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ABSTRACT

Metabolic syndrome (MetS) is a major worldwide health problem. It is considered to be a significant
risk factor for type 2 diabetes mellitus (T2DM) and cardiovascular disease. Magnesium (Mg), Zinc (Zn) and
Copper (Cu) are essential trace elements which maintain metabolic body homeostasis through its antioxidant
effect. The relationship between trace elements and MetS syndrome and its component is subtle. It may be
mediated via oxidative stress. To investigate serum Mg, Zn, and Cu in MetS and its component in Egyptian
patients. It included 15 MetS patients in-group (G)-1I, 15 hypertensive in G-lll, and 15 T2DM in G-IV. There were
15 healthy control in G-I. It carried out in Al Azhar University. Laboratory assessments of lipid profile, HbAlc,
blood glucose level, serum Mg, Zn and Cu in all groups. serum Mg and Zn were significantly lower in G-Il, G-llI
and G-1V, in compare to G-I. Cu was significantly high in G-Il but significantly low in G-Il & G-IV in comparative
to G-l. Increased serum Cu level is associated with T2DM, but the decrease of it leads to MetS and
hypertension. Mg or Zn deficiency may lead to MetS, T2DM and hypertension and should be supplemented.
Keywords: Metabolic Syndrome, Trace elements, Antioxidant, Oxidative stress, T2DM, Hypertension.
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INTRODUCTION

The metabolic syndrome (Mets) is a clustering of risk factors, which predispose an individual to
cardiovascular disease and type 2 diabetes mellitus (T2DM) [1]. It is the most important health problem in the
world, leading to mortality and morbidity [2]. Oxidative stress has been hypothesized as one of the main
mechanisms leading to Mets [3], systemic hypertension and may contribute to the pathogenesis of diabetes
mellitus [4] [3]. The relationship between degrees of oxidative stress and the number of MetS components is
also valid. Previous study reported that there is a greater risk of exacerbation of oxidative stress in individuals
who have more MetS components suggest that treatment for the reduction or disappearance of each
component should reduce the pro-oxidant status in these patients [3].

Oxidative stress occurs when there is imbalance between antioxidant system and reactive oxygen
species (ROS) [5]. Therefore, the decrease of antioxidant defense associated with increased of oxidative stress,
which lead to metabolic upsets [3]. Hence, the antioxidant enzymes convert dangerous oxidative products to
water in presence of cofactors called trace elements to protect cell from damage [6].

Trace elements such as magnesium (Mg), zinc (Zn), and Copper (Cu) perform many important
physiologic functions to maintain proper metabolic state [7]. They are accepted as essential component of the
antioxidant defense of the body against oxidative damage. Hence, the changes in trace elements levels reduce
the efficacy of antioxidant defense mechanism causing increase the oxidative stress on cell integrity [2].
Therefore, impaired metabolism of trace elements are associated with MetS and its complications [8] [9].

Mg is cofactor of many enzymes involved in carbohydrates and lipids metabolism, hypomagnesaemia
often coexists with hypertension, may lead to increased atherosclerosis, insulin resistance, T2DM, and its
complications [9]. Many studies confirm the link between Mg status and the prevalence of MetS [10]. Zn is an
essential trace element, which participate in the synthesis, storage and secretion of insulin [11]. In addition, Zn
deficiency may cause insulin resistance, hyperglycemia, impaired glucose tolerance, and the development of
diabetes [8]. Cu is yet another important trace element, which acts both a pro-oxidant and antioxidant [12]. In
various studies, altered levels of serum Cu levels lead to development of diabetes mellitus and its associated
complications. It has also been shown that excess of Cu lead to increase predisposition of vascular disease in
diabetic patient [13]. Thus, the purpose of current study is to investigate changes in the levels of serum Mg,
Zn, and Cu in MetS and its component in Egyptian patient.

MATERIAL AND METHODS

The present study was carried out during 2016 at Al Zahraa hospital; in the department of internal
medicine. Type 2 diabetes mellitus (T2DM) was the final diagnosis in 15 patients(8 males and 7 females) their
ages ranged between 37- 70 years, 15 patients with hypertension (10 males and 5 females) their ages ranged
between 26 -70 years, and 15 patients having metabolic syndrome (11 males and 4 females), and their ages
ranged 50 — 69. Another 15 persons of matching age were included as a volunteer after receiving information
about the study; their ages ranged between 32-75 years, they having no history of diabetes, hypertension or
any major illness. Smokers were included in this study but who received multivitamins were excluded. Also,
patients with hepatic or renal disease were excluded.

