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Abstract
Background: Gaps in the literature exisit related to our understanding of the relationship between leptin and adiponectin concentrations with energy expenditure in
prepubertal children. The Biochemical Evaluation during a Health Intervention Programme (B.E. H.I.P.) study aimed to investigate the impact of high intensity
exercise on adipocytokines in overweight and obese male and female children.
Objective: We assessed the impact of a 10-week high intensity exercise programme on adipocytokine concentrations in prepubertal obese children.
Research design and methods: A pre-post test crossover design (N=27; control=11; intervention=16) was employed and 25 overweight children between 5 and 10
years of age completed the 10-week intervention of progressive exercise. Fasting blood samples were analysed for leptin, tumour necrosis factor-alpha (TNF-α),
Interleukin-6 (IL-6), insulin, adiponectin, soluble leptin receptor (SLR) and glucose concentration. All variables were repeatedly sampled with up to four time points
between the pre- and post-intervention analysis and between the post-intervention and post-study analysis.
Results: Leptin had a mean concentration decrease of 7.77 ng/mL in the intervention participants and this change was significantly more pronounced in males than
females (p=0.05). Although there was no significant change in the SLR (p=0.9762), males did have a significantly greater concentration increase than the negative
change in females (p=0.04). The FLI also significantly decreased from 2.00 to 1.55 for all intervention participants; males had a greater decrease than females (p=0.01).
Adiponectin significantly increased by 6.07 ng/mL in all intervention participants, but there was no significant sex difference (p=0.28). There were no further
significant sex differences in adipocytokines, insulin, glucose or HOMA score.
Conclusions: A progressive high intensity exercise program demonstrated increased adiponectin and decreased leptin concentrations in overweight and obese children.

Introduction
Obesity is associated with numerous acute and chronic health
problems and early mortality. The 2004 Canadian Community Health
Survey (CCHS) reported that 2-17 year olds have overweight and
obesity rates of 26 and 8%, respectively and these overweight rates have
more than doubled, while the obesity rates have tripled, in the past 25
years [1]. Specifically, overweight Canadians aged 7-13 were estimated
to be 33 and 26% for males and females, respectively, while the obesity
prevalence rate was approximately 20% [2]. Numerous comorbities
are associated with obesity; therefore it is important to develop novel
modalities to reduce these increasing rates.
A means of identifying risk for obesity is through the use of a
biomarker, such as leptin or adiponectin. These are the two most
abundant adipocyte-derived hormones, or adipocytokines, in
healthy humans [3,4]. They are important in the regulation of body
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composition and the low-grade inflammatory state associated with
obesity. Additional studies are required to identify the potential utility
of these biomarkers to elucidate their role in identifying and monitoring
children suited for a specific intervention [5]. The outcomes of these
studies will better clarify the potential role for obesity biomarkers [6].
Important physiological evidence of a regulatory system controlling
body weight occurred with the discovery of the gene associated with
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obesity, the ob gene, and its protein leptin [7]. Since its discovery, leptin
has been reported to function within the long-term energy balance
system and to regulate fat and glucose metabolism [8]. Leptin has a
positive correlation with body mass index (BMI) and fat mass, a negative
correlation with fat-free mass and is usually higher in obese relative to
lean child and adolescent populations. This is seen in both healthy [911] and obese [12-14] children and adolescents. Furthermore, studies
on leptin and its receptor have provided evidence for their regulation
of appetite, thermogenesis and metabolism [8]. Given the role of leptin
in modulating long-term energy intake and its positive correlation with
fat mass, it may have clinical utility as a biomarker to identify children
at risk of becoming overweight or obese.
The leptin receptor (Ob-R) interacts directly with the leptin
protein. The Ob-R exists in several isoforms due to alternative splicing
and each isoform has a large extracellular, transmembrane and variable
intracellular domain [15]. Ob-Re is the soluble leptin receptor (SLR)
and the major leptin binding protein in blood [16]. The examination of
the SLR concentration is important because the separate concentrations
of total, free and bound leptin could each play a key role on their own
[6]. Individuals with obesity have a significantly elevated leptin to
SLR ratio [17,18]. When SLR concentrations decrease, there would be
higher concentrations of liberated free leptin and relatively higher than
normal circulating leptin concentration with obesity. A decrease in SLR
concentrations could indicate a decrease in functional Ob-R and be a
sign of leptin resistance [18-20]. It remains unclear from the literature
how free leptin concentration changes in prepubertal children.
Furthermore, the influence of physical activity intensity in prepubertal
children on both total and free leptin concentration changes remains
to be determined. It has been recommended to develop exercise
intervention programmes with a variety of longer bouts of exercise at
greater intensities, in addition to accounting and controlling for caloric
intake [6].
Four independent research groups discovered adiponectin in the
mid-1990s [21-24]. It is the most specific and abundant transcript found
in adipocytes [22] and is generally lower in obese versus nonobese
children, adolescents and adults [25-28]. Experimental evidence
suggests that adiponectin has an important role in increasing insulin
sensitivity, regulating energy homeostasis and has anti-inflammatory
and anti-atherogenic properties [29-33]. It is an important molecular
link between obesity, insulin resistance and atherogenic lipoproteins
[34].
Weight loss can is known to increase adiponectin concentration.
This was seen in obese 6-15 year olds that underwent a one year
programme of low intensity physical exercise, nutrition education
and behaviour therapy [35]. The children and adolescents that showed
a significant weight loss had a significant increase in adiponectin
concentrations. By contrast, those with no significant weight loss
had no significant change in their adiponectin concentration. The
adiponectin increase was also shown in a group of obese adolescents
following a weight reduction programme [36]. The moderate
restriction of energy intake and regular moderate-to-high intensity
physical activity in obese adolescents induced beneficial changes in
body weight and composition, lipid oxidation and blood parameters
[36]. It remains unclear if these interventions will have the same results
when examining only overweight and obese prepubertal children,
as the direct impact of energy expenditure on adiponectin in these
children is not well known.
There currently exists a gap in the literature related to our

