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Background: The prevalence of obesity has increased worldwide. Abnormal plasma level of some trace
elements may be associated with obesity. The present study was designed to compare the plasma level of
zinc, phosphate, calcium and magnesium with the degree of body mass index and waist circumference.
Material and methods: In this cross sectional study 149 persons (20e60 years old) from March 2014 till
April 2017 were included. Definition of central obesity was waist circumference (WC)� 102 cm and
�88 cm in men and women, respectively. Also BMI categorized to: normal weight: 18.50e24.99, over-
weight: 25.00e29.99 and obese: �30 kg/m2 respectively.
Mg, Ca, P and Zinc in plasma was checked after12 h fasting in each persons. Comparison between the
level of Mg, P, Ca and Zinc by three categories of BMI or waist circumference performed. The data were
analyzed by independent T-test and one-way ANOVA. Scheffe method was used to determine post-hoc
pair-wise comparisons. The relationship between BMI and concentration of elements was detected by
linear correlation and Cubic model. A p� 0.05 were considered statistically significant. Statistical ana-
lyses were executed by SPSS version 20.
Results: In this study, 32.2% male and remainder female, mean age of 42.26± 13.03 were participated.
40.9% were normal and 59.1% obese base on waist circumference. Also 24.8% normal,44.3% overweight
and remainder was obese according to BMI. Obese subjects base on waist circumference had significantly
lower serum Zinc(pvalue:0.002), Ca (pvalue:0.0001)and Mg(pvalue:0.042) concentration. Whereas, P
concentration was significantly higher in obese cases in comparison with normal subjects(pvalue:0.012).
Also normal cases had significantly higher serum Zinc (pvalue: 0.0001), Ca (pvalue:0.0001), and
Mg(pvalue:0.006) concentration compared to overweight and obese subjects according to BMI
categorizes.
Conclusion: Inverse correlation present between plasma zinc, calcium and magnesium level and BMI and
waist circumference, but positive correlation seen between P level and waist circumference. Further
studies are needed to evaluate the effect of dietary or supplemental interventions on obesity and central
obesity.

© 2019 Published by Elsevier Ltd on behalf of Diabetes India.
1. Introduction

Overweight and obesity has become one of the major risk fac-
tors for various chronic diseases, including diabetes, cardiovascular
disease, and cancer [1]. Obesity has been identified as a medical
problem that is caused by multiple factors such as environmental,
nari).

lf of Diabetes India.
genetics, cultural factors and lifestyle preferences factors [2]. A
systematic review in 2014 has revealed the prevalence rates for
overweight and obesity among Iranian adults as ranged from 27.0
to 38.5 and 12.6e25.9 respectively [3]. Also prevalence of over-
weight and obesity were 29% and 9.5%, respectively in YAZD in
study that published in 2013 [4].

Metallic elements in the human body are usually in small
quantities, but some of them play important biological effects in
enzymatic, hormonal and normal metabolism [5]. Deficiency in
some trace elements may be associated with the incidence of
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obesity [6]. Also some studies have suggested the increasing rate of
obesity in some regions of the world, concordance with micro-
nutrient deficiencies in this regions than other area [7,8]. This
maybe suggest association between micronutrient deficiencies and
increase in obesity rates in this area [7,8].

Etiology of this phenomenon maybe explained by correlation
between serum level of minerals and serum leptin concentrations
[9].

Leptin regulate food intake and energy expenditure. Leptin also
regulates components of the inflammatory response that are risk
factors for obesity. Changes in leptin levels due to deficiencies in
specific trace elements may cause increase in adipose tissue mass
and obesity and inflammatory response activation [9]. Although
now it is not clear the cause and effect of obesity and changes of
trace elements, obesity cause micronutrient deficiencies or paradox
[6].

Zinc is an essential micronutrient that plays an important
metabolic function related to the metabolism of proteins, carbo-
hydrates, lipids and nucleic acids. Zinc plays an important role in
insulin action and carbohydratemetabolism [10]. In addition Zinc is
an integral part of many anti-oxidant enzymes and Zinc deficiency
impairs synthesis of this enzymes, resulting in increased oxidative
stress [10].

Phosphate (P) plays a critical role in regulating many essential
biological processes including carbohydrate metabolism, signal
transduction, translation and saving of genetic information and
maintenance of lipid membrane structure [11]. Plasma P level
inversely was correlate to body weight [12].

