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ABSTRACT

Background: Diabetes stands among the top ten contributors to worldwide mortality, with diabetics facing 2 to 3
times greater susceptibility to all-encompassing mortality. The adipose tissue has garnered growing recognitionas a
vigorously dynamic endocrine organ, discharging an array of biologically impactful molecules, among which is
adiponectin. We investigated the influence of serum adiponectin levels and their correlation with oxidative stress in
individuals with type 2 diabetes mellitus (T2DM) in the province Anbar of Irag.

Methodology: A case-control research was carried out at Al-Ramadi Hospitals located in Anbar province, Iraqg. The
study encompassed a total of 84 individuals, comprising 42 patients diagnosed with T2DM, and 42 individuals
enrolled as healthy controls (HCs). Venous blood samples were collected and each sample was divided into four, to
obtain the serum. Serum levels of adiponectin and oxidative stress were assessed through the utilization of enzyme-
linked immunosorbent assays (ELISA).

Results: The study findings revealed that there was no significant impact on the lipid profile among patients when
compared to the control group, as evidenced by statistically insignificant differences (P > 0.05). However, a
noteworthy increase in glucose levels was observed in patients compared to healthy individuals, demonstrating a
significant difference (P < 0.05). Furthermore, the average levels of malondialdehyde (MDA) displayed a significant
rise in patients in comparison to the healthy cohort (P < 0.05). In a similar vein, superoxide dismutase (SOD) levels
demonstrated a notable contrast, showcasing higher values in the healthy group in contrast to the patients (P <
0.05). The adiponectin levels exhibited remarkable divergence, with notably elevated values in the T2DM group
relative to the healthy group, achieving statistical significance (P < 0.05). The data indicated positive associations
between serum adiponectin levels and MDA, as well as fasting serum glucose (FSG), triglycerides (TGs), and very-
low-density lipoprotein (VLDL). Nevertheless, no significant correlations were identified between adiponectin and
SOD, as well as the other variables.

Conclusion The findings of the study indicated that reduced adiponectin levels are associated with elevated oxidative
stress among T2DM patients.

Abbreviations: FSG - fasting serum glucose; MDA - malondialdehyde; SOD - superoxide dismutase; TGs -
Triglycerides; T2DM - type 2 diabetes mellitus; VLDL - Very-low-density lipoprotein
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The term diabetes refers to a group of common endocrine
disorders characterized by a continuous elevation of
blood sugar levels.t? This occurs either due to
insufficient production of insulin by the pancreas, or
because the body's cells do not properly respond to the
produced insulin. Insulin, a peptide hormone, is
produced by beta cells in the pancreatic islets of
Langerhans and is considered the main anabolic
hormone in the body.3* It regulates the process of
carbohydrate, fat, and protein metabolism by promoting
the absorption of glucose from the blood into the liver,
fat, and skeletal muscle cells.

Adiponectin is a versatile hormone composed of 224
amino acids produced by white adipose tissues.5” It was
first identified in 1995 and is encoded by a gene located
on chromosome 3g27. Adiponectin can exist in three
forms with different molecular weights: low, medium
and high molecular weight. Each form has distinct
activities, such as glucose uptake and central obesity
(waist-to-height ratio) binding.? Its levels increase after
weight loss.® Adiponectin is considered one of the
strongest markers of type 2 diabetes mellitus (T2DM), as
its plasma levels are negatively associated with the
development of insulin resistance and the occurrence of
the disease. Adiponectin affects insulin sensitivity in
diabetic patients through both direct and indirect
mechanisms;® including:

1) It reduces the amount of triglycerides in adipose
tissues and regulates insulin signaling. Moreover, it
enhances the expression of fatty acid transporter
molecules like CD36 and acyl-coenzyme oxidase, thus
playing a significantrole in triglyceride metabolism in
skeletal muscles. The reduction in triglyceride content
within muscles is likely to contribute to the
improvement of insulin signaling pathway
transmission.!!

2) Adiponectin activates peroxisome proliferator-
activated receptor alpha (PPAR-a), which promotes
fatty acid oxidation and energy expenditure, leading to
a reduction in triglyceride content in the liver and
muscles. This, in turn, increases insulin sensitivity.'?

