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ABSTRACT

Introduction: there are controversial data in relation to the reduction
in body mass index standard deviation score (BMI-SDS) needed to
improve adiposity in the pediatric population with obesity. The aim of
this work was to determine the minimum variation in BMI-SDS
required to improve the values of adiposity markers and
cardiometabolic risk factors in growing adolescents with obesity.
Methods: a longitudinal study consisting of clinical evaluation (waist
circumference, waist-to-height ratio, fat mass index, and blood
pressure) and blood testing (insulin resistance and lipid profile) was
conducted in 350 adolescents with obesity (152 boys and 198 qirls)
aged 10.2-14.3 years who went through a combined intervention (12
months).

Results: a decrease in SDS-BMI = 0.5 was not associated with any
significant improvement in the clinical features and blood testing
recorded. A decrease in BMI-SDS > 0.5, and especially if > 1.0, was
linked to a significant improvement in adiposity markers. A decrease
in BMI-SDS > 0.5 was associated with a significant improvement in
insulin resistance, and a decrease in BMI-SDS > 1.0 was associated
with a significant decrease in the percentage of patients who showed
high values of systolic blood pressure, HOMA-IR, and lipid profile
Conclusions: improvement in body composition, insulin resistance,
and lipid profile can be observed with reductions in BMI-SDS = 0.5 in
obese adolescents, while extended benefits are obtained by losing at
least 1.0 BMI-SDS.

Keywords: Adolescents. Body composition. Body mass index

reduction. Cardiometabolic risk factors. Lipid profile. Obesity.

RESUMEN
Introduccion: los datos en relacién con la reducciéon del indice de

masa corporal (IMC-SDS) necesario para mejorar la adiposidad en la



poblaciéon pediatrica con obesidad son controvertidos. El objetivo de
este trabajo es determinar la variacién minima del IMC-SDS necesaria
para mejorar los valores de los marcadores de adiposidad y los
factores de riesgo cardiometabdlico en adolescentes obesos.
Métodos: estudio longitudinal clinico (perimetro de cintura, indice
cintura-estatura e indice de masa grasa y presién arterial) y analitico
(HOMA-R vy perfil lipidico) realizado en 350 adolescentes con obesidad
(152 nifos y 198 ninas) de entre 10,2 y 14,3 anos de edad que
completaron una intervenciéon combinada (12 meses).

Resultados: una disminucién en el indice de masa corporal (SDS-
BMI) = 0,5 no se asocié con ninguna mejora significativa de las
caracteristicas clinicas y analiticas registradas. Una disminucién del
IMC-SDS > 0,5, y especialmente si > 1,0, se relaciond con una mejora
significativa de los marcadores clinicos de adiposidad. Una
disminucién del IMC-SDS > 0,5 se asocié con una mejora significativa
de la resistencia a la insulina y una disminucién del BMI-SDS > 1,0 se
asocié con una disminucion significativa del porcentaje de pacientes
gue mostraban valores altos de presién arterial sistélica, HOMA-IR y
perfil lipidico

Conclusiones: con una reduccién del IMC-SDS = 0,5 se observa una
mejoria tanto en la composicién corporal como en los factores de
riesgo cardiovascular en los adolescentes obesos; no obstante, estos

beneficios son mayores si la reduccién del IMC-SDS es superior a 1.0.

Palabras clave: Adolescentes. Composiciéon corporal. Factores de
riesgo cardiometabdlico. Reduccién del indice de masa corporal. Perfil
lipidico. Obesidad.

INTRODUCTION
Childhood obesity has progressed in a sustained increase in most

industrialized countries, and currently depicts the most relevant



nutritional disorder in our environment (1,2). In addition, childhood
obesity is related to a greater immediate risk of cardiometabolic
complications in relation to adiposity, such as high levels of blood
pressure, increased lipid serum concentration, insulin resistance
(metabolic syndrome) and non-alcoholic fatty liver disease (3-7).
Waist circumference (WC) and waist-to-height ratio (WtHr) are good
predictors of cardiovascular disease risk factors (8,9). In spite of this,
body mass index (BMI) has been frequently used in the diagnosis and
follow-up of children with obesity (10,11) since it shows a good
correlation with body fat as measured by dual-energy X-ray
absorptiometry (gold standard to define obesity) and cardiovascular
risk factors (3,12-15).

