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Aims Some trace element concentrations could also influence the development of lung 
cancer. This study aimed to identify certain trace minerals in serum in Iraqi patients with 
lung cancer and investigate the distribution of these elements compared to healthy people.
Instrument & Methods This study was carried out on 100 subjects, including the healthy 
group (n=35) and the lung cancer patient group (n=65), whose blood samples were kept in 
the Imam Hussein Center for Cancerous Tumors in Karbala Governorate, Iraq, in 2021. The 
samples were selected using a simple random sampling method. The level of zinc, copper 
lead, and cadmium were measured using the Flame Atomic Absorption Spectrophotometer 
6300. The data was analyzed using SPSS 20 software through independent T, ANOVA, 
Pearson, and Tukey HSD tests.
Findings There was a significant difference between the serum concentration of Pb, Cu, Cd, 
and Zn between the healthy males with lung cancer males, and in Cd, and Zn between the 
healthy females with lung cancer females (p<0.05). Whereas, no significant difference was 
found between the Pb and Cu serum in healthy and lung cancer females (p<0.05). The results 
of ANOVA showed a significant difference in the serum concentration of minerals between 
the healthy and lung cancer subjects (p<0.05). 
Conclusion Serum zinc levels are lower in lung cancer patients than in healthy subjects, 
whereas serum lead, cadmium, and copper are higher in lung cancer patients than in healthy 
subjects. 
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Definition, epidemiology, risk ... [4] Diabetic nephropathy - complications ... [5] Diabetic 
nephropathy in Type 1 ... [6] The presence and severity of chronic ... [7] In the absence of 
renal disease ... [8] Estimated glomerular filtration rate ... [9] Kidney disease and increased  
... [10] The burden of chronic kidney disease in Australian ... [11] Renal dysfunction in the 
presence of normoalbuminuria ... [12] Nephropathy in ... [13] Diabetic nephropathy ... [14] 
Diabetic ... [15] Pathogenesis, prevention, and ... [16] Diabetic kidney disease ... [17] Genetic 
associations in diabetic nephropathy ... [18] Diabetic ... [19] Nephropathy in siblings of 
African Americans with ... [20] Familial predisposition to renal disease ... [21] Racial 
differences in diabetic ... [22] Genetic associations in diabetic ... [23] Obesity and diabetic 
kidney ... [24] Obesity, diabetes, and chronic kidney ... [25] Effective antihypertensive 
treatment postpones ... [26] Angiotensin receptor blockers in diabetic nephropathy ... [27] 
Diabetic nephropathy: mechanisms of ... [28] Diabetic nephropathy or kidney ... [29] What 
is the age distribution for diabetic ... [30] Interaction of aging and chronic kidney ... [31] 
Risk factor, age and sex differences ... [32] Interactions between renin angiotensin system 
and advanced ... [33] Mechanisms of obesity-associated cardiovascular and renal ... [34] 
Kidney disease and related findings in the diabetes control and complications trial/
epidemiology of diabetes ...

