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Abstract
This study aims to test the association between magnesium, selenium, and calcium and the increased cardiometabolic risk in women with obesity. 
This was a cross-sectional study that involved 130 women divided into a group of women with obesity (n=69) and a control group (n=61). Statistical 
analysis was performed through the GraphPad Prism program. The results shown that women with obesity have a lower concentration of the mine-
rals magnesium, selenium and calcium in blood, as well increase in the excretion of these minerals in the urine when compared to the control group. 
Addition, thit group showed high concentrations of total cholesterol, TGC, VLDL-C, LDL-C, non-HDL, IC I, IC II, interleukine-6 and interleukine-8, which 
suggests increased risk for cardiovascular disease in this group. There was also a positive correlation between urinary mineral concentrations and 
anthropometric parameters. The results suggest that excess adiposity is associated with deficiency of the minerals analyzed, as well as revealing the 
association of this deficiency with increased cardiometabolic risk in the population evaluated.
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Resumen
Este estudio pretende comprobar la asociación entre el magnesio, el selenio y el calcio y el aumento del riesgo cardiometabólico en mujeres con obesi-
dad. Se trató de un estudio transversal en el que participaron 130 mujeres divididas en un grupo de mujeres con obesidad (n=69) y un grupo de control  
(n=61). El análisis estadístico se realizó mediante el programa GraphPad Prism. Los resultados mostraron que las mujeres con obesidad tienen una 
menor concentración de los minerales magnesio, selenio y calcio en rubio, así como un aumento en la excreción de estos minerales en la orina en compa-
ración con el grupo control. Además, este grupo mostró concentraciones elevadas de colesterol total, TGC, VLDL-C, LDL-C, no-HDL, IC I, IC II, interleucina-6  
e interleucina-8, lo que sugiere un mayor riesgo de enfermedad cardiovascular en este grupo. También se observó una correlación positiva entre las 
concentraciones urinarias de minerales y los parámetros antropométricos. Los resultados sugieren que el exceso de adiposidad está asociado a la defi-
ciencia de los minerales analizados, así como revelan la asociación de esta deficiencia con un mayor riesgo cardiometabólico en la población evaluada.

Palabras clave: Obesidad. Magnesio. Selenio. Calcio. Enfermedades cardiovasculares.

Introduction
Obesity is a chronic disease, characterized by excess 
adipose tissue, that favors the manifestation of various 
comorbidities, such as type 2 diabetes mellitus, breast 
cancer, and cardiovascular disease, with a relevant impact 
on increased mortality. Data from the World Obesity Atlas 
show that in 2020 obesity reached 15 % of the world’s 
population, a total of 764 million people, and the forecast 
for 2030 is a prevalence of 18 %, representing over one 
billion people worldwide1,2.

The literature highlights that the increase in triacylglyce-
rol deposition in adipose tissue, particularly in the visceral 
region, induces of dysfunction this tissue, characterized by 
adipocyte hypertrophy, angiogenesis reduction, increase 
the pro-inflammatory cytokines synthesis such as IL-1β, 
IL-6, and TNF-α, oxidative stress, insulin resistance, and 
dyslipidemia, important cardiometabolic risk factors3. 

This setting contributes to the deposition of ectopic fat in 
other target tissues that participate in the regulation of glu-
cose homeostasis, such as the liver tissue. This reduces 
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the sensitivity of this tissue to insulin and facilitates the 
production of very low-density lipoproteins (VLDL-C), which 
increases the incorporation of triacylglycerols (TGC) and 
Apolipoprotein B. Such lipoprotein suffers triacylglycerol 
removal by lipoprotein lipase and gives rise to the fraction 
of low-density lipoproteins (LDL-C), which is deposited in 
vascular endothelium tissues, contributing to dyslipidemia, 
endothelial dysfunction and, consequently, increased car-
diometabolic risk4. 

To understand the influence of nutrition on cardiometabo-
lic protection, research has investigated the participation of 
minerals, particularly magnesium, selenium, and calcium, 
in the control of disorders in individuals with obesity. Mag-
nesium, for example, maintains blood glucose homeosta-
sis, participates in the synthesis and signaling of insulin, 
and reactions in the glycolytic pathway. It also influences 
the control of systemic blood pressure and regulates the 
synthesis of non-esterified fatty acids in hepatocytes5.

