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Abstract 

-lipoic acid has been long examined for its potential in modulating metabolic responses, 

particularly as it relates to insulin sensitivity. This study evaluated the effects of supplementation 

with -lipoic acid on glycemic control and lipid profile in pre-diabetic, overweight/obese adults. 

The study consisted of a free-living, randomized, two-phase, placebo-controlled cross-over study 

utilizing 12 pre-diabetic and dyslipidemic subjects. Eligible subjects were randomly assigned to 

either: i) placebo treatment (600 mg cellulose/day) or ii) -lipoic acid treatment (600 mg/day). 

Compared with the placebo phase, -lipoic acid-supplemented subjects demonstrated decreases 

in serum insulin (p=0.04) and HOMA-IR (p=0.07). However, no change (p>0.05) in serum 

glucose or lipids (including total cholesterol, LDL-C, HDL-C, triglycerides, non-HDL-C, 

VLDL-C, LDL/HDL, and TC/HDL) were observed. These study results suggest that 

supplementation with -lipoic acid is a useful strategy to improve insulin sensitivity in pre-

diabetic subjects but is not effective in modulating serum lipid level
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Literature Review 

Overview of Pre-Diabetes and its Impact on Public Health  

Insulin resistance, or the impaired response to normal circulating levels of insulin, is one 

of the key factors in the development of type 2 Diabetes Mellitus (DM2), and may lead to a host 

of additional metabolic complications including altered lipid metabolism and increased risk of 

cardiovascular disease (CVD)1,2. The prevalence of DM2 in the United States and across the 

globe has reached an epidemic level with 30 million cases in the US alone3. Its burden on the US 

health care system continues to increase, with an estimated cost of $245 billion dollars in 2012, 

up from an estimated $174 billion dollars in 2007 – a 41% increase in just five years3. With its 

continued rise and increasing cost, the importance of disease prevention has become apparent. 

Pre-diabetes is a widely used term to describe individuals with impaired glucose 

tolerance (IGT) and/or impaired fasting glucose (IFG)1. Additionally, prediabetes is associated 

with an aberrant blood lipid profile compared with normal healthy subjects4. The American 

Diabetes Association (ADA) further defines it as a HbA1c of 5.7% to 6.4%1. It is estimated that 

84 million Americans have pre-diabetes, and the vast majority of this population are not aware 

that they have it3. Pre-diabetes represents a risk factor for the development of DM2, but also is 

commonly associated with a number of CVD risk factors, which together comprise the metabolic 

syndrome. The metabolic syndrome is defined by increased abdominal obesity, elevated blood 

pressure (BP), elevated triglycerides (TG), reduced high-density lipoprotein (HDL), and elevated 

fasting glucose1. An individual may be diagnosed with the metabolic syndrome if they meet any 

3 of the criteria, but are at particular risk for the development of DM2 if the metabolic syndrome 

is associated with pre-diabetes and insulin resistance1. Thus, the importance of evaluating 
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interventions in pre-diabetic patients is of the utmost importance from a public health 

perspective, and represents an area of critical research need.  

Natural health products such as nutraceuticals (naturally occurring bioactive substances 

capable of molecular level cellular changes) have long been touted for their potential to reduce 

disease risk, as well as their purported ability to improve overall health and well-being. With the 

rising cost and risk of side effects associated with traditional pharmacotherapies, interest in 

nutraceuticals in disease treatment has risen. Though each nutraceutical is somewhat unique, 

they are typically low-cost, low risk, and capable of modulating specific biologic responses, 

similar to that of pharmaceuticals5,6. From a feasibility standpoint, studies involving the use of 

nutraceuticals are therefore also of continued and growing interest. One such product, -Lipoic 

Acid, has been long examined for its potential in modulating metabolic responses, specifically in 

glucose and lipid metabolism5. As a result, it warrants additional review in the potential 

treatment of metabolic dysfunction.  

