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Abstract 

Both the metabolic foundation of diabetes and the 
complications of the disease can result in significant 
losses of essential micronutrients. This review is a 
summary of the research that investigates the impact that 
type 2 diabetes has on the body's capacity to digest trace 
minerals, vitamins, and other nutrients. This review 
covers the micronutrient status, metabolic needs, and 
likely requirements for micronutrients in type 2 diabetics. 
Since vitamin D and type 2 diabetes have been the subject 
of extensive coverage elsewhere, we will not go into 
further detail about them here. Some of the less well-
known micronutrients that were investigated include 
zinc, magnesium, chromium, copper, manganese, iron, 
selenium, and vanadium, as well as certain antioxidants 

and vitamins from the B group. Although there is still a 
great deal more research to be done in this field, it has 
been demonstrated that supplementing with 
micronutrients can have a positive impact on the control 
of glycemic levels. More research is needed to develop 
improved biomarkers of the status and requirements of 
micronutrients in type 2 diabetes. It can be challenging to 
determine how much micronutrient supplementation a 
person with type 2 diabetes should take in order to attain 
glucose homeostasis.  
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Introduction 

Diabetes is a metabolic illness that is defined by 
hyperglycemia that is present for an extended period. 
This illness is brought on by many different factors, such 
as genetics, food, environmental factors, and physical 
activity, among others [1]. Type 1 diabetes and type 2 
diabetes (often referred to simply as T2D) are the two 
forms of diabetes that are diagnosed the most frequently 
[2]. Environmental and behavioral factors, in addition to 
the heightened genetic susceptibility that is linked with 
particular racial and ethnic groups, play a key influence 
in the development of type 2 diabetes [3]. The patterns of 
people's diets and lifestyles have altered as a result of 
globalization. For example, people are now consuming a 

greater variety of foods that are rich in fat or carbs, and 
they are also living more sedentary lives that need less 
energy to sustain. Diets not only kick off a plethora of 
metabolic processes, but they also upset the homeostatic 
equilibrium of an organism's metabolism. Poor dietary 
habits, such as those connected with the Western diet, 
leads in diabetes. As a consequence of this, diabetes has 
become an increasingly common condition [4].  

Blood glucose levels may be managed in patients with 
type 2 diabetes either by diet modification on its own or 
in conjunction with the use of hypoglycemic drugs [5]. 
Consuming a diet with fluctuating levels of amino acids, 
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such as varying quantities of them, may result in changes 
in the plasma concentrations of branched-chain amino 
acids (BCAA). These changes in BCAA levels are 
associated with an increased risk of type 2 diabetes [6]. 
Increased consumption of a diet rich in fiber and protein 
resulted in a shift in the abundance of Akkermansia 
muciniphila, leading to reduced fasting glucose levels in 
individuals. However, a more thorough understanding of 
the significance of these effects on glucose regulation 
requires additional research into the connections 
between dietary patterns and glucose metabolism [7]. It 
is of the utmost importance to investigate and put into 
practice suitable dietary solutions that could minimize 
the incidence of diabetes as well as the challenges that are 
linked with it. These include consuming a broad range of 
meals and engaging in activities that encourage healthy 
eating [8].  

Fat  

It is possible for lipid metabolites to enter the body via a 
variety of entrance sites due to the body's complex 
structure. To begin, they may be taken in by our bodies 
via the food that we eat. According to Soler et al [9], the 
liver and adipose tissue may generate them intracellularly 
through a variety of distinct pathways. Because of the 
development of the science of lipidomics, it is now 
feasible for us to have a more in-depth understanding of 
the many lipid species that are present in circulation. It 
has been more apparent over the course of the last two 
decades that consuming a diet that is high in fat is 
associated with an increased risk of insulin resistance as 
well as type 2 diabetes. It is more probable that a person 
will become obese if they eat a diet that is high in fat. 
Obesity is connected with an increase in the quantity of 
fat that is stored in the cells of the body. According to 
findings from a study that was carried out in 2019 by 
Uusitupa and colleagues [10], the presence of extra fat in 
the body is associated with an increase in the production 
of proinflammatory cytokines, in addition to other 
hormones or chemicals that are associated with insulin 
resistance.   

