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Association of Body Mass Index and Insulin Resistance with
Metabolic Syndrome in Brazilian Children
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Summary

Background: The clustering of cardiovascular risk factors called metabolic syndrome occurs in both children and adults.
Insulin resistance and obesity are usual parts of the picture, but their joint effects on the onset of the syndrome remains
somewhat debatable.

Objective: : The purpose of the current study was to examine the relationship of the body mass index (BMI) and insulin
resistance with the metabolic syndrome (MS) in children.

Methods: We studied 109 children, 55 boys and 54 girls, between 7 and 11 years of age (55 obese, 23 overweight and
31 controls). The weight status of each child was defined based on BMl/age ratio. Blood glucose, HDL, triglycerides and
insulin were measured using fasting samples. Blood pressure was measured twice. The metabolic syndrome was defined
according to the NCEP ATP Il criteria.

Results: The diagnosis of the MS was only found in obese children. The greater frequency of MS and of many of its
components have been found in the children classified above the third quartile of the HOMA index, which is consistent
with an association between insulin resistance and cardiovascular risk factors among the Brazilian children.

Conclusion: The present study shows that obesity and insulin resistance are likely to play a role in the development of
cardiovascular risk factors in children since the prevalence of classic risk factors was higher in the upper BMI and HOMA

percentiles. (Arq Bras Cardiol 2009; 93(2):139-144)
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Introduction

Obesity in association with hypertension, dyslipidemia,
and hyperglycemia constitute the metabolic syndrome
(MS), a well-recognized constellation of risk factors for
the development of type 2 diabetes and cardiovascular
disease (CVD)'. Several studies have suggested that MS starts
early in life*7. Although the definition of MS in children
and adolescents remains controversial®, the clustering of
multiple cardiovascular risk factors similar to the ones
observed in adults® has been found to develop in childhood
and to persist into adulthood'.

Insulin resistance and adiposity are underlying elements
of the MS, but their joint effect on the onset of other
elements of the syndrome remains undefined''. The
prevalence of childhood obesity has more than doubled
in the last 15 years in many regions worldwide'. This
phenomenon is associated with a rapidly increasing trend
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in cases of type 2 diabetes and CVD in childhood. The
close association between childhood obesity and diabetes
has been reported in isolated'® and multiethnic groups' at
high risk for diabetes. In these studies, the evolution from
normal to impaired glucose tolerance (IGT) was associated
with systemic resistance to insulin action and with failure in
the insulin-secreting capacity of B-cells, endophenotypes
that deteriorate further as type 2 diabetes develops'.

In children, the cumulative occurrence of risk factors
for CVD is a rare event, but previous studies in this age
group have shown a significant relationship between fasting
insulin, lipid abnormalities, blood pressure disorders and
overweight” '°. Other studies have observed multiple
associations of cardiovascular risk factors in young
cohorts'”2% in a pattern that closely resembles the disorders
observed in older-aged groups®'. Studies on obesity and
insulin resistance in children offer the potential to identify
factors influencing the early development of cardiovascular
diseases and type 2 diabetes before their onset.

The objective of the present study was to examine to
relationship between body mass index and insulin resistance
with isolated cardiovascular risk factors and with metabolic
syndrome in children.
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Methods

This was a cross-sectional, population-based epidemiological
study. The sample was obtained at random from public and
private schools in Taguatinga, a satellite town of Brasilia, Brazil,
according to a confidence interval (Cl) of 95%. Selection of
schools and classes was meant to preserve the proportion
of students enrolled in each educational segment (public
and private). The study was approved by the institutional
Ethics Committee and performed under consent of the local
Education Department. At least one parent of each child gave
written consent for his/her participation in the study before
the investigation. All procedures were run at the Hospital of
the Universidade Catdlica de Brasilia.

After screening 958 children aged 7 to 11 years from
10 schools, we detected 74 (7.7%) obese children and 102
(10.6%) overweight children. For that purpose, body mass
index [BMI; weight (kg)/height (m?)] was calculated to classify
each child as obese if their BMI was above the 95" or as
overweight if BMI was between the 85" and 95™ percentiles.
Subjects between the 5" and the 85" percentiles were selected
as the control group. Underweight children (below the 5t
percentile) were excluded from the sample. After a formal
invitation to undertake the study, 109 children (55 obese, 23
overweight and 31 control) agreed to take part.