Selenium is also an important nutrient of cardiometabo-
lic protection, as it participates in lipid metabolism, such 
as in its performance in the activity of HMG-COA enzyme 
reductase, playing a hypocholesterolemic role. Associated 
with this, indirectly, selenium also participates in cardio-
metabolic protection because it has antioxidant and anti- 
inflammatory action, assists in the stimulation of insulin 
secretion, and contributes to signal transduction stimu-
lated by the connection of this hormone to its specific 
receptor. Calcium is a mineral that regulates blood pres-
sure via the renin-angiotensin-aldosterone system, acts to 
contract vascular smooth muscle, stimulates insulin secre-
tion and signaling, and coordinates processes related to 
apoptosis and immune function6.

To this matter, although the various relevant functions 
performed by magnesium, selenium, and calcium in car-
diometabolic protection have been demonstrated, there is 
still a data gap in the literature that can indicate the rela-
tionship between the deficiency of these nutrients and 
the increased cardiometabolic risk, particularly, in women 
with obesity. Thus, this study aimed to verify the associa-
tion between magnesium, selenium, and calcium and the 
increased cardiometabolic risk in women with obesity.

Materials and method
Study characterization and experimental  
protocol
This cross-sectional study involved 130 women, aged 
between 20 and 50 years, and divided into two groups: 
women with body mass index (BMI) ≥ 35 kg/m² (obese 
n=69) and women with BMI between 18.5 to 24.9 kg/m²; 
(eutrophic n=61). The sample was defined by means of 
convenience sampling and the participants were recruited 
from clinics located in Teresina - PI, with similar distribution 
of age and socioeconomic status between the two groups.

The study participants were selected through an interview 
considering the following exclusion criteria: pregnant or 
lactating; postmenopausal; participating in another clinical 
study; presence of comorbidities, such as diabetes melli-
tus, chronic kidney disease, cancer, and recent infections. 
Women using vitamin-mineral supplements or medications 
that could interfere with the nutritional status of minerals, 

smokers, and those with history of chronic alcohol intake 
were also excluded.

The project was registered in the Plataforma Brasil, and 
it was approved by the Research Ethics Committee of the 
Federal University of Piaui, according to the CNS Resolu-
tion 466/12, under Certificate of Presentation for Ethics 
Appreciation (CAAE) 3.276.485. All participants signed an 
informed consent form describing the study procedures.

Assessment of nutritional status
For anthropometric assessment, body weight, height, waist 
circumference, neck, and hip measurements were taken 
according to the methodology described by the Brazilian 
Ministry of Health7. To assess the nutritional status of the 
study participants, BMI was calculated by dividing the par-
ticipant’s weight by their height squared8. In addition, the 
waist-to-hip ratio was calculated.

Collection and processing of biological material 
20mL blood samples were collected in the morning 
between 7 and 9 am, with the participants fasting for at 
least 12 hours. The collected blood was distributed in two 
separate tubes: (1) a polypropylene tube containing 30 % 
sodium citrate as an anticoagulant for the analysis of mag-
nesium (2) a vacuette® tube with a clot activator for the 
determination of the lipid profile, (3) without anticoagulant 
to analyze serum glucose, serum insulin and markers of 
inflammation (8 mL of blood), and (4) with ethylenedia-
mine tetra acetic acid (EDTA) anticoagulant to analyze gly-
cated hemoglobin and selenium.

Plasma was separated by centrifugation (CIENTEC® 4K15, 
São Paulo, Brazil) at 1831 x g for 15 minutes at 4 ºC. Then, 
it was extracted with an automatic pipette and placed in 
demineralized polypropylene microtubes which were sub-
sequently kept at -20 °C. For the separation of erythrocytes 
and subsequent determination of minerals. These compri-
sed washing the erythrocyte mass with 10 mL of an isotonic 
saline solution (0.9 % NaCl), followed by thorough homo-
genization by inversion, and subsequent centrifugation at 
2493 x g for 10 minutes. This procedure was repeated three 
times to remove contaminants from the erythrocytes (plate-
lets and leukocytes). After the last centrifugation, the saline 
solution was aspirated and discarded, and the erythrocyte 
mass was carefully extracted with the aid of an automa-
tic pipette and transferred to demineralized polypropylene 
tubes which were kept at –20 °C for further analysis.

