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trace elements may have an important role in pathogenesis and complications. This study 
aimed 

diabetic patients compared with healthy subjects, as well as their correlation. A 
sample of 20 

blood Cd concentration in diabetic patients (7.67 ± 2.51 
µg/L) was significantly higher than that 

concentration was weakly higher, not 
significant difference (1.17 ± 0.065 vs 1.13 ± 0.12 µg/L; P 

regression showed a significant 
positive relationship between serum Cd and Cu levels in diabetes 

metabolism, potentially 
leading to the occurrence of oxidative stress or enzyme perturbation 

especially the 
increase in cadmium and its association with copper, could be involved in 

cohorts 
is suggested to elucidate the mechanistic role of these factors in diabetic 

Keywords: Diabetes Mellitus; Cadmium; Copper; Heavy Metals; Oxidative Stress; Metal 
Interaction. 

1. Introduction 

 Diabetes mellitus (DM) is a chronic condition characterized by high blood sugar levels 

impacting trace element levels. Heavy 

metals, especially cadmium (Cd) and transition metals 

complications, such as nephropathy and cardiovascular disease[2].   

and tissue fibrosis[3]. Copper, 

in contrast is an indispensable trace element associated with a variety of 

elevated in the patients with type 2 diabetes mellitus 

(T2DM), and its level is related to poor glycemic 

investigating failure of copper ATPase in diabetes states[5]. In addition, an 

imbalance of toxic (for 

useful 

information on mechanisms involved in trace metal imbalances and oxidative stress 
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and Cu levels between diabetes mellitus and 

healthy subjects, as well as to investigate the 

positive correlation between serum Cd and Cu levels has been reported in diabetic 

subjects, metabolism 

may synergistically play a role in the development of metabolic/biochemical 

2. Material and Methods 

2.1 Collection Sample 

  This case–control study comprised 30 subjects, comprising 20 cases of DM, and 10 

participants. Fasting venous blood (5 mL) samples were drawn from all 

subjects in fasting after 

free plain tubes to avoid contamination with trace metals. Serum was then separated by 

temperature. The serums were 

transferred into tightly closed polyethylene tubes and stored at –

analysis in order to avoid contamination or loss of analyte and 

cadmium, copper concentrations 

2.2 Sampling Preparation 

 Serum aliquots from all subjects were analysed for heavy metals according to analytical 

on a vortex mixer and 

homogenized prior to digestion. 1.0 mL of serum was dispensed to the 

was added. The samples were covered with watch glasses and left on a hot 

plate at 120 °C for 

Subsequently, after cooling to room temperature the digested solution was filtered with 

volume of the last tube was made with 

double-distilled deionized water. All digestions and 

Concentrations of Cd and Cu in the digested serum samples were measured by an Atomic 

correction and element-

specific hollow cathode lamps. The wavelengths employed were 228.8 

standard (1000 mg/L) were used to establish calibration curves 

for each metal. The readings 

Heavy metals contents were presented as μg/L. The accuracy and precision of the analytical 

Spectrophotometer (AAS, 

Shimadzu Model AA-7000, Japan) attached with deuterium 

under the recommended analytical working conditions for accurate 

and sensitive heavy metal 

measures for copper 

were carried out at 324.8 nm with a lamp current of 10 mA. The slit 

speed were adjusted and then optimized for maximum absorbance and 

sensitivity[8]. 

standards (at concentration intervals of 

0.1-2.0 mg/L) were newly prepared by serial dilution 
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and a mean value was used to plot the standard curve. Linearity of each 

calibration curve was 

transformed into 

concentrations by means of software supplied with the instrument. BLank 

contaminants. The system performance was assured by the analysis 

of reference standards and 

0.005 mg/L for Cu, while the quantification limits (LOQ) were 0.007 mg/ L and 0.02 mg/L, 

given in µg/L. The 

precision and accuracy of the AAS method was verified by recovery values 

these results are within acceptable criteria for a 

biological matrix assay[10]. 

samples t-test in DM patients (study group) and 

healthy subjects (control). 

further determined using Pearson’s 

correlation coefficient(r). 

between cadmium and 

copper concentrations and the presence of diabetes mellitus while 

confidence interval (CI). A p-value < 0.05 was judged to be 

statistically significant, and for the p 

3. Results and Discussions 

 The mean serum concentrations of cadmium (Cd) and copper (Cu) in diabetic and control 

Table (3-1): Demographic characteristics of study group and  healthy control subjects 

Characteristic 
Patients with DM 

n = 20 

Healthy control 

n = 10 
P 

Age (years)    

Mean ±SD 39.60 ± 6.37 36.90 ± 5.30 
0.663 

† NS 
Range 15 –72 years 15– 62 years 

< 30,  n (%) 6 (30.0% ) 4 (40.0%) 
0.853 

 ¥ 

NS 

30-39, n (%) 2 (10.0%) 1 (10.0%) 

≥ 40, n (%) 12 (60.0%) 5(50.0%) 

Gender 

Male, n (%) 12 (60.0% ) 4 (40.0%) 0.301 

 ¥ 

NS Female, n (%) 8 (40.0%) 6 (60.0%) 

n: number of cases; SD: standard deviation; †: independent samples t-test; ¥: Chi-square test; 



International Journal of Multiphysics 

Volume 20, No. 1, 2026 

ISSN: 1750-9548 

 

4 
 

Figure (1) displays a clear increase in the mean concentration of Cd in diabetic patients as 

values may also indicate 

increased environmental exposure to, or impaired excretion of, Cd in 
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Figure 2 shows that the difference in Cu content in diabetic patients was also negligible, and P 

with controlled diabetes. However, 

free Cu can itself act as a catalyst for the formation of free 

showing an increase in Cu in uncontrolled diabetes argue that it might 

happen due to the 

A positive significant correlation between Cd and Cu in diabetic patients was featured in Figure 

interaction of these metals in the 

presence of hyperglycemic stress. Cadmium can interfere in Cu 

available Cu, and has effects on its transport or oxidative stress 

imbalance[6]. This both 

 The present observations emphasize cadmium as a predominant mediator of biochemical 

inflammation, resulting in β-cell 

dysfunctional and insulin resistance. Such activity may be 

oxidative damage. This correlation between Cd and Cu may 
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have indicated commonalities of 

interfered with Cu homeostasis, possibly through shared metalloproteins and overproduction of 

of toxic (Cd) 

and essential metals (Cu) disrupt metabolic homeostasis and enhances oxidative 

variation in exposure dose or duration of disease, 

and methods of analysis. 

Conclusions 

 Our current study has established substantial elevation in serum cadmium levels and 

Cd deposition, might contribute to metabolic and oxidative 

disruption in DM. Future studies 


