reduction in obese
adults. Therefore, we supervised and instructed all participants to a
certain extent. During the eight weeks of exercise intervention, the
participants’ diets were not controlled uniformly but they were
given some advice regarding diet to maximize the benefits of the
exercise through nutrition education; fats, proteins, and carbohy-
drates were recommended to compose 65%, 25% and 10% of their
daily energy intake, respectively. A WeChat group was set up, and
all participants were asked to upload pictures of their food every
day, which were analysed for energy intake and macronutrient
content. According to these records, they were also supervised and
acquired some dietary guidance from a professional. In addition, an
improved version of the dietary nutrition questionnaire for college
students was issued to further understand the dietary nutrition of
all participants during the exercise intervention.

2.5. Pre- and- post intervention measurements

2.5.1. Anthropometric assessments

Fat mass, muscle mass, body fat percentage BF (%), visceral ad-
ipose tissue, subcutaneous fat content, and waist circumference
(WC) were measured while the participants were shoeless to the
nearest 0.05 cm by a Tanita MC-980MA body analyser. A tape
measure was used to measure the waist and neck circumference of
the participants, and the waist-to-height ratio was calculated. To
minimize operating error, the before and after tests were
completed by the same tester.

2.5.2. Biochemical analyses

Under aseptic precautions, venous blood was sampled for lipids
from all participants before and after the intervention. To avoid the
influence of biorhythm on the experimental results, blood sampling
was uniformly performed at 8—10 a.m., and overnight fasting was
needed. The serum was centrifuged within 2 h and stored in
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a —80 °C refrigerator. The 2 mL of the blood sample was used for
determinations of serum high-density lipoprotein cholesterol
(HDL-C) and (TG) at the School Hospital of Dalian University of
Technology using an American RA-1000 automatic biochemical
analyzer.

2.5.3. LAP and VAI measurement and calculation

The VAI takes full account of anthropometric and metabolic
factors related to the area and volume of visceral adipose tissue but
not subcutaneous adipose tissue and can more directly predict the
progression and risk of CVD.?> LAP combines anatomic and physi-
ological metrics, such as WC, which reflects visceral fat content, and
fasting triglyceride (TG) content. Both can accurately reflect the
degree of lipid accumulation and metabolic abnormalities of the
human body. The VAI and LAP were calculated based on waist
circumference and blood indices. LAP and the VAI were calculated
through anthropometric variables and laboratory parameters ac-
cording to the following formula for men:

LAP = (JWC (cm)-65] x TG [mmol/L]).%°

VAI = WC (cm)/[39.68 + 1.88 x BMI (kg/m?)] x TG (mmol/L)/
1.03 x 1.31/HDL-C (mmol/L).°

2.5.4. Carotid hemodynamic parameters

The common carotid artery diameter and axial blood velocity
waveform were measured with a high-resolution Doppler ultra-
sound (Prosound Alpha 7, Aloka, Japan) at 5—7 pm. First, partici-
pants were asked to rest in the supine position for 10 min. Second,
the position of the common carotid artery was determined by
transverse scanning. Third, the transverse section of the common
carotid artery was longitudinally scanned to obtain the pictures
about common carotid artery diameter waveform and the axial
blood velocity waveform, as shown in Fig. 3. At the same time, the
brachial systolic pressure, diastolic pressure, and heart rate (HR) on
the left upper arm were measured using an electronic sphygmo-
manometer (Patient Monitor PM8000, Mindray). Based on the test
data and pictorial information, MATLAB software (2017b, Math-
Works, USA) and Womersley theory were used to calculate the
hemodynamic parameters of the common carotid artery. The blood
velocity, flow rate, blood pressure, wall shear stress, oscillatory
shear index, peripheral resistance, elasticity modulus, dynamic
resistance, artery diameter, arterial stiffness, circumferential strain
and pulsatility index were included (Figs. 3 and 4).
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2.6. Statistical analysis

