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Abstract. – BACKGROUND: In obesity, elevat-
ed insulin resistance is observed, which may be
associated with disturbances in mineral status in
the body. The few studies concerning the status
of minerals and their relationships with insulin re-
sistance and body composition in adolescent
populations have brought inconclusive results.

AIM: of this study is, thus, to assess serum
mineral concentration in obese adolescents,
and to evaluate their potential association with
insulin resistance.

SUBJECTS AND METHODS: Seventy-eight
obese adolescents and 20 healthy volunteers
aged 12-18 years were recruited for the study.
Selected anthropometrical measurements and
levels of iron, zinc, copper, calcium, and mag-
nesium were assessed in serum. Insulin resis-
tance in the participants was evaluated accord-
ing to the homeostatic model of assessment
for insulin resistance (HOMA-IR) protocol. Lev-
els of iron, zinc, copper, calcium, and magne-
sium were assessed in serum.

RESULTS: Obese subjects had significantly
higher HOMA-IR indices than the control group.
Compared to healthy subjects, the serum con-
centration of zinc, calcium, and magnesium
was significantly lower in obese subjects. A
significant inverse relation was found between
HOMA-IR and zinc levels in serum.

CONCLUSIONS: Obese adolescents have a
poorer mineral status (especially zinc) than
adolescents of normal weight, which can con-
tribute to insulin resistance.
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Introduction

Excess body mass is increasingly common
among children and teenagers all over the
world1,2. Overweight and obese adolescents are at
risk of serious health consequences, including di-
abetes mellitus and cardiovascular diseases3. It is
well-documented that excessive body fat is asso-
ciated with insulin resistance, elevated blood
pressure, and inflammation4. It is suggested that
excessive body fat is also associated with mi-
cronutrient deficiencies5. Some studies, including
our own, indicate a relationship associating obe-
sity with comorbidities and mineral status disor-
ders6-8. Animal-model and human studies have
reported that low zinc intake and low zinc levels
in serum are associated with an increased preva-
lence of obesity and diabetes5-7. It is known that
zinc is involved in regulating insulin and leptin9.
Calcium deficiency may also increase the risk of
obesity, especially as calcium helps to regulate
thermogenesis and lipogenesis in the body7,9. In
obese individuals, disorders of serum iron, zinc,
copper, calcium, and magnesium concentration
have been reported, and relationships have been
observed between these disorders and glucose
and lipid serum levels7,8.

However, there is a lack of data concerning
the status of minerals and their relationships with
insulin resistance and body composition in ado-
lescent populations with obesity. Therefore, the
aims of our study were thus to measure the con-
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centration of selected minerals in a cohort of
obese adolescents and to evaluate their potential
association with insulin resistance level.

Materials and Methods

Study Patients
The study protocol was approved by the Local

Ethics Committee (approval number 384/08). In-
formed consent was obtained from all subjects.

The study was conducted on 78 obese adoles-
cents (42 girls and 36 boys, mean age 14.5±1.8)
and 20 normal-weight adolescents of comparable
age. To participle in this study, adolescents must
have been between 12 and 18 years old, either
obese (in the study group) or with normal weight
(in the control group), apparently healthy, and not
on any medication. One additional inclusion crite-
rion was stable body weight (less than 3 kg of
self-reported change during the previous 3
months). The exclusion criteria were a history of
use of any dietary supplements or dietary or phys-
ical activity interventions within the 3 months pri-
or to the study, a history of infection in the month
before the study, smoking, and any other condi-
tion that, in the opinion of the investigator, would
make participation not in the best interest of the
subject, or could prevent, limit, or confound the
protocol-specified efficacy assessments.

Anthropometric Measurements
Anthropometric measurements were conduct-

ed with the subjects wearing light clothing and
no shoes. Weight was measured to the nearest 0.1
kg, and height to the nearest 0.5 cm. The BMI
was calculated as weight divided by height
squared (kg/m2). Obesity was defined as having a
body mass index (BMI) ≥ the 95th percentile for
the age and gender. Additionally, the percent of
body fat (%FAT) was determined by impedance
analysis using a Bodystat analyzer (1500 MDD;
Bodystat, Isle of Man).

Biochemical Measurements
All participants had blood collected from a

forearm vein. Blood samples were collected after
an overnight fast and following 30 minutes in the
supine position. Serum samples were stored at -
20°C for no longer than 2-3 days.