-Lipoic Acid 

 -Lipoic Acid (ALA) is a naturally occurring antioxidant compound synthesized in the 

body from octanoic acid through the fatty acyl synthesis pathway 5. It contains two sulfur atoms, 

at the 6th and 8th carbon, which account for its redox potential in energy metabolism and its 

ability to recycle other antioxidants 7. From a metabolic standpoint, ALA’s primary role is as a 

functional component or coenzyme in energy metabolism through the pyruvate dehydrogenase 

complex, -ketogluterate complex, and other -ketoacid dehydrogenases within the 

mitochondria 5. In these complexes, it exists as Lipoamide, conjugated to lysine residues through 

an amide linkage, and is responsible for the oxidation of metabolic intermediates and subsequent 

recycling of other coenzymes within the enzyme complex 5,7.  
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ALA is found in two forms in the body: its oxidized form, -lipoic acid (ALA), and its 

reduced form, dihydrolipoic acid (DHLA) 7. Though both are produced within the body, only 

ALA appears to have functionality 7. Both forms of ALA may also be absorbed and metabolized 

through the diet, though bioavailability is thought to be somewhat limited 7. Food sources 

include muscle and organ meat, spinach, broccoli, brussel sprouts, potatoes, tomatoes, and rice 

bran 5,7.  ALA is also widely available as an over-the-counter (OTC) supplement, most often as a 

racemic blend of two enantiomeric forms – an R(+) form found in nature and an S (-) form which 

is a by-product of chemical synthesis that is not found in nature.   

-Lipoic Acid Supplementation 

The antioxidant capacity and functionality of ALA in relationship to energy metabolism 

has resulted in high levels of interest in its potential as a therapeutic agent. It was first isolated 

and produced as a nutraceutical in the early 1950’s and has since risen in popularity as a dietary 

supplement, primarily marketed as an antioxidant 6,7. Safety and efficacy studies along with 

analysis of adverse events demonstrates ALA is safe for human consumption at doses up to 

1800mg/day, with demonstrated effects with supplementation as low as 600mg/day8. Early 

studies have also shown promise relative to therapeutic potential; particularly with respect to 

diabetes and its related complications, cardiovascular disease, overweight/obesity, and other 

metabolic dysfunctions 9-12. However, much of the work that has been completed thus far, 

particularly with respect to glucose metabolism, has been inconsistent relative to dosing and 

form 9. Early studies largely used a racemic blend of the R+ and S-enantiomer forms, as this was 

most commercially available5. However, the R+ enantiomer is thought to have both a higher 

bioavailability and a higher absorptive retention than the S-form13. Additionally, mechanistic 

studies have indicated that the R+ enantiomer is preferentially absorbed over the S-enantiomer 
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form in humans, including when ingested as a racemic blend5. Therefore, the form of ALA 

supplement is also of important consideration in review of the literature, and previous studies 

either did not note the form utilized, or lacked consistency5.  

-Lipoic Acid in Modulation of Glucose Metabolism 

Insulin Sensitivity and Glucose Control 

 Over the past two decades, ALA has been studied in both human and animal models as a 

potential therapy in the treatment of diabetes 8,14-17. From a functional standpoint, it specifically 

has been shown to improve insulin sensitivity and to increase glucose uptake within the cell, thus 

improving impaired fasting glucose 14,16. However, these results and study methodologies have 

not been consistent across available human trials.  

A 2006 study by Kamenova et al. examined the impact of 4-week daily supplementation 

with 1200mg of ALA on insulin sensitivity in diabetic patients 15. Using a case controlled 

methodology, 12 well-controlled diabetic patients were matched with 12 individuals with normal 

fasting glucose 15. Following the 4-week treatment period, there was no statistical difference 

between the diabetic group and control group in terms of insulin sensitivity or fasting blood 

glucose 15. The diabetic group showed a significant improvement in insulin sensitivity within 

group, but these results were not significant when compared to the control 15. In contrast, in a 

randomized, placebo-controlled study, Ansar and colleagues (2011) showed a significant 

improvement in fasting blood glucose and insulin resistance among 57 diabetic patients utilizing 

supplementation of 300mg of ALA over the course of 8-weeks 16.  