The implementation of a combined dietary-behavioral-physical
activity intervention has proved to have a positive effect in
adolescents with obesity. As body mass index standard deviation
score (BMI-SDS) decreases, so does fat mass in the absence of
changes in fat-free mass and, consequently, in longitudinal growing
(16,17). Despite this, there are controversial data in relation to the
reduction in BMI-SDS needed to improve adiposity in the pediatric
population with obesity. A recently published meta-regression study
(18) concluded that a minimum 0.6 decrease in BMI-SDS is imperative
in order to attain any improvement in fat mass. Furthermore, a
systematic review with meta-analysis (19) and several meta-
regression studies (20,21) concluded that reductions in BMI-SDS are
likely to improve cardiovascular outcomes in childhood and
adolescent obesity; nevertheless, at present, they are unable to
recommend a definite value of BMI-SDS reduction indispensable to
improve markers of metabolic health. In other words, the reduction in
BMI-SDS required to improve both body composition and the profile of
cardiovascular risk factors by means of lifestyle interventions has not
yet been fully established.

The objective of this study was the identification of the minimum

change in BMI-SDS required to improve adiposity markers and



cardiometabolic risk factors in adolescents with obesity enrolled in a
combined intervention. We hypothesized that exclusive weight loss is
not imperative in order to optimize body composition and
cardiometabolic risk factors since, in accordance to the old aphorism:
“the child becomes slim by means of keeping a stable weight because

he/she is growing”.

MATERIAL AND METHODS

Participants

This was a longitudinal study (convenience sample) that was
conducted in 350 adolescents (152 boys and 198 girls) aged 10.2 to
14.3 years and previously diagnosed with obesity (BMI-SDS > 2.0). All
patients included in the study were Caucasian and completed a
clinical assessment (clinical evaluation was performed every 3
months) and blood testing before and after their participation in a
one-year intervention program that comprises a combination of
dietary-behavioral-physical activity measures. Medical care was
provided in the Pediatric Endocrinology Unit of the Navarra Hospital
Complex (Pamplona, Spain) in the period from January 2016 to
December 2019. All participants had previously experienced pubertal
changes (Tanner stages: I1I-V). Exclusion criteria included obesity
secondary to genetic, metabolic or endocrine disease.

Appropriate information on proceedings and potential implications
was delivered to the parents and/or legal guardians, and the
corresponding written consent was a requirement prior to subject
incorporation to this study in all cases. The study was then submitted
to the Ethics Committee for Human Investigations of the Navarra
Hospital Complex (in accordance with the ethical standards stated in
the Declaration of Helsinki, 1964 and later amendments) for final

acceptance.

Combined dietary-behavioral-physical activity intervention



The combined intervention has been previously addressed (17,22).
The central idea of the program corresponds to the following maxim:
“the child becomes slim by keeping a stable weight because he/she is
growing,” and includes nutritional education, a nutritional
intervention, the promotion of physical activity and healthy lifestyles,
and self-monitoring of body weight (weekly registration of weight).
Acquisition of the basic practical and theoretical skills enabling self-
monitoring was mandatory in order to be included in this study. A
multidisciplinary team (pediatrician, nurse and dietitian) educated the
patients and their families on nutrition, synchronizing the education
and the first visit. The contents of these structured sessions
(nutritional value of the different food groups, food pyramid, physical
activity, etc.) were personalized according to the characteristics of
each patient and family, and continuous guidance was provided for all
of them. The program was developed or extended depending on the
needs of the patient in subsequent visits.

The approach to weight maintenance was accomplished by means of
a diversified and well balanced diet for the whole family with no strict
restrictions or immediate or exaggerated weigh loss. The
Mediterranean diet, adapted to family customs or the preferences of
the patients, was our dietary model. It was mandatory to ensure five
daily meals, with the requirement that meal schedules were
respected. The participants were instructed to avoid eating between
meals and to increase the time of intake (eating slowly and
adequately chewing the food).

In addition, an individualized scheme to increase physical activity was
proposed to every participant and consisted of a daily, regulated (60
min) free-choice activity (swimming, walking, cycling, martial arts,
etc.) and an increase in daily activity (such as walking up the stairs
rather than using the elevator, walking, helping in house tasks, etc.).
Every family was given a leaflet with general recommendations on
usual diet, physical activity (sports and home activity), and a healthy
lifestyle.



The participants were divided into four groups in line with their
changes in BMI-SDS in the course of the combined intervention
(between the beginning and after 12 months of follow-up):
— Group I: participants with increased BMI-SDS.
— Group lI: participants with BMI-SDS decreased by > 0 to < 0.5.
— Group llI: participants with BMI-SDS decreased by > 0.5 to =
1.0.
— Group IV: participants with BMI-SDS decreased by > 1.0 to =
1.5.

