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Abstract
The aim of this study was to assess the levels of Zn, Fe and Cu in the serum and hair, and dietary intake of type 2 diabetic patients
and their association with glucose and lipid indices. The study was conducted on 62 people aged 40–78 years (31 diabetic patients
and 31 healthy subjects, who were the control group). The content of trace elements in the hair and serum was analysed with the
AAS method. The serum insulin, HbA1c, glucose, total cholesterol and triacylglycerol concentrations were measured by means
of RIA, HPLC and colorimetric methods, respectively. The diabetic patients were found to have significantly higher dietary iron
intake, higher hair Fe and lower serum Zn concentrations than the non-diabetic subjects, while the hair Zn and Cu contents were
comparable in both groups. The serum Zn and Cu levels of the diabetic subjects were negatively correlated with the serum
glucose, the serum Zn and Cu/Zn ratio was inversely correlated with the serum total cholesterol and the serum insulin level was
positively associated with the hair Cu/Zn ratio. The results of this study indicate that the trace element status (Zn, Fe, Cu), as
reflected in the blood serum and hair, may be disturbed due to metabolic derangement occurring in diabetes.
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Introduction

According to the WHO estimates, in 2014, there were about
422 million people suffering from diabetes worldwide [1], and
in 2030, diabetes will be the seventh leading cause of death [2].
For more than a dozen years, there has been growing interest in
the role of minerals in the development, progression and com-
plications in diabetes. There is no doubt that essential minerals
play an important role in metabolism. Disturbance in metabolic
processes occurring in diabetes mellitus, which is characterised
by chronic hyperglycaemia and defects in insulin secretion as
well as insulin action, or both, can affect the mineral status in
variousways. Recently, Eshak et al. [3] conducted a prospective
cohort study in Japan assessing the relationship between dietary

intakes of iron, copper and zinc and the risk of type 2 diabetes
mellitus (T2DM). The research showed a positive association
between dietary total and non-heme iron and copper intake and
the risk of T2DM. This relationship was found to be stronger
when other factors, such as overweight, old age, smoking and
family history of diabetes, overlapped. By contrast, dietary zinc
intake was inversely associated with the risk of T2DM. Bao et
al. [4] observed that greater dietary intakes of total iron, dietary
heme iron as well as supplemental iron were related to higher
risk of T2DM in women with gestational diabetes.

Meat intake has been consistently shown to be positively
associated with the incidence of type 2 diabetes. Shuang et al.
[5] published the results of a systematic review and meta-
analysis of cohort studies on protein consumption and T2DM
risk. They concluded that redmeat and processedmeat were risk
factors of T2DM, while soy, dairy and dairy products were the
protective factors against T2DM. Egg and fish intake does not
reduce the risk of T2DM. According to the authors, the results
indicate what type of dietary protein and food sources of protein
should be considered in the prevention of diabetes [5].

Most recently, Søgaard et al. [6] assessed the association
between Fe and the risk of type 1 diabetes (T1DM) based on
the results of a systematic literature search. From a total of 931
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studies screened, the authors included 4 observational studies
evaluating the Fe intake from drinking water or food during
early life and the risk of T1DM. One out of the four studies
found estimates of the dietary Fe intake to be associated with
the risk of T1DM, whereas three studies found no such rela-
tionship for estimates of Fe in drinking water. They concluded
that the limited number of studies found dietary Fe, but not Fe
in drinking water, to be associated with the risk of T1DM [6].

Recently, the HUNT3 study investigated the relationship be-
tween 25 elements and type 2 diabetes [7, 8]. The authors con-
cluded that elements such as bromine, cadmium, chromium, iron,
nickel, silver and zinc may have played a significant role in the
development of diabetes in newly diagnosed type 2 diabetic pa-
tients [7]. In another study by this team [8], the prevalence of
diabetes was positively correlated with the content of some ele-
ments (e.g. boron, calcium and silver) in whole blood but there
were no correlationswith zinc and copper [8]. It is noteworthy that
all these correlations referred to the concentrations of elements in
the whole blood, which did not reflect the mineral body status.

Zinc and copper are important minerals in the antioxidant
defence system, as they are important cofactors of enzymes, i.e.
superoxide dismutase (SOD). Moreover, zinc is necessary for
insulin production and storage [9]. Zn can induce an increase in
glucose transport into cells as well as potentiate insulin-induced
glucose transport [10]. Zinc transporters also play a significant
role in the pathogenesis of diabetes [11, 12]. Metabolic changes
caused by dysregulation of glucose and lipid metabolism,
which is characteristic of diabetes, bring about derangement
of the homeostasis of some mineral elements. Both mineral
deficiency and excess have been reported in diabetic patients
and in animal models of type 2 diabetes. For example, higher
amounts of zinc and magnesium are excreted with urine [13,
14], while iron accumulates in the body due to elevated ferritin
levels in diabetes [15, 16]. In type 1 diabetes, the elevated
copper concentration and decreased zinc in serum were ob-
served [13, 17]. In this group of diabetic patients, the common
is iron deficiency anaemia that is associated with higher con-
centration of glycated haemoglobin [18].

In the literature, there is no information about hair mineral
levels in diabetics. In most studies, only serum or plasma min-
eral contents were used to analyse relationship between trace
elements and diabetes. Thus, the aim of this study was to eval-
uate the relationships between the serum and hair trace element
levels (Fe, Zn and Cu), dietary mineral intakes and blood glu-
cose and lipid parameters in healthy and type 2 diabetic patients.

Material and Methods

Subjects

The study was conducted on randomly selected 31 healthy
and 31 type 2 diabetic patients. The healthy adult subjects

(15 males and 16 females, mean age 63.13 ± 10.01 years;
BMI 26.05 ± 3.09 kg/m2) were the control group. The type 2
diabetic patients were 15 males and 16 females (mean age
61.03 ± 7.96 years; BMI 34.88 ± 4.30 kg/m2). The duration
of diabetes in diabetic subject was 6.4 ± 3.4 years. All the
patients were recruited from the Metabolic Disorders and
Hypertension Clinic in Poznań (Poland). Subjects with type
2 diabetes mellitus, without serious complications, such as
retinopathy or nephropathy, were enrolled in the study. The
exclusion criteria were vitamin-mineral supplementation in
the last 3 months; thyroid hormone, oestrogen, progesterone
and diuretic therapy; alcohol and smoking addiction; and hair
dyeing. The study fully conformed with the standards of the
Declaration of Helsinki. The original study protocol was ap-
proved by the Human Subjects Oversight Committee, Poznań
University of Medical Sciences, Poland (Approval No. 61/
2012).

All the participants were under medical supervision.
They were regularly checked by their doctors and re-
ceived medical treatment (sulfonylurea derivatives,
biguanides).

The patients attended the Clinic in the morning, after
overnight fasting to give venous blood (10 mL) and scalp
hair samples (approximately 0.2–0.5 g). The dietary infor-
mation was gathered during interview (24-h dietary recall
from three consecutive days) [19]. The amount of minerals
in daily food ratios was calculated with the Dietetic comput-
er software (Dietetyk 2, IŻŻ,Warsaw, Poland). Additionally,
anthropometric measurements (body mass, height, BMI in-
dex) were recorded. The participants were weighed in light
clothes without shoes. Weight was measured to the nearest
0.1 kg, and height was measured to the nearest 0.1 cm. BMI
was calculated by dividing theweight (kg) by height squared
(m2).