Aims Diabetic nephropathy is one of the consequences of type 1 and type 2 diabetes and one 
of the main causes of End-Stage Renal Disease (ESRD) as well as an important risk factor for 
cardiovascular morbidity and death. The aim of this study was to identify the risk factors for 
diabetic nephropathy in diabetic patients.
Instruments & Methods In this cross-sectional descriptive study, 121 patients (66 females 
and 55 males) with type 2 diabetes in Karbala, Iraq from October 2019 to April 2021were 
studied. In the first stage, a complete history of the patients was taken and then a physical 
examination was performed. After that, 5 ml of aspirated blood and 100 ml of urine were 
collected from each patient and both were sent to the laboratory for biochemical tests and 
urinalysis. The collected data were statistically analyzed using SPSS 22 software and Chi-
square test.
Findings Out of 121 diabetic patients, 77 (63.6%) had diabetic nephropathy. The incidence 
of diabetic nephropathy was higher in men than women. There was a significant relationship 
between age, persistent hyperglycemia, obesity, and duration of diabetes with diabetic 
nephropathy (p<0.05).
Conclusion Age, persistent hyperglycemia, obesity and duration of diabetes are involved in 
the development of diabetic nephropathy in diabetic patients.
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Introduction 
Trace elements are necessary in small quantities for 
it continuation of humanity, and their loss from the 
organism results in death or severe dysfunction. 
Trace element concentrations in human tissues 
range from 0.01 to 100mg/kg [1]. All the essential 
trace elements can be toxic to humans and animals if 
their intake is large or lasts for a relatively long time 
[2]. The main distinction between trace minerals and 
heavy metals is that heavy metals are generally 
harmful at extremely low doses, whereas trace 
elements are not. Many trace elements have 
different roles based on their chemical composition 
or how they are synthesized and distributed 
throughout the body [3].  
Copper is required for the functioning of numerous 
metalloproteinases and enzymes, as well as the 
control of gene expression. It is also required for 
growing, protection, bone health, and the formation 
of blood cells [3, 4]. Cadmium is released into the 
environment because of human activities, 
particularly industrial operations, and waste 
disposal [5]. Food is the primary source of cadmium 
exposure in humans, although tobacco smoke is also 
a significant source. Other issues caused by 
cadmium poisoning include cancer, cardiovascular 
disease, and hypertension. Cadmium is known to 
cause cancer in humans [5]. Copper deficiency leads 
to anemia and low blood cells leukemia, as well as a 
neurological disease, osteoporosis, and a disorder of 
the connective tissues. Excess copper poisoning is 
extremely rare and is usually caused by toxic water 
[5]. It leads to gastrointestinal issues. In the case of 
Wilson's illness, poisoning can also arise in some 
diseases, and copper poisoning from unknown 
causes, such as Wilson's illness Wilson inhibits 
copper excretion in the bile, causing it to build up in 
the kidney, liver, and brain [6]. Zinc is a mineral 
found in all human tissues [7], it is required for the 
metabolism of macromolecule nucleic acids and 
other metals [7]. It is a structural component of about 
300 enzymes. Zinc does have a key function in the 
expression of genes. Approximately 10% of the 
proteins in the human genes have the binding zinc. 
Zinc deficiency is considered rare due to its frequent 
and near-ideal intake. Zinc is affecting health, 
growth, and reproductive function. Dermatitis of the 
extremities is caused by enteropathy [8]. It is a 
disease inherited from zinc deficiency. Pollution 
results in increased exposure to zinc. Headache, 
vomiting, diarrhea, coma, and fever are the most 
common symptoms of acute poisoning. Copper is 
mutually exclusive competing for absorption in the 
intestine [9]. Lead has long been recognized as a 
hazardous substance. It is brought about by a variety 
of human actions. Humans are exposed to it through 
the intake of food and water. Reproductive failure, 
encephalopathy, neurophysiological abnormalities, 
anemia, renal damage, hypertension blood, and 

poisoning are all symptoms of excessive lead 
exposure [10].  
Researchers attempted to evaluate the link between 
serum concentration of copper (Cu), zinc (Zn), lead 
(Pb), cadmium (Cd), iron (Fe), manganese (Mn), 
cobalt (Co), and magnesium (Mg) and the lung 
cancer (LC). Cu, Pb, Zn, Fe, Mg, Co, Mn, and Cd have 
been confirmed to have a function in LC patients [10]. 
It was found in a meta-analysis in 2018, that there is 
a link between serum copper concentrations and LC 
risk. Serum copper concentrations were highest in 
patients with LC relative to healthy people, 
indicating that external copper exposure may be a 
major risk for LC development [11]. In a previous 
study, a relationship between serum and whole 
blood Zn and Cu level and clinical, socioeconomic 
variables, and nutritional data was confirmed. Also, 
there was a link between Cu and Zn and all-cause 
mortality in LC patients. Higher serum Cu levels, 
Cu/Zn ratios, and whole blood Zn levels were shown 
to be associated with a lower risk of death in LC 
patients [12].  
This study aimed to identify certain trace minerals 
in the serum of Iraqi LC patients using the atomic 
absorption spectroscopy technique and investigate 
the distribution of these elements compared to 
healthy people. 
 