understanding of the relationship between leptin and adiponectin
concentrations with energy expenditure in prepubertal children. The
Biochemical Evaluation during a Health Intervention Programme
(B.E. H.I.P.) study aimed to investigate the impact of high intensity
exercise on adipocytokines in overweight and obese male and female
children. Specifically, this paper addressed the impact of a 10-week
high intensity exercise programme on adipocytokine concentrations in
prepubertal obese children.

Materials and methods
Study design and participants
The study methodology, programme description and detailed
intervention have been previously described [37]. The intervention
portion of B.E. H.I.P. (Biochemical Evaluation during a Health
Intervention Programme) included two physical activity sessions
each week, three nutrition sessions and two parent sessions. The
following paragraphs will outline the design, exercise programme and
intervention.
A pre-post test crossover design was employed and included a
10-week intervention. Group A took part in the intervention initially,
while Group B was monitored as the control group. After the first
10 weeks of the intervention, Group A became the follow-up group
and Group B took part in the intervention. The participants recruited
for B.E. H.I.P were prepubertal overweight or obese male and female
children between the ages of 5 and 10 years from families throughout
Calgary, Alberta, Canada. A total of 27 children enrolled in this study.
There were 16 participants in Group A and 11 participants in Group B
(Table 1). Two participants in Group B dropped out of the study before
the end of the intervention due to personal family issues beyond the
scope of the study. Parental consent and child ascent were obtained for
all participants and appropriate standards for human experimentation
were followed. The University Research Ethics Board at the University
of Calgary approved the research protocol.
The exercise programme centred on a progressive increase in high
intensity exercise at each session for a total of twenty minutes by week
ten. High intensity was defined as a heart rate that was ≥ 75% of the
participant’s HRmax [38]. Physical activity was quantitatively assessed
during each exercise session using an Actiheart monitor (Respironics,
Inc/Mini Mitter Co., Bend, Oregon) or Polar heart rate monitor
(RS400, Polar Electro Canada Inc, Lachine, Quebec). Two instructors
certified by the Alberta Fitness Leadership Certification Association
facilitated the exercise classes.
Table 1. Participant Characteristics at Time of Entry into the Study.

Age (years)

Weight (kg)

Height (cm)

WC (cm)

Group A+a
(Mean ± SD)

Group Bb
(Mean ± SD)

p-value

All

8.5 ± 1.5

8.8 ± 1.1

0.5615

Female

8.1 ± 1.6

9.0 ± 1.7

0.4158

Male

9.4 ± 0.9

8.8 ± 0.9

0.2262

All

51.6 ± 15.3

50.1 ± 10.1

0.7750

Female

48.4 ± 15.7

50.6 ± 6.3

0.8265

Male

58.5 ± 13.2

49. 9 ± 11.5

0.2412

All

138.0 ± 10.7

142.7 ± 9.6

0.2461

Female

134.8 ± 10.9

148.7 ± 8.5

0.0650

Male

145.0 ± 6.7

140.5 ± 9.5

0.3797

All

80.0 ± 10.6

76.6 ± 7.5

0.4076

Female

78.6 ± 11.4

72.9 ± 4.5

0.4196

Male

82.0 ± 9.3

77.9 ± 8.2

0.9773

n = 16 (F = 11; M = 5); bn = 11 (F = 3; M = 8); WC = waist circumference

a
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Physical health and body composition assessment
All participants obtained height (HT), weight (WT) and waist
circumference (WC). These measures were completed in light clothing
and were carried out by a Certified Exercise Physiologist. The child’s
percent fat mass (%FM), percent fat free mass (%FFM), trunk fat and
bone mineral density (BMD) were obtained from the DEXA instrument
(Hologic QDR 4500A scanner, Hologic Inc, Waltham, MA) (Table 2).

