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Background: Childhood obesity is associated with
adverse changes in cardiometabolic risk factors. A
family-oriented group program stressing a health-
promoting lifestyle has been more effective than routine
counselling in the treatment of obesity in school children.
The aim of the present study was to compare the impact
of group program and routine councelling on body
composition and metabolic profile, and to evaluate
the associations of changes in adiposity with levels of
cardiometabolic risk factors.

Methods: Seventy obese prepubertal children were
randomized into family-oriented group program (15
sessions for parents and children) and routine counselling
(2 appointments for children). Body mass index (BMI),
body composition and different metabolic risk factors
were assessed before and after the 6-month intervention.

Results: Waist/height decreased more in the children
attending the group treatment, but there were no
significant differences between treatment arms in the
changes of metabolic risk factors. When the arms were
analyzed as combined, serum triglycerides decreased
significantly if BMI standard deviation score (BMI-SDS)
decreased >0.5. Serum fasting insulin decreased if BMI-
SDS decreased >0.25.

Conclusions: Obesity-related metabolic risk factors
reduced in prepubertal children if BMI-SDS decreased
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substantially. This result was not dependent on which
intervention, family-oriented group program or routine
counselling, was used.

World J Pediatr 2012;8(1):31-37

Key words: body composition;
childhood obesity;
metabolism

Introduction

hildhood obesity is associated with adverse

changes in cardiometabolic risk factors.!" In

prepubertal obese children, for example, serum
triglycerides (TG) are increased, high density lipoprotein
cholesterol (HDL-C) is decreased, and insulin sensitivity
is impaired.”’ Waist circumference, in particular, is
a predictor of metabolic abnormalities."”! Childhood
obesity at age of 7-13 years was found to be associated
with coronary heart disease in adulthood in a large
population-based study."”

Randomized controlled trials on treatment of
childhood obesity have documented conflicting impacts
on cardiometabolic risk factors.”* In a German non-
randomized study, metabolic abnormalities improved
if the decrease in body mass index standard deviation
score (BMI-SDS) was >0.5."

We have previously reported that a family-oriented
group program stressing a health-promoting lifestyle
was more effective!""’ and also more costly'” than was
routine counselling in the treatment of 7-9 year old
obese children. The aim of the present study was to
compare the effects of these two programs on children's
body composition and metabolic profile. In addition,
the associations between changes in children's adiposity
and levels of cardiometabolic risk factors were
evaluated.

Methods

Subjects and interventions

The detailed study design has been described
previously."! Briefly, families with 7-9 year old obese
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children (weight for height >120%, calculated from
parent-reported weights and heights) were recruited,
and 70 children (28 boys, 42 girls) participated in the
study. At baseline, the mean age of the children was
8.1 years (SD 0.8; range 6.6-9.7), the mean weight for
height 142% (14.4; 115-182), the mean BMI 23.2 (2.5;
18.7-30.9) and the mean BMI-SDS 2.6 (SD 0.6; 1.3-
3.8). The children were randomized into two 6-month
programs: routine program (n=35) and group program
(n=35). The routine program was modified from the
current counselling practice for obese children in
school health care, and consisted of two standardized
individual appointments.

The group program consisted of 14 sessions held
separately to parents and children, and one session held
together.""! There were 5 groups, each consisting of 7
children and their parents. The duration of each session
was 90 minutes, and the first 10 were held weekly
and the next 5 every two weeks. The participation
rate for the sessions was 87% in both the parents and
children. Each session had an own, physical activity
and healthy lifestyle promoting theme. The children's
session consisted of interactive functional activities
(e.g., games, tasting of vegetables and fruits, preparing
of foods and drinks), and parent's sessions consisted
of lectures and discussions. In addition, the programs
contained homework; parents were provided with
treatment manuals and children with workbooks. Most
lifestyle changes were intended for the entire family.

Informed consent was obtained from the parents.
The study was performed according to the principles
of the Declaration of Helsinki, and approved by the
Ethics Committee of Kuopio University and Kuopio
University Hospital.""

As published previously, the group program was
more costly''”) and more effective'''! when assessed
by changes in weight for height (on average, 6.8% vs.
1.8% reduction, P=0.001), BMI (on average, 0.8 vs. 0.0
reduction, P=0.003) and BMI-SDS (on average, 0.3 vs.
0.2 reduction, P=0.022) between the baseline and the
end of the intervention.

