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Abstract
Diabetes Mellitus poses a significant global burden, impacting healthcare and economic systems and affecting 10.5% of the 
population. Type 2 Diabetes Mellitus (T2DM) accounts for approximately 90% of all cases. Risk factors associated with the 
development of T2DM include obesity, physical inactivity, unhealthy diet, genetic predisposition, psychosocial stress, environmental 
toxins, and socioeconomic determinants. Despite advances in pharmacological therapies, achieving optimal glycaemic control 
remains challenging and is associated with numerous complications, including mental health disorders. This has sparked interest 
in the potential role of micronutrients, particularly selenium and zinc, as adjuncts in T2DM management strategies. This manuscript 
reviews all published observational and interventional studies evaluating the association between obesity and T2DM, and assesses 
the effectiveness of selenium and zinc supplementation in promoting optimal glycaemic control.
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INTRODUCTION
Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic 
disorder characterized by persistently elevated 
blood glucose levels resulting from impaired insulin 
utilization by peripheral tissues, a condition known as 
insulin resistance. In response, the pancreas initially 
increases insulin secretion; however, this compensatory 
mechanism gradually fails, leading to a progressive 
decline in insulin production [1].

T2DM accounts for approximately 90% of all diabetes 
cases, making it the most prevalent form of the disease. 
A strong genetic predisposition is evident, particularly 
among individuals with a positive family history. The risk 
of developing T2DM is about 40% if a close relative has 
diabetes, and it increases to nearly 70% in monozygotic 
twins [2].

Risk factors associated with the development of T2DM 
include obesity, physical inactivity, unhealthy diet, genetic 
predisposition, psychosocial stress, environmental 
toxins, and socioeconomic determinants [3].

The global burden of T2DM continues to rise. In 2021, an 
estimated 529 million people were living with diabetes, 
and by 2045, the number is projected to exceed 783 
million. In 2019 alone, diabetes was responsible for 
4.2 million deaths worldwide [4]. Moreover, the global 
economic burden is substantial, with diabetes-related 

healthcare expenditure expected to reach $1,054 billion 
by 2045 [5].

Given the critical roles of zinc and selenium in glucose 
metabolism, insulin signalling, and oxidative stress 
modulation [6], this review is essential for synthesizing 
current evidence and clarifying their implications in the 
development and progression of T2DM.

This manuscript reviews all published observational and 
interventional studies evaluating the association between 
obesity and T2DM, and assesses the effectiveness of 
selenium and zinc supplementation in promoting optimal 
glycaemic control.

DIABETES AND OBESITY
Patients with T2DM are usually obese, with a predominant 
distribution of fat in the abdominal region [3, 7]. Adipose 
tissue induces insulin resistance through inflammatory 
mechanisms that lead to the release of free fatty acids 
and dysregulation of adipokines [7].

Obesity has a significant role in inducing insulin 
resistance. Free fatty acids modify the expression 
of perilipin, which is found on the outer surface of 
lipid droplets, to inhibit lipases from degrading lipid 
droplets and releasing free fatty acids. Additionally, 
fatty tissues produce inflammatory mediators such as 
monocyte chemotactic protein1, interleukin 6 (IL-6), 
and tumour necrosis factor (TNF- α). Obesity reduces 
adiponectin secretion, which is mainly produced by 
adipose tissue. Adiponectin promotes insulin sensitivity 
in the peripheral tissue, reduces the production of 
inflammatory molecules, inhibits the degradation of 
fatty acids, reduces the formation of fatty acids in the 
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liver, and maintains the elasticity of blood vessels. Also, 
obesity leads to the release of Leukotrienes (LTs), potent 
inflammatory molecules that inhibit the 5-lipoxygenase 
enzyme. This enzyme is found to protect obese mice 
from insulin resistance through decreasing macrophage 
and T cell infiltration [8].

COMPLICATIONS OF DIABETES
Chronic hyperglycaemia contributes to the development 
of multiple complications, such as nephropathy, 
retinopathy, polyneuropathy, diabetic foot ulcers, and 
atherosclerosis. Diabetic patients have 2 to 3 times 
higher risk of developing depression compared to non-
diabetic patients. Furthermore, diabetic patients have 
more than 20 % higher risk of developing anxiety [9].

