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Abstract
Introduction: Obesity is a chronic disease that induces
risk factors for metabolic syndrome and, is associated
with disturbances in the metabolism of the zinc. Therefore, the aim of this study was to investigate the existence
of relationship between the biomarkers of metabolic syndrome and the zinc nutricional status in obese women.
Method: Seventy-three premenopausal women, aged
between 20 and 50 years, were divided into two groups:
case group, composed of obese (n = 37) and control group,
composed of no obese (n = 36). The assessment of the body
mass index and waist circumference were carried out
using anthropometric measurements. The plasmatic and
erythrocytary zinc were analyzed by method atomic
absorption spectrophotometry (λ = 213.9 nm).
Results: In the study, body mass index and waist circumference were higher in obese women than control
group (p < 0.05). The mean plasmatic zinc was 72.2 ± 9.0
μg/dl in obese women and 73.4 ± 8.5 μg/dl in control group
(p > 0.05). The mean erythrocytary zinc was 36.4 ± 15.0
μg/gHb and 45.4 ± 14.3 μg/gHb in the obese and controls,
respectively (p < 0.05). Regression analysis showed that
the body mass index (t =-2.85) and waist circumference
(t = -2.37) have a negative relationship only with the erythrocytary zinc (R2 = 0.32, p < 0.05).
Conclusions: The study shows that there are alterations in biochemical parameters of zinc in obese women,
with low zinc concentrations in erythrocytes. Regression
analysis demonstrates that the erythrocytary zinc is influenced by biomarkers of the metabolic syndrome, presenting an inverse relationship with the waist circumference
and body mass index.
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BIOMARCADORES DEL SÍNDROME
METABÓLICO Y SU RELACIÓN CON EL ESTADO
NUTRICIONAL DEL ZINC EN MUJERES OBESAS
Resumen
Introducción: La obesidad es una enfermedad crónica
que induce factores de riesgo del síndrome metabólico y
se asocia con trastornos en el metabolismo del zinc. Por lo
tanto, este estudio investigó la relación entre biomarcadores del síndrome metabólico y el estado nutricional del
zinc en mujeres obesas.
Métodos: Se incluyeron 73 mujeres premenopáusicas,
de 20 a 50 años de edad, que fueron divididos en dos grupos: grupo casos (obesos, n = 37) y grupo control (no obesos, n = 36). Evaluación del índice de masa corporal y la
circunferencia de la cintura se realizó con variables
antropométricas. El análisis del zinc plasmático y eritrocitario se realizó de acuerdo con el método de espectrofotometría de absorción atómica en llama (λ = 213,9 nm).
Resultados: El zinc plasmático medio fue de 72,2 ± 9,0
μg/dL en las mujeres obesas y 73,4 ± 8,5 μg/dL en el grupo
control (p > 0,05). Los valores medios de zinc eritrocitario
fueron de 36,4 ± 15,0 μg/gHb en mujeres obesas y 45,4 ±
14,3 μg/gHb en controles (p < 0,05). En la regresión multivariable, el índice de masa corporal (t = -2,85) y la circunferencia de la cintura (t = -2,37) tiene una relación negativa con el zinc eritrocitario (R2 = 0,32, p < 0,05).
Conclusiones: El estudio muestra que hay cambios en
los parámetros del zinc en las mujeres obesas, con bajas
concentraciones de zinc en los eritrocitos. Además, el análisis de regresión muestra que el zinc eritrocitario fue
influenciado por los biomarcadores del síndrome metabólico, presentando una relación inversa con el índice de
masa corporal y circunferencia de la cintura.
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Abbreviations

Method

IL-6: Interleukin-6.
IL-8: Interleukin-8.
TNF-α: Tumor Necrosis Factor.
BMI: Body Mass Index.
WHO: World Health Organization.
EAR: Estimated Average Requirement.
NCEP-ATP III: National Cholesterol Education
Program Adult Treatment Panel III.