Each child’s chronological age was determined at the
decimal level using date of birth and date of measurements
to define age groups. Height was assessed using a Seca
206 stadiometer (Cardiomed, Parand, Brazil) to the nearest
0.1 cm. Weight was determined with a Plena digital
scale (Cardiomed, Parand, Brazil) with 0.1 kg resolution.
Waist and hip circumferences were determined following
the protocol described by Marins & Giannichi?2. Blood
pressure was measured by the auscultatory method using a
sphygmomanometer with a suitable cuff size for each patient
(Premium). Assessments were taken after a 5-minute rest in the
supine position and again 25 minutes after the first reading,
and the mean of the two measurements was considered.
Systolic (SBP) and diastolic (DBP) blood pressures were
measured corresponding to the first and fifth Korotkoff sounds.
Children were defined as hypertensive if their blood pressure
was over the 95" percentile for their age, sex and height.

Body fat was measured using the dual energy X-ray
absorptiometry (DXA) method according to manufacturer’s
recommendations. The equipment used was a Lunar DPX-
IQ (United Medical Technologies, Corp., Florida, USA) with
the 4.6A version of the operational software. Bone mineral
content, muscle mass, and fat mass were estimated by segment
and total body fat was quantified in both relative (percentage
of body fat) and absolute terms (kg per body region), although
only the body fat data were used for this study. The DXA
equipment was duly calibrated prior to use. All analyses were
performed by the same technician.

Blood samples were obtained after a 12-hour fasting
period. Samples were collected in vacuum tubes with
separator gel and without anticoagulant. After collection,
blood was centrifuged for 10 minutes at 3.000 rpm to
separate serum from the remaining components, and the
analyses were run on serum. Cholesterol, triglycerides, high-

density lipoproteins (HDL) and glucose were assayed using
an enzymatic colorimetric kit processed in Autohumalyzer
A5, (Human GMBH, Germany). Insulin was assayed using
the ACS-180 Automated Chemiluminescence System (Ciba-
Corning Diagnostic Corp., USA).

Metabolic syndrome was diagnosed according to a
modified version of the National Cholesterol Education
Program’s Adult Treatment Panel I1I', which consists of the
presence of at least three of the following factors: obesity
(characterized by abdominal obesity), dyslipidemia (high levels
of triglycerides or low HDL levels), arterial hypertension and
fasting hyperglycemia. Intervals compatible with serum lipid
disorders were age-adapted as follows: triglycerides = 110
mg/dland HDL =< 38 mg/dl. Blood pressure (both systolic and
diastolic) was further adjusted for height, age and sex, whereas
the hypertensive cutoff limit was set above the 95" percentile.
Fasting hyperglycemia was established as concentrations
ranging from 100 to 126 mg/dI**. Obesity was defined as stated
above. Insulin resistance was estimated using the homeostasis
model assessment [HOMA; fasting insulin (uUl/ml) x fasting
glycemia (mmol/)/22.5], and resistance was assumed with
HOMA > 90" Percentile. Hyperinsulinemia was defined as
insulin level above 20 uU/ml*.

Normal distribution of the data was verified by the
Shapiro-Wilks or the Kolmogorov-Smirnov tests. Data are
presented as mean = standard deviation (SD). Differences
between means were assessed using either the t student test
or the one-way analysis of variance set for the Scheffé post
hoc test. Spearman’s rank correlation coefficient was used to
measure the strength of association between 2 variables. All
analyses were carried out using the 11.5 version of the SPSS
package (SPSS Inc, Chicago, USA), and p values < 0.05 were
considered statistically significant.

Results
Demographic, clinical, and biochemical features

The demographic, clinical, and biochemical characteristics
of the 109 children are summarized in Table 1. The
proportion of children classified as obese, overweight and
normal weight did not significantly differ between sexes, nor
did any other variable.

Association of BMI with metabolic syndrome

The anthropometric, clinical and biochemical profiles of the
children investigated according to the nutritional classification
are summarized in Table 2. The chi-square test and the Scheffé
post hoc test disclosed significant differences regarding the
anthropometric, clinical and biochemical variables between
obese, overweight and normal weight children, with a trend for
greater metabolic disorders among the obese and overweight
subjects.