Blood pressure was measured from the right arm with a mercury manometer in the sitting position
after ten minutes of rest.

Metabolic syndrome was defined according to the National Cholesterol Education Program (NCEP)
Expert Panel on detection, Evaluation, and treatment of high blood cholesterol in adults (Adult Treatment
Panel ) [14].

Subjects with three or more of the below mentioned criteria were considered as having metabolic
syndrome:

1. Waist circumference> 102 cm in men and>88 cm in women.

2. Serum triglycerides level> 150 mg/dI(>1.7 mmol/dl)
3. HDL cholesterol<40 mg/dI(<1.04 mmol/l) in men and< 50 mg/ dl (<1.29 mmol/dl in women
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4. Systolic blood pressure 2 130 mmhg and diastolic blood pressure 2 85 mmhg or on treatment for
hypertension.
5. Serum fasting blood glucose level 2110 mg/dl 26,1 mmol/l or on treatment for diabetes [14].

The patients and controls were divided into the following groups:

] Group | (G-1): consisted of 15 healthy subjects as controls.

) Group Il (G-Il): consisted of 15 patients having metabolic syndrome.

] Group III (G-1l1): consisted of 15 hypertensive patients.

] Group IV (G-IV): consisted of 15 patients with type 2 diabetes mellitus.

All studied participants were subjected to the following:

=  Full history taking.

=  Full clinical examination and electrocardiography were done.

= Laboratory investigations: All routine clinical tests were performed at Al Zahraa hospital and trace
elements tests were performed at Al Azhar University center for virus research and studies.

- Complete blood picture.
- Serum creatinine(normal:0.6 to 1.2mg/dl).
- Serum sodium (normal: 135 to 145 mEq/I).
- Serum bilirubin (normal: 0.2-0.7 mg\dl), SGOT (normal: 5 to 41 IU/L). SGPT (normal:4-37
IU\dI),serum Albumin (normal:3.4-4.7 g/dl).
- Fasting blood glucose (FBS)(normal:70 to 110mg/dl) and HBA1C
- Plasma concentration of :
-\
a) Total cholesterol (TC) (Normal: 150 to 200 mg/dl).
b) HDL-C (normal :< 40 for male, <50 for female mg/dl) and LDL-C (normal:100 to 129
mg/dl).
c) Triglycerides (TG) (normal: 100 to > 150 mg/dl).
- Serum magnesium (Mg) (normal: 1.70 to 2.70 mg/dl).
- Serum zinc (Zn) (normal: 109 to 167ug/dl).
- Serum copper (Cu) (normal: 80 to 160ug/dl).

Biochemical Investigations:

A Peripheral blood was collected by a single venipuncture from all subjects. All blood samples were
subjected to the following:

Sampling:

A. Three ml without anticoagulant was centrifuged and serum was removed for assays of routine
biochemical investigations ,lipids profile(total cholesterol ,triglyceride, HDL, LDL ), FBS, HbA1lc (All
were done on Cobase ¢311 autoanalyzer using Roche reagent kits.

B. Two ml with anticoagulant EDTA was used for complete CBC ,TLC,DLC,ESR, those was done
automatically on Sysmex KX21N Hbalc was done by, Bio-Rad D10 hemoglobin Alc program all
routine investigations were done in AL-Zhraa Hospital AL- Azhar University.

C. Three ml blood without anticoagulant serum samples were allowed to clot for 2 hours at room
temperature then centrifuged for 15 minutes at 1000xg. The samples were clear and were
centrifuged to remove solids. The supernatant was collected and stored at-200C until assays of serum
ZINC, CUPPER, and MAGNESIUM.

D.

Zinc, copper, and magnesium level was assayed using colorimetric methods from biodiagnostic CO
(Diagnostic and Research Reagents).

CAT. NO for copper 2010, magnesium 1610, and zinc 2120.
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Tests were done in Virology center in faculty of medicine for girls Al- Azhar University by instrument
CHEM-7 Serial NO.9503 Eeba Mannium

Principles of colorimetric methods for zinc, copper and magnesium
Zinc

Zinc present in sample is chelated by zinocon (2-carboxy- 2" —hydroxy-5-Sulfoformazyl- benzene) in
the reagent at alkaline ph, the formation of this complex is measured at a wavelength of 610nm([15].