First, one-way analysis of variance (ANOVA) was used to eval-
uate between-group differences with respect to baseline charac-
teristics. Similarly, the approximate normality of each outcome was
confirmed by examination. Second, paired t tests were carried out
to detect the changes in the main outcome variables between
different time points among each group. The magnitude of Cohen's
d effect (ES) for changes within the group was classified as follows:
“small”: 0.2—0.5; “moderate”: 0.5—0.8; and “large”: >0.8. Third,
one-way analysis of covariance (ANCOVA) was used to compare the
effects of different exercise on the lipid accumulation index and
carotid hemodynamic parameters. As the baseline value may affect
the lipid accumulation index and carotid hemodynamic parame-
ters, according to the requirements of one-way covariance analysis,
baseline values were adjusted as covariates. Then, to compare the
indicators which were adjusted with baseline level as covariable
after intervention between groups. A partial eta squared (1?) was
computed to check the differences between groups, where 0.01 to
0.059 was determined as a small effect, 0.06 to 0.137 as a medium
effect, and >0.138 as a large effect. Finally, the Pearson correlation
method was performed to examine the correlation among the VAI,
LAP, and carotid hemodynamic indices. Analyses were performed
using SPSS software, version 22.0. The data are described as the
mean + SD, and values of p < 0.05 were considered statistically
significant.

3. Results

Table 1 presents the baseline anthropometric characteristics of
the 52, the differences between groups at baseline and after exer-
cise in anthropometric, biochemical, and visceral fat indices and
hemodynamic variables are described. At baseline, anthropometric
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measurements and body fat were similar, but there was a signifi-
cant difference in some hemodynamic parameters among the
groups, including the blood velocity, flow rate, blood pressure, wall
shear stress, peripheral resistance, elasticity modulus, dynamic
resistance.

In summary, after the 8-week intervention, compared with pre-
exercise, fat mass, BF (%), and WC decreased significantly after HIIT
(all, p < 0.01) and MICT (all, p < 0.01). The fat mass and BF (%) in the
CON group also significantly declined, but muscle mass showed a
significant increase in this study (p < 0.01).

Changes in visceral fat indices are summarized in Table 1. LAP in
the HIIT group and the MICT group was significantly decreased
(p < 0.01, p < 0.05) but not in the CON group (p > 0.05). In contrast,
VAI values decreased in both the HIIT and MICT groups and
increased in the CON group, although the difference between
groups was not significant (p > 0.05).

The findings of carotid hemodynamic parameters are presented
in Table 1. After 8 weeks of intervention, the blood velocity and wall
shear stress were greater after HIIT and MICT (p < 0.01). Artery
diameter, oscillatory shear index, arterial stiffness, and pulsatility
index were increased significantly, and circumferential strain was
significantly greater in the HIIT group (all, p < 0.01, p < 0.05), but not
in the MICT group (p > 0.05). Dynamic resistance was significantly
decreased in the MICT group. There was no difference in the CON
group after the period of intervention (all, p > 0.05).

As shown in Table 2, a homogeneity test was conducted among
the three groups using one-way analysis of variance, and we found
that there was a difference in some hemodynamic parameters.
Moreover, considering that baseline values of LAP, VAI, and he-
modynamic parameters may affect postexercise changes, baseline
values of indicators were used as covariates to explore differences
in changes in indicators among the three groups.

The analysis of covariance showed that after 8 weeks of HIIT and
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Table 1
Anthropometric, fat, and hemodynamic parameters in all groups at baseline and after exercise.
HIT MICT CON
Pre Post P/ES Pre Post P/ES Pre Post P/ES

