Int ] Physiother. Vol 3(5), 587-593, October (2016) ISSN: 2348 - 8336

ORIGINAL ARTICLE

AEROBIC INTERVAL EXERCISES VERSUS DIETARY CONTROL
INDUCED CHANGES OF ADIPOKINES LEVELS, LIPID PROFILE
AND QUALITY OF LIFE IN OVERWEIGHT OR OBESE CHILDREN
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ABSTRACT

Background: Lately, childhood obesity has gained more attention. The present study constructed to compare the effec-
tiveness of aerobic interval exercises and dietary control on plasma adipokines level, lipid profile and the health-related
quality of life in overweight or obese children.

Methods: Thirty-seven overweight or obese children at the age from 10-18 years were recruited and randomly classified
into aerobic interval exercises (AIE) and dietary control (DC) groups. The Training load for AIE group was eight weeks
of an intermittent short high intense burst of exercises throughout a regular training program primarily consisted of
treadmill training. Whereas, subjects in the DC group were engaged in a balanced dietary plan. Plasma adipokines,
lipid profile, and the health-related quality of life were assessed before and after the intervention.

Results: Both groups were similar at the baseline (p>0.05). Within the AIE group; leptin, adiponectin and all lipid
profile measures significantly changed (p<0.05). But, within the DC group, only leptin, high-density lipoprotein choles-
terol (HDL-Cho) and low-density lipoprotein cholesterol (LDL-Cho) levels have been significantly changed (p<0.05).
Further, the health-related quality of life (HRQL) indicated significant differences within both groups (p<0.05) with
regard to both physical and psychosocial health. Finally, significant differences of leptin, HDL-Cho, LDL-Cho levels
and the psychosocial health (p<0.05) were recorded between both groups in favor of the AIE group.

Conclusion: However, both aerobic interval training and balanced dietary controlare useful to improve plasma adi-
pokines level, lipid profile, and the HRQL in overweight or obese children. But, aerobic interval training is more helpful.

Keywords: Childhood obesity, Aerobic interval exercises, Dietary control, Plasma adipokines, Lipid profile, Health-re-
lated quality of life
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INTRODUCTION

Pediatric obesity becomes an increasing worldwide epi-
demic that needs greater attention because of the burden
on children and adolescent health status [1]. High-calorie
diets, physical inactivity, and genetic predisposition are the
main contributing factors of childhood obesity. Preschool
Egyptian children who have a tendency to be overweight
account for 8.6 % and the overweight prevalence in boys
was likely as equal as in girls [2]. Whereas, the prevalence
of overweight among school children and adolescents were
found to be approximate as 11.5% for boys and 15.2% for
girls, and prevalence of obesity was 6.5 % for boys and 7.7%
for girls [3,4]. Overweight children are at risk of large num-
ber of diseases that may affect the cardiovascular system
(hypertension, hypercholesterolemia, or dyslipidemia), the
endocrinal system (diabetes mellitus type II, impairment
of glucose tolerance, insulin resistance and disruption of
the adipocyte-derived hormones level and function), the
musculoskeletal system (Joint pain and arthritis), and the
respiratory system (sleep apnea and exercise intolerance
and asthma), in addition to the psychosocial and emotion-
al health [5-9].

Adipocytes are the cells that primarily compose the adi-
pose tissue; they are specialized in synthesis and secretion
of a number of encoded proteins that have been termed
adipocytokines or adipokines [10]. Currently, leptin and
adiponectin have been demonstrated as cytokine proteins
derived from adipose tissue [11]. Leptin is an adipokine
characterized as a satiety peptide [12], it has been implicat-
ed in themodulation of the physiological responses that in-
clude apatite control and energy homeostasis [13]. Leptin
receptors in the hypothalamus detect the level of circulat-
ing leptin where it inhibits apatite and regulates food in-
take [14]. Also, evidence suggested that leptin involved in
regulation of the resting metabolic rate, and carbohydrate
intake [15]. Energy intake is a determinant of leptin levels
as energy restriction and fasting acutely reduces leptin con-
centration while overfeeding acutely raises the level of cir-
culating leptin [16,17]. Similarly, energy hemostasis con-
trolled by another adipokine solely secreted from adipose
tissue known as adiponectin. It is involved in breakdown
and oxidation of fatty acids and regulation of glucose levels
[18]. Plasma adiponectin levels are inversely related to the
circulating levels of fatty acids and percentage of body fats.
low levels were associated with higher levels of apatite and
increased food intake . On the contrary, concentration
of the circulating adiponectin increases during restriction
of calorie intake and reduction of fatty acid concentration
[19].