Measurements

The children were examined before and after the
6-month intervention. All measurements were
performed in the morning after 11-13 hours fasting
using a standard protocol.

Height and waist circumference were measured 3
times, weight was measured 2 times, and the average
values were used for analyses. Height was measured
to the nearest 0.1 cm using a Harpenden Stadiometer
(Practical Metrology, UK) and weight (light underwear
included) to the nearest 0.1 kg using an electronic scale
(Seca Vogel & Halke, Germany).

The change in the weight for height, that is a
percentage deviation of weight from the median height-
related gender-specific weight, was assessed by the
Pediator program.” Weight for height is in routine use
through the whole health care system in our country,
and population-based gender-specific growth charts
from birth to the age of 18 years are available.!'*"”
BMI was calculated using the formula: weight (kg) /
[height (m)]>. BMI-SDS was computed by an automatic
calculator."” The calculator uses the British gender-
specific growth reference from 1990, produced by the
LMS method,"”" and revised in 1996.!"" The LMS
method summarizes the distribution of BMI at each age
by its median (M), coefficient of variation (S), and a
measure of skewness expressed as a Box-Cox power (L)
required to transform the data to normality.”” BMI-SDS
changes were categorized into 4 groups: any BMI-SDS
increase, BMI-SDS decrease <0.25, BMI-SDS decrease
>0.25 but <0.5, and BMI-SDS decrease >0.5."

Waist circumference was measured at the midpoint
between the lateral iliac crest and the lowest rib to the
nearest 0.5 cm using a flexible tape. Waist/height ratio
was calculated by dividing waist circumference (cm) by
height (cm).""

Fat mass and lean body were assessed by
bioelectrical impedance analysis with Inbody 3.0
(Biospace, Seoul, South Korea)” for subjects in
upright position after voiding.

Tanner pubertal status was assessed.””! The
diameters of areola and palpable breast tissue in girls
and testicular length in boys were measured with a
ruler. Children with Tanner stage G1/M1 were recorded
as prepubertal and with G2-5/M2-5 as pubertal.”*”

Total plasma cholesterol (TC), HDL-C, low-
density lipoprotein cholesterol (LDL-C) and TG
concentrations were determined by enzymatic
methods (Thermo Electron Co., Vantaa, Finland) and
plasma glucose concentration was determined by a
hexokinase method (Thermo Electron Co., Vantaa,
Finland). Serum insulin was analyzed with a time-
resolved immunofluorometric method by AutoDelfia
(PerkinElmer Life and Analytical Sciences Wallac Oy,
Turku, Finland). Insulin resistance (HOMA-IR) was
calculated using the following formula: [insulin (mU/
L) x glucose (mmol/L)]/22.5.%"

Blood pressure was measured automatically on the
right arm of a seated child by a Dinamap™ XL monitor
with appropriate-sized cuffs. Three measurements were
performed after rest for five minutes, and the results of
the second and third were averaged for analysis.

Missing data
The baseline values were used also as the post-
treatment values for one child in the group program
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and for one child in the routine program. In addition,
one child refused blood tests and one child refused
blood pressure measurements (group program). One
additional child (routine program), who drank juice
(containing 10 g carbohydrates) for dizziness, was
excluded from glucose metabolism analyses and one
child was excluded from TG analyses because of
marked hypertriglyceridemia (6.18 mmol/L) (group
program).

Control children

The control group comprised healthy prepubertal
children with normal weight (mean weight for
height 100%, SD 7.9), matched for age (mean 7.8
years, SD 0.7) and gender (49 girls, 13 boys) with
the study children. The children of the control group
were originally collected for a study on premature
adrenarche (control group of the study) from the
same area.'”” Their bioimpedance, laboratory and
blood pressure measurements were used as reference
values. The methods were similar in the study and
control groups, except for plasma glucose, which
was measured by a glucose oxidase method (Clarke
Electrode, Rapidlab 865/1265; Bayer,Tarrytown,
NY). The glucose hexokinase and glucose oxidase
methods were calibrated to match with each other. In
addition, blood pressure was analyzed with a standard
sphygmomanometer in the control group. Waist and
waist/height data in 87 German 8-year-old girls were
used as reference values.”