For 24-hour urine collection, the demineralized contai-
ners were weighed before and after the collection on a 
semi-analytical scale to determine the urine volume from 
the density. After this procedure, 20 mL of the urine was 
removed, distributed between polypropylene microtubes, 
and stored at -20 °C for later measurement of the mineral’s 
concentration.

Plasma, erythrocyte, and urinary minerals analyses were per-
formed at the Atomic Emission Spectrometry Laboratory -  
Embrapa (National Corn and Sorghum Research Center), 
located in Sete Lagoas - Minas Gerais. The elemental analy-
sis of the mineral was performed in an inductively coupled 
plasma spectrometer - Optical Emission Spectrometry 
with an axial view configuration and a V-Groove nebulizer  
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(720 ICP / OES, Varian Inc., California, United States). The 
detection limits were measured using the equation 3x 
standard deviation of 10 blank measurements, divided by 
the slope of the calibration curve. Monoelemental stock 
solutions of magnesium 1000 mgL-1 (Titrisol and Certipur -  
Merck, Germany) were used for the preparation of the refe-
rence solutions for the calibration curve and optimization 
of the analytical conditions. All aqueous solutions and dilu-
tions were prepared using ultrapure water (18 MΩ.cm -1) 
obtained using a Milli-Q system (Millipore, Bedford, MA).

Determination of the biochemical parameters of 
magnesium, selenium and calcium
Analyses of plasma, erythrocyte and urinary mineral concen-
trations were carried out at the Atomic Emission Spectro-
metry Laboratory - Embrapa (National Maize and Sorghum 
Research Centre, Sete Lagoas - MG. The elemental analysis 
of the minerals was carried out in an Inductively Coupled 
Plasma-Optical Emission Spectrometer with an axial view 
configuration and a V-Groove nebuliser (720 ICP/OES, Varian 
Inc., California, United States). 

The reference values adopted were 0.75 to 1.05 mmol /L 
for plasma magnesium9, 1.65 to 2.65 mmol /L for erythro-
cyte magnesium, and 3.00 to 5.00 mmol /24 h for urinary 
magnesium10, 80 to 95 μg/L for plasma selenium11, 0,18 
to 0.55 μg/gHb for erythrocyte selenium12, calculation of 
clearance for urinary selenium13 2.12 to 2.65 mmol/l for 
plasma calcium14, and lower values than 4.0 mg/kg/day 
for urinary calcium15. 

Evaluation of cardiovascular risk  
parameters
Neck circumference (NC)
The measurement was taken at the midpoint of the cervi-
cal spine up to the mid-anterior point of the neck using a 
Seca® (São Paulo, Brazil) flexible, non-extendable measu-
ring tape, accurate to 0.1 centimeters. The reference value 
used was greater than 34 cm for mild risk and greater than 
36.5 cm for high risk of cardiometabolic diseases16.

Waist-to-hip ratio (WHR)
The waist-to-hip ratio was calculated from the participant’s 
waist circumference divided by the hip circumference, 
using as a reference value that recommended by the World 
Health Organization (WHO)17.

Conicity index (ICON)
This indicator was determined using weight, height and 
waist circumference measurements, and is used to assess 
obesity and body fat distribution. The threshold value for the 
conicity index associated with the development of obesity- 
related complications and cardiovascular diseases is 1.18 
for women18.

Determination of lipid profile
Serum concentrations of total cholesterol, HDL-cholesterol,  
and triacylglycerols were determined according to the 
colorimetric enzymatic method, using a COBAS INTEGRA 
automated biochemical analyzer with ROCHE® kits (Roche  

Diagnostics, Brazil). The LDL-cholesterol fraction was cal-
culated according to the formula of Friedwald et al.19: LDL-c 
= CT - HDL-c - TG / 5, and was considered valid for values 
of TGC up to 400mg/dL. The reference values for the lipid 
fractions were those defined in the Update of the Brazilian 
Dyslipidemia and Atherosclerosis Prevention - 201720.

Determination of Castelli I and II indexes
To determine the risk of cardiovascular disease, Castelli I 
and II indexes were used, and these correspond to the ratio 
between total cholesterol (TC) and HDL-cholesterol and 
the ratio between LDL cholesterol and HDL cholesterol, 
respectively. The reference values are Castelli I (CI) index  
≤ 4.3 mg / dL; and Castelli II (CII) index ≤ 2.9 mg / dL21.