Association of insulin resistance with metabolic syndrome
To verify if the presence of the metabolic syndrome and its
components varied according to the insulin resistance phenotype,
the children were grouped in quartiles of the HOMA index. The
description of the groups is shown in Table 3 and table 4.
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Demographic, clinical and biochemical variables of a cohort of 109 children of both genders

(: :};ss) (r? =mss4) W?: : 1 orsc;)u P p Value
Age (years) 92+12 92+1.1 92+1.16 0.917
Weight (kg) 40.0+10.8 40.7+13.3 404 121 0.785
Height (cm) 1376+84 137.7+96 1376+9 0.951
BMI (kg/m?) 209+4 211448 21+44 0.816
Waist (cm) 70.1£11.2 706 £12 704+ 115 0.842
%BF DXA 31.9+10 35.7+£10.2 33.8+10.2 0.056
Triglycerides (mg.dl) 106.9 +46.3 108.4 + 441 107.6 + 45 0.858
HDL cholesterol (mg.dI") 522+7.7 51.7+8.3 51.9+8 0.755
Insulin (uU.ml") 9.8+5.9 122+7.6 11+6.9 0.066
Glucose (mg.dl") 86+5.5 84.9+5.1 855+53 0.294
HOMA index 2.1+1.36 26+1.7 24+16 0.082
Systolic BP (mmHg) 101.0£ 10 100.5+9.5 100.8 £9.7 0.775
Diastolic BP (mmHg) 602+8.3 61.0+£9.7 606+9 0.642
Obese 30 (54.5%) 25 (45.5%) 55 (100%) 0.873
Overweight 9(39.1%) 14 (60.9%) 23 (100%) 0.822
Normal Weight 16 (50.5%) 15 (59.5%) 31(100%) 0.876
Metabolic Syndrome 4(7.3%) 9(16.7%) 13 (11.9%) 0.675

Dates are expressed as mean * SD or absolute frequency. Absolute frequencies are displayed and proportional frequencies are presented in parenthesis. Percentage
values were determined by Chi-square Pearson test (x?); BMI, body mass index; HDL — high density lipoprotein; %BF DXA, percentage of body fat measured by dual
energy X-ray absorptiometry; HOMA, homeostasis model assessment, BP, blood pressure.

The greater frequency of MS and of many of its components
were found in the children classified above the third quartile
of HOMA, which is consistent with an association between
insulin resistance and cardiovascular risk factors among
Brazilian schoolchildren.

Discussion

In the present study, the diagnosis of MS was only found
in obese children corroborating results from other authors?#>.
Supporting this hypothesis, the present study shows that the
presence of individual risk factors for MS was more frequently
observed in obese children, when compared with overweight
and normal weight ones, showing that high BMI increases
the presence of other risk factors, as reported elsewhere*’.
When the data from these 55 obese children were analyzed,
it was observed that MS was more frequent among the girls
[x*= 3.88: (1); p = 0.049], in agreement to the results found
by Davis et al®. This difference can in part be explained by
a greater accumulation of fat in girls. The prevalence of MS
has also shown to differ significantly according to the level of
insulin resistance. None of the children classified in the two
lower quartiles defined by HOMA intervals were diagnosed
with metabolic syndrome, whilst 7.4 and 40.7% of the
children classified in the two upper quartiles exhibited MS
[x? = 21.483: (1); p = 0.001]. Accordingly, the prevalence
of individual risk factors for MS has shown to increase along
with the augmentation of the insulin resistant phenotype822°.
Moreover, Weiss et al” reported an increase in the prevalence
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of the MS in accordance with higher insulin resistance in
three different ethnic groups (Hispanics, Caucasians and
Blacks). The present study did not verify the ethnic structure
of the children evaluated. Brazil has a highly miscegenated
population and this feature cannot be ruled out as a possible
source of variances found in the study. Regardless of the
ethnic composition, studies elsewhere show similar association
between insulin resistance and MS whenever diverse human
groups are compared'" 72729,