Intracellular calcium plays an important role in the regulation of
lipid metabolism and insulin sensitivity. Serum calcium (Ca) had
positive correlations with metabolic syndrome in the general
population [13]. Also higher prevalence of adult obesity is corre-
lated with higher serum Ca level in the chinese population [14].

Intracellular magnesium (Mg) plays a critical role in regulating
insulin action, insulin dependent glucose uptake and vascular tone
[15]. Serum Mg levels in overweight and obese children are lower
than normal weight children [16].

Due to high prevalence of obesity in our region, the present
study was designed to compare the plasma level of zinc, P, Ca and
Mg with the degree of body mass index and waist circumference.
Table 1
The baseline characteristics of studied patients.

Variables Mean± SD

Gender
2. Methods

2.1. Subjects

This cross-sectional study designed to evaluate and compare the
plasmaMg, Ca, P and zinc levels in patients with different degree of
body mass index and waist circumference. In this study 149 pa-
tients (20e60 years old) who were came to Yazd diabetic research
center and Khatamol-Anbia speciality clinic from March 2014 till
April 2017 were included. Patients with Ma, Ca, P, and Zinc sup-
plements as well as those with diuretic use, people with severe
hyperglycemia, severe hypertension, pregnancy, lactation, thyroid
disease, vitamin D deficiency, decreased kidney function (estimated
glomerular filtration rate <60mL/min/1.73 m2), cancer, acute
infection or under special diets excluded from the study.
Male (N %) 48(32.2%)
Age 42.26± 13.03
Weight(kg) 74.38± 13.86
Height (cm) 162.56± 10.34
BMI(kg/m2) 28.24± 5.29
WC(cm) 95.35± 12.81
Zinc(mg/dL) 86.89± 16.66
P(mg/dL) 3.75± 0.55
Ca(mg/dL) 9.44± 0.71
Mg(mg/dL) 1.86± 0.40
2.2. Definitions of variables

We used definition of central obesity according to the WHO
criteria: waist circumference (WC)� 102 cm and �88 cm in men
and women, respectively. Also BMI categorized to: normal weight:
18.50e24.99, overweight: 25.00e29.99 and obese: �30 kg/m2
respectively [17].
2.3. Clinical and anthropometric measurements

A checklist consisted age, gender, height, weight, BMI, WC was
completed for each patient. Height, weight, andWCweremeasured
in standing position and BMI was calculated according the
following formula; weight (kg)/height (m) 2.WC was measured to
the nearest 0.5 cm at the superior border of the iliac crest with a
non-stretchable tape in late expiration in standing position.

2.4. Laboratory measurements

A 10mL sample of venous blood (after 12 h fasting) was taken
from each participant to measure level of Mg, Ca, Ph and Zinc in
plasma. The level of Mg, Ca, P and Zinc were measured with Bio-
system kits (Spain, European), using the enzymatic methods
(BA400 Biosystem, Spain).

2.5. Research ethics

This research was presented to the ethics committee of Shahid
Sadoughi University of Medical Sciences and approved by the in-
ternal medicine department. The ethics committee approved the
study with the number 17/198313 on December 22, 2014. The pa-
tients were informed about the objective and nature of the study,
and each participant provided written consent prior to the study.

2.6. Statistical analysis

The sample size was calculated by two mean comparison for-
mula. Considering, type one error 0.05, effect size (d: 0.55) and
power 90%, the calculated sample size was 149 participants. For the
comparisons between the level of Mg, P, Ca and Zinc by three cat-
egories of BMI (normal, overweight and obese) or waist circum-
ference (normal or obese), the data were first analyzed by
independent T-test and one-way ANOVA. Given that we found
some interaction effects of sex with BMI or WC categories and
concentration of elements, we conducted the ANOVAs separately
for men and women. In addition to this, Scheffe method was used
to determine post-hoc pair-wise comparisons. The relationship
between BMI and concentration of elements was detected by linear
correlation and Cubic model. A p-value less than 0.05 were
considered to indicate statistical significance. Statistical analyses
were executed by the programs SPSS version 20.

3. Results

The present study was conducted on 149 healthy participants.
Demographics and clinical characteristic of participants are sum-
marized in Table 1. Mean body mass index (BMI) was significantly
higher among women than men(28.97± 5.74 versus 26.70± 3.78,



Table 3
Mean serum Zinc, P, Ca and Mg levels in normal, overweight and obese BMI.