Analytical Methods

Blood Biochemical Parameters

The plasma fasting glucose concentration was measured
with the hexokinase method. The plasma lipid profile (total
cholesterol and triacylglycerol (TAG) concentrations) was
determined by means of standard colorimetric methods,
using an Olympus AU560 analyser (Tokyo, Japan)
[20–23]. The glycated haemoglobin (HbA1C) concentration
was measured by means of high pressure liquid chromatog-
raphy (HPLC, Variant; Bio-Rad, Hercules, CA, USA) [24].
The plasma insulin concentration was determined using
microparticle enzyme immunoassay (IMX, Abbott
Laboratories) [25]. The efficacy of glucose utilisation was
characterised by insulin resistance indices calculated ac-
cording to the formula of the homeostasis model (HOMA)
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[26]: HOMA-IR = (Fasting Glucose[mmol/l] × Fasting
Insulin[mIU/l]) / 22.5.

Trace Elements in Serum and Hair Samples

Whole blood (5 mL) was drained by venipuncture from the
median cubital vein using sterile vacutainer tubes (S-
Monovette® 9 mL, Sarstedt, Nümbrecht, Germany). The
tubes with samples remained in a standing position for about
20–30 min until the blood clotted; then they were centrifuged
(at 20 °C, 1500g for 10 min). Then, the blood serum was
removed, transferred into sterile metal-free plastic tubes and
kept frozen at − 80 °C until analysis. Before analysis, the
serum samples were defrosted and diluted with a 0.01%
Triton X100 solution (Merck KGaA, Darmstadt, Germany).

Scalp hair samples were cut from six places of the occipital
region of the head. They were washed (deionised water, ace-
tone, deionised water) and dried until constant mass at 105 °C,
according to the procedure recommended by IAEA [27]. Hair
samples (approximately 0.2 g) were subsequently transferred
into PTFE digestion vessels, treated with 5 mL of 65% nitric
acid (Suprapur, Merck KGaA, Darmstadt, Germany) and
digested in an MW oven (Mars-5, CEM Corp., Matthews,
NC, USA). After cooling to room temperature, the samples
were transferred into volumetric flasks (10 mL) with
deionised water, and diluted according to the analytical re-
quirements for a given element. The contents of Fe, Zn and
Cu in the serum and mineralised hair samples were deter-
mined by means of flame atomic absorption spectrometry
(AAS-3 spectrometer with BC, Carl-Zeiss, Jena, Germany).
The accuracy of mineral measurements was verified using
certified reference material—human serum HN2612
(Randox Laboratories, Crumlin, UK). The recovery values
of Fe, Zn and Cu in the serum and hair (expressed as percent-
age of the mean certified values) were as follows: 99%, 102%
and 103% in the serum, and 102%, 99% and 95% in the hair,
respectively.

Statistical Analyses

All data were presented as mean, standard deviation values.
The differences between content of minerals in the hair, serum
and dietary intake as well as blood biochemical indices were
analysed with the Mann-Whitney test. The relations between
variables were checked with the Spearman’s rank correlation
coefficient. The significance level was set at α = 0.05. All
statistical analyses were performed using Statistica 13.0 soft-
ware (Statsoft Inc., Tulsa, USA).

Results

Table 1 shows the biochemical characteristics of the control
and diabetic groups. There were significant differences in the
serum glucose, HbA1c, TAG, total cholesterol concentrations
and the HOMA-IR index between the diabetic and healthy
subjects. In particular, the diabetic subjects (the whole group)
had higher levels of serum fasting glucose (by 98%, p <
0.001), HbA1C (by 45%, p < 0.001), total cholesterol (by
28%, p < 0.05) and TAG (by 46%, p < 0.05), as well as the
HOMA-IR index (by 116%, p < 0.001) than the healthy indi-
viduals (the whole group).

Moreover, there were some sex-dependent differences in
certain blood serum indices in both groups. More specifically,
the healthy men had significantly higher serum insulin level
(by 34.6%, p < 0.05) and the HOMA-IR index (by 52%, p <
0.05) than the women. The diabetic male patients had mark-
edly higher serum insulin levels (by 28%, p < 0.05) and the
HOMA-IR index (by 57%, p < 0.05) than the diabetic women.

Table 2 shows the Fe, Zn and Cu contents in the serum and
hair as well as dietary intakes of these elements in healthy and
diabetic subjects. The diabetic subjects (total group) had sig-
nificantly elevated hair Fe levels (by 100%, p < 0.001) and
dietary Fe intakes (by 27%, p < 0.01) but lower serum Zn
levels (by 27%, p < 0.05) than the healthy subjects (the whole

Table 1 Biochemical indices in blood of control and diabetic groups

Parameter Control (n = 31) Diabetic (n = 31)

Total Women (n = 15) Man (n = 16) Total Women (n = 15) Man (n = 16)

FSG (mmol/l) 4.99 ± 0.80a 4.74 ± 0.73 5.24 ± 0.79 9.86 ± 3.47b 8.65 ± 1.72 10.91 ± 4.26

Serum insulin (mIU/l) 14.67 ± 4.49 12.45 ± 4.39A 16.76 ± 3.37B 18.62 ± 10.91 16.42 ± 9.98A 20.98 ± 11.73B

HOMA-IR 3.25 ± 1.12a 2.58 ± 0.84A 3.92 ± 0.94B 7.02 ± 3.76b 5.46 ± 3.32A 8.59 ± 3.64B

HbA1c (%) 5.44 ± 0.44a 5.30 ± 0.38 5.57 ± 0.45 7.98 ± 3.43b 7.12 ± 1.43 8.78 ± 4.49

T-CHOL (mmol/l) 4.44 ± 0.91a 4.73 ± 0.86 4.15 ± 0.86 5.70 ± 2.09b 5.35 ± 1.38 6.01 ± 1.42

TAG (mmol/l) 1.60 ± 0.79a 1.54 ± 0.80 1.65 ± 0.77 2.33 ± 1.34b 2.18 ± 1.30 2.47 ± 1.42

Data are mean ± SD; FSG fasting serum glucose concentration, HbA1c glycated haemoglobin, HOMA-IR homeostasis model assessment for insulin
resistance; T-CHOL total cholesterol concentration, TAG triacylglycerol concentration; in rows, uppercase letters indicate significant differences between
women and men at p < 0.05; in rows, different lowercase letters indicate significant difference between diabetic and control group at p < 0.05
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group). All the other indices were comparable in these groups.
There were no sex-dependent differences in the parameters
under analysis between the groups.

In diabetics with total cholesterol concentration >
4.9 mmol/l, the serum Cu/Zn ratio (p < 0.001) and Cu
intake (p < 0.05) were higher than in those with normal-
ised lipid parameters (Table 3). T2DM patients with TAG
> 1.7 mmol/l were characterised by lower serum zinc
level (p < 0.05).

Tables 4, 5, 6, 7 and 8 show the correlation coeffi-
cients and p values for dietary intake; serum and hair
Fe, Zn and Cu levels; the Cu/Zn ratio; and blood bio-
chemical indices.