Instrument and Methods  
Blood samples were taken from the Imam Hussein 
Center for Cancerous Tumors in Karbala 
Governorate in 2021. The study was carried out on 
100 subjects (55 males and 45 females), including 
the healthy (n=35) and the lung cancer (n=65) 
groups. The samples were selected using a simple 
random sampling method. Inclusion criteria were 
non-smokers, no family history of cancer, living in 
Karbala governorate, and tendency to participate in 
the study. The blood samples were taken by syringe. 
Then, the dye was separated from the plasma by a 
centrifuge, which was in an Abendouf tube and 
stored in a refrigerator prepared for digestion . 
The serum samples were digested according to the 
procedures by mixing 2ml of nitric acid with 1ml of 
perchloric acid with 1ml of serum in a conical flask 
with shaking the beaker and were placed on a heater 
in a special hood to withdraw all the gases until it 
becomes salt (ash). Then, we filtered the sample 
with filter paper using a mixture of 5ml of distilled 
water and kept it in a glass container to prepare for 
measurement with the device [13]. 
The blood serum was also digested to obtain the 
concentrations of copper, zinc, lead, and cadmium 
[14]. After preparing the samples, they were sent to 
the laboratory for measuring zinc, copper lead, and 
cadmium using the Flame Atomic Absorption 
Spectrophotometer (FAAS) 6300 (Shimadzu; Japan). 
Before the measurement, the FAAS was calibrated 
by Dilution of global standards for copper, zinc, lead, 
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and cadmium, where four diluted concentrations 
were made to calibrate the device for each element 
separately (Figure 1). 
 

(A) 

(B) 

(C) 

(D) 
Figure 1) Calibration of the atomic absorption system for A: 
copper, B: zinc, C: lead, and D: cadmium 

The data was analyzed using SPSS 20 software 
through independent T, ANOVA, Pearson, and Tukey 
HSD tests. The normality of parameters was also 
confirmed using the Kolmogorov-Smirnov test. 
 
Findings 
The average age for healthy and lung cancer subjects 
in female were 65.70±12.34 and 59.08±11.43, 
respectively and for male were 47.26±7.29, and 
59.80±11.82, respectively (Table 1).  
 
Table 1) Descriptive characteristics of patient and healthy 
subjects 
Gender Subjects N Mean±SD p-value 
Male Healthy  20 65.70±12.34 0.5 

LC 35 59.08±11.43 
Female Healthy  15 47.26±7.29 0.001 

LC 30 59.80±11.82 
 
There was a significant difference in concentration 
of Zinc between the healthy and LC males and 
females. There was a significant difference in Cu 
concentration between healthy and LC males while 
there was no significant difference between the 
healthy and LC females. Also, a significant difference 
in Pb concentration was revealed between the 
healthy and LC males, whereas there was no 
significant difference in Pb concentration between 
the healthy and LC females (p>0.05). The findings 
showed a significant difference in Cd concentration 
between the healthy females and males with LC 
females and males, respectively (Table 2). 
 
Table 2) Results of comparison of serum concentrations (μg/L) 
of zinc, copper, lead, and cadmium between the subjects by 
independent T-test 
Minerals Gender Subjects N Mean±SD p. 
Zn  Male Healthy  20 1247.02±937.06 0.001 

LC  35 666.75± 385.18 
Female Healthy  15 1588.83± 604.25 0.001 

LC  30 531.54±301.22 
Cu  Male Healthy  20 155.61±93.71 0.01 

LC  35 218.59±62.40 
Female Healthy  15 152.45± 67.01 0.31 

LC  30 176.46±86.35 
Pb  Male Healthy  20 5.38±9.20 0.02 

LC  35 13.40± 15.91 
Female Healthy  15 8.30± 7.94 0.46 

LC  30 10.28±9.24 
Cd  Male Healthy  20 14.02±21.68 0.001 

LC  35 60.87± 20.70 
Female Healthy  15 21.41± 15.45 0.001 

LC  30 123.74±71.91 
 
A significance difference of serum concentrations 
was observed between the healthy females and 
female with lung cancer (p<0.05). The concentration 
of Pb, Cd, and Cu was higher in the female with lung 
cancer, whereas, the Zn concentration was higher in 
healthy female than female with lung cancer. There 
was a significance difference of the serum 
concentrations between the two groups of healthy 
males and male with lung cancer (p=0.001). The 
findings showed a high concentration of Pb, Cd, and 
Cu in LC patients in the male subjects, while, the 
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concentration of Zn was higher on the group of 
healthy males (Table 3).  
 