3)  Adiponectin  activates the  Adenosine
monophosphate-activated protein  kinase (AMPK)
pathway, thereby stimulating beta-oxidation.™

The previously described oxidative stress condition
contributes to the attenuation of insulin signaling,
leading to an elevation in insulin resistance. Tissues
sensitive to insulin, such as skeletal muscles and the
liver, do not respond effectively to secreted insulin,
resulting in resistance. This resistance is assumed to be
the underlying cause of diabetes complications.
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Furthermore, reactive oxygen species may contribute to
the deterioration of pancreatic beta cells, rendering them
incapable of keeping up with the increased demand for
insulin secretion, consequently leading to a decrease in
beta cell mass and insulin secretion.** Additionally,
oxidative stress pathways induce oxidative damage to
various large cellular molecules, promoting cell injury
and impairing their function in general, ultimately
affecting glucose tolerance.™® This cellular damage
ultimately leads to complications of diabetes, the most
prominent of which include diabetic retinopathy
(damage to blood vessels in the light-sensitive tissue of
the retina, which can accumulate and result in complete
loss of retinal functions), neuropathy (nerve damage),
nephropathy (kidney damage), and cardiomyopathy
(heart muscle damage). Additionally, oxidative stress
inhibits the function of antioxidants, causing damage to
various organs and disrupting their functions. Finally, it
also disrupts hormonal balance.

A case-control research was carried out at Al-Ramadi
Hospitals located in Anbar province, Iraq. The study
encompassed a total of 84 individuals, comprising 42
patients diagnosed with T2DM, and 42 individuals
enrolled as healthy controls. Between December 2022
and April 2023, blood samples were collected through
venipuncture in the early morning. These samples were
placed intostandardgel tubes and allowed to clot at room
temperature (18-25°C) for around two hours.
Subsequently, centrifugation was carried out at 3000 xg
for 20 min to separate the serum. The obtained serum
was divided into four equal portions, each containing
500 pL. The second, third, and fourth portions were
stored in Eppendorf tubes at -20°C, while the first
portion was utilized to measure blood glucose levels and
perform biochemical analyses. The second portion was
dedicated to estimating copper, zinc, and chromium
levels. The third portion was employed for measuring
malondialdehyde (MDA) and superoxide dismutase
(SOD), and the final portion was allocated for measuring
levels of asparagine and adiponectin. Individuals using
insulin or not taking antidiabetic medications were
excluded from the study.

Adiponectin and oxidative stress markers, including
SOD and MDA, were quantified utilizing a human
interleukin ELISA kit sourced from Spinreact Co., Ltd.
(USA). The assay procedure strictly adhered to the
manufacturer's guidelines. The fasting serum glucose
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Table 1: Serum levels of FSG, asprosin, MDA, and SOD in T2DM and healthy controls

FSG (mg/dL) 190 +52.9
Adiponectin (ng/mL) 9.353 + 3.251
MDA 455.2 £ 1315
SOD 1.152 + 0.4289
T. Cho. (mg/dL) 162.3 +41.68
TGs (mg/dL) 150.9 +42.51
HDL (mg/dL) 42.6+12.12
LDL (mg/dL) 91.9+34.04
VLDL (mg/dL) 30.19 £ 8.502
Atherogenic index (Al) 2.294 +0.9727
Coronary risk index (CRI) 4.02 £ 1.267

97.31+20.17 < 0.0001
4,721 +£1.948 < 0.0001
304.8+67.2 < 0.0001
2.013 +0.4895 < 0.0001
158.8 + 23.79 0.6423
107.9 + 29.65 < 0.0001
43.79 £ 8.394 0.6022
93.47 + 22.25 0.8039
20.6 £7.361 < 0.0001
2.231+0.7624 0.7409
3.744 + 0.8763 0.2494

Data presented as mean * SD; P < 0.05 considered as significant

(FSG) levels for both patients and controls were
assessed by measuring glucose concentrations following
the method outlined by Braham and Tindoer (1972).

2.3. Research ethics and approval:

Before commencing the study, all participants provided
voluntary consent for the collection of blood samples.
The informed consent process, was endorsed by the
ethical review committee at the University of Anbar. A
meticulously designed questionnaire was utilized to
gather pertinent details from both the patient and control
cohorts, ensuring rigorous adherence to the principles
stipulated in the informed consent protocol.

2.4. Statistical analysis:

Linear regression was employed for data analysis, and
the findings were presented as mean + standard
deviation. The statistical analysis was conducted using
SPSS software version 23.0. Significance in statistical
terms was established at a probability threshold of P <
0.05.