Anthropometric Assessments and Biochemical Analyses
FM (kg) 29.07 + 9.13 2483 +829%¢  0.001/1.78 28.19+9.88 2490 + 9.39%¢  0.001/1.18 29.48 + 855  27.23 + 8.23%¢  0.001/1.62
MM (kg) 62.15 + 5.43 61.71 + 5.55 0.16/032 5938 +6.05 5841 + 6.34% 0.04/048 6246+ 672  60.13 + 6.81%%  0.01/0.72
BF (%) 30.10 + 5.02 27.01 + 5.14%¢ 0.001/1.91 30.19 + 5.76 27.89 + 5.82%% 0.001/1.13  30.40 + 5.10 28.50 + 5.18%¢  0.001/2.04
WC (cm) 98.05 + 10.33 92.20 + 9.31%% 0.001/1.43 97.84 +12.81 92.37 + 11.47%%  0.001/0.89 99.92 + 7.97 98.02 + 9.57 0.12/0.58
HDL-C (mg/dL) 1.24 +0.22 1.25 £ 0.15 0.72/0.08 1.27 £ 0.20 1.27 £ 0.22 0.85/-0.06  1.27 + 0.16 1.17 + 0.12 0.08/0.67
TG (mg/dL) 1.21 +£ 035 1.11 £ 0.37 0.19/0.32 1.18 + 0.47 1.03 + 045 0.08/0.43 1.33 £ 0.54 1.61 + 0.64 0.35/-0.33
Visceral Fat Indices Measurement and Calculation
LAP 42.70 + 21.51 32.62 +19.17%*  0.001/0.32 31.81 + 1566 22.31 + 11.81¢ 0.03/0.59 39.78 + 19.56  53.70 + 33.94 0.30/-0.43
VAI 1.35 + 0.56 1.16 + 0.52 0.07/0.45 1.14 + 0.53 0.97 + 0.52 0.13/0.38 1.42 + 0.68 1.87 £ 0.71 0.22/-0.48
Carotid Hemodynamic Parameters
BV(m/s) 0.26 + 0.07**  0.29 + 0.06%% 0.01/-0.50 0.22 + 0.06 0.26 + 0.05%% 0.01/-0.57 0.19 + 0.05 0.20 + 0.03 0.72/-0.17
AD (cm) 0.66 + 0.06 0.62 + 0.07%% 0.01/0.57 0.63 + 0.09 0.62 + 0.09 0.48/0.14 0.66 + 0.08 0.67 + 0.08 0.85/-0.09
BP (kPa) 13.25 + 0.61%% 1292 + 0.87 0.12/0.33 12.29 + 0.97 12.66 + 1.23 0.10/-0.38  12.69 + 1.33 12.74 £ 1.23 0.91/-0.04
WSS (Pa) 0.60 + 0.20* 0.73 + 0.22%¢ 0.001/0.68 0.59 + 0.21 0.69 + 0.16% 0.02/-0.59 0.49 +0.18 0.51 +£0.11 0.87/-0.05
FR 427 +1.33*" 3931065 0.27/0.27 3.30 + 0.81 3.85 + 1.09 0.07/-0.44 3.30 + 1.12 3.52+092 0.57/-0.20
(oM} 0.15 + 0.06 0.09 + 0.04%% 0.001/1.04 0.08 + 0.05 0.08 + 0.05 0.59/0.02 0.12 + 0.07 0.12 + 0.05 0.70/-0.14
EM (kPa) 5536 + 10.52*  48.07 + 9.74 0.14/0.61 4599 + 11.77 44.89 + 17.31* 0.78/0.06 59.19 + 1794 55.14 + 17.87 0.59/0.19
AS 4.04 + 0.62 3.28 + 0.60%¢ 0.001/1.10 3.80 + 0.89 353 +1.29 0.41/0.18 4.37 + 1.03 418 + 1.27 0.75/0.12
DR (Pa-s-m™') 083 +023** 081022 0.79/0.07  1.03 +0.24 0.83 + 0.28% 0.02/0.57 1.04+033 1.03 £ 030 0.92/0.03
Rq(Pa-s -m~3) 23.68 + 7.46% 23.44 + 5.61 0.89/0.03 27.50 + 6.56 24.20 +7.35 0.14/0.35 3194 + 1092 28.62 +7.17 0.39/0.31
CS 0.11 + 0.02 0.13 + 0.03%¢ 0.02/-0.64 0.12 + 0.02* 0.12 + 0.04 0.84/-0.03  0.09 + 0.03 0.10 + 0.03 0.61/-0.25
Pl 2.00 +0.21 1.86 + 0.29%% 0.03/0.54 1.90 + 0.32 1.88 + 0.28 0.80/0.06 2.10 + 0.36 2.01 +0.29 0.62/0.20

Note: Outcome variables are shown as the means + standard deviations. One-way analysis of variance (ANOVA) was used to compare the differences among groups at
baseline, and LSD post hoc testing was used for pairwise comparisons. Significant differences in the CON group at **p < 0.01, *p < 0.05, significant differences in the MICT group

at i

'p < 0.01, *p < 0.05. Paired t tests were used to compare the significant differences within groups at ¢p < 0.05 and “*p < 0.01. ES: effect size, P/ES: p value and effect size.