The healthy (control) subjects were characterised by signif-
icant (p < 0.05) correlations between certain indices, namely, a
positive correlation between the serum insulin level and hair
Fe content (r = 0.419, p = 0.019), the HOMA-IR index and
hair Fe and Cu contents (r = 0.418, p = 0.022; r = 0.494, p =

Table 2 The content of minerals in diet, hair and serum

Parameter Control Diabetic

Total (n = 31) Women (n = 15) Man (n = 16) Total (n = 31) Women (n = 15) Man (n = 16)

Fe serum (mg/L) 1.31 ± 0.48 1.34 ± 0.42 1.27 ± 0.53 1.17 ± 0.41 1.09 ± 0.46 1.25 ± 0.37

Hair (μg/g) 11.18 ± 3.69a 10.33 ± 3.28 11.99 ± 3.87 22.47 ± 10.21b 24.28 ± 9.39 21.88 ± 10.68

Diet (mg/day) 8.64 ± 2.89a 7.29 ± 2.24 9.91 ± 2.86 10.99 ± 2.19b 10.91 ± 2.78 11.06 ± 1.70

Zn serum (mg/L) 0.80 ± 0.17a 0.80 ± 0.20 0.80 ± 0.13 0.59 ± 0.15b 0.63 ± 0.07 0.56 ± 0.10

Hair (μg/g) 121.65 ± 33.40 118.38 ± 27.47 124.72 ± 38.14 131.07 ± 63.26 121 ± 52.56 144.42 ± 76.57

Diet (mg/day) 10.36 ± 3.41 8.79 ± 2.70 11.84 ± 3.33 9.90 ± 2.09 9.11 ± 1.81 10.54 ± 2.16

Cu serum (mg/L) 1.04 ± 0.19 1.03 ± 0.18 1.05 ± 0.21 1.07 ± 0.29 1.15 ± 0.29 1.00 ± 0.27

Hair (μg/g) 18.10 ± 9.71 17.91 ± 7.98 18.28 ± 11.18 13.97 ± 6.30 14.72 ± 8.09 13.04 ± 3.31

Diet (mg/day) 1.12 ± 0.41 0.94 ± 0.35 1.30 ± 0.38 1.21 ± 0.31 1.21 ± 0.44 1.18 ± 0.15

Cu/Zn ratio

Serum 1.37 ± 0.40 1.39 ± 0.48 1.35 ± 0.31 1.51 ± 0.61 1.54 ± 0.64 1.47 ± 0.61

Hair 0.16 ± 0.08 0.16 ± 0.07 0.16 ± 0.10 0.15 ± 0.11 0.16 ± 0.12 0.14 ± 0.10

Diet 0.11 ± 0.03 0.11 ± 0.02 0.12 ± 0.04 0.12 ± 0.02 0.13 ± 0.03 0.11 ± 0.02

Data are mean ± SD; in rows, different lowercase letters indicate significant difference between diabetic and control group at p < 0.05

Table 3 The contents of minerals in diet, hair and serum according to glycated haemoglobin, total cholesterol and triacylglycerol concentrations

HbA1c* T-CHOL TAG*

< 7% (n = 16) > 7% (n = 15) < 4.9 mmol/l (n = 13) ≥ 4.9 mmol/l (n = 18) < 1.7 mmol/l (n = 15) ≥ 1.7 mmol/l (n = 16)

Fe serum (mg/L) 1.11 ± 0.46 1.25 ± 0.47 1.12 ± 0.45 1.44 ± 0.14 1.09 ± 0.57 1.20 ± 0.30

Hair (μg/g) 19.55 ± 8.79 24.50 ± 12.25 21.80 ± 9.12 24.55 ± 9.87 25.02 ± 16.56 21.22 ± 3.40

Diet (mg/day) 12.01 ± 2.22a 10.31 ± 2.02b 9.32 ± 1.44 11.43 ± 2.17 10.63 ± 2.79 11.27 ± 2.02

Zn serum (mg/L) 0.57 ± 0.15 0.61 ± 0.17 0.61 ± 0.14 0.56 ± 0.10 0.68 ± 0.10a 0.54 ± 0.15b

Hair (μg/g) 135.43 ± 57.89 130.56 ± 67.51 134.78 ± 67.56 130.42 ± 58.67 134 ± 45.22 131.97 ± 80.23

Diet (mg/day) 9.61 ± 2.71 10.40 ± 1.54 9.50 ± 2.62 10.06 ± 2.10 8.56 ± 1.52 10.47 ± 2.11

Cu serum (mg/L) 1.09 ± 0.31 1.07 ± 0.29 1.08 ± 0.23 1.06 ± 0.24 1.12 ± 0.29 1.04 ± 0.31

Hair (μg/g) 13.67 ± 4.97 12.13 ± 2.18 16.08 ± 5.54 12.42 ± 3.35 14.98 ± 8.35 12.83 ± 3.40

Diet (mg/day) 1.31 ± 0.38 1.13 ± 0.22 0.92 ± 0.18a 1.28 ± 0.29b 1.11 ± 0.28 1.26 ± 0.32

Cu/Zn ratio

Serum 1.54 ± 0.64 1.47 ± 0.61 1.09 ± 0.25a 1.78 ± 0.66b 1.35 ± 0.58 1.60 ± 0.66

Hair 0.16 ± 0.12 0.14 ± 0.10 0.15 ± 0.09 0.15 ± 0.11 0.15 ± 0.09 0.15 ± 0.13

Diet 0.13 ± 0.01 0.12 ± 0.02 0.11 ± 0.01 0.13 ± 0.02 0.12 ± 0.02 0.12 ± 0.02

Data are mean ± SD; HbA1c glycated haemoglobin, T-CHOL total cholesterol concentration, TAG triacylglycerol concentration; in rows, different
lowercase letters indicate significant difference between diabetic and control group at p < 0.05

*According to recommendation of Polish Diabetes Association guidelines (2018)
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0.06, respectively). There were negative correlations between
the serum insulin and Fe levels (r = − 0.401; p < 0.05), and the
serum Fe and hair Fe levels (r = − 0.420, p = 0.021).

The diabetic subjects were characterised by different
correlations than the control group. In particular, there were
negative correlations between the serum insulin and dietary
Cu/Zn ratio (r = − 0.497, p = 0.026). There was negative
correlation in the serum Cu/Zn ratio and serum insulin (r-
= − 0.468, p 0.008), between the blood HbA1C concentra-
tion and dietary Fe (r = − 0.490, p = 0.028), the serum Zn
and dietary Fe and Cu intake (r = − 0.475, p = 0.034; r = −
0.534, p = 0.034, respectively), the serum Fe level and hair

Fe content (r = − 0.809, p = 0.014) and the serum Zn/Cu
ratio and hair Zn/Cu ratio (r = − 0.546, p = 0.013).

Discussion

The authors of this study evaluated the relationships between
the serum, hair and dietary zinc (Zn), copper (Cu) and iron
(Fe) levels and selected blood serum biochemical indices in
healthy and diabetic subjects. It is known that zinc, copper and
iron are essential minerals for a variety of biomolecules to
maintain the normal cell structure, function and proliferation.

