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ABSTRACT

Objective: To evaluate biochemical and physiological
variables in overweight/obese and normal body weight
female adolescents and assess whether cardiovascular risk
factors, postulated as components of the metabolic syndrome,
are already present in this age group.

Methods: Cross-sectional study comparing all girls aged
between 12 and 18 years from a highschool in Ribeirdo
Preto, Sdo Paulo, Brazil. Girls were divided in two groups:
overweight/obese (n=30) and control (n=39). The following
were evaluated: weight, height, skinfolds, circumferences of
the abdomen and hip and biochemical parameters (glucose,
insulin, lipid profile, urea, creatinine, fibrinogen, PAI-1,
ferritin, sodium and microalbuminuria).

Results: Overweight and obese girls had higher levels
of blood pressure, glucose, triglycerides, uric acid, PAI-1,
fibrinogen and insulin, and lower HDL cholesterol com-
pared with the control group. The analysis of risk factors
clusters showed that 76.7% of adolescents from the over-
weight/obese group had two or more risk factors associated
with metabolic syndrome, while 79.5% of the adolescents
in the control group had one or none risk factors. Micro-
albuminuria and serum ferritin did not show differences
between groups.

Conclusion: Overweight/obese female adolescents
already have hypertension, dyslipidemia, disfibrino-
lisys, hyperinsulinemia and clusters of cardiovascular
risk factors.

Key-words: obesity; hyperinsulinism; insulin; metabolic
syndrome X; cardiovascular diseases; adolescent.

RESUMO

Objetivo: Avaliar parimetros bioquimicos e fisioldgicos
em adolescentes do sexo feminino com sobrepeso/obesidade
ou com peso corporal normal e avaliar se fatores de risco
cardiovascular, postulados como componentes da sindrome
metabdlica, jd estdo presentes nessa faixa etdria.

Métodos: Estudo transversal, tendo-se comparado a to-
talidade de meninas com idades entre 12 e 18 anos de um
colégio de Ribeirdo Preto, divididas em dois grupos: sobre-
peso/obesidade (n=30) e controle (n=39). De cada menina,
foram avaliados pardmetros antropométricos (peso, estatura,
dobras cutineas, circunferéncias do abdome e do quadril) e
bioquimicos (glicose, insulina, lipidograma, ureia, creatinina,
fibrinogénio, PAI-1, ferritina, sédio e microalbuminiria).

Resultados: As adolescentes com sobrepeso/obesidade
apresentaram niveis maiores de pressao arterial, glicose, tri-
glicérides, 4cido trico, PAI-1, fibrinogénio e insulina e niveis
menores de colesterol-HDL em relacdo ao grupo controle. A
andlise de alteracdes e formacdo de c/usters de fatores de risco
demonstrou que 76,7% das adolescentes do grupo sobrepeso
apresentaram dois ou mais fatores de risco relacionados a
sindrome metabdlica, enquanto 79,5% das adolescentes do
grupo controle apresentaram nenhuma ou apenas uma alte-
racdo. Os pardmetros microalbuminiria e ferritina sérica ndo
apresentaram alteragdes e diferencas entre os grupos.

Conclusdes: Adolescentes do sexo feminino com sobrepeso/
obesidade jd apresentam hipertensdo, dislipidemias, disfibrindlise,
hiperinsulinemia e c/usters de fatores de risco cardiovascular.

Palavras-chave: obesidade; hiperinsulinismo; insulina; sin-

drome X metabdlica; doengas cardiovasculares; adolescente.
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RESUMEN

Objetivo: Evaluar pardmetros bioquimicos y fisiolégicos
en adolescentes del sexo femenino con sobrepeso/obesidad
o peso corporal normal y evaluar si factores de riesgo car-
diovascular, postulados como componentes del sindrome
metabdlico, ya estdn presentes en esa franja de edad.

Métodos: Estudio transversal, habiéndose comparado la
totalidad de nifias con edades entre 12 y 18 afios, de un colegio
de Ribeirdo Preto (Brasil), divididas en dos grupos: sobrepeso/
obesidad (n=30) y control (n=39). De cada nifia, se evaluaron
pardmetros antropométricos (peso, estatura, pliegues cutdneos,
circunferencias del abdomen y de la cadera) y bioquimicos
(glucosa, insulina, lipidograma, urea, creatinina, fibrinégeno,
PAI-1, ferritina, sodio y microalbuminuria).