BMI Mean± SD p-value

Zinc Normal 92.91± 17.64 0.0001
Overweight 89.91± 13.32
Obese 78.00± 17.01

P Normal 3.58± 0.47 0.059
Overweight 3.76± 0.62
Obese 3.86± 0.46

Ca Normal 9.79± 0.80 0.0001
Overweight 9.43± 0.66
Obese 9.17± 0.57

Mg Normal 2.03± 0.52 0.006
Overweight 1.81± 0.36
Obese 1.77± 0.29

Data are expressed as mean ± standard deviation.
Statistical analysis by: t-test for independent samples.

Table 4
Mean Serum Zinc, P, Ca and Mg levels in normal and obese waist circumference by
gender segregation.

Sex Waist circumference Mean± SD P-value

Male Zinc Normal 96.88± 14.30 0.051
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p-value: 0.005). In this study, 40.9% were normal and 59.1% obese
base on waist circumference. 24.8% normal BMI,44.3% overweight
and remainder was obese according to BMI. Women BMI were
normal in 29.2%, 60.4% overweight, and 10.4% obese. Among men,
22.8% were normal, 36.6% overweight and 40.6% obese.

The waist circumference �102 cmwas present in 29.2% of male,
and waist circumference �88 cm was present in 73.3% of female.

Mean serum Zinc, P, Ca and Mg levels in normal and obese waist
circumference are shown in Table 2. As shown in this table, there is
a significant difference in Zinc, P, Ca and Mg levels between normal
and obese waist circumference. Compared to the obese subjects,
the normal cases had significantly higher serum Zinc, Ca and Mg
concentration. Whereas, P concentration was significantly lower in
normal cases in comparison with obese subjects.

Table 3 shows the mean serum Zinc, P, Ca and Mg levels in
normal, overweight and obese groups according BMI categorizes.
There is a significant difference in Zinc, Ca and Mg levels in normal,
overweight and obese groups. According to the post hoc analysis,
compared to the overweight subjects, the normal cases had
significantly higher serum Ca (p-value: 0.04) and Mg (p-value:
0.04) concentration. Compared to the obese subjects, the normal
cases had significantly higher serum Zinc (p-value: 0.0001) Ca (p-
value: 0.0001) and Mg (p-value: 0.012) concentration.

The mean level of Zinc, P, Ca and Mg levels in normal and obese
waist circumference by gender segregation were shown in Table 4.
In men there are no significant different between levels of elements
and waist circumference. But in women there is a significant dif-
ference in P and Ca levels between normal and obese groups ac-
cording to waist circumference. There are the significant negative
linear correlation between Mg, Zinc and Ca with BMI according to
linear and cubic Models ([zinc linear R square: 0.071, p-value: 0.001,
Cubic; R square: 0.113, p-value: 0.001], [Ca linear R square: 0.075, p-
value: 0.001. Cubic R square: 0.089, p-value: 0.004], [Mg linear R
square: 0.054, p-value: 0.005. Cubic R square:0.057, p-value:
0.039]), but there is a positive linear correlation between BMI and
serum P level (Linear R square: 0.038, p-value: 0.017, Cubic R
square: 0.039, p-value: 0.125).

4. Discussion

The possibility that micronutrient deficiencies may be linked to
obesity is of great interest in area with a high prevalence of
micronutrient deficiencies(7,8). In this study, there was inverse
correlation between trace elements such as zinc, Ca and Mg levels
and BMI and waist circumference, but positive correlation between
P and waist circumference. Although positive trend between P and
BMI was seen but it is not significant.

Zinc deficiency increased oxidative stress [10]. Results in the
field of association between plasma zinc status and body compo-
sition are controversial. Some studies reported inverse correlation
Table 2
Mean serum Zinc, P, Ca and Mg levels in normal and obese waist circumference
groups.