Clinical assessment

The anthropometric measurements were taken following a protocol
that had been previously published (17,22). The following
anthropometric measurements were registered in the first
appointment and every 3 months thereafter: weight, height, skinfold
thickness (biceps, triceps, subscapular, and suprailiac) and waist
circumference.

The subjects had to be in underwear and barefoot in order to take
weight and height measurements. Weight was determined using an
Ano-Sayol scale (reading interval, 0 to 120 kg and a precision of 100
g), and height was measured using a Holtain wall stadiometer
(reading interval, 60 to 210 cm; precision, 0.1 cm). BMI was
calculated after applying the corresponding formula: weight
(kg)/height? (m).

Skinfold thickness values were measured with an accuracy of 0.1 mm
on the left side of the body with Holtain skinfold calipers (CMS
Weighing Equipment, Crymych, United Kingdom). The percentage of
total body fat and fat mass (kg) was estimated using the equations
reported by Slaughter et al., adjusted for sex and age (23). The FMI
was calculated using the following formula: fat mass (kg)/height? (m).
WC was quantified using a tape measure (reading interval, 0 to 150
cm; precision, 0.1 cm) placed on a horizontal line equidistant from the
last rib and the iliac crest, and the WtHR was calculated in accordance



to the formula: waist (m)/height (m). All these measurements were
reported by the same trained individual.

The SDS values for weight, height, BMI and WC were quantified using
the program Aplicacion Nutricional, by the Spanish Society of Pediatric
Gastroenterology, Hepatology and Nutrition (Sociedad Espafola de
Gastroenterologia, Hepatologia y Nutricién Pedidtrica, available at
http://www.gastroinf.es/nutritional/). The graphs by Ferrandez et al.
(Centro Andrea Prader, Zaragoza 2002) were the reference charts
used for this assessment (24).

The subjects were placed in the supine position in order to measure
blood pressure (BP) in the right arm using a Visomat comfort 20/40
(Roche Diagnostics Inc., Amman, Jordan) digital blood pressure
monitor, selecting the lowest of three measurements. Arterial
hypertension was defined when systolic (SBP) and/or diastolic
pressure (DBP) was equal to or higher than the 95 percentile for age,
sex, and height, in accordance to the American reference charts
(National high blood pressure Program in Children and Adolescents)
(25).

Blood testing

Fasting glucose, insulin, triglycerides (TGC), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C) were determined in the course of the
combined intervention (at the onset and after 12 months of follow-up)
by means of standardized methodologies. In accordance to the
International Diabetes Federation consensus report for children and
adolescents (26), serum TC levels higher than 200 mg/dL, TGC levels
higher than 150 mg/dL, LDL-C levels higher than 130 mg/dL, or HDL-C
levels lower than 40 mg/dL were accepted as dyslipidemia, and
fasting blood glucose higher than 100 mg/dL was considered
dysglycemia.

The HOMA-IR (Homeostasis Model Assessment of Insulin Resistance)

indexes were calculated from fasting glucose and insulin



concentrations (fasting glucose in mmol/L x fasting insulin in mU/L) /
22.5) with the aim of assessing insulin resistance. An HOMA-IR value
equal to or higher than 4.0 was considered to represent insulin

resistance (27).

Statistical analysis

Results are displayed as percentages (%) and means (M), with their
corresponding standard deviations (SDS). The Chi-square test was
used to compare percentages within and between groups according
to changes in BMI-SDS. Student’s t-test was used to compare mean
values for the variables recorded within groups. ANOVA was used to
compare mean values for variables between groups. Pearson's test
was used to quantify the degree of linear association between
guantitative variables. Statistical analyses were performed using the
program Statistical Packages for the Social Sciences, version 20.0
(Chicago, IL, USA). Statistical significance was accepted when the p-

value was < 0.05.

RESULTS

The mean values of clinical and biochemical features registered in
individuals of both sexes before the implementation of the combined
intervention are displayed in table I, as well as the comparison. Mean
values of age, weight, height, BMI and waist were significantly higher
in boys (p < 0.01). There were no significant differences in the mean
values of weight-SDS, height-SDS, BMI-SDS, WC-SDS, WtHr and FMI,
as well as in SBP or DBP, and the biochemical characteristics
registered between the participants of both sexes.

At baseline, there was a statistically significant positive correlation (p
< 0.01) between BMI-SDS and FMI (boys: r = 0.899, qirls: r = 0.829),
WC-SDS (boys: r = 0.913, girls: r = 0.824) and WtHr (boys: r = 0.843,
girls: r = 0,830).