Copper

Copper is released from protein by hydrochloric acid. The protein is precipitated by triochloroacetic
acid. Di ethyldi thio carbamate form golden yellow colored complex with copper, which can be extracted by n-
butanol[16] [17].

Magnesium

Magnesium ions react in alkaline medium with the metallochrome dye calmagite to form a
chromophore wich absorbs at 520nm.calcium is excluded from the reaction by complexing with ethylene
glycol bis (B-aminoethyl ether)- N,N tetraacetic acid (EGTA) [18] [19].

Statistical analysis:

Data were collected, revised, coded and entered to the Statistical Package for Social Science (IBM
SPSS) version 20. The qualitative data were presented as number and percentages while quantitative data
were presented as mean, standard deviations and ranges when their distribution found parametric. The
comparison between more than two groups regarding quantitative data with parametric distribution was done
by using One Way Analysis of variance (ANOVA) followed by post hoc analysis using LSD test. Spearman
correlation coefficients were used to assess the correlation between two quantitative parameters in the same
group. The confidence interval was set to 95% and the margin of error accepted was set to 5%. So, the p-value
was considered significant as the following: P > 0.05: Non significant; P < 0.05: Significant and P < 0.01: Highly
significant.

RESULTS
Ll Baseline Demographic, clinical and Biochemical data of the studied group:

The difference between clinical and biochemical data of the healthy control group (G-1), Patients with
MetS (Group-Il), hypertensive patients (G-1ll) and T2DM patients (G-1V) are shown in table (1).

As exhibited in table (1) & (2), G-I had mean age (52.20+11.92) years, G-Il had mean age (60.47+4.47)
years, and mean age of G-lll was (53.27+11.58) years, while the mean age of G-IV was (55.80%8.73) years. The
BMI, were significantly higher in all patients groups (G-ll, G-lll, G-IV) than G-I and were (35.26+2.08,
32.94+5.75, 35.17+4.06, 28.4513.35), respectively and p value =0.000, =0.004 and =0.000, respectively.

The mean total cholesterol levels were found to be (183.93+17.11) mg in G-1,(247.93+17.82) mg\d! in G-
11,(175.13+13.74) mg\dl in G-lll and(206.00+16.28) mg\dl in G-IV. Highly significant differences ( p value
=0.000) between the three groups were obtained (Tablel). Tables (1) and (2) also showed that, LDL-C and
HBA1C were significantly higher in G-Il and G-IV than G-I, and were (175.20 + 16.25, 136.00 +21.78,
103.43426.23), respectively and p value=0.000 and =0.000, respectively, (8.11+1.01, 9.36+2.01, 5.22+ 0.58),
respectively and p value=0.000 and =0.000, respectively.

Serum triglyceride was significantly higher in G-ll, G-lll, G-IV in comparison to G-1(194.67+33.30,

130.33+£10.08, 128.67+29.39, 97.80%8.41), respectively and (p value =0.000.=0.000, =0.001),respectively as
shown in table land 2. Also, Triglyceride was significantly higher in G-lll and G-IV in comparison to G-Il
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(130.33+10.08, 128.67+ 29.39, 194.67+33.30), respectively (table 2). While, HDL- C was significantly lower in G-
I, and G-IV than G-I (33.934£2.91, 53.2042.51), respectively.

= Trace elements:
Serum Mg concentrations:

As exhibited in table (1) and (2) shows a highly significant decrease in concentrations of serum Mg in G-I, G-llI
and G-IV (all patients groups) in comparison with G-I and were Mean + SD (1.03£0.31, 1.36 £ 0.39, 1.32 £ 0.41,
2.19 + 0.31), respectively and (p value = 0.000, = 0.000, = 0.000), respectively . The lowest level is being in G-Il
(figure 3). Patients in G-Il (1.03£0.31) had significantly lower serum Mg than G-Il (1.36%0.39), (p value =0.015).
Also, there was a significant difference between the mean serum Mg in G-Il (1.03£0.31) and those in G-IV
(1.3240.41) (P value=0.033). Mean serum Mg did not differ significantly between G-Il (1.39£0.39) and G-IV
(1.3240.41) (p value = 0.756). The correlation study of Mg and other parameters in all patients groups are
shown in table (3). Which, showed a significant negative correlations between serum Mg and BMI of G-Il (r = -
0.515, p value =0.049), between serum Mg and blood pressure of G- Il (systolic; r = - 0.534, P value = 0.000 /
diastolic; r = - 0.598, P value=0.000) and G- Ill (systolic; r = - 0.909, P value = 0.000 / diastolic; r = - 0.831, P
value=0.000). In addition, there is a significant negative correlations between serum Mg and total cholesterol
in G-I, G-Il and G-IV (r=-0.535, P value= 0.000/ r=-0.833, P value= 0.000 / r= -0.773, P value= 0.001). As well,
there is a significant negative correlations between serum Mg and both fasting blood sugar and HbAlc (r=
0.522, P value=0.046 / r=-0.810, P value= 0.000)

