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ABSTRACT
Aim & Objective: Zinc has a significant role in various physiological metabolisms as it is an important cofactor
for numerous enzymes. Alterations in serum concentrations of zinc in type 2 DM has been reported by several
studies. We tried to evaluate the association of zinc and HbA1C in diabetic complications. Diabetes and its
complications usually lead to increased production of free radicals which disturbs the internal milieu. Antioxidant
enzymes like SOD are decreased due to low zinc concentrations resulting in tissue damage and various
complications. Materials and Methods: In present study 50 type 2 DM persons diagnosed clinically with micro
vascular complications like neuropathy and retinopathy are included as study group and 50 diabetic people without
any complications as control group. Fasting blood samples were collected to analyse Zinc and HbA1C. HbA1C was
estimated by HPLC method in D10 analyser. Zinc was analysed by colorimetric kit method. Results: There was significant
decrease in serum concentrations of Zinc in study group when compared to control (50±12.5, 95 ± 20.42) (p≤ 0.001)
HbA1C was significantly high in study group when compared to control (9.5.7±2.5.) (6.5±1.5) (p≤0.001). The
correlation of HbA1C and zinc was done using Pearsons correlation coefficient and is inversely related ɤ = -0.4.
Conclusion: In DM, HbA1C influences the profile of trace elements especially zinc and can be explained as one
of the cause for delayed wound healing especially in patients with complications. Good glycemic control and zinc
supplementation can prevent the complications.
INTRODUCTION
Type 2 diabetes mellitus is a major health problem
affecting nearly about 170 million people all over the
world, and triggering most of the micro vascular
complications1. The major metabolic disturbance affects
the functional and structural integrity of cells leading to
complications which affect the nervous system, eye,
cardiovascular system and kidneys2.
Persistent hyperglycemia causes spontaneous non
enzymatic glycosylation of proteins leading to thickening
of basement membrane, particularly of small blood vessels
(microangiopathy), leading to diabetic complications like
retinopathy, nephropathy and neuropathy.
Zinc has a role in the regulation of insulin production as
well as glucose utilization through muscles and fat cell,
zinc deficiency leads to elevated blood sugar and ability to
synthesize and secrete insulin as well as to use glucose are
impaired in zinc deficient state 3. One of the causes or the
development of diabetes associated complications can be
attributed to the low levels of Zn as there are many
antioxidant enzymes which contain zinc. Decrease in these
anti-oxidant enzymes results in decreased free radicals
scavenging leading to tissue damage and peripheral organ
damage4.
The action of insulin in reducing blood glucose was
reported to be enhanced by micro-minerals like zinc,
chromium and selenium5. They activate insulin receptors
and acts as cofactors for several enzymes of metabolisms,
particularly glucose metabolism and restricted function of
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these enzymes disturbs the internal milieu of the cell. Zinc
is required for the synthesis, storage and secretion of
insulin. It also maintains the structural stability of insulin.
Decreased zinc levels affects insulin and leads to decreased
insulin production6. Altered zinc status is also harmful as
suggested by Niewohner et al.,7 who reported
improvement in T- lymphocytes response to
phytohemaagglutin with zinc supplementation in type II
diabetic subjects. Hyperzincuria in diabetics was also
observed by some of researchers in their study. It has been
suggested that pertubations in mineral metabolism are
more pronounced when metabolic control is poor or if
vascular complications are present. Changes in
peroxidative status may also be anticipated when trace
element status is altered. An increased level of lipid
peroxides and peroxidative damage was also considered as
one of the contributory factors in development of diabetic
complications8,9.
The aim of our present study was to evaluate the
relationship of zinc and HbA1C in diabetic complications.
MATERIALS AND METHODS
This study was conducted at SRM Medical College
Hospital & Research centre medicine OP. Approval from
institutional ethical committee and informed consent from
the participants were obtained. Subjects were 50 type 2
diabetic persons with clinically diagnosed micro-vascular
complications, retinopathy and neuropathy were recruited
for the study. The control group were 50 types 2 DM
without any complications. Subjects and controls were
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Table 1: Comparison of zinc levels in DM complications.
HbA1C was significantly high in study group when compared to control (9.5±2.5, 6.5±1.5) (p≤0.0001). Similar
consistent findings were reported by Nathan et al (28), and Trivelli et al., (29).

