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Abstract

Objective: Adiponectin (an insulin sensitizing protein) and
zinc have insulin like effect. This study was conducted to assess
the effect of zinc supplementation on serum adiponectin and
insulin resistance in first degree relatives of diabetic patients.
Materials and Methods: This study was a randomized
clinical trial performed on 58 first degree relatives of diabetic
patients with normal glucose tolerance test and body mass index
(BMI) more than 25Kg/m>. The subjects were divided into two
groups: a case group which consumed 50mg zinc orally per day
for twelve weeks and another group that was not given zinc but
regular exercise and weight control were recommended.
Adiponectin, fasting blood glucose, insulin and insulin resistance
were calculated by the homeostasis model assessment (HOMA)
and lipid profile was measured in both groups before and after
treatment.

Results: The mean age and BMI of participants were 37.6+7.4
years and 28.8+3.5 Kg/m® respectively. The level of adiponectin
increased significantly from 1.67 £1.29 to 3.67+ 3.08 mIU/ml in
subjects who received 50 mg zinc compared to the control group
(p=0.001). HOMA decreased from 1.89+£1.07 to 1.54+1.34 in
subjects who consumed zinc, but this reduction was not
significant (p=0.13).

Conclusion: Zinc significantly increases the level of
adiponectin in first degree relatives of diabetic patients. The
level of insulin and HOMA index after zinc supplementation
decreased but this reduction was not significant.

Key Words: Adiponectin, Zinc, Insulin Resistance, First
degree relatives of type 2 diabetes

Introduction

diponectin is a 244-amino-acid-long glucose regulation and fatty acid catabolism.
polypeptide that regulates a number of ~ Adiponectin is exclusively secreted from
metabolic processes, including adipose tissue into the circulation and is very
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plentiful in plasma relative to other hormones.
Adiponectin, exhibits insulin sensitizing and
anti- inflammatory properties (1). The serum
adiponectin levels have a negative correlation
with body mass index (BMI) and insulin
resistance index (2). The serum adiponectin
levels are reduced in patients with type 2
diabetes (3). A reduction in adiponectin
expression is associated with insulin resistance
in animal models. Administration of
adiponectin has been accompanied by a
reduction in plasma glucose and an increase in
insulin sensitivity. The hormone plays a role in
the inhibition of the metabolic disturbance that
may end in type 2 diabetes (4), obesity,
atherosclerosis (1), non-alcoholic fatty liver
diseases (NAFLD) and independent risk
factors for metabolic syndrome (5).
Adiponectin affects glucose flux through
decreasing gluconeogenesis and increasing
glucose uptake (1,6,7). Adiponectin has a role
in lipid catabolism by p-oxidation and
triglyceride clearance (7,6). The other
metabolic effects of adiponectin are protection
against endothelial dysfunction and
improvement of insulin sensitivity and weight
loss, and control of energy metabolism (8).
Adiponectin has also other effects, including
putative insulin-sensitizing, anti-atherogenic
and anti inflammatory characteristics (9,10).
Consistent with the low circulating levels of
adiponectin observed in type 2 diabetes,
adiponectin concentration is negatively related
to both insulin resistance and central adiposity
(3,11). Low baseline adiponectin
concentration can predict the subsequent
development of insulin resistance; although
elevated baseline levels have been shown to be
protective against the succeeding development
of type 2 diabetes (12-15).

Zinc is an essential trace element that is very
important for the function of more than 300
enzymes (16,17) and it is significant for
cellular processes like cell division and
apoptosis. Zinc has a role in metabolic
pathways of proteins, carbohydrates, lipid and
nucleic acid (18). Zinc has been associated
with the interaction between hormones and
receptors and with the improvement in the post

receptor  stimulus. In  vitro  studies
demonstrated that insulin combines with zinc
and leads to increased solubility of insulin in
beta cells of the pancreas and also enhances
the binding capacity of insulin to receptors
(18). Therefore, the concentration of zinc in
the human body is firmly regulated and
disturbances of zinc homeostasis have been
associated with several diseases including
diabetes mellitus. Zinc supplementation of
animals and humans has been shown to
improve glycemic control in type 1 and 2
diabetes but the basic molecular mechanisms
have only slowly been explained. Zinc not
only is responsible for the synthesis and action
of insulin'® but also provides insulin-like
effects in an insulin independent way (19).
Previous studies demonstrated that the serum
zinc level is lower in diabetic patients than in
non-diabetic subjects (20,21). Some studies
have shown that zinc supplementation in type
2 diabetic patients has antioxidant properties
(22,23). Another study exhibited that zinc
supplementation decreased lipid peroxidation
(24).

