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Abstract: The worldwide prevalence of type 2 diabetes (T2D) and prediabetes is rapidly increasing, particularly 

in children, adolescents, and young adults. Oxidative stress (OxS) has emerged as a likely initiating factor in 

T2D. The role of natural antioxidant products in combating T2D is best evaluated in the context of the complex 

physiological processes that modulate T2D-OxS such as glycemic control and exercise. The role of natural 

antioxidant compounds such as vitamin E in T2D must likewise be considered beyond their roles as inhibitors 

of OxS. In addition to antioxidant properties, vitamin E vitamers (tocopherols and tocotrienols) also exhibit 

distinct abilities to regulate cellular signal transduction pathways important to T2D progression. Most research 

on the role of vitamin E in T2D or prediabetes has been limited to tocopherols (Ts) but emerging trials with 

tocotrienols (T3s) show promise. Minimizing factors that induce chronic damaging OxS and maximizing 

natural antioxidant protective factors may provide a means of preventing or slowing T2D progression. This 

“optimal redox” (OptRedox) approach also provides a framework in which to discuss the potential benefits of 

natural antioxidant factors such as antioxidant products. Since early, effective intervention is critical, the 

OptRedox strategy would be optimally effective if implemented in the pediatric population.  

Keywords: antioxidants; oxidative stress; reactive oxygen species; type 2 diabetes; pediatrics; redox; 

glycemic control; exercise; vitamin E; glutathione 

 

 

1. Introduction 

The worldwide prevalence of diabetes mellitus (DM) over the last three decades has at least 

tripled making this disease a critical public health and economic issue for most nations [1,2]. About 

90-95% of those with DM have type 2 DM (T2D) which is rapidly increasing in children, adolescents, 

and young adults along with an increasing rate of prediabetes, a major risk factor for T2D [3]. About 

one in three USA adults have prediabetes which is undiagnosed in eight out of ten people [4] [5]. The 

total USA cost of DM in 2017 was $327 billion with each diagnosed individual incurring about $16,000 

in annual medical expenses [4]. 

While the US Prevention Services Task Force currently recommends screening adults for 

prediabetes and T2D, it suggests that current evidence is insufficient to assess the balance of benefits 

and harms of screening for children or adolescents [5]. Of the 37.1 million USA adolescents and adults 

with DM, it is estimated that about one in five is “undiagnosed” [6]. While individual lifestyle 

alterations for T2D and prediabetes are generally considered the treatments of choice, this option can 

be problematic for those without a diagnosis. Moreover, children and adolescents with T2D show a 

high dropout from the medical care system suggesting the need for some “remodeling of current 

healthcare practices” [7].  

As detailed below, considerable evidence supports the role of damaging oxidative stress (OxS) 

as a key factor in both the initiation and progression of T2D. This review will explore the hypothesis 

that minimizing physiological factors that induce damaging OxS and maximizing natural antioxidant 

factors (i.e., the OptRedox strategy) may provide a means of preventing or slowing T2D progression. 

Both adults and the pediatric population could potentially benefit from this OptRedox strategy. Since 

early intervention is critical, this strategy would be optimally effective if implemented as a public 
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health policy in the pediatric population. School-based T2D interventions are a logical focal point for 

exploring future OptRedox strategy implementation and research [8].  

Considering the large number of individuals that have undiagnosed prediabetes or T2D, a 

“blanket” implementation of OptRedox must be justified by evidence-based medicine. Moreover, 

some individuals are likely at high risk for OxS-driven T2D, and a systems medicine approach with 

a complementary emphasis on redoxomics might identify such individuals and predict if they could 

be responders to OptRedox or other medical treatments [9]. Before detailing the natural OptRedox 

factors for combating T2D, we will first summarize the dynamic involvement of OxS in T2D 

pathogenesis. 

2. The Role of Oxidative Stress and T2D Pathogenesis 

As shown in Figure 1, there are four stages to T2D progression, i.e., insulin resistance, 

prediabetes, T2D, and T2D with vascular damage [10,11]. As indicated, fasting blood glucose levels 

(and/or HbA1c) levels are the main criteria for distinguishing these stages. T2D pathogenesis is 

multifactorial with very complex alterations in carbohydrate, lipid, and protein metabolism [12]. A 

comprehensive review of T2D pathogenesis is beyond the scope of this review. Viewing T2D as a 

continuum (as in Figure 1) is, however, useful for promoting interventions at the earliest stage. 