Serum Zn concentrations:

Table (1) and (2) show that, the concentrations of serum Zn, were significantly lower in G-lI, G-Ill, and
G-IV than the G-I and were (89.60+£14.02, 86.73+19.23, 78.931+23.23, 143.60+20.65), respectively and p
value=0.000, =0.000, and =0.000, respectively. But, there were no significant difference in serum Zn level in
comparisons between G-Il (89.60+14.02) and G-lll (86.73%19.23) P value was= 0.690 or between G-
IV(78.93%£23.23) and p value = 0.141. Comparatives study of Zn levels in all groups were shown in figure (2).

Table (4) showed a significant negative correlation between serum Zn and blood pressure of G-I
(systolic; r = - 0.611, P value = 0.000 / diastolic; r = - 0.725, P value=0.000) and G- llI (systolic; r = - 0.718, P
value = 0.000 / diastolic; r = - 0.637, P value=0.000). Additionally, there is a significant negative correlations
between serum Zn and both fasting blood sugar and HbAlc (r= 0.688, P value=0.000 / r= -0.627, P value=
0.002).

Serum Cu concentration:

Table (1), (2) and figure (2) showed that, the mean serum Cu level was a significantly lower in G-I
(69.73+14.69) when compared with G-1(105.93+30.56) and p value = 0.000. But, there was no statistically
significant difference found between mean serum Cu level of G-Il (98.07+19.55) and G-1(105.93+30.56),P
VALUE = 0.411. And there was a significantly increased of serum Cu in G-IV (192.53+ 34.34) than G-I
(105.93+30.56), p value = 0.000.

Table (5) showed a significant negative correlations between serum Cu and blood pressure of G- Il
(systolic; r = - 0.602, P value = 0.008 / diastolic; r = - 0.545, P value=0.036). However, there is a significant
positive correlations between serum Zn and both fasting blood sugar and HbA1c (r= 0.690, P value=0.000 / r=
0.701, P value=0.000).
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G-1 G-Il G-Il G-IV One Way ANOVA
test
No.=15 No.=15 No.=15 No.=15 P-value Significant
Mean £SD| 52.20+11.92 | 60.47 +4.47 | 53.27 +11.58 | 55.80+8.73
Age / years 0.100 NS
Range 32-75 50-69 26-70 37-70
Female | 5(33.30%) 4 (26.70%) 5(33.30%) 7 (46.70%)
Sex (M/F) 0.707 NS
Male 10 (66.70%) | 11(73.30%) | 10(66.70%) | 8 (53.30%)
Negative | 11(73.30%) | 11(73.30%) | 10(66.70%) | 8 (53.30%)
Smoker (cigarette) o 0.615 NS
Positive | 4 (26.70%) 4(26.70%) 5(33.30%) 7 (46.70%)
Mean £ SD| 28.45+3.35 35.26 £2.08 32.94+5.75 35.17 £4.06
BMI kg/m2 0.000 HS
Range 21.41-34.2 | 30.20—-38.10 | 25.95-45.09 | 27.68-39.79
. Mean * SD 114 +6.32 150.67 £12.23(150.33 £ 13.69|124.40+12.49
Systolic BP/ (mmHg) 0.000 HS
Range 110-130 130-170 130-180 110-146
. i Mean £SD| 71.33+£3.52 | 98.67 £10.43 | 91.33+£9.90 77.00 £ 6.49
Diastolic BP/ (mmHg) 0.000 HS
Range 70-80 80—-115 80-110 60 -85
Mean +SD|183.93+17.11|247.93+17.82|175.13+13.47(206.00 + 16.28
Serum TC mg/dI 0.000 HS
Range 150 -200 200-270 150-195 170-230
Mean £ SD|103.43 £26.23|175.20+16.25| 96.60+13.7 [136.00 +21.78
Serum LDL-c mg/dl 0.000 HS
Range 30-1284 140-195 72-118 113-199
Mean £ SD| 53.20+2.51 33.93+2091 52.47 £3.11 50.80 £ 2.81
Serum HDL-c mg/dl 0.000 HS
Range 49 -57 30-40 49 -59 45 -55
Mean £+ SD| 97.80+8.41 |194.67 +33.30|130.33+10.08(128.67 +29.39
Serum TG mg/dI 0.000 HS
Range 88-120 130-250 110-140 80-200
Mean £ SD| 92.40 £ 10.43 |182.40+22.01| 93.73+12.41 [207.87 £ 67.82
FBS (mg/dI) 0.000 HS
Range 80—-117 150 -220 75-110 75-331
Mean £ SD| 5.22 £0.58 8.11+1.01 5.66 £ 0.52 9.36+2.01
HbAIc 0.000 HS
Range 44-6.2 6.5-10 46-6.3 6.5-13.2
Mean £SD| 2.19+0.31 1.03+0.31 1.36+£0.39 1.32+0.41
Serum Mg mg/dl 0.000 HS
Range 1.64-29 0.64-1.66 1-2.34 0.73-1.88
Mean £ SD|143.60 £ 20.65| 89.60 + 14.02 | 86.73 £ 19.23 | 78.93 + 23.23
Serum Zn (ug/dl) 0.000 HS
Range 118 -175 62-121 59 -145 38-128
Mean £ SD|105.93 £ 30.56| 69.73 £ 14.69 | 98.07 £ 19.55 [192.53 +34.34
Serum Cu (pg/dl) 0.000 HS
Range 82 -168 53-96 80—-134 105 -260

