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Purpose: This study aimed to assess the effects of exercise with dietary restriction on arterial

stiffness, central hemodynamics, and cardiac autonomic function in obese adolescents.

Patients and methods: Twenty-one obese adolescents completed a 6-week exercise and

dietary program. Body composition and metabolic parameters were measured. Carotid-

femoral pulse wave velocity (cfPWV) and brachial-ankle pulse wave velocity (baPWV)

were used to assess central and systemic arterial stiffness, respectively. Using applanation

tonometry, the analyses of central hemodynamic parameters [central blood pressure, heart

rate (HR), augmentation index normalized at 75 bpm (AIx75), and subendocardial viability

ratio (SEVR)] were performed. To determine cardiac autonomic function, heart rate varia-

bility (HRV) was analyzed by standard deviation of normal R–R intervals (SDNN), root

mean square of successive R–R interval differences (RMSSD), percentage of successive R–R

intervals that differed by >50 ms (pNN50), total power (TP), low-frequency (LF) and high-

frequency (HF) power, and LF/HF ratio.

Results: Following the intervention, obese adolescents had reductions in body mass index,

body fat percentage, brachial systolic and diastolic blood pressure, and HR; and they had

shown improvements in lipid profiles. There were reductions in both cfPWV and baPWV

following the intervention. Moreover, there were reductions in AIx75, aortic systolic and

diastolic blood pressure and an augmentation in SEVR after intervention. The intervention

increased cardiac autonomic function (determined by increased SDNN, RMSSD, pNN50,

HF, and reduced LF/HF). Furthermore, we observed a correlation between increased cardiac

autonomic function (SDNN, RMSSD, pNN50 and HF) and increased central hemodynamics,

as measured by SEVR and AIx75.

Conclusion: Obese adolescents had increased central hemodynamics and autonomic func-

tion with reduced arterial stiffness after exercise and dietary restriction. Moreover, a positive

correlation between an enhancement of cardiac autonomic function and an augmentation in

central hemodynamics was found after the intervention.
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Introduction
The prevalence of obesity among children and adolescents is rapidly increasing in

modern societies.1 In 2016, more than 340 million children and adolescents (aged

between 5 and 19 years) were reported as being overweight or obese.2 Importantly,

childhood and adolescent obesity are associated with an increased risk for
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developing type 2 diabetes mellitus and atherosclerotic

cardiovascular disease (CVD) in adulthood.3

Abnormalities in arterial and cardiac function play a

critical role in the increased risk of cardiovascular events

in the obese.2–4 Obesity-induced atherosclerosis can be

characterized by arterial stiffness.7 Aortic arterial stiffness

could be evaluated by carotid-femoral pulse wave velocity

(cfPWV), the gold standard for noninvasive assessment of

arterial stiffness.8 In comparison of cfPWV, brachial-ankle

PWV (baPWV) is determined partly by systemic arterial

stiffness. Greater cfPWV and baPWV have been reported

in children and adolescents with obesity.9,10

Using applanation tonometry, the analysis of central

hemodynamic parameters [central blood pressure, heart

rate (HR), augmentation index (AIx), AIx normalized at

75 bpm (AIx75), and subendocardial viability ratio

(SEVR)] is performed, which can be used to assess the

central blood pressure, aortic vascular function, cardiac

blood supply and endocardial perfusion. Impaired central

hemodynamics are independent risk factors for CVD.11

Autonomic activity assessment is a potentially useful

clinical tool in early identification of children and adoles-

cents at CVD risk.3 Cardiac autonomic function could be

evaluated by heart rate variability (HRV). Furthermore,

studies have reported that lower HRV is shown in obese

children and adolescents, associated with impaired arterial

and cardiac function.12–14

Previous study has indicated that a high calorie intake

or sedentary lifestyle dramatically increases the incidence

of obesity.5 Generally, physical activity and diet interven-

tion are beneficial for glucose metabolism, skeletal muscle

function, bone stability, psychological well-being, and

other organ functions.4 However, in the current study, we

entirely focus on the effects of combined exercise and diet

intervention on cardiac and vascular function including

PWV, central hemodynamic parameters, and HRV. We

hypothesized that obese adolescents would exhibit aug-

mented central hemodynamics and increased autonomic

function with reduced arterial stiffness following a

6-week of exercise and diet intervention.