Blood sample analysis
The homeostasis model of assessment (HOMA) determined the
participant’s insulin sensitivity [(insulin (µU/mol) X glucose (mmol/L))
/ 22.5] [39]. The free leptin index (FLI) was defined as leptin /SLR.
Serum leptin, tumour necrosis factor-alpha (TNF-α), Interleukin-6
(IL-6), and insulin were analyzed with a human serum ELISA adipokine
Lincoplex kit (Linco Research, St. Charles, Missouri). Manufacturer
reported intra- and inter-assay variation was 1.4-7.9% and < 21%,
respectively. The reported sensitivity for leptin, TNF-α, insulin and IL-6
were 85.4 pg/mL, 0.14 pg/mL, 50.9 pg/mL and 1.6 pg/mL, respectively.
Adiponectin concentration was analyzed with a human ELISA kit
(Alpco Diagnostics, Salem, New Hampshire). The manufacturer
determined limit of detection was 100 pg/mL, the intra-assay precision
was between 3.84% (1.86 μg/mL) and 2.97% (23.36 μg/mL) and the
inter-assay precision (coefficient of variation) was between 5.15 (2.5
μg/mL) and 2.84% (24.82 μg/mL). Similarly, the soluble leptin receptor
utilized a human ELISA (Bio Vendor, Candler, North Carolina). The
manufacture determined limit of detection was 0.4 ng/mL, intra-assay
precision ranged from 6.5-10.0% and the inter-assay precision ranged
between 4.2-9.9%. The human ELISA for insulin concentration (Linco
Research, St. Charles, Missouri) had a manufacture determined limit of
detection of 2 μU/mL, intra-assay precision of 6.94% (7.0 μU/mL) and
4.64% (120.5 μU/mL) and inter-assay precision of 10.2% (6.2 μU/mL)
and 9.1% (120.9 μU/mL). Glucose concentrations were determined
with a glucose trinder assay (Stanbio Laboratory, Boerne, TX). The
manufacturer reported coefficient of variation for within-day precision
was 1.6% (15.56 ± 1.11 mmol/L) and 1.2% (17.33 ± 3.4 mmol/L), while
between-day precision was 3.0% (15.56 ± 1.11 mmol/L) and 2.0%
(17.33 ± 3.4 mmol/L).

Statistical analyses
All continuous variables were examined for normality. Leptin, FLI
and HOMA had skewed distributions. Natural log transformations led
to more normal distributions for these variables therefore all of their
analyses are completed on the natural log scale. BMI-percentile and the
energy expenditure and activity counts from the Actiheart monitors
were also not normally distributed (highly skewed left); these variables
did not become normalized with transformations and required
nonparametric analyses.
Results were reported as means ± standard deviation (SD),
except for the variables that required nonparametric analysis. These
were described by medians ± 25th and 27th interquartile range (IQR).

Comparisons between variables at baseline, pre-intervention versus
post-intervention and post-intervention versus post-study were
analyzed by Student’s t tests for continuous variables using paired and
unpaired conditions, as appropriate. Similarly, nonparametric analysis
utilized the Wilcoxon signed-rank test for matched pair analysis,
while the Mann-Whitney U test (Wilcoxon rank-sum) compared two
independent groups. Analysis of covariance, with sex as a cofactor, was
also completed for continuous variables.
All blood variables, body composition and basic participant
characteristics were repeatedly sampled. There were up to four time
points between the pre- and post-intervention analysis and between
the post-intervention and post-study analysis. These were analyzed by
response feature analysis to account for the repeated measurement of
the variable within one individual. Response feature analysis, or twostage analysis, reduces the multiple responses on each participant to
a single biologically meaningful response that concisely characterizes
data structure [40]. In the current study, the mean slope from
the four testing points was determined for each participant with
each continuous variable of interest. Response feature analysis is
a straightforward approach for analyzing repeated measures data,
manages well missing data and is possible to interpret the significance
of the slope change by Student’s t test [40]. The t test in this study
assessed if the mean slope change was significantly different: 1) from
zero within the intervention or control group, by each group for all
participants and by each group while controlling for sex and 2) from
zero for all intervention participants, for each sex separately and while
controlling for sex. The Student’s t test was replaced by the Wilcoxon
signed-rank test or the Mann-Whitney U test for matched pair analysis
or two independent sample analysis, respectively, when nonparametric
analyses were required.
Pearson correlation coefficients (r) and Spearman rank correlation
coefficients (rho) were determined to look at linear association between
leptin or adiponectin and the additional blood, participant and body
composition variables. Subsequently, a multivariate stepwise linear
regression model for the dependent variable of leptin and adiponectin
were completed for all individuals completing the intervention (n=25).
The independent variables had to have a partial correlation that was at
least at a significant level of 0.15 to enter into the model.
The statistical significance level of a p-value (p) ≤ 0.05 was utilized.
Trends were described when the p-value ≤ 0.15. All statistics were
completed with Intercooled Stata 9.2 (StataCorp, College Station,
Texas).