FM: fat mass, MM: muscle mass, BF (%): percentage of body fat, WC: waist circumference, HDL-C: high-density lipoprotein cholesterol, TG: triglycerides, LAP: lipid accu-
mulation product, VAI: visceral adiposity index, BV: blood velocity, AD: artery diameter, BP: blood pressure, WSS: wall shear stress, FR: flow rate, OSI: oscillatory shear index,
EM: elasticity modulus, AS: arterial stiffness, DR: dynamic resistance, Rq: peripheral resistance, CS: circumferential strain, PI: pulsatility index.

Table 2
Comparison of the change in body fat and hemodynamic parameters after exercise.

Comparison Among Different Groups

HIIT MICT P n’ HIIT CON P "’ MICT CON P n’

Visceral Fat Indices Measurement and Calculation

LAP 29.83 +2.84 25.59 + 3.10 0.33 0.03 32.10 + 4.27 55.18 + 7.22 0.01 024 2323 +4.82 51.46 + 7.58 0.01 0.32
VAI 1.10 = 0.09 1.03 + 0.10 0.63 0.01 1.17 +£ 0.12 1.84 + 0.19 0.01 0.28 1.00 + 0.13 1.79 + 0.20 0.00 033
Carotid Hemodynamic Parameters

BV (m/s) 0.29 + 0.10 0.27 + 0.10 0.30 0.03 0.29 + 0.01 0.22 + 0.02 0.00 0.30 0.26 + 0.01 0.20 + 0.02 0.00 0.28
AD (cm) 0.61 + 0.02 0.63 + 0.02 0.26 0.03 0.62 + 0.02 0.68 + 0.02 0.08 0.11 0.63 + 0.02 0.66 + 0.03 0.34 0.03
BP (kPa) 12.57 £+ 0.23 12.98 + 0.22 0.23 0.04 12.85 £ 0.21 12.90 + 0.32 0.89 0.00 12.73 £ 0.23 12.56 + 0.35 0.69 0.01
WSS (Pa) 0.71 + 0.03 0.63 + 0.04 0.10 0.07 0.71 + 0.04 0.51 + 0.06 0.01 023 0.60 + 0.03 0.47 + 0.04 0.01 0.23
FR 3.84 +0.23 3.87 +0.22 0.94 0.00 3.87 +0.17 3.53 +£0.25 0.29 0.05 3.79 + 0.24 3.40 + 035 0.37 0.03
OsI 0.08 + 0.01 0.13 + 0.01 0.00 0.24 0.09 + 0.01 0.13 £ 0.01 0.01 024 0.09 + 0.01 0.07 + 0.01 0.19 0.07
EM (kPa) 46.40 + 3.22 46.48 + 3.13 0.99 0.00 48.38 + 2.79 54.44 + 4.18 0.24 0.05 46.21 + 3.86 52.07 £ 6.12 0.44 0.02
AS 3.24+024 3.57 +0.23 0.33 0.03 3.30 + 0.20 4.14 + 031 0.03 0.18 3.56 + 0.29 4.10 + 0.47 0.35 0.04
DR (Pa~s-rn’1) 0.82 + 0.06 0.82 + 0.06 0.93 0.00 0.83 + 0.06 0.99 + 0.09 0.11 0.10 0.83 + 0.06 1.03 = 0.10 0.09 0.10
Rq (Pa-s -m’3) 23.84 + 146 23.79 = 1.50 0.98 0.00 24.09 + 1.34 27.19 + 2.08 0.24 0.05 24.45 + 1.69 28.10 + 249 0.24 0.05
CcS 0.13 + 0.007 0.12 + 0.006 0.12 0.07 0.13 + 0.01 0.11 + 0.01 0.15 0.09 0.12 + 0.01 0.11 + 0.01 0.89 0.01
PI 1.84 + 0.06 1.91 + 0.06 0.44 0.02 1.87 + 0.07 1.99 + 0.11 033 0.04 1.90 + 0.06 1.97 £ 0.11 0.56 0.01

Note: One-way analysis of covariance (ANCOVA) was used to compare the change of different groups on the lipid accumulation index and carotid hemodynamic parameters.
The data in Table 2 were adjusted value based on baseline level as covariable; outcome variables are shown as the means + standard deviations. Statistical significance was set
at an alpha level of 95% (p < 0.05) for all statistical measures. Partial n? value for effect size.