The mean initial and final values for weight and BMI-SDS of these

groups are shown in table Il. The comparison of the groups confirmed



that there were no significant differences between the mean values of
both weight and BMI-SDS at the onset of the combined intervention.
There were no significant differences in the changes in weight at 12
months of follow-up in the groups with a decrease in BMI-SDS (groups
[, 1'and 1lI).

The modifications in clinical features in relation to variations in BMI-
SDS at 12 months of follow-up are shown in table lll. The comparison
of the groups uncovered no significant differences in any of the
clinical features registered at the onset of the combined intervention.
However, at 12 months of follow-up, the analysis identified that a
decrease in BMI-SDS had was related to a significant decrease in WC-
SDS, WtHR and FMI, while height-SDS and SBP and DBP revealed a
non-significant decrease (ANOVA). In group | patients, the increase in
BMI-SDS was linked to a significant increase in WC-SDS, FMI and SBP,
while height-SDS, WtHr and DBP showed a non-significant increase. A
decrease in SDS-BMI by > 0 to = 0.5 (group IlI) was not associated
with any significant decrease in any of the clinical features recorded
(height-SDS, WC-SDS, WtHr, FMI, and SBP and DBP). A decrease in
SDS-BMI by > 0.5 to = 1.0 (group Ill) was associated with a significant
decrease in WC-SDS, WtHr and FMI, while height-SDS, SBP and DBP
showed a non-significant decrease. Finally, a decrease in SDS-BMI by
> 1.0 to = 1.5 (group IV) was related to a significant decrease in WC-
SDS, WtHr, FMI and SBP, while height-SDS and DBP showed a non-
significant decrease. There were no significant differences in the
variations in clinical features in relation to changes in BMI-SDS at 12
months of follow-up between boys and girls.

Modifications in biochemical characteristics in relation to changes in
BMI-SDS at 12 months of follow-up are discussed in table IV. The
comparison of the groups at the onset of the combined intervention
revealed no significant differences in any of the biochemical
characteristics recorded. However, at 12 months of follow-up, the
analysis evinced that a decrease in BMI-SDS was related to a
significant decrease in insulin, HOMA-IR tryglicerides, TC and LDL-C,



while HDL-C showed a non-significant decrease (ANOVA). In group |
patients, the increase in BMI-SDS did not entail any significant
decrease in each of the biochemical characteristics recorded (glucose
metabolism and lipid profile). In group Il patients, the decrease in BMI-
SDS (from > 0 to = 0.5) was not related to any significant decrease in
each of the recorded biochemical characteristics either (glucose
metabolism or lipid profile). And finally, a decrease in SDS-BMI by >
0.5 to = 1.0 (group Ill) or by > 1.0 to = 1.5 (group IV) was related to a
significant decrease in glucose, insulin, HOMA-IR and TGC, while TC,
LDL-C and HDL-C showed a non-significant decrease. There were no
significant differences in the changes in glucose metabolism and lipid
profile in relation to changes in BMI-SDS at 12 months of follow-up
between boys and girls.

Changes in percentage values for the cardiometabolic risk factors in
relation to changes in BMI-SDS at 12 months of follow-up are shown in
table V. The comparison of the groups at the beginning of the
combined intervention exhibits no significant differences in each of
the cardiometabolic risk factors recorded (SBP and DBP, HOMA-IR and
lipid profile). However, at 12 months of follow-up, it was observed that
a decrease in BMI-SDS was associated with a significant decrease in
the percentage of patients who showed SBP values higher than 95th
percentile for the applied reference, as well as percentages of HOMA-
IR index values higher than 4.0, plasma TGC higher than 150 mg/dl,
TC higher than 200 mg/dL, LDL-C higher than 130 mg/dL and HDL-C
values lower than 40 mg/dL; simultaneously; DBP values higher than
95" percentile for the applied reference showed a non-significant
decrease. In group | patients, the increase in BMI-SDS was not
associated with any significant decrease in percentage of patients
who showed high values in DBP, HOMA-IR index and lipid profile;
however, the percentage of patients with higher values in SBP showed
a significant increase. In group Il patients, the decrease in BMI-SDS
(from < 0 to > 0.5) was not associated with any significant decrease

in percentage of patients who showed high values in SBP and DBP,



HOMA-IR index and lipid profile, but the percentage of patients with
HDL-C values lower than 40 mg/dL showed a significant decrease. In
group lll patients, the decrease in BMI-SDS (from > 0.5 to = 1.0) was
not associated with any significant decrease in the percentage of
patients who showed high values in SBP and DBP; at the same time,
the percentage of patients with higher values in HOMA-IR index and
lipid profile, except in LDL-C, experienced a significant decrease. And
finally, a decrease in SDS-BMI by > 1.0 to = 1.5 (group IV) was
associated with a significant decrease in the percentage of patients
who showed high values of SBP, HOMA-IR and lipid profile, while the
percentage of patients with higher values in DBP showed a non-
significant increase. There were no significant differences in the
changes in percentages of the cardiometabolic risk factors recorded in
relation to changes in BMI-SDS at 12 month period of follow-up

between boys and girls.