Results
Body composition
Results for baseline versus post-intervention values for all
participants that completed the intervention were described in Table
3. There were no significant mean changes from the pre- to postintervention time points between sexes except for weight (p=0.0103).

Table 2. All Variables Collected for the Child and Parent.
Participant Traits

Adiposity Measurements

Child

HT, WT, age, HR, BP

WC, BMI Percentile, DEXA

Parent

HT, WT, age, FEAH

WC, BMI

Blood Measurements

Other*

TG, TC, HDL-C, LDL-C, TC:HDL-C, leptin, SLR, IL-6, Muscular strength and flexibility, LSI,
TNF-α, adiponectin, insulin, glucose
3-Day Diet Record
TC

HT = height, WT = weight, HR = heart rate; BP = blood pressure; WC = waist circumference, DEXA = dual energy x-ray absorptiometry; BMI = body mass index; TG = triglyceride; TC
= total cholesterol; HDL-C = high-density lipoprotein; LDL-C = low-density lipoprotein; SLR = soluble leptin receptor; IL-6 = interleukin 6; TNF-α = tumour necrosis factor-alpha; LSI =
leisure survey index; FEAH = Family Eating and Activity Habits Questionnaire
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Table 3. Body Composition Results for All Intervention Participants.

n

Pre-intervention (Mean ± SD)

Post-Intervention (Mean ± SD)

Mean Change

WT

25

52.3 ± 13.3

52.6 ± 13.1

0.34

P-Value
0.1918

HT

25

140.7 ±10.9

142.6 ± 10.9

1.88

<0.0001

WC

25

79.6 ± 9.5

78.5 ± 9.6

-1.06

0.0631

BMI %lea

25

98.8 (96.4, 99.2)

98.5 (96.2, 99.1)

N/A

<0.0001

BMD

25

0.80 ± 0.1

0.81 ± 0.1

0.01

0.0998

%FM

25

40.2 ± 4.6

38.1 ± 4.8

-2.17

<0.0001

%FFM

25

57.6 ± 4.4

59.7 ± 4.6

2.18

<0.0001

= median (interquartile range); WT = weight (kg); HT = height (cm); WC = waist circumference (cm); BMI %le = body mass index-for-age percentile; BMD = bone mineral density (g/
cm2); %FM = fat mass (%); %FFM = fat-free mass (%)
a