Table 2: Comparison of HbA₁c in DM complications.
HbA₁C in patients without complications as control and with complications as study group. (P ˂ 0.001 is significant).

Graph showing negative correlation between HbA₁c and zinc.
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between 40 - 65 age group and both the genders were
included for the study.
Patients with nephropathy, nutritional supplements and
acute and chronic illness were excluded from the study.
After overnight fasting blood samples were collected in
sterile containers. Fasting plasma glucose was estimated
by GOD –POD method. HbA1C was estimated using D10
analyser by HPLC method. Serum zinc was estimated
using colorimetric kit method. Blood urea by enzymatic
method and serum creatinine by alkaline picrate method.
Statistical Analysis
Statistical analysis was done using student’s test and
Pearson correlation was found out by regression analysis.
p value less than 0.05 is considered significant.
DISCUSSION
The study of zinc levels focuses on essential role of trace
elements in the pathogenesis of diabetic complications.
Zinc and HbA1C are inversely related where with the
increase in HbA1c levels there is decrease in zinc levels.
In our study the serum levels of zinc was low in
uncontrolled diabetes patients with micro-vascular
complications which was in concordance with the other
studies10. Study by Rai et al11 showed that serum zinc
concentration were lower in diabetics when compared to
healthy controls and found a negative correlation with
glycated proteins in the blood. Similar observations were
reported by Al- Maroof in his studies12. Studies by
Tripathy found a negative correlation between HbA1C and
zinc13.
Marchesini et al explained hypozincemia seen in the
diabetic population due to low gastrointestinal absorption
and high urinary excretion of zinc in diabetic patients14.
Kinlaw et al also expressed similar results in their studies
and explained that zinc absorption has been defect or
reduced, by uncontrolled blood sugar (hyperglycemia) and
it would lead to an elevation of HbA1C15.
We have observed decrease in zinc levels in patients with
uncontrolled blood sugar and consistent with our study,
Walter RM et al also reported similar results16.
A physical chemical relationship between insulin and zinc
has been known for decades, it was clear that the addition
of zinc to insulin would change the time course effect of a
given dose of insulin17. Structurally, the addition of zinc to
insulin results in conformational changes, which have been
detected by ultraviolet circular dichoric spectroscopy18. It

has been reported that the removal of zinc alters the
ternary
structure of insulin and can reduce the immunological
insulin activity due to changes in antigenic determinations
of insulin19.
Researchers from their studies showed that hyperglycemia
interferes with active transport of Zinc back into the renal
tubular cells leading to hyperzincuria. Zinc also increases
insulin sensitivity by increasing the binding ability of
insulin to its receptors20.
RESULTS
There was significant decrease in serum concentrations of
Zinc in study group when compared to control (50±12.5,
95 ± 20.42) (p≤ 0.001). Similar observations were made by
Kinlaw et al21, and Zalewski P et al.22, Williams et al23, in
their study Mc Nair et al., in their study reported a definite
hypozincemia in 39.7% of patients and showed that there
is inverse relationship between zinc and glycemic status24,
Garg et al25 and Williams et al26, also reported that
hypozincemia is frequently associated with DM. Al
Maroof observed significantly lower levels of zinc levels
in diabetics than in healthy controls in his study27.There
was an inverse relation between HbA1C and levels of zinc
in our study which implies that as blood glucose
concentration is increased zinc values were decreased in
patients with diabetic complication. The correlation of
HbA1c and zinc was done using Pearsons correlation
coefficient and is inversely related ɤ= - 0.4, even though
statistical significance was not found (p<0.8).
Studies by Tripathy et al., reported negative correlations
between serum zinc and HbA1C. Zinc levels in blood are
decreased with the increase in HbA1c in diabetics when
compared to healthier30.
Routine parameters like urea and creatinine and lipid
profile was also analysed in both the groups. There was
increase in urea and creatinine levels in patients with
complications compared to patients without complications
even though significance was not found (p=0.07)
Similarly triglycerides and LDL levels were higher in
study group when compared to controls and showed
statistical significance among patients in study group and
control.(p<0.04) (p<0.05) respectively.
In conclusion, diabetics are more prone for deficiency of
zinc as increased glycosylation in these persons could in

