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Abstract

Objective: To determine fasting glycemia and insulinemia levels and the HOMA index in a group of children and

adolescents with normal body mass index (BMI).

Methods: This was a cross-sectional study conducted at two public schools in Ribeirão Preto, SP, Brazil. A total of

447 children and adolescents of both sexes, with normal BMI, aged 7 to 17.9 years and of average maturity for their

age, underwent anthropometric measurements and provided personal data and a sample of venous blood so that

glycemia, insulinemia and HOMA index could be determined. The results obtained for boys and girls were compared for

each age range using the Mann-Whitney test. The results within each age band were then compared for boys and girls

using the Kruskal-Wallis test.

Results: Glycemia results varied from 7 to 8.9 years (p = 0.0005). Fasting insulinemia varied significantly with age

in both sexes (p < 0.001), with the highest values observed among children aged 13 to 14.9 years. HOMA indices varied

significantly with age in both boys and girls (p < 0.001), with values that increased progressively up to the age band of

13 and 14.9 years.

Conclusions: These data demonstrate the necessity of establishing reference curves for these three indicators.
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Introduction

Prevalence rates of childhoodobesity have reachedalarm-

ing levels all over the world.1 In parallel, scientific evidence is

mounting up that suggests that the metabolic disorders that

habitually accompany excess body fat are already manifest

during childhood.2-5 The metabolic syndrome is defined as a

group of disorders that includes obesity, insulin resistance,

dyslipidemia, arterial hypertension and other metabolic

anomalies associated with cardiovascular disease,6,7 and it is

possible that this syndrome is already affecting children even

before they start school.4,5 Currently, the greatest difficulty

facing both scientific studies and clinicians is the identifica-

tion of adequate cutoff points for assessing indicators such

lipemia, arterial blood pressure, waist circumference, periph-

eral insulin resistance (PIR), glycemia and insulinemia.5

The clamp test in particular, considered the gold standard

for evaluating PIR, is difficult to carry out with pediatric

patients because it demands that patients remain at a clinical

research unit for several hours. For this reason, other indica-

tors have been developed, and of these it is the homoeostasis
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model assessment (HOMA) that has attracted the most atten-

tion since it only requires fasting glycemia and insulinemia

samples.
8
The model is an attempt to demonstrate the rela-

tionship between pancreatic insulin production capacity and

the ability to maintain adequate glycemic levels. Within the

pediatric age group, however, HOMA provides less informa-

tion because, during this phase, hyperglycemia rarely occurs.

This being so, it appears that nowadays there is consensus

that fasting insulinemia is a reliable parameter and adequate

for assessing PIR in children; however, the ideal cutoff points

are not yet known.9-11

There are two relevant questions that have made it diffi-

cult to define ideal insulinemia values: the first is related to

the need to establish an adequate correlation between cutoff

points and associated risk, which will only be achieved by

means of long-term studies.12 The second question is related

to the knowledge, still being consolidated, that fasting

insulinemia values vary significantly during childhood and

adolescence, evenundernormal conditions.13 Therefore, fast-

ing insulinemia itself and HOMA models, which depend on this

value, become problematic as a result of this variation.

This study aimed to assess, within a group of children and

adolescents with normal body mass index (BMI), values for

glycemia, fasting insulinemia and HOMA index.

Methods

The study was carried out at two public schools in the dis-

trict of Bonfim Paulista, which is located around 6 km from

the city of Ribeirão Preto (Southeast Brazil) and which is

administratively subordinate to it. The design was

cross-sectional, in that the following data were all collected

at a single point in time, from 447 children and adolescents

with normal BMI and aged 7 to 17.9 years: anthropometric

measurements, personal data and a venous blood sample. In

order to avoid that data from adolescents who were either

maturing early or late could introduce errors, children were

only included if their Tannerpuberty stagewasnormal for their

age.14 Puberty stage was assessed using a selection of dia-

grams representing different stages of maturity from which

each subject was requested to choose that which best repre-

sented their own stage of development. In order to avoid

embarrassment and to guarantee consistency of the data, all

of these assessments were carried out by a professional of

the same sex as the interviewee, as part of the anthropom-

etry procedure. Specifically, a male pediatrician interviewed

the boys and a female general nurse interviewed the girls.

These two professionals had already been working at these

schools for a long time, providing both education and care,

which allowed for a relationship ofmutual confidencebetween

interviewers and interviewees. In any case in which answers

appeared doubtful, a reevaluation was performed, by one of

the two professionals mentioned, in the form of a physical

examination.

Initially, all 1200 students enrolled at these schools were

considered for inclusion on the study, before the following

exclusion criteria were applied: body mass index below the

fifth or above the 85th percentiles (n = 187); refusal to par-

ticipate (n = 218); failure to provide a consent form signed by

parents or guardians (n = 306); puberty stage incompatible

with age (n = 22); any active disease whatsoever under treat-

ment (n = 18); or any condition that precluded anthropom-

etry, such as prosthesis, plaster, physical disability, etc. (n =

2). This process resulted in the final sample size of 447

participants.