Blood pressure measurement
Blood pressure was measured using a G-Tech model 
BP3AF1-3 digital pulse device after the participant had 
been at rest for ten minutes. The reference standard was 
systolic pressure below 130 mmHg and diastolic pressure 
below 85 mmHg22,23.

Determination of markers of inflammation
The determination of plasma concentration of cytokines 
IL-6 and IL-8 was performed using the Cytometric Bead 
ArrayTM Human Inflammatory Cytokines kit (BD Bioscien-
ces, USA), in a FACS CANTO II® (Becton Dickinson) flow 
cytometer. Following the manufacturer’s instructions, cap-
ture beads were added to the serum samples, and, after  
1.5 h of incubation in the dark, each sample was suspended 
in 1 ml of wash buffer and centrifuged at 200 × g for 5 min; 
then, the supernatants were carefully discarded. Human 
inflammatory cytokine PE detection reagent was added 
to each sample to resuspend the pellet followed by 1.5 h  
incubation in the dark. Wash buffer was again added to the 
samples and centrifuged at 200 × g for 5 min. Finally, the 
supernatants were carefully discarded, and the pellet was 
resuspended in 300 μL of wash buffer. The standard curve 
for all cytokines was initially prepared, and the standard 
samples were analyzed similarly to the serum samples. 
Samples and calibration curves were acquired using FACS-
CantoTM II software (BD Biosciences, USA). FCAP Array 
Infinite software (Soft Flow®, Hungary) was used to quan-
tify all cytokines in the standards and samples.

Determination of glycemic control parameters
Fasting serum glucose levels were assessed through the 
utilization of colorimetric enzymatic methodology along 
with Labtest kits and the biochemical analyzer Labmax 
100 (Labtest, Brazil). We considered values between 75 
and 99 mg/dl as normal. Serum insulin concentration 
was determined using the chemiluminescence method, 
employing the Liaison XL (DiaSorin, Italy) instrument. 
Normal ranges of insulin were considered for values 
between 2,3-26 μU/ml. Analysis of glycated hemoglobin 
was carried out using the ion exchange chromatography 
method (Variant II Turbo – BIORAD). Were considered 
values lower than 5.7 % as normal24.

Homeostasis model assessment of insulin resistance 
(HOMA-IR) was calculated from fasting serum glucose and 
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fasting serum insulin. HOMA-IR values greater than 2.71 
were classified as insulin resistance25,26.

Statistical analysis
Data imputation was performed to handle missing data, 
with the goal of “completing” the bank and enabling the 
analysis with all individuals in the study, being up to 18 % 
in the group of women with obesity and 15 % in the control 
group.

The unique imputation was performed by the Predictive 
Mean Marching (PMM) method, which is indicated for 
quantitative variables. It was conducted in three steps, 
using the function created by Andreozzi: (1) estimation of a 
regression model, the variable of interest (the imputation) 
was the response variable and the remaining variables 
were explanatory; (2) estimation of the value of the varia-
ble of interest to the subjects with the omissive data; (3) 
pairing of the value of the predicted variable of interest, for 
the subjects with the omitted data, with the nearest adjus-
ted value (made from the calculation of the Euclidean dis-
tance). In the case where there was more than one value 
adjusted with a distance equal to the minimum distance 
found, the amount to be imputable was randomly chosen, 
among those who underwent a draw. All these analyses 
were performed using the R (R Development Core Team) 
program27-29.

The data were organized in Excel spreadsheets, to perform 
descriptive analysis of the observed variables, and were 
later exported to the GraphPad Prism program (version 
9.3) for statistical analysis of the results. Continuous varia-
bles were expressed as mean ± SD.

The assumption of normality of the variables was evalua-
ted through the Kolmogorov-Smirnov test. Then, for com-
parison purposes, a t-test was performed for continuous 
variables with normal distribution and the Mann-Whitney 
test for those with nonparametric distribution. For the study 
of correlations, the Pearson or Spearman correlation coe-
fficient for variables with parametric and non-parametric  
distribution, respectively. The tests were considered signi-
ficant when p <0.05.