3. RESULTS

Comparative serum levels of FSG, asprosin, MDA, and
SOD in patients known to have T2DM and the healthy
controls are given in Table 1. The results demonstrated a
significant and substantial elevation (P < 0.0001) in
adiponectin levels among the T2DM group (9.353 +
3.251) compared to the healthy group (4.721 + 1.948), as
indicated in Table 1.

Pearson correlation analyses revealed significant
positive correlations between serum adiponectin
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concentrations and MDA (r = 0.382, P < 0.0001), as
depicted in Table 2. Additionally, there was a significant
positive correlation with FSG, triglycerides (TGs), and
very-low-density lipoprotein (VLDL) (r = 0.363, P <
0.0001; r = 0.575, P < 0.0001; r = 0.575, P < 0.0001,
respectively), as illustrated in Table 2. Conversely,
serum adiponectin levels exhibited significant negative
correlations with superoxide dismutase (SOD) (r = -
0.324, P < 0.003, as outlined in Table 2.

However, no significant correlations were observed
between adiponectin levels and the remaining variables,
as indicated in Table 2.

Table 2: Correlations between serum adiponectin
concentrations and different study factors

Parameter r (Adiponectin P-value
ng/mL)

Adiponectin 1.000 0.000
(ng/mL)

MDA (ng/mL) 0.382 < 0.0001
SOD (Iu/mL) -0.324 0.003
FSG (mg/dL) 0.526 < 0.0001
T. Cho. (mg/dL) 0.178 0.105
TGs (mg/dL) 0.575 < 0.0001
HDL (mg/dL) -0.132 0.2301
LDL (mg/dL) 0.083 0.454
VLDL (mg/dL) 0.575 < 0.0001
Al 0.187 0.088
CRI 0.299 0.006

P < 0.05 considered as significant

Open access attribution (CC BY-NC 4.0)


https://www.apicareonline.com/index.php/APIC

Al-Dulaimy AHH, Abdul Ghafoor KF.

The findings demonstrated a notable difference (P <
0.05) in the levels of FSG hetween Control Group
(97.319 + 20.17) and T2DM Group (190 £ 52.9), as
illustrated in Table 2. The increased FSG in T2DM
Group was attributed to diminished insulin secretion in
individuals with T2DM, resulting in reduced glucose
transport out of cells for storage, thereby leading to the
accumulation of larger glucose molecules.’® The
increased levels of blood glucose primarily stems from
the pancreas's inadequate production of insulin or the
reduced sensitivity of tissues to its effects. Individuals
with diabetes encounter disruptions in their metabolic
processes that result in elevated blood glucose levels.
The normal action of insulin is hindered by heightened
resistance, which is attributed to a decrease in the
number of insulin receptors on the surfaces of target
cells. Insulin, a hormone that typically aids in reducing
blood glucose levels, is responsible for promoting the
entry of glucose into cells for utilization and energy
production.” The outcomes of this study are consistent
with the findings of various researchers who have also
investigated blood glucose levels among diabetic
patients in Samarra.’®1%2 | jkewise, the heightened
glucose levels observed in patients are in line with the
investigation carried out by Jaeger et al., where they
observed a notable rise in blood glucose levels among
individuals with hypertension compared to the control
group. This could be attributed to the presence of insulin
resistance within cells frequently associated with
hypertension. The degree of resistance tends to amplify
alongside increased levels of fats and cholesterol
circulating in the blood, a process largely influenced by
the hormone aldosterone produced by the adrenal glands.
This hormone contributes to both elevated blood
pressure and insulin resistance.?*

In the context of negative feedback pathways, glucose
acts as an inhibitor of this peptide. Adiponectin levels
tend to be higher in individuals with insulin resistance.
Research suggests that reducing adiponectin levels may
enhance insulin sensitivity. Consequently, individuals
with T2DM might encounter challenges in how white
adipose tissue (WAT) regulates adiponectin release,
potentially leading to elevated adiponectin levels. Due to
heightened adiponectin levels, the liver produces more
glucose, which could result in increased insulin levels
and, as a direct consequence, a deterioration of insulin
resistance in the liver.?223

The mean MDA level showed a markedly significant
difference (P < 0.0001) between the averages of the
control and patient cohorts, as elucidated in Table 2. The
outcomes illustrated a noteworthy rise in MDA values
among the T2DM group relative to the Control Group.
The elevation in MDA levels within the T2DM group

www.apicareonline.com 555

Adiponectin in diabetes mellitus

concurs with prior research findings.212224 This increase
is linked to oxidative stress mechanisms primarily
triggered by elevated glucose levels. The escalation in
MDA levels functions as an indicator of heightened
oxidative stress within the body, with its concentration
corresponding to elevated blood sugar levels.?