32.62 ± 21.8

24.84 ± 15.1

-7.77

<0.0001

31.89 ± 25.8

27.19 ± 19.2

-4.70

0.0233

Male 12

33.40 ± 17.6

22.30 ± 9.1

-11.1

0.0003

All 25

20.64 ± 7.8

20.62 ± 7.8

-0.02

0.9762

Female 13

19.49 ± 7.5

17.92 ± 7.7

-1.57

0.1865

Male 12

21.89 ± 8.2

23.54 ± 7.0

1.65

0.0885

Adiponectin (ug/mL) All 25

13.07 ± 4.5

19.15 ± 5.5

6.07

<0.0001

Female 13

15.01 ± 5.0

20.15 ± 6.0

5.14

0.0006

Male 12

10.97 ± 3.0

18.06 ± 5.0

7.09

0.0003

TNF-α (pg/mL) 25
All

6.05 ± 2.7

5.4 ± 2.1

-0.63

0.0453

Female 13

6.63 ± 3.2

5.54 ± 1.9

-1.09

0.0311

Male 12

5.42 ± 1.9

5.29 ± 2.3

-0.12

0.7262

All 25

2.00 ± 2.1

1.55 ± 1.5

-0.46

0.0088

Female 13

1.94 ± 2.1

1.95 ± 1.8

0.01

0.7951

Male 12

2.04 ± 2.1

1.12 ± 9.8

-0.92

0.0014

All 23

2.54 ± 1.0

1.98 ± 1.0

-0.57

0.0008

Female 12

2.68 ± 1.1

2.27 ± 1.2

-0.41

0.0517

Male 11

2.40 ± 0.9

1.66 ± 0.6

-0.74

0.0078

All 24

4.47 ± 0.6

4.04 ± 0.5

-0.43

0.0096

Female 12

4.37 ± 0.6

4.03 ± 0.4

-0.34

0.1773

Male 11

4.58 ± 0.7

4.05 ± 0.6

-0.54

0.0210

FLI

HOMA

Glucose (mmol/L)

SLR = soluble leptin receptor; TNF- α = tumour necrosis factor-alpha; FLI = free
leptin index; HOMA = homeostasis model of assessment

The response feature analysis established significant differences for
percent fat and fat-free mass when comparing the intervention group
(n=16) versus the control group (n=11) over the four time points
throughout the intervention. The intervention group had a %FM
mean slope change of -0.17, while the control group had -0.02 change
(p=0.0005). %FFM had a positive mean slope change of 0.20 in the
intervention group, versus the 0.02 slope change in the control group
(p=0.006).

Adipocytokines, Glucose and HOMA
Table 4 described the direct pre- and post-intervention changes.
Changes for leptin and adiponectin were shown in Figures 1 and
2. Leptin had a mean concentration decrease of 7.77 ng/mL in
the intervention participants. This change was significantly more
pronounced in males than females (p=0.05). Although there was no
significant change in the SLR (p=0.9762), males did have a significantly
greater concentration increase than the negative change in females
(p=0.04). The FLI also significantly decreased from 2.00 to 1.55
for all intervention participants; males had a greater decrease than
females (p=0.01). Adiponectin significantly increased by 6.07 ng/
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1

2

Test Time

3

4

Figure 1. Average Leptin Concentration Change during the Intervention.n=25 for all
participants; n=13 for females; n=12 for males.
20

SLR (ng/mL)

2.9

All 25
Female 13

Female Participants
Male Participants
All Participants

Average Leptin (Natural Log Scale)
3
3.1
3.2
3.3

Mean
Change P-Value

Female
Male
All Participants

Average Adiponectin (ug/ml)
12
14
16
18

Leptin (ng/mL)

Pre-intervention Post-intervention
(Mean ± SD)
(Mean ± SD)

10

n

3.4

Table 4. Adipocytokine Results for All Intervention Participants.

1

2

Test Time

3

4

Figure 2. Average Adiponectin Concentration Change during the Intervention.n=25 for all
participants; n=13 for females; n=12 for males.

mL in all intervention participants, but there was no significant sex
difference (p=0.28). There were no further significant sex differences in
adipocytokines, insulin, glucose or HOMA score.
The response feature analysis illustrated significant mean slope
changes in the primary outcome variables of this study, leptin and
adiponectin, when comparing the intervention versus the control group
(Table 5). In addition to leptin being significantly different between the
groups (p=0.03), there was also a statistically significant mean slope
difference between the leptin concentration change for males in the
intervention versus control group (-0.03 ± 0.02 versus 0.001 ± 0.03,
respectively; p=0.04). The positive adiponectin mean slope change in
the intervention group was significantly different than the negative

Volume 2(2): 200-207

SLR

Adiponectin

TNF-α
FLI

0.0008

Adiponectin Concentration Change
0
10

Leptin

0.1378

-10

Table 5. Mean Slope Change of Adipocytokine Results during the Intervention: Within and
Between Group Comparison.
Group

Slope
(Mean ± SD)

Slope
(95% CI)

Difference
from Zero
(p-value)

Group
Difference
(p-value)

Intervention

-0.02 ± 0.03

-0.03, -0.002

0.0264

0.0301

Control

0.01 ± 0.03

-0.01, 0.03

0.3272

Intervention

-0.12 ± 0.35

-0.31, 0.07

0.1956

Control

-0.21 ± 0.53

-0.61, 0.20

0.2761

Intervention

0.36 ± 0.39

0.15, 0.57

0.0021

Control

-0.21 ± 0.23

-0.41, -0.06

0.0446

Intervention

-0.08 ± 0.19

-0.18, 0.02

0.0924

Control

0.03 ± 0.15

-0.08, 0.14

0.5897

Intervention

-0.01 ± 0.04

-0.03, 0.01

0.2639

Control

0.02 ± 0.04

-0.01, 0.04

0.2329

20
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0.8619

0.1002

.4

SLR = soluble leptin receptor; TNF- α = tumour necrosis factor; FLI = free leptin Index

Adiponectin
95% Prediction Interval
Fitted Values
-.04

-.02

0
Bone Mineral Density Change

.02

.04

Figure 4. Relationship between the Change in Adiponectin Concentration and Bone
Mineral Density Concentration during the Intervention.