Materials And Methods
Participants
Obese participants aged 10–16 years were recruited from a

weight loss camp between July and August 2017.

Participants who satisfied the obesity diagnosis criteria

[body mass index (BMI) equal to or greater than the

95th percentile for age and sex] were included.16 All

participants were free of metabolic, gastrointestinal, or

cardiac disease. None of the participants were taking med-

ications which affected energy expenditure or were losing

weight in the past three months whether by diet, taking

weight-loss medication or more physical exercise than

normal. All participants and their parents signed written

informed consent prior to participation. This study was

approved by the Ethics Committee of Guangzhou Sport

University and conducted in accordance with the

Declaration of Helsinki. The trial was registered in

ClinicalTrials.gov (NCT03762629). Of the thirty enrolled

participants, twenty-three met the criteria for inclusion and

were selected for the training program. Twenty-one parti-

cipants (M/F, 11/10) who completed the program and

provided valid measurements at both pre- and post-inter-

vention were included in the analysis (TREND flow dia-

gram, Figure 1).

Exercise And Diet Intervention
The full details of exercise and diet intervention have been

published in our previous study.17 In brief, participants were

provided with a calorie-restricted but nutritionally complete

diet based on their age. The amount of diet provided met the

basal metabolic rate requirement calculated using the

Mifflin equation,6 recommended to determine resting

energy expenditure in overweight and obese persons.7

Dietary plans were made individually according to their

own basal metabolic rate. The diet was provided with

60% carbohydrate, 20% protein, and 20% fat, and energy

intake was divided as 30% of total daily calories at break-

fast, 40% at lunch, and 30% at dinner. The dietitians and

nutritionists prepared and supervised all meals. Participants

Assessed for eligibility (n = 30)

Allocated to intervention (n = 23)

• Received allocated intervention (n = 23)

• Did not receive allocated intervention (n = 0)

Lost to follow up (n = 2)

Discontinued intervention (n = 0)

Analyzed (n = 21)

Excluded from analysis (n = 0)

Excluded (n = 7)

• Not meeting inclusion criteria (n = 7)

• Declined to participate (n = 0)

• Other reasons (n = 0)

E
n

r
o

ll
m

e
n

t
A

ll
o

c
a

t
io

n
F
o

ll
o

w
 u

p
A

n
a

ly
s
is

Figure 1 Flow diagram of participants through the study.

Huang et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:122158

http://www.dovepress.com
http://www.dovepress.com


performed an exercise training program 6 days/week for 6

weeks. The program was primarily comprised of various

types of aerobic exercises such as bicycling, walking, run-

ning, dancing, and ball games for 5 hrs/day. It was also

supplemented by strength training. The endurance exercises

involved moderate (70–85% of maximum heart rate) and

high intensity (~90% of maximum heart rate) training.

Strength training was conducted 2–3 times per week at

40–50% maximal strength for 2–3 sets of 12–15 repetition

maximum with 2–3 mins of rest between sets.

Body Composition And Metabolic

Parameters
Height and weight were determined and BMI was calculated

(kg/m2). Body composition was assessed by a body compo-

sition analyzer (Inbody 370, Biospace, Seoul, Korea).

Fasting blood samples were collected for the assessment of

the metabolic parameters [total cholesterol, triglycerides,

high-density lipoprotein cholesterol (HDL-c), low-density

lipoprotein cholesterol (LDL-c), and glucose].

Arterial Stiffness And Hemodynamic

Measurements
The details for arterial stiffness and hemodynamic measure-

ments were previously described.8 In brief, brachial systolic/

diastolic blood pressure (SBP/DBP) were measured using a

sphygmomanometer (Omron, 705 IT, Omron Health Care,

Japan). Arterial stiffness and hemodynamic measurements

were performed using a SphygmoCor device (AtCor

Medical, Sydney, Australia). An applanation tonometry was

used for recording pressure waveforms that include cfPWV,

aortic systolic/diastolic blood pressure, HR, AIx, AIx75, and

SEVR. SEVR is calculated as area under the curve (AUC)

during diastole/AUC during systole. In addition, baPWVand

cfPWV were also evaluated with an oscillometric device

(boso ABI-system 100; BOSCH & SOHN, Germany).