Resultados: Las adolescentes con sobrepeso/obesidad
presentaron niveles mayores de presion arterial, glucosa,
triglicéridos, dcido drico, PAI-1, fibrindgeno e insulina y
niveles menores de colesterol-HDL respecto al grupo control.
El andlisis de alteraciones y formacién de c/usters de factores de
riesgo demostrd que el 76,7% de las adolescentes del grupo
sobrepeso presentaron dos o mds factores de riesgo relacionados
al sindrome metabélico, mientras que el 79,5% de las adoles-
centes del grupo control presentaron ninguna o solamente una
alteracién. Los pardmetros microalbuminuria y ferritina sérica
no presentaron alteraciones y diferencias entre los grupos.

Conclusiones: Adolescentes del sexo femenino con so-
brepeso/obesidad ya presentan hipertensién, dislipidemias,
disfibrindlisis, hiperinsulinemia y c/usters de factores de riesgo

cardiovascular.

Palabras clave: obesidad; hiperinsulinismo; insulina;
sindrome X metabdlico; enfermedades cardiovasculares;
adolescente.

Introduction

Overweight and obesity are clinical conditions that are
becoming ever more common in Brazil and which constitute
risk factors for certain diseases, such as diabetes mellitus (DM)
and cardiovascular diseases (CVD)?. Cardiovascular diseases
are a major public health concern because of the high levels of
morbidity and mortality with which they are associated. The
World Health Organization (WHO) estimates that around
50 to 75% of the world’s population is overweight® and
population studies conducted in Brazil demonstrate that the
country is also following this trend®. Obesity in childhood

52

and adolescence is directly linked with obesity in adulthood.
Obese adolescents are very likely to become obese adults®
and the risk factors for CVD can already be detected at this
age®. Over the years many different population studies have
shown that cardiovascular risk factors (central obesity, reduced
glucose tolerance, dyslipidemia and hypertension) are more
likely to occur in combination (in clusters) than individually
and are often associated with elevated insulin levels”. This
presentation has been given a variety of different names, but
the WHO currently recommends using the term metabolic
syndrome®. In addition to assessing glycemic profiles, waist
circumference, arterial blood pressure and lipids, which as-
sess the classic components of the metabolic syndrome, some
studies have also investigated hyperuricemia®, increases in
serum ferritin"® and abnormalities of the inflammatory and
fibrinolytic systems"" as possible additional components.

The objective of this study was to investigate whether
female adolescents with overweight and obesity already ex-
hibit the physiological and biochemical disorders associated
with metabolic syndrome.

Method

This study was conducted at the Center for Child and
Adolescent Health and Nutrition Research at the Univer-
sidade de Ribeirdo Preto (Unaerp), in the state of Sdo Paulo,
Brazil, between May 21st and September 20th of 2001.

This was a cross-sectional study of the 69 out of 92 female
students at the Colégio Tecnol6gico da Unaerp who met the
inclusion criteria. The reason that only girls were studied
is that it is possible to clearly define the time they reach
puberty using menarche as a marker. The inclusion criteria
were female sex, post-menarche and age from 12 to 18. The
exclusion criteria were acute diseases during the previous
2 weeks (n=8); known hematological diseases, except iron
deficiency anemia (n=0); medication that could interfere
with the laboratory analyses (n=2); absence of guardian’s
signed consent for blood samples and participation in the
study (n=13) and problems preventing anthropometric
measurements from being taken correctly (n=0).

After application of the above criteria, 69 adolescent girls
were enrolled on the study and divided into two groups:
overweight/obesity (n=30) and control (n=39). The two groups
were formed on the basis of body mass index (BMI) percentiles.
Body composition was assessed using the sum of subscapular and
tricipital skin folds, measured with a Harpenden adipometer, and
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the Guedes protocol’® was used to estimate percentage body fat.
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Adolescents with BMI percentile >85 and body fat percentage
=25% were classified as belonging to the overweight/obesity
group. The waist to hips ratio (WHR) was used to define the
presence of central adiposity. The WHR is calculated by dividing
the waist circumference (cm)— measured at the midpoint between
the last rib and the iliac crest, at the midclavicular plane — by the
hip circumference (cm) — measured at the iliac crest. A WHR
greater than or equal to 0.85 was considered suggestive of central
adiposity. Blood pressure was measured and assessed according to
the III Brazilian Consensus on Arterial Hypertension®?.