0.58; p=0.024). Female adiponectin change differed significantly from
zero (n=8; -0.65 ± 0.59; p=0.017), while males did not (n=5; -0.04 ± 0.3;
p=0.82). These sex differences were significantly different (p=0.06). No
other significant changes occurred post-intervention.

Correlation and multivariate regression analyses

-.2

Mean Slope Change
0
.2

Significant correlations were found between: 1) adiponectin
change and BMD change (correlation coefficient=0.43, p=0.03), 2)
leptin change with sex (correlation coefficient=0.39, p=0.048) and 3)
leptin change with SLR change (correlation coefficient=-0.39, p=0.05).
The interaction between heart rate change and leptin occurred with the
partial correlation of sex as a covariate (correlation coefficient=-0.36,
p=0.09).

Intervention

Control

Figure 3. Mean Slope Change of AdiponectinConcentration fortheIntervention and
Control Groups. a*=p of 0.0021 (positive mean slope change for the intervention group was
significantly different from zero); b*=p of 0.0008 (mean slope changes for the intervention
and control groups were signifcantly different from each other); c*=p of 0.0446 (negative
mean slope change for the group was significantly different from zero).

mean slope change of the control group (Figure 3). In addition, females
in the intervention group had a significantly more positive slope than
females in the control group (0.42 ± 0.34 versus -0.38 ± 0.38; p=0.012).
Males in the intervention group showed a trend for a more positive
mean slope change from zero than did the males in the control group
(0.24 ± 0.5 versus -0.16 ± 0.23; p=0.095).
Glucose was only assayed pre-and post-intervention, so response
feature analysis could not be completed. The intervention group
(n=15) had a significant decrease in glucose concentration from pre- to
post-intervention (4.59 ± 0.6 mmol/L to 3.95 ± 0.6 mmol/L; p=0.004).
The control group (n=9) did not change (4.25 ± 0.7 mmol/L to 4.21
± 0.4 mmol/L; p=0.87). The difference between groups was significant
(0.67 ± 0.29 mmol/L; p=0.03). Analysis according to sex showed that
females in the intervention group decreased by 0.56 mmol/L (n=10;
p=0.03), while females in the control group increased by 0.76 mmol/L
(n=2; p=0.03).
Post-intervention response feature analysis was completed on
Group A (n=13) for the 11-week follow-up. The negative mean slope
change in adiponectin was significantly different from zero (-0.42 ±
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The multivariate regression model with adiponectin as the dependent
variable found that only BMD remained a significant independent
predictor (Figure 4; β coefficient=110.95, R2=0.186, p=0.032). Leptin
multivariate analysis with and without fat mass (kg) was completed
because the correlation coefficient showed a trend toward significance
(p=0.162). Free FLI and SLR were not included, due to their high interdependence with the leptin concentration. The model without fat mass
included sex as the only significant independent predictor for leptin (β
coefficient=0.213, R2=0.162, p=0.046). The second model with fat mass
revealed that only fat mass was an independent predictor for leptin (β
coefficient=0.136, R2=0.201, p=0.024).