Results
The mean values and standard deviations of age and 
anthropometric parameters used to assess the nutritio-
nal status of the participants are shown in table 1. It was 
observed that there was a statistically significant diffe-
rence in the parameters of weight, height, and BMI index 
(p < 0.05), these parameters being higher in women with 
obesity.

Women with obesity had decrease plasm and erythrocyte’s 
concentration of magnesium, selenium and zinc. Additio-
nally, they had increased values of these minerals in urine 
compared to the control group (Table 2).

Cardiometabolic risk markers revealed statistically signifi-
cant differences between the obese women and the control 
group in terms of total cholesterol, triacylglycerols, VLDL-C, 
LDL-C, HDL-C, non-HDL, Castelli I, Castelli II, Interleukin-6 
and Interleukin-8, as shown in table 3.

The analysis of simple linear correlation between mag-
nesium, selenium, and calcium concentrations and adi-
posity parameters of study participants, involving obese 
and eutrophic women, is shown in figures 1, 2, and 3. The 
results revealed a significant negative correlation between 
plasma concentrations and magnesium erythrocytes, sele-
nium, and calcium and anthropometric parameters.

A simple linear correlation analysis between cardiome-
tabolic risk markers and plasma, erythrocyte, and urinary 
concentrations of women with obesity is presented in 
table 4. There was a positive correlation between mag-
nesium erythrocyte concentrations and a waist-hip ratio, 
LDL-C, Non-HDL-C, Castelli I index, and Castelli II index, as 
well as a negative correlation between this biomarker and 
HDL-C.

Data regarding selenium biomarkers showed a positive 
correlation between their plasma concentrations and a hip 
and HOMA-IR waist relationship, as well as a negative corre-
lation between mineral and total cholesterol, LDL-C, non-
HDL-C, and interleucine-8. A positive correlation was also 
verified between the concentrations of urinary selenium 

Table 1. Mean values and standard deviations of age, anthropometric parameters of study participants.

Parameteres
Control
(n=61)

Mean ± SD

Obese
(n=69)

Mean ± SD
p value

Age (years) 35.07 ± 7.61 32.61 ± 7.74 0.080

Body weight (kg) 55.70 ± 5.27 104.7 ± 11.64 <0.001*

Height (m) 158.2 ± 6.15 160.5 ± 6.24 0.027*

BMI (kg/m2) 22.26 ± 1.65 40.66 ± 4.03 <0.001*

WC (cm) 73.92 ± 4.90 111.6 ± 9.91 <0.001*

HC (cm) 95.90 ± 4.62 128.8 ± 8.39 <0.001*

*Significantly different values between women with obesity and the control group, Student’s t-test or Mann-Whitney test (p<0.05). WC=waist circum-
ference; HC=hip circumference; SD=standard deviation; BMI=body mass index.
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Table 2. Mean values and standard deviations of the biochemical parameters of minerals of study participants.

Parameteres
Control
(n=61)

Mean ± SD

Obese
(n=69)

Mean ± SD
P value

Plasma Mg (mmol/L) 0.92 ± 0.11 0.61 ± 0.10 <0.001*

Erythrocyte Mg(mmol/L) 2.31 ± 0.24 1.51 ± 0.19 <0.001*

Urinary Mg (mmol/day) 3.48 ± 1.72 5.72 ± 2.40 <0.001*

Plasma Se (μg/L) 78.74 ± 9.22 59.60 ± 5.85 <0.001*

Erythrocyte Se (μg/gHb) 0.39 ± 0.07 0.24 ± 0.03 <0.001*

Urinary Se (μg/day) 42.99 ± 5.47 62.38 ± 9.46 <0.001*

Clearence of Se 0.45 ± 0.26 0.93 ± 0.44 <0.001*

Plasma Ca (mmol/L) 2.45 ± 0.19 1.93 ± 0.19 <0.001*

Urinary Ca (mmol/day) 2.99 ± 0.96 4.27 ± 1.24 <0.001*

*Values significantly different between women with obesity and control groups, Student’s t test or Mann-Whitney test (p<0.05). SD=standard deviation; 
Mg=magnesium, Se=selenium; Ca=calcium.

Table 3. Mean values and standard deviations of the cardiometabolic risk markers of the study participants. 