The first line of management of T2DM is lifestyle 
modification, including nutritional rehabilitation, 
increased physical activity, and adjustment of body 
weight. When these strategies fail to achieve adequate 
glycaemic control, oral hypoglycaemic agents are added 
to the treatment plan [10].

DIABETES AND SELENIUM (SE)
Se is a trace element that plays an essential role in cellular 
redox reactions as a cofactor for certain enzymes, such 
as glutathione peroxidases and thioredoxin reductase. 
Redox reactions are involved in the regulation of 
inflammation and immune system function [11]. In states 
of excess adiposity, selenium nutritional status is primarily 
altered by reduced glutathione peroxidase activity, 
especially in adults with obesity. Additionally, overweight 
and obese individuals often exhibit lower selenium 
levels in urine and nails [12]. The relationship between 
Se and the development of metabolic disorders remains 
under investigation, and the results are controversial 
[11]. As chronic hyperglycaemia increases the release 
of various reactive oxygen species, induces oxidative 
stress, and decreases Se levels, it was hypothesised 
that Se supplementation may be beneficial. Some 
studies reported that Se supplementation at optimal 
concentration may improve the metabolic state of T2DM 
patients [13, 14]. Farrokhian and collaborators (2016) 
recommended selenium supplementation at 200 μg 
[13], whereas Tabrizi and collaborators (2017) did not 
specify a recommended supplementation dose in their 
systematic review and meta-analysis [14]. However, 
other studies revealed no significant benefits of Se in 
T2DM patients. Moreover, Se could harm glycaemic 
control and may increase the risk of developing T2DM 
[10, 15]. Although antioxidant enzymes protect against 
oxidative cell damage by eliminating reactive oxygen 
species, overexpression of these enzymes may 
adversely affect insulin sensitivity, as reactive oxygen 
species are important for insulin sensitization [16].

DIABETES AND ZINC (ZN)
Zn is an essential trace element that has an antioxidant 
effect in the human body. It plays a significant role in 

energy and lipid metabolism [17]. A 2019 meta-analysis 
demonstrated a significant association between 
overweight and obesity and reduced serum zinc levels 
in both children and adults [18]. Zn plays a major role 
in the synthesis, storage, and secretion of insulin by 
pancreatic β-cells. Also, Zn plays an important role in 
insulin translocation into cells and insulin sensitivity by 
activating the phosphoinositol-3-kinase/protein kinase 
B cascade. Zn stimulates glucose uptake in insulin-
dependent tissues. In addition, Zn suppresses the 
release of inflammatory cytokines such as interleukin-
1β and nuclear factor κB, decreasing β-cell apoptosis. 
These mechanisms could partially explain the possible 
beneficial role of Zn in the management of T2DM [17].

The Nurses’ Health Study, a large prospective cohort 
conducted in the United States, reported in 2009 that 
higher Zn intake was associated with a decreased risk 
of T2DM, especially among women [19]. These results 
are consistent with other longitudinal studies [20, 21]. 
However, other studies did not show similar results 
and reported an insignificant association between Zn 
supplementation and the development of T2DM [22, 23].

The meta-analysis by Pompano and Boy (2021) included 
1,042 participants who received zinc supplementation 
and 974 who received a placebo across 27 studies. 
Low-dose zinc supplementation (<25 mg/day) was 
associated with significant improvements in fasting 
blood glucose, insulin resistance, triglycerides, total 
cholesterol, and LDL cholesterol. In contrast, high-dose 
zinc supplementation (≥25 mg/day) improved glycated 
haemoglobin and insulin resistance [24].

CONCLUSION
Given the conflicting findings in published studies on 
the effectiveness of Se and Zn in managing T2DM 
and the substantial burden of this chronic disease, it is 
crucial to evaluate the effects of Se and Zn on achieving 
adequate glycaemic control in individuals with T2DM. 
The inconsistent and, at times, contradictory evidence 
in the literature on Se and Zn supplementation, together 
with the significant clinical and public health impact of 
T2DM, underscores the need for rigorously designed 
investigations. Continued research is essential to 
elucidate the roles of Se and Zn in glucose metabolism 
and to determine their potential contribution to achieving 
and sustaining optimal glycaemic control in individuals 
with T2DM. Accordingly, future clinical trials should focus 
on addressing the following key question: Can combined 
Se and Zn supplementation effectively enhance 
glycaemic control in patients with T2DM?
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