DISCUSSION

This study features that a significant improvement in body
composition and cardiovascular risk factors associated with obesity is
observed in adolescents with obesity when BMI-SDS decreases at
least 0.5 in a 12-month period, and, especially, when the decrease is
greater than 1.0. In our experience, losing weight would not be
necessary since, in accordance with the old aphorism: “the child
becomes slim by means of keeping a stable weight because he/she is
growing” (17,22).

This study was designed on the basis of previous data regarding the
change in BMI-SDS required to reduce adiposity or to improve
cardiovascular outcome in children and adolescents with obesity
through lifestyle interventions (27-29). Nevertheless, it differs from
previous reports since the sample is much larger and the definition of
the groups in relation to the decrease in BMI-SDS is distinct. And,
above all, because those studies were based on weight loss as a

condition to achieve an improvement in body composition (decrease



in adiposity) and modify the profile of cardiovascular risk factors
associated with obesity (18-21,27,28,30).

One of the main objectives in the treatment of childhood obesity is to
reduce the percentage of body fat mass without negatively affecting
longitudinal growth. In compliance with several authors, our
experience leads us to consider that maintaining a constant weight
during a combined intervention in a growing adolescent would be
sufficient to reduce BMI-SDS and, consequently, to decrease body fat
without  altering growth (13,17,22,30). Dual-energy X-ray
absorptiometry (DEXA) has been considered a “quasi gold standard”
to define obesity (31), but its complex and expensive use makes it not
feasible for daily clinical practice or epidemiological research.
Anthropometric measures such as BMI, WC, WtHr, and FMI have been
used as alternatives, as they are readily available and can serve as
inexpensive tools to identify obesity (8,9,32-35). A recently published
systematic review and meta-analysis found that both BMI and WtHr
were strongly correlated with body fat measured by DEXA; therefore,
both could be used to diagnose obesity in pediatric populations when
more sophisticated techniques are not available (15). In this study,
BMI was applied for the definition of obesity, despite its limitations (it
does not differentiate between fat mass and fat-free mass), precisely
because it correlates well with body fat and cardiovascular risk factors
(3,12-14,32). It is noteworthy that in this study we also found a
significant correlation between the BMI-SDS values and the adiposity
parameters recorded (WC-SDS, WtHr and FMI).

In the present study we observed no improvement in body
composition parameters and cardiovascular risk factors associated
with obesity (hypertension, increase in HOMA-IR, TGC, TC and LDL-C,
and decrease in HDL-C) with a BMI-SDS decrease lower than 0.5 in a
12-month period. In contrast with previous studies (27-29), we found
that an improvement in body composition and some cardiometabolic
risk factors associated with obesity (decrease in HOMA-IR and TGC)
can be noticed with BMI-SDS reductions by > 0.5 to = 1.0 in



adolescents with obesity, but the reduction in BMI-SDS required to
simultaneously to improve body composition and cardiovascular
outcomes in adolescents with obesity (decrease in hypertension,
HOMA-IR, TGC, TC and LDL-C, and increase in HDL-C) should be
greater than 1.0.

On the other hand, our results corroborate that a reduction in BMI-
SDS greater than 0.5 can be achieved if weight remains practically
stable for a period of 1 year in growing adolescents with obesity
under a combined program of physical activity intervention (17,22). In
fact, 36 % of participants in this study (group Il and IV) achieved a
reduction in BMI by > 0.5 to = 1.0, and in 16 % (group IV) the
reduction was greater than 1.0. That is to say, to reduce adiposity in
this patients it would not be necessary to force a weight loss that
could condition their linear growth, but rather it would be enough to
comply with the aphorism taken as a reference in this study.