All considered, the option to use BMI as method for
nutritional classification is supported by the following:
firstly, due to the greater adhesion in population-based
studies**” and secondly due to its straight correlation with
diagnostic criteria for MS. Accordingly, our study showed a
higher Spearman’s correlation coefficient between MS and
BMI (r = 0.77), compared to the correlation of MS with
other anthropometric measures, such as DXA-measured
body fat (r = 0.70), waist circumference (r = 0.70), hip
circumference (r = 0.65) and waist/hip ratio (r = 0.60).
Moreover, BMI-measured obesity have shown a direct
association with the most relevant etiological factor for MS
— of the children classified in the third and fourth quartiles
of HOMA, 51.9% and 88.9% respectively were obese [y?
= 35.489 (1); p = 0.001]. In obese organisms, there is a
higher flow of dietary and/or endogenous free fatty acids
(FFA) in the bloodstream. Cytokines such as interleukin-6
secreted from adipose tissue can produce a lipolytic effect
on peripheral storages leading to fat mobilization toward
the abdominal compartment®. Moreover, the insulin-
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Anthropometric, clinical and biochemical profiles of the children investigated according to the nutritional classification

Obese Overweight Control Group Fory

(n=55) (n=23) (n=31)
Age (years) 92+14 9.3+1 9.0+08 0.39 (NS)
Weight (kg) 474+ 115 39.1+5.6 285+4.6 4477
Height (cm) 139.3+938 137.9+ 84 1344 £ 7.1 3131
Waist (cm) 78.1+8.8 69.0+7.0 575+4.2 76.73*
Hip (cm) 85.9+84 792+4.8 67.9+5.6 64.19*
BMI (kg/m?) 240+2.8 205+14 15.7+£15 138.48*
%BF DXA 40455 36.3+4.6 202+57 143.72 1§
Triglycerides (mg.dl") 118.8 £ 48.8 M7T£415 80.4 % 26.0 9.13//#
Insulin (uU.ml") 14477 104 +35 55+17 23.52 ] **
Glucose (mg.dI) 86.6+5.4 85.3+5.1 83.6+5.0 3.38 1
HDL (mg.di) 51147 551488 50.9 + 8.6 246 (NS)
HOMA index 31+18 2207 12+05 21.611*
SBP (mmHg) 1056+ 9.5 988+ 8.6 936+5.2 217311
DBP (mmHg) 65.0+9.7 575459 55+4.9 18.13// 1
Boys/Girls ratio 1.2 0.65 1.07 0.55 1t (NS)
TG > 110 mgdl (%) 58.2 39.1 12.9 16.58 t1
BP > P.95 age/sex/height(%) 18.2 43 0 10.3 tt
HDL< 38 mg.dl' (%) 55 0 32 0.44 11 (NS)
HOMA > P.90 (%) 20.0 0 0 9.96 11
Insulin > 20 pU/ml (%) 218 0 0 17.41 tt
Metabolic Syndrome (%) 23.6 0 0 12.01 +t

BMI, body mass index; %BF DXA, percentage of body fat measured by dual energy X-ray absorptiometry; HDL, high-density lipoprotein; HOMA, insulin resistance by
homeostasis modeling; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; NS - no significance difference found with parametric analyses
between groups; * - obese group vs. overweight group vs. control group with p<0.001; 1 - obese group vs. control group with p<0.05; 1 - obese group vs. overweight
group with p<0.05; § - control group vs. overweight and vs. obese groups with p<0.001; /- obese group vs. control group with p<0.001; # - overweight group vs. control
group with p<0.05,** - overweight group vs. control group and vs. obese groups; p<0.05; 11 - determined by the chi-square Pearson test (x?) with p<0.001.

dependent lipoprotein lipase enzyme may suffer from
reduced activity under a resistant condition, which may
contribute to the hypertriglyceridemia phenotype®'.

The values of systolic and diastolic blood pressure
were significantly different between the groups stratified
according to BMI and to HOMA. The higher prevalence of
hypertensive individuals in the higher HOMA percentiles
strengthens the hypothesis that excessive body fat can
promote increase in blood pressure*®. Mean values of
body fat content and fasting insulin were higher in children
classified in the upper HOMA quartile and in the obese
group, as described elsewhere?®3234. The role of the
insulin resistance in the onset of hypertension remains
controversial. Nonetheless, it has been postulated that
a resistant state may lead to hypertension due to the
failure of the nitric oxide-mediated vasodilator activity
of the insulin hormone on endothelial cells*. It has been
reported that this effect is diminished in obese individuals?*®.
It is reasonable to assume that such failure in the insulin
action, coupled to independent events of excessive renal
reabsorption and/or consumption of sodium as well as
persistence of sympathetic activity can contribute to the rise

of the blood pressure. An elevated sympathetic activity, for
instance, has been observed to account for an increased
peripheral vascular resistance in obese children®’.

