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Abstract

kit.

FDR (P < 0.05).

Background: The altered levels of some essential trace elements and antioxidant minerals have been observed in diabetic patients.
Objectives: The aim of the present study was to compare the concentrations of essential trace elements, copper (Cu), zinc (Zn), and
iron (Fe) in the serum of patients who have type 2 diabetes mellitus (T2DM) with those of their non-diabetic first-degree relatives
(FDR) and control subjects. The association between glycated hemoglobin (HbAlc) and levels of metals was also evaluated.

Patients and Methods: We studied 46 subjects with T2DM, 46 FDR, and 50 control subjects matched for age and sex. Serum concen-
trations of Cu, Zn, and Fe were measured by colorimetric kit. Fasting blood glucose (FBG) and HbA1c were assayed using the standard

Results: An imbalance in the levels of the studied metals was observed in both patients with T2DM and FDR. We found significantly
decreased levels of Zn and higher levels of Cu and Fe in the patients with T2DM and FDR when compared with the control subjects
(P < 0.05). HbAIc levels were positively correlated with Cu and Fe and inversely correlated with Zn in the patients with T2DM and

Conclusions: The patients with T2DM and FDR had altered contents of Cu, Zn, and Fe that might be a predisposing factor to the
development of diabetes in future or vice versa the result of diabetes development. Impaired metabolism of these elements may
contribute to the augmented risk of developing type 2 diabetes mellitus later in the life of their first-degree relatives.
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1. Background

The incidence of diabetes mellitus (DM) as a major
global health problem has been increasing throughout the
world in recent years. Type 2 diabetes mellitus (T2DM) com-
prises 90% of people with diabetes (1, 2). Non-diabetic first-
degree relatives of diabetic patients (FDR) have obesity, in-
sulin resistance, and increased prevalence of cardiovascu-
lar risk and T2DM later in their lives (3, 4).

Trace elements play an important role in various
metabolic processes and are crucial for many physiologi-
cal processes (5). Impaired metabolism of trace elements
like copper (Cu) and zinc (Zn) has been reported to result
in higher sensitivity to oxidative damage and development
of diabetes and diabetic complications (6-11). Both of these
metals are involved in glucose homeostasis and their sta-
tus is modulated in DM (12, 13). Cu, as a pro-oxidant fac-
tor, participates in the creation of free radicals and Zn, as
a component of many enzymes, plays a significant role

in the synthesis, storage, and release of insulin (13-15). Zn
homeostasis affects T2DM in different ways and its absence
is associated with many chronic illnesses (16, 17).

Altered metabolisms of other micronutrients such as
iron (Fe) have been reported in diabetes (18). Fe, as a strong
pro-oxidant, catalyzes several cellular reactions that result
in the production of reactive oxygen species (ROS) with
a subsequent increase in the level of oxidative stress (19).
Therefore, high concentrations of free iron could be harm-
ful and its homeostasis is critical. Increasing evidence
now suggests a potential influence of Fe metabolism on
T2DM (20). The relationship between Fe and insulin is bi-
directional as Fe influences insulin activity by getting in-
volved in glucose uptake and consumption (21) and insulin
affects Fe uptake and storage by increasing the cell surface
transferrin receptors (22). It is documented that Fe affects
glucose metabolism and it has been shown that free iron
concentrations in the patients with T2DM are higher than
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those of normal subjects, which could contribute to tissue
damage that may potentially elevate the risk of T2DM (23,
24).

HaemoglobinAic (HbAic), the major form of glycated
haemoglobin, is formed by nonenzymatic reaction of glu-
cose to hemoglobin (25, 26). Increasing levels of HbAic
in diabetic patients has revealed the relationship between
HbAIc and blood glucose concentrations (27, 28). There is
a hypothesis that glycated proteins binding to transition
metals such as Cu and Fe may result in glycocholates cre-
ation. Glycocholates play an important role in the etiol-
ogy of peripheral vascular dysfunction and neuropathies
in DM (29, 30).

Awareness of the imbalance of trace elements can be
a great advantage for early diagnosis and therapeutic per-
spectives in diabetic patients and their first-degree rela-
tives.

2. Objectives

According to our literature search, most of the previ-
ous studies have compared serum Cu, Zn, and Fe levels in
the diabetic patients with healthy control subjects. There
is no information about the effect of serum Cu, Zn, and Fe
levels on FDR. Thus, the purpose of the current study was
to compare the amounts of essential trace elements of the
patients with T2DM and FDR with those of control subjects
and also evaluate the association between these elements
and HbAlc.

