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Introduction
In some forms of obesity, the accumulation of fat in “bad places”, 

that is, somewhere else than in adipocytes, seems to be responsible 
for diabetes associated with impaired insulin signals. In this case, 
mild weight loss can sometimes correct diabetes [1]. In turn dia-
betes, characterized by high blood sugar, can cause severe damage 
to the body. Oxidative stress in turn is a highly incriminated phe-
nomenon in the pathophysiology of these two diseases. In fact, free 
radicals are harmful to the body, their frequent accumulation in the 
cells of obese subjects generally leads to the disruption of the role 
of insulin and the development of a state of insulin resistance thus 
preparing for the installation of true non-insulin-dependent diabe-
tes. For this reason, it seems important to take this oxidative stress 
in obese and diabetic for better treatment. Many epidemiological 
studies indicate a relationship between obesity and diabetes and to 
better understand this relationship, we found it necessary to study 
the links between serum levels of various variables including in-
sulin, vitamin E, and some cations involved in a major metabolic 
process incriminated in the pathophysiology of these two diseases: 
oxidative stress (we study magnesium (Mg), zinc (Zn) and calcium 
(Ca)), in obese diabetic type 2 and obese non diabetics.

Patients and Methods 

Patients

It‘s a prospective analytic study. It concerns three types of 
populations: obese type 2 diabetic subjects, obese non-diabetic 
subjects who are compared to control subjects matched by age 
and sex. An information sheet was prepared for each patient and 
witness with the patient’s first and last names, their anthropometric 
measures, age, sex, Body Mass Index (BMI) and other information 
(Appendix). None of the witnesses had a supplement in one of the 
dosed items.

Withdrawals
Samples were taken at the endocrinology department of the 

Hedi Cheker University Hospital in Sfax and at the Kerkennah 
Regional Hospital between January and June 2018. Blood samples 
were taken after a 12-hour fast at the elbow crease vein according 
to the following Table 1. Some markers of oxidative stress are 
evaluated in all patients if each population.  Chemical methods to 
analyse these markers are reported in Table 2
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Table 1: Method of Sampling.

Insulin Mg, Zn and Ca Vitamin E

Number 30 30 30

Tube EDTA Heparin Heparin

Amount 2 – 5ml

sampling condition Between 8 and 10 hours no special condition Do not expose the tubes to light

Table 2: Chemical methods to analyses these markers are reported.

Mg and Ca Zn Insulin Vitamin E

Method A colorimetric method on 
Automata 400 Atomic absorption. Electro-chemiluminescence High Performance Liquid 

Chromatography (HPLC) variant II

Statistical Analyzes
Statistical analysis of the data is performed using the Statistical 

6.1 software (Stat Soft, France). The analysis of the results is 
done using a two-way analysis of variance (ANOVA). The study of 
the relationships between the study parameters was performed 
by means of the Pearson correlation coefficient. All statistics are 
considered statistically significant for a probability threshold of 
less than 0.05 (p <0.05).

Results 
This study included three types of populations. The first one is 

composed of 30 obese type 2 diabetic subjects, including 7 men and 
23 women between 38-76 years old, with an average age of 57 years. 
The BMI is between 30 - 88Kg / m2 and on average it is 37.1Kg /m2. 
They are all non-smokers and have no other diseases associated 
with their diabetes and obesity. The second population is composed 
of 30 obese non-diabetic subjects, including 7 men and 23 women 
aged between 23-65 years old, with an average age of 44 years. The 
BMI is between 30 - 47Kg / m2 and on average it is 38. 5Kg / m2. 
They are all non-smokers and have no other diseases associated 
with their obesity. These two groups of diabetic obese and non-
diabetic obese are compared to 30 control subjects matched by 
age and sex with a mean age of 52 years and an average BMI of 
22.4Kg / m2. Table 3 shows the anthropometric characteristics of 
our study population. Metabolic finding shows that obese diabetics 
have a significantly high fasting blood glucose level (11.25 +/- 
3.95 at p <0.001) compared to non-diabetics, but there is no “sex” 
effect on blood glucose, as well as the CT rate, which also shows a 