The iron, copper, zinc, calcium, and magne-
sium serum contents were determined by the
flame atomic absorption spectrometry method
(AAS-3 spectrometer, Carl Zeiss, Germany with

deuterium background correction). In order to de-
termine the concentrations of the serum minerals,
the samples were diluted (v/v 1:1) as follows: for
iron, zinc and copper analyses, 0.01% Triton X-
100 (Merck, Darmstadt, Germany) was used;
while for the magnesium and calcium analysis,
aqueous solutions consisting of 0.01% Triton X-
100 (Merck) and 0.05% lanthanum chloride
(Merck) were used. The iron, copper, zinc, calci-
um, and magnesium content in serum were deter-
mined at the following wavelengths: 248.3 nm
(iron), 324.8 nm (copper), 213.9 nm (zinc), 422.7
nm (calcium), and 285.2 nm (magnesium).

The accuracy of the method was verified with
certified reference material (HUM ASY CON-
TROL 2), and amounted to 95%, 99%, 96%, 99%,
and 101% for Ca, Mg, Fe, Zn, and Cu, respectively.

Fasting glucose levels were determined by the
routine enzymatic method. Plasma insulin was
determined by immunoradiometric assay (DIA-
source Immunoassays S.A., Nivelles, Belgium).
The accuracy and precision of the techniques
used to assay glucose and insulin were validated.

Insulin resistance in the participants was eval-
uated according to the homeostasis model assess-
ment, using the insulin resistance (HOMA-IR)
protocol:

HOMA-IR index = [fasting insulin (mU/l) ×
fasting glucose (mmol/l)]/22.5

Statistical Analysis

Data are shown as means ± SD. All calcula-
tions and statistics were performed using STA-
TISTICA 6.0 software (StatSoft, Inc.). Compar-
isons between groups were carried out using the
Mann-Whitney U test. Simple associations be-
tween variables were calculated as the Spearman
coefficient of correlation. A p value of < 0.05
was regarded as significant.

Results

The characteristics of the 78 adolescents with
obesity and the 20 healthy volunteers are shown
in Table I. Obese subjects had significantly high-
er serum glucose and insulin concentrations, as
shown in Table II. The levels of the HOMA-IR
index significantly exceeded those observed in
the control group.

Compared with the control group, the serum
concentrations of Zn, Ca, and Mg were signifi-

2397

Mineral status and insulin resistance in obese adolescents



2398

J. Suliburska, S. Cofta, E. Gajewska, et al

cantly lower than in obese subjects. There were
no differences in the levels of Cu and Fe between
the groups (Table III).

A strong inverse relation was documented be-
tween serum Zn concentration on one hand, and
insulin concentration and HOMA-IR index on
the other (see Table IV). Correlation between
other minerals and insulin resistance and be-
tween BMI value and % of fat and minerals were
not found. In the control group, no significant
correlations were observed.

Discussion

The association of obesity with insulin resis-
tance has been recognized in studies for
decades1,3,10. In the present study, we found sig-
nificant insulin resistance in obese adolescents,
as represented by increased HOMA-IR indices,
serum insulin, and glucose concentrations. In
other studies, it has been observed that excess
body fat, especially visceral fat, contributes to
decreased insulin sensitivity in tissues10.

In this study, the connection between obesity,
fat content, and insulin resistance was confirmed
in a coherent group of adolescents. We also
found association between obesity and poor min-
eral status and its possible connection with in-
sulin resistance in obese adolescents. The rela-
tionship between poor zinc status on one hand,
and hyperinsulinemia and insulin resistance on
the other in obese young people has also been

observed in other studies11,12. It is known that
zinc plays a major role in the synthesis and ac-
tion of insulin. Zinc is a component of many en-
zymes, and is involved in the synthesis, storage,
and release of insulin. Many experimental and
clinical studies have documented the fact that
zinc deficiency may create a predisposition to
glucose intolerance and insulin resistance13. In
this study, lower zinc concentration was found in
the serum of the obese individuals than in the
control. The low status of zinc may be caused by
the low intake and urinary loss of this element in
obese young people15.

In this study, markedly lower serum calcium
concentration was found among the obese ado-
lescents than in the control group. In several
studies, a lower intake of calcium and vitamin D
has been demonstrated in obese children and
adolescents than in nonobese children and ado-
lescents14,16. Low dietary intake of calcium and
vitamin D may decrease the serum calcium level
of obese people. Low serum concentrations of
calcium in obese adolescents may be connected
with low vitamin D status. The interaction be-
tween vitamin D and calcium is well known. A
deficit of the active vitamin D metabolite, 1,25-
dihydroxyvitamin D (1,25(OH)(2)D), decreases
absorption of calcium and disturbs calcium circu-
lation in the body17. The results of some studies
have shown that vitamin D deficiency is com-
mon among obese adolescents. Garanty-Bogacka
et al18 found that low vitamin D status is an inde-
pendent predictor of insulin resistance. Vitamin

Obese Normal-weight control p

N 78 20
Gender 42/36 11/9 NS
(female/male)

Age (years) 14.5±1.8 15.2±1.7 NS
BMI (kg/m2) 31.1±5.6 20.9±1.4 p < 0.001
Body fat (%) 30.4±7.3 21.6±1.7 p < 0.001

Table I. Characteristics of the participants.