BMI: body mass index; TC: total cholesterol; LDL-c: low-density lipoprotein-c; HDL-c: high-density lipoprotein-c; TG:
triglyceride; FBS: fasting blood surge; HbAlc: hemoglobin Alc.
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Table (2): Comparative study between all groups by Post Hoc analysis.
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Parameters

Post Hoc analysis by LSD test

G-l vs G-Il G-l vs G-Il G-l vs G-IV G-Il vs G-llI G-ll vs G- IV G-lll vs G- IV
Age / years 0.023 0.763 0.311 0.046 0.191 0.475
Sex (M/F) 0.690 1.000 0.456 0.690 0.256 0.456
Smoker (cigarette) 1.000 0.690 0.256 0.690 0.256 0.456
BMI kg/m2 0.000** 0.004** 0.000%** 0.120 0.950 0.135
Systolic BP/ (mmHg) 0.000** 0.000** 0.017** 0.937 0.000** 0.000**
Diastolic BP/ (mmHg) 0.000%* 0.000%* 0.060 0.016** 0.000%** 0.000%**
Serum TC mg/dI 0.000** 0.144 0.000%** 0.000%** 0.000%** 0.000**
Serum LDL-c mg/dl 0.000** 0.356 0.000%** 0.000%** 0.000%** 0.000**
Serum HDL-c mg/dl 0.000** 0.483 0.025** 0.000** 0.000** 0.114
Serum TG mg/dl 0.000** 0.000** 0.001** 0.000** 0.000** 0.844
FBS (mg/dl) 0.000** 0.921 0.000%** 0.000%** 0.062 0.000**
HbAIc 0.000** 0.316 0.000** 0.000** 0.006** 0.000**
Serum Mg mg/dlI 0.000** 0.000** 0.000%** 0.015** 0.033** 0.756
Serum Zn (ug/dl) 0.000** 0.000** 0.000%** 0.690 0.141 0.280
Serum Cu (pg/dl) 0.000** 0.411 0.000** 0.004** 0.000** 0.000**

BMI: body mass index; TC: total cholesterol; LDL-c: low-density lipoprotein-c; HDL-c: high-density lipoprotein-c; TG:
triglyceride; FBS: fasting blood surge; HbAlc: hemoglobin Alc. **: significant.

Table (3): Correlation study between Mg and other elements in all patients groups.