Differences in dose responses appear to be one of the largest gaps in the literature, though 

have been examined in some early studies. A 1999 randomized, placebo-controlled study 

conducted in 74 diabetic patients examined the differences in effect between daily 
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supplementation of 600mg, 1200mg, or 1800mg of ALA over the course of 4 weeks 8. Though 

all three experimental groups saw significant improvements in insulin sensitivity, there were no 

differences between the three groups; indicating a lack of dose response during the 4 week 

intervention 8. This, along with the work of Ansar and colleagues, suggests that mid-range doses 

(<1000mg/day) may be sufficient to achieve the intended benefit, with lower risk of adverse 

effects 8,18. This is supported by safety and efficacy studies of ALA 6,8. 

Oxidative Stress 

 Oxidative stress is a significant factor in the progression of diabetes and related metabolic 

comorbidities, as well as a risk factor in the development of cardiovascular disease 19. ALA that 

is synthesized in the body is thought to solely be utilized within the mitochondria, however 

mechanistic studies suggest that ingested ALA transiently accumulates in the liver, heart and 

kidney before undergoing extensive catabolism and subsequent excretion 5. This is important 

because of the redox potential of ALA, and therefore its ability to scavenge free radicals within 

other body cells 19. Studies specifically examining the impact of ALA on oxidative stress 

markers in diabetic patients are limited, however, results suggest that there may be a potential 

role for improvement in both insulin resistance and oxidative stress 19,20. In a 1999 cross-

sectional study, Borcea and colleagues examined the impact of a 3-month daily supplementation 

with 600mg ALA on oxidative stress markers in 107 patients with type 2 diabetes 20. 

Supplementation with ALA resulted in significant improvements in oxidative stress levels, as 

measured by lipid radicals and their ratio to lipid radical antioxidants 20. Decreasing oxidative 

stress in this manner may also result in improvements in endothelial dysfunction often seen in 

diabetic patients, through maintenance of cell membrane integrity 19,20.   
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Cellular Mechanisms 

 The exact mechanism by which ALA is able to modulate insulin sensitivity and glucose 

uptake are still relatively controversial, though it appears that there are three primary proposed 

mechanisms that are well supported in the literature through cell studies: modulating the insulin 

signaling pathway, decreased apoptosis of liver or pancreatic beta cells, and through activation of 

AMP-Kinase in the liver 21-23. One of the primary proposed mechanisms is that ALA acts 

through the insulin signaling pathway to increase glucose uptake into the cell, thus resulting in 

lowered blood glucose and increased insulin sensitivity 21. On the cellular level, ALA stimulates 

the translocation of glucose transporters through the activation of certain kinases, such as 

mitogen activated protein kinase (MAPK), PI-3-kinase or serine/threonine kinase Akt1, which 

act to signal translocation within the cell 21. Additionally, ALA increases phosphorylation of the 

insulin receptors on the cell surface which further prompt the translocation of glucose 

transporters, such as GLUT4, to the cell surface for glucose uptake 21.  

In cell studies, this action has been demonstrated using 3T3-L1 cells, which are derived 

from mouse 3T3 cells and commonly used as a model for adipose tissue 21. Konrad and others 

(2001) specifically examined cellular GLUT4 translocation following ALA treatment with or 

without the addition of MAPK inhibitors 21. Results demonstrated that ALA increased GLUT4 

translocation when added to cell culture, however , this effect was blunted with addition of 

MAPK inhibitors 21. This supports the theory that ALA specifically acts on kinases within the 

cell in order to signal GLUT 4 translocation 21.  

There is also some data to support the theory that ALA might act in an insulin 

independent manner through either decreased apoptosis of liver/pancreatic beta cells or through 

activation of AMP-Kinase 22,23. Specifically, cell studies have shown that ALA can decrease 
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apoptosis of pancreatic HIT-T15 cells and hepatocytes in cultures, which in theory could mean a 

subsequent increase in insulin sensitivity 22,24. There is limited data available in animal or human 

studies to support this theory. ALA is similarly thought to indirectly improve insulin sensitivity 

through the activation of AMP-Kinase (AMPK) 23. AMPK acts as a regulator of cellular energy 

metabolism, and specifically in the utilization and storage of fat within skeletal muscle. It is 

through this action that it is thought to impact glucose levels23. AMPK activation results in a net 

decrease in fatty acid accumulation in skeletal muscle, which prompts the need for an increase in 

glucose uptake to meet energy needs 23,25.  Though all three mechanisms could play a role in the 

way in which ALA exerts its action, the primary endpoint for each is an increase in insulin 

sensitivity and glucose uptake 21-23. This supports the potential therapeutic use of ALA in the 

treatment of diabetes or impaired fasting glucose.    