Waist circumference Mean± SD P-value

Zinc(mg/dL) Normal 92.13± 15.65 0.002
Obese 83.34± 16.47

P(mg/dL) Normal 3.62± 0.48 0.012
Obese 3.84± 0.58

Ca(mg/dL) Normal 9.69± 0.77 0.0001
Obese 9.26± 0.61

Mg(mg/dL) Normal 1.94± 0.45 0.042
Obese 1.80± 0.35

Data are expressed as mean± standard deviation.
Statistical analysis by: t-test for independent samples.
[18e22] and some reported no association [23,24].
The association between zinc status and obesity may be due to

the relationship between zinc metabolism and leptin. Decreased
Zinc concentrations leads to reduced serum leptin level in rats and
humans and reduced leptin secretion by rat adipocytes [9,25e27]
Reduced phosphorus status potentiate the development of obesity
[12,28]. Also subjects with metabolic syndrome show decreased
phosphate level compared with healthy individuals [29]. We did
not this phenomenon in our study with no explanation. But it may
be due to consumption of high-protein diet that is enriched with
high P in obese subjects of our participants. Another study showed
that a high phosphate level was correlated with cardiovascular risk
factors such as total cholesterol, LDL cholesterol but a lower
phosphate level was correlated with metabolic syndrome risk fac-
tors such as waist circumference, triglyceride level, lower HDL level,
systolic blood pressure, diastolic blood pressure, and fasting blood
glucose [30].

Therefore, It is important to maintain normal level of serum P
for preventing cardiovascular disease and metabolic syndrome
[30]. The mentioned study emphasized that abnormal level of
phosphate is risk factor for cardio-metabolic syndrome.

Study in the association of calcium with BMI and waist
circumference are different results. Low plasma Ca level lead to
calcitriol mediated increase in intracellular ionized Ca concentra-
tions. High ionized Ca stimulate the fatty acid synthesis and inhibit
lipolysis [31e33]. Serum Ca had positive correlations with
Obese 87.42± 15.68
P Normal 3.65± 0.51 0.539

Obese 3.55± 0.51
Ca Normal 9.80± 0.92 0.130

Obese 9.39± 0.56
Mg Normal 2.00± 0.54 0.210

Obese 1.79± 0.37
Female Zinc Normal 86.06± 15.46 0.355

Obese 82.52± 16.61
P Normal 3.58± 0.45 0.006

Obese 3.90± 0.57
Ca Normal 9.55± 0.52 0.014

Obese 9.24± 0.61
Mg Normal 1.86± 0.29 0.445

Obese 1.80± 0.35

Data are expressed as mean ± standard deviation.
Statistical analysis by: t-test for independent samples.
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metabolic syndrome in the general population [13]. Also higher
prevalence of adult obesity is correlated with higher serum Ca level
in the chinese population(14).

No correlation was seen between baseline serum calcium levels
and incident risk of metabolic syndrome in a longitudinal study by
34. Baek et al. [34]. But there was an association between higher
serum calcium levels and decreased incident metabolic syndrome
in individuals with central obesity or two components of metabolic
syndrome at baseline in subgroup analysis [34].

Further studies are required to see the effect of supplementation
of diet with this essential micronutrient on the BMI and waist
circumference.

Inverse correlation was seen between plasma magnesium level
and BMI, insulin resistance in adult and adolescent [16,35,36]. This
study are agreement with our results.

The mechanism bywhich lowMg level lead to insulin resistance
and obesity is not clear. Mg is a cofactor for enzymes involved in
carbohydrate metabolism(15). Adipocytes in low-Mg media show
decreased insulin-stimulated glucose uptake [37]. Also tyrosine
kinase activity is decreased in insulin receptors of muscle rats in a
state of low Mg diet [38]. These findings indicate possible effect of
Mg on insulin signaling.

Our study showed that women with central obesity(base on
waist circumference) had lower Ca and higher P level than normal
women. Finding of Gozde Aritici and coworker suggest that high
serum Ca level among turkish premenopausal women are associ-
ated with decreasing risk of metabolic syndrome[39].

Low serum P levels were associated with increased risk of
metabolic syndrome and waist circumference in men but not in
women among the japanese population [40]. Future studies with
large sample size in men and women for explaining this findings is
recommended.

However, there are some limitations to our study. Firstly, due to
the cross-sectional design, determining the cause and effect of the
observed associations is impossible. Other limitations are small
sample size and lack of dietary data to assesse amount of these
mineral intake.

As a conclusion, this study suggests that an effective approach to
the reduction of obesity may be focus on dietary therapy. In addi-
tion, improving the nutritional status of minerals could be a low-
cost preventive measure to reduce the high prevalence of obesity
and adiposity.

Future studies to explore the association between intake of
these minerals, either through diet or supplementation and central
obesity maybe necessary.
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