Table 3) Results of intergroup comparison of serum 
concentrations (μg/L) of  zinc, copper, lead, and cadmium 
between the subjects by ANOVA  
Group Minerals Mean p. 
Female    
Healthy (15) Pb  8.30±7.94 0.001 

 Zn 1588.83±604.25 
Cd 21.41±15.45 
Cu  152.45±67.01 

LC (30)  Pb 10.28±9.24 0.001 
Zn  531.54±301.22 
Cd  123.74±71.91 
Cu  176.46±86.35 

Male    
Healthy (20) 
 

Pb  5.22±8.99 0.001 
 Zn 1247.02±937.06 

Cd 14.02±21.68 
Cu  155.61±93.71 

LC (35) Pb 13.40±15.916 0.001 
 Zn  666.75±385.18 

Cd  60.87±20.70 
Cu  218.59±62.40 

 
A positive correlation was observed between Pb 
with Zn level, and between Cu with Zn level in 
healthy females. There was a negative correlation 
between Cd with Pb level and Cd with Zn level in 
healthy females. Also, there was a negative 
correlation between Cu with Pb and Cd with Pb level 
in healthy females. There was a positive correlation 
between Cu with Pb level, and Cu with Cd level in LC 
females. Also, a negative correlation was found 
between Zn with Pb levels, Cd with Pb, Cd with Zn, 
and Cu with Zn levels in LC females (Table 4). 
 
Table 4) Correlation among samples of serum concentrations 
(μg/L) of zinc, copper, lead, and cadmium minerals in healthy and 
LC females 
Serum concentrations Pb  Zn  Cd  Cu  
Healthy subjects 
Pb  1    
Zn 0.001 1   
Cd -0.1 -0.52 1  
Cu  -0.08 0.45 -0.33 1 
LC patients  
Pb  1    
Zn -0.23 1   
Cd -0.1 -0.04 1  
Cu  0.3 -0.13 0.02 1 

 
Table 5) Results of correlation between serum concentrations of 
(μg/L) zinc, copper, lead and cadmium minerals in healthy and LC 
male group 
Serum concentrations Pb Zn Cd Cu 
Healthy subjects     
Pb  1    
Zn 0.05 1   
Cd -0.04 -0.13 1  
Cu  0.61 -0.19 0.21 1 
LC patients      
Pb  1    
Zn -0.13 1   
Cd 0.00 -0.26 1  
Cu  0.02 -0.23 0.001 1 

Positive correlations were observed between Zn 
with Pb levels and Cu with Pb levels in the group of 
healthy males. There was a negative correlation 
between Cd with Pb, and Cd with Zn, Cu with Zn, and 
Cu with Cd levels in the healthy males. A positive 
correlation was released between Cd with Pb, Cu 
with Pb, and Cu with Cd levels. A negative 
correlation was observed between Zn with Pb, Cd 
with Zn, and Cu with Zn levels (Table 5). 
 