3. Patients and Methods

3.1. Subjects

The study was carried out on 46 T2DM patients, 46
FDR, and 50 healthy nondiabetic controls matched for
age and sex. The age range was 38 - 80 with the me-
dian age of 52 years old. The exclusion criteria for T2DM
group were having anemia, cardiovascular disease, hepatic
dysfunction, kidney problems, hypothyroidism, hyperten-
sion, currently taking nutritional supplements, using es-
trogen, progesterone, and diuretic drugs, as well as history
of smoking and alcohol intake. In addition, healthy con-
trols as well as relatives of diabetic patients with abnor-
mal glucose tolerance, cardiovascular disease, or any other
chronic and acute illness, and history of certain drugs use
were excluded. None of the participants had taken vita-
min and mineral supplements. The study protocol was fol-
lowed only after obtaining the voluntary consent of the
subjects. A full explanation of the research protocol was
given to the subjects before their consent was requested.
Data were collected from all the participants regarding
their age, sex, and other comorbid conditions.

3.2. Blood Sampling and Analysis

From all the groups (n =142), 5 mL venous blood was
taken from the antecubital vein after overnight fasting.
The blood was centrifuged at 5200 rpm for 10 minutes.
Then, the blood samples were stored in the deep-freezer at
-80 °C. At the time of the study, the serum samples were
diluted with deionized water. FBG and HbAilc were de-
termined by an enzymatic method with the standard kit
(Pars Azmoon Comany, Tehran, Iran). Sensitivity of FBG
and HbAIc assays was 5 mg/dL and 3%, respectively. Fe level
was evaluated using photometric kit made by Pars Azmoon
Company, Tehran, Iran (sensitivity: 5 pg/dL). Cuand Zn lev-
els were measured in all the serum samples using colori-
metric kit (Biorex, UK) with the sensitivity of 0.3 and 0.4
pgldl, respectively. The expected ranges of Cu, Zn, and Fe
were 70-140,70-114, and 39 - 149 pug/dL, respectively. All the
samples were analyzed when internal quality control met
the acceptable criteria. Inter- and intra-assay coefficients
of variation were 2.8% and 1.3% for Cu, 2.97% and 1.01% for
Zn, and 2.48% and 1.02% for Fe, respectively.

3.3. Statistical Analysis

All the values were expressed as mean =+ SD and P <
0.05 was considered statistically significant. Statistical sig-
nificance of the differences between the mean values was
analyzed by one way ANOVA followed by Tukey’s HSD post-
hoc test using SPSS 16 statistical analysis software. Cor-
relations between different variables were analyzed using
Pearson’s correlation coefficients (r). Sample size was cal-
culated using (= 0.05, =0.2, 0 =18,d =11) formula.

4. Results

Baseline characteristics of the patients with T2DM, FDR
of diabetic patients, and control groups as well as the
serum concentrations of Cu, Zn, and Fe and Cu/Zn, Cu/Fe,
and Fe/Zn ratios are shown in Table 1. FBG and HbAic of the
control groups were less than those of the patients with di-
abetes (P< 0.05). There was no significant difference in the
levels of FBG and HbAic (P > 0.05) between FDR and con-
trol groups; however their amount was less in the control
group.

We observed significantly higher levels of Cu and Fe as
well as Cu/Zn and Fe[Zn ratios (P < 0.05) and lower levels
of Zn and Cu/Fe ratio in the patients with T2DM compared
with the control group. We also found significantly lower
Zn levels (P < 0.001) and higher values of Cu (P = 0.007),
Fe (P = 0.03), Cu/Zn ratio (P < 0.001), and Fe/Zn ratio (P <
0.001) in FDR compared with the control subjects.

There was a significant difference in the levels of FBG,
HbAIc, Cu, Fe, as well as Cu/Zn and Fe[Zn ratios (P < 0.05)
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between T2DM and FDR. However, there was no significant
difference in the levels of Zn (P = 0.9) and Cu/Fe ratio (P =
0.1) in T2DM compared with FDR.

We calculated the associations between the concentra-
tions of serum Cu, Zn, and Fe levels and Cu/Zn, Cu/Fe, and
Fe/Zn ratios with HbAic in T2DM and FDR groups (Figure 1A
-1D).In T2DM group, a positive correlation between serum
levels of HbAlc and Cu (r = 0.341,P = 0.02), Fe (r = 0.684, P
< 0.001), as well as Cu/Zn (r = 0.409, P = 0.005) and Fe[Zn
ratios (r = 0.699,P < 0.001) and a negative correlation be-
tween serum levels of HbAlc and Zn (r =-0.367, P = 0.01),
and Cu/Fe ratio (r =-0.458, P= 0.001) were shown.