However, exercises play an indispensable role in the regu-
lation of hormonal activity at the level of adipose tissue and
other major organs of the endocrinal system [20]. Although
several studies have been analyzed the effect of exercises
on leptin and adiponectin concentration in healthy and
overweight adults, it remains controversial whether short
or long term exercises or either aerobic or resistive exer-
cises change their circulating levels. Moreover, exercise-in-
duced changes of leptin and adiponectin concentration in
healthy or overweight children still unclear. Previous stud-

ies suggested that aerobic exercises may reduce leptin level
adipose tissue accumulation mostly when associated with
loss of weight [14,21], even without dietary control [22]. In
addition, chronic exercises have been reported to decrease
levels of free fatty acids and increase levels of circulating
adiponectin [23]. Also, it has been reported that fasting ad-
iponectin levels acutely increased after a two or three bouts
of mild to moderate intensity exercises [24]. Conversely,
evidence from healthy normal weight individuals sug-
gested that short-term exercises don’t modify leptin con-
centration levels [25,26]. No alteration of the circulating
adiponectin levels following long-term exercises [27,28].
The purpose of this study was to elucidate the effect of an
aerobic exercise program with intervals of resistive exer-
cises and dietary control on the circulating leptin and adi-
ponectin levels, lipid profile as well as the quality of life in
overweight or obese children. We hypothesized that both
aerobic interval exercise and dietary control would signifi-
cantly produce changes of the plasma adipokines level and
lipid profile and subsequently would further improve the
HRQL. In addition, it was hypothesized that no difference
would be indicated between both interventions

MATERIALS AND METHODS

Subjects: Thirty-seven overweight children were recruit-
ed from the National Institute of Nutrition and many pri-
vate obesity and weight management centers, Cairo, Egypt.
Participation approval was formally obtained by signing a
consent form by children parents or their legal guardians.
Eligibility criteria for participation in this study were: 1)
age range from 10-18 years, 2) overweight (body mass in-
dex > 25 and < 30 kg/m?) or obese children (body mass
index > 30 and < 35 kg/m?)[29], 3) children who didn’t
have history of cardiovascular disorders, 4) children who
didn’t have any metabolic or endocrinal diseases, 5) chil-
dren who weren't taking any medication that interfere with
metabolism or had an effect on plasma adipokine concen-
tration. Children were assigned to either aerobic interval
exercise group (AIE group), or dietary control group (DC
group). Simple randomization method through flipping a
coin to distribute each child to either of the two alterna-
tives of study interventions. Randomization created a set
of 21 children for AIE group and 16 children for the DC
group. Preliminary familiarization and explanation of the
study protocol were provided for children in both groups.

Anthropometric characteristics: All children have under-
gone some anthropometric measurements (weight, height,
and body mass index) prior to and next to the intervention.

Primary outcome measure: Serum leptin and adiponec-
tin levels were the primary outcomes in the present study.
Blood samples were taken from both groups from the an-
tecubital veins (the median cubital vein). Samples were
assessed after centrifugation and freezing at -20°C. Auto-
matic ELISSA immunoassay analyzer was used for assess-
ment. Radioimmunoassay (RIA) was used to measure and
quantify the serum leptin level and recombinant human
gAcrp30/Adiponectin ELISA Kits was used for quantifi-
cation of serum adiponectin level. Leptin levels were ex-
pressed in nanogram/milliliter (ng/mL) while adiponectin
levels were expressed in microgram/milliliter (ug/mL).
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Secondary outcome measure: lipid profile was the sec-
ondary outcome. In addition to the aforementioned lab-
oratory assessments, assays for total cholesterol (T-Cho),
high-density lipoprotein (HDL-Cho), low-density lipopro-
tein (LDL-Cho) and triglycerides (TGs) levels were applied
for all children before and after the intervention.