Heart Rate Variability (HRV)
HRV was evaluated in both time and frequency domains

using the SphygmoCor system (AtCor Medical, Sydney,

Australia). For the time domain, the standard deviation of

normal R–R intervals (SDNN), root mean square of succes-

sive R–R interval differences (RMSSD), and the percentage

of successive R–R intervals that differed by >50 ms

(pNN50) were determined. SDNN reflects global HRV,

whereas both RMSSD and pNN50 reflect parasympathetic

activity. The analysis of the frequency spectrum was

performed by applying a Fast Fourier Transform. Total

power (TP) in the frequency range (0–0.40 Hz) was divided

into two frequency bands: low frequency (LF: 0.04–0.15

Hz, an index of sympathetic system modulation) and high

frequency (HF: 0.15–0.40 Hz, an index of parasympathetic

system modulation). LF/HF is the ratio of LF to HF.

Statistical Analysis
All data analyses were performed using SPSS Version 16.0

(SPSS Inc., Chicago, IL, USA). A normality test was per-

formed to assess data distribution, and variables that were

not distributed normally were analyzed after log transfor-

mation. Paired-sample t-tests were used to evaluate the data

pre- and post-intervention. Spearman correlation analysis

was performed to measure the association between two

variables. Data were reported as mean ± SD. Cohen’s d

was used to calculate effect sizes on pairwise comparisons,

with 0.2, 0.5, and 0.8, representing small, medium, and

large effects, respectively.9 P-value < 0.05 was considered

statistically significant.

Results
Effects Of Exercise And Diet Intervention

On Anthropometric And Metabolic

Parameters
As shown in Table 1, in response to the exercise and diet

intervention, obese participants had significant reductions

in body weight (P = 0.000, d = −2.91), BMI (P = 0.000,

d = −3.29), body fat mass (P = 0.000, d = −2.99), and body

fat percentage (P = 0.000, d = −2.28). Obese subjects also
had significantly lower concentrations of serum cholesterol

(P = 0.000, d = −1.00) and LDL-c (P = 0.000, d = −1.35).
Whereas, no significant changes in levels of fasting blood

glucose, triglycerides (P = 0.063, d = −0.48), and HDL-c

(P = 0.086, d = 0.44) were found (Table 1).

Effects Of Exercise And Diet Intervention

On PWV
Using the boso ABI-system 100 device, we detected that

baPWV on both left and right sides significantly reduced

after intervention (8.70 ± 0.87 m/s vs 7.69 ± 0.93 m/s,

P = 0.000, d = −1.45; and 8.47 ± 0.91 m/s vs 7.55 ± 1.08

m/s, P = 0.000, d = −1.35; Table 2). Additionally, we

found a reduction in cfPWV using both the boso device

(4.98 ± 0.75 m/s vs 4.22 ± 0.88 m/s, P = 0.000,

d = −1.22) and SphygmoCor device (5.32 ± 0.85 m/s vs

4.44 ± 0.90 m/s, P = 0.000, d = −1.02; Table 2).
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Effects Of Exercise And Diet Intervention

On Central Hemodynamics
Pulse wave reflection was evaluated by using SphygmoCor

device. As shown in Table 2, obese adolescents showed

significant reductions in AIx75 (P = 0.002, d = −0.80),

resting heart rate (P = 0.000, d = −1.47), brachial SBP

(P = 0.000, d = −1.40), brachial DBP (P = 0.000,

d = −1.58), aortic SBP (P = 0.000, d = −1.76), and aortic

DBP (P = 0.000, d = −1.76) following exercise and diet

intervention (Table 2). There was a significant augmentation

in SEVR after the intervention (P = 0.000, d = 0.92).

However, there was no change in augmentation pressure

(Table 2).

Effects Of Exercise And Diet Intervention

On Cardiac Autonomic Function
When focusing on the HRV indices of obese individuals

at the baseline and at the end of 6 weeks of training

program (Table 3), we found a significant augmentation

in levels of SDNN (65.2 ± 18.98 ms vs 88.3 ± 28.36 ms,

P = 0.013, d = 0.73), RMSSD (65.8 ± 27.49 ms vs100.5 ±

37.68 ms, P = 0.008, d = 0.80), and pNN50 (37.8% ±

17.05% vs 57.8% ± 12.31%, P = 0.008, d = 0.84) using

time domain assessment. Moreover, we detected an aug-

mentation in level of HF (P = 0.072, d = 0.54) and a

reduction in level of LF/HF (P = 0.047, d = −0.59) using
frequency domain analysis. However, there were no

changes in TP and LF (Table 3).