LAP: lipid accumulation product, VAI: visceral adiposity index, BV: blood velocity, AD: artery diameter, BP: blood pressure, WSS: wall shear stress, FR: flow rate, OSI: oscillatory
shear index, EM: elasticity modulus, AS: arterial stiffness, DR: dynamic resistance, Rq: peripheral resistance, CS: circumferential strain, PI: pulsatility index.

MICT, except for the oscillatory shear index in the HIIT group, which
was significantly decreased compared with the MICT group
(F=11.59, p < 0.01, n% = 0.24), there was no difference between the
two exercise groups (all, p > 0.05). Compared with the CON group,
LAP and VAI values of the two exercise groups were significantly
lower than those of the CON group (LAP: F = 757, p < 0.01,
1% = 0.24, F = 9.68, p < 0.01, n? = 0.32; VAI: F = 9.35, p < 0.01,
1% = 0.28; F=10.99, p < 0.01, n = 0.33). The results also showed
that the blood velocity and wall shear stress were significantly
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greater in the HIIT group and the MICT group than in the CON group
(the blood velocity: F = 11.81, p < 0.01, 1? = 0.30, F = 10.47, p < 0.01,
1? = 0.28; wall shear stress: F = 7.88, p < 0.01, n° = 0.23, F = 7.33,
p < 0.01, n? = 0.23). In addition, compared with the CON group, the
oscillatory shear index and arterial stiffness were also significantly
decreased in the HIIT group (oscillatory shear index: F = 8.29,
p <0.01, % = 0.24, arterial stiffness: F= 5.1, p < 0.03, n2 = 0.18) but
not in the MICT group (p > 0.05). However, there was no significant
difference in the hemodynamic parameters except for the
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oscillatory shear index between the two training groups. See
Table 2 for a summary of these reports.

We further analysed the correlations among the variables to
explore the relationships of LAP (Fig. 5) and the VAI (Fig. 6) with
carotid hemodynamic parameters, respectively. The results of the
Pearson correlation method demonstrated that a strong correlation
emerged between fat parameters and the main hemodynamic
indices. LAP was positively related to artery diameter (r = 0.48,
p = 0.011), blood pressure (r = 0.46, p = 0.002), flow rate (r = 0.31,
p = 0.04), oscillatory shear index (r = 0.44, p = 0.03), and elasticity
modulus (r = 0.33, p = 0.029) but inversely related to circumfer-
ential strain (r = —0.36, p = 0.028). The VAI was also positively
associated with artery diameter (r = 0.33, p = 0.03), elasticity
modulus (r = 0.38, p = 0.009), and AS (r = 0.39, p = 0.012). In
addition, the VAI was negatively correlated with circumferential
strain (r = —0.33, p = 0.04).

4. Discussion

The number of obese adults around the world has soared
drastically in recent years due to sedentary lifestyles and high-
calorie dietary habits, which have led to a rapid increase in meta-
bolic syndrome. In this study, we assessed the effects of HIIT and
MICT on LAP, the VAI, and hemodynamic parameters in obese
adults. The primary findings in our study were as follows: 1) male
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Fig. 5. Correlation analysis of LAP and partial hemodynamic parameters.
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obese participants reduced their fat mass, muscle mass, and BF (%)
after 8 weeks of HIIT and MICT intervention; 2) LAP and VAI were
improved in the HIIT and MICT groups but not the CON group; and
3) compared with the CON group, HIIT and MICT improved the
partial hemodynamic parameters, including the blood velocity and
wall shear stress, but only the HIIT group significantly improved in
the oscillatory shear index and arterial stiffness after intervention.
Furthermore, compared with MICT, oscillatory shear index was
significantly different in the HIIT group. 4) Visceral obesity was
significantly correlated with partial hemodynamic parameters
(Fig. 7).