Fortunately, this is also where the OptRedox strategy may be particularly effective. 

 

Figure 1. The four stages of type 2 diabetes (T2D) progression and oxidative stress. The roles of 

reactive oxygen species (ROS), and advanced glycation end products (AGEs) in T2D progression are 

explained in the text below. 

3. Insulin Resistance in Skeletal Muscle is Considered the Initiating Defect Leading to T2D 

Considerable evidence supports the view that damaging OxS plays a central role in both 

initiating and accelerating the progression of T2D [9,13,14]. We will focus on the role of OxS in 

promoting insulin resistance and prediabetes. Insulin resistance in skeletal muscle is considered the 

initiating or primary defect leading to T2D [15]. GLUT4 is the primary glucose transporter for skeletal 

muscle. Under normal circumstances, insulin binding to the insulin receptor on skeletal muscle cells 

activates AKT (serine/threonine-specific protein kinases) phosphorylation eventually resulting in the 

translocation of GLUT4 to the plasma membrane thereby promoting glucose transport from plasma 

into skeletal muscle cells. Skeletal muscle insulin resistance occurs when the normal amount of 

insulin is inadequate for promoting the expected uptake of glucose. Over time, insulin resistance may 

result in prediabetes with an increased level of blood glucose. Skeletal muscle accounts for about 80% 
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of insulin-stimulated glucose uptake [15]. Decreased insulin-stimulated translocation of GLUT4 to 

the skeletal muscle surface, and/or decreased expression of GLUT4, are well-accepted causes of 

insulin resistance [16-18]. 

4. Skeletal Muscle Mitochondrial Hydrogen Peroxide (H2O2) Emission Results in Insulin 

Resistance 

The pioneering work of Anderson et al. [19], in normal rodents and humans, shows that excess 

dietary calories promote skeletal muscle mitochondrial hydrogen peroxide (H2O2) emission resulting 

in transient insulin resistance. While excess dietary carbohydrates and fat both promote this effect, it 

is markedly more pronounced with a high-fat diet. In obese but otherwise healthy human subjects, 

skeletal muscle mitochondrial H2O2 emission was twice the level observed in lean human subjects 

[19].  

 A synthetic mitochondrial-specific antioxidant, SS31, was able to block skeletal muscle 

mitochondrial H2O2 emitting potential as well as the subsequent development of insulin resistance 

[19]. Mechanistically, a high-fat diet prevented the AKT-mediated translocation of GLUT4 to the 

skeletal muscle surface as detailed above (other mechanisms could also be involved) [19]. Increased 

mitochondrial hydrogen H2O2 emission was accompanied by a reduction in the skeletal muscle ratio 

of reduced glutathione (GSH) to oxidized glutathione (GSSG) which would be expected by the 

glutathione peroxidase (GPX) reduction of H2O2 to H2O (see Figure 2).  

 

Figure 2. Glutathione peroxidase decomposition of hydrogen peroxide. Mitochondrial electrons 

from the respiratory chain are donated to oxygen forming the superoxide radical (O2*-). Superoxide 

dismutase (SOD) generates hydrogen peroxide (H2O2) from O2*-. H2O2 is reduced to H2O by 

glutathione peroxidase (GPX) utilizing reduced glutathione (GSH) and generating oxidized 

glutathione (GSSG). GSSG is recycled back to GSH by glutathione reductase (GR) with the 

consumption of NADPH. 

Collectively, the results of Anderson et al. suggest that excess calories, particularly excess fat 

calories, can result in transitory insulin resistance in normal humans. More recent in vitro and in vivo 

work by Fazakerley et al. [20] indicates that specifically inducing mitochondrial production of O2-. 

/H2O2, by use of paraquat, will also induce insulin resistance in adipocytes and muscle cells by 

blocking insulin-stimulated GLUT4 translocation to the plasma membrane. Moreover, Fazakerley et 

al. present evidence suggesting that mitochondrial OxS, in the absence of cytosolic OxS, is sufficient 

to cause insulin resistance [20]. Natural antioxidants that can inhibit mitochondrial-induced insulin 

resistance are, therefore, high-priority candidates for OptRedox since they have the potential to slow 

or prevent a key T2D-initiating event. This hypothesis will be explored further below.  