Relationship of Insulin Sensitivity and Lipid Metabolism 

 Insulin resistance and/or sensitivity is most commonly associated with glucose 

metabolism; however, it also plays a significant role in lipid metabolism and is associated with 

elevated levels of TG, compositional changes in low density lipoproteins (LDL), and decreased 

levels of HDL26. There are a number of proposed mechanisms associated with insulin regulation 

of lipid metabolism, however recent data suggests that insulin plays a primary role through the 

regulation of lipogenesis and lipolysis27,28. Insulin increases lipid synthesis through the 

transcription factor steroid regulatory element-binding protein (SREBP1c)28. In conditions of 

hyperinsulinemia (as can occur through insulin resistance), SREBP1c increases transcription of 

lipogenic genes27. As a result, fatty acid synthesis increases, leading to elevated levels of 

circulating free fatty acids (FFA) in the blood. This elevation of FFA, along with elevated 
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glucose levels, inhibits normal lipid and lipoprotein metabolism in muscle tissue and the liver, 

and subsequently results in dyslipidemia26,27.  

In addition to its regulation of lipogenesis, insulin regulates lipolysis through inhibition 

of hormone sensitive lipase (HSL), the enzyme responsible for mobilization of stored fat27. In 

insulin resistant patients, inhibition of HSL is less effective, which eventually leads to an 

increase of FFA released into the bloodstream. These FFA are then returned to the liver where 

they are repackaged as VLDL particles27. Ultimately, for the pre-diabetic patient, this means an 

increased risk of metabolic dysfunction and increased risk of CVD. 

-Lipoic Acid in Modulation of Lipid and Lipoprotein Metabolism 

 In multiple animal models, supplementation with ALA has been shown to improve lipid 

profile, including tangible reductions in total cholesterol, LDL-C, FFA, and triglycerides29-32. 

However, it is unclear from these animal models if the observed changes are secondary to 

changes in food intake and body weight, or if ALA is exerting a more direct molecular effect. 

Mechanistic studies on ALA have largely focused on glucose metabolism, however it is possible 

that if ALA modulates the insulin signaling pathway for glucose metabolism, it also modulates 

lipid metabolism through the same process, or through additional cellular mechanisms21. Data 

from human studies is thus far very limited, and largely inconsistent, however there is some data 

to suggest that ALA supplementation in humans may also provide lipid lowering benefits.  

 A 2011 study by Zhang et al. demonstrated improvements in lipid profile among obese 

subjects with IGT, specifically lowering LDL-C, oxidized LDL-C, VLDL, TG, and FFAs 

(P<0.01)14. However, this study was unique in that the ALA was administered intravenously, 

with subjects receiving 600mg of ALA administered with a 250ml saline solution once daily for 
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2 weeks14. This study demonstrates that ALA may have lipid lowering properties independent of 

weight loss, however it is unclear if these same effects could be seen with oral supplementation.  

 As an oral supplement, results have been less consistent among human subjects. Okanvic 

et al (2015) observed significant reductions in TG and total body weight among obese subjects 

with DM2 treated with 600mg/day of ALA for 20 weeks33. However, these subjects were also 

treated with metformin (850-1700mg/day), which has been noted independently to reduce body 

weight among diabetic patients, and this was not addressed as a potential factor in the results.  

 A recent cross-over, randomized, double-blind study by Li et al (2017) examined the 

impact of supplementation of 1200mg of ALA for 8 weeks on body weight (BW), waist 

circumference (WC), TG, HDL-C, total cholesterol, and plasma leptin levels among obese 

Chinese subjects. The ALA group showed reductions in body weight, BMI, and waist 

circumference, however only BW and WC remained significant with ITT analysis (P<0.05)10. 

Additionally, in comparing study endpoints, the ALA group saw significant reductions in 

cholesterol compared with the placebo (P<0.05), however these results were again not significant 

with ITT. Still, the results from this study demonstrate some promise relative to changes in lipid 

profile with ALA supplementation.   