4.1. Different types of exercise and visceral fat

LAP and VAI are considered independent predictors of cardio-
vascular diseases in healthy populations. In this study, our results
validated our initial hypothesis. Intriguingly, we found that after 8
weeks of exercise intervention, fat mass and BF (%) in the HIIT,
MICT, and CON groups were significantly decreased compared with
the baseline, but LAP and the VAI decreased markedly only in the
HIIT and MICT groups, and there was no significant difference in the
CON group. Combined with the results of the changes in muscle
content, visceral fat, and carotid hemodynamic indicators among
the three groups, it is possible that the CON group was provided
more information about diet, which could generate a kind of
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Note: LAP: lipid accumulation product, AD: artery diameter, BP: blood pressure, FR: flow rate, OSI: oscillatory shear index, EM: elasticity modulus, CS: circumferential strain.
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Fig. 7. The differences between HIIT and MICT on physiological parameters.

awareness that induce the participants in the CON group to eat
better. Moreover, this non-active approach does not promote
visceral fat loss. Therefore, our results further confirmed the posi-
tive effect of HIIT and MICT in this study from another perspective.

However, an unexpected finding in the present study was that
no significant difference was found between HIIT and MICT in
improving visceral fat. Notably, a previous study reported that a 12-
week exercise intervention with resistance training (RT) and aer-
obic training (AT) could effectively induce a significant improve-
ment in LAP and VAI values in adults with type 2 diabetes.
Moreover, there was no significant difference in the improvement
effect between the two groups, which was consistent with our
findings.”” We infer that it may be related to the similar energy
expenditure after HIIT and MICT exercise. Energy consumed by
exercise includes the energy consumed and excess post-exercise

oxygen consumption (EPOC).?® Study has found that compared
with MICT, HIIT might has more obvious phenomenon of EPOC,
although MICT might have a more energy consumed during exer-
cise.?? From the perspective of fat oxidation, we speculated that
there was no significant difference about visceral fat between HIIT
and MICT, probably because they both effectively promote fat
oxidation. Study has confirmed that moderate-intensity aerobic
exercise, especially when the intensity is 60%—65% of the maximum
oxygen uptake, has the highest amount of fat oxidation,>® and
someone have found that HIIT stimulates more and makes cate-
cholamines, growth hormone and other hormone levels rise, pro-
mote fat hydrolysis.’!

4.2. Different types of exercise, blood velocity, wall shear stress, and
oscillatory shear index

The common carotid artery plays a crucial role in the early
diagnosis of cardio-cerebrovascular diseases, and the changes in
carotid hemodynamic parameters can reflect the overall hemody-
namic condition of the cardio-cerebrovascular system.>? Therefore,
this study mainly focused on the common carotid artery to explore
the effects of HIIT and MICT on the hemodynamic parameters of the
common carotid artery in obese adults. Our data showed that blood
velocity and wall shear stress increased significantly after HIIT and
MICT. Consistent with our findings, many studies have shown that
exercise could increase blood velocity and wall shear stress and
effectively improve vascular endothelial function.>® The underlying
mechanism may be that a certain intensity of exercise can increase
circulating blood volume, further increase the wall shear stress on
the vascular wall, and promote the phosphorylation of vascular
endothelial nitric oxide synthase (eNOS), leading to vasodilation.>*
Nevertheless, there was no significant difference in blood velocity
or wall shear stress between HIIT and MICT. We speculate that both
HIIT and MICT can effectively improve the hemodynamic environ-
ment of obese adults and improve vascular endothelial function to a
certain extent.
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In this study, we also found that only the oscillatory shear index
decreased significantly after HIIT exercise intervention, and it was
significantly lower than that in the MICT group and the CON group.
The oscillatory shear index represents the proportion of the reverse
wall shear stress and the total wall shear stress in a cardiac cycle
and the oscillatory degree of the forward and backwards wall shear
stress.>® The greater the oscillatory shear index is, the higher the
risk of endothelial dysfunction.® Although we did not measure
retrograde shear, we extrapolated that the oscillatory shear index
value decreased significantly after HIIT when there was no differ-
ence in anterograde wall shear stress between the HIIT group and
the MICT groups, which suggests that HIIT can effectively reduce
retrograde shear and improve endothelial function.>” One possible
explanation for the positive impact of HIIT on oscillatory shear in-
dex was that HIIT has regular rest periods during exercise, which
could inhibit the endothelial damage caused by retrograde shear
stress. However, the underlying mechanisms remain unclear, and
future studies should be conducted to explore the biomechanical
mechanism of the impact on oscillatory shear index after HIIT.