Tertiary outcome measure: The health-related quality
of life (HRQL) was the third set of measurement. Pedi-
atric Quality of life Inventory (PedsQL™4.0 Generic Core
Scales) was used. It is a short modular approach for mea-
surement of HRQL in healthy children and adolescents
whose ages ranges from 2-18 years as well as those who
have acute or chronic health problems. It comprises bi-
nary child self-report based on their own perception and
parent’s proxy report based on their observation of their
child behavior [30]. The PedsQL inventory is a 23 item in-
strument distributed under four subscales; 8 items for the
physical functioning subscale, 5 items for the social func-
tioning subscales, 5 items for the emotional functioning
subscale, and 5 items for the school function. Possible re-
sponses for each item are five responses from 0-4 where 0
means “never a problem” and 4 means “always a problem”.
Revers scores of items linearly converted to a 0-100 scale at
which 0=100, 1=75, 2=50, 3=25, and 4=0. So, high scores
indicate high HRQL [31]. The mean of the 23 items is a
contribution of the total score and the mean of the items of
the social, emotional and school functioning subscales give
acontribution to the psychosocial health [32]. All partic-
ipants and their parents independently rated the PedsQL
inventory after they were demonstrated about the assess-
ment procedure one week before intervention and few days
after completion of the assigned intervention. The total
score from both children report and parent’s proxy report
were used for further analysis.

Aerobic interval exercises: Participants in the AIE group
were trained on a treadmill under the supervision of two
professional physical therapists for 30 minutes, 3times/
week for 2 successive months for a maximum of 24 ses-
sions. Heart rate and blood pressure were continuously
monitored throughout the training program and frequent
rest intervals for few minutes were allowed if they feel fa-
tigued or critical changes of the vital signs were recorded.
The training methods involved a short high intense burst
of exercises intermittently throughout the regular training.
AIE protocol consisted of 1) three minutes warming up be-
fore a work out in the form of static and dynamic stretch-
ing exercises, marching on the spot, heal digs, knee lifts,
knee bends and shoulder rolls. 2) 12 cycle of interval train-
ing for a maximum of 27 minutes. Each cycle consisted of
60 second fast walking at maximum speed followed by 75
seconds slow walking at normal walking pace.

Dietary control: Participants in the DC group were com-
mitted to a balanced dietary plan (15% protein, 30 % fats,
and 55% carbohydrates and fibers) for 2 months [33]. Upon
a recommendation from a clinical nutritionist, they re-
ceived instructions regarding: 1) Energy intake control; us-
ing the plate model, parents were asked to reduce the por-
tion of fats and simple carbohydrates for their children. 2)
frequency of meals; they were allowed to have their meals

regularly at intervals of about 3-4 hours. 3) food composi-
tion; low-fat diet at which vegetable oils, low-fat meat or
fish, low-fat milk, high fiber diet (vegetables and fruits),
and low sugar products were allowed. 4) water intake; two
liters of water, mild juices, and light beverages were rec-
ommended. Additionally, no exercises were prescribed for
participants in the DC group. But, they were instructed to
keep their habitual daily physical activities.

Statistical analysis

All data are presented as means + standard deviations. Data
analysis was performed by using IBM’ Statistical Package
for the Social Sciences (SPSS) for Windows (Version 23.0.
Armonk, NY, USA). Shapiro-Wilk test used for assess-
ment of normality of data. Arithmetic log transformation
was applied for the extreme positively or negatively skewed
data. Then, normally distributed data or transformed data
logs were analyzed within and between groups using paired
and unpaired t-test respectively. Whereas, the outcomes of
PedsQL inventory were analyzed using non-parametric
Wilcoxon signed-rank test within groups and Mann-Whit-
ney U test between groups. Statistical significance was set
at (p<0.05).

RESULTS

A total of 37 children were recruited for participation in
the present study; 21 children for the AIE group and 16
children for the DC group. The demographic and baseline
characteristics of both groups are summarized in table 1.
The comparison between both groups yielded non-signif-
icant differences concerning all measures of demographic
characteristics, plasma adipokines level and lipid profile
(p>0.05).

