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Introduction: Impaired trace element metabolism occurs in type Il diabetes mellitus (T2DM), suggesting a specific
role of trace elements in the pathogenesis and progression of this disease. This study aimed to investigate the
relationship between trace element levels and T2DM in patients from Adiyaman province in southeastern Turkey.
Materials and Methods: This study included 49 healthy subjects and 80 patients diagnosed with T2DM. The study
population was divided into healthy controls and patients with T2DM and good glycemic control (GGC) and with
T2DM and poor glycemic control (PGC). Biochemical parameters and trace element levels were compared in the
three groups.

Results: Fasting blood glucose (FBG) and triglyceride (TG) levels were significantly higher in both diabetic groups
and were higher in the PGC than in the GGC group (p<0.05). Low-density lipoprotein cholesterol (LDL-C) and
cholesterol (CHO) levels were higher in the PGC than in the control group (p < 0.05). CHO levels were also higher
in the PGC than in the GGC group (p<0.05). Elevated manganese (Mn) and chromium (Cr) levels were found in
both diabetics, and calcium (Ca) levels were significantly higher in the PGC group than in the controls (p<0.05).
Conclusions: The hyperglycemic and dyslipidemic profiles were significantly elevated in the PGC group compared
to the GGC group, suggesting the importance of regular follow-up and treatment in T2DM. The observed positive
correlation between T2DM and the levels of the trace elements Mn, Cr, and Ca requires further confirmation in
future studies.
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Introduction

Diabetes mellitus is a metabolic disorder
characterized by high blood glucose levels (1,
2). It carries the potential risk of life-threatening
health problems that can result in reduced
quality of life and increased mortality (3). Type
Il diabetes mellitus (T2DM) is characterized

by hyperglycemia that occurs as a result of
insulin resistance, whereby muscle or adipose
cells fail to respond adequately to normal levels
of insulin (1). High blood glucose levels lead to
general vascular damage that affects the heart
(4), eyes (5), kidneys (6), and nerves (7) and lead
to various adverse complications.
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Trace Element and Lipid Profile in Type-II Diabetes

Unfortunately, the global prevalence of
diabetes mellitus is currently increasing and
imposing a burden on health systems and
national economies. The International Diabetes
Federation data in 2017 indicated that 451
million people aged 18-99 years live with
diabetes, and this number is estimated to
increase to 693 million by 2045 (8). Changes in
lifestyle due to urbanization and economic
development, which lead to decreased physical
activity and increased obesity, now ensure that
the prevalence of T2DM will continue to
increase dramatically (9).

One complication of T2DM is an impairment
of trace metal metabolism (10). Trace elements
play an important role in living systems
by acting as essential components or
cofactors of enzymes that perform regulatory,
immunologic, and  antioxidant  functions
in biological systems (10, 11). However, the
association between diabetes and impaired
trace metal homeostasis remains unclear (2), as
trace metal elements could affect the synthesis,
secretion, release, and/or mechanism of action
of insulin (12, 13). Several ideas have been
proposed regarding the relationship between
trace elements and T2DM (14-20), but the
available evidence is contradictory. This may
reflect variations in ethnicity, geographical
characteristics, eating habits, and the limitations
of the selected study populations. Further
studies are therefore required to verify the
apparent relationship between diabetes and
trace elements in patients with T2DM.

The present study aimed to investigate the
relationship between T2DM and trace elements
in Adiyaman province, in the southeastern
region of Turkey. The selected T2DM patient
population was compared with a healthy
control group in terms of the biochemical
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parameters of fasting blood glucose (FBG),
cholesterol (CHO), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C) and
in terms of the levels of the following trace
elements: selenium (Se), manganese (Mn), zinc
(Zn), copper (Cu), chromium (Cr), sodium (Na),
potassium (K), calcium (Ca), and magnesium

(Mg).

Materials and Methods

Subjects

This study included a total of 129 individuals
consisting of 49 healthy controls without any
disorders (including diabetes mellitus) in their
medical histories and 80 patients diagnosed
with T2DM who were admitted to the Internal
Clinic of the Adiyaman University Training and
Research Hospital. This study population was
divided into three groups: the healthy controls
(control group; n=49) and two T2DM groups:
patients with good glycemic control (GGC
group; n=38) and patients with poor glycemic
control (PGC group; n=42). The patients were
assigned to the groups with good and poor
glycemic control according to their FBG values,
as recommended by the American Diabetes
Association, with patients with FBG levels >7.0
mmol/L identified as the PGC group (21).
Pregnant women, individuals under the age of
18, individuals with other chronic diseases
(cancer, autoimmune disease, etc.) were not
included in the study.