5. Avoiding High-Fat, High-calorie Meals Could Be an Effective OptRedox Strategy 

The Anderson et al. research strongly suggests that avoiding high-fat, high-calorie meals (and 

the attendant OxS) could be an effective OptRedox strategy by inhibiting early T2D initiation [19]. 

Encouragingly, there is evidence showing that a low-calorie diet combined with long-term weight 

loss support has the potential to reverse T2D in adults [21,22]. The potential of low-calorie diets in 

slowing or preventing T2D progression in children has not been reported, underlining the critical 

need for research in this population. The United States Department of Agriculture (USDA)- National 
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School Lunch Program (NSLP) serves over 30 million children and would be an ideal agency to 

explore research into the option of providing diets optimized to prevent T2D initiation and 

progression. Such an intervention would need a careful research design and the voluntary 

participation of children and their parents/guardians.   

6. Hyperglycemia, Oxidative Stress (OxS), and T2D Progression 

In susceptible individuals, skeletal muscle insulin resistance can be a contributing factor to 

increased postprandial glycemia (PPG) [23,24]. Postprandial glucose can eventually exceed 140 mg/dl 

(2 hours after a carbohydrate-containing meal) and become postprandial hyperglycemia (PPH), 

which is one of the earliest abnormalities associated with T2D [23].   

High levels of PPG are problematic for multiple reasons. PPG, 2 hours after lunch, is a better 

predictor of cardiovascular events and all-cause mortality in T2D than fasting blood glucose levels 

[25,26]. In an excellent and extensive review, Sottero [24] et al. concluded that chronic postprandial 

OxS resulting from PPH is a key factor driving T2D progression. The mechanisms connecting 

hyperglycemia and OxS are detailed below.    

7. Hyperglycemia, AGE Formation, the Polyol Pathway, and Oxidative Stress 

Glucose can covalently react with lysine, arginine, and N-terminal residues on proteins to form 

glycation adducts which can further react to form advanced glycation endproducts (AGEs) [27]. 

Fasting hyperglycemia or PPH increases AGE formation in plasma proteins as well as proteins on the 

outer plasma membrane surface of most cells [28-30]. Covalent modification of proteins by glucose 

can alter their structure and, potentially, their functions. For cells relying on insulin-independent 

GLUT transporters (e.g. GLUT1) intracellular glucose concentration will increase in response to 

hyperglycemia thereby promoting AGE-modification of cytosolic proteins. Both red blood cells and 

vascular endothelial cells rely on GLUT1 and glucose in these cell types will equilibrate with plasma 

glucose. Under PPH or fasting hyperglycemia, cells primarily relying on GLUT1 will utilize the 

polyol pathway and thereby lower intracellular glucose by converting it to fructose. The polyol 

pathway consumes NADPH which is needed to keep GSH is the reduced form (see Figure 2) required 

to detoxify H2O2 (and lipid hydroperoxides) by the GPX system. Under hyperglycemic conditions, it 

has been estimated that about 30% of blood glucose goes through the polyol pathway [31].  

As indicated in Figure 3, mitochondrial OxS induces insulin resistance leading to increased 

plasma glucose, increased plasma AGEs and increased polyol-induced NADPH consumption: all of 

which contribute to systemic OxS and inflammation. Moreover, both in vitro and in vivo evidence 

indicate that plasma protein-AGEs can induce insulin resistance by repression of GLUT4 expression 

in skeletal muscle [32]. This AGE-induced insulin resistance is an example of an amplifying OxS 

feedback loop, i.e., plasma-AGEs further increase insulin resistance by amplifying glycemia and OxS. 

OxS can also contribute to beta-cell dysfunction and reduced glucose-induced insulin secretion 

thereby further increasing the risk of hyperglycemia and T2D progression [33]. Both AGE-formation 

and systemic OxS give rise to an increased risk of both macrovascular and microvascular damage 

[34,35]. 
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Figure 3. Amplifying oxidative stress (OxS) feedback loops and T2D initiation and progression. 