Parameteres
Control
(n=61)

Mean ± SD

Obese
(n=69)

Mean ± SD
P value

NC (cm) 31.57 ± 2.11 39.58 ± 2.69 <0.001*

WHR 0.77 ± 0.05 0.86 ± 0.06 <0.001*

ICON 1.14 ± 0.06 1.27 ± 0.08 0.024*

SBP (mmHg) 116.7 ± 11.23 121.0 ± 15.60 0.176

DBP (mmHg) 80.52 ± 9.79 80.49 ± 9.79 0.782

TC 182.2 ± 20.97 193.1 ± 25.53 0.009*

TGC 112.0 ± 33.49 142.5 ± 46.00 <0.001*

VLDL-c 22.40 ± 6.69 28.49 ± 9.20 <0.001*

HDL-c 54.97 ± 9.34 49.09 ± 11.20 0.003*

LDL-c 104.9 ± 18.60 115.5 ± 24.56 0.007*

non-HDL 127.2 ± 20.91 144.0 ± 25.45 <0.001*

IC I 3.40 ± 0.66 4.19 ± 1.36 <0.001*

IC II 1.98 ± 0.55 2.55 ± 1.03 <0.001*

FPG 80.34 ± 9.44 83.54 ± 12.31 0.231

SI 10.47 ± 3.38 11.64 ± 4.08 0.157

HOMA-IR 2.10 ± 0.78 2.47 ± 1.12 0.081

Hba1C 5.08 ± 0.56 5.12 ± 0.51 0.926

IL-6 3.70 ± 3.45 7.48 ± 5.32 <0.001*

IL-8 23.32 ± 15.89 13.67 ± 7.92 0.012*

*Values significantly different between women with obesity and control groups, Student’s t test or Mann-Whitney test (p<0.05). SD=standard deviation; 
NC=neck circumference; WHR=waist-hip ratio; ICON=conicity index; SBP=systolic blood pressure; DBP=diastolic blood; TC=total cholesterol; TGC=tria-
cylglycerols; VLDL=very low density lipoprotein; HDL=high density lipoprotein; LDL=low density lipoprotein; non- HDL=non-high-density lipoprotein; CRI 
I=Castelli’s risk index I; CRI II=Castelli’s risk index II; SI=serum insulin; FPG=fasting plasma glucose; HbA1c=glycated hemoglobin; HOMA-IR=homeos-
tasis model assessment insulin resistance; IL=interleukin.



 18

L. Rocha dos Santos, et al. Mineral deficiency and cardiovascular risk in women with obesity

and total cholesterol, non-HDL-C, and negative correlation 
between the marker and diastolic blood pressure. Further-
more, urinary calcium was positively correlated with Castelli 
indexes I and II. On the other hand, it was negatively correla-
ted with insulin and HOMA-IR.

Discussion
This study examined the levels of magnesium, selenium, 
and calcium in the blood and urine of women with obesity. 
The data obtained showed that mineral concentrations 
exhibited statistically significant differences between the 
groups, similar to the results found in the study conducted 
by Morais et al30. 

Regarding magnesium levels, it is worth noting that these 
findings are supported by previous literature, which highli-
ghts that women with obesity tend to have diets with high 
energy density, low in whole grains and leafy green vegeta-
bles, and rich in ultra-processed foods, resulting in a redu-
ced intake of micronutrients, particularly magnesium31. 
In addition to the reduced intake of magnesium by obese 
individuals, there are also changes in the absorption pro-
cess of this nutrient in the enterocytes, which may be due 
to reduction in the concentrations of sodium and calcium, 
elements that are important in the active transport of the 
mineral and interact with its receptors. Another important 
point concerns the high excretion of magnesium in the 

urine, which may be influenced by increased insulin resis-
tance or leptin concentrations in obesity. These facts may 
be a relevant contributing factor to the reduction in concen-
trations seen in the obese women evaluated in this study32 

(Figure 1).

The amount of magnesium in erythrocytes was also redu-
ced in women with obesity, which reinforces the condition 
of deficiency in this mineral, since this biomarker reflects 
the existence of a possible chronic depletion, suggesting 
the occurrence of a medium- and long-term deficit33. Asso-
ciated with this, women with obesity had high amounts 
of magnesium in the urine when compared to the control 
group, ratifying the state of deficiency in this mineral, as the 
reduction of renal reabsorption of this nutrient reduces its 
amount in plasma and erythrocytes.