According to research that was conducted by Selathurai 
and colleagues in 2015 [11], free fatty acids prevent the 
activation of Akt and PKB, which, in turn, disrupts the 
pathway that insulin employs to convey signals. In 
addition to this, there is an increase in the creation of 
reactive oxygen species within the mitochondria, which 
has been proven to alter the way that glucose levels are 
controlled within the body [12]. This is a consequence of 
the fact that the formation of reactive oxygen species 
within the mitochondria is increased. There is a 
possibility that the improvement in glucose metabolism 
is due, at the very least in part, to the role that PPAR plays 
as a regulator of fatty acid oxidation. According to 
Wakeman [13], PPAR also stimulates the activity of its 
direct target, which is also known as TRB3. Insulin 
sensitivity is decreased as a consequence of this, and 
activation of the AKT pathway is stifled as a result. Not 
only is PPAR responsible for regulating the glucose levels 
in the body, but it also takes part in the process of 
adipogenesis as an effector by interacting with C/EBP 

[14]. This information was found in a study that was 
published in 2022.  

In addition, it has been shown via in vitro testing that 
palmitate is not as effective in lowering insulin resistance 
as monounsaturated fatty acids (MUFAs) and oleate are. 
Trans fats have been the topic of a significant amount of 
debate due to the fact that they may have an impact on 
the upkeep and administration of glucose levels. Eating 
meals that are rich in cholesterol has been proven to be 
connected with an increased risk of acquiring type 2 
diabetes, according to the results of a meta-analysis that 
was carried out in a recent study [15]. It has been shown 
that plant sterols and stanols may be able to reduce blood 
cholesterol levels, a result that may have good 
ramifications for glucose metabolism [16].  

Protein  

Proteins are important in almost every aspect of health 
except for how much you weigh and what you consume 
[17]. In some persons, eating more protein leads to a 
decrease in blood sugar levels due to an increase in 
insulin production. Short-term advantages of high-
protein diets include weight reduction, better glucose 
metabolism, higher insulin sensitivity, and reduced 
inflammation, as described by [15]. Consuming a high 
protein diet seems to be associated with systemic insulin 
resistance over time. This occurs because of increased 
mTOR/S6K1 signaling, which causes gluconeogenesis to 
speed up and glucagon to be broken down quickly [18]. 
Healthy people who fed a high-protein diet for six months 
(1.87 0.26 g protein/kg body weight per day) had 
substantially higher fasting blood glucose levels, insulin's 
capacity to control hepatic glucose output was reduced, 
and gluconeogenesis was sped up [19]. Type 2 diabetics, 
on the other hand, benefit from low-protein diets (those 
in which protein accounts for just 5%-10% of total 
calories).  

Fish protein has gained increased attention in recent 
years due to the lower incidence of type 2 diabetes in 
regions such as Alaska and Greenland, where fish 
consumption is notably high [20]. This is due to the 
widespread popularity of eating fish in Arctic regions 
such as Alaska and Greenland. Cod protein protected rats 
from developing insulin resistance in response to sucrose 
or saturated fat, as described by Lavigne et al. [21]. 
Improving skeletal muscle glucose uptake was shown to 
be crucial to achieving this goal. On the other hand, a 
quite different group of animals was given casein. Cod 
protein boosted GLUT4 translocation to the T tubules via 
activating the PI3K/AKT signaling pathway, as reported 
by a recent study [22]. The results were just published in 
the highly-regarded journal Cell. As a direct result, the 
amount of glucose transported in response to insulin 
increased. Cod protein consumption has also been linked 
to a decreased risk of developing type 2 diabetes in 
human studies. In 2018 research, Leary [23] found that 
the ratio of insulin to glucose generated by cod protein 
was lower than that of milk protein. The research of the 
aforementioned academics led to this conclusion. In 
comparison to those who ate beef protein, those who ate 
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cod protein had higher plasma insulin concentrations 
after eating [22].  