Mitochondrial generation of O2* (top) and the subsequent production of H2O2 (see Figure 2) are 

proposed initiating factors for T2D and give rise to transient insulin resistance (IR) and increased 

glycemia. Chronic increases in glycemia promote increased AGE formation which can also promote 

hyperglycemia and polyol-induced OxS. 

8. The OptRedox Strategy for Preventing or Slowing the Progression of T2D 

Most publications on the roles of natural antioxidants in T2D progression tend to focus on 

individual antioxidant molecules such as vitamin E and their roles in blocking OxS. There are, 

however, benefits that arise from reframing this focus to also include OptRedox strategies/factors for 

preventing or slowing the progression of T2D. An OptRedox approach is more nuanced by also 

embracing dynamic physiological processes such as glycemic control and physical activity. As 

outlined in Figure 3, factors that increase insulin resistance and glycemia can also promote damaging 

OxS and T2D progression. In contrast, factors that decrease insulin resistance and glycemia can be 

considered as factors promoting an OptRedox strategy. As will be detailed below, both glycemic 

control and exercise can be viewed as natural factors promoting an OptRedox status [13]. Exercise, 

despite causing a transient oxidative OxS, subsequently induces skeletal muscle antioxidant enzymes 

that are beneficial for preventing T2D progression [36,37].  

8.1. Glycemic Control as a Natural OptRedox Factor 

In those with T2D, glycemia control is clinically defined as maintaining an HbA1C level of less 

than 7.0% or 6.5% for more strict control [38]. Both fasting and PPG impact HbA1C levels. Woerle et 

al. have found that lowering PPG is essential for optimizing glycemic control. In contrast to good 

glycemic control, poor glycemic control in subjects with T2D or prediabetes results in decreased 

plasma total antioxidant capacity and increased lipid peroxidation (a marker of OxS) [39]. Physical 

activity/exercise is well a recognized and critical factor for promoting glycemic control in individuals 

with T2D or prediabetes [40,41]. 

8.2. Physical Activity/Exercise as an OptRedox Lifestyle Factor 

As emphasized by the American Diabetes Association (ADA), physical activity in T2D and 

prediabetes improves glycemic control while also reducing cardiovascular risk and promoting 

weight loss [40]. Moreover, the ADA suggests that “regular exercise may prevent or delay T2D 

development”. Light exercise provides an excellent example of an OptRedox lifestyle factor with an 
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untapped potential to reduce OxS and slow T2D progression and, could potentially be cost-effectively 

implemented in a school setting [42].  

8.3. Light-Intensity Walking as an OptRedox Lifestyle Factor that Reduces Postprandial Glycemia (PPG) 

 A recent meta-analysis in predominantly adults with overweight or obesity showed that as 

little as two to five minutes of light-intensity walking significantly reduced PPG levels compared to 

prolonged sitting [43]. This meta-analysis also found that the light-exercise-induced lowering of PPG 

was more effective in overweight individuals compared to individuals with obesity, suggesting that 

obesity imposes additional metabolic dysfunction [43,44]. Given the acknowledged importance of 

early intervention, it is critically important that this research be repeated in a pediatric population, 

perhaps, in a school setting. The potential near-future availability of real-time noninvasive blood 

glucose sensors on consumer smartwatches will rapidly accelerate research efforts focused on PPG 

as well as fasting hyperglycemia [45,46]. Twenty-four-hour glycemic profiles have shown a 

significant reduction in PPG in T2D subjects performing 15 minutes of strolling during each 

postprandial period compared to sedentary T2D subjects [41,47].   

Short-duration light-intensity walking can lower PPG simply by promoting skeletal muscle 

consumption of glucose. Exercise can, however, also increase skeletal muscle uptake of glucose by 

promoting GLUT4 translocation to the plasma membrane as well as GLUT4 expression [48]. Both 

low- and high-intensity exercise can equally and immediately induce GLUT4 expression in human 

skeletal muscle [49,50]. The signaling pathway for exercise-induced translocation of GLUT4 is distinct 

from that of insulin (see above) and likely involves AMP-activated protein kinase (AMPK) and 

increased sarcoplasmic calcium [48].   