Literature shows that hypomagnesemia favors the mani-
festation of low-grade chronic inflammation, characterized 
by high concentrations of proinflammatory cytokines and 
by the increase in free radical production, metabolic chan-
ges considered important risk factors for the development 
of hypertension, cardiovascular disease, metabolic syn-
drome, and diabetes mellitus31.

Selenium concentrations in the plasma of women with obe-
sity had reduced values when compared to the control group, 
which can also be due to their insufficient dietary intake, 
as observed in the study conducted by Fontenelle et al34.  

Figure 1. Simple linear correlation analysis between plasma, erythrocyte and urinary magnesium concentrations and adiposity parameters in the study 
participants.
A: plasma magnesium concentrations and BMI. B: erythrocyte magnesium concentrations and BMI. C: urinary magnesium concentrations and BMI.  
E: plasma magnesium concentrations and WC. F: erythrocyte magnesium concentrations and WC. G: urinary magnesium concentrations and WC. 
*Significance was found in A, B, C, E, F and G, with p < 0.05. Pearson or spearman correlation was used for R and p values. 
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Figure 2. Simple linear correlation analysis between plasma, erythrocyte and urinary selenium concentrations and adiposity parameters in the study 
participants.
A: plasma selenium concentrations and BMI. B: erythrocyte selenium concentrations and BMI. C: urinary selenium concentrations and BMI. E: plasma 
selenium concentrations and WC. F: erythrocyte selenium concentrations and WC. G: urinary selenium concentrations and WC. *Significance was 
found in A, B, C, E, F and G, with p < 0.05. Pearson or spearman correlation was used for R and p values. 

 

It is also worth noting that in obesity, high body weight, 
excess body fat, and the presence of metabolic changes 
may require amount of selenium quantities of the values 
established by the recommendation. Thus, when conside-
ring the participation of selenium as a cofactor of various 
antioxidant enzymes, the presence of oxidative stress, for 
example, can contribute to the reduction in the amount of 
this micronutrient in the plasma. Associated with this, low-
grade chronic inflammation also seems to favor selenium 
reduction, as inflammatory cytokines inhibit seleno protein 
P synthesis, the main enzyme involved in selenium trans-
port in plasma35 (Figure 2).

The obese group showed reduced concentrations of sele-
nium in the erythrocytes when compared to the control 
group, similar to the data obtained by Oliveira et al36. This 
data reinforces the finding of mineral deficiency in the case 
group. The results also showed greater excretion of the 
mineral in the group of women with obesity when compa-
red to the control group, which can be explained by the fact 
that, according to the literature, chronic low-grade inflam-
mation reduces the synthesis of selectoprotein by hepato-
cytes, and selenide, a substrate used for the synthesis of 
this protein, is directed to urinary excretion, which contri-
butes to the reduction in the bioavailability of this mineral 
in obesity37,38.

In this study, there were reduced calcium concentrations in 
plasma and high mineral excretion in urine, which may be 

due to the scarce amount of this nutrient in the diets con-
sumed by the obesity group. Similar data were found in stu-
dies conducted by Zohal et al.39. It is reinforced that proper 
plasma calcium concentrations are important to maintain 
the regulation of lipid metabolism, pancreatic insulin and 
glucagon secretion, and insulin sensitivity40 (Figure 3).

This study explored the association between the levels of 
these micronutrients and cardiometabolic risk markers 
in research participants, and the results revealed a posi-
tive correlation between reduced magnesium values in 
red blood cells and concentrations of LDL-C, non-HDL-C, 
Castelli index I and II, hip/waist ratio and ICON. In addi-
tion, the results revealed a negative correlation between 
reduced magnesium concentrations in erythrocytes and 
HDL-C values. These findings demonstrate the possible 
negative influence of reduced magnesium concentrations 
on women’s erythrocytes evaluated on lipid metabolism, 
since this mineral acts on the regulation of the quantities 
of lipid fractions found in the bloodstream, by modulating 
the activity of important enzymes such as lipase Lipopro-
tein (LPL), lecithin-cholesterol aCillransferase (LCAT) and 
3-hydroxy-3-methyl-glutaril-coenzyme to reductase (HMG-
COA reductase)33.