This study was done to evaluate the effect of
zinc sulfate on adiponectin and insulin
resistance in first degree relatives of diabetic
patients who had BMI>25kg/m”>. These
subjects were selected because we expected
this group to have insulin resistance.

Materials and methods

First degree relatives of diabetic patients were
recruited to the Yazd Diabetes Research
Center from 2009 until 2010. The inclusion
criteria were age more than 25 years and BMI
more than 25 kg/m® with normal 75gr oral
glucose tolerance test. First degree relatives of
diabetic patients with history of diabetes or
subjects who consumed vitamin D or
magnesium supplementation in the past 6
months were excluded. From these subjects 58
persons were selected and randomly divided
into two groups. All subjects gave written
informed consent for participation in the study,
which was approved by the local ethic
committee. In all subjects BMI was
determined by dividing weight by the square
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of height. A fasting blood sample was drawn
to measure glucose, triglyceride, cholesterol,
LDL, HDL, insulin, and adiponectin levels.
Another blood sample was obtained for
measuring a blood sugar two hours after 75
gm glucose consumption (Zhpp). In one group
subjects received a capsule of zinc sulfate 220
mg (50 mg elemental zinc) daily for 12 weeks
and the other group didn’t use zinc sulfate. In
both groups regular exercise and weight
control were recommended.

Fasting serum glucose was measured by using
enzymatic in vitro test. Insulin and adiponectin
were analyzed by the Human ELISA kit. The
homeostatic model assessment of insulin
resistance (HOMA) was used as a surrogate
measure of insulin resistance. HOMA is
derived from the product of the Fasting Plasma
Glucose (FPG) and the Fasting Plasma Insulin
(FPI) divided by the constant 22.5.

Statistical analysis

All statistical analyses were performed using
SPSS for Windows, version 17. Data of
continuous variables were expressed as mean
+ standard deviation. For comparison of means
of variables between two groups we used the t-
test and for comparing means of variables
before and after intervention in both groups a
paired t-test was used.

Results

In this randomized clinical control study 58
subjects from first degree relatives of diabetic
patients with age more than 25 years and BMI
above 25kg/m” were participated. From these
subjects 25 persons from the control and 28
from the case group completed their
participation in this study. Of these, 53

subjects (43.4%) were males and 56.6% were
females. Mean age of the subjects was 37.6
+7.4 years and mean of BMI was 28.843.5
kg/m®. The baseline characteristics of subjects
in the two groups are shown in table 1. Before
intervention the level of adiponectin in case
and control groups were 1.89+1.67 and
4.844.2 respectively (p=0.001). This study
demonstrated that adiponectin concentration
significantly increased in the group that
received 50 mg zinc sulfate daily in
comparison to the control group. The level of
adiponectin increased from 1.89+1.67 to
3.78+3.08 mIU/ml in groups who received zinc
sulfate (p=0.001) but the level of adiponectin
in the control group went from 4.88+4.2 to
3.64£3.2 mIU/ml (p=0.2). Mean difference of
adiponectin before and after intervention was
significant between the two groups (P=0.003).
Insulin level decreased from 8.53+5 to
7.04+£6.5 (P=0.1) in the case group but mean
difference of insulin was not significant
between the two groups after intervention
(p=0.59). HOMA index decreased from
1.89£1.07 tol.54+1.3 (p=0.13) in the case
group, but this reduction was not significant.
FBS decreased from 90.6+9.2 to 84.6+8.9
mg/dl in the case group (P=0.002) and in the
control group went from 97.2+10.9 to
92.9+12.9 mg/dl (P=0.04) but the mean
difference of FBS between the two groups
before and after intervention was not
significant (p=0.5). The levels of cholesterol,
triglyceride, HDL, LDL were not different
between the two groups before and after
intervention. (Table 2) shows variables before
and after treatment in two groups.

Discussion

Table 1: Baseline characteristic of variables before intervention in two groups

Variables Case control P Value
Adiponectin 1.67£1.29 4.75+4.24 0.001
Insulin 8.5+5 8.4+5.6 0.93
HOMA 1.89+1.07 1.98+1.51 0.81
FBS 90.6+9.2 97.2+10.9 0.02
2hpp 89.7£20.8 92.16+30.03 0.73
Chol 189.25+39.8 196+31.4 0.5
TG 129.214+46.7 162+58.08 0.02
HDL 42.79+80.2 40.19+8.9 0.32
LDL 117.25+£25.69 127.88+21.65 0.17
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Table2: MeanSD of variables before and after intervention in two groups

. Case Control
Variables - -
Before After Pvalue! Mean dif Befor After Pvalue®  Meandif P value?