Blood samples were taken after 12 hours’ fasting and pa-
tients were instructed to collect urine for 24h. Blood glucose,
cholesterol, triglycerides, HDL cholesterol, urea and creatinine
tests were conducted using enzymatic kits (Labtest) in an
automated Cobas Mira Plus Roche system. Fibrinogen analy-
ses were conducted with the coagulometric method using a
DadeBehring kit in a semiautomatic Fibrintimer II Behring
system; plasminogen activator inhibitor-1 (PAI-1) assays were
conducted with DadeBehring colorimetric kits; serum ferritin
was analyzed using an immunoenzymatic fluorescent method
in an automatic Mini Vidas BioMérieux system; serum and
urine sodium assays were conducted using the ion-selective
electrode method in an automatic AVL 9140 system; mi-
croalbuminuria was determined using nephelometry in an
automatic Nefeldmetro BN 100 system; insulin was assayed
by chemiluminescence in an automatic Access BioRad system
and insulin resistance (IR) was assessed by HOMA testing,
using the following mathematical formula: glucose (mmol/L)
x insulin (WUI/mL)/22.5%%,

Statistical analyses were conducted using Student’s # test and
a significance level of p<0.05. For the purposes of this study,
the term “cluster” is used to define the co-occurrence of two or
more different metabolic syndrome indicators. This aspect is
presented descriptively, with no statistical comparisons.

All participants provided signed free and informed con-
sent forms and the project was approved by the Research
Ethics Committee at Unaerp.

Results

Table 1 lists the anthropometric characteristics of the
adolescents in the two study groups. It will be observed that
WHR was greater than 0.85 in 50% of the adolescents in
the overweight/obesity group.

Table 2 shows the mean results for cardiovascular risk
factors in the two groups. The parameters glucose, insulin,
HDL cholesterol, triglycerides, PAI-1, fibrinogen, uric acid,
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were all significantly different between groups, with
figures higher in the overweight group for all parameters
except HDL cholesterol, which was lower in the overweight
group. The factors cholesterol, LDL cholesterol, microalbu-
minuria, creatinine, urea, serum and urine sodium and serum
ferritin were not significantly different between groups.

With relation to insulin levels, 43.3% of the adolescents
in the overweight group had hyperinsulinemia. The results
for peripheral insulin resistance from the HOMA test were
4.0+4.48 and 1.38+0.84 for the overweight and control
groups respectively.

Forty percent of the adolescents in the overweight group
had hypertension, compared with zero in the control group.
Adolescents in the overweight group had significantly
higher SBP and DBP results than those in the control group
(p<0.01).

Analysis of the percentage distribution of risk factor
clusters demonstrated that 76.7% of the adolescents in the
overweight group had two or more risk factors in conjunction
and 79.5% of the adolescents in the control group had one
or zero risk factors. On the basis of the WHO definition of
metabolic syndrome, which includes dyslipidemia, systemic
arterial hypertension (SAH), central adiposity, microalbu-
minuria and insulin resistance, together with the proposal
to include dysfibrinolysis and hyperuricemia, 43.3% of the
adolescents in the overweight group had results suggestive
of metabolic syndrome.

Table 1 - Anthropometric characteristics of female adolescents in overweight and control groups, shown as mean=standard deviation

Group | (Control)

Group Il (Overweight/obesity)

n=39 n=30
Age (years) 15.7+1.8 14.3+1.8
Weight (kg)* 56.0+6.0 81.0+9.0
Height (cm) 160.0+7.0 160.0+10.0
Body fat (%)* 23.9+4.3 38.8+0.8
WHR 0.77+0.04 0.85+0.07*

WHR: waist to hips ratio. *p<0.01 with relation to the control group
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Table 2 - Cardiovascular risk factors in female adolescents overweight and control groups, shown as mean =+ standard deviation

Group Il (Control)