Table 4 Correlation of
biochemical indices with serum
Fe, Zn and Cu in all control and
diabetic subjects

Parameter Fe serum Zn serum Cu serum Cu/Zn serum

r p r p r p r p

FSG Control 0.033 ns 0.124 ns 0.260 ns − 0.196 ns

Diabetic − 0.203 ns − 0.553 0.002 − 0.376 0.049 0.328 ns

Insulin Control − 0.401 0.028 − 0.185 ns 0.295 ns 0.310 ns

Diabetic − 0.227 ns 0.470 0.008 0.139 ns − 0.468 0.008

HbA1c Control − 0.133 ns 0.175 ns − 0.281 ns − 0.236 ns

Diabetic 0.305 ns − 0.138 ns − 0.105 ns − 0.011 ns

HOMA-IR Control − 0.350 ns − 0.066 ns ns ns 0.141 ns

Diabetic − 0.286 ns 0.192 ns 0.004 ns − 0.276 ns

T-CHOL Control 0.073 ns − 0.071 ns − 0.044 ns 0.005 ns

Diabetic 0.154 ns − 0.483 0.007 0.050 ns 0.496 0.005

TAG Control 0.164 ns 0.241 ns 0.120 ns − 0.042 ns

Diabetic 0.175 ns − 0.318 ns − 0.090 ns 0.226 ns

FSG fasting serum glucose concentration, HbA1c glycated haemoglobin, HOMA-IR homeostasis model assess-
ment for insulin resistance, T-CHOL total cholesterol concentration, TAG triacylglycerol concentration, r
Spearman’s rank correlation coefficient, p probability value for correlation, ns non-significant

Table 5 Correlation of
biochemical indices with hair Fe,
Zn and Cu in all control and
diabetic subjects

Parameter Fe hair Zn hair Cu hair Cu/Zn hair

r p r p r p r p

FSG Control 0.122 ns 0.043 ns 0.283 ns 0.122 ns

Diabetic 0.204 ns − 0.280 ns − 0.114 ns 0.081 ns

Insulin Control 0.419 0.019 0.311 ns − 0.101 ns − 0.040 ns

Diabetic − 0.211 ns − 0.137 ns 0.114 ns 0.449 0.047

HbA1c Control − 0.066 ns 0.165 ns 0.332 ns 0.038 ns

Diabetic 0.181 ns − 0.146 ns − 0.070 ns 0.141 ns

HOMA-IR Control 0.418 0.022 0.291 ns 0.104 ns 0.044 ns

Diabetic 0.018 ns − 0.126 ns 0.027 ns 0.231 ns

T-CHOL Control 0.031 ns − 0.039 ns 0.003 ns − 0.079 ns

Diabetic 0.381 ns − 0.204 ns − 0.362 ns − 0.172 ns

TAG Control 0.102 ns − 0.118 ns − 0.291 0.119 − 0.128 ns

Diabetic − 0.155 ns − 0.300 ns − 0.308 0.174 0.086 ns

FSG fasting serum glucose concentration, HbA1c glycated haemoglobin, HOMA-IR homeostasis model assess-
ment for insulin resistance, T-CHOL total cholesterol concentration, TAG triacylglycerol concentration, r
Spearman’s rank correlation coefficient, p probability value for correlation, ns non-significant

38 Król et al.



These elements can be toxic in excessive amounts, especially
in certain genetic disorders (i.e. hemochromatosis, Wilson’s
disease). The homeostasis of Zn, Cu and Fe results from a
tightly coordinated regulation by different proteins involved
in their uptake, excretion and intracellular storage/trafficking
[28]. The appropriate dietary intake of these minerals is nec-
essary to maintain overall physiological functions, including
proper glucose and lipid metabolism. Abnormal metabolism
of Zn, Cu and Fe can lead to chronic pathogeneses, such as

diabetes or diabetic complications. Cu+2 and Fe+2 under a
non-protein-binding condition, through the Fenton reaction,
can generate various reactive oxygen species, damaging tis-
sues and cells [28].

Many studies confirmed that the metabolic derangement of
glucose and lipid metabolism occurring in diabetes mellitus
affects Zn, Cu and Fe levels in body fluids and tissues
[29–33], which depend on the severity of glucose intolerance
and accompanying complications [34]. Also, abnormal

Table 6 Correlation of
biochemical indices with dietary
Fe, Zn and Cu in all control and
diabetic subjects

Parameter Dietary Fe Dietary Zn Dietary Cu Dietary Cu/Zn

r p r p r p r p

FSG Control 0.129 ns 0.099 ns 0.288 ns 0.310 ns

Diabetic − 0.119 ns 0.075 ns 0.158 ns − 0.003 ns

Insulin Control 0.100 ns 0.116 ns 0.337 ns 0.280 ns

Diabetic − 0.105 ns 0.322 ns − 0.287 ns − 0.497 0.026

HbA1c Control 0.222 ns 0.203 ns 0.269 ns 0.315 ns

Diabetic − 0.490 0.028 − 0.056 ns − 0.264 ns − 0.218 ns

HOMA-IR Control 0.180 ns 0.175 ns 0.494 0.026 0.363 0.048

Diabetic − 0.188 ns 0.298 ns − 0.125 ns − 0.415 ns

T-CHOL Control − 0.145 ns − 0.152 ns − 0.000 ns − 0.039 ns

Diabetic 0.046 ns 0.116 ns 0.202 ns 0.128 ns

TAG Control − 0.203 ns − 0.178 ns − 0.160 ns 0.214 ns

Diabetic 0.051 ns 0.135 ns 0.090 ns − 0.065 ns

FSG fasting serum glucose concentration, HbA1c glycated haemoglobin, HOMA-IR homeostasis model assess-
ment for insulin resistance, T-CHOL total cholesterol concentration, TAG triacylglycerol concentration, r
Spearman’s rank correlation coefficient, p probability value for correlation, ns non-significant

Table 7 Correlation between
minerals in serum, hair and
dietary intake in control and
diabetic subjects

Parameter Dietary Fe Dietary Zn Dietary Cu Dietary Cu/Zn

r p r p r p r p

Fe serum Control 0.199 ns 0.209 ns − 0.209 ns 0.047 ns

Diabetic 0.133 ns 0.245 ns − 0.119 ns 0.065 ns

Zn serum Control − 0.017 ns 0.010 ns − 0.003 ns 0.097 ns

Diabetic − 0.475 0.034 − 0.135 ns − 0.534 0.015 − 0.338 ns

Cu serum Control − 0.054 ns 0.209 ns 0.138 ns 0.024 ns

Diabetic − 0.137 ns − 0.313 ns − 0.146 ns 0.179 ns

Cu/Zn serum Control − 0.065 ns − 0.083 ns 0.106 ns − 0.011 ns

Diabetic 0.379 ns − 0.218 ns 0.374 ns − 0.541 0.014

Fe hair Control − 0.112 ns − 0.111 ns 0.220 ns 0.334 ns

Diabetic − 0.139 ns 0.097 ns 0.098 ns 0.130 ns

Zn hair Control − 0.204 ns − 0.219 ns 0.120 ns 0.133 ns

Diabetic 0.029 ns 0.268 ns 0.057 ns − 0.164 ns

Cu hair Control 0.007 ns − 0.009 ns 0.023 ns − 0.051 ns

Diabetic 0.125 ns − 0.061 ns 0.011 ns 0.043 ns

Cu/Zn hair Control − 0.207 ns − 0.191 ns − 0.101 ns 0.175 ns

Diabetic − 0.011 ns 0.005 ns − 0.038 ns 0.027 ns

r Spearman’s rank correlation coefficient, p probability value for correlation, ns non-significant
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metabolism of Zn, Cu and Fe can further accelerate diabetic
complications. Therefore, it is important to understand the
mechanisms involved in these processes.