9. Exercise, Reactive Oxygen Species (ROS), and OptRedox Status 

As reviewed by Kawamura [51] there is a “consensus that exercise increases the production of 

free radicals.” It is recognized, however, that exercise duration and intensity are key determinants of 

measurable OxS [51,52]. Moreover, transient exercise-induced OxS can evoke both beneficial and 

adverse physiological depending on the intensity/duration of the OxS and body conditioning [36]. 

High levels of exercise-induced OxS can result in adverse damage to skeletal muscle, particularly in 

untrained individuals [53]. It has long been recognized that physiological levels of ROS play essential 

roles in cell signaling pathways [54,55]. This raises the possibility that high levels of exogenous 

chemical antioxidant supplements could interfere with cell signaling pathways (see below)[56].  

9.1. Exercise-Induced ROS Production Has a Biphasic Impact on Skeletal Muscle Force Production 

Powers et al. [53] have reviewed the evidence showing that exercise-induced ROS production 

has a biphasic impact on skeletal muscle force production, i.e., low levels of ROS production increase 

contractile force, but high ROS levels decrease force production. There is, therefore, an optimal level 

of ROS production (and redox status) that is required for maximal skeletal muscle contraction force. 

The molecular mechanism(s) for this biphasic effect is not fully understood but illustrates the need to 

consider complex physiological processes in determining an OptRedox status [53,57]. In addition to 

the potentially positive effect ROS can have on skeletal muscle function, ROS can also increase the 

expression of some enzymatic antioxidants. As will be discussed below, this effect may be blunted 

by natural exogenous chemical antioxidants such as vitamin E.     

9.2. Exercise-Induced Oxidative Stress and Induction of Enzymatic Antioxidants 

As mentioned above, exercise has long been associated with an increased activity level of some 

endogenous antioxidant enzyme, e.g., skeletal muscle GPX [58]. It has also been hypothesized that 

the ROS generated during exercise could be essential for this induction of antioxidant enzymes by 

modulating signal transduction pathways [37,58]. If this hypothesis is correct, it raises the concern 

that antioxidant supplements could interfere with this induction. The research of Ristow et al. [37] 

shows that supplementation with ascorbate (1000 mg/day) plus vitamin E (400 IU/day) blocked the 
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exercise (four weeks) induced expression of GPX1 in skeletal muscle biopsies from healthy young 

men. These investigators also found that four weeks of exercise increased insulin sensitivity, but this 

effect was blocked by daily supplementation with ascorbate plus vitamin E. The form of vitamin E 

used in these experiments was RRR-alpha-tocopherol (more on this below). Ristow et al. conclude 

that exercise-induced ROS are essential for promoting insulin sensitivity and the induction of GPX1 

[37]. Although discussed in the context of T2D, the subjects in this study were healthy adult males.  

10. The Distinct Forms of Vitamin E and Their Effects on T2D Progression  

Natural chemical antioxidants that prevent or inhibit skeletal muscle mitochondrial oxidative 

stress would be excellent candidates for potentially slowing or blocking the progression of insulin 

resistance. Vitamin E is considered the primary lipid-soluble antioxidant and is present in all 

biomembranes including those of mitochondria where vitamin E levels can be increased by dietary 

supplementation [59].  

10.1. Natural vitamin E and the Importance of Stereochemistry 

  According to the International Union of Pure and Applied Chemistry the term “vitamin E” 

refers to “all tocol and tocotrienol derivatives exhibiting qualitatively the biological activity of α-

tocopherol” (https://iupac.qmul.ac.uk/misc/toc.html). Natural vitamin E from dietary sources 

consists of: (1) four tocopherol vitamers (T), i.e., alpha-T, beta-T, gamma-T, and delta-T) and; (2) four 

tocotrienol (T3) vitamers, i.e., alpha-T3, beta-T3, gamma-T3 and delta-T3. T3s are forms of vitamin E 

in which the hydrophobic “tails” have three trans double bonds [60].  