 Conversely, multiple human studies have also demonstrated no effect on lipid profile 

with ALA supplementation. De Oliveira et al (2011) examined supplementation with ALA and 

Vitamin E in 102 obese subjects with DM2. Four treatment groups received either (a) 600mg 

ALA (b) 800mg vitE (c) 600mg ALA + 800mg VitE or (d) placebo for 16 weeks. No significant 

changes in lipid profile or insulin sensitivity were observed in the treatment groups34. Similarly, 

a 2006 study by Lee and colleagues observed no significant changes in lipid profile among 

diabetic and hypertensive subjects treated with ALA for 8 weeks. This study initiated at 



 10 

600mg/day of ALA for 4 weeks, at which time the dose was increased to 1200mg/day for an 

additional 4 weeks. Though no significant changes in lipid profile were observed, there was a 

significant improvement in flow mediated vasodilation (FMD) following the 8-week 

intervention, which suggests an improvement in endothelial function with ALA treatment35.  

 Though results from human studies relative to lipid profile are not consistent, there are 

multiple studies that demonstrate improvements in cardiovascular endpoints, similar to the Lee et 

al (2006) study previously discussed. Chang et al (2007) observed significant decreases in 

Asymmetric dimethylarginine (ADMA) (p = 0.001), which is associated with endothelial 

dysfunction in atherosclerosis. In this study, fifty subjects with end stage renal disease on 

hemodialysis (EDRD on HD) were treated with 600mg/day of ALA for 12 weeks with no 

changes in cholesterol, oxidized LDL-C, albumin, high-sensitivity C-reactive protein (hsCRP), 

or HbA1c observed36. CVD and cardiovascular events are of particular concern among ESRD on 

HD patients, so these cardiovascular changes observed with ALA treatment are of relevance. A 

similar study with ESRD on HD patients saw significant reductions in hsCRP following 

treatment of 600mg/day ALA for 8 weeks. Among the treatment group, HDL-C cholesterol also 

significantly increased (P<0.05), however these results were not significantly different than the 

placebo group37.  

Regardless, these cardiovascular improvements, particularly related to endothelial 

function, are also relevant to diabetic and pre-diabetic patients. Though lipid profile changes 

were not consistently observed with ALA supplementation, many of these studies were also of 

relatively short duration. It is possible that with a longer intervention, we would start to see these 

changes. Additionally, there are still few studies available that specifically examine lipid profile 

changes with ALA supplementation – particularly in dyslipidemic patients – and those that are 



 11 

available are not consistent in terms of administration. It is clear that additional research is 

needed in this area to determine the potential effect of ALA on lipid profile among subjects with 

metabolic dysfunction.  
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Specific Aims 

Insulin resistance, or the impaired response to normal circulating levels of insulin, is one 

of the key factors in the development of type 2 Diabetes Mellitus (DM2), and may lead to a host 

of additional metabolic complications including altered lipid metabolism and increased risk of 

cardiovascular disease (CVD). Pre-diabetes is a widely used term to describe individuals with 

impaired glucose tolerance (IGT) and/or impaired fasting glucose (IFG). It is estimated that 84 

million Americans have pre-diabetes, and the vast majority of this population are not aware that 

they have it. Diet and exercise interventions are considered the primary approaches to address 

pre-diabetes risk, however one of the largest challenges in addressing this problem from a public 

health perspective is a lack of compliance to healthy-eating patterns. Nutraceuticals may be a 

viable option in people who are unable or unwilling to adopt lifestyle changes. 

Natural health products such as nutraceuticals (naturally occurring bioactive substances 

capable of molecular level cellular changes) have long been touted for their potential to reduce 

disease risk, as well as their purported ability to improve overall health and well-being. One such 

product, -lipoic acid, has been long examined for its potential in modulating metabolic 

responses, specifically in glucose metabolism. However, fewer controlled studies have evaluated 

-lipoic acid in modulating blood lipids, particularly in pre-diabetic subjects who are 

characterized by dyslipidemia and hepatic steatosis. As a result, -lipoic acid warrants additional 

study as a potential treatment of metabolic dysfunction. 