A transectional, case-control study involved 73 premenopausal women of 20 to 50 years of age. The participants of study were divided into two groups: a control group composed of no obese women (n = 36) and
the case group of obese women (n = 37), who randomly
sought treatment at an endocrinology clinic.
The obese women who turned up at the clinic were
selected for the study if they met the following criteria:
their body mass index (BMI) was higher than 30 kg/m²,
they were not taking any vitamin-mineral supplementation and/or other medicines, and they did not have
any illnesses that could interfere with zinc-related
nutritional status, such as kidney disease, diabetes,
insulin resistance, cancer and acute infections, and
nonsmokers. The control group was selected according
to the same criteria of the obese women, but had a body
mass index 18.5-24.9 kg/m2. The project was approved
by the Ethics Committee at the Federal University of
Piauí, and the individuals gave written consent.

Introduction
Obesity is a chronic disease considered as the most
important risk factor of metabolic syndrome, because
induces insulin resistance, dyslipidemia and hypertension.1,2 This metabolic disorder is also associated with
disturbances in the metabolism of trace minerals such
as zinc.3
The literature has shown the production of certain
hormones and signaling molecules in adipose tissue,
which characterizes it as an endocrine organ. Most
studies have identified an increased secretion of leptin,
interleukin-6 (IL-6), interleukin-8 (IL-8) and tumor
necrosis factor α (TNF-α) in this tissue. These
adipocytokines have an inflammatory function, and
commonly are elevated in obese patients. The lowintensity chronic inflammation present in obesity is
related to insulin resistance and other factors that influence the manifestation of metabolic syndrome.2,4
In recent years, there has been a growing interest in
hormonal, biochemical and nutritional disorders of
obese patients. Some studies have shown that obese
individuals have low concentrations of zinc in plasma,
erythrocytes and serum, associated with alterations in
the metabolism of the adipose tissue of these patients.5-7
This mineral participates of the metabolism of hormones involved in the physiopathology of the obesity,
such as insulin, and the thyroid hormones.8,9
Zinc is an essential micronutrient that plays an
important metabolic function related to the metabolism
of proteins, carbohydrates, lipids and nucleic acids.10
Studies demonstrated that the zinc deficiency may be
associated with insulin resistance, hyperglycemia, and
impaired glucose tolerance. The influence of zinc on
glucose metabolism may be related to its insulin-like
properties.11,12 Thus, zinc may play an important role in
obese patients that have metabolic syndrome.
Bearing in mind how important obesity is as a
chronic illness, the secretion of diverse adipocytokines
in the adipose tissue, and the interaction of these
metabolytes in the metabolism of zinc, the determination of biomarkers of the metabolic syndrome in obese
patients can help to clarify their influence on the
metabolism of the zinc in obesity. Therefore, the aim of
this study was to investigate the existence of relationship between the biomarkers of metabolic syndrome
and the zinc nutricional status in obese women.

Metabolic syndrome and zinc
nutritional status

Assessment of Nutritional Status
Body mass index was calculated using measures of
weight in kilograms and height in meters. The classification of obesity according to BMI was carried out in
line with the criteria of the World Health Organization
(WHO).13
Evaluation of Zinc Intake
The intake of zinc was obtained by recording alimentation over a 3-day period, and the nutritional analysis
was made using NutWin software version 1.5.14 The Estimated Average Requirement (EAR) reference values of
zinc used were 6.8 mg/day, for females.15
Collection of Biological Material
Blood samples (20ml) were taken in the morning,
from 7:30 to 9:00 o’clock, after fasting for at least 12
hours. The blood was placed in different tubes: (1)
glass tube containing 30% sodium citrate as anticoagulant (10 ml of blood) for zinc analysis; (2) tube without
anticoagulant for determination of lipid profile (5 ml of
blood); (3) tube with EDTA for fasting glucose analysis (5 ml of blood). All laboratory material used for
analysis of zinc was mineral free.
Biochemical Parameters for Measuring Plasma
and Erythrocyte Zinc Levels
The plasma was separated from the total blood by
centrifugation at 3,000 x g for 15 minutes at 4oC
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(SIGMA 2K15 centrifuge). Three aliquots of each
plasma sample were diluted at a ratio of 1:4 with MilliQ® water and aspirated directly into the flame of the
atomic absorption spectrophotometry.16 Tryptizol®
(Merck), prepared by dilution with Milli-Q® water with
3% glycerol at 0.1, 0.2, 0.3, 0.5, and 1.0 μg/ml dilutions
was used as a standard.
For the separation of the erythrocytes, the erythrocyte
mass obtained from total blood was washed three times
with 5 ml of 0.9% saline solution, homogenized by inversion and centrifuged at 10,000 x g for 10 minutes (Sorvall®
RC-SB) at 4oC, and the supernatant was discarded. After
the last centrifugation, the saline solution was aspirated
and the erythrocyte mass was carefully extracted using a
micropipette, placed in demineralized eppendorf tubes,
and stored at -20°C, for zinc and hemoglobin analysis.17
To express the results in terms of mass zinc/mass of
hemoglobin (μg/gHb), a 20 μl aliquot of lysed erythrocyte was diluted in 5ml of Drabkin solution and measured
according to the cyanmethaemoglobin method.18
The erythrocytes analysis was carried out using
atomic absorption spectrophotometry.16 Three aliquots
of erythrocyte mass were diluted 40-fold in Milli-Q®
water. Tritizol was used as a reference, prepared by
dilution in Milli-Q® water at concentrations of 0.1, 0.2,
0.3, 0.5, and 1.0 μg/ml.