significant difference between women and men. On the other hand, 
for the TG we did not notice any significant difference between the 
two groups. For HDL-C there is a significant difference, especially 
between women of both groups (p <0.05). Post hoc analysis of Bon 
feroni showed a significant difference between obese diabetics 
compared to non-diabetic obese (p = 0.007) Figure 1.  We also note 
that there is a negative correlation between TG and HDL: the more 
TG increases, the lower is the HDL, and vice versa: the lower the TG 
decreases the higher is the HDL. Table 4 shows also that the level of 
insulin in diabetic obese group is significantly lower compared to 
non-diabetic obese and control group. Our results show also that, 
compared to healthy subjects, all non-diabetic obese subjects do 
not have a significantly different insulinaemia, we note a significant 
increase only in men who represent almost 23% of non-diabetic 
obese (p <0.05). A significant positive correlation (r = 0.4, p <0.001) 
was found between erythrocyte magnesium and insulinemia. This 
correlation confirms findings from multiple studies that prove the 
role of magnesium in improving insulin sensitivity and reducing the 
risk of type 2 diabetes [2] Figure 2. A significant positive correlation 
(r = 0.4, p <0.001) was also found between erythrocyte magnesium 
and vitamin E level (Figure 3 & 4). Regarding zinc, our research 
found no significant differences between the two groups of obese on 
the one hand and between these two groups and the control group 
on the other hand Figure 5. On the other hand, our study found a 
significant positive correlation (r = 0.33, p <0.05) between blood 
glucose and zinc: the more the blood glucose increases, the more 
the zinc increases, and vice versa: the lower the blood glucose, the 
lower the zinc Figure 6.

Table 3: Method of Sampling.

Parameters Sex Controls Non-diabetic obese (N=30) diabetic obese (N=30)

Age

Women 50,4±6,2 42,6±11,1 59,8±10,3

Men 54,2±12,1 45,3±12,8 56,6±10,1

Total 52±9,3 44,2±11,3 57±10,2

BMI

Women 22,6±2,2 37,1±5 40,1±12,7

Men 22,1±2,6 36,6±5,8 35,6±4,2

Total 22,4±2,4 38,5±5,1 37,1±11,4

Total 22,4±2,4 38,5±5,1 37,1±11,4
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Table 4.

Parameter Sex
Controls Non Diabetic Obese Diabetic Obese

(N = 30) (N = 30) (N = 30)

Insuline(μU/ml)

Women 14,58±4,45 15,00±1,96 13,6±2,21*##

Men 13,29±2,56 16,38±1,94* 13,19±2,35##

Total 14,28±4,08 15,63±2,03 13,5±2,22*##

Vit E (mg/l)

Women 10,17±2,2 9,57±2,93 8,56±1,65*

Men 10,84±1,73 10,79±1,37 9,31±1,96*#

Total 10,46±2,01 9,86±2,68 8,74±1,72**#

Mg (érythrocyte) (mg/l)

Women 63,02±11,25 60,89±11,42 56,84±7,49*

Men 64,75±12,19 58,24±7,37* 55,16±5,08**

Total 63,77±11,49 60,27±10,56 56,45±6,96**

Zn (μmol/l)

Women 14,1±3,1 14,1±3,5 14,8±4,6

Men 13,8±4,3 12±2,3 12,5±3,9

Total 14±3,6 13,6±3,4 14,3±4,5

Ca(mg/l)

Women 2,32±0,09 2,39±0,2 2,35±0,16

Men 2,34±0,15 2,41±0,14 2,49±0,24

Total 2,33±0,12 2,39±0,19 2,39±0,19

*, **: Significantly different from the control group at p <0.05 and p <0.01, respectively.

                 #, ##: Significantly different from non-diabetic obese at p <0.05 and p <0.01 respectively.

Figure 1: (*) Significant difference at p <0.05; **: p <0.01.
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Figure 2: Comparison of vitamin E concentrations between the groups studied.

Figure 3: Correlation between vitamin E and insulin of any study population.

Figure 4: Comparison of erythrocyte magnesium concentrations between the groups studied. (*, **: Significantly different from 
the control group at p <0.05 and p <0.01, respectively).
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Figure 5: Correlation between insulin and erythrocyte magnesium.

Discussion 
The determination of plasma insulin is of great diagnostic and 

therapeutic interest not only in diabetics but also in the obese. 
Insulin resistance is considered a pre-diabetic state, with type 2 
diabetes being the subsequent stage where inadequate secretion of 
insulin by an incompetent pancreas fails to maintain normal blood 
glucose levels [3]. On the other hand, the relationship between 
obesity and insulin resistance is now recognized. These results are 
consistent with those found by the National Institute of Nutrition in 
Tunis in 2009 in a study of fasting insulinemia and its correlations 
with different anthropometric and metabolic parameters in a 
Tunisian population of obese adults. found that one-third of obese 
patients have fasting insulin levels [4]. In another context, studies 
on the research of the relationship of oxidative stress with obesity 
and diabetes are multiple and they all confirmed a considerable 
decrease in total antioxidant status in obese and diabetic compared 
to healthy subjects, which testifies to the presence of a state of 
intense oxidative stress in these populations. To counter the 
harmful effects of free radicals, the body can rely on the antioxidant 
properties of several vitamins and especially vitamin E which is best 
known for its antioxidant effect. Table VI confirm these findings, 
indeed the level of vitamin E in diabetic obese group is significantly 
lower compared to non-diabetic obese and control group. We also 
note that the level of Mg is significantly lower in diabetic obese 
group compared to control group. This observation does not agree 
with the results of the study done by the National Institute of 
Nutrition in Tunis in 2009 but it is in agreement with that found by 
several researches on the role of vitamin E in the prevention of type 
2 diabetes in obese people [5]. however, in our comparative study 
we found that there is no significant difference between the control 
group and that of the non-diabetic obese.