The mean SOD levels demonstrated a statistically
significant disparity (P < 0.05) between the two groups,
as depicted in Table 1. The findings showcased a notable
increase in SOD levels among the healthy group in
contrast to the patients. In the context of diabetes, the
automatic oxidation of glucose leads to the creation of
hydrogen peroxide, which suppresses the activity of
SOD. Consequently, the accumulation of hydrogen
peroxide might contribute to the reduced SOD activity
observed in these patients. The pivotal defense
mechanism that shields cells and tissues from potentially
harmful reactions involving reactive oxygen species and
their byproducts is the Cu/Zn-SOD enzyme. It is worth
highlighting that SOD can be swiftly stimulated under
specific conditions when cells or organisms confront
oxidative stress. The diminished SOD activity observed
in diabetes could imply a gradual waning of its efficiency
and function with the progression of the disease.
Furthermore, the presence of non-enzymatic glucose,
which adds to hydrogen peroxide generation, further
hinders Cu/Zn-SOD activity.?! SOD stands as a pivotal
antioxidant enzyme, perpetually catalyzing the
transformation of the superoxide anion (02-) into H.O;
and O;. The evaluation of oxidative stress and
antioxidant levels sometimes necessitates gasometric
methods like blood sampling. The exploration of saliva
for markers of oxidative stress and antioxidants that
faithfully mirror the oxidative and reductive conditions
within the body carries noteworthy clinical
significance.?®

The results presented in Table 1 indicate a non-
significant difference in the means of T.Cho between
Groups. Conversely, a highly significant and substantial
increase < 0.0001 was observed in the means of TGs for
the T2DM group compared to the healthy controls (Table
1). On the other hand, the means of HDL, LDL, Al, and
CRI between the Control and T2DM groups showed
insignificant and inconsequential variations. In contrast,
there was a notably high and significant increase <
0.0001 in the means of very-low-density lipoprotein
(VLDL) for both groups.

In this study, there was a statistically significantincrease
(P <0.05) in the levels of triglycerides and VLDL in the
T2DM group compared to the control group. These
findings align with another study,?” which demonstrated
that insulin resistance and T2DM lead to elevated levels
of VLDL containing high concentrations of TG. The
study described lipid abnormalities in T2DM patients,
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including elevated serum TG, VLDL, and LDL.? These
lipid disorders encompass not only quantitative but also
qualitative abnormalities of fatty acids that may
contribute to atherosclerosis. Quantitative abnormalities
include elevated levels of total plasma cholesterol, TGs,
and low-density lipoprotein cholesterol (LDL-C), as well
as decreased levels of high-density lipoprotein
cholesterol (HDL-C). Thisstudy's findingsare consistent
with our investigation.?® In diabetes, the abnormally high
level of serum lipid peroxides may result from abnormal
lipid metabolism. Often, individuals with T2DM exhibit
abnormal lipid profiles consisting of moderately
elevated LDL-C, T.Cho, and TG. Variations in these
lipid levels might stem from differences in body mass
index, lifestyle, duration of diabetes, and possibly
genetic variations. These study outcomes are in
agreement with prior research. Dyslipidemia in T2DM
plays a pivotal role in accelerating cardiovascular
diseases. Insulin function diminishes when insulin
resistance occurs, leading to suppressed lipid breakdown
and reduced lipoprotein lipase (LPL) activity.
Consequently, the production of free fatty acids (FFA)
increases. Elevated hepatic FFA production enhancesthe
production and secretion of VLDL-rich in TG,
ultimately leading to decreased HDL-C levels. The
metabolism of HDL-C is affected by these processes
through exchange with VLDL-TG facilitated by CETP,
generating TG-enriched HDL particles. These particles
subsequently degrade into HDL and TG via hepatic
lipase.?®

Pearson correlation analyses revealed significant
positive correlations between serum adiponectin
concentrations and MDA (r = 0.382, p < 0.0001), as
depicted in Table 2. Additionally, there was a significant
positive correlation with FSG, TGs, and VLDL, as
illustrated in Table 2. Conversely, serum adiponectin
levels exhibited significant negative correlations with
SOD, as outlined in Table 2. However, no significant
correlations were observed between adiponectin levels
and the remaining variables, as indicated in Table 2.