Another potential mechanism of oscillatory shear index
decrease is a decrease in body fat. As previously described, oscil-
latory shear index reflects the degree of the shock of blood flowing
in blood vessels, and obesity plays a crucial role in regulating he-
modynamic parameters.” Although LAP and the VAI are currently
considered new indicators for evaluating visceral obesity, how
visceral fat may underlie this regulation has been much less
explored. We speculated that alterations in LAP and VAI values may
affect oscillatory shear index to a certain extent. Our study provided
a novel finding that the oscillatory shear index was significantly
positively correlated with the visceral fat index LAP and VAI
through correlation analysis, which was consistent with our infer-
ence. Thus, combined with the results of the significant decrease in
the VAI LAP, and oscillatory shear index after HIIT exercise, we
further deduced that the positive effect of HIIT on oscillatory shear
index may also be related to the reduction in visceral fat content in
obese participants. Unfortunately, we have not found a correlation
between the changes in each indicator before and after, which may
be due to the small sample size, and future research needs to be
executed to determine whether an oscillatory shear index reduc-
tion led to decreased VAI and LAP values.

4.3. Different types of exercise, arterial stiffness and artery diameter

Another novel finding was the training-induced reduction in
arterial stiffness in the HIIT group. arterial stiffness is an indicator
used to evaluate vascular structure, and obesity can lead to a
remarkable increase in arterial stiffness.>*~%° The improvement in
arterial stiffness after HIIT, but not MICT, can be explained by the
mode and intensity of exercise. Study has indicated that both
moderate-intensity continuous exercise and interval exercise can
improve systemic arterial stiffness, and the effect of interval exer-
cise is superior to that of continuous exercise, which may be related
to the cumulative effect of interval exercise.*! One possible expla-
nation for the positive effect of HIIT on arterial stiffness might be
the change in circumferential strain, which can reflect the
circumferential deformation capacity of the arterial wall after car-
diac pumping. Research has demonstrated that circumferential
strain is an important factor influencing arterial stiffness, which has
a negative association with arterial stiffness. The higher the
deformability of the common carotid artery, the lower its stiff-
ness.*? In this study, we observed that circumferential strain
increased significantly after HIIT but not MICT, so we can infer that
HIIT exercise can enhance the deformability of the common carotid
artery, thereby effectively reducing arterial stiffness.

Based on previous studies and our present research results, it
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was necessary to explore whether there was a certain relationship
between the visceral fat index and arterial stiffness. We hypothe-
sized that the visceral fat index was positively correlated with
arterial stiffness and negatively correlated with circumferential
strain. Therefore, we further verified the underlying correlations
between LAP, the VA, arterial stiffness, and circumferential strain
by the Pearson correlation method. More specifically, we found that
the VAI was positively related to arterial stiffness, and there was a
negative correlation with circumferential strain, which is consistent
with our original hypothesis. Previous study has shown that the VAI
was closely related to atherosclerosis, which could effectively
support the current results of this study, and we also found that the
VAI and arterial stiffness were significantly decreased and
circumferential strain was significantly increased after HIIT exer-
cise.*> Thus, these results further provide new evidence for the
improvement of common carotid artery stiffness.

An enlarged artery lumen diameter is associated with numerous
cardiovascular risk factors and is considered one of the early and
easily detectable measures of vascular remodelling.** Study has
indicated that obesity can lead to arterial enlargement, which
might be a compensatory mechanism for regulating wall shear
stress.*” In our study, we also found that artery diameter was
positively related to the LAP and VAI, which is consistent with the
results of previous studies. Chung et al. suggested that arterial
enlargement in obese participants was an adaptative response due
to proportionate changes in blood flow to maintain shear stress.*®
Moreover, other studies revealed that a larger artery diameter
was accompanied by a decrease in shear stress in obese participants
with BMI>30 kg/m?.*” We utilized vascular diameter as an indica-
tor to evaluate arterial structure. We found that there was a sig-
nificant decrease in vascular diameter in the HIIT group after 8
weeks of exercise intervention. However, there was no change in
vascular diameter in the CON and MICT groups. Many studies have
demonstrated that exercise training increases artery diameter in
clinical populations, elite athletes, and young adult humans.*$=> It
has been shown that young adults who undergo regular endurance
training have larger lumen diameters of the main conduit arteries
of trained limbs than young adults of the same age who do not
perform regular exercise. Meanwhile, Dinenno et al. also found an
increase in the femoral artery lumen diameter after 3 months of
exercise training in healthy individuals.>® However, these studies
mainly focus on nonobese people and nonobese people with
BMI>30 kg/m?. Therefore, it is not clear how the common carotid
artery diameter changes in obese adults after systemic HIIT and
MICT exercise.