Statistical analysis

Data were analyzed using the SPSS 16.0 software
(SPSS Inc., Chicago, IL). Continuous variables were
tested for normality with the Saphiro-Wilk test, and
logarithmic (log) transformation was performed if
necessary. Baseline differences of continuous variables
and differences in changes between the treatment arms

were analyzed by the independent samples ¢ test or the
Mann-Whitney U test. Differences within BMI-SDS
change categories were analyzed by the paired-samples
t test or Wilcoxon's signed-rank test. Fisher's exact test
was used for analysis of discrete variables.

Results

Sixty-three children were prepubertal before
intervention, and 7 were at an early puberty. Nine
children entered puberty during the intervention. There
were no significant differences between the study
groups in pre- or post-intervention pubertal status (Data
not shown).

At baseline, the study children had in mean a higher
fat mass (13.7 vs. 4.1 kg, P<0.001) and lean body mass
(28.1 vs. 22.0 kg, P<0.001) compared with the normal-
weight control children (Table 1). In the laboratory
values, the study children had lower HDL-C (1.15
vs. 1.50 mmol/L, P<0.001), and higher LDL-C (2.73
vs. 2.47 mmol/L, P=0.012), TG (0.88 vs. 0.58 mmol/
L, P<0.001), glucose (5.2 vs. 4.8 mmol/L, P<0.001),
fasting insulin (9.4 vs. 4.1 mU/L, P<0.001) and
HOMA-IR (2.17 vs. 1.07, P<0.001) compared with the
control children (Tables 1 and 2).

At baseline, there were no significant differences
in the body composition or in the metabolic profile
between the children in the two obesity treatment arms.
During the intervention, the decrease in waist/height
was greater in the group program (mean 0.02, 95%
CI1 0.01-0.03) than in the routine program (0.01, 0.00-
0.02), respectively (Table 1). However, there were
no significant differences in the changes of metabolic
indicators between the two programs (Tables 1 and 2).
Likewise, the changes were not related to BMI-SDS at
baseline (Data not shown).

Within the intervention arms, the children in the
group program showed significant decreases in fat

Table 1. Efficacy of the 6-month routine and group programs, expressed as changes in body composition and blood pressure

Normal weight Study children in the routine program

Study children in the group program

Outcome children' (n=35) (n=35) P bvef&l:en
measures M (SD) Baseline After Change Baseline  After Change programs
M (SD) M (SD) M [95%CT] M (SD) M (SD) M [95%CI]
Fat mass (kg) 4.1(1.5) 13.1(3.9) 12945 —0.2[-0.8t00.5] 144(43) 135(4.2) -09[-1.5t0—-0.2] 0.147°
Lean body mass (kg)22.0 (2.6) 274(3.7) 293(4.2) +19[+14t024] 288(52) 30.1(53) +1.4[+1.0to1.8] 0.096'
Waist (cm) 58.7 (6.5) 75.3(6.1) 76.1(69) +08[-04t02.0] 773(74) 76.7(74) —0.7[-1.7t00.4] 0.062°
Waist/height 0.44 (0.04) 0.57 (0.04) 0.56 (0.04) —0.01 [-0.02 to 0.00] 0.57 (0.04) 0.55 (0.04) —0.02 [-0.03 to —0.01] 0.047*
SBP (mmHg)’ 98.8 (7.5) 108.1 (6.8) 108.1 (7.1) 0.0[-1.7to 1.6] 110.8 (8.3)* 109.9 (9.3) -0.9[-3.2to 1.3} 0.503"
DBP (mmHg)" 59.3(7.2) 552(6.5) 54.5(6.6) —0.7[-29t0o14] 552(6.5" 553(6.4) +0.2[-1.3t01.6]} 0.489°

M: mean; SD: standard deviation; CI: confidence interval; SBP: systolic blood pressure; DBP: diastolic blood pressure. *: For normal weight
children standard sphygmomanometer, in the present study automated device; 1: Finnish normal-weight children, matched for age and gender,
n=62 (see control children in methods); for waist and waist/height German 8-year-old girls [25], n=87; {: n=34; §: Independent samples ¢ test; ||:
the Mann-Whitney U test; §: Independent samples ¢ test with the logarithmic transformation.
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Table 2. Efficacy of the 6-month routine and group programs, expressed as changes in laboratory values

Study children in the routine program (n=35)