Discussion
To date our understanding of the impact of high intensity exercise
interventions in prepubertal obese children has been limited. This
successful 10-week intervention programme elicited favourable changes
in the concentrations of leptin and adiponectin. Furthermore, there
was a decrease in percent fat mass and trunk fat mass and an increase
in percent fat-free mass. Additional beneficial secondary changes
included decreases in TNF-α, FLI, HOMA and glucose concentrations.
Leptin concentration and soluble leptin receptor decreased in males to
a greater extent than in females.
The efficacy of exercise as a treatment strategy in overweight
children and adolescents is not as well-established as it is in adults [41].
In a commentary by Gutin [42], he supported that vigorous activity,
as opposed to energy intake restriction, was the optimal mechanism
for reducing childhood obesity. This was strengthened by a study that
showed children performing five minutes or less of vigorous activity
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were 4.0 or 2.9 times more likely to have ≥ 20% or 25% body fat,
respectively, compared to children performing fifteen or more minutes
of less of vigorous activity each day [43]. This further supported the
importance of utilizing high intensity exercise in intervention and
prevention programmes; the B.E. H.I.P. study was able to systematically
evaluate this hypothesis and the results supported this contention [37].
The decrease in leptin concentration and highly significant increase in
adiponectin support that the B.E. H.I.P. programme was associated
with marked improvements in the physiological profile of the children.
These hormone changes, in addition to body composition, TNF-α, FLI,
HOMA and glucose changes, coincide with the significant increase
in high intensity exercise completed by these children (23.88 to 35.56
minutes; [37]. There is a paucity of studies utilizing high intensity
exercise as an intervention tool specifically in prepubescent children
and the B.E. H.I.P. study was able to help fill this knowledge gap.
The concentrations of leptin in the overweight and obese children
of the B.E. H.I.P. study were higher in comparison to other published
concentrations for children that are not overweight or obese [44,45].
Leptin positively correlated to percent fat mass and negatively
correlated to percent fat-free mass at the intervention baseline. A major
factor influencing plasma leptin concentrations in humans is adipose
tissue mass [46], therefore a higher concentration was expected in
the B.E. H.I.P. overweight and obese children. The change in leptin
concentration during the B.E. H.I.P. intervention was independently
predicted by both body fat and sex, however body fat and sex were
not interdependent. Although a positive relationship between leptin
concentration and percent fat mass does exist in overweight and obese
children, it is hypothesized that the participation in high intensity
exercise can have independent effects on the concentration of leptin.
The effects favourably decrease leptin concentrations to a greater extent
than is explained by fat mass change alone. This was supported by the
significantly greater duration in high intensity exercise for males in
the B.E. H.I.P. intervention (currently unpublished). In addition, the
change in average heart rate was significantly influenced by leptin and
sex, as determined by multivariate analysis [37]. The actual mechanism
to describe how high intensity exercise and greater energy expenditure
decreased leptin concentration remains unknown. It is hypothesized
that the interaction between exercise intensity and leptin may be due
to the influence of bone and muscle development through the greater
mechanical stimulation in high intensity exercise and the interactions
between leptin and adiponectin [19]. BMD and leptin were correlated,
although BMD did not independently predict leptin concentration. It
has been proposed that the importance of sufficient nutrient intake for
growth may require a positive energy balance, in addition to adequate
mechanical tissue stimulation for correct nutrient partitioning into
fat and fat-free tissues [42]. As reviewed by Rosen and Bouxsein [47],
and examined in mice by Rubin et al.[48], greater stimulation directs
stem cell differentiation into bone and muscle, as opposed to fat.
Subsequently, the mechanical stimulation would be induced by high
intensity exercise and not energy intake restriction [42].
The majority of articles examining leptin do not differentiate between
total, free and bound leptin concentration in the blood. Although this
study could not directly examine free leptin concentrations, it was
able to determine the concentrations of leptin and the SLR, which
together provided the FLI. Higher SLR concentrations are found
in lean compared to obese adults [18]. Similarly, obese children and
adolescents have higher leptin, but lower SLR concentrations relative
to lean controls [19,20]. The SLR concentrations found during B.E.
H.I.P. were lower, while the leptin concentrations were higher than the
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previously published work in children [20]. These differences may be
attributed to differences in the types of assays used between the studies,
as has been found in leptin concentration analysis, whereby RIA
generates lower concentrations than ELISA [45]. It has been postulated
that when leptin binds to the SLR, leptin degradation and clearance may
be delayed from circulation [49]. This would increase the concentration
of available circulating leptin to bind to tissue receptors. Furthermore,
SLR concentrations have been found to increase and stabilize in obese
children when they have a significant reduction in weight, relative to
children with little weight loss [20]. The current study found a trend for
increasing SLR concentrations in males, but there was a non-significant
decrease in females. There was also a significant decrease in the FLI
in all participants, but particularly in males. The favourable changes
in males may have been due to their higher exercising intensity. The
B.E. H.I.P. intervention did modestly alter the FLI to a lower, more
favourable value.
Pre- and post-intervention adiponectin concentrations
significantly increased by 6.07 μg/ml. This change is highly significant,
both statistically and clinically. The concentrations determined in
B.E. H.I.P. participants fall within a previously reported range of 4.2
– 20.8 μg/ml in a child population with a wide total range of BMI-forage percentiles from 16.9 to 99.4 [50]. The increasing concentrations
of adiponectin throughout the intervention were clinically significant
and they opposed the unhealthy decline in concentration observed
in the control group. The use of adiponectin as a potential biomarker
for evaluating lifestyle intervention programmes was supported by
this study and a 2008 study in prepubertal and pubertal children with
mixed BMI [51]. Although a direct cause and effect relationship cannot
be ascertained between greater energy expenditure and adiponectin
in the B.E. H.I.P. study, these changes remain biologically significant
and support the success of the intervention. No other known studies
in children have found such a significant mean change for prepubertal
children that are overweight and obese, particularly without significant
weight lose. Increases have been previously reported in obese children
that had significant weight loss [35]. A further study with a larger group
of children that are both normal and overweight should be initiated.
These children should be randomly assigned to different exercise
intensity groups to determine if similar effects occurred with varying
levels of energy expenditure.
Adiponectin accumulates in injured blood vessel walls and dosedependently inhibits TNF-α signaling within human aortic endothelial
cells and decreases the production of TNF-α in macrophage, as
summarized by Matsubara et al. [52]. The inhibition of TNF-α would
decrease the ability of TNF-α to stimulate endothelial cell activation,
promote adhesion molecule synthesis and monocyte adhesion to the
arterial endothelium, which is critical to the development of vascular
disease [52]. Furthermore, adiponectin has attenuated phagocytic
activity in cultured macrophages and reduced TNF-α production
[53]. The significant TNF-α decrease in B.E. H.I.P. intervention
participants was likely due, in part, to its interactions with adiponectin
changes. More specifically, the control group actually had a positive
slope change in TNF-α (non-significant), while adiponectin had a
significant negative slope. These changes were opposite to that of the
intervention group. The small, negative correlation between the change
in adiponectin and TNF-α during this study would support the more
favourable anti-inflammatory environment that the high intensity
exercise programme provided.
There are a lack of lifestyle intervention programmes that
have examined both leptin and adiponectin in overweight and
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obese children [54]. A recent study utilizing a lifestyle intervention
programme with moderate physical activity reported favourable
changes in body fat, HOMA, blood lipids and leptin, but no changes
in adiponectin concentration in obese adolescent females [54]. It
aimed to have exercising heart rates between 55 and 75% of the
child’s predicted maximum heart rate, which was monitored by a
Polar monitor. The actual exercising heart rates were not reported.
They found body fat change scores (mean=-3.6%) that were similar
to B.E. H.I.P. (mean=2.2%). Park et al. [54] only found a significant
leptin concentration decrease of 3.0 ng/ml, while B.E. H.I.P found a
decrease of 7.77 ng/ml. This large concentration difference may be due
to the inclusion of males, as B.E. H.I.P. females decreased their leptin
concentration by 4.30 ng/ml. Park et al. [54], found no significant
changes in adiponectin (mean increase of 0.3 μg/ml), while B.E. H.I.P.
had a significant mean increase of 6.07 μg/ml in all participants and
5.14 μg/ml in females. Park et al. [54], hypothesized that their lack of
significant changes might have been due to insufficient body fat changes,
however as they were similar to the changes in B.E. H.I.P. participants,
this cannot be the only explanation. They also suggested that the
exercise programme may have been too modest in nature, therefore
it could not promote adiponectin production and circulation [54]. It
is hypothesized that the intensity and type of exercises performed in
B.E. H.I.P., rather than simply the change in body composition, led to
adiponectin and leptin changes.