Malondialdehyde levels exhibited an increase in the type
2 diabetes group compared to the healthy group, whereas
superoxide dismutase levels showed an elevation in the
healthy group compared to the patients. Adiponectin
levels were lower in the type 2 diabetes group compared
to the healthy group. Adiponectin levels in the serum of
the patients exhibited an increase and showed positive
indicators. Thiscan serve as an indicator of susceptibility
to type 2 diabetes, which plays a significant role in
exacerbating oxidative stress, ultimately leading to a
decrease in certain antioxidants.

www.apicareonline.com 556

Adiponectin in diabetes mellitus

The numerical data generated during this research is
available with the authors.

The authors would like to express their heartfelt thanks and
deep appreciation to Professor Dr. Shaker Fares Al-Araji for
his exceptional and boundless assistance, as well as for his
invaluable insights that significantly enriched the
accomplishment of this research.

The study was financed internally, and no external funding
was obtained.

All authors actively participated in the conception, design,
data analysis, statistical evaluation, drafting, editing, and
review of the manuscript, making it a collaborative endeavor.

1. Gregg EW, Buckley J, Ali MK, Davies J, Flood D, Mehta R, et al.
Improving health outcomes of people with diabetes: target
setting for the WHO Global Diabetes Compact. Lancet.
2023;401(10384):1302-12.

2. Zimmet PZ, Magliano DJ, Herman WH, Shaw JE. Diabetes: a
21st century challenge. lancet Diabetes Endocrinol.
2014;2(1):56-64.

3. Mohajan D, Mohajan HK. Discovery of Insulin is a Great
Achievement for the Diabetes Patients. Stud Soc Sci Humanit.
2023;2(8):8-16.

4. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM,
Bruemmer D, et al. Summary of revisions: Standards of Care in
Diabetes—2023. Diabetes Care. 2023;46(Supplement_1):S5-
9.

5. Lewis ST, Greenway F, Tucker TR, Alexander M, Jackson LK,
Hepford SA, et al. A Receptor Story: Insulin Resistance
Pathophysiology and Physiologic Insulin Resensitization’s Role
as a Treatment Modality. Int J Mol Sci. 2023;24(13):10927.

6. Shklyaev SS, Melnichenko GA, Volevodz NN, Falaleeva NA,
Ivanov SA, Kaprin AD, et al. Adiponectin: a pleiotropic hormone
with  multifaceted roles. MpoBnembl  3HOOKPUHOMOTUAN.
2021;67(6):98-112.

7. Whig P, GuptaK, Jiwani N, Jupalle H, Kouser S, Alam N. A novel
method for diabetes classification and prediction with Pycaret.
Microsyst Technol. 2023;1-9.

8. Dilworth L, Facey A, Omoruyi F. Diabetes mellitus and its
metabolic complications: the role of adipose tissues. Int J Mol
Sci. 2021;22(14):7644.

9. Straub LG, Scherer PE. Metabolic Messengers: adiponectin.
Nat Metab 2019 13. 2019 Mar;1(3):334-9.

10. Krause MP, Milne KJ, Hawke TJ. Adiponectin—Consideration
for its Role in Skeletal Muscle Health. Int J Mol Sci 2019, Vol 20,
Page 1528. 2019 Mar;20(7):1528.

11. Fagian Pansani V, Dolfini Celim LB, Amorim Oliveira G, Rosa

Open access attribution (CC BY-NC 4.0)


https://www.apicareonline.com/index.php/APIC

Al-Dulaimy AHH, Abdul Ghafoor KF.

12.

13.

14.

15.

16.

17.

18.

19.

www.apicareonline.com

Degasperi G. Adiponectin: A “Friendly adipokine” in Diabetic
Retinopathy? In: Seminars in Ophthalmology. Taylor & Francis;
2023. p. 1-8.

Yoon MJ, Lee GY, Chung J-J, Ahn YH, Hong SH, Kim JB.
Adiponectin increases fatty acid oxidation in skeletal muscle
cells by sequential activation of AMP-activated protein kinase,
p38 mitogen-activated protein kinase, and peroxisome
proliferator—activated receptor a. Diabetes. 2006;55(9):2562—
70.