Mg
G-l G- 1l G-IV

r P-value r P-value r P-value
Age [ years -0.325 0.237 0.298 0.281 0.222 0.427
BMI kg/m2 -0.515** 0.049 0.146 0.603 -0.032 0.909
Systolic BP/ (mmHg) -0.534** 0.000 -0.909** 0.000 -0.453 0.090
Diastolic BP/ (mmHg) | -0.598** 0.000 -0.831** 0.000 -0.315 0.219
Serum TC mg/dI -0.535%* 0.000 -0.833** 0.000 -0.773** 0.001
Serum LDL-c mg/dl| -0.341 0.214 -0.394 0.147 -0.006 0.982
Serum HDL-c mg/dl -0.063 0.825 -0.256 0.356 -0.420 0.119
Serum TG mg/dl 0.16 0.569 0.092 0.745 0.121 0.666
FBS (mg/dl) 0.235 0.399 0.299 0.280 -0.522** 0.046
HbAIlc 0.126 0.654 -0.007 0.980 -0.810** 0.000

BMI: body mass index; TC: total cholesterol; LDL-c: low-density lipoprotein-c; HDL-c: high-density lipoprotein-c; TG:
triglyceride; FBS: fasting blood surge; HbAlc: hemoglobin Alc. **: significant.
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Table 4: Correlation study between Zn and other elements in all patients groups.
Zn
G-l G- 11l G-IV
r P-value r P-value r P-value
Age / years -0.135 0.632 0.393 0.148 0.371 0.173
BMI kg/m2 -0.282 0.309 0.068 0.810 -0.057 0.839
Systolic BP/ (mmHg) -0.611%** 0.000 -0.718** 0.000 0.163 0.561
Diastolic BP/ (mmHg) -0.725** 0.000 -0.637** 0.000 -0.092 0.745
Serum TC mg/dI -0.183 0.515 0.221 0.428 0.203 0.468
Serum LDL-c mg/dl -0.156 0.578 0.134 0.633 -0.046 0.869
Serum HDL-c mg/dl -0.034 0.904 -0.053 0.850 -0.156 0.580
Serum TG mg/dI -0.119 0.673 0.068 0.809 0.559** 0.030
FBS (mg/dl) 0.277 0.311 0.392 0.148 -0.688** 0.000
HbAIc 0.054 0.815 -0.434 0.106 -0.627** 0.002

BMI: body mass index; TC: total cholesterol; LDL-c: low-density lipoprotein-c; HDL-c: high-density lipoprotein-c; TG:
triglyceride; FBS: fasting blood surge; HbAlc: hemoglobin Alc. **: significant.

Table 5: Correlation study between Cu and other elements in all patients groups

Cu
Group II Group 1l Group IV
r P-value r P-value r P-value
Age / years -.432 0.108 0.385 0.157 0.272 0.326
BMI kg/m2 0.035 0.900 0.363 0.184 -0.017 0.952
Systolic BP/ (mmHg) -0.182 0.517 -0.602** 0.008 0.260 0.435
Diastolic BP/ (mmHg) 0.011 0.968 -0.545** 0.036 0.441 0.100
Serum TC mg/dl -0.034 0.905 -0.306 0.268 0.160 0.568
Serum LDL-c mg/dl -0.203 0.469 -0.192 0.494 -0.219 0.433
Serum HDL-c mg/dl 0.243 0.383 -0.035 0.901 0.253 0.363
Serum TG mg/dl 0.282 0.309 -0.242 0.384 0.361 0.187
FBS (mg/dl) -0.026 0.926 0.376 0.167 0.690** 0.000
HbAlc -0.146 0.603 -0.118 0.676 0.701%** 0.000
BMI: body mass index; TC: total cholesterol; LDL-c: low-density lipoprotein-c; HDL-c: high-density lipoprotein-c; TG:
triglyceride; FBS: fasting blood surge; HbAlc: hemoglobin Alc. **: significant.
MG
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Figure (1): Comparative study of Mg level in all groups.
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Figure (2): Comparative study of both Zn and Cu levels in all groups.
DISCUSSION