Zinc is a cofactor of plethora of proteins, insulin production
and stability and various enzymes engaged in the antioxida-
tive defence systems (i.e. SOD). According to some reports,
zinc intake as well as higher dietary zinc/iron ratio can de-
crease the risk of type 2 diabetes [35, 36]. It is known that
the solute carrier family 30 member 8 gene (SLC30A8) en-
codes a zinc transporter in pancreatic beta cells and that the
major C-allele of a missense variant (rs13266634; C/T;
R325W) in SLC30A8 is associated with increased risk of type
2 diabetes (T2D). Drake et al. [12] hypothesised that the as-
sociation between zinc intake and T2DMmay be modified by
the SLC30A8 genotype. The researchers concluded that zinc
supplementation and a high zinc/iron intake ratio may lower
the risk of T2DM, but these relations could be modified by
obesity and the SLC30A8 genotype.

As many studies report, the zinc status is disturbed in diabe-
tes [16, 32, 33, 37–40]. Zinc deficiency in diabetes could result
from disturbedmechanisms of intestinal absorption and urinary
excretion. The compensatory mechanisms of Zn homeostasis
are inefficient and the urinary zinc excretion is increased, which
results in zinc deficiency. The following symptoms of Zn defi-
ciency have been reported in diabetic patients: impaired wound
healing, decreased cell-mediated immunity and taste acuity
[41]. Therefore, some authors advise dietary zinc supplemen-
tation in obesity and prediabetes states [12, 42]. This interven-
tion can compensate for the excessive Zn loss, improve the Zn
status, fasting plasma glucose, insulin sensitivity and β-cell
function [42].

In our study, the diabetic patients had significantly lower
serum Zn concentration (by 27%, p < 0.05) than the healthy
subjects, despite the comparable dietary Zn intake. It is difficult
to assess the Zn status in humans due to the lack of relevant Zn
biomarkers, because effective regulation of zinc homeostasis
buffers the functional response to dietary deficiency or excess.
Usually, assessment of the Zn status is based on analysis of the

Zn content in available tissues (i.e. serum/plasma, erythrocyte,
lymphocyte, salivary, hair, nail) and certain Zn-dependent bio-
molecules (i.e. plasma aminolevulinic acid dehydratase, extra-
cellular superoxide dismutase, lymphocyte ecto-5′-nucleotid-
ase, T lymphocyte metallothionein−2A mRNA, carbonic
anhydrase, neutrophil alkaline phosphatase, erythrocyte mem-
brane alkaline phosphatase) [43].

The Zn content in the blood serum, plasma or hair does not
reflect the Zn body status. The blood (serum) Zn level may
represent the current (circulatory) pool of this mineral, which
depends on various factors, such as the current dietary intake,
intestinal absorption and urinary excretion. Homeostatic
mechanisms regulate Zn concentration in the storage and
functional pools. Despite various limitations of hair mineral
analysis, it is considered an alternative, conditionally useful
method of assessment of the mineral status. The hair Zn level
is affected by a variety of internal and external factors, i.e.
dietary Zn, protein intake, blood Zn concentration, other fac-
tors determining the hair growth, environmental factors, etc.
Both positive and negative correlations between blood serum/
plasma Zn levels have been reported in healthy and diabetic
subjects [44, 45].

The role of copper in the development of diabetes and its
complications is not entirely clear. On the one hand, Cu is
involved in some redox reactions and acts as a pro-oxidant.
Cu+2 ions can generate reactive oxygen species and lead to
oxidative damage of cells through the Fenton reaction, under a
non-protein-binding condition [46]. The homeostasis of cop-
per is regulated by ATPases, especially ATP7A, which pro-
vides Cu to the enzymes that need this element as a cofactor
during synthesis. Most of Cu is transferred to the liver and
bound to ceruloplasmin and then by this enzyme to distinct
tissues [47]. A recent in vitro study on hepatic cells conducted
by that team of researchers showed that at normal Cu concen-
tration, the activity of ATP7B (the enzyme responsible for
binding Cu with bile and its excretion) depends on insulin
and glucagon concentrations and their ratio. Thus, dysregula-
tion of these hormones, which are associated with obesity and

Table 8 Correlation between
minerals in serum and hair in
control and diabetic subjects

Parameter Fe hair Zn hair Cu hair Cu/Zn hair

r p r p r p r p

Fe serum Control − 0.420 0.021 − 0.153 ns − 0.001 ns − 0.085 ns

Diabetic − 0.809 0.014 0.095 ns 0.048 ns 0.042 ns

Zn serum Control 0.099 ns 0.109 ns 0.163 ns 0.003 ns

Diabetic − 0.208 ns 0.008 ns 0.159 ns 0.439 ns

Cu serum Control 0.122 ns 0.259 ns − 0.132 ns − 0.336 ns

Diabetic − 0.330 ns − 0.110 ns − 0.223 ns − 0.043 ns

Cu/Zn serum Control 0.076 ns 0.076 ns − 0.169 ns − 0.226 ns

Diabetic − 0.008 ns − 0.077 ns − 0.371 ns − 0.546 0.013

r Spearman’s rank correlation coefficient, p probability value for correlation, ns non-significant
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diabetes, could affect the copper status [48]. Another factor
that should be taken into account is inflammation. The level of
ceruloplasmin rises during inflammation [49] and diabetes
[50]. According to Qiu et al. [51], an increased Cu level in
diabetes may be caused by higher serum ceruloplasmin levels.

In in vitro, proteomics study, it was found that elevat-
ed protein glycation might be associated with Cu defi-
ciency and with excessive Cu(II) concentrations [52].
The data from clinical studies on diabetic patients are
contradictory. In some studies, the serum or plasma cop-
per level was increased [31, 34, 37, 44, 46, 53] or the
same as in the control group [54].

In Slovakia, Victorinova et al. [46] investigated the associa-
tion between the glycated haemoglobin level and serum trace
element level (Zn, Cu) in healthy and diabetic patients. The au-
thors found increased serum copper and decreased zinc concen-
trations in the diabetic subjects. There was also a positive corre-
lation between glycated haemoglobin levels and Cu and Cu/Zn
ratio, as well as a negative correlation with the serum Zn level,
which was more noticeable when HbA1c was higher than 8%.

Xu et al. [13] studied the relationship between the serum Zn
and Cu concentration in people with type 1 diabetes, type 2
diabetes, impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT). The Cu concentration in the serum of the pa-
tients with IFG, IGTand T2DMwas higher than in the serum of
age/sex-matched control subjects, while the Zn concentration
was slightly lower in the type 2 diabetics. Additionally, there
was a positive correlation between the serum Cu concentration
and HbA1c in the patients with IFG and type 2 diabetics. On the
other hand, the type 1 diabetics were characterised by an inverse
association between the serum Cu and serum glucose levels. Our
study showed an inverse relationship between the serum glucose
and serum Cu levels (r= − 0.376, p< 0.05) in type 2 diabetics.
Skalnaya et al. [37] noted similar results in a study on prediabetic
and type 2 diabetic women.

Our study also assessed the relations between the Fe,
Zn and Cu contents in the serum, hair and diet and bio-
chemical indices. The diabetics were characterised by
inverse correlation between the serum total cholesterol
and serum Zn levels and positive the serum Cu/Zn ratio.
Similarly, Wolide et al. [55] found negative correlations
between the serum Zn and Fe levels and the total and
LDL, the serum Zn and triacylglycerol levels.