Ethical Statement

The study was approved by the Adiyaman
University Ethics Committee (2011/02-1) and
written consent was obtained from each subject
after the participants were properly informed
about the study. All experiments abided by the
tenets of the Declaration of Helsinki.
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Laboratory Analysis

Venous blood samples were collected into
EDTA tubes and centrifuged at 3000 rpm for
10 min. After centrifugation, the blood serum
and plasma portion were separated and
stored at -20°C until analysis. Biochemical
parameters (FBG, CHO, TG, HDL-C, and LDL-C)
were measured spectrophotometrically (Advia
Centaur 1800, Siemens) from serum samples,
while trace elements (Se, Mn, Zn, Cu, Cr, Na, K,
Ca, and Mg) were measured by inductively
coupled plasma mass spectrometry (ICP-MS;
Perkin Elmer, Nexion-350X) from blood plasma
samples (22, 23). These results were then
evaluated by comparisons between groups.

Statistical analysis

Statistical analyses were performed with SPSS
21 software. Biochemical parameter values and
trace element levels of the groups were
analyzed by ANOVA and Kruskal Wallis test.
After ANOVA analysis, the least significant
difference (LSD) and Tamhane's analysis were
used for binary comparisons. After Kruskal
Wallis's analysis, the Bonferroni correction
(Mann-Whitney U test) was used for binary
comparisons. A value of p<0.05 was accepted
as statistically significant for all analyses except
the Bonferroni correction.

Table 1. Descriptive statistic data of biochemical analyses.

Arpaci et al.

Results

In our study, a significant difference was
observed in all paired comparisons of FBG
(p=0.007 in all paired comparisons) and TG
(p=0.003 and p=0.007 in GGC-Control and
PGC-Control comparisons, respectively). They
were observed to be significantly higher in both
diabetic groups when compared to the control
group. Moreover, FBG (p=0.007) and TG
(p=0.013) levels were found to be significantly
higher in PGC group in comparison to GGC
(Table 1). CHO levels were observed to be
significantly higher in the PGC group when
compared to both control (p=0.007) and GGC
(p=0.010) groups. Additionally, the LDL-C level
was found to be significantly higher in the PGC
group when compared to control (p=0.002). No
significant difference was observed between
the diabetic and control groups in terms of
HDL-C level (p>0.05). Descriptive data of
biochemical analyses were displayed in Table 1.

Study groups were compared in terms of trace
elements Se, Mn, Zn, Cu, Cr, Na, K, Ca, and Mg
in another phase of the study. Mn and Cr levels
were found to be significantly higher in both
diabetic groups when compared to the control
group (p=0.007 in all comparisons in terms
of Mn whereas p=0.007 and p=0.002 in GGC-

Vet FBG CHO TG HDL-C LDL-C Age
(mmol/L) (mg/dlL) (mg/dlL) (mg/dlL) (ng/dL) (vears)
Good glycemic Mean+SD 72114 195.2+38.1 148.6+65.7 41.6+£11.9 125.4+32.3 58.7+10.8
control (N:38) | peq (Min-Max) 6.8 (5.6-10.7) = 193.5 (91-287) = 136 (36-300) 41 (21-72) 127 (26-196) 59 (34-83)
Poor glycemic Mean+SD 14.2+5.9 220.7+49.4 191.2+88.5 39.2+7.04 137.05+£36.6 55+10.7
control (N:42) | peqd (Min-Max) 129 (5.9-32) 220.5 (117-318) 174.5 (66-527) 38 (27-57) 135 (63-230) 53 (37-85)
Healthy control Mean+SD 52+04 180.2+41.8 110.5+514 41.6+79 13.9+33.7 36.7+14.7
(n:49) Med (Min-Max) 5.1 (4.5-5.8) 181 (113-265) 92 (36-277) 41 (29-64) 12 (56-192) 33 (18-78)
P value 0.00712 0.00712 0.0076 0.3742 0.0072 0.00712

SD: Standard deviation, Min; Minimum, Max: Maximum. 2BANOVA, PKruskal Wallis
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Table 2. The comparison between groups in terms of trace elements