Also, in FDR group, we found positive correlations be-
tween HbAlc and Cu (r=0.499, P < 0.001), Fe (r=0.671,P <
0.001), Cu/Znratio (r=0.469, P=0.001), and Fe/Zn ratio (r =
0.610,P < 0.001) and a negative correlation between HbAic
and Zn (r=-0.213, P = 0.1) as well as Cu/Fe ratio (r =-0.152, P
=03).

5. Discussion

Several studies have reported that the metabolism of
some trace elements is altered in DM and that these alter-
ations might be a contributing factor in the pathogenesis
of this disease (6, 12, 31). In the present study, a difference
in the level of the studied trace elements was observed in
both T2DM and FDR subjects. We observed higher values
of Cu, Fe, Fe[Zn ratio, and Cu/Zn ratio and lower Zn levels
and Cu/Fe ratio in FDR compared with the control subjects.
According to our knowledge, this work was the first study
for reporting the analysis of Cu, Zn, and Fe among the FDR
of diabetic patients. Ozkaya et al. observed a lower level
of selenium in FDR, suggesting selenium deficiency as a
risk factor for cardiovascular disease in this group (32). In
fact, many essential metals are shown to have interactive
connections with DM (33). Alterations in the metabolism
of several essential minerals, including Cu, Zn, Mn, Cr, Mg,
and Fe have been associated with impaired insulin release,
insulin resistance, and glucose intolerance (34).

The crucial role of Cu and Zn in oxidative stress is well-
known (9, 35). Cu and Zn are needed for the essential
activity of antioxidant enzyme Cu/Zn superoxide dismu-
tase (SOD). Abnormal metabolism of Cu and Zn can affect
the function of SOD and result in decreased protection of
cells from superoxide radical (29, 30). Changes in the lev-
els of Cu, Zn, and Cu/Zn ratio by influencing the antioxi-
dant defense system might elevate the toxic effect of free
radicals. Besides, hyperglycemia and hyperinsulinemia in-
crease the production of free radicals and decrease the ef-
ficiency of antioxidant defense systems, which may lead to
the complications of diabetes (7, 36).
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An increase in Cu concentration has been linked to dis-
orders in the structure of arterial walls, stress, infection,
and DM (37). In this study, we observed that serum concen-
tration of Cu was significantly higher in T2DM compared
with the control subjects, which was consistent with previ-
ous studies on T2DM patients (38-40). Basaki et al. showed
that Cu was significantly less in the serum of the patients
with diabetes (41). In contrast, Terres-Martos et al. estab-
lished that serum Cu concentrations were not significantly
different in the diabetic patients compared with the con-
trols (22).

It has been frequently reported that Zn deficiency is
associated with diabetic complications such as hyperten-
sion, retinopathy, thrombosis, reduced insulin secretion,
and increased tissue resistance to insulin action in T2DM
(6, 8). However, the actual role of Zn deficiency in diabetes
is still unclear (42, 43). Consistent with the previous stud-
ies on T2DM patients, we observed that the serum concen-
tration of Zn was significantly less in T2DM compared with
the control subjects (22). Al-Maroof et al. observed lower
serum Zn levels in type 2 diabetics compared with healthy
controls. They reported that Zn supplementation for type
2 diabetics had beneficial effects on elevating their serum
Zn level (16).

Many studies have suggested a possible relationship
between high body Fe stores and metabolic parameters,
like serum insulin and glucose (44, 45), hypertension
(46), dyslipidemia (47, 48), and obesity (49). In addition,
epidemiological studies have reported an association be-
tween high Fe stores as a pro-oxidant and increased risk of
cardiovascular disease (50), metabolic syndrome (51), ges-
tational diabetes (52, 53), and type 2 diabetes (54-56). In the
present study, we observed that serum concentration of
Fe was significantly higher in T2DM compared to the con-
trol subjects, consistent with previous studies of T2DM pa-
tients (57-59). Gohel et al. showed that the serum level of
free iron was higher in the patients with poorly controlled
type 2 DM (60). In the current study, we excluded the pa-
tients with diabetic complications; however, examining Fe
levels in the complicated diabetic patients could be evalu-
ated in the future studies.