BMI: body mass index; NS: not significant; N: number of subjects; p: significance level.

Obese Normal-weight control p

N 78 20
Glucose (mmol/L) 5.0±0.3 4.7±0.3 p = 0.01
Insulin (µUI/mL) 16.8±6.9 8.0±1.8 p < 0.001
HOMA-IR index 3.7±1.4 1.7±0.4 p < 0.001

Table II. Glucose and insulin serum concentration and insulin resistance level in the studied groups.

HOMA-IR: homeostasis model assessment-insulin resistance; N: number of subjects; p: significance level.
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D deficiency has been shown to affect insulin se-
cretion. It has been proposed that the potential
role of vitamin D deficiency in insulin resistance
is associated with inherited gene polymorphisms
involving immunoregulatory function and other
molecular actions for maintaining glucose home-
ostasis and mediating insulin sensitivity in the
presence of low calcium status and obesity19. A
limitation of this study is that we did not have
available measurements for vitamin D to analyze
its correlations with insulin resistance.

Lower magnesium status in obese children and
adolescents was demonstrated in both our study
and in others. Some authors found negative corre-
lations between magnesium deficiency on one
hand, and body mass index and insulin resistance
on the other20,21. Magnesium plays a major role in
regulating insulin effect and insulin-mediated glu-
cose uptake in the body; a deficit of this element
disturbs carbohydrate metabolism. In this study,
we did not find a significant association connect-
ing magnesium to body mass index or to insulin
resistance index, although it was observed that
low levels of magnesium in serum were related to
high HOMA-IR index in obese adolescents.

Our study suggests some criticisms, for example
we did not analyse the dietary intake (energy, min-
erals and vitamins) of the subjects. Moreover, other
markers of mineral status for example transferrin
concentration in serum, urinary ca:creatinin ratio or
minerals concentration in urine were not assessed.

Conclusions

In this study it was found poorer zinc, calcium
and magnesium status in obese subjects as com-
pared to adolescences with normal weight. It was
also found that low zinc status is associated with
insulin resistance in obese adolescents. Increase
of zinc, calcium, and magnesium intake in obese
teenagers should be considered.

–––––––––––––––––––-––
Acknowledgements

The research was supported by grants from the Polish
Ministry of Science and Higher Education (0287/B/P01/
2008/35).

–––––––––––––––––––-––
Conflict of interest

The Authors declare that they have no conflict of inter-
ests.

References

1) OGDEN C, CARROLL M, CURTIN L, LAMB M, FLEGAL K.
Prevalence of high body mass index in US chil-
dren and adolescents, 2007-2008. JAMA 2010;
303: 242-249.

2) SKELTON J, COOK S, AUINGER P, KLEIN J, BARLOW S.
Prevalence and trends of severe obesity among
US children and adolescents. Acad Pediatr 2009;
9: 322-329.

3) REILLY J, METHVEN E, MCDOWELL Z, HACKING B,
ALEXANDER D, STEWART L, KELNAR CJ. Health conse-
quences of obesity. Arch Dis Child 2003; 88: 748-
752.

4) NIKOLOPOULOU A, KADOGLOU N. Obesity and meta-
bolic syndrome as related to cardiovascular dis-
ease. Expert Rev Cardiovasc Ther 2012; 10: 933-
939.

5) MAROTTA A, TODISCO N, DI TORO A, TORALDO R,
PONTE G, PERRONE L. Zinc content of lymphomo-
cytes in obese children. Nutr Res 1995; 14: 1411-
1415.

Obese Normal-weight control p

N 78 20
Fe (µmol/L) 20.6±4.5 20.1±3.4 NS
Zn (µmol/L) 11.9±2.5 16.0±3.0 p < 0.001
Cu (µmol/L) 15.7±2.8 17.0±3.1 NS
Ca (mmol/L) 2.2±0.1 2.4±0.1 p < 0.05
Mg (mmol/L) 0.8±0.1 0.9±0.1 p < 0.05

Table III. Serum concentration of minerals in the studied groups.

NS: not significant; N: number of subjects; p: significance level.

R p

Zn-serum insulin -0.52 < 0.001
Zn-HOMA-IR -0.50 < 0.001

Table IV. Significant correlation between minerals
and parameters in the obese.