The overall objective of our research is to determine the effectiveness of alpha-lipoic 

supplementation on overall metabolic control (glucose and lipids) in at-risk subjects who are not 

currently being treated with alternative medical interventions. Our overarching hypothesis is that 

supplementation may improve markers of metabolic dysfunction; specifically circulating blood 
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concentrations of glucose, insulin, and lipids (total cholesterol, LDL, HDL, VLDL, TG). This 

hypothesis is based on our previously conducted animal study demonstrating effective lipid-

lowering and improved glycemic control in rats fed a high fat western diet supplemented with 

alpha-lipoic acid. To test this hypothesis and achieve the objective of this thesis, the following 

Specific Aim will be pursued: 

Specific Aim: Establish the efficacy of alpha-lipoic acid supplementation on biomarkers of 

diabetes and cardiovascular risk in pre-diabetic, overweight/obese adults. In this study, a 

one month randomized, placebo-controlled cross-over study will be used to assess how daily 

alpha-lipoic acid supplementation influences circulating blood concentrations of glucose, insulin, 

and lipids (total cholesterol, LDL, HDL, VLDL, TG). We hypothesize that alpha-lipoic acid 

supplementation will improve glycemic control and lipid profile in pre-diabetic, 

overweight/obese adults.  

 The overall contribution of this work is two-fold; to add to the current body of knowledge 

regarding the ability of -lipoic acid to modulate glucose metabolism in individuals with insulin 

resistance, as well as to evaluate its potential as a therapeutic agent in the modulation of blood 

lipids in individuals characterized by dyslipidemia and hepatic steatosis.  

  



 14 

Research Chapter 

Introduction 

Insulin resistance, or the impaired response to normal circulating levels of insulin, is one 

of the key factors in the development of type 2 Diabetes Mellitus (DM2), and may lead to a host 

of additional metabolic complications including altered lipid metabolism and increased risk of 

cardiovascular disease (CVD)1,2. The prevalence of DM2 in the United States and across the 

globe has reached an epidemic level with 30 million cases in the US alone3. 

Pre-diabetes is a widely used term to describe individuals with impaired glucose 

tolerance (IGT) and/or impaired fasting glucose (IFG)1. Additionally, prediabetes is associated 

with an aberrant blood lipid profile compared with normal healthy subjects4. The American 

Diabetes Association (ADA) further defines it as a HbA1c of 5.7% to 6.4%1. It is estimated that 

84 million Americans have pre-diabetes, and the vast majority of this population are not aware 

that they have it3. Thus, the importance of evaluating interventions in pre-diabetic patients is of 

the utmost importance from a public health perspective, and represents an area of critical 

research need. 

Natural health products such as nutraceuticals (naturally occurring bioactive substances 

capable of molecular level cellular changes) have long been touted for their potential to reduce 

disease risk, as well as their purported ability to improve overall health and well-being. With the 

rising cost and risk of side effects associated with traditional pharmacotherapies, interest in 

nutraceuticals in disease treatment has risen. Though each nutraceutical is somewhat unique, 

they are typically low-cost, low risk, and capable of modulating specific biologic responses, 

similar to that of pharmaceuticals5,6. From a feasibility standpoint, studies involving the use of 

nutraceuticals are therefore also of continued and growing interest. One such product, -lipoic 
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acid, has been long examined for its potential in modulating metabolic responses, specifically in 

glucose metabolism5. However, fewer controlled studies have evaluated -lipoic acid in 

modulating blood lipids, particularly in pre-diabetic subjects who are characterized by 

dyslipidemia and hepatic steatosis 38. As a result, -lipoic acid warrants additional study as a 

potential treatment of metabolic dysfunction. This study was undertaken to evaluate the efficacy 

of daily -lipoic acid  supplementation in improving blood lipid responses and glycemic control 

in pre-diabetic adults.  