Despite the lack of a unanimous hypothesis on the
actual pathophysiological pathways that lead to the onset of
metabolic syndrome, our work suggests that plasma insulin
levels as well as the simple evaluation of BMI are valuable
indicators of clinical disorders compatible with metabolic
syndrome in children.

Classification of the children in quartiles according to the
insulin resistance phenotype expressed by the HOMA index

Quartiles (n) Mean £ SD ﬁ‘:::ii?r(‘;;/o ¢l Minimal-Maximal
Quartile 1(28)  0.94 +0.21 0.85-1.02 0.54-1.24
Quartile 2 (27)  1.60+0.17 1.54-1.67 1.30-1.88
Quartile 3 (27)  2.43+0.28 2.32-2.54 1.89-2.95
Quartile 4 (27) 459+0.38 4.04-5.14 2.97-7.01
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Anthropometric, clinical and biochemical profiles of the children investigated grouped in quartiles according to the insulin
resistance phenotype expressed by HOMA index

Quartile 1 Quartile 2 Quartile 3 Quartile 4

(n=28) (n=27) (n=27) (n=27) Fory’
Age (years) 87+0.8 94+12 88+ 1.1 99+1.2 6.22
Weight (kg) 30.8+6.3 38.3+9.2 389+84 53.5+10.9 31.60*
Height (cm) 133317 136.8+7.8 136.5+9.1 1441 +£87 8.61*
Waist (cm) 60.7+7.7 68.5+9.5 70.3+84 82.1+8.9 2850 *
Hip (cm) 7148 777486 793+73 89.9+7.7 26.79*
BMI (kg/m?) 174 3.1 20.3+3.5 20.7+3.2 25326 30.54 *
%BF DXA 254+95 31.5+10 36.3+7.3 422+53 2052118
Triglycerides (mg.dI") 80.7 +29.4 102.4 +33.3 109.9 + 45.1 138.6 + 50.7 9.57 14
Insulin (uU.ml) 46+ 1 7.7+1 11216 208+6 134.62* 1
Glucose (mg.dI) 822+3.6 85+5.1 86.1+£5.5 88.6+5 8.29//*
HDL (mg.dI") 538+7.6 525+9.9 516+6.8 497£7.1 1.25
HOMA index 09+0.2 16+0.2 24+03 46+14 135.46 11
SBP (mmHg) 955+6.3 98.1+9.1 101.9+89 107.7 £ 10.1 9.99//
DBP (mmHg) 56.3+6.7 588+7.2 625+8.7 64.9+10.9 5.59 11
Boys/Girls ratio 1.0 24 0.7 0.7 1.3 (NS)
BMI> p.95 age/gen (%) 214 40.7 51.9 88.9 35.49 §§
TG > 110 mg/dl (%) 14.3 33.3 444 741 20.32 §§
PA > P.95 age/gen/height(%) 36 3.7 74 25.9 748§
HDL< 38 mg.dI (%) 0 37 37 74 1.9 (NS)
Insulin > 20 pU.ml" (%) 0 0 0 44.4 23.328§
HOMA > P.90 (%) 0 0 0 40.7 22.06 §§
Metabolic Syndrome (%) 0 0 74 40.7 2148 8§

BMI, body mass index; %BF DXA, percentage of body fat measured by dual energy X-ray absorptiometry; HDL, high-density lipoprotein; HOMA, insulin resistance by
homeostasis modeling; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides;NS - no significance difference found with parametric analyses
between groups;* - quartiles 1,2 and 3 vs. quartile 4 with p<0.001; 1 - quartiles 3 and 4 vs. quartile 1 with p<0.001; 1 - quartile 1 vs. quartile 2 with p<0.05; § - quartile
2 vs. quartile 4 with p<0.001; // - quartile 1 vs. quartile 4 with p<0.001; # - quartile 2 vs. quartile 4 with p<0.05; ** - quartile 1 vs. quartile 3 with p<0.05; 11 - quartile 1
vs. quartile 4 with p<0.05; 11 - quartile 1 vs. quartile 2 vs. quartile 3 vs. quartile 4 with p<0.001; §§ - determined by the chi-square Pearson test (x?) with p<0.001.
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