Table 1: Parameters
S.No
Biochemical parameters
1.
FBS
2.
HbA₁C

Subjects
170 ± 30
9.5 ± 2.5

Control
125 ± 25
6.5 ± 1.5

P value
˂0.0001
˂0.001

3.
4.
5.

Zinc
Total cholesterol
Triglycerides

50 ± 12.5
235± 20
160±18

95 ± 20.5
180± 22
115±15

˂0.001
˂0.001
˂0.0001

6.
7.
8.

HDL
LDL
Creatinine

30 ± 3.5
155 ± 25
1.3 ± 0.2

37 ± 4.5
120 ± 20
1.1±0.1

0.1
0.001
0.1
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turn cause increased oxidative damage due to increased
production of free radicals. Diabetic complications are
attributed to increased susceptability to lipid peroxidation
due to free radical damage. Strict glycemic control and
zinc supplimentations can prevent complications to some
extent.
REFERENCES
1. Wokoma FS. Diabetes and hypertension in Africa, an
overview. Diabet Int 2002; 12: 36- 40.
2. Koda- Kimble MA, Carlisle BA. Diabetes mellitus. In:
Young LY, Koda Kimble MA, Kradjan WA,
Guglielmo BJ, editors. Applied therapeutics: the
clinical use of drugs.6th ed.Vancouver (WA): Applied
therapeutics 1995; 48: 481-5.
3. Ezaki O: IIb group metal ions (Zn ++, Cd++,Hg++)
stimulate glucose transporter activity by post- insulin
receptor kinase mechanism in rat adipocytes. J Biol
chem 274:16118-16122, 1989.
4. Chausmer AB. Zinc, insulin and diabetes. J Am college
of nutr1998; 17(2): 109 – 15.
5. Candilish DJ. Minerals. Jam coll nutr2000; 17: 286 –
310.
6. Chausmer AB. Zinc, insulin and diabetes. J am college
of nutr1998; 17(2): 109 – 15.
7. Niewoehner CB, Allen Jl, Boosalis M, Levine AS,
Morley JE: Role of zinc supplementation in type11
diabetes mellitus. Am J Med 81: 63 – 68, 1986.
8. SatoY, Hotta N, Sakamoto N, Matsuoka S, Ohishi N,
YagiK: Lipid peroxide level in plasma of diabetic
patients. Biochem Med 21: 104-107, 1979.
9. Goto y: Lipid peroxides as a cause of vascular diseases.
In Lipid peroxides in Biology and Medicine. Yagi K,
Ed. New York , Academic,1982.p.295 – 303.
10.Chausmer AB. Zinc, insulin and diabetes. J am college
of nutr1998; 17(2): 109 – 15.
11.Rai V, Iyer U, Mani I, Mani UV. Serum Biochemical
changes in Insulin Dependent and Noninsulin
Dependent Diabetes Mellitus and their role in the
Development of Secondary Complications. Int J
Diabetes Dev Ctries. 1997;17: 33–7.
12.Al Maroof RA, Al Sharabatti SS. Serum zinc levels in
diabetic patients and effect of Zinc supplementation on
glycemic control of type 2 diabetics: Saudi Med J 2006;
27: 344 – 50.
13.Tripathy S, Sumathi S, Bhupal Raj G. Minerals
Nutritional Status of Type 2 Diabetic Subjects. Int J
Diabetes Dev Ctries. 2004; 24: 27–8. He Development
of Secondary Complications. Int J Diabetes Dev Ctries.
1997;17: 33–7.
14.Marchesini G, Bugianesi E, Ronchi M, Flamia R,
Thomaseth K, Pacini G. Zinc supplementation
improves glucose disposal in patients with cirrhosis.
Metabolism.1998; 47: 792–8. [PubMed]
15.Kinlaw WB, Levine S, Morley J, Silvis S, McClain C.
Abnormal Zn metabolism in type II diabetes mellitus.
Am J Med. 1983; 75: 273–7. [PubMed]
16.Walter RM jr..,Uriu –HareJY, OlinKL, OsterMH,
Anawalt BD, Critch field JW, et al. Copper, zinc,