Adiponectin 1.67+1.29 3.67+3.08 0.001 242.7 4.75+4.24 3.64+3.2 0.2 -1.2+4.6 0.003
Insulin 8.5+5 7.04+6.59 0.1 -1.49+4.75 8.4+5.6 7.9+6.68 0.77 -0.48+8.4 0.59
HOMA 1.89+1.07 1.54+1.34 0.13 -0.35+1.21 1.98+1.51 1.81+1.45 0.67 -0.16+1.9 0.66
FBS 90.6+9.2 84.6+8.9 0.002 -0.33+0.51 97.2£10.9 92.9£12.9 0.04 -0.23+0.55 0.5
2hpp 89.7+£20.8 85.75+13.39 0.33 -3.9+21.3 92.16+30.03 100.8+26.54 0.09 8.6+24.6 0.05
Chol 189.25+39.8 189.54+34.26 0.96 0.25+26.7 196+£31.4 199.76+31.03 0.43 3.76+23.8 0.61
TG 129.21+46.7 130.39+34.4 0.85 1.17£32.8 162+58.08 160.24+37.24 0.88 -1.7+61 0.82
HDL 42.79+80.2 42.57+9.33 0.91 -0.21+10.1 40.19+8.9 40.25+8.47 0.71 0.06+0.67 091
LDL 117.25£25.69 119.71+24.5 0.6 2.4+25.1 127.88+21.65 127.06+£21.44 0.09 -0.81+1.7 0.6

1p value of variables before and after intervention within groups

2p va lue of mean difference of variables before and after intervention between groups

Adiponectin has a role in glucose control by

increasing insulin sensitivity, decreasing
gluconeogenesis and increasing glucose
uptake.

Some studies have exhibited that a low level
of adiponectin can predict the succeeding
development of insulin resistance although
elevated baseline levels have been shown to be
protective against consequent development of
type 2 diabetes (12-15). Our study showed that
zinc significantly increases the level of
adiponectin, but the level of insulin and
HOMA decrease though this reduction was not
significant.

Yoshikawa et al. demonstrated that Zn (II)-
dithiocarbamate complexes increase
adiponectin level and decrease insulin
resistance in mice (25). Adachi et al. showed
that supplementation with 30 mg zinc daily for
4 weeks significantly decreased the insulin
level, ameliorated hyperglycemia; impaired
glucose tolerance and insulin resistance and
increased depressed adiponectin level in
mice'’. Our results are consistent with these
animal studies that demonstrated zinc
supplementation increases adiponectin levels.
Mracek et al. showed that zinc-alpha,-
glycoprotein (ZAG) gene expression in
adipose tissue is down-regulated with
increased adiposity and circulating insulin.
Negative associations were also found
between ZAG mRNA and insulin resistance
parameters including plasma insulin and
homeostasis model of insulin resistance.
However, ZAG mRNA was positively
correlated with adiponectin, and ZAG
enhances adiponectin production by human

adipocytes (26). We didn't find any human
studies about the effect of zinc
supplementation on adiponectin level.

The result of one study in the Cochrane
Systematic =~ Review  demonstrated  no
significant difference in insulin concentration
and insulin resistance in subjects who received
zinc supplementation compared to the placebo
group and this finding is in concordance with
our results (27). Chen et al. evaluated the
effect of zinc supplementation on plasma
glucose and insulin levels in genetically obese
mice and their lean controls. The result of this
study demonstrated that zinc supplementation
reduced fasting plasma glucose in both obese
and lean mouse by 51% and 25%,
respectively. Fasting plasma insulin levels
were significantly decreased by 42% in obese
mice after zinc (28). Kelishadi et al. showed
that after receiving zinc supplementation,
markers of insulin resistance among
prepubescent  children  with  metabolic
syndrome decreased significantly (29). In our
study we found that the level of insulin and
insulin resistance after zinc supplementation
decreased but this reduction was not
significant. This difference may be due to the
small number of subjects in our study. We
demonstrated that the level of triglyceride,
cholesterol, HDL and LDL did not decrease
after zinc supplementation and this is
inconsistent with the result of Pyrianka
Gunasekara et al. who showed that zinc
supplementation lowered serum cholesterol in
adult diabetes (30). We did not find any
human studies about the effect of zinc
supplementation on adiponectin levels, but

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 4, NUMBER 2, SUMMER 2012



S. Soheilykhah et al.

there were some studies that showed
adiponectin reduced the risk of type 2
diabetes. Our study demonstrated increasing
levels of  adiponectin after zinc
supplementation. However a cohort study in a
large population to assess the protective effect
of zinc supplementation on insulin resistance
and developing of diabetes is needed.

Conclusion
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