The stereochemistry of natural vitamin E vitamers is very specific. For example, natural alpha-

tocopherol has three asymmetric carbons, and each has the R stereochemical designation, i.e., 

2R,4'R,8'R-alpha-tocopherol (or RRR-alpha-T). In contrast, synthetic alpha-tocopherol has both R and 

S configurations at each of the three asymmetric carbons and is, therefore, an equimolar mixture of 

eight compounds with only one eighth being the natural RRR-alpha-T: the other seven forms being 

xenobiotics with mostly unknown physiochemical properties. The synthetic form of alpha-T is most 

often termed all-racemic-alpha-tocopherol (or all-rac-alpha-T). Since vitamin E compounds have 

signal transduction properties that are independent of their antioxidant oxidant abilities, it is 

important to detail the form used in any experiment/trial [61,62]. Unfortunately, this is often not the 

case which makes reproducibility difficult, obscures potential physiological effects unique to specific 

vitamin E vitamers, and confounds meta-analyses which often lump all forms of vitamin E together.  

10.2. Supplementation with “Vitamin E” May Be a Valuable Strategy for Controlling Diabetes 

Complications 

A meta-analysis of the effects of antioxidant vitamins on T2D concluded that supplementation 

with vitamin E “may be a valuable strategy for controlling diabetes complications” [63]. In this meta-

analysis, the different forms of vitamin E were lumped together making it difficult to determine if 

positive or negative effects were unique to a form of vitamin E. In addition, the primary papers 

sometimes fail to distinguish all-rac-alpha-tocopherol from RRR-alpha-tocopherol. Nevertheless, all 

vitamin E vitamers are free radical quenchers and inhibit lipid peroxidation. It is possible, therefore, 

that the antioxidant properties shared by all members of the vitamin E family contribute to their 

positive effects on controlling T2D complications. Interestingly, increased lipid peroxidation is 

associated with poor glycemic control in T2D patients [39].  

10.3. All-Racemic-Alpha-Tocopherol (all-rac-alpha-T) and Rice Bran Tocopherol Concentrate Inhibit Skeletal 

Muscle Generation of Hydrogen Peroxide 

Given the central importance of mitochondrial oxidative stress in T2D (see Figure 3), vitamin E 

has been advanced as an antioxidant with great therapeutic potential for T2D treatment. As detailed 

above, skeletal mitochondrial hydrogen peroxide emission may be an initiating event for the 

development of insulin resistance. In a rat model, Chow et al. have quite remarkedly demonstrated 
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that dietary supplementation with either all-rac-alpha-T or a rice bran tocopherol concentrate (8.6% 

RRR-alpha-T, 5.5% RRR-beta-T and 15.4% gamma-T3) markedly decreases skeletal muscle hydrogen 

peroxide generation in a dose-dependent manner [64]. The mechanism for this important effect is not 

well understood, and has not been studied in human skeletal muscle, but implies that early 

supplementation with vitamin E could slow the progression of T2D. Futuremechanistic research on 

the role of vitamin E on mitochondrial hydrogen peroxide emission is a high priority.    

10.4. Vitamin E and/or Ascorbate Supplementation Improves Glycemic Control in T2D 

 In contrast to the work of Ristow et al. [37] (see section 9.2) in which the subjects were adult 

healthy males, El-Aal et al. [65] conducted a clinical trial looking at the effects of vitamin E and/or 

ascorbate on adult T2D males who were all under metformin treatment. The results clearly show 

beneficial effects on glycemic control in those supplementing (for 90 days) with vitamin E alone (400 

mg twice daily), ascorbate (500 mg twice daily) alone, or the combination of both. Unfortunately, it 

is not clear if RRR-alpha-tocopherol (RRR-alpha-T) or all-racemic-alpha-tocopherol (all-rac-alpha-T) 

was the form of vitamin E used in this trial. Nevertheless, this study strongly suggests that future 

studies should look at the potential beneficial effects of vitamin E supplementation on pediatric 

subjects with prediabetes or with T2D. Subjects with T2D or prediabetes with antioxidant deficiencies 

due to enhanced OxS may respond differently to antioxidant supplementation (or exercise) than 

healthy subjects with adequate antioxidant levels.   