Table 1: Demographic and baseline characteristics (means
+ SD) of both AIE and DC groups.

AIE group DC group

Variables (n=21) (n=16) P-value
Demographic charac-
teristics
Age (years) 15.71 £ 2.19 14.25 +3.17 0.106
Gender
L. Boys 8 (38%) 5(31%) 0.670
II. Girls 13 (62%) 11 (69%)
Weight (kg) 71.28 £ 14.89 63.87 +20.84 0.215
Height (cm) 155.48 + 16.65 147.37 +18.02 0.166
BMI (kg/m?) 29.22 +1.98 28.53 +£2.82 0.389
Plasma adipokines
level
Leptin (ng/mL) 17.25+7.14 19.82 £ 6.87 0.278
Adiponectin (ug/mL) 6.88 +2.36 8.68 £3.47 0.068
Lipid profile
T-Cho (mg/dl) 182.81 +17.41 174.00 + 18.24 0.141
HDL-Cho (mg/dl) 47.76 + 8.86 43.62 +£9.20 0.175
LDL-Cho (mg/dl) 120.05 + 26.44 134.13 £ 28.09 0.127
TGs (mg/dl) 143.81 + 40.59 131.44 + 36.56 0.345

Effects of intervention on children weight, adipokines lev-
el, and lipid profile within both groups are shown in table
2. Children in both groups showed significant reduction
of their weights and BMI (P<0.01). Regarding the plasma
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adipokine levels, a significant difference between pre and
post-treatment plasma leptin concentration was recorded
within both AIE (P<0.01) and DC groups (p<0.05). Also,
plasma adiponectin level revealed a significant difference
within the DC group (P<0.01) but not within the DC group
(p>0.05). With respect to the lipid profile, children in AIE
showed no changes of T-Cho concentration (p>0.05), in-

creased HDL-Cho level (P<0.01), decreased LDL-Cho
level (P<0.01) and decreased TGs plasma concentration
level (P<0.01). On the other hand, children in DC group
showed no significant changes of the T-Cho and TGs levels
(p>0.05), a significant increase of HDL-Cho level (P<0.05)
and a significant decrease of the LDL-Cho level (P<0.01).

Table 2: Effect of intervention in AIE and DC groups

AIE group (n=21)

DC group (n=16)

Variables
Pre Post P-value Pre Post P- value

Weight (kg) 71.28 £ 14.89 64.05 + 13.58 0.001" 63.87 +20.84 60.18 + 4.64 0.001"
BMI (kg/m2) 29.22 +1.98 26.26 = 2.07 0.001" 28.53 £ 2.82 27.02 £2.45 0.002"
Adipokines levels

Leptin (ng/mL) 17.25+7.14 13.15+5.53 0.003" 19.82 + 6.87 17.03 + 4.34 0.042"
Adiponectin (ug/mL) 6.88 £2.36 9.25+2.13 0.001" 8.68 £ 3.47 9.57 £2.76 0.059
Lipid profile

T-Cho (mg/dl) 182.81+£17.41 175.76 £ 14.90 0.065 174.00 £ 18.24  169.50 = 16.36 0.057
HDL-Cho (mg/dl) 47.76 + 8.86 52.24+9.21 0.009 43.62 +9.20 45.93 + 9.48 0.020
LDL-Cho (mg/dl) 120.05 £ 26.44  104.81 £19.56 0.002" 134.13 £28.09 120.25+23.71 0.001"
TGs (mg/dl) 143.81 £40.59 126.33 £33.29 0.001" 131.44 £36.56  124.45 + 26.52 0.083

" Significant,

Differences of post-treatment outcome measures between
both groups are demonstrated in table 3. No differences in
weight, BMI, plasma adiponectin level, T-Cho level and
TGs level between AIE and DC group after intervention

(p>0.05). Whereas, significant differences of leptin lev-
el (p<0.05), HDL-Cho level (p<0.05) and LDL-Cho level
(p<0.05) between both groups were realized in favor of the
AIE group.