R: Spearman coefficient; HOMA-IR: homeostasis model
assessment-insulin resistance;
p: significance level.



2400

J. Suliburska, S. Cofta, E. Gajewska, et al

6) ENNES DOURADO FERRO F, DE SOUSA LIMA VB, MELLO

SOARES NR, FRANCISCATO COZZOLINO SM, DO NASCIMEN-
TO MARREIRO D. Biomarkers of metabolic syndrome
and its relationship with the zinc nutritional status in
obese women. Nutr Hosp 2011; 26: 650-654.

7) GARCIA OP, LONG KZ, ROSADO JL. Impact of mi-
cronutrient deficiencies on obesity. Nutr Rev
2009; 67: 559-572.

8) SULIBURSKA J, BOGDA SKI P, PUPEK-MUSIALIK D, KREJPCIO
Z. Dietary intake and serum and hair concentra-
tions of minerals and their relationship with serum
lipids and glucose levels in hypertensive and
obese patients with insulin resistance. Biol Trace
Elem Res 2011; 139: 137-150.

9) LEAO AL, DOS SANTOS LC. Micronutrient consump-
tion and overweight: is there a relationship? Rev
Bras Epidemiol 2012; 15: 85-95.

10) TINAHONES FJ, COIN-ARAGUEZ L, MAYAS MD, GARCIA-
FUENTES E, HURTADO-DEL-POZO C, VENDRELL J, CAR-
DONA F, CALVO RM, OBREGON MJ, EL BEKAY R. Obesi-
ty-associated insulin resistance is correlated to
adipose tissue vascular endothelial growth fac-
tors and metalloproteinase levels. BMC Physiol
2012; 12: 1-8.

11) MARREIRO DN, FISBERG M, COZZOLINO SM. Zinc nutri-
tional status and its relationships with hyperinsu-
linemia in obese children and adolescents. Biol
Trace Elem Res 2004; 100: 137-149.

12) ORTEGA RM, RODRÍGUEZ-RODRÍGUEZ E, APARICIO A,
JIMÉNEZ AI, LÓPEZ-SOBALER AM, GONZÁLEZ-RODRÍGUEZ

LG, ANDRÉS P. Poor zinc status is associated with
increased risk of insulin resistance in Spanish
children. Br J Nutr 2012; 107: 398-404.

13) HASHEMIPOUR M, KELISHADI R, SHAPOURI J SAR-
RAFZADEGAN N, AMINI M, TAVAKOLI N, MOVAHEDIAN-

ATTAR A, MIRMOGHTADAEE P, POURSAFA P. Effect of
zinc supplementation on insulin resistance and
components of the metabolic syndrome in pre-
pubertal obese children. Hormones 2009; 8:
279-285.

14) BUYUKINAN M, OZEN S, KOKKUN S, SAZ EU. The rela-
tion of vitamin D deficiency with puberty and insulin
resistance in obese children and adolescents. J
Pediatr Endocrinol Metab 2012; 25: 83-87.

15) RANGAN AM, SAMMAN S. Zinc intake and its dietary
sources: results of the 2007 Australian National
Childrenʼs Nutrition and Physical Activity Survey.
Nutrients 2012; 4: 611-624.

16) YOON JS, LEE NJ. Dietary patterns of obese high
school girls: snack consumption and energy in-
take. Nutr Res Pract 2010; 4: 433-437.

17) LIPS P. Interaction between vitamin D and calcium.
Scand J Clin Lab Invest Suppl 2012; 243: 60-64.

18) GARANTY-BOGACKA B, SYRENICZ M, GORAL J, KRUPA B,
SYRENICZ J, WALCZAK M, SYRENICZ A. Serum 25-hy-
droxyvitamin D (25-OH-D) in obese adolescents.
Pol J Endocrinol 2011; 62: 506-511.

19) SUNG CH, LIAO MT, LU KCH, WU CH. Role of vitamin
D in insulin resistance. J Biomed Biotech 2012;
2012: 634195.

20) CELIK N, ANDIRAN N, YILMAZ AE. The relationship
between serum magnesium levels with childhood
obesity and insulin resistance: a review of the lit-
erature. J Pediatr Endocrinol Metab 2011; 24:
675-678.

21) HUERTA MG, ROEMMICH JN, KINGTON ML, BOVBJERG

VE, WELTMAN AL, HOLMES VF, PATRIE JT, ROGOL AD,
NADLER JL. Magnesium deficiency is associated
with insulin resistance in obese children. Dia-
betes Care 2005; 28: 1175-1181.