With the objective of evaluating the hypothesis that the

values studied would vary according to age and sex and, at

the same time, to guarantee an adequate number of individu-

als in each group, it was decided to divide the 447 partici-

pants in the following manner: boys and girls were separated

and subdivided into five age bands. Each of these age groups

covered a range of 2 years, with the exception of the oldest

(15 to 17.9 years), where the interval was 3 years. These cri-

teriamade it possible to ensure that all groups containedmore

than 25 individuals, which was proven to be adequate during

statistical analysis.

The research project was approved by the Ethics Commit-

tee at the Universidade de Ribeirão Preto on 20th October of

2003, as recorded in the minutes of hearing number 94/2003.

Before biological material was collected, participants and

their parents or guardians received verbal explanations of the

project and permission to participate was given by means of

a free and informed consent form. All of the participants were

instructed to fast for 12 hours, and anthropometry and blood

sampling were carried out during the morning at the state

schools participating in the study. Weight and height were

measuredaccording toWorldHealthOrganization recommen-

dations.15 Each subject provided two 4 mL blood samples

which were sent to the laboratory in tubes within 2 hours, for

processing and biochemical and hormone assays. Samples

were transported in refrigerated thermal containers, and the

biological material separated in a Bio Eng centrifuge, model

BE 4000, for 5 minutes at 3,500 rpm between 1 and 2.5 hours

after collection (long enough for the blood to have coagu-

lated). After centrifugation, serum was separated and divided

into three 500 µL samples. The biochemical insulin assay was

performed on one of these samples on the same day as col-

lection. Glycemia was assayed by the hexokinase enzymatic

method using Cobas Mira Plus automation equipment

(Roche). Insulinemia was assayed by chemiluminescence,

automated by Immulite apparatus (DPC, Medlab). The HOMA

indices were calculated using the equation proposed by Mat-

teus et al.:16 glycemia (mol/dL) x insulinemia (μUI/mL) / 25.

For analysis, subjects were grouped into subsets by sex

and age group and two sets of comparisons were performed:

the Mann-Whitney test was applied to each of the variables
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fasting glycemia, fasting insulinemia and HOMA index to com-

pare the boys with the girls in each age group and then the

Kruskal Wallis test for simultaneous comparisons between

more than two groups was used to compare the results from

each age group, for boys and girls.

Results

The results obtained are presented in Tables 1 to 3.

The fasting glycemia levels shown in Table 1 only differed

between boys and girls in the age bands 7 to 8.9 years (p <

0.001) and 13 to 14.9 years (p < 0.05); in both cases levels

were lower among the girls. In terms of progression accord-

ing to age, the boys' glycemia levels exhibited no statistically

significant variation; among thegirls therewasvariation, due,

in particular, to the youngest age group, since, between 9 and

10.9 years, levels were practically uniform.

Fasting insulinemia levels, given in Table 2, revealed dif-

ferences between boys and girls at two ages: between 11 and

12.9 years (p < 0.01) and between 15 and 17.9 years (p <

0.01). Both sexes exhibited significant variation with age (p

< 0.001), with peak levels observed in the 13 to 14.9 years

subset.

TheHOMA indices, given inTable3, differedbetweensexes

for the age groups 11 to 12.9 years (p < 0.01) and 15 to 17.9

years (p < 0.01). For both boys and girls, HOMA indices exhib-

ited significant variation with age (p < 0.001), peaking

between 13 and 14.9 years.

Discussion

There is no doubt that the most correct manner of estab-

lishing cutoff points for biological variables is to identify val-

ues which imply an associated risk. However, study designs

capable of meeting this criterion demand long-term observa-

tion and, often, it proves necessary to rely on cross-sectional

studies, even if only provisionally, in order to observe the sta-

tistical variation of those variables. A study published recently

Table 1 - Means and standard deviations for fasting glycemia measured in boys and girls, by age group

Fasting glycemia (mg/dL)

Boys Girls

Age n Mean (SD) n Mean (SD) p*

7 to 8.9 years 30 89.40 (7.08) 39 83.72 (5.59) 0.0009

9 to 10.9 years 32 88.00 (6.75) 50 88.22 (6.08) 0.89

11 to 12.9 years 37 88.92 (7.46) 62 88.58 (6.83) 0.85

13 to 14.9 years 58 92.29 (9.46) 66 88.85 (8.96) 0.016

15 to 17.9 years 26 89.69 (8.65) 47 89.77 (6.52) 0.93

p† 0.067 0.0005

SD = standard deviation.
* Mann-Whitney test.
† Kruskal-Wallis test for simultaneous comparisons between more than two groups.

Table 2 - Means and standard deviations for fasting insulinemia measured in boys and girls, by age group

Insulinemia (μUI/mL)

Boys Girls

Age n Mean (SD) n Mean (SD) p*

7 to 8.9 years 30 3.08 (2.42) 39 3.14 (1.78) 0.51

9 to 10.9 years 32 4.21 (2.24) 50 5.49 (3.25) 0.081

11 to 12.9 years 37 4.64 (3.77) 62 6.50 (3.38) 0.0013

13 to 14.9 years 58 6.82 (3.46) 66 7.71 (3.57) 0.11

15 to 17.9 years 26 4.67 (2.80) 47 6.75 (3.19) 0.0015

p† 0.0001 0.0001

SD = standard deviation.
* Mann-Whitney test.
† Kruskal-Wallis test for simultaneous comparisons between more than two groups.
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by García Cuartero et al. did just that.17 They proposed a dis-

tribution of insulin and HOMA values based on a survey of 372

individuals aged between one month and 18 years, observ-

ing, in common with this study, a significant variation in these

indicators in relation to age and sex.

