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Introduction-Diabetes mellitus
is chronic metabolic disease,

associated with various complications such as diabetic nephropathy. It
is most common cause of End Stage Renal Disease (ESRD) in diabetic
individual. In various studies, altered levels of serum copper levels are
associated with diabetic complications such as diabetic nephropathy.
We studied serum copper levels in type 2 diabetic individual with and
without nephropathy.
Materials and Methods- The study population consisted of 100 type 2
diabetic individual which was further divided into two groups, first
group consisted of 50 diabetic individual with nephropathy and second
group consisted of 50 diabetic individual without nephropathy. Diabetic
nephropathy status was assessed by spot urinary albumin creatinine
ratio and GFR. Serum copper levels were measured by colorimetric
method.
Result- Mean serum copper levels were significantly higher in diabetic
patient with nephropathy (111.8 ± 13.9 mg/dl) as compare to diabetic
patient without nephropathy (102.3 ± 16.2 mg/dl), (p = 0.002). Serum
copper was also positively correlated with weight of subject (r = 0.263,
p = 0.009), and negatively correlate with serum zinc (r = -0.263, p =
0.009).
Conclusion- Diabetic nephropathy is the leading cause of death in
diabetic individual. Our study points toward the increased serum
copper levels are associated with diabetic nephropathy. Thus we could
use copper chelator in an attempt to decrease serum copper, so that
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overall management of diabetic individual.

diabetic nephropathy could be
prevented and thus improve
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……………………………………………………………………………………………………....
Introduction:Diabetes mellitus is the chronic, lifelong metabolic disease, which is characterised by hyperglycemia and it produce
the organ damage by various mechanism such as free radical injury, formation of advanced glycation end products
and various toxic metabolite which accumulate during the metabolism of excess of glucose such as polyol
intermediate, sorbitol, hexose-amine etc.[1] These abnormalities in the presence of chronic hyperglycemia
ultimately lead to various chronic micro and macro vascular complication such as diabetic nephropathy, diabetic
retinopathy, diabetic neuropathy and include cardiovascular, cerebrovascular and various peripheral vascular
diseases respectively.[2]
The prevalence of diabetes mellitus and associated complication is increasing globally at a faster rate. At present
there are approximately 220 millions of diabetic patient present globally as per World Health Organisation (WHO)
and if the current growth is not checked, then number of diabetes patient would exceeds 435 million in 2030,
according to International Diabetes Federation (IDF).[3,4] WHO has already declared India as world capital of
Diabetes.
Diabetic Nephropathy (DN) is the leading cause of chronic kidney failure all over the world.[5] Clinical hallmark of
diabetic nephropathy include elevated blood pressure, elevated urinary proteins and abnormal renal function test.
It is one of the most significant long term complications in terms of morbidity and mortality for diabetic patient
which usually present in 40-50% of diabetic patients out of which 20 % patient progress to End Stage Renal Disease
(ESRD).Thus it points toward the certain population of diabetic patient who are susceptible for the development of
diabetic nephropathy. The potential modifiable risk factors for the its development and progression are
hyperglycemia, hypertension, and other minor risk factors including diabetic factor.[6]
It has been shown in various studies that alterations in levels of various elements lead to development of diabetes
mellitus and its associated complications such as diabetic nephropathy. It has been suggested that perturbations in
mineral metabolism are more pronounced when metabolic control is poor or if vascular complications are present. It
has also been shown that excess of Cu lead to increase predisposition of vascular disease in diabetic patient.[7]
So we framed the hypothesis that alter levels of copper is the culprit for the development of diabetic nephropathy as
the complication of diabetes. There also lack of studies regarding alter levels of copper in North Indian diabetic
patient with and without Nephropathy.

Materials And Methods:Study design:This hospital based observational case control study was done for the period of 3 years from 2013 to 2015 in the
Department of Medicine with the collaboration of Department of Biochemistry, Lady Hardinge Medical College
(LHMC) and Associated Hospitals, New Delhi. Institutional Ethical Committee approved our study design.
Study Population:Our study included 100 diabetic patients who had visited diabetic OPDs and routine OPDs of Department of
Medicine, LHMC, New Delhi. Study population was divided into two groups. First group consisted of 50 diabetic
patients with nephropathy and second group consisted of 50 diabetic patients without nephropathy.
Inclusion criteria:Known cases of type 2 diabetes mellitus for minimum period of 5 years of duration.
Exclusion criteria:Patient not willing to participate in the study, acute and chronic illness excluding diabetes mellitus, patient having
hormonal abnormalities, drug intake history which have nephrotoxic effect and deleterious effect on glucose profile
of diabetic patient were excluded from the study.
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Bilingual and informed consent was taken from the patient and his relatives. Thorough clinical history and medical
examination was done especially related to diabetes and diabetic nephropathy.
Sample collection:Five ml of venous sample was taken from the subject under sterile condition into plain vials without anticoagulant
for routine and special investigations, anticoagulant containing purple cap vials for hemogram and NaF with
anticoagulant containing grey cap vials for blood glucose profile. The plain vials were kept for half an hour for
clotting. After clotting, the plain vials were centrifuged at the speed of 2000 RPM for 5 minutes. The serum was
separated and aliquot into serum tubes. For routine biochemical investigations serum was sent immediately for
analysis. For special investigation the serum was kept at -200C for batch analysis of serum copper.
For assessing the status of diabetic nephropathy in the study population, we measured spot urine albumin creatinine
ration (U-A/C) and GFR. U-A/C values included Normoalbuminuria: <30 mg/g of creatinine, Microalbuminuria:
30-300 mg/g of creatinine and Macroalbuminuria: >300mg/g of creatinine. Cockroft – Gault equation was used to
assess GFR.[8]
Batch analysis was done to measure serum magnesium in the preserved samples by using fully AUTOMATED
ANALYSER SYNCHRON BECKMAN CX-9 using standard reagent and kits. All kits were of centronic
GmbH,Germany. Serum copper measurement was based on direct colorimetric method without deproteinisation in
serum. In a pH 4.7 buffer system, copper is released from its carrier protein, the ceruloplasmin, and forms
complexant 3,5-DiBr-PAESA[4-(3,5-dibromo-2-pyridylazo)-N-ethyl-N-(3-sulfopropyl)aniline] a stable complex.
The colour intensity of this complex is proportional to the amount of copper in the sample. Lyophilised control
serum was used. The colour so formed was red which was measured spectrophotometrically at wavelength of 582
nm. Reagent kit name-Copper REF 17106. Lot number -20299.
The normal values for serum copper was considered as 70 – 140 μg/dl for male and 80 – 155 μg/dl for female.[9]
Statistical Analysis:All data are expressed as mean ± SD. (standard deviation) and statistical analysis was conducted using SPSS
statistical package, version 20.0 (SPSS Inc., Chicago, IL, USA). A p value <0.05 was considered as significant. The
Student’s t-test was used to compare the mean between two groups for normally distributed data. Pearson’s
correlation was used to find out the correlation among the various parameters.