Discussion 
This study aimed to identify certain trace minerals 
in serum in Iraqi patients with LC using the atomic 
absorption spectroscopy technique and investigate 
the distribution of these elements compared to 
healthy people. 
Zhang et al. [15] performed a meta-analysis using 33 
articles to explore the association between serum 
copper levels and the risk of lung cancer. They 
suggested that serum copper levels were higher in 
lung cancer than that in controls. Gómez et al. [16] 
and had studied the association of zinc and its role in 
lung cancer and concluded that zinc deficiency has a 
significant role to prevent lung cancer, because Zinc 
has a key role in oxidative stress, apoptosis, and/or 
cell signaling alterations [16], and this may play a role 
in preventing lung cancer. Wang et al. [17] 
investigated the concentration of Zinc in lung cancer 
patients by a meta-analysis of 32 articles through 
the PubMed, Wanfang, Cochrane, ScienceDirect 
website, CNKI, and SinoMed databases. They 
concluded that serum Zinc was significantly lower in 
lung cancer patients than in controls. Shen et al., 
through a meta-analysis, suggested that patients 
with thyroid cancer had higher copper levels than 
healthy controls. Zhao et al. [18] assessed the Cu, Zn, 
Fe, Mn, and Ca in 300 patients with lung cancer and 
100 healthy subjects and concluded that Cu, Mn, and 
Cu/Zn ratios were significantly higher in lung cancer 
patients but Zn, and Ca were significantly lower in 
lung cancer patients than in healthy people. Emre et 
al. [19] found a higher level of Cu, Mg, Pb, Cr, Zn, Mn, 
and Cd in patients with metastatic colon cancer 
compared to healthy subjects. Also, the results of our 
study showed a higher level of Cu/Zn in the subjects 
with lung cancer than in healthy subjects.  
Demir et al. [20] found a low level of Zn, Fe, Mn, Mg, 
and Cu in patients with cancers of the lip and oral 
cavity than in healthy control groups and a higher 
level of Cd, Co, and Pb l in the patients than healthy 
control groups. 
Diez et al. [21] investigated the concentration of 
Serum zinc (Zn), copper (Cu), and the Cu/Zn ratio in 
20 patients with benign and 64 with malignant lung 
tumors before surgery and in 100 healthy normal 
controls and found the higher Cu/Zn ratio in 
malignant tumors than in benign tissue and the 
lower ratio in the normal group. Their findings 
suggest that Cu/Zn ratio may be used as a diagnostic 
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test in lung cancer patients. Jin et al. [22] also 
suggested the higher ratio of Cu/Zn in patients with 
lung cancer to the pathogenesis of lung cancer. 
Zowczak et al. [23] assessed the relationship between 
the Cp oxidase activity and concentrations of Cu and 
Zn in serum of 62 patients with breast (BCA), lung 
(LCA), gastrointestinal (GICA), and gynecological 
(GYNCA) cancer, and found a significant increase in 
the mean serum Cp oxidase activity and total Cu 
concentrations in all patient groups compared with 
the control one. Moreover, Wu et al. [24] investigated 
the serum concentration of 13 elements such as Cd, 
Mn, Fe, Cr, and Zn in breast tumor patients and 
indicated a significant difference in concentration of 
all elements in serum between breast cancer 
patients and controls.  
Our findings are consistent with the above studies. 
Indeed, Copper and zinc are closely related trace 
elements involved in cell proliferation, growth, gene 
expression, apoptosis, and other processes. These 
two trace elements are necessary for superoxide 
dismutase's proper activity due to their integral role 
as cofactors or ions stabilizing the molecular 
structure. 
Cobanoglu et al. [25] determined the relationship 
between some mineral, trace element, and heavy 
metal levels in patients with lung cancer by 
measuring serum levels of copper (Cu), lead (Pb), 
zinc (Zn), iron (Fe), cobalt (Co), cadmium (Cd), 
manganese (Mn), magnesium (Mg). Mg, Cu, and Zn 
were lower in patients with lung cancer than the 
controls, whereas Pb, Mn, and Co were higher in 
those with lung cancer than controls. At the same 
time, our findings showed more levels of Cu in the 
subjects with lung cancer than in healthy subjects. 
Yari et al. [26] investigated the serum levels of Zn, Cd, 
Cu, and Pb metals in prostate cancer patients and 
compared them in a control group. Serum levels of 
Cd and Cu were significantly higher in patients with 
prostate cancer than in controls (p<0.05). In 
contrast, the mean concentrations of Zn and Pb were 
higher in patients, which is different from our 
findings based on the low level of Zn in lung cancer 
patients. Serum et al. [27] assessed the serum 
concentration of Ag, Pb, and Cd in the female with 
breast cancer in Iraq and found no significant 
difference between the serum concentration in the 
breast cancer females with healthy females, which is 
not consistent with our findings. The possible 
reasons for the difference between our findings and 
the mentioned studies are the differences in the 
geographical factors, nutrition, use of nutritional or 
therapeutic supplements, the nature of people's 
occupations, and the different nature of cancers.  

 
Conclusion 
Serum zinc levels are lower in lung cancer patients 
than in healthy subjects, whereas serum lead, 

cadmium, and copper are higher in lung cancer 
patients than in healthy subjects.  
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