Group Il (Overweight/obesity)

n=39 (n=30)
Glucose (mg/dL)* 81.1+1.2 88.3:9.4
Insulin (uU/mL)** 6.7+3.7 17.1£13.5
Cholesterol (mg/dL) 156.1£12.5 162.1£12.7
HDL Cholesterol (mg/dL)** 47.6+11.9 39.2+8.7
LDL Cholesterol (mg/dL) 93.1+£29.5 102.3£21.6
Triglycerides (mg/dL)** 75.2+8.7 110.1+£10.5
PAI-1 (U/mL)** 1.2+1.1 5.9+2.8
Fibrinogen (mg/dL)** 296.3+55.1 349.8+66.8
Microalbuminuria (mg/24h) 15.5+£26.5 9.7£10.4
Uric acid (mg/dL)** 4.6+1.2 5.8+1.1
Creatinine (mg/dL) 0.8+0.1 0.8+0.1
Urea (mg/dL) 24.8+8.2 23.3+7.1
Sodium (mEg/L) 140.7+3.3 139.4+1.7
Ferritin (ug/dL) 34.1+£24.8 48.7+37.6
Urinary sodium (mEqg/24h) 89.4+76.1 116.3+96.4
SBP (mmHg)** 99.6+9.9 120.8+16.7
DBP (mmHg)** 66.2+8.1 78.5£13.7

PAI-1: plasminogen activator inhibitor-1; SBP: systolic blood pressure; DBP: diastolic blood pressure. ‘p<0.05. “p<0.01

Discussion

The results of this study should be treated with caution,
given the small number of participants and the fact that
only girls were recruited, which limits the potential for
generalization. On the other hand, the relevance of these
data lies in the fact that there are relatively few studies in
the scientific literature that have simultaneously analyzed
blood tests, clinical examination results and body com-
position and also included healthy-weight adolescents
for the purposes of comparison. Furthermore, faced with
the absence, to date, of an international consensus on the
definition of metabolic syndrome in adolescence, this study
makes a contribution to the debate with an analysis of a
very wide range of biochemical parameters including the
classic variables such as lipid profile, glycemia and insu-
lin, and others that are not generally investigated, such as
PAI-1, fibrinogen and microalbuminuria, among others.
Therefore, both the cardiovascular risk factors that have
already been accepted as applying to all age groups and
also others that have so far only been studied in adults,
were described and compared across the two groups with
the intention of assessing the possibility that overweight
and obese girls are at greater risk.

The higher glucose, triglycerides and uric acid levels and
lower HDL cholesterol level observed in the overweight
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group in comparison with the control group are in line with
results published by Lind, Berne and Lithell*” who observed
that these findings were more common among people with
insulin resistance. The results related to the lipid profile are
in line with a study conducted in Taiwan where it was shown
that overweight female adolescents had significantly higher
triglycerides and lower HDL cholesterol levels"®.

It is important to investigate cardiovascular risk vari-
ables early in life in order to prevent atherosclerosis®.
Obese children tend to have high pressure, high triglyc-
erides and lower HDL cholesterol, in common with what
is observed in adolescents and young adules"”. Systemic
arterial hypertension is part of the metabolic syndrome and
it has been repeatedly shown that SAH is independently as-
sociated with DM and dyslipidemia, even in people who are
not overweight"®. In such cases the increased insulin levels
can lead to increased activity in the renin-angiotensin-
aldosterone system and reduced sodium excretion®. In
this study no abnormalities were detected in the serum or
urine sodium levels of the adolescents studied and there
were no significant differences between the groups. Hyper-
insulinemia may also contribute to raising blood pressure
by stimulating the sympathetic nervous system™”. Obesity
further aggravates insulin resistance and hyperinsulinemia,
since it has already been demonstrated that hypertense
obese people have even higher insulin levels in response to
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glucose overload, when compared with hypertense people
who are not obese®”.

Insulin’s capacity to stimulate glucose uptake varies from
person to person. The pancreatic beta cells attempt to pro-
duce sufficient insulin to maintain glucose at normal levels.
If this is not possible then type 2 DM can develop, which
is a condition that is being observed with ever increasing
frequency among the young and which is concurrent with
increasing obesity, particularly among adolescent women?.
Insulin resistance is an abnormality that is detected in pa-
tients with type 2 DM; it is present many years before the
disease manifests, it has a large hereditary component®” and
it is highly prevalent among obese children®. The presence
of clusters of cardiovascular risk factors observed in this
study’s overweight group together with their insulin resis-
tance (IR) results (obtained using the HOMA test) indicate
that it is necessary to initiate preventative measures to reduce
the risk of type 2 DM and CVD among adolescents. With
regard to the HOMA test, it is important to point out the
possibility of assessment errors in the pediatric age group,
since the age-related variation reported in other studies was
not taken into account here®?.