Yanai H, Yoshida H. Beneficial Effects of Adiponectin on
Glucose and Lipid Metabolism and Atherosclerotic Progression:
Mechanisms and Perspectives. Int J Mol Sci 2019, Vol 20, Page
1190. 2019 Mar;20(5):1190.

Leahy JL, Hirsch IB, Peterson KA, Schneider D. Targeting B-Cell
Function Early in the Course of Therapy for Type 2 Diabetes
Mellitus. J Clin Endocrinol Metab. 2010 Sep;95(9):4206-16.

Bhatti JS, Bhatti GK, Reddy PH. Mitochondrial dysfunction and
oxidative stress in metabolic disorders — A step towards
mitochondria based therapeutic strategies. Biochim Biophys
Acta - Mol Basis Dis. 2017 May;1863(5):1066-77.

Abbed AM. Effect of Metformin and Glimepiride Treatment on
Some Biochemical Parameters in Diabetic Male Patients with
Chronic Renal Failure. Ibn AL-Haitham J Pure Appl Sci.
2019;32(2):38-44.

Al-Omari A, Alhugbani WN, Zaidi ARZ, Al-Subaie MF, AlHindi
AM, Abogosh AK; et al. Clinical characteristics of non-intensive
care unit COVID-19 patients in Saudi Arabia: a descriptive
cross-sectional study. J Infect Public Health. 2020;13(11):1639-
44,

Al Samarrai OR. Preptin hormone level and some biochemical
parameters in type 2 diabetic patients in Samarra city. Samarra
J Pure Appl Sci. 2020;2(3):1-6.

Hamad AAU-R, Abbas KA, Raffah R, Al-Janabi HO. Correlation
between preptin hormone and antioxidants parameters in sera
of patients with type 2 diabetes mellitus. Pharm Glob.
2017;8(2):50.

557

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Adiponectin in diabetes mellitus

Alobaidi MBA, Al-Samarrai RRH. Correlation between serum
asprosin level and oxidative stress in Iraqi patients with type Il
diabetes mellitus. Sys Rev Pharm. 2020;11(12):1729-33.

Jaeger BC, Booth I1l JN, Butler M, Edwards LJ, Lewis CE, Lloyd-
Jones DM, et al. Development of predictive equations for
nocturnal hypertension and nondipping systolic blood pressure.
J Am Heart Assoc. 2020;9(2):e013696.

Shih C-H, Hsu B-G, Hou J-S, Wu D-A, Subeq Y-M. Association
of low serum adiponectin levels with aortic arterial stiffness in
patients with type 2 diabetes. J Clin Med. 2019;8(6):887.

Nishimura M, Morioka T, Hayashi M, Kakutani Y, Yamazaki Y,
Kurajoh M, et al. Plasma omentin levels are inversely associated
with atherosclerosis in type 2 diabetes patients with increased
plasma adiponectin levels: a cross-sectional study. Cardiovasc
Diabetol. 2019;18:1-10.

Liu W, Zhou X, Li Y, Zhang S, Cai X, Zhang R, et al. Serum
leptin, resistin, and adiponectin levels in obese and non-obese
patients with newly diagnosed type 2 diabetes mellitus: A
population-based study. Medicine (Baltimore). 2020;99(6).

Abou-Seif MA, Youssef A-A. Evaluation of some biochemical
changes in diabetic patients. Clin Chim Acta. 2004;346(2):161-
70.

Maritim AC, Sanders aRA, Watkins lii JB. Diabetes, oxidative
stress, and antioxidants: a review. J Biochem Mol Toxicol.
2003;17(1):24-38.

Kazi TG, Afridi HI, Kazi N, Jamali MK, Arain MB, Jalbani N, et
al. Copper, chromium, manganese, iron, nickel, and zinc levels
in biological samples of diabetes mellitus patients. Biol Trace
Elem Res. 2008;122:1-18.

Opara EC. Oxidative stress, micronutrients, diabetes mellitus
and its complications. J R Soc Promot Health. 2002;122(1):28—
34.

Temelkova-Kurktschiev T, Hanefeld M. The lipid triad in type 2
diabetes-prevalence and relevance of hypertriglyceridaemia/low
high-density lipoprotein syndrome in type 2 diabetes. Exp Clin
Endocrinol diabetes. 2004;112(02):75-9.

Open access attribution (CC BY-NC 4.0)


https://www.apicareonline.com/index.php/APIC