Study children in the group program (n=35) P value

Onlig:aosrlrllris I\IC(;lrirlndarlc;r‘:felghtBaseline After Change Baseline After Change between
M (SD) M (SD) M [95%CT] M (SD) M (SD) M [95%CI] programs
TC (mmo/L) 4.2 (0.6) 4.2(0.7) 44(0.8) +0.1[-0.1t00.3] 43(0.6)' 45(0.7)" +0.2[0.0to 0.4] 0.493%
LDL-C (mmol/L) 2.47(0.52)  2.77(0.69) 2.77(0.75) +0.01 [-0.17 t0o 0.18] 2.69 (0.55)" 2.72 (0.56)" +0.03 [-0.09 to 0.14]" 0.500°
HDL-C (mmol/L) 1.50(0.31)  1.12(0.27) 1.20(0.34) +0.07[0.00t0 0.15]  1.18 (0.27)" 1.30(0.24)" +0.12 [+0.07 to 0.18]" 0.317'

TG (mmol/L)  0.58 (0.20)

0.85(0.40) 0.83(0.49) —0.02 [-0.15 to 0.10]

0.91 (0.56)" 0.68 (0.24)"* —0.23 [-0.39 to —0.07]* 0.093"

F-glucose (mmol/L) 4.8 (0.3) 52(03)  53(03)"  +0.1[0.0 to 0.2] 52(03) 52(04)  0.0[-0.1t00.1]  0.145
F-insulin (mU/L) 4.1 (1.9) 85(44) 8641  00[-15t01.6] 102(58) 8.6(53)" -1.6[-3.1to-0.1] 0.142"
HOMA-IR 1.07 (0.38)  1.96(1.03)" 2.03 (1.01)" +0.07 [-0.32t0 0.47] 2.39 (1.43)' 2.01 (1.27)" —-0.37 [-0.74 to —0.01]" 0.113"

M: mean; SD: standard deviation; CI: confidence interval; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density
lipoprotein cholesterol; TG: triglycerides; F: fasting; HOMA-IR: homeostasis model assessment for insulin resistance. *: Finnish normal-weight
children, matched for age and gender, =62 (see control children in methods); : n=34; I: n=33; §: Mann-Whitney U test; ||: Independent samples

t test; 9: Independent samples ¢ test with the logarithmic transformation.
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Fig. Associations between selected measures of body composition and metabolic indicators (means = 1 SD) according to categories of the change
in BMI-SDS during the 6-month treatment. The normal values (means + 1 SD) based on normal-weight controls are marked with horizontal lines.
Independent samples ¢ test and the Mann-Whitney U test were used in statistical analyses.

mass (mean 0.9 kg, 95% CI 0.2-1.5), waist/height
(0.02, 0.01-0.03), TG (0.23 mmol/L, 0.07-0.39), fasting
insulin (1.6 mU/L, 0.1-3.1) and HOMA-IR (0.37, 0.01-
0.74), and increases in lean body mass (1.4 kg, 1.0-1.8),
TC (0.2 mmol/L, 0.0 to 0.4) and HDL-C (0.12 mmol/L,
0.07-0.18) (Tables 1 and 2). In contrast, children in the
routine program showed an increase in lean body mass
(1.9 kg, 1.4-2.4) and an unexpected increase in fasting
glucose (0.1 mmol/L, 0.0-0.2).

The changes in body composition and metabolic
profile were analyzed jointly for all children in the four

BMI-SDS change categories (BMI-SDS increase, a
BMI-SDS decrease <0.25, a BMI-SDS decrease >0.25
but <0.5 and a BMI-SDS decrease >0.5). The changes
in body composition and metabolic indicators with a
major deviation from the control children are presented
in the Fig. Declines in fat mass, waist/height and
fasting insulin were seen in the children with a BMI-
SDS decrease of >0.25. A decline in TG was seen only
in the children with a BMI-SDS decrease of >0.5. The
associations between HDL-cholesterol and BMI-SDS
changes were small and inconsistent (Data not shown).
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Discussion

There were two main results in the present study.
First, the children in the group treatment program lost
more abdominal adiposity, as estimated by the waist/
height, than those in the routine program, but there
were no differences in metabolic indicators between
the programs. As earlier published, the group program
was more costly!"” and more effective!'” than was the
routine program in the treatment of obesity, when the
effectiveness was assessed by weight for height and
BMI-SDS decreases. Second, decreases in BMI-SDS
were associated with beneficial changes in metabolic
indicators when both treatment arms were combined.