It has recently been suggested that both reduced fibrin-
olysis caused by increased PAI-1 and fibrinogen levels"" and
also hyperuricemia® should be added to the list of metabolic
syndrome components, since they increase the risk of the
atherothrombotic complications observed in obesity and type
2 DM“V. In this study, it was observed that these factors were
outside the normal range in the overweight group, which is
further evidence of the need for prevention in this age group.

References

1. Smoak CG, Burke GL, Webber LS, Harsha DW, Srinivasan SR, Berenson
GS. Relation of obesity to clustering of cardiovascular disease risk factors
in children and young adults. The Bogalusa Heart Study. Am J Epidemiol
1987;125:364-72.

2. World Health Organization. Obesity: preventing and managing the global
epidemic. Report of a WHO consultation. Geneva: WHO; 1997.

3. Monteiro CA, D’A Benicio MH, Conde WL, Popkin BM. Shifting obesity trends
in Brazil. Eur J Clin Nutr 2000;54:342-6.

4. Webber LS, Cresanta JL, Croft JB, Srinivasan SR, Berenson GS. Transitions of
cardiovascular risk from adolescence to young adulthood — the Bogalusa Heart
Study: II. Alterations in anthropometric blood pressure and serum lipoprotein
variables. J Chronic Dis 1986;39:91-103.

5. Csabi G, Molnar D, Hartmann G. Urinary sodium excretion: association with
hyperinsulinaemia, hypertension and sympathetic nervous system activity in
obese and control children. Eur J Pediatr 1996;155:895-7.

6. Krauss RM, Winston M, Fletcher BJ, Grundy SM. Obesity: impact on
cardiovascular disease. Circulation 1998;98:1472-6.

Rev Paul Pediatr 2012;30(1):51-6.

The mechanisms that explain the association between high
PAI-1 levels and obesity have not yet been fully elucidated,
but the possibility of a link with insulin resistance via in-
creased endothelial production® or via PAI-I production
by adipose tissue has been considered®®,

The results show that there was no significant difference
between microalbuminuria levels between the adolescents
in the two study groups. These results may be the result of
the fact that microalbuminuria is more closely linked with
complications of type 2 DM and SAH — which have not yet
emerged in the age group studied here — than with insulin
resistance and dyslipidemia®”.

Serum ferritin has been proposed as a cardiovascular risk
factor, since some studies have found positive correlations
between serum ferritin concentrations and glucose and trig-
lycerides, and an inverse correlation with HDL cholesterol?.
Elevated iron reserves may increase lipid peroxidation, es-
pecially of free fatty acids, via free radical production, since
ferrous iron is a potent catalyst for this reaction®. This
alteration was not detected, however, and so for the sample
studied here ferritin was not part of the constellation of
metabolic abnormalities linked to overweight. This fact may
be partly caused by the elevated iron deficiency prevalence
among Brazilian adolescents, contributing to low baseline
ferritin levels®.

In conclusion, the overweight adolescents analyzed here
already exhibit a tendency to SAH, dyslipidemia, dysfibrin-
olysis, hyperinsulinemia and increased uric acid and central
adiposity, indicating a need to act to prevent the metabolic
syndrome while those at risk are still adolescents.

7. Mykkanen L, Haffner SM, Ronnemaa T, Bergman RN, Laakso M. Low insulin
sensitivity is associated with clustering of cardiovascular disease risk factors.
Am J Epidemiol 1997;146:315-21.

8. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus
and its complications. Part 1: diagnosis and classification of diabetes mellitus
provisional report of a WHO consultation. Diabet Med 1998;15:539-53.

9. Lee J, Sparrow D, Vokonas PS, Landsberg L, Weiss ST. Uric acid and
coronary heart disease risk: evidence for a role of uric acid in the obesity-
insulin resistance syndrome. The Normative Aging Study. Am J Epidemiol
1995;142:288-94.

10. Kim CH, Kim HK, Bae SJ, Park JY, Lee KU. Association of elevated serum
ferritin concentration with insulin resistance and impaired glucose metabolism
in Korean men and women. Metabolism; 2011;60:414-20.