Research Approach 

Subjects and study design: All study procedures were approved by the Institutional Review 

Board at the University at Buffalo and all subjects gave written informed consent prior to the 

start of the study. Volunteers were recruited for the study via electronic mailings, flyers, and 

newspaper ads within a 10-mile radius of the University at Buffalo (UB) campus. The eligibility 

of 131 volunteers was initially assessed through an online screening form via the Survey Monkey 

website. Based on this survey, thirty-nine subjects were deemed to be conditionally eligible and 

were brought in for further screening for assessment of fasting blood glucose and collection of 

anthropometric data. Subjects were eligible if they were pre-diabetic based on a fasting blood 

glucose between 100-125 mg/dl, had a BMI between 25-40, and were sedentary (exercised < 2 

days/week).  Exclusion criteria included a physically active lifestyle (exercise > two days/week), 

pregnancy, history of cigarette smoking, or use of any medication and/or dietary supplement to 

control blood glucose, lipids, or blood pressure.  Following the screening visit, 12 volunteers (4 

males, 8 females) were determined to be eligible and were enrolled in the study. Characteristics 

of the study population are presented in Table 1. The population had a mean age of 47 yrs, were 

obese (BMI 33.4), hypertensive (130/87), and dyslipidemic with LDL and TG concentrations 
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exceeding target recommendations of the National Lipid Association 39. Blood glucose and 

HOMA-IR data indicate borderline criteria for insulin resistance, however fingerstick blood 

glucose concentrations at screening were all within the 100-125 mg/dl range for the pre-diabetic 

population. 

The study was designed as a free-living, two-phase, randomized, double-blinded, placebo 

controlled cross-over.  Each subject was required to complete  two study phases (placebo or -

lipoic acid) of one-month duration separated by a washout period of at least thirty-days.  Eligible 

subjects were randomly assigned to either: i) placebo treatment (600 mg cellulose/day, 

Nutricology) or ii) -lipoic acid treatment (600 mg/day, R-form, NFH;).  Subjects randomized to 

the placebo in the first phase received the -lipoic acid treatment in phase 2 and vice versa. 

Capsules were provided in a 30-day capsule box containing 4-150 mg capsules of placebo or -

lipoic acid per day.  Subjects were instructed to consume 2 capsules in the morning and 2 

capsules in the evening with meals. Placebo capsules were prepared in the Human Health and 

Performance Laboratory (Diefendorf Annex 19) using a laboratory-scale manual capsule filler 

and matched to the approximate size and color of the -lipoic acid capsules to assist in study 

blinding.  

On day 1 and 30 of each experimental phase, the subjects arrived in the lab between 0700 

and 0900 hours in a fasted (10-12 hrs) state for collection of anthropometric data (height, weight, 

BMI), resting blood pressure, and body composition using bioelectrical impedence analysis.  

Additionally, blood (10mL) was collected by venipuncture by a qualified study nurse. Subjects 

remained on their habitual diets throughout the study and were required to complete a 4-day diet 

record (two-week days and two week-end days) during each phase. Subjects were asked to return 
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the capsule boxes with any remaining capsules and compliance was assessed by counting the 

number capsules returned at the end of each phase.  

 Analyses: Serum was separated by from whole blood by centrifugation at 3000 x g for 20 

min and stored at -80°C. Plasma glucose, total cholesterol (TC), high-density lipoprotein 

cholesterol (HDL-C), and triglycerides (TG) were determined by automated enzymatic methods 

on a Vitros 350 chemistry analyzer (Ortho-Clinical Diagnostics). LDL-C concentrations were 

estimated by the difference method using the Friedewald formula. LDL-C in subjects with 

elevated TG (>300) was analyzed directly. Insulin was measured by ELISA by a third party 

(Kaleida Health). 

 Statistics: Treatment differences in study variables were analyzed by comparing phase 

endpoints (using baseline values as covariates) and percent change from baseline within each 

phase using linear mixed model analysis with treatment, phase, and BMI as fixed factors and 

subject as the random factor. Additionally, potential carryover effects were assessed by including 

treatment sequence as a fixed effect in the model. The Shapiro-Wilk test was used to assess 

normality of the data and non-normal data was log-transformed prior to analyses. Data was 

analyzed with SPSS for Mac (version 24) and the significance level was set at p<0.05.  

Results 

 All subjects completed both study phases with no adverse events reported. Compliance to 

the capsules was high and macronutrient intakes were within recommended reference ranges 

with no difference (p<0.05) between phases (Table 2).  