Good glycemic control

Poor glycemic control

Healthy control

Variables (n:36) () vy VaTue
Mean+SD = Med (Min-Max) Mean+SD Med (Min-Max) Mean+SD Med (Min-Max)
Se (ppb) 95.8419.8  87.3 (64.4-141) 98.8+21.3 | 98.7 (67.9-173.2) 92.4+19 88.8 (51.6-137.1) 0.408°
Mn (ppb) 4.9+2.7 4.3 (1.5-13.5) 51428 4.4 (1.4-15.5) 2.6+09 2.4 (1.3-5.5) 0.0012
Zn (ppb) 972+140.9 977 (748-1380) | 963+189.3 966 (548-1363) 952+216.9 899 (587-1382) 0.8752
Cu (ppb) 1072+280 1045 (528-1686) = 1165+273.1 1195 (632-1681) | 1040+290.2 = 1009 (482-1985) 0.100°
Cr (ppb) 47112 3.6 (1.3-8.9) 3.5+14 3.3(1-6.7) 24412 2.2 (0.1-5.9) 0.0012
Na (mEg/L) | 12544172 123.7(93-167.7) = 133.5+24.1  131.3 (93.4-199.3) 128.1+23 123.9 (96.8-207) 0.243¢
K (mEa/L) 3.9+0.7 3.8 (2.5-6.2) 43+0.9 4.4 (2.8-6.3) 4+0.9 3.8(.7-7) 0.1032
Ca (ppm) 85.3+14.2 83.8 (61.9-117.4)  93.9+213 89.9 (65-167.2) 83.2+13.3 81.4 (59.8-125.1) 0.0082
Mg (ppm) 16.8+3.3  16.7 (11.3-23.7) 17.6+3.6 16.6 (12.1-30.9) 17.7+2.9 17.3 (13-28.3) 0.4212

SD: Standard deviation, Med: Median, Min: Minimum, Max: Maximum, 2ANOVA, bKruskal Wallis

Control and PGC-Control comparisons in terms
of Cr, respectively). However, no significant
differences were observed between GGC and
PGC groups (p>0.05). Ca level was seen to be
significantly higher in the PGC group compared
to the control group (p=0.027) when there was
not any significance between other pairs
(p>0.05). The difference did not reach the level
of significance level in terms of Se, Zn, Cu, Na,
K, and Mg between study groups (Table 2).

Discussion

T2DM is a chronic disease characterized by
insulin resistance, a disorder that is defined as a
reduced ability of tissues to respond to insulin
as a result of impaired glucose metabolism (17).
The resulting hyperglycemic condition due to
insulin resistance damages blood vessels and
nerve cells and leads to microvascular diseases,
such as nephropathy (6), retinopathy (5), and
neuropathy (7), as well as cardiovascular
disease, which is the major cause of mortality
among people with T2DM (4). Therefore, T2DM
is @ major public health problem that is steadily
increasing in response to lifestyle changes due
to urbanization and economic development,
and that now imposes high economic costs in
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industrialized countries. T2DM is also associated
with impaired trace element metabolism
and this impairment may further contribute
to insulin resistance and abnormal glucose
metabolism (24). Maintenance of trace element
homeostasis is therefore essential for the
regulation of numerous metabolic events in
the human body, including blood glucose
levels. Various studies have investigated the
relationship between trace elements and
diabetes mellitus, but the available data are not
consistent and are sometimes even conflicting.

In our study, we compared the biochemical
parameters of FBG, CHO, TG, LDL-C, and HDL-
C and the levels of the trace elements Se, Mn,
Zn, Cu, Cr, Na, K, Ca, and Mg in the GGC and
PGC groups and the healthy controls. A
significant rise was noted in FBG, CHO, TG, and
LDL-C levels between the groups, but no
significant differences were noted for HDL-C
levels. The FBG levels were significantly higher
in both diabetic groups than in the control
group, confirming characteristic hyperglycemic
condition in TZ2DM. The FBG was also
significantly higher in the PGC group than in the
GGC group. Evaluation of the lipid profile
between the groups revealed significantly

Ulutas Med J 2020;6(2):59-66
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higher TG levels in both diabetic groups than in
the control group. Similar to the FBG results, the
TG levels were significantly higher in the PGC
group than in the GGC group. Similarly, the
CHO level was higher in the PGC group than in
either the GGC or the healthy control groups.
The LDL-C level was significantly higher in the
PGC group than in the control group, whereas
the LDL-C level did not differ between the GGC
and control subjects, indicating the importance
of good glycemic control in T2DM.

Our results are supported by previous studies.
For example, Mishra et al. (2017) evaluated
fasting plasma glucose (FPG), CHO, TG, LDL-C,
and HDL-C levels in both complicated and
uncomplicated T2DM groups as well as in
healthy control subjects and found significantly
higher FPG, CHO, TG, and LDL-C levels in both
diabetic groups than in healthy subjects (25).
Similarly, Zhang et al. (2017) observed
significantly elevated FBG, TG, and CHO levels
in a T2DM group than in healthy control
subjects, although they did not find any
difference in LDL-C levels between their study
groups, in contrast to our results (24). Another
study also reported significantly higher CHO
and LDL-C levels in a T2DM group than in
healthy subjects (26). In all these previous
studies, the HDL-C level was significantly lower
in the T2DM groups than in the control group
(24-26). This finding contradicted our results,
which indicated a dyslipidemic condition in
diabetes, in agreement with other previous
studies, and which emphasized the importance
of regular glycemic control in the context of
maintaining healthy blood lipid levels.