manganese and magnesium status and complications of
diabetes mellitus. Diabetes care 1991; 14: 1050 – 6.
17.17.Zalewski P, Millard S, Forbes I, Kapaniris O,
Slavotinek, Betts W, Ward A, Lincolin S, Mahadevan
I,: Video image analysis of liable Zn in viable
pancreatic islet cells using specific probe for Zn. J
Histochem Cytochem 42: 877 – 884,1994.
18.Arquillq ER, Thiene P, Miyamotos, Dial L. Modulation
by zinc of binding and degradation by two liver plasma
membrane receptors. Proceeding of the Ninth congress
of International Diabetes Federation. Amsterdam:
Excerta Medica, Intrnational Congress Series no 413.
19.Scott DA. Fisher AM. The insulin and Zinc content of
normal and diabetic pancreas. J Clin Invest 1938 ; 17:
725 - 728 .
20.Chausmer AB. Zinc, insulin and diabetes. Jam college
of nutr1998;17(2): 109 – 15.
21.Kinlaw WB, Levine S, Morley J, Silvis S, McClain C.
Abnormal Zn metabolism in type II diabetes mellitus.
Am J Med. 1983;75:273–7. [PubMed]
22.Zalewski
P,Millard
S,Forbes
I,Kapaniris
O,Slavotinek,Betts W,Ward A, Lincolin S,Mahadevan
I,: Video image analysis of liable Zn in viable
pancreatic islet cells using specific probe for Zn. J
Histochem Cytochem 42: 877 – 884,1994.
23.Williams NR, Rajput – Williams J, Nigdikar S, Foote
J, Howard A: Plasma, granulocyte and mononuclear
cell copper and zinc in patients with diabetes mellitus
.Analyst 120 : 887 -890,1995.
24.Mc Nair P, Kiilerich S, Christinansen M ,Madsbad S,
Transbol I : Hyperzincuria in insulin dependent treated
diabetes mellitus – its relation to glucose homeostasis
and insulin administration.Clinica Chemica Acta 112 :
343 – 348, 1981.
25.Garg V, Gupta R, Goal R. Hypozincemia in diabetes
mellitus. J Assoc Physicians India. 1994; 42: 720 – 1.
[PubMed]
26.Williams NR, Rajput-Williams J, West J, Nigdikar S,
Foote J, Howard A. Plasma, granulocyte and
mononuclear cell copper and zinc in patients with
diabetes mellitus. Analyst. 1995; 120: 887– 90.
[PubMed]
27.Al Maroof RA, Al Sharabatti SS. Serum zinc levels in
diabetic patients and effect of Zinc supplementation on
glycemic control of type 2 diabetics : Saudi Med J
2006; 27: 344 – 50.
28.Nathan DM, Singer DE, Hurxthal K, Goodson JD. The
clinical information value of the glycosylated
hemoglobin assay. N Engl J Med. 1984; 310: 341–6.
[PubMed] hyperglycemic control of type 2 diabetics:
Saudi Med J 2006; 27: 344 – 50.
29.Trivelli LA, Ranney HM, Lai HT. Hemoglobin
components in patients with diabetes mellitus. N Engl
J Med. 1971; 284: 353–7. [PubMed]
30.Tripathy S, Sumathi S, Bhupal Raj G. Minerals
Nutritional Status of Type 2 Diabetic Subjects. Int J
Diabetes Dev Ctries. 2004; 24: 27–8.

IJPCR, September 2015 - October 2015, Volume 7, Issue 5

Page 363