Table 3: Differences between AIE and DC groups after intervention

AIE group

DC group

Variables (n=21) (n=16) P-value

Weight (kg) 64.05 + 13.58 60.18 + 4.64 0.470
BMI (kg/m?) 26.26 +2.07 27.02 +2.45 0.316
Adipokines levels

Leptin (ng/mL) 13.15+5.53 17.03 + 4.34 0.027°
Adiponectin (pg/mL) 9.25+2.13 9.57 +2.76 0.687
Lipid profile

T-Cho (mg/dl) 175.76 + 14.90 169.50 + 16.36 0.233
HDL-Cho (mg/dl) 52.24 +9.21 4593 +9.48 0.048"
LDL-Cho (mg/dl) 104.81 +19.56 120.25 + 23.71 0.037°
TGs (mg/dl) 126.33 + 33.29 124.45 + 26.52 0.831°

* Significant

Childrens self-report and parents proxy report of the
HRQL is presented in table 4. The two reports indicated
that both groups were similar at the beginning of the study
(p>0.05). After the intervention, children themselves and
their parents reported only a significant difference of the
psychosocial health scores between both groups (p<0.05)

favoring the AIE group. While physical health scores or-
generic scores of both reports for the two groups were
not different (p>0.05). Within both groups, children and
parents reported significant differences in physical health
(p<0.05, p<0.01), psychosocial health (p<0.05, p<0.01) and
total scores (p<0.05, p<0.01) respectively.
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Table 4: Health related quality of life for both groups before and after intervention

Physical health Psychosocial health Generic score
Pre Post P- value Pre Post P- value Pre Post P-value

Children self-report

AIE group 794+£9.6 828109 0.013" 788+10 84.4+83 0.009" 79.2+63 83.6+£69 0.003"
DC group 81.9+11 87.4+11.9 0.020 759+9.8 78.1+89 0.039° 789+7.9 829+82 0.015
P-value 0.342 0.080 0.443 0.043" 0.939 0.797

Parents proxy report

AIE group 77.8£9.8 823 +11 0.002" 76.9 £ 10 85.7 11 0.001" 774+ 8 83.9+9.1 0.001"
DC group 79.7 £ 8.4 83.3+9.8 0.004" 74.6+89 79.6+83 0.001" 771+74 815+75 0.006"
P-value 0.521 0.818 0.490 0.037° 0.782 0.270

" Significant,
DISCUSSION

Caloric intake restriction and increasing the level of phys-
ical activities are substantial objectives of therapies pre-
scribed for overweight or obese children [34]. Lately, there
have been multiple studies demonstrated changes in serum
adipokines level and lipid profile after different modes of
exercise intervention focusing on the intensity or dura-
tion of training and/or diet control in young boys or girls
who were overweight or obese [14, 23, 25], but no or very
little reports have been focused on the effect the aerobic
interval training against a balanced diet control regimen
on the plasma adipokine levels and lipid concentration in
overweight children. The purpose of the present study was
to investigate changes of the plasma adipokines level, lipid
profile, and HRQL after aerobic interval training and di-
etary control programs in overweight children.

It was initially hypothesized that aerobic interval exercis-
es, as well as dietary control, would experience changes in
our primary, secondary and tertiary outcome measures.
We also hypothesized, no differences would be indicated
between both groups. Initial hypothesis is partially con-
firmed by the findings of the present study which clearly
demonstrated that aerobic interval exercises produced sig-
nificant changes in term of weight reduction, hyperleptin-
emia alleviation and adiponectin level elevation, HDL-Cho
level rising, LDL-Cho level drop and TGs reduction, but no
significant changes in T-Cho level were recorded following
aerobic interval training. While, the dietary control was as-
sociated with significant changes only in children’s weight,
leptin level, HDL-Cho and LDL-Cho concentration, but no
changes in adiponectin level, T-Cho or TGs concentration.
Besides, children’s HRQL significantly improved as report-
ed by the children themselves or upon their parent’s report
after both aerobic interval exercises and dietary control.
Furthermore, the aerobic interval exercise program was
found superior to the dietary control program concerning
leptin level, HDL-Cho, LDL-Cho concentration and psy-
chosocial health.