This study was carried out using a sample made up exclu-

sively of individuals with normal BMI and average maturity

for their age and has demonstrated that mean fasting glyce-

mia levels, almost always considered constant in this age

group,
18

varied at two of the five ages assessed; and that, for

the girls, levels were considered dissimilar when the different

age groups were compared simultaneously. If one considers

thedata fromthis study, summing themeanvalue to twostan-

dard deviations, it will be observed that the maximum value

or pertaining would be 111.2 mg/dL for boys and 106.7 mg/dL

for girls, both in the 13 to 14.9 years age group, with lower

values in all other groups. It is possible that using the 100

mg/dL cutoff point that is currently recommended19 for all

individuals in this group could lead to errors in the identifica-

tion of those who are truly hyperglycemic.

Internationally accepted cutoff levels for fasting insuline-

mia have not yet been defined. Since the studies published

by Reaven et al.,20 the figure of 15 μUI/mL has been being

used, even though no studies have been undertaken in the

pediatric age group designed to validate this cutoff point.

Other cutoff points, such as 12, 27 and 30, have also been

suggested.21 Our study has demonstrated that fasting

insulinemiavaries very significantlywithin theage range stud-

ied, to the extent that one could postulate the existence of a

curve on which values increase up to around 13 to 15 years,

falling off after that. The shape is similar for both males and

females, differing only in terms of absolute values, which are

higher among the girls, in at least two of the age groups stud-

ied. Many studies have observed that during puberty events

take place that could be described as, “physiological insulin

resistance”.4,13,22 This being so, it is imperative that cutoff

points be defined that respect the biological variation of the

indicator. Indeed, if the data obtained in this study are con-

sidered, summing the mean level with two standard devia-

tions, it will be observed that the maximum value would be

13.7 μUI/mL for boys and 14.8 μUI/mL for girls, both within

the 13 to 14.9 years age group, while other age groups exhib-

ited much lower levels. Therefore, it is highly probable that

using 15 μUI/mL as a cutoff point for fasting insulinemia leads

to under diagnosis of hyperinsulinism at ages prior to 13 years

and at ages over 15 years.

Since HOMA indices are calculated based on glycemia and

insulinemia levels, and since glycemia was unchanged in the

two age groups, 11 to 12.9 years and 15 to 17.9 years, at

which HOMA indices were different between sexes, it can be

assumed that the variation observed in HOMA indices is due

to their different insulinemia levels. In common with what has

been stated earlier, there is no consensus on cutoff points for

HOMA indices in childhood and adolescence. The figure that

is most widely stated as a cutoff point for HOMA index is

3.45;17 however, other authors have also suggested values

suchas2.5,23 2.71,24 and3.8,25 amongothers.One thing that

can be observed is that, in this case too, a fixed cutoff point

appears to be highly inadequate, considering a significant

variation between different age groups in at least two of the

five age bands studied. If the results of this study are consid-

ered, summing the mean value to 2 standard deviations, it

will we observed that the maximum value obtained would be

3.24 for boys and 3.4 for girls, both in the age group between

13 and 14.9 years and it will also be observed that values in

other age groups are much lower. Therefore, it is highly prob-

able that to use 3.45 as a cutoff point for HOMA indices lead to

underdiagnosis of PIR at ages lower than 13 and higher than

15 years; on the other hand, values in a range between 2.5

and 2.71 would only be appropriate for boys aged 11 to 12.9

years and girls aged 9 to 10.9 years.

Table 3 - Means and standard deviations for HOMA indices calculated for boys and girls, by age group

HOMA

Boys Girls

Age n Mean (SD) n Mean (SD) p*

7 to 8.9 years 30 0.68 (0.54) 39 0.65 (0.37) 0.91

9 to 10.9 years 32 0.93 (0.52) 50 1.20 (0.71) 0.086

11 to 12.9 years 37 1.03 (0.81) 62 1.44 (0.79) 0.0032

13 to 14.9 years 58 1.57 (0.82) 66 1.72 (0.87) 0.29

15 to 17.9 years 26 1.05 (0.67) 47 1.49 (0.70) 0.0035

p† 0.0001 0.0001

HOMA = homeostasis model assessment; SD = standard deviation.
* Mann-Whitney test.
† Kruskal-Wallis test for simultaneous comparisons between more than two groups.
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This study aimed to assess how glycemia, insulinemia and

the HOMA index behave during school age childhood and ado-

lescence and the data thus obtained has demonstrated that it

is necessary to take care when using fixed cutoff points for

these indicators without taking into account sex or age. Our

conclusions indicate the need to define reference curves for

these three indicators.
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