The relationship between T2DM and iron metabolism has
gained interest both in research and clinical practice [15, 56].
There was scientific evidence for the influence of elevated
serum ferritin levels on IR and T2DM either because of in-
creased body iron stores or due to inflammatory diseases
[57–59]. Elevated levels of Fe stores (as ferritin levels) were
recognised as a feature of T2DM. However, the relationship
between Fe levels and T2DM is complex and it has not been
fully investigated. It is known that insulin stimulates ferritin
synthesis and activates Fe upload and that Fe influences the

insulin inhibition of glucose production from the liver [60].
Hernandez et al. [61] reported that the ferritin concentration in
T2DM patients was 2.5 times higher than in healthy people,
although the rate of transferrin receptors showed no signifi-
cant difference. It suggested that increased serum ferritin and
negative iron levels may have been caused by an inflammato-
ry problem rather than iron overload. These observations were
supported in the study by the Fatima’s researchers, where the
authors presumed that increased ferritin concentration may
affect glucose homeostasis, leading to insulin resistance and
inflammatory changes, even without apparent iron overload
[62]. The serum ferritin concentration may be an indicator of
systemic fat content and degree of insulin resistance [63].

In our study, the T2DM patients were evidently obese, had
significantly higher level of the hair Fe as well as higher die-
tary Fe intake (although Fe intakes were below the RDI in
both groups under study) than the healthy subjects. The serum
Fe levels were comparable in both groups, but this biomarker
did not reflect the overall Fe status. Judging only by the low
dietary Fe intake, both groups might have had some degree of
Fe deficiency. However, this statement should be supported
by relevant biomarkers (i.e. haemoglobin, TIBC, transferrin
receptor, ferritin), which were not analysed. The elevated hair
Fe content in the diabetic patients may have been caused by
increased inflammatory changes in T2DM or differences in
dietary Fe intake (including heme and non-heme Fe).
Similarly, Kazi et al. [22] reported that both diabetic women
and men had higher hair Fe levels than healthy subjects. It
may have been caused by pharmacological treatment which
affected the mineral bioavailability and status. Wolide et al.
[48] reported that type 2 diabetic patients taking oral
hypoglycaemic drugs had higher levels of iron and ferritin in
the serum than patients treated with insulin injections. On the
other hand, therapy with metformin did not affect serum Zn
and Cu level in T2DM patients [64].

Most studies linking the trace elements status with diabetes
were based only on limited biomarkers, namely on serum or
plasma mineral contents. For many years, the potential useful-
ness of hair analysis in clinical diagnostics has been discussed
without clear conclusions. The content of trace elements in hair
depends on many internal and external factors, i.e. age, sex,
dietary intake, health status and environmental factors. Another
disadvantage of hair mineral analysis as a diagnostic tool is the
lack of commonly accepted reference values for elements [65].
Another obstacle to hair analysis is disagreement about setting
standardised methodological procedures for sample preparation,
processing and determination [65, 66].

Chen et al. [67] discussed the possible usefulness of element
analysis for diagnosing diabetes mellitus. The authors compared
hair and urine as diagnostic materials in clinical practice and
concluded that hair mineral analysis had more advantages than
urine analysis due to practical aspects, i.e. the concentration of
trace metals in hair was higher than in urine.
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In most studies, the levels of minerals in biological samples
were analysed; in this study, we also assessed dietary intake of
elements. The weakness of this study is relatively small sam-
ple size and fact that the inflammatory markers were not
assessed. We did not assess the amount of these metals excret-
ed with urine. One of the symptoms of diabetes is polyuria,
which can be another potential factor affecting the mineral
status. Xu et al. [13] and el-Yazigi et al. [14] reported that
diabetic patients had greater total urinary mineral excretion,
even though the mean concentration of elements in urine was
lower or within a normal range.

Conclusions

The study showed disturbances in somemineral status indices.
The diabetics had lower serum zinc concentrations but higher
hair iron levels. The strongest inverse associations between
minerals and biochemical indices were found for the serum
Zn and glucose and total cholesterol concentrations. The se-
rum Cu level was negatively correlated with the serum glu-
cose level, whereas the serum Zn/Cu ratio was negatively
correlated with the total cholesterol concentration. The hair
Zn/Cu ratio was inversely correlated with the serum insulin
level in diabetic patients. It suggests that diabetic patients
should modify their diet, especially in respect to zinc and iron
intake. In some cases, zinc supplementation should be consid-
ered to improve glucose and lipid indices in T2DM.

Compliance with Ethical Standards

The authors declare that they have no conflict of interest.

Ethical Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed Consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. World Health Organization (WHO) (2016) Global Report on
Diabetes 2016. WHO, Geneva

2. Shaw JE, Sicree RA, Zimmet PZ (2010) Global estimates of the
prevalence of diabetes for 2010 and 2030. Diabetes Res Clin Pract
87:4–14

3. Eshak ES, Iso H, Maruyama K, Muraki I, Tamakoshi A (2017)
Associations between dietary intakes of iron, copper and zinc with
risk of type 2 diabetes mellitus: a large population-based prospec-
tive cohort study. Clin Nutr (17):30060–30062

4. BaoW, Chavarro JE, Tobias DK, Bowers K, Li S, Hu FB, Zhang C
(2016) Long-term risk of type 2 diabetes in relation to habitual iron
intake in women with a history of gestational diabetes: a prospec-
tive cohort study. Am J Clin Nutr 103(2):375–381

5. Tian S, Xu Q, Jiang R, Han T, Sun C, Na L (2017) Dietary protein
consumption and the risk of type 2 diabetes: a systematic review
and meta-analysis of cohort studies. Nutrients 9(9):982. https://doi.
org/10.3390/nu9090982

6. Søgaard KL, Ellervik C, Svensson J, Thorsen SU (2017) The role of
iron in type 1 diabetes etiology: a systematic review of new evi-
dence on a long-standing mystery. Rev Diabet Stud 14(2–3):269–
278. https://doi.org/10.1900/RDS.2017.14.269 Epub 2017 Oct 10

7. Hansen AF, Simić A, Åsvold BO, Romundstad PR, Midthjell K,
Syversen T, Flaten TP (2017) Trace elements in early phase type 2
diabetes mellitus-a population-based study. The HUNT study in
Norway. J Trace Elem Med Biol 40:46–53

8. Simić A, Hansen AF, Åsvold BO, Romundstad PR, Midthjell K,
Syversen T, Flaten TP (2017) Trace element status in patients with
type 2 diabetes in Norway: the HUNT3 survey. J Trace Elem Med
Biol 41:91–98

9. Miao X, Sun W, Fu Y, Miao L, Cai L (2013) Zinc homeostasis in
the metabolic syndrome and diabetes. Front Med 7(1):31–52

10. Tang X, Shay NF (2001) Zinc has an insulin-like effect on glucose
transport mediated by phosphoinositol-3-kinase and Akt in 3T3-L1
fibroblasts and adipocytes. J Nutr 131:1414–1420

11. Quraishi I, Collins S, Pestaner JP, Harris T, Bagasra O (2005) Role
of zinc and zinc transporters in the molecular pathogenesis of dia-
betes mellitus. Med Hypotheses 65(5):887–892

12. Drake I, Hindy G, Ericson U, Orho-Melander M (2017) A prospec-
tive study of dietary and supplemental zinc intake and risk of type 2
diabetes depending on genetic variation in SLC30A8. Genes Nutr
12:30. https://doi.org/10.1186/s12263-017-0586-y

13. Xu J, Zhou Q, Liu G, Tan Y, Cai L (2013) Analysis of serum and
urinal copper and zinc in Chinese Northeast population with the
prediabetes or diabetes with and without complications. Oxid
Med Cell Longev 2013:635214