Limitations
There are limitations to this study. Firstly, this study was based
on convenience sampling. Although this methodology provided high
adherence and a wealth of knowledge for future research, it cannot be
generalized because the reference population is unknown. Nonetheless,
the results are likely relevant to other 5 to 10 year old children who
are overweight and\or obese and come from a similar background as
children living in the Calgary, Alberta, Canada area. Secondly, socioeconomic status was not controlled in this study. This was a potential
confounder, but may not have been a significant factor in the study.
This was hypothesized because children throughout the Calgary area
participated in this study and it was not limited to one neighbourhood.
There was no cost associated with this study, therefore families were
not financially restricted and broader backgrounds were able to
participate. Finally, no biological assessment was made for the pubertal
status of the participants and parental information was assumed to be
correct. Although age was not significantly correlated with adiponectin
or leptin, sex was an important independent predictor of leptin. Future
studies should determine the sex hormone concentrations to ascertain
that the children are prepubescent.

Conclusion
The B.E. H.I.P. study demonstrated that a combined lifestyle
and exercise intervention programme that progressively increased
high intensity exercise and utilizes clinical biomarkers holds promise
for childhood obesity prevention. A progressive increase of high
intensity exercise is able to increased adiponectin and decreased leptin
concentrations in overweight and obese children. It further highlighted
that males and females responded differently to high intensity exercise,
as sex was an important predictor of the leptin concentration change
and for the duration of high intensity exercise. Continued research in
the area of leptin, adiponectin and sex is required to further elucidate
the potential role of these adipocytokines as biological markers in
childhood obesity. High intensity exercise is a recommended tool for
future prevention studies of childhood obesity.
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