Insulin resistance is considered as the determining pathogenic factor
in the onset of lipid profile and lipoprotein alterations that are highly
atherogenic and concur in obesity. The insulin resistance induces
hypertriglyceridemia and, consequently, a higher proportion of low
density lipoproteins, as well as a decline in the formation of high
density lipoproteins, with capacity of endothelial toxicity and
deposition in the arterial wall (3-7,36,37). A balanced diet and
increased physical activity are known to improve dyslipidemia;
therefore, a reasonable strategy in obese patients would be lifestyle
interventions such as maintaining an adequate diet and physical
activity. In fact, the observed changes in body composition and
cardiometabolic risk factors in relation to the reduction in BMI-SDS in
our sample of adolescents with obesity represented the effects of a
combined intervention, which included nutritional education, a
balanced diet and lifestyle modification through increased physical
activity (13,17, 22,38-40).

In conclusion, the fact that the adiposity parameters recorded (WC-
SDS, WtHr and FMI) improved significantly with a reduction in BMI-



SDS = 0.5, and that at this level the indices of insulin sensitivity and
lipid profile also improved, suggests that improving the level of
adiposity is essential to improve metabolic health. Indeed, our
findings suggest that any intervention should aim to reduce body
mass index in obese children by at least 0.5 for clinical and
biochemical effectiveness, while greater benefits may accumulate
with reductions of 1.0 or more. However, more evidence is needed
before such parameters can be identified and used in a clinical
setting.
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Table I. Clinical and biochemical data before combined intervention in

both sexes (mean + SDS)

Characteristics All (n = 350) Boys (n = 152) |Girls (n = 198) |p-value*
Clinical data

Age (years) 121 +1.6 125+1.5 11.7+1.8 0.001
Weight (kg) 69.9 + 13.8 76.2 + 14.1 65.1 £ 11.9 0.001
Weight-SDS 294 +£1.12 3.14 +£ 0.96 2.92 + 0.88 0.20
Height (cm) 1555 £ 10.6 |159.3 +10.9 |1525+*9.6 0.001
Height-SDS 0.82 £ 0.91 0.88 £ 0.91 0.76 = 0.81 0.90
BMI (kg/m?) 28.4 +£ 3.8 29.4 £ 3.9 27.6 £ 3.5 0.001
BMI-SDS 3.05 +£1.01 3.36 = 0.99 2.88 = 0.98 0.15
WC (cm) 92.6 £9.1 97.6 £9.2 89.7 £ 8.2 0.001
WC-SDS 2.40 £ 0.9 2.85 £ 0.91 2.44 £ 0.84 0.31
WtHr 0.59 £ 0.05 0.61 = 0.04 0.59 = 0.05 0.23
FMI (kg/m?) 10.7 £ 2.0 106 £ 2.0 10.7+ 1.8 0.69
Systolic BP (mmHg) 1123.1 £11.4 [124.9+11.3 |122.0+11.9 [0.40
Diastolic BP (mmHg) |70.2 = 8.6 70.4 £ 8.5 70.2 £ 9.1 0.32
Laboratory data

Fasting glucose |87.5 = 6.7 88.6 + 7.4 86.6 + 7.0 0,60
(mg/dL) 19.7 £ 9.1 18.1 + 9.8 209 £12.1 0.89
Insulin (mU/L) 4.28 +£2.19 3.99 £ 2.22 451 +29 0.27
HOMA-IR 106.7 £ 37.6 [104.0 £ 35.7 |110.3 =394 |0.19
Triglycerides (mg/dL) [164.6 = 27.1 |167.4 =+ 31.9 |162.4 +24.7 |0.72
Total cholesterol |44.8 + 8.2 45.7 £ 8.1 442 + 8.3 0.11
(mg/dL) 100.1 £ 23.5 |102.3 £25.1 |98.1 £21.3 0.69
HDL-C (mg/dL)

LDL-C (mg/dL)

*Student’s t-test. BMI: body mass index; WC: waist circumference;
WtHR: waist-to-height ratio; FMI: fat mass index; BP: blood pressure;
HOMA-IR: homeostasis model assessment of insulin resistance; HDL-C:
high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein
cholesterol.



Table |II.

months of follow-up

Groups formed in relation to changes in BMI-SDS at 12

Group I | Group II'| Group 1| Group v
Variable (increased | (decreased | (decreased |(decreased |p-values*
) > 0 to =|>05tb =|>10t =
(n =156) |0.5) 1.0) 1..5)
(n = 68) (n=70) (n = 56)
Boys/qgirls 76/80 30/38 26/44 20/36
Weight (kg)
Initial mean 71.1 +|70.6 +|71.4+158 |70.2 £ 12.1 |N.S.
Final mean 14.7 14.7 70.2 £13.4 |70.7 £129|p<0.05
p-valuet 80.8 +|74.3 + | N.S. N.S.
16.6 14.1
BMI (SDS) p>0.01 |N.S.
Initial mean 3.10 £ 0.81 |3.12 £ 0.84 |N.S.
Final mean 2.25+0.78 {1.96 £ 0.79 |p<0.01
p-valuet 2.91 +|3.00 +|p<0.01 p <0.01
0.91 0.93
BMI change 3.50 +12.77 + |-0.85 +|-1.35 + | p<0.01
(range) 1.10 1.10 0.22 0.15
p <0.01 N.S. (-0.51 to|(-1.01 to
0.99) -1.49)
0.63 +-0.23 +
0.39 0.12
(0.2-2.0) |[(-0.1 to
-0.47)

*ANOVA. 1Student’s t-test. BMI: body mass index.