According to [24], the amino acid response is the normal 
strategy for coping with a deficiency of amino acids. 
Deacetylation of matching tRNAs occurs when quantities 
of essential amino acids decline. According to a study by 
Akhlaghi et al. [25], charge-free tRNAs may bind to and 
activate GCN2 kinase. This is what the team of 
investigators found [25]. Increasing one's consumption of 
BCAAs has been found to have a favorable impact on type 
2 diabetes in a number of studies. However, research 
suggests that elevated insulin sensitivity and glucose 
tolerance may result from a deficiency in BCAAs [26].   

Role of micronutrient in preventing diabetics   

Mineral compounds, which are a kind of micronutrient, 
are important for healthy development; nevertheless, 
because of the critical roles that they play in the 
preservation of metabolic homeostasis, they can only be 
present in very trace amounts. There is an increasing 

body of research that suggests there may be a link 
between a shortage in mineral components and type 2 
diabetes (also known as T2D) [27].  

Chromium  

The results of two clinical investigations that were 
conducted in China and involved diabetic participants 
found that the usage of chromium supplements resulted 
in a significant improvement in the participants' capacity 
to maintain appropriate control over their blood glucose 
levels. Both of these studies were carried out with the 
participation of diabetic patients.  These studies did not 
examine either the initial chromium levels or the 
alterations in chromium levels resulting from the 
supplementation. It was decided that none of these 
variables was significant enough to warrant 
measurement. The practice of taking chromium 
supplements (of any type) in order to assist in the 
management of diabetes or in obtaining a healthy weight 
has not been supported by the research that has been 
carried out in recent years [28].  

Zinc  

Uncontrolled hyperglycemia leads to elevated urinary 
zinc excretion, resulting in a frequent occurrence of zinc 
deficiency in individuals with diabetes. To compensate 
for these losses, the body increases zinc absorption in the 
intestines. However, if this second compensatory 
mechanism fails to function properly, it is likely 
insufficient to address the zinc deficiency issue. This is 
primarily because zinc is an indispensable element for the 

body [29]. If there is a concern about insufficient zinc 
intake in an individual's diet, it may be advised to 
consider taking a 220-milligram zinc sulfate supplement 
three times a day. This recommendation is especially 
relevant for individuals at high risk, including those who 
have had prolonged glycosuria or use diuretic 
medications. However, it's important to note that zinc 
supplements should not be used continuously for more 
than three months, as prolonged use can potentially 

  

Figure 1: Represent the various micronutrient helps in preventing diabetes  

https://irabcs.com/


Zubair et al. IRABCS. 2024; 2(1): 21-26. 
 

 

24  

impact the body's ability to absorb copper and influence 
lipid profiles negatively. Therefore, it is not 
recommended to exceed this three-month duration for 
zinc supplementation [30].   
 

Calcium  

While it has long been established that calcium and 
vitamin D are crucial for bone health, recent research has 
unveiled additional roles for them. These studies suggest 
that they may play a part in immune system regulation 
and the production and function of insulin in the 
pancreas. This newfound understanding adds to the 
previously recognized importance of calcium and vitamin 
D for maintaining healthy bones, highlighting a 
dimension that was previously overlooked [31, 32].  The 
Recommended Daily Intake (RDI) of calcium and vitamin 
D varies not only based on a woman's age but also her 
specific stage in the menopausal transition. Interestingly, 
individuals with diabetes don't appear to require a greater 
amount of calcium and vitamin D compared to a group of 
non-diabetic individuals of the same age [33].   

Vanadium  

Extensive evidence suggests that vanadium plays a role in 
glucose metabolism. However, clinical studies involving 
vanadium salts as a diabetes therapy have yielded less-
than-encouraging results. To explore potential diabetes 
treatments, researchers are now investigating novel 
organo-vanadium compounds that not only demonstrate 
enhanced effectiveness but also pose fewer risks [34].    
  