In this study, we also found that HbAi1c levels were pos-
itively correlated with Cu as well as with Fe and Cu/Zn ratio
and inversely correlated with Zn in T2DM and FDR groups.
Consistent with ourresults, Viktorinova et al. reported that
HbAIc levels were positively correlated with Cu as well as
Cu/Znratio and inversely correlated with Zn in DM patients
(12). In addition, Shetty et al. reported that HbAic levels
were positively correlated with free iron in the patients
with T2DM (57). In contrast, Dorre et al. showed no signif-
icant correlation between serum Zn level and HbAic (61).
The difference between this study and our results might be
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Table 1. The Characteristics of the Study Subjectsa’b

T2DM FDR Control PValue® P Value? PValue®
N 46 46 50
Sex, M[F 26/20 22[24 25[25
Age,y 54+13 49.09 £15 51.04 £1.7
FBG, mg/dL 197.50 £ 69.8 97.20 +7.33 93.24 8.7 < 0.001 < 0.001 0.8
HbA1c, % 7.8 £1.6 531+ 0.42 5221 0.6 < 0.001 < 0.001 0.8
Cu, pg/dL 1815 £17.2 109 £16.3 99 +14.2 0.02 < 0.001 0.007
Zn, pg/dL 93.76 £+ 13.45 94.59 £ 214 1132 +14.3 0.9 < 0.001 < 0.001
Fe, ug/dL 1833 £27.3 98.93 +13.9 88.96 £ 14.5 < 0.001 < 0.001 0.03
Cu/Zn 131+ 028 12+ 026 0.89 + 0.13 0.07 < 0.001 < 0.001
Cu/Fe 1.03 £ 0.21 112+ 023 114 £ 0.26 0.1 0.05 0.8
Fe[Zn 129 +0.37 107+ 023 0.81£ 0.16 <0.001 < 0.001 < 0.001

*Values are expressed as mean = SD (range).

5N is the number of subjects per group.

P value between T2DM group and FDR group.

9p value between T2DM group and control group.
P value between FDR group and control group.

A @ T2DM Group, r=0.341, p=0.02 B @ T2DM Group, r=0.367, p=0.01
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Figure 1. Correlation Between Serum Levels of HbA1c With Cu (a), Zn (b), Fe (), and Cu/Zn Ratio (d) in T2DM and FDR Groups
because of the Hb status of the patients, which was not as- depend on the treatment they receive for diabetes rather

sessed in our study. Besides, HbAic level in DM patients may than Cu, Zn, and Fe levels. However, it should be noted that
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lower Zn level might lead to higher blood glucose as a re-
sult of low insulin synthesis or action and consequently,
higher HbAIc. This issue could be one probable reason for
the correlation between HbAlc and Zn, Cu, or Fe, which has
negative correlation with Zn in most circumstances.

Besides, some investigators have reported the hypothe-
sis that glycated proteins binding to transition metals such
as Cu and Fe may result in glycocholates formation, which
plays an important role in the etiology of peripheral vas-
cular dysfunction and peripheral neuropathies in DM (29,
30). However, the association of these elements with HbAic
should be evaluated to better clarify the related mecha-
nisms (12). In addition, for obtaining strong consequences,
factors including Hb, BMI, duration of diabetes, lipid hy-
droperoxides, hypertention and lipoprotein should be also
evaluated, which were the limitations in our study.

Taken together, because of significant differences in
the levels of the studied elements, despite the lack of dif-
ferences in FBG and HbAic levels between FDR and healthy
control groups, Cu, Zn, and Fe levels as well as Cu/Zn, Cu/Fe,
and Fe/Zn ratios might be useful to estimate the upcom-
ing risk of diabetes in FDR. In addition, improving the lev-
els of these elements by medical interventions might be
helpful in decreasing diabetes risk, which should be evalu-
ated in the future studies. Besides, the results of this study
should be approved by comprehensive assessment, espe-
cially atomic absorption as the standard method, for mea-
suring these elements.

In conclusion, the present results demonstrated an im-
balance in the levels of Cu, Zn, and Fe among the patients
with T2DM and FDR compared with the control subjects.
The difference of Cu and Zn levels may play an important
role in the pathogenesis of this disease by the involvement
of these elements in the oxidative stress response. On the
other hand, increasing Fe as a strong pro-oxidant that cat-
alyzes the formation of hydroxyl radicals and results in
the increased levels of oxidative stress might be associated
with the risk of diabetes in FDR. We also showed that in-
creased levels of Cu, Fe, and Cu/Zn ratio and decreased lev-
els of Zn were associated with the increased value of HbAlc
in diabetic patients and FDR. As an assumption, the imbal-
ance of trace elements in FDR might be the sign of diabetes
later in their lives. Besides, it seems necessary to consider
possible changes in the metabolism of essential trace ele-
ments such as Cu, Zn, and Fe.
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