Associations Of Changes In HRV Indices

With Changes In Central Hemodynamics

And Heart Rate After Exercise And Diet

Intervention
As shown in Table 4, correlation analysis showed that

the change in SEVR was positively correlated with the

changes in SDNN (r = 0.518, P = 0.048), RMSSD

(r = 0.499, P = 0.058), TP (r = 0.518, P = 0.084), LF

(r = 0.520, P = 0.047), and HF (r = 0.459, P = 0.085).

Furthermore, the change in AIx75 was negatively corre-

lated with the changes in TP (r = −0.655, P = 0.021) and

LF (r = −0.673, P = 0.006). In addition, the change in

resting heart rate was negatively correlated with

Table 1 The Anthropometric And Metabolic Parameters Of

Subjects Before And After 6-Week Combined Exercise And

Diet Intervention

Parameters Before After P

Height (cm) 162.4 ± 9.04 162.5 ± 9.12 0.654

Body weight (kg) 80.9 ± 16.81 70.4 ± 14.06 0.000

BMI (kg/m2) 30.4 ± 3.7 26.4 ± 3.1 0.000

Body fat (kg) 33.2 ± 8.5 24.3 ± 7.3 0.000

Body fat (%) 40.9 ± 4.7 34.2 ± 5.5 0.000

Cholesterol (mmol/L) 4.18 ± 0.84 3.57 ± 0.64 0.000

Triglycerides (mmol/L) 0.71 ± 0.30 0.56 ± 0.19 0.063

HDL-c (mmol/L) 1.30 ± 0.19 1.39 ± 0.18 0.086

LDL-c (mmol/L) 2.19 ± 0.61 1.69 ± 0.49 0.000

Blood glucose (mmol/L) 4.38 ± 0.49 4.22 ± 0.56 0.382

Note: Values are presented as mean ± SD.

Abbreviations: BMI, body mass index; HDL-c, high-density lipoprotein choles-

terol; LDL-c, low-density lipoprotein cholesterol.

Table 2 The Cardiovascular Function Parameters Of Subjects

Before And After 6-WeekCombined Exercise AndDiet Intervention

Parameters Before After P

Left baPWV (m/s)a 8.70 ± 0.87 7.69 ± 0.93 0.000

Right baPWV (m/s)a 8.47 ± 0.91 7.55 ± 1.08 0.000

cfPWV (m/s)a 4.98 ± 0.75 4.22 ± 0.88 0.000

cfPWV (m/s)b 5.32 ± 0.85 4.44 ± 0.90 0.000

Augmentation pressure

(mmHg)b
2.09 ± 4.40 0.95 ± 2.25 0.261

AIx75 (%)b 5.90 ± 14.64 −4.95 ± 7.46 0.002

SEVR (%)b 136.8 ± 25.13 173.7 ± 32.45 0.000

HR (bpm) 72.6 ± 7.88 61.4 ± 6.42 0.000

bSBP (mmHg) 119.1 ± 11.2 108.6 ± 8.5 0.000

bDBP (mmHg) 75.5 ± 8.6 65.3 ± 6.1 0.000

aSBP (mmHg)b 103.7 ± 8.58 92.7 ± 6.84 0.000

aDBP (mmHg)b 76.6 ± 8.32 65.7 ± 5.97 0.000

Notes: Values are presented as mean ± SD. aParameters were measured by boso

ABI-system 100. bParameters were measured by SphygmoCor device.

Abbreviations: baPWV, brachial-ankle pulse wave velocity; cfPWV, carotid-

femoral pulse wave velocity; AIx75, augmentation index standardized to a heart

rate of 75/min; SEVR, subendocardial viability ratio; HR, heart rate; bSBP, brachial

systolic blood pressure; bDBP, brachial diastolic blood pressure; aSBP, aortic systolic

blood pressure; aDBP, aortic diastolic blood pressure.
Table 3 The Heart Rate Variability Indices Of Subjects Before

And After 6-Week Combined Exercise And Diet Intervention

Parameters Before After P

SDNN (ms) 65.2 ± 18.98 88.3 ± 28.36 0.013

RMSSD (ms) 65.8 ± 27.49 100.5 ± 37.68 0.008

pNN50 (%) 37.8 ± 17.05 57.8 ± 12.31 0.008

TP (ms2) 4012.0 ± 2272.3 4633.7 ± 1978.1 0.465

LF (ms2) 1172.8 ± 1189.5 1882.8 ± 2465.1 0.371

HF (ms2) 1372.5 ± 908.8 1988.0 ± 983.3 0.072

LF/HF 1.0 ± 0.55 0.7 ± 0.43 0.047

Note: Values are presented as mean ± SD.