This result does not confirm that found by Viroonedomphol 
D et al. [6] nor the hypothesis that favors the antioxidant role of 
vitamin E and consequently its impact on the pathophysiology 
of obesity. This discrepancy may be due to the variability of the 
diets of the subjects or the difference in age of obesity. In general, 
contradictory results from studies evaluating the effect of vitamin E 

on inflammation, oxidation and the risk of type 2 diabetes could be 
partly explained by genetic differences between individuals, likely 
to cause different reactions to micronutrients. Micronutrients are 
part of the nutritional needs of the body, their lack or excess can 
create a metabolic disorder. In this sense we have studied the role 
of magnesium, zinc and calcium in obesity and type 2 diabetes. 
Regarding magnesium, we found that erythrocyte magnesium was 
significantly lower (p <0.05) in obese men compared to our control 
group, whereas for all obese we did not observe this difference. 
In the diabetic obese of our study population, we see a significant 
difference compared to the group of controls (p <0.01 and p <0.05). 
This result is similar to a Moroccan study including type 2 diabetic 
patients and apparently healthy subjects, matched for age, sex, and 
BMI, this study indicates that plasma and erythrocyte magnesium 
is significantly decreased in patients’ diabetics compared to the 
control group. These data are consistent with those found in the 
United States [7] and other European countries [8]. A recent meta-
analysis (compilation of several studies) seems to confirm the 
preventive effect of magnesium [9].

This result confirms the hypothesis of Sprietsma JE and 
Schuitemaker GE [9] that type 2 diabetes may be accompanied by 
a loss of intracellular zinc and an excess of zinc in the blood [10]. 
This finding could confirm an antioxidant and other anti-diabetes 
action of zinc. Regarding the relationship between zinc and obesity 
our results show a positive but not significant relationship between 
zinc and BMI (r = 0.05) which is not consistent with the results of 
the study done in Tunisia (March 2007) studying the variation of 
zincemia in the Tunisian obese. His results showed that the zincemia 
of the obese was significantly lower than that of the controls and 
the decrease of the serum zinc in the obese was even more marked 
than the BMI was high. The hypozincemia of the obese did not 
seem to be explained by a dietary zinc deficiency but rather by a 
redistribution of the total zinc pool with adipose sequestration of 
this micronutrient. In addition, a dietary or therapeutic correction 
of hypozincemia is not indicated because it is a factor that increases 
weight gain in obese patients [11]. The preventive role of dietary 
calcium has been the subject of many studies. Calcium is involved 
in the prevention of osteoporosis. Today, calcium is giving rise to 
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a new interest in another subject of public health: obesity. Our 
study, in which we did not find a significant difference between 
the calcemias of the controls (non-obese) and those of the obese 
non-diabetic subjects studied, does not support the hypothesis of 
an adipocyte action that explains the weight and metabolic lipid 
effects of calcium. 

On the other hand, we found a negative but not significant 
correlation (r = - 0.04) between the serum calcium and the BMI 
of our patients. Large retrospective or prospective US (NHANES, 
CARDIA study), Canadian (Quebec Family Study) or Australian 
(National Nutrition Survey) studies support the regulating role of 
dietary calcium on body weight and fat distribution. In addition, 
the few clinical trials in obese adults [12]. For example, intestinal 
chelation of ingested fatty acids was suspected with limited 
enterocyte absorption [13], with increased faecal excretion of 
fatty acids occurring in rats fed a high calcium diet [14]. It seems, 
however, that these effects are modest and cannot be sufficient 
to explain the weight and fat loss observed in both animals and 
humans [15]. Regarding the role of calcium in the prevention or 
improvement of the diabetic state, the results we found show that 
there is no significant difference between the calcemia of non-
diabetic obese and that of obese diabetics so no Diabetes effect on 
serum calcium. Our results also showed a positive but not significant 
correlation (r = 0.06) between blood glucose and serum calcium. 
Several studies find different results from ours: for example, that 
of Pittas AG et al. which showed that women who had the highest 
intakes of calcium and magnesium were the least prone to diabetes 
during the 7 years of study [16]. Another systematic study with 
meta-analysis has shown that dairy products, especially some of 
their essential components such as calcium, significantly reduce the 
risk of developing type 2 diabetes [17-18]. Similarly, a systematic 
study with meta-analysis found that people who consumed larger 
amounts of dairy products had a significantly lower relative risk 
of developing type 2 diabetes than those with lower milk product 
consumption [19-20].
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