Before intervention, all laboratory measures of
the obese study children were, on average, within
normal limits. When metabolic indicators of the study
children were compared with the normal-weight control
children, HDL-C levels were substantially lower, and
TG, fasting insulin and HOMA-IR were higher. Thus,
our findings are in accordance with a Spanish study,” in
which prepubertal obese children had elevated TG and
fasting insulin, and diminished HDL-C compared with
age-matched normal-weight children. In the present
study, the blood pressure values differed marginally
from the control children, but were in line with the
values in the children of same age from Great Britain.””

In the present study, the children in the group
program lost more abdominal adiposity, as estimated by
the waist/height, than those in the routine program, but
there were no other significant differences in metabolic
indicators. The impact of obesity treatment on metabolic
indices in prepubertal children was evaluated in an
Australian 6-month randomized controlled study in 111
children aged on average 8.2 years.”” At 12 months,
BMI-SDS was decreased in all three treatment arms
(10% in parenting-skills training + intensive lifestyle
education, 5% in parenting-skills training alone, and 5%
in waiting list controls), but there were no differences
in metabolic indices between the treatment arms or
between baseline and 12 months."”

In contrast to the present and the Australian study,
some obesity treatment trials have shown beneficial
changes in children's TC or LDL-C concentrations,”*"
blood pressure,” fasting insulin'® and insulin
resistance.”! Because of the different age groups,
designs and outcome measures, comparisons of the
results must be done cautiously. For example, children
have been older and changes in BMI-SDS have been
larger’™** than in the present and the Australian study.”’

In the present study, weight loss was associated
with beneficial changes in TGs when BMI-SDS
decreased >0.5, and in fasting insulin when BMI-SDS
decreased >0.25. There are conflicting results on how
large BMI-SDS decreases are associated with beneficial

[7]

metabolic impacts. In a German non-randomized 1-year
obesity treatment study in 130 children aged 11 years
on average with mean BMI-SDS 2.5, an increase in
HDL-C and decreases in TG, LDL-cholesterol, HOMA -
IR and blood pressure were seen when the BMI-SDS
decrease was >0.5."”) On the other hand, a recent 1-year
prospective cohort study in 88 adolescents (median
age 12.4 years, mean BMI-SDS 3.23) suggested
improvements in metabolic indices with a BMI-SDS
decrease of 0.25.%® In that study, a BMI-SDS decrease
of 0.25 improved TG, TC/HDL-ratio, HOMA-IR and
blood pressure, and a BMI-SDS decrease of 0.50 was
associated with greater metabolic benefits.”"

The clinical significance of the reduced adiposity
and associated improvement in metabolic profile in
children is uncertain. In adults with impaired glucose
tolerance, type 2 diabetes can be prevented or at least
postponed by modest weight loss combined with
lifestyle changes.”” In children, there is an association
between obesity, cardiometabolic risk factors and
increased carotid intima-media thickness,”**"" which
seemed to be reversible if marked weight loss (BMI-
SDS decrease >0.5) occurred.””

There are three strengths in this prospective,
controlled, and randomized study. First, our study
population consisted of mainly prepubertal children,
and so, the presence or absence of puberty did not
confound the results. Recording pubertal stage is
important since children undergo major metabolic
changes during puberty.”” Second, we had a
population-based control group from the same area
consisting of normal-weight children matched for
age and gender.””’ And third, all measurements were
performed using standard protocols, and children's
adiposity was assessed with bioelectrical impedance,
which is a well-established method for body
composition assessment."*”’

The study was evidently under-powered to detect
small differences in the metabolic indicators between
the subgroups. For example, only 12 children reached a
BMI-SDS decrease >0.5. Moreover, we have no follow-
up data on body composition and metabolic indicators
beyond the end of intervention.

In the clinical follow-up, the reduction in weight
for height was not significant but the reduction in
BMI-SDS was significant though slight 2 years (mean
reduction 0.2 SD) and 3 years (mean reduction 0.3
SD) after intervention.”* There were no differences
between children attending the group treatment and
routine counselling. Thus, long-term programs are
needed for long-term benefits, such as repeated group
sessions at long intervals after intensive interventions
or other extended regular contacts, for instance, using a
telemedicine support program.””
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In conclusion, the children in the group program
lost more abdominal adiposity than those in the routine
program, but there were no differences in metabolic
indicators between the treatment arms. Although
there was no clear threshold for favorable BMI-SDS
decrease, serum triglycerides decreased significantly
if BMI-SDS decreased >0.5, and serum fasting insulin
decreased if BMI-SDS decreased >0.25.
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