Abbreviations: SDNN, standard deviation of normal R-R intervals; RMSSD, root

mean square of successive R-R interval differences; pNN50, percentage of successive

R-R intervals that differed by >50 ms; TP, total power; LF, low-frequency power; HF,

high-frequency power; LF/HF, low-frequency power/high-frequency power.
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the changes in SDNN (r = −0.736, P = 0.002), RMSSD

(r = −0.813, P = 0.000), pNN50 (r = −0.749, P = 0.002),

and HF (r = −0.748, P = 0.001).

Discussion
The results of the present study reported that exercise

training and dietary restriction lead to improved anthropo-

metrics, lipid metabolism, arterial function, and cardiac

autonomic control of participants with obesity. To the

best of our knowledge, this is the first study to assess the

effects of a combined exercise and dietary intervention on

arterial stiffness, central hemodynamics and autonomic

function in obese adolescents. The results of this study

revealed that obese adolescents had significantly lower

central and systemic arterial stiffness, AIx75, HR, brachial

and aortic blood pressure, and they also had significantly

higher SEVR and HRV after a 6-week exercise training

and dietary restriction.

Overweight and obesity are important clinical and pub-

lic health burdens worldwide. Obesity and cardiovascular

disease are inextricably linked. Moreover, childhood and

adolescent obesity are predisposed to an increased risk of

cardiovascular disease in adulthood. Therefore, the impor-

tance and need for early detection and prevention of cardi-

ovascular abnormalities to attenuate potentially progressive

cardiovascular damage in obese children and adolescents

have been highlighted.3

It has been reported that diet and exercise training

program improved vascular function in obese children

and adolescents.18,19 Likewise, our results showed that

both cfPWV and baPWV were significantly reduced after

6-week intervention in obese adolescents, suggesting that

both aortic and systemic arterial stiffness might be

improved by changes in lifestyle. Since impaired arterial

stiffness is the early diagnosis of atherosclerosis, our

results indicate that 6-week exercise and diet intervention

are beneficial to improve the arterial stiffness.

SEVR has been considered as a surrogate measure of

microvascular myocardial perfusion,10 and lower values of

SEVR indicate poorer perfusion of the subendocardium.11

Previous studies have shown lower values of SEVR in

patients with high cardiovascular risk.12,13 However, it

has not yet been investigated whether SEVR is altered

under lifestyle modifications of exercise and diet. The

present study reported for the first time that SEVR was

significantly enhanced in obese adolescents after the exer-

cise and diet intervention. Our results suggest that a 6-

week exercise training and dietary restriction are effective

in improving microvascular coronary perfusion in obese

adolescents.