Table Ill. Changes in clinical characteristics according to changes in

BMI-SDS at 12 months of follow-up

Group I|Group II|Group 1| GrouplV
Variable (increased) |(decreased |(decreased |(decreased |p-values*
(n = 156) > 0 to =|>05to=|>10to =
0.5) 1.0) 1.5)
(n = 68) (n=70) (n = 56)
Height (SDS)
Initial mean 0.73 £ 0.91 |0.79 £ 0.91 |0.67 +(0.66 + 0.94 |N.S.
Final mean 0.70 £ 1.07 |0.75 £ 1.11 |0.98 0.65 + 0.97 |N.S.
p-valuet N.S. N.S. 0.65 +|N.S.
1.09
N.S.
WC-SDS
Initial mean 245 +£1.252.46 £ 0.93 |2.44 £ 1.2 |2.47 £ 1,38 |N.S.
Final mean 2.84 £ 1.21 1247 +£0,99 /11,85 1.2 |{1.80 £ 1.31 |[p<0.01
p-valuet p <0.01 N.S. p <0.01 p<0.01
WitHr
Initial mean 0.59 = 0.05 |0.59 + 0.04 |0.60 +/0.60 + 0.06 |N.S.
Final mean 0.61 = 0.09 |0.59 = 0.05 |0.05 0.57 £ 0.07 |p = 0.03
p-valuet N.S. N.S. 0.57 +|p < 0.01
0.07
p<0.01
FMI (kg/m?)
Initial mean 10.7 2.1 |106+2.1 |11.1 +£2.0 |10.9 2.3 |N.S.
Final mean 11.3+1.8 |10.3+2.2 [(10.0+24 (9.6 2.0 p <0.01
p-valuet p=0.01 N.S. p <0.01 p <0.01
Systolic BP
Initial mean 122.2 +|121.6 +|124.7 +(126.4 +|N.S.
Final mean 13.3 11.5 11.9 10.4 N.S.
p-valuet 126.9 +|121.4 +/123.1 +|122.1 £ 8.5
14.1 12.6 10.1 P=0.04
p =0.01 N.S. N.S.
Diastolic BP
Initial mean 70.7 9.1 |685+x8.9 |71.7+9.1 |[71.1 £9.2 |N.S.
Final mean 722 9.7 |685+x6.8 |70.4£9.8 |70.7 9.9 |N.S.
p-valuet N.S. N.S. N.S. N.S.

*ANOVA. tStudent’s t-test. WC: waist circumference; WtHR: waist-to-

height ratio; FMI: fat mass index; BP: blood pressure.







Table IV. Changes in glucose metabolism and lipid profile in relation to

changes in BMI-SDS at 12 months of follow-up

Group I|Group II|Group 1| GrouplV
Variable (increased) |(decreased |(decreased |(decreased |p-values*
(n = 156) > 0 to =|>05to=|>10to =
0.5) 1.0) 1.5)
(n = 68) (n=70) (n = 56)
Glucose (mg/dL)
Initial mean 87.6 £82 |853+x59 |88.7x7.1 |88.7+8.0 |N.S.
Final mean 87.2+6.9 |86.7+6.7 |84.1+7.0 |83.0+6.81 |N.S.
p-valuet N.S. N.S. p =0.01 p <0.01
Insulin (mU/L)
Initial mean 19.2 £ 12.5 |120.0 = 13.4 |22.0 +(21.8 £ 19.0 |N.S.
Final mean 21.1 £13.4 |121.6 =+ 14.6 |17.5 149 =+ 10.9 |P = 0.03
p-valuet N.S. N.S. 14.6 +|p < 0.01
13.5
p <0.01
HOMA-IR
Initial mean 42 +2.1 43 +25 4831 |4.7x35 N.S.
Final mean 46525 (447 x24 |265x2.1 |23 x1.7 p <0.01
p-valuet N.S. N.S. p <0.01 P <0.01
Tryglicerides
Initial mean 100.5 +1104.8 +/108.3 +/105.2 +[N.S.
Final mean 33.2 35.9 36.5 33.9 p=0.01
p-valuet 105.7 +|112.4 +(89.3 +(86.3 £ 27.6
37.6 39.7 29.9 p < 0.01
N.S. N.S. p <0.01
TC (mg/dL)
Initial mean 167.4 +|163.2 +(163.3 +(161.8 +|N.S.
Final mean 28.8 29.1 29.5 28.1 p <0.01
p-valuet 166.3 +1166.8 +|154.5 +/153.3 +
26.1 29.5 29.9 21.9
N.S. N.S. N.S. N.S.
HDL-C (mg/dL)
Initial mean 458 +95 (43285 |44.2+89 |44.0+8.4 |N.S.
Final mean 441 £+ 8.3 |445 6.6 |46.0x8.3 |44.6 £4.7 |N.S.
p-valuet N.S. N.S. N.S. N.S.
LDL-C (mg/dL)
Initial mean 101.7 +|100.2 +/99.9 +(95.3 £ 18.8 |N.S.