Our observation revealed a significant lowering of serum Mg in patients with T2DM as compared to
healthy group. This observation was in coordination with khubchandani et al. study, which demonstrated
decrease of serum Mg in diabetic patients, especially in patients who had diabetic complication [20].
Additionally, numerous studies have proven that Type 2 diabetic patients often have a low serum Mg level and
the ARIC study demonstrated a relationship between serum Mg and the development of diabetes in the
general population [21, 20, 22]. The exact cause of diabetic hypomagnesaemia is still unknown, but an
increased urinary loss of Mg may contribute to Mg depletion [20]. Plasma Mg levels were found inversely
correlated with urinary Mg excretion rate and with fasting blood glucose values, suggesting that the tubular
reabsorption of Mg is decrease in presence of sever hyperglycemia and this deficiency may take the form of
chronic latent Mg deficit rather than an overt clinical hypomagnesaemia [23, 21]. Furthermore, the ability of
insulin once bound to receptor to activate tyrosine kinase is reduced in hypomagnesaemia states [24] so that
hypomagnesaemia is associated with insulin resistance [23, 21] and insulin resistance can decrease the tubular
absorption of Mg. Finally, a vicious circle formed by mutual influence between insulin resistance and
hypomagnesaemia results in development and progress of diabetic complications [23, 21]. As well, we showed
that a statistically significant lower of Mg in MetS patients as compared to healthy subjects. A study done by
Nock et al. found a statistically significant potentially protective effect with high Mg intake and MetS [25]. The
meta —analysis done by Boroujeni et al. regarding the association between dietary Mg intake and MetS, also
found that higher consumption of Mg is associated with lower risk of MetS, so there is an inverse association
between Mg intake and MetS [26]. This can be explained by the hypomagnesaemia elevates circulating pro -
inflammatory cytokines levels that trigger the activation of low-grade chronic inflammatory response and there
is a strong association between Mg deficiency and increased oxidative stress [27]. Hence, the inflammation and
oxidative stress have been proposed to be a possible link between Mg deficit and insulin resistance /MetS [21].
Additionally, our study showed that low serum Mg levels in hypertensive patients when compared to healthy
subjects. That result is in line with the findings of singh et al. study where revealed low serum Mg in patients
with hypertension from North India [28]. However, another study where follow-up for eight years did not
reveal a significant association between hypomagnesaemia and occurrence of hypertension [29]. Many studies
reported that low Mg concentrations are associated with endothelial dysfunction, increased vascular reactivity,
increased vascular tone, and elevated blood pressure, whereas increased Mg levels are associated with
opposite effects. In addition, studies reported that a high magnesium intake ranging from 500 to 1000 mg/day
might reduce blood pressure by functioning as a calcium channel blocker [30].

In our study, we found a highly significant decrease in serum Zn level in T2DM patients as compare
with normal subjects. Similarly, several studies done suggested that Zn deficiency is a common phenomenon in
diabetic patients [31, 32, 33]. The possible explanation of low serum Zn level in diabetic patients may be an
increased in urinary Zn excretion [34]. Because the hyperglycemia was responsible for increased Zn execration
through interfere with the active transport of Zn back in the tubular cells, which may induce a deficiency of
these elements in blood of persons with diabetes [35]. Another important aspect is that, Zn is a potent
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physiological regulator of insulin signal transduction and it is critical for insulin biosynthesis and storage. In Zn-
deficient states, there is a clear decrease in islet cell insulin content [36]. As regarding MetS, we observed a
significant decrease in serum zinc levels when compared to healthy subjects. This finding is in line with the
observation of Marjami et al. study was observed that mean serum Zn level was significantly low in MetS as
compared to without MetS [37]. Also, a study have observed a decrease Zn concentration in the MetS group
than that of the normal group but not statistically significant [38]. Furthermore, serum Zn levels decreased as
the number of MetS components increased [39]. Some studies have reported that high intake of Zn protects
against MetS risk [40]. Therefore, dietary zinc intake was inversely associated with MetS. [41]. This may be due
to the insulin resistance is known to play a key role in the development of MetS [39] and in previous study
suggesting that Zn deficiency plays an important role in insulin resistance [42]. Moreover, decrease Zn levels
may play an important role in the development or aggravation of MetS [39]. Notably, Zn supplementation
decreased insulin resistance, oxidative stress, inflammation, blood sugar, cholesterol, and body mass index
[43]. Hence, the insulin resistance is the link between MetS and low Zn. On the other hand, oxidative stress,
which occurs when ROS exceed the antioxidant capacity, may play an important role in development of MetS
and Zn, a cofactor for antioxidant enzymes, decreases ROS generation, suggesting that a decrease in body Zn
status may contribute to the development or aggravation of MetS. [39]. This study also showed that the mean
serum levels of Zn in subjects with hypertension was significantly lower than that in the control subjects, this
results is in accordance with Solanki et al., who revealed that hypertensive patients had lower Zn level than
normotensive ones [35]. Similarly, the study done by Okoduwa et al. showed that the levels of Zn decreased in
the blood of both persons with T2DM and hypertension [44]. Furthermore, kaur et al. suggested that low serum
Zn levels have been associated with higher incidences of coronary artery disease, diabetes mellitus and several
related risk factors including hypertension, hypertriglyceridemia, and other factors indicative of mild insulin
resistance in urban subjects [45]. Regarding the possible role of low serum Zn in hypertension is due to the low
Zn diminished nitric oxide activity with consequent elevation of blood pressure. Hence, Zn deficiency may play
an etiological role in subjects with primary hypertension [46]. While this result disagree with the studies of
Onuegbu et al. and Singh who found that the mean serum levels of Zn in subjects with hypertension was
significantly higher than that in the control subjects [47, 48].