Table I
Mean values and standard deviations of the weight,
height, body mass index and waist circumference
in obese women and control group
Parameters
Weight (kg)
Height (cm)
BMI (kg/m2)
WC (cm)

Obese women
Mean ± SD

Control
Mean ± SD

82.6* ± 11.4
154.3 ± 0.0
34.5* ± 3.4
102.4* ± 8.5

54.4* ± 5.4
157.6 ± 0.05
21.7* ± 1.9
75.4* ± 6.3

BMI: Body Mass Index; WC: Waist Circumference.
*Values significantly different between the obese women and the
control group, Student t test (p < 0.05).

Table II
Mean values and standard deviations of plasmatic
and erythrocytary zinc in obese women and control group
Parameters

Obese women
Mean ± SD

Control
Mean ± SD

Zinc plasmatic (μg/dl)
Zinc erythrocytary (μg/gHb)

72.2 ± 9.0
36.4* ± 15.0

73.4 ± 8.5
45.4* ± 14.3

Zinc plasmatic (Reference interval: 70-110 μg/dl30.
Zinc erythrocytary (Reference interval: 40-44 μg/gHb31.
*Values significantly different between the obese women and the
control group, Student t test (p < 0.05).

Assessment of biomarkers
of the Metabolic Syndrome
Results
In the National Cholesterol Education Program
Adult Treatment Panel III (NCEP-ATP III), the metabolic syndrome is represented by a combination of at
least three components.19
The biochemical markers of the metabolic syndrome
such the concentrations of triglycerides, HDL-cholesterol and fasting glucose were analyzed according to the
enzymatic and colorimetric method. Blood pressure was
measured with a digital Pulse Meter (G-Tech brand,
model BP3AF1-3) after the patient had remained at rest
for ten minutes.
Statistical Analysis
The data were processed and analyzed using the SPLUS software for Windows, version 3.2, and Minitab
Release, version 11.0 for Windows 9.0. Student’s t test
was applied to compare the variables studied, at a significance level of p < 0.05.
The relationship between the biomarkers of metabolic syndrome and the zinc nutricional status were
evaluated by multivariate regression. The independent
variables were: plasma glucose, total cholesterol,
triglycerides, HDL-cholesterol, body mass index,
waist circumference and blood pressure. The dependents variables were the plasmatic and erythrocytary
zinc at a significant level of p ≤ 0.05.
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In this study, average age of obese women and control group was 33.7 ± 7.9 and 31.2 ± 7.8 years, respectively (p > 0.05). The mean of zinc intake was 10.8 ±
4.7 mg/day for obese women and 7.6 ± 2.9 mg/day for
the control group (p < 0.05).
In this study, were evaluated 37 obese, being that 17
patients met at least three criteria that characterize the
metabolic syndrome according to NCEP-ATP III and
was not verified the presence of these criteria in the
control group. In the results of the biochemical parameters of metabolic syndrome were observed that both
groups did not present mean values these parameters
superiors at reference of the NCEP-ATP III.
Anthropometric parameters results used to measure
nutritional status are shown in table I. The weight, body
mass index and waist circumference were significantly
higher in obese women than in control group (p <
0.05). In table II shows the mean concentration of zinc
in plasma, and in erythrocytes of the obese women and
control group.
The results of the multivariate regression analysis
carried out to investigate the influence of the biomarkers of metabolic syndrome on the zinc nutricional status are shown in table III. Regression analysis revealed
the existence of a relationship only between components of metabolic syndrome (body mass index and
waist circumference) and, zinc in erythrocytes. In mul-
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Table III
Analysis of the multivariate regression between
the parameters of the metabolic syndrome and the
concentration of zinc in erythrocytes in obese women
Zn erythrocytes

Parameters
Glucose
Total cholesterol
Triglycerides
HDL-cholesterol
BMI
WC
Systolic BP
Diastolic BP
r2
F
P

Beta

t

sig.