Previous studies have also noted the
association between trace element status in
T2DM; however, the data show quite notable
differences. Some of the previous studies have
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reported lower Se (27-29), Zn (25, 26, 28-32),
and Cu (26, 32) levels in patients with T2DM
than in healthy subjects. For example, Nashiry
et al. (2019) found lower Se and Zn levels in hair
specimens of T2DM subjects who were
employed than in samples from non-working
subjects. The hair samples also revealed a lower
level of Cu in patients with poorly controlled
blood glucose. By contrast, the Cu level was
lower in patients with good blood glucose
control when the analysis was performed using
nail specimens (33). Contrary to these studies,
Zhang et al. (2017) demonstrated higher Se, Zn,
and Cu levels in patients with T2DM than in a
control group (24). Similarly, Badran (28) and
Oyedeji (29) reported increased Cu levels in
subjects with T2DM. Cancarini et al. (2017)
found increased Se and Zn levels in serum and
tear fluid samples from patients with T2DM (34).
Skalnaya et al. (2007) demonstrated elevated
Na and K levels, but decreased Mg and Zn
levels, in hair samples from patients with T2DM
(35). Other studies have reported lower Mg in
T2DM than in healthy (24-26, 28-30, 36).

In the present study, we did not find any
significant differences between groups in terms
of Se, Zn, Cu, Na, K, or Mg levels. Cancarini (34)
and Ekmekcioglu (27) did not report any
significant differences in terms of Zn and Cu
levels between T2DM and healthy subjects, in
agreement with our results. Similarly, Diwan
(36) and Hussain (30) did not observe any
differences in terms of Zn and Cu levels in a
T2DM group and healthy subjects, respectively.
Masood et al. (2009) also did not observe any
significance between patients with T2DM and
healthy subjects in terms of Mg levels (31).
Cancarini et al. (2017) did not report any
significant differences in Se levels in tear fluid
samples from diabetic and control subjects (34).

Ulutas Med J 2020;6(2):59-66
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In our study, we found statistically significant
differences in terms of Mn, Cr, and Ca levels
between our study groups. The Mn and Cr
levels were significantly higher in both diabetic
groups than in the healthy subjects. The Ca
level was also significantly higher in the PGC
group than in the controls, but these levels did
not differ from that of the GGC group. Cancarini
et al. (2017) observed elevated Mn and Cr levels
in the tear fluid samples of patients with T2DM,
in agreement with our results. However, serum
Cr levels were significantly lower in the patient
group but the Mn levels did not differ between
the groups (34). Ekin et al. (2003) demonstrated
significantly higher Mn levels in patients with
T2DM than in healthy subjects (37). In contrast
to our results, other previous studies have
reported lower Mn (26, 28) and Cr (28, 29, 32)
levels in patients with T2DM than in healthy
subjects. Skalnaya et al. (2017) also found lower
Ca levels from hair samples of patients with
T2DM than in healthy subjects (35). Zhang et al.
did not report any significant differences in
terms of Mn, Cr, or Ca levels between T2DM
and control subjects (24). Similarly, Hussain et
al. (2009) did not observe any significant
differences in Mn levels between T2DM and
healthy subjects (30).

Various studies have explored the relationship
between trace elements and diabetes mellitus
in the past. However, the data obtained are not
consistent and are sometimes even conflicting.
This may reflect differences in the study
populations in terms of ethnicity, geographical
characteristics, and eating habits. Therefore,
further studies are required to verify the
relationship  between T2DM and trace
elements.

We found dramatically higher FBG levels and
dyslipidemia profiles in terms of CHO and TG
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levels in the PGC group in comparison to the
GGC patients. Regular follow-up and treatment
improved the chronic hyperglycemic and
dyslipidemic conditions, which are the major
characteristics of diabetes mellitus. Elevated
levels of Mn, which acts as an antioxidant
enzyme cofactor in biological systems, may be
associated with the increased oxidative stress
status associated with T2DM. These elevated
levels appear to emerge as a compensatory
mechanism that prevents the exacerbation of
the disease. Besides, the increase in the Cr level
can be interpreted as the body's attempt to
augment the activity of the insulin receptor,
which cannot take up sufficient insulin into the
cells in T2DM. This response, which can also be
regarded as a contribution to compensatory
mechanisms, prevents disease from increasing
in severity by promoting a lowering of the
blood sugar levels. The Ca increase was higher
in the PGC group than in the controls, and this
may be associated with elevated levels of insulin
in T2DM. This causes a further release of insulin,
thereby further increasing the levels of insulin
that already cannot be metabolized. These
findings emphasize the importance of glycemic
control in combating high insulin levels, a key
characteristic of T2DM.
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