14. El-Yazigi A, Hannan N, Raines DA (1993) Effect of diabetic state
and related disorders on the urinary excretion of magnesium and
zinc in patients. Diabetes Res 22(2):67–75

15. Stechemesser L, Eder SK, Wagner A, Patsch W, Feldman A,
Strasser M, Auer S, Niederseer D, Huber-Schönauer U,
Paulweber B, Zandanell S, Ruhaltinger S, Weghuber D, Haschke-
Becher E, Grabmer C, Rohde E, Datz C, Felder TK, Aigner E
(2016) Metabolomic profiling identifies potential pathways in-
volved in the interaction of iron homeostasis with glucose metabo-
lism. Mol Metab 6(1):38–47

16. Fatani SH, Saleh SA, Adly HM, Abdulkhaliq AA (2016) Trace
element alterations in the hair of diabetic and obese women. Biol
Trace Elem Res 174(1):32–39

17. Lin CC, Huang HH, Hu CW, Chen BH, Chong IW, Chao YY,
Huang YL (2014) Trace elements, oxidative stress and glycemic
control in young people with type 1 diabetes mellitus. J Trace Elem
Med Biol 28(1):18–22. https://doi.org/10.1016/j.jtemb.2013.11.
001

18. Wójciak RW, Mojs E, Stanisławska-Kubiak M (2014) The occur-
rence of iron-deficiency anemia in children with type 1 diabetes. J
Investig Med 62(6):865–867. https://doi.org/10.1097/JIM.
0000000000000098

19. National Food and Nutrition Institute (1996) Instruction of 24 hour
diet recall. Department of Epidemiology and Norms of Nutrition.
National Food and Nutrition Institute, Warsaw

42 Król et al.

https://doi.org/10.3390/nu9090982
https://doi.org/10.3390/nu9090982
https://doi.org/10.1900/RDS.2017.14.269
https://doi.org/10.1186/s12263-017-0586-y
https://doi.org/10.1016/j.jtemb.2013.11.001
https://doi.org/10.1016/j.jtemb.2013.11.001
https://doi.org/10.1097/JIM.0000000000000098
https://doi.org/10.1097/JIM.0000000000000098


20. Sacks DB, Bruns DE, Goldstein DE, Maclaren NK, McDonald J,
Parrott M (2002) Guidelines and recommendations for laboratory
analysis in the diagnosis and management of diabetes mellitus. Clin
Chem 48:436–472

21. Shephard MD, Whiting MJ (1990) Falsely low estimation of tri-
glycerides in lipemic plasma by the enzymatic triglyceride method
with modified Trinder’s chromogen. Clin Chem 36:325–329

22. Riesen WF (1998) Lipid metabolism. In: Thomas L (ed) Clinical
laboratory diagnostics. Use and assessment of clinical laboratory
results. TH-Books Verlagssesellschaft, FrankfurtMain, pp 167–169

23. Miki Y (1999) A homogenous assay for the selective measurement
of LDL-cholesterol in serum. Enzymatic selective protection meth-
od. Clinical Laboratory 45:398–401

24. Berg AH, Sacks DB (2008) Haemoglobin A1c analysis in the man-
agement of patients with diabetes: from chaos to harmony. J Clin
Path 61:983–987

25. Monti LD, Sandoli EP, Phan VC, Piatti PM, Costa S, Secchi A,
Pozza G (1995) A sensitive and reliable method for assaying true
human insulin without interaction with human proinsulin-like mol-
ecules. Acta Diabetol 32:57–63

26. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC (1985) Homeostasis model assessment: insulin resis-
tance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 28:412–419

27. International Atomic Energy Agency Reports 1984, 1985, 1987,
Vienna, Coordinated research programme on the significance of
hair metal analysis as a means for assessing internal body burdens
of environmental exposure

28. ZhengY, Li XK,WangY, Cai L (2008) The role of zinc, copper and
iron in the pathogenesis of diabetes and diabetic complications:
therapeutic effects by chelators. Hemoglobin 32(1–2):135–145

29. Gómez T, Bequer L, Mollineda A,Molina JL, Álvarez A, Lavastida
M, Clapés S (2017) Concentration of zinc, copper, iron, calcium,
and magnesium in the serum, tissues, and urine of streptozotocin-
induced mild diabetic rat model. Biol Trace Elem Res 179(2):237–
246. https://doi.org/10.1007/s12011-017-0962-x

30. Yadav C, Manjrekar PA, Agarwal A, Ahmad A, Hegde A,
Srikantiah RM (2017) Association of serum selenium, zinc and
magnesium levels with glycaemic indices and insulin resistance
in pre-diabetes: a cross-sectional study from South India. Biol
Trace Elem Res 175(1):65–71

31. Kazi TG, Afridi HI, Kazi N, Jamali MK, Arain MB, Jalbani N,
Kandhro GA (2008) Copper, chromium, manganese, iron, nickel,
and zinc levels in biological samples of diabetes mellitus patients.
Biol Trace Elem Res 122(1):1–18

32. Yerlikaya FH, Toker A, Arıbaş A (2013) Serum trace elements in
obese women with or without diabetes. Indian J Med Res 137:339–
345

33. Presley TD, Duncan AV, Jeffers AB, Fakayode SO (2017) The
variation of macro- and micro-minerals of tissues in diabetic and
non-diabetic rats. J Trace Elem Med Biol 39:108–115

34. Walter RM, Uriu-Hare JY, Olin KL, Oster MH, Anawalt BD,
Critchfield JW, Keen CL (1991) Copper, zinc, manganese andmag-
nesium status and complications of diabetes mellitus. Diabetes Care
14:1050–1056

35. Sun Q, van Dam RM, Willett WC, FB H. (2009) Prospective study
of zinc intake and risk of type 2 diabetes in women. Diabetes Care
32(4):629–634

36. Vashum KP, McEvoy M, Shi Z, Milton AH, Islam MR, Sibbritt D,
Patterson A, Byles J, Loxton D, Attia J (2013) Is dietary zinc pro-
tective for type 2 diabetes? Results from the Australian longitudinal
study on women's health. BMC Endocr Disord 13:40. https://doi.
org/10.1186/1472-6823-13-40

37. Skalnaya MG, Skalny AV, Tinkov AA (2017) Serum copper, zinc,
and iron levels, and markers of carbohydrate metabolism in post-
menopausal women with prediabetes and type 2 diabetes mellitus. J

Trace Elem Med Biol 43:46–51. https://doi.org/10.1016/j.jtemb.
2016.11.005

38. de Carvalho GB, Brandão-Lima PN, Maia CS, Barbosa KB, Pires
LV (2017) Zinc's role in the glycemic control of patients with type 2
diabetes: a systematic review. Biometals 30(2):151–162

39. Khan FA, Al Jameil N, Arjumand S, KhanMF, TabassumH, Alenzi
N, Hijazy S, Alenzi S, Subaie S, Fatima S (2015) Comparative
study of serum copper, iron, magnesium and zinc in type 2
diabetes-associated proteinuria. Biol Trace Elem Res 168:321–329

40. Bandeira VDS, Pires LV, Hashimoto LL, Alencar LL, Almondes
KGS, Lottenberg SA, Cozzolino SMF (2017) Association of re-
duced zinc status with poor glycemic control in individuals with
type 2 diabetes mellitus. J Trace Elem Med Biol 44:132–136