11. Juhan-Vague |, Alessi MC, Nalbone G. Fibrinolysis and atherothrombosis.
Curr Opin Lipidol 1993;4:477-83.

12. Guedes DP. Composicao corporal: principios, técnicas e aplicagdes.
Floriandpolis: Cetec; 1992.

55



20.

56

Metabolic syndrome in overweight/obese female adolescents

. Kohlmann Jr O, Guimar&es CA, Carvalho MH, Chaves Jr HC, Machado CA,

Praxedes JN et al. lll Consenso Brasileiro de Hipertensao Arterial. Arq Bras
Endocrinol Metabol 1999;43:257-86.

. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.

Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412-9.

.Lind L, Berne C, Lithell H. Prevalence of insulin resistance in essential

hypertension. J Hypertens 1995;13:1457-62.

. Chu NF, Rimm EB, Wang DJ, Liou HS, Shieh SM. Clustering of cardiovascular

disease risk factors among obese schoolchildren: the Taipei Children Heart
Study. Am J Clin Nutr 1998;67:1141-6.

.Freedman DS, Burke GL, Harsha DW, Srinivasan SR, Cresanta JL,

Webber LS et al. Relationship of changes in obesity to serum lipid and
lipoprotein changes in childhood and adolescence. JAMA 1985;254:515-
20.

. Shirasawa T, Shimada N, Ochiai H, Ohtsu T, Hoshino H, Nishimura R et al.

High blood pressure in obese and nonobese Japanese children: blood pressure
measurement is necessary even in nonobese Japanese children. J Epidemiol
2010;20:408-12.

.Pozzan R, Brandédo AA, da Silva SL, Brandado AP. Hyperglycemia,

hyperinsulinemia, overweight, and high blood pressure in young adults: the
Rio de Janeiro Study. Hypertension 1997;30:650-3.

DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted syndrome
responsible for NIDDM, obesity, hypertension, dyslipidemia, and atherosclerotic
cardiovascular disease. Diabetes Care 1991;14:173-94.

21.

22.

23.

24

25.

26.

27.

28.

29.

Kitagawa T, Owada M, Urakami T, Yamauchi K. Increased incidence of non-insulin
dependent diabetes mellitus among Japanese schoolchildren correlates with an
increased intake of animal protein and fat. Clin Pediatr (Phila) 1998;37:111-5.
Nesmith JD. Type 2 diabetes mellitus in children and adolescents. Pediatr Rev
2001;22:147-52.

Mieldazis SF, Azzalis LA, Junqueira VB, Souza Fl, Sarni RO, Fonseca FL.
Hyperinsulinism assessment in a sample of prepubescent children. J Pediatr
(Rio J) 2010;86:245-9.

. Aimeida CA, Pinho AP, Ricco RG, Pepato MT, Brunetti IL. Determination of glycemia

and insulinemia and the homeostasis model assessment (HOMA\) in schoolchildren
and adolescents with normal body mass index. J Pediatr (Rio J) 2008;84:136-40.
Bastard JP, Piéroni L. Plasma plasminogen activator inhibitor 1, insulin
resistance and android obesity. Biomed Pharmacother 1999;53:455-61.
Shimomura |, Funahashi T, Takahashi M, Maeda K, Kotani K, Nakamura T
et al. Enhanced expression of PAI-1 in visceral fat: possible contributor to
vascular disease in obesity. Nat Med 1996;2:800-3.

Jager A, Kostense PJ, Nijpels G, Heine RJ, Bouter LM, Stehouwer CD.
Microalbuminuria is strongly associated with NIDDM and hypertension, but
not with the insulin resistance syndrome: the Hoorn Study. Diabetologia
1998;41:694-700.

Felber JP, Ferrannini E, Golay A, Meyer HU, Theibaud D, Curchod B et al.
Role of lipid oxidation in pathogenesis of insulin resistance of obesity and type
Il diabetes. Diabetes 1987;36:1341-50.

Mariath AB, Giachini RM, Lauda LG, Grillo LP. Iron status and serum retinol
levels among children and adolescents attended by a Family Health Strategy
team in ltajai, Santa Catarina State. Cien Saude Colet 2010;15:509-16.

Rev Paul Pediatr 2012;30(1):51-6.