Our study also showed that there is a significant increase in serum Cu level in T2 DM patients than in
control group. This result is in agreement with the studies of Santa et al. and Olaniyan et al. they found
increase levels of Cu in diabetic patients compared with normal human subjects [49, 50]. Similarly, Kheradmand
et al. observed significantly higher levels of Cu in the patients with T2DM compared with the control group [51].
Furthermore, result from recent study has indicated that diabetes might cause two- threefold increment in
extracellular matrix Cu [52]. Conversely, the concentration of Cu were significantly lower in patients with T2DM
than in healthy control which is consist with the findings of Yeasmin et al. they found that Cu level was
significantly lower in T2 DM group than in control group [53]. The possible explanation of observed elevated Cu
level in diabetic patients is related to the prolonged hyperglycemia, which initiates non-enzymatic glycosylation
of ceruloplasmin "the primary Cu- binding protein in human serum" [52] lead to its fragmentation [54] and
release of free Cu into circulation [34]. Cu in its free form is a potent cytotoxic element causes further
accelerates the oxidative stress [55]. Moreover, it has been reported that Advanced Glycation End Products
(AGES) formation is accelerated by hyperglycemia [54]. AGEs themselves bind to free Cu and potentiate their
toxic effects [56]. As mention, we believe that the excess of Cu is involved in the pathogenesis of some
complications of NIDDM. The current data concludes that the serum concentration of Cu in patients having
MetS was significantly low when compared to healthy subjects. Our result is supported by Byul etal., who found
that the concentrations of Cu in the MetS group were significantly lower than those of the normal group [46].
Another one showed that dietary Cu intake was inversely associated with the risk of MetS in women [57]. In
addition, Robberecht et al. found that the intake of Cu was low in the patients having MetS [58]. Moreover, Cu
deficiency has been linked to cardiovascular disease and features of the MetS including hypertension,
atherogenic dyslipidemia, and high serum triglyceride levels. [59]. In addition, Cu deficiency can lead to impairs
glucose tolerance, insulin resistance and MetS [60]. Our result of low serum Cu in MetS group is in
disagreement with the studies done by Sayiner et al. [61]. Who detected the Cu levels in patients with MetS
and its components were significantly high. Nevertheless, some other studies found a lack of association
between serum Cu and MetS risk [62, 63]. As regard systemic hypertension, we found that the mean level of
serum Cu concentrations in hypertensive group was slightly decreased than the healthy subjects; however, the
existence of such differences did not show a statistically significant difference. Similarly, study done by
Onuegbu et al. found that no significant changes in the concentrations of Cu in patients with hypertension
compared to subjects without hypertension [47]. However, another study done by Suryana, et al. [64] showed a
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significantly deficiency of serum Cu level of the hypertensive group than normotensive group. A study done by
Mohanty et al. reported that there was a significantly higher in serum Cu levels in hypertensive cases as
compared to controls [12].

CONCLUSION
From the above study, following conclusion could be drawn.

e The levels of serum Mg and Zn were decreased in MetS, hypertension and T2DM.

e The level of serum Cu was decreased in MetS and hypertension but increased in T2DM.

e Hence, low Mg and Zn levels may play an important role in the pathogenesis of these diseases by the
involvement of these elements in the oxidative stress response.

e Any alternation of serum Cu (decrease or increase) level might be associated with the risk of Mets,
hypertension and T2DM.

Recommendation:

Because of the important role of Mg and Zn in these diseases, it is suggested that an adequate supply of
these trace elements must be taken in pre-diabetic, pre-hypertensive, obese subjects as well as MetS,
hypertensive and T2DM.

Further studies need to be carried out to determine the role of these trace elements in the development
in the complications of these diseases. Estimate these trace elements in urine and intracellular.

Declaration:
This study conforms to the principles outlined in The Declaration of Helsinki. Approval of the local

ethical committee of faculty of medicine, Al- Azhar University was obtained and informed consents were
obtained from all subjects.
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