Final mean 18.5 17.8 18.9 93.2 £15.7 |p < 0.05
p-valuet 102.9 +|101.1 +/94.5 +|N.S.

17.4 18.4 17.0

N.S. N.S. N.S.

*ANOVA. tStudent’s t-test. HOMA-IR: Homeostasis Model Assessment
of Insulin Resistance; TC: total cholesterol; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.



Table V. Changes in percentage of cardiometabolic risk factors

relation to changes in BMI-SDS at 12 months of follow-up

Group | | Group Il Group |ll | Group v
Variable (increased) | (decreased | (decreased | (decreased | p-value*
(n = 156) > 0 to =|>05to=<|>10to =
0.5) 1.0) 1.5)
(n = 68) (n=70) (n = 56)
SBP > 95t
Initial mean 24 (21.8 %) |12 (23.1 %) |14 (26.9 |12 (28.6 %) | N.S.
Final mean 38 (33.9 %) | 8 (15.4 %) | %) 0 (0 %) p < 0.01.
p-valuet p < 0.05 N.S. 10 (25 %) |p < 0.01
N.S.
DBP > 95t
Initial mean 5 (4.5 %) 3 (5.7 %) 3(5.7%) |3(7.1 %) N.S.
Final mean 5 (4.5 %) 2 (3.8 %) 2(3.8%) |2(4.7%) N.S.
p-valuet N.S. N.S. N.S. N.S.
HOMA-IR > 4.0
Initial mean 60 (41.1 %) | 30 (41.7 %) | 32 (50 %) |198 (39.6 |N.S.
Final mean 66 (44.6 %) |28 (37.8 %) |8 (12.1 %) | %) p <0.01
p-valuet N.S. N.S. p<0.01 6 (14.2 %)
p <0.01
TGC > 150 mg/dl
Initial mean 28 (18.7 %) | 18 (24.3 %) | 16 (25 %) |12 (25 %) |N.S.
Final mean 26 (17.6 %) | 12 (16.2 %) |6 (9.1 %) |0 (0 %) p <0.01
p-valuet N.S. N.S. p <0.05 p<0.01
TC > 200 mg/dL
Initial mean 22 (14.1 %) |10 (13.2 %) |10  (14.7 |6 (12.5 %) |N.S.
Final mean 18 (11.8 %) | 10 (13.5 %) | %) 0 (0 %) p <0.01
p-valuet N.S. N.S. 2 (2.9 %) p < 0.05
p <0.05
HDL-C < 40
mg/dL 54 (36.5 %) | 30 (40.5 %) |24  (37.5]20(41.6 %) | N.S.
Initial mean 53 (35.8 %) | 18 (24.3 %) | %) 0 (0 %) p <0.01
Final mean N.S. p <0.05 14 (21.2|p<0.01
p-valuet %)

p < 0.05




LDL-C > 130

mg/dL 22 (149 %) |8 (10.8 %) |8(12.5%) |6(12.5%) |N.S.
Initial mean 22 (14.9 %) |8 (10.8%) |4(6.1 %) |0(0 %) p < 0.05
Final mean N.S. N.S. N.S. p < 0.05
p-valuet

*¥? inter-groups. tx? intra-groups. SBP: systolic blood pressure; DBP:
diastolic blood pressure; HOMA-IR: homeostasis model assessment of
insulin resistance; TGC: tryglicerides; TC: total cholesterol; HDL-C:
high-density lipoprotein cholesterol; LDL-C:
cholesterol.

low-density lipoprotein