41. Salgueiro MJ, Krebs N, Zubillaga MB (2001) Zinc and diabetes
mellitus: is there a need of zinc supplementation in diabetes mellitus
patients? Biol Trace Elem Res 81(3):215–228

42. Islam MR, Attia J, Ali L, McEvoy M, Selim S, Sibbritt D, Akhter
A, Akter S, Peel R, Faruque O, Mona T, Lona H, Milton AH (2016)
Zinc supplementation for improving glucose handling in pre-diabe-
tes: a double blind randomized placebo controlled pilot study.
Diabetes Res Clin Pract 115:39–46. https://doi.org/10.1016/j.
diabres.2016.03.010

43. Lowe NM, Fekete K, Decsi T (2009) Methods of assessment of
zinc status in humans: a systematic review. Am J Clin Nutr 89(6):
2040S–2051S

44. Skalnaya MG, Skalny AV, Yurasov VV, Demidov VA, Grabeklis
AR, Radysh IV, Tinkov AA (2017) Serum trace elements and elec-
trolytes are associated with fasting plasma glucose and HbA1c in
postmenopausal women with type 2 diabetes mellitus. Biol Trace
Elem Res 177(1):25–32

45. Zhang H, Yan C, Yang Z, Zhang W, Niu Y, Li X, Qin L, Su Q
(2017) Alternations of serum trace elements in patients with type 2
diabetes. J Trace Elem Med Biol 40:91–96

46. Viktorínováa A, Tošerováb E, Križkob M, Ďuračkováa Z (2009)
Altered metabolism of copper, zinc, and magnesium is associated
with increased levels of glycated hemoglobin in patients with dia-
betes mellitus. Metabolism 58:1477–1482

47. Lowe J, Taveira-da-Silva R, Hilário-Souza E (2017) Dissecting
copper homeostasis in diabetes mellitus. IUBMB Life 69(4):255–
262

48. Hilário-Souza E, Cuillel M, Mintz E, Charbonnier P, Vieyra A,
Cassio D, Lowe J (2016) Modulation of hepatic copper-ATPase
activity by insulin and glucagon involves protein kinase A (PKA)
signaling pathway. Biochim Biophys Acta 1862(11):2086–2097

49. Bucossi S, Ventriglia M, Panetta V, Salustri C, Pasqualetti P,
Mariani S, Siotto M, Rossini PM, Squitti R (2011) Copper in
Alzheimer’s disease: a meta-analysis of serum, plasma, and cere-
brospinal fluid studies. J Alzheimers Dis 24(1):175–185

50. Daimon M, Susa S, Yamatani K, Manaka H, Hama K, Kimura M,
OhnumaH,Kato T (1998) Hyperglycemia is a factor for an increase
in serum ceruloplasmin in type 2 diabetes. Diabetes Care 21(9):
1525–1528

51. Qiu Q, Zhang F, Zhu W, Wu J, Liang M (2017) Copper in diabetes
mellitus: a meta-analysis and systematic review of plasma and se-
rum studies. Biol Trace Elem Res 177(1):53–63

52. Ramirez Segovia AS, Wrobel K, Acevedo Aguilar FJ, Corrales
Escobosa AR, Wrobel K (2017) Effect of Cu(II) on in vitro
glycation of human serum albumin by methylglyoxal: a LC-MS-
based proteomic approach. Metallomics 9(2):132–140

53. Basaki M, Saeb M, Nazifi S, Shamsaei HA (2012) Zinc, copper,
iron, and chromium concentrations in young patients with type 2
diabetes mellitus. Biol Trace Elem Res 148(2):161–164

54. Ekin S, Mert N, Gunduz H, Meral I (2003) Serum sialic acid levels
and selected mineral status in patients with type 2 diabetes mellitus.
Biol Trace Elem Res 94(3):193–201

The Relationship between Dietary, Serum and Hair Levels of Minerals (Fe, Zn, Cu) and Glucose Metabolism... 43

https://doi.org/10.1007/s12011-017-0962-x
https://doi.org/10.1186/1472-6823-13-40
https://doi.org/10.1186/1472-6823-13-40
https://doi.org/10.1016/j.jtemb.2016.11.005
https://doi.org/10.1016/j.jtemb.2016.11.005
https://doi.org/10.1016/j.diabres.2016.03.010
https://doi.org/10.1016/j.diabres.2016.03.010


55. Wolide AD, Zawdie B, Alemayehu T, Tadesse S (2017)
Association of trace metal elements with lipid profiles in type 2
diabetes mellitus patients: a cross sectional study. BMC Endocr
Disord 17(1):64

56. Wolide AD, Zawdie B, Alemayehu T, Tadesse S (2016) Evaluation
of serum ferritin and some metal elements in type 2 diabetes
mellitus patients: comparative cross-sectional study. Diabetes
Metab Syndr Obes 9:417–424

57. Smotra S, Tandon VR, Sharma S, Kudyar RP (2007) Serum ferritin
and type 2 diabetes mellitus. JK Sci:164–166

58. Fernandez-Real JM, Chico B,Moreno JM, Vendrell J, Bermejo AL,
Ricart W (2007) Circulating soluble transferrin receptors according
to glucose tolerance status and insulin sensitivity. Diabetes Care 30:
604–608

59. Sun L, Franco OH, Hu FB, Cai L, Yu Z, Li H (2008) Ferritin
concentrations, metabolic syndrome and type 2 diabetes in
middle-aged and elderly Chinese. J Clin Endocrinol Metab 93:
4690–4696

60. Lombardi R, Pisano G, Fargion S (2016) Role of serum uric acid
and ferritin in the development and progression of NAFLD. Int J
Mol Sci 17(4):548

61. Hernandez A, Lecube A, Carrera RS (2005) Soluble transferrin
receptors and ferritin in type 2 diabetic patients. DiabeticMed 22:97

62. Alam F, Fatima F, Orakzai S, Iqbal N, Fatima SS (2014) Elevated
levels of ferritin and hs-CRP in type 2 diabetes. J Pak Med Assoc
64(12):1389–1391

63. Iwasaki T, Nakajima A, Yoneda M (2005) Serum ferritin is associ-
ated with visceral fat area and subcutaneous fat area. Diabetes Care
28:2486–2491

64. Doşa MD, Hangan LT, Crauciuc E, Galeş C, Nechifor M (2011)
Influence of therapy with metformin on the concentration of certain
divalent cations in patients with non-insulin-dependent diabetes
mellitus. Biol Trace Elem Res 142(1):36–46

65. Mikulewicz M, Chojnacka K, Gedrange T, Górecki H (2013)
Reference values of elements in human hair: a systematic review.
Environ Toxicol Pharmacol 36(3):1077–1086. https://doi.org/10.
1016/j.etap.2013.09.012

66. Wołowiec P, Michalak I, Chojnacka K, Mikulewicz M (2013) Hair
analysis in health assessment. Clin Chim Acta 419:139–171

67. Chen H, Tan C, Lin Z, Wu T (2014) The diagnostics of diabetes
mellitus based on ensemble modeling and hair/urine element level
analysis. Comput Biol Med 50:70–75

44 Król et al.

https://doi.org/10.1016/j.etap.2013.09.012
https://doi.org/10.1016/j.etap.2013.09.012

	The...
	Abstract
	Introduction
	Material and Methods
	Subjects
	Analytical Methods
	Blood Biochemical Parameters
	Trace Elements in Serum and Hair Samples
	Statistical Analyses


	Results
	Discussion
	Conclusions
	References