Results:Table 1 showing the renal function of study population which shows that group 1 had diabetic nephropathy as
compare to group 2.
Table 2 showing that in group 1, mean serum copper level had significantly higher value than that of group 2.
On Pearson’s correlation, serum copper was positively correlated with weight of subject (r = 0.263, p = 0.009), and
negatively correlate with serum zinc (r = -0.263, p = 0.009).
Table 1:- Renal profile of study population
Diabetic
patient
with Diabetic
patient
without
nephropathy (n = 50)
nephropathy (n=50)
Parameters
Mean
SD
Mean
SD
U-A/C (mg/g)
130.7
46.72
18.37
4.99
GFR (ml/min)
62.16
24.74
108.44
7.96
*p value≤0.05 is considered statistically significant.

p value

<0.001*
<0.001*

Table 2:- Serum Copper status of study population
Diabetic
patient
with Diabetic
patient
without
nephropathy (n = 50)
nephropathy (n=50)
Parameters
Mean
SD
Mean
SD
Serum copper (mg/dl)
111.8
13.9
102.3
16.2
*p value≤0.05 is considered statistically significant. SD= Standard Deviation

p value

0.002*
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Diabetes mellitus is a chronic metabolic disorder which affects carbohydrate, lipid and protein metabolism. It has
already taken pandemic in terms of number of diabetic patient. It lead to various complications, one of them is
diabetic nephropathy which is responsible for chronic kidney failure in diabetic patients. This complication is
responsible for high mortality and morbidity of the person suffering from type 2 diabetes mellitus.
There is need of finding the risk factor for development of diabetic nephropathy and its proper management, so that
we can prevent the death from renal failure in diabetic individual.
In various studies, it has been seen that there is a strong relation between some specific oligoelements and diabetes
mellitus.[10] It has been seen that altered serum copper (Cu) levels are associated with diabetes and associated
complications.[11]
Diabetes complications associated with the increased free radical production leading to oxidative damage, and many
of the pathological effects of copper overload are consistent with an oxidative damage to membranes or various
macromolecules. Cu is involved in oxidation-reduction reactions and has a dominant role in diverse proteins such as
cytochrome oxidase at the terminal end of the mitochondria electron transport chain. This divalent cation is also
involved in super oxide dismutase activity. Copper has the capacity to form covalent bounds and it takes part in
many redox processes. Copper ions are involved in generation of reactive oxygen species through Fenton reaction,
having a pro-oxidant action.[12]
Copper ion is well known for cytotoxic effect due to its redox chemistry. Excess of copper aggravate the
hyperglycemia which causes glycation of various protein and also displaces copper from copper binding site of
protein and thus further aggravates the hypercuperemia, which lead to more oxidative damage to various tissue and
organs.[13]
There are lots of studies done in serum copper levels in diabetic individual with and without complications, but still
there is no uniformity in the results levels of copper in these patients. Our study result is in agreement with the study
done by Rusu et al [14] and Noto et al [15] in which serum copper levels are increased in diabetic individual with
complications such as diabetic nephropathy, but Prabodh et al found no difference of serum copper level in diabetic
patient as compare to healthy control.[16] Moreover Hazzim et al showed in his study that serum copper levels are
significantly decrease in diabetic patient with complications as compare to diabetic patient without
complications.[17]
.
So our study hints toward the increase serum copper levels in diabetic patients with associated complications.
Moreover we can treat the diabetic patient with copper specific chelator, so that various complications of diabetes
mellitus including diabetic nephropathy could be prevented as it has been proven beneficial in various animal
models.[18,19,20,21,22] Our study could give new insight for understanding the risk factor for development of
diabetic nephropathy and also therapeutic modality could be develop to remove excess of copper ions from the
diabetic patient, so that overall management of diabetic patient improves by decreasing various complication
associated with copper induce oxidative stress.
Strength of our study is well characterised study population and standardized techniques to measures various
parameters of the study.
Limitations:Our study had small sample size and study populations were selected from local area. Even it was hospital based
case control study, so it would be difficult to predict cause and effect relationship.
Suggestions:Large prospective, interventional studies need to be undertaken to confirm the cause and effect relationship and to
assess the protective role of supplementing copper chelator in human for preventing the development and
progression of nephropathy.
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