10.5. The Tocotrienol-Rich Fraction (TRF) from Palm Oil May Be Beneficial in Both Prediabetes, T2D and in 

Preventing Early Diabetic Retinopathy   

Evidence from a randomized double-blind placebo-controlled clinical trial (the Vafa study) in 

T2D subjects with poor glycemic control shows that the tocotrienol-rich fraction (TRF) from palm oil 

(200 mg daily) for eight weeks lowered fasting blood glucose levels by 15% and improved indices of 

OxS [66]. An earlier study (the Baliarsingh study) in adult T2D subjects did not show any benefit of 

tocotrienols (60 days, 3 mg/kg body weight, twice daily) on fasting blood glucose but these subjects 

had well medication-controlled blood glucose levels at the start of the trial [67]. This earlier study 

did, however, show a marked decrease in atherogenic low density lipoprotein-cholesterol levels in 

the subjects taking the tocotrienol supplement. In both the Baliarsingh et al. study and the Vafa et al. 

study, the palm oil TRF was predominantly alpha-T3, beta-T3, gamma-T3, and RRR-alpha-T with 

only a small content (about 4-8%) of delta-T3. The low content of delta-T3 in the TRF is noteworthy 

since delta-T3 may be uniquely important in preventing T2D progression as detailed below. 

A recent study by Ho, et al. [68] showed that TRF (200 mg twice daily for 12 months) was 

effective in preventing early diabetic retinopathy compared to placebo. Diabetic retinopathy is a very 

common microvascular complication of T2D and makes a major contribution to blindness and vision 

loss in adults [68].   

10.6 Delta-Tocotrienol Shows Promise in Treating Prediabetes 

Treatment options for prediabetes are limited, especially in the pediatric population [69]. 

Encouragingly, a recent randomized-controlled pilot study looked at the effects of T3 purified from 

annatto seeds: this preparation was primarily delta-T3 (90%) and 10% gamma-T3 [70]. The 

prediabetic adult study population was not being treated with any medications for glucose control 

or taking any dietary supplements. After 12 weeks of 300 mg/day of T3s, there were significant 

improvements in glycemic control compared to the controls taking a placebo [70]. T3s are thought to 

improve glycemic control by upregulating the skeletal muscle expression of GLUT4, insulin receptor 

substrate 1, AKT signaling, and by activation of peroxisome proliferator-activated receptor-gamma 

(PPAR-gamma)[70,71].    

11. Conclusions 
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The evidence reviewed here strongly supports the role of OxS and ROS in both the initiation and 

progression of T2D. The role of natural antioxidant factors in combating T2D is best evaluated in the 

context of the complex physiological processes associated with T2D. The consumption of high-

calorie, high-fat diets gives rise to transient insulin resistance resulting from mitochondrial OxS. In 

susceptible individuals, gradual increases in PPG and fasting blood glucose promote systemic OxS 

with amplifying feedback loops that eventually can cause OxS-induced beta-cell dysfunction and 

T2D with micro-and macro-vascular damage (see Figure 3). Avoiding high-calorie, high-fat diets and 

engaging in exercise are, in effect, key frontline natural antioxidant factors. The role of natural 

antioxidant compounds in combating T2D must likewise be considered beyond their simple roles as 

inhibitors of in vitro or ex vivo OxS. Vitamin E illustrates this point. While all members of the vitamin 

E family have powerful in vitro antioxidant properties, they can also exhibit distinct abilities to 

regulate cellular signal transduction pathways important to T2D progression. While most literature 

on the role of vitamin E vitamers in T2D or prediabetes has been limited to RRR-alpha-T or all-rac-

alpha-T, emerging trials with tocotrienols show promise. As detailed in section 10.6, a delta-T3-rich 

supplement improved glycemic control in adults with prediabetes. Although there is a consensus 

that early dietary, exercise, and effective nutraceutical interventions are optimal for preventing or 

reversing T2D progression, most research has focused on adults. It is critical, therefore, that more 

research be promoted with pediatric populations.    

An additional way of promoting the OptRedox strategy in clinical settings is utilization of the 

Bright Futures guidelines which recommends educating patients and parents on the importance of a 

healthy diet and exercise beginning at age two [72]. Healthcare providers should assess dietary and 

physical activity behaviors and make age appropriate recommendations.  Despite these 

recommendations, childhood obesity rates continue to rise which contributes to the rise in T2D. An 

emphasis on prevention strategies such as diet and exercise must be accompanied by a better 

understanding of human motivation. Lifestyle modifications, while proven to be effective, are the 

some of the hardest for patients and families to achieve.   
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