According to the results of our study, we speculated that exer-
cise can curb or relieve the pathological vascular dilatation of obese
people to some extent. When vascular diameter returns to the
normal state, exercise might promote positive exercise adaptation
of the vasculature for a longer time. In addition, in our study, we
also found that both HIIT and MICT could significantly improve the
shear stress and velocity of blood flow in obese adults, which were
significantly higher than those in the CON group. Therefore, we
further speculated that exercise increased the shear stress of blood
flow in obese people, improving the state of blood vessel dilation to
compensate for the decreased blood shear stress.*> In addition,
another possible explanation was that there was a greater demand
for oxygen and nutrients in obese individuals with increased tissue
mass.** After 8 weeks of exercise intervention, body shape in-
dicators such as BF (%), WC, LAP, and the VAI in HIIT were signifi-
cantly reduced, so these data showed that visceral fat in these
young men was associated with artery remodelling and was also
accompanied by partial hemodynamic changes. Similarly, the
reduced artery diameter was consistent with reduced LAP and VAI
after HIIT prevention.
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4.4. Practical implications

A strength of this study is that we included several hemody-
namic indices that had not been reported in most previous studies
comparing HIIT and MICT in obese adults. To our knowledge, this is
the first investigation that explored the effectiveness of HIIT and
MICT intervention in decreasing LAP and VAI values and improving
hemodynamic parameters. We also found that HIIT could effec-
tively reduce the oscillatory shear index, and the improvement
effect was superior to MICT, which was first found in studies on the
effects of HIIT and MICT on carotid hemodynamic parameters in
obese adults. Moreover, in this study, we also concluded that the
lipid accumulation index and visceral fat index may be closely
related to partial carotid hemodynamic parameters. In addition, to
ensure the safety and efficiency of each session as much as possible,
each session was supervised by research technicians while the
heart rate was monitored. Finally, our research was an intervention
study outside the laboratory and with more experimental partici-
pants, which was closer to reality and can more truly reflect the
effect of exercise on weight loss and improve carotid hemodynamic
parameters of obese adults in the real world.

4.5. Study limitations and future research

There were also some limitations to our study to be considered.
First, one major limitation was the small sample size of the CON
group, which was due to the participants in the CON group who had
no intervention being particularly vulnerable to loss to follow-up.
Second, to control for potential confounding factors of sex and
eliminate the effect of menstrual cycles in females, only men were
included in our sample. Therefore, it is unknown whether our
findings also apply to women. Sex differences may exist in vascular
responses to exercise, thereby limiting the generalizability of our
results. Third, we supervised and guided participants’ diets in the
WecChat group, and all participants were required to submit pic-
tures of their meals on WeChat, but we did not perform diet control
and we will try to control for dietary factors as tightly as possible in
future studies. Fourth, considering ethical requirements, we did not
randomize the control and exercise groups in this study, although
the baselines were homogeneous between the control and exercise
groups, so the control group in this study, to some extent, might not
be a true control group, which may have some influence on the
results of the study.

5. Conclusions

The findings of this study demonstrated that 8 weeks of HIIT and
MICT could decrease visceral fat indices and improve the BFV and
WSS of the common carotid artery. The HIIT group exhibited lower
oscillatory shear index and artery stiffness and greater circumfer-
ential strain, which indicated that HIIT may produce a clinically
meaningful improvement in vascular endothelial function and ar-
tery stiffness in the short term. Therefore, HIIT and MICT exert
important effects on reducing fat content and improving hemo-
dynamic environment. In addition, HIIT should be considered for
improving vascular structure and function in obese adults. More-
over, the results of this study found that visceral fat is associated
with the partial hemodynamic parameters of the common carotid
artery, which plays a significant role in hemodynamic homeostasis.
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