Magnesium regulates the homeostasis of lipid fractions 
by stimulating lipoprotein lipase activity, which partici-
pates in the regulation of the number of triacylglycerol 
values and contributes to increased HDL-C. In addition, it 
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activates LCAT, an enzyme involved in maintaining lipo-
protein balance in the body. On the other hand, under 
conditions of deficiency in this mineral, there is increased 
activity of HMG-COA reductase, which can increase the 
concentrations of lipid fractions and an increased propor-
tion of saturated fatty acids to unsaturated33. 

Considering the positive correlation between selenium con-
centrations in plasma and lipid fractions (total choleste-
rol, LDL-c, non-HDL-c) in obese women, it should be noted 
that reduced concentrations of this mineral in plasma may 
contribute to inadequate control of HMG-CoA reductase 
expression, leading to increased cholesterol concentra-
tions in the bloodstream. These findings are complemented 
by the positive correlation between the amount of selenium 
excreted in urine and the concentrations of total choleste-
rol and non-HDL-C in the present study, reinforcing that the 
increased loss of this mineral through the kidneys limits its 
physiological functions, particularly in controlling choleste-
rol concentrations in plasma6,41. 

The negative correlation revealed between the concentra-
tions of selenium in plasma and LDL-C in the obesity group, 
particularly, suggests the possible performance of this 
nutrient as a 5’-en-type deiodinase cofactor, an enzyme 
that participates in the synthesis of the triiodothyronine 
hormone, which contributes to the expression of the LDL-C 
receiver, a molecular substrate that acts by promoting the 

influx of LDL-C to intracellular space, reducing its concen-
tration in the bloodstream. In addition, reduced selenium 
concentrations in the blood compromise the performance 
of selenoprotein P, an important amino acid in reducing 
LDL-C oxidation by neutralization of hydroperoxides42.

Correlation analysis was performed to determine the rela-
tionship of selenium to the chronic inflammatory process 
present in obesity, a negative correlation between the 
mineral in erythrocytes and interleukin-8 being verified. 
About this result, data in the literature suggest that indi-
rectly reducing selenium favors inflammation because it 
limits antioxidant defense, which consequently accentua-
tes chronic inflammation43.

The results of this study revealed a negative correlation 
between the urinary calcium excretion and the insulin 
concentrations and of HOMA-IR values. This finding can 
be explained by the fact that calcium performs impor-
tant functions in the insulin secretion route, acting as the 
second cell messenger in the endocrine system exocytosis 
processes and regulating hormone signaling in the endo-
plasmic reticulum44,45. 

In addition, the results show the correlation between uri-
nary calcium and Castelli I and II rates suggest that the loss 
of this mineral compromises the body’s ability to protect 
these indicators of cardiometabolic risk. Thus, adequate 

Figure 3. Simple linear correlation analysis between plasma and urinary calcium concentrations and adiposity parameters in the study participants.
A: plasma calcium concentrations and BMI. B: urinary calcium concentrations and BMI. C: plasma calcium concentrations and WC. D: urinary calcium 
concentrations and WC. *Significance was found in A, B, C and D with p < 0.05. Pearson or spearman correlation was used for R and p values. 
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calcium concentrations contribute to the regulation of lipid 
fractions, since this nutrient participates in lipolysis, inhi-
bits lipogenesis, and reduces lipid storage46.

Despite the growing body of evidence supported by this 
study, it is important to mention some of its limitations. 
For example, the cross-sectional nature of the study, which 
does not make it possible to assess causality, as well as 
the sample size of the groups and the absence of data rela-
ted to dietary intake. In addition, the use of other molecular 
markers to assess the impact of mineral deficiency on car-
diometabolic risk parameters in this study could have con-
tributed to a better understanding of the action of minerals 
in protecting against this risk in the population evaluated.

Conclusions
Women with obesity have a lower concentration of the 
mineral’s magnesium, selenium and calcium in their blood, 
as well as a higher risk of cardiovascular disease and more 
inflammation when compared to the control group. 

In addition, the data from this study suggest that increa-
sed adiposity is associated with altered nutritional status 
of magnesium, selenium and calcium in obesity, and that 
deficiency of these minerals is associated with increased 
cardiovascular risk in this population, reinforcing the need 
for interventions through the use of specific nutrients for 
the prevention of cardiovascular disease in this group.
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