 Although no change (p=0.62) in endpoint glucose was observed between the groups, 

ALA-supplemented subjects had lower levels of plasma insulin (p=0.076) and HOMA-IR 

(p=0.04) compared with the placebo group (Table 3). Examined as percent change within phase, 
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the ALA group had a 5.8% reduction in insulin levels (p=0.01) and a 27.5% reduction in 

HOMA-IR (p=0.01) (Figure 1).  

 There were no differences (p>0.05) between the ALA or placebo groups in blood lipid 

responses (including total cholesterol, LDL-C, HDL-C, triglycerides, non-HDL-C, VLDL-C, 

LDL/HDL or TC/HDL) when evaluated as adjusted endpoint variables (Table 4) or percent 

change from baseline (Figure 2).  

Discussion 

 In the present study, supplementation with -lipoic acid had no effect on the lipid profile 

or glucose levels of study subjects, however levels of plasma insulin (p=0.076) and HOMA-IR 

(p=0.04) were lower in the -lipoic acid supplemented group. Though the levels of plasma 

insulin were not significantly lower in the -lipoic acid group, they did approach significance. 

Further, when examined as a percent change within phase, the -lipoic acid group had 

significant reductions in both insulin and HOMA-IR.  

On a cellular level,  -lipoic acid has been shown to improve insulin sensitivity and to 

increase glucose uptake within the cell, thus improving impaired fasting glucose 14,16. Insulin 

resistance and/or sensitivity is most commonly associated with glucose metabolism; however, it 

also plays a significant role in lipid metabolism and is associated with elevated levels of TG, 

compositional changes in low density lipoproteins (LDL), and decreased levels of HDL26. While 

these results were not observed in the present study, the improvements in insulin sensitivity in 

this study do suggest that there is potential for -lipoic acid as a therapeutic agent in patients 

with metabolic dysfunction. The present study utilized a limited sample size with a 4-week 

intervention of 600mg of -lipoic acid. It is possible that with a larger sample size or increased 



 19 

duration of intervention that the results, particularly in relation to lipid profile, would have been 

less variable.  

Ansar and colleagues (2011) showed a significant improvement in fasting blood glucose 

and insulin resistance among 57 diabetic patients utilizing supplementation of 300mg of -lipoic 

acid over the course of 8-weeks 16. In contrast, Kamenova et al. examined the impact of 4-week 

daily supplementation with 1200mg of -lipoic acid on insulin sensitivity in diabetic patients 15. 

Using a case controlled methodology, 12 well-controlled diabetic patients were matched with 12 

individuals with normal fasting glucose 15. Following the 4-week treatment period, there was no 

statistical difference between the diabetic group and control group in terms of insulin sensitivity 

or fasting blood glucose 15. These differences in dose responses continue to be a potential gap in 

the literature.  

In animal models, supplementation with -lipoic acid has been shown to improve lipid 

profile, including tangible reductions in total cholesterol, LDL-C, FFA, and triglycerides29-32. 

Data from human studies is thus far very limited, and with present study results included, 

continues to be largely inconsistent. A 2011 study by Zhang et al. demonstrated improvements in 

lipid profile among obese subjects with IGT, specifically lowering LDL-C, oxidized LDL-C, 

VLDL, TG, and FFAs (P<0.01)14. However, this study was unique in that the -lipoic acid was 

administered intravenously, with subjects receiving 600mg of -lipoic acid administered with a 

250ml saline solution once daily for 2 weeks14. This study demonstrates that -lipoic acid may 

have lipid lowering properties independent of weight loss, however it is unclear if these same 

effects can be seen with oral supplementation.  

Results from this study are consistent with those observed in several human studies 

utilizing -lipoic acid as an oral supplement. De Oliveira et al (2011) examined supplementation 
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with -lipoic acid and Vitamin E in 102 obese subjects with DM2. Four treatment groups 

received either (a) 600mg ALA (b) 800mg vitE (c) 600mg ALA + 800mg VitE or (d) placebo for 

16 weeks. No significant changes in lipid profile or insulin sensitivity were observed in the 

treatment groups34. Similarly, a 2006 study by Lee and colleagues observed no significant 

changes in lipid profile among diabetic and hypertensive subjects treated with -lipoic acid for 8 

weeks35. Okanvic