The results of the present study concurred with that raised
by Kraemer et al. (2002) who attributed the reduction of
leptin concentration to aerobic exercises and explicated
these changes on the basis that aerobic training induc-
es considerable physiological adaptations and alters the
concentration of other hormones such as insulin, cortisol,

catecholamine and others which in turn alter leptin con-
centration [35]. This also in agreement with Kondo et al.
(2006) who suggested that changes in circulating adipokine
levels are involved in the improvement of the metabolic
state (alteration of glucose metabolism, improvement of
leptin sensitivity and lipid metabolism) secondary to exer-
cise training [36]. Further, our results were consistent with
the finding of a study by Roman et al. (2004) who reported
the association of reduction of plasma leptin concentration
with the changes of energy balance in children who were
engaged in exercise training programs [37]. Additionally,
evidence has shown that exercise training enhances adi-
ponectin level [24]. Contrary to the results of this study,
some investigators have reported no changes in leptin or
adiponectin concentration following short or long term
exercise training [25-28]. The controversial leptin and ad-
iponectin responses to exercise training probably caused
by variable sample sizes, different age groups, different de-
grees of obesity and/or different intensities and duration of
exercise training.

With respect to blood lipids, the results of the previous
studies were conflicting. Nevertheless, the findings of the
present study reported improvement of blood lipids with
aerobic interval exercises in obese children. These results
were harmonious with a study by Zorba et al. (2011) who
studied the effect of 12-weeks of aerobic training in the
form of walking and jogging for 45-60 minutes on body
composition and lipid profile in obese children and clearly
demonstrated significant improvement of blood lipids as
reduced T-Cho, LDL-Cho, TGs levels and elevated HDL-
Cho level [38]. Likewise, Bruckert et al. (2007) observed
T-Cho, TGs, and LDL-Cho fall and HDL-Cho elevation
after 7-8 hours of skiing [39]. Furthermore, Gutin et al.
(1996) indicated an improvement of plasma TGs concen-
tration, HDL-Cho level and T-Cho/HDL-Cho in obese
children following exercise training [40]. These findings
were contradicted by Bell et al. (2007) who reported no
changes in all lipid profile measures in obese children
when exercises were used alone [41]. Also, other preceding
studies by Linder et al. (1982) and Rowland et al. (1996)
have reported non-significant favorable changes of lipids
after exercise in obese children [42, 43].

Eventually, the non-surprising improvement of subscores
of the children’s HRQL mainly the psychosocial health due

Int ] Physiother 2016; 3(5)

Page | 591




to aerobic interval exercises may be explained as a second-
ary effect of weight reduction, body image perception im-
provement as well as the physical and biological function
enhancement. Along with our findings, a review study by
Penedo et al. (2005) indicated that engagement in exercise
and physical activity programs results in better health out-
comes including better HRQL [44].

Comparatively, the present study has some strength. First,
randomization of children in the employed study design
helps to wash out possible bias. Second, children in AIE
group were supervised throughout the study and those in
the DC group were also overseen. Furthermore, this study
emphasized assessment of physical and psychosocial func-
tioning to identify the functional impact of the changes in
the primary and secondary outcome measures. Nonethe-
less, this study has a number of potential weaknesses to be
considered in the forthcoming studies. Loss of follow-up
attributed to the intervention. So, long term eftects should
be investigated in large cohort studies. Also, lacking normal
children as a control, the authors acknowledge the involve-
ment of another group of normal children is necessary to
draw a valid conclusion from the obtained results. Finally,
individual differences in children’s response to either aer-
obic interval exercises or dietary control may arise from
being overweight or obese. Thus, delimitation of the scope
to either of them or considering representative of different
subsets in a cross-sectional study would be helpful to elim-
inate the potential bias.

CONCLUSION

The findings of the present study highlight the significance
of aerobic interval exercises in the treatment of overweight
or obese children. It is likely to have been the driving force
behind the positive effects on childrens weight, plasma
adipokine levels, blood lipid concentration and the con-
sequent health-related quality of life. To draw a definitive
conclusion, further researches are still necessary.
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