-0.31
0.03
0.21
-0.19
-0.57
-0.67
0.37
-0.56

-1.44
0.17
1.20
-0.08
-2.37
-2.85
1.01
-1.69

0.16
0.87
0.24
0.29
0.02*
0.01*
0.32
0.10

0.32
1.70
0.14

BMI: Body Mass Index; WC: Waist Circumference; Systolic BP:
Systolic Arterial Pressure; Diastolic BP: Diastolic Arterial Pressure.
*Values statistically significant (p ≤ 0.05).

tivariate regression, the waist circumference (t = -2.85)
and body mass index (t = -2.37) had an inverse relationship with the zinc in erythrocytes (R2 = 0.32, p < 0.05).
Discussion
This study investigated the relationship between the
biomarkers of metabolic syndrome and the biochemical
parameters of zinc in obese women. The mean concentrations of zinc in the plasma showed no statistically significant difference between groups (p > 0.05). Despite
no significant difference in plasmatic zinc concentrations, the obese group’s diet contained a higher quantity
of this mineral (p < 0.05). Thus, the higher zinc intake
found in the diets of obese women does not seem to have
influenced the plasma levels of the mineral.
It should be mentioned that the plasma is a parameter
of evaluation of this trace element that has fast dynamics, and that keeps it under a homeostatic control, and
may suffer several pathophysiological influences in
response to various conditions such as stress, infection,
catabolism, hormones and food intake.20,21
Another important aspect is that in the circulation,
around 80% of zinc is in the erythrocytes and only 16%
is in the plasma. Thus, since the half life of erythrocytes
is 120 days, the erythrocyte becomes a parameter of
nutritional status of this micronutrient for a longer
period, and is therefore a more sensitive parameter.22,23
In order to better understand the metabolic behavior
of zinc in obesity, some studies have used more sensitive markers, such as erythrocytes, for assessing the
nutritional status of this mineral. Thus, unlike results
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obtained in plasma, the mean values of zinc concentration in the erythrocytes of obese women in this study
were significantly lower than in the control group (p <
0.05). These results are consistent with those already
found by Marreiro; Fisberg; Cozzolino5, in a study of
obese children and adolescents and by Ozata et al.24 in
obese adult men.
One important factor is the body composition of the
assessed patients. The waist circumference and body
mass index were higher in obese women than in the
control group (p < 0.05). The obesity is characterized
by accumulation of fat mass and is associated with
increase of the release of several inflammatory mediators. This dysregulation in the production of proinflammatory adipocytokines in obese individuals
leads to a state of chronic low-grade inflammation and
may promote obesity-linked metabolic disorders such
as syndrome metabolic25,26.
The results of multivariate regression revealed that
only the erythrocytary zinc was influenced by biomarkers of the metabolic syndrome. This analysis
demonstrated that the waist circumference and body
mass index had negative correlation with the concentration of zinc in erythrocytes. This data is associated
with the fact of the accumulation of adipose tissue
increase the production of cortisol and adipocytokines,
which produces a chronic inflammatory process. The
inflammation induces the expression of metallothionein and zinc transporter Zip14 in hepatocytes, these
proteins promotes the zinc accumulation in the liver
and in adipocites, which may have contributed to low
of erythrocytary zinc concentration27-29.
Conclusions
The study shows that there are alterations in biochemical parameters of zinc in obese women, with low
zinc concentrations in erythrocytes. The results of
regression analysis revealed that only the concentration of zinc in erythrocytes has influenced by components anthropometrics of the metabolic syndrome and,
the body mass index and waist circumference have a
negative relation with this mineral. Moreover, there is
no relationship between the zinc nutricional status and
the biochemical markers of the metabolic syndrome.
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