Selenium  

Selenoproteins, a category of proteins incorporating 
selenium, have demonstrated an influence on both 
thyroid hormone function and the management of 
oxidative stress. Furthermore, recent studies conducted 
on adult populations in the United States have indicated 
a positive association between the prevalence of diabetes 
and increased blood selenium levels [35].  
  

Vitamins 

Vitamin A, Carotenoids, and Retinoids  

There is no need for vitamin A supplementation in excess 
of the Recommended Dietary Intake (DRI) [36]. Indeed, 
studies indicate that the consumption of excessive 
quantities of vitamin A could potentially have adverse 
effects on one's health [37].  

B Vitamins  

Plasma homocysteine levels in individuals with type 2 
diabetes appear to be unrelated to disease-related factors 
such as disease duration, current treatment, or the 
presence of complications. Additionally, the cognitive 
decline associated with aging may be mitigated through 
the use of folic acid supplements. In the United States, the 
widespread fortification of wheat and other grain 
products with folate was driven by the recognition of 
folate's crucial role in lowering the risk of birth defects 
[38].   

An association exists between elevated levels of this 
amino acid in the bloodstream and a heightened risk of 
cardiovascular disease (CVD), sparking greater interest in 
the use of folate supplements to lower homocysteine 
levels. While it has been established that 
supplementation with folate, vitamin B6, and vitamin B12 
can reduce homocysteine levels, intervention studies 
have yet to demonstrate a reduction in the incidence of 
cardiovascular events as a result [38].  

Niacin, referred to as nicotinic acid and its amide, serves 
as the active component in B3. Studies have suggested 
that nicotinamide may contribute to preserving β-cell 
mass in individuals recently diagnosed with type 1 
diabetes. However, due to the relatively small size of the 
studied group, conclusive findings regarding the 
therapeutic efficacy of nicotinamide in this population 
remain elusive [39].  

Vitamin C (Ascorbic Acid)  

Ascorbic acid serves as a potent antioxidant, playing a 
crucial role in combating oxidative stress in the body. 
However, when blood glucose levels remain consistently 
high, there may be a reduction in the absorption of 
dehydroascorbate by various tissues. Despite the known 
benefits of vitamin C as an antioxidant, randomized 
controlled trials have failed to provide substantial 
evidence supporting the idea that vitamin C 
supplementation effectively reduces the risk of 
developing cancer or cardiovascular disease [40].   

Vitamin E (Tocopherols)  

Vitamin E is known for its antioxidant capabilities, and 
animal studies have demonstrated that excessive vitamin 
E intake can have a stabilizing effect on platelet 
membranes and reduce the oxidation of LDL cholesterol. 
Several observational studies have suggested that adding 
vitamin E supplements to one's diet might be associated 
with a reduced risk of developing cardiovascular disease. 
However, when it comes to interventional studies, 
particularly those involving a substantial number of 
individuals with diabetes, the hypothesis that vitamin E 
reduces the risk of cardiovascular disease did not find 
support in the results [41].   

Conclusion  

The research discussed in this review underscores the 
substantial body of evidence highlighting the impact of 
micronutrients on regulating blood sugar levels in 
individuals with type 2 diabetes. Although there is clear 
evidence indicating increased excretion of micronutrients 
among those with type 2 diabetes, it remains challenging 
to determine how these deficiencies might influence the 
development of the condition. Even when patients receive 
established hypoglycemic treatments, it is crucial to 
explore alternative approaches to enhance insulin 
sensitivity. The available evidence strongly supports the 
combined use of zinc, magnesium, antioxidants 
(including vitamins E, C, and ALA), and B-group vitamins 
as part of diabetes management and therapy. These 
micronutrients appear to complement each other, leading 
to positive results in controlling blood sugar levels in type 
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2 diabetes. Further research is needed to better 
understand the effects of other micronutrients such as 
vanadium, selenium, manganese, and biotin on glycemic 
control in individuals with type 2 diabetes.  
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