HRV has been considered as an index of cardiac auto-

nomic function. Reduced HRV provided an early and

sensitive indicator of cardiac impairment. Since the auto-

nomic nervous system is an important determinant of

regulating the cardiovascular system and energy

expenditure,14 it is hypothesized to contribute to the patho-

physiology of obesity. SDNN was used to represent the

global HRV,15 and we found a significant increase in

SDNN in obese adolescents after the exercise and diet

intervention. Moreover, we had also observed that both

RMSSD and pNN50 values were also enhanced after the

intervention. Additionally, frequency domain analysis of

HRV showed an increased level of HF and a decreased

level of LF/HF after the intervention. These results indi-

cated increased parasympathetic autonomic function.15

Consistent with the present study, a previous study has

also reported that a weight reduction program induced a

change in autonomic activity in children with obesity

toward parasympathetic dominance.16

Cardiac autonomic nervous system plays a vital role in

the regulation of heart rate and vascular tone.17 Thus,

deterioration of autonomic nervous function may contri-

bute to greater arterial stiffness in patients with obesity,18

type 1 diabetes mellitus17,19,20 and systemic sclerosis.21 A

novel finding of our study was that an increased parasym-

pathetic autonomic function was correlated with an

improvement in central hemodynamics (i.e. increased

SEVR and decreased AIx75) after an exercise and diet

Table 4 Associations Of Changes In Heart Rate Variability

Indices With Changes In Central Hemodynamics And Heart

Rate After 6-Week Combined Exercise And Diet Intervention

SEVR AIx75 HR

r P r P r P

SDNN 0.518 0.048 −0.399 0.140 −0.736 0.002

RMSSD 0.499 0.058 −0.335 0.223 −0.813 0.000

pNN50 0.282 0.329 −0.324 0.259 −0.749 0.002

TP 0.518 0.084 −0.655 0.021 −0.172 0.593

LF 0.520 0.047 −0.673 0.006 −0.270 0.330

HF 0.459 0.085 −0.290 0.294 −0.748 0.001

LF/HF −0.04 0.893 −0.249 0.391 −0.485 0.079

Abbreviations: SDNN, standard deviation of normal R-R intervals; RMSSD, root

mean square of successive R-R interval differences; pNN50, percentage of succes-

sive R-R intervals that differed by >50 ms; TP, total power; LF, low-frequency

power; HF, high-frequency power; LF/HF, the ratio of LF to HF; SEVR, subendo-

cardial viability ratio; AIx75, augmentation index standardized to a heart rate of 75/

min; HR, heart rate.
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intervention. To the best of our knowledge, this is the first

study to report a significant association between enhanced

autonomic function and improved hemodynamics among

obese adolescents undergoing lifestyle modifications of

physical exercise and diet intervention. In accordance

with our results, a previous study showed that 6 weeks

of whole-body vibration training were effective at increas-

ing autonomic function, associated with an augmentation

in arterial function in young overweight and obese

women.18 Taken together, these results suggest that the

improvement in arterial function would be partially attrib-

uted to an increase in autonomic function after exercise

and diet intervention.

Previous studies have reported that exercise or dietary

modification may increase cardiac autonomic function22,23

and reduce arterial stiffness24,25 in obese subjects. The

beneficial effects of exercise on autonomic function

including vagal influence on the heart and arterial barore-

flex sensitivity have been reported.26 The arterial barore-

flex plays an important role in modulating heart rate and

blood vessel tone to maintain arterial blood pressure.

Indeed, an increase in arterial baroreflex sensitivity with

an associated reduction in arterial stiffness has been

observed following exercise.26 Furthermore, a significant

negative correlation between augmented HRV and

decreased resting heart rate was observed in the present

study, indicating that the effects of a 6-week program of

exercise and dietary restriction on cardiac autonomic mod-

ulation and arterial function were partly due to the changes

in resting heart rate as well as changes in systolic and

diastolic blood pressure. Future studies are needed to

examine the mechanisms underlying the association

between changes in cardiac autonomic function and arter-

ial function after life modifications.

The present study sought to determine the beneficial

effects of a 6-week exercise training with dietary restric-

tion on cardiac and vascular function as well as body

composition and lipid metabolism in obese adolescents.

Herein, our results revealed that the exercise and diet

intervention resulted in significant augmentations in cen-

tral hemodynamics and autonomic function with a reduc-

tion in arterial stiffness. Furthermore, this intervention

proved to effectively decrease body weight, BMI and

body fat with improvements in lipid metabolism. In agree-

ment with our findings, previous studies observed reduc-

tions in body weight and body fat after 4 or 10 weeks27,28

of exercise and diet intervention in obese children and

adolescents. Taken together, these results suggest that our

program of combined exercise and dietary restriction is an

effective intervention in the improvement of body compo-

sition as well as metabolic milieus, thereby preventing the

development of cardiac and vascular dysfunction in obese

adolescents.

There are several limitations to our current study. For

example, a control group was lacked during the training

program of the intervention. Because the camp program

was a traditional residential camp with a specific aim of

weight loss. The camp was located in a remote district of

the city, and all obese subjects came from all over the

country. Therefore, we thought it difficult to recruit an appro-

priate control group, which had been previously described.8

In addition, the number of participants was relatively small.

Future research on a larger sample size will be conducted.

In conclusion, this study revealed that obese adoles-

cents had improved central hemodynamics and autonomic

function with reduced arterial stiffness after a 6-week

exercise training and dietary restriction. Furthermore, a

positive correlation between an enhancement of cardiac

autonomic function and an improvement in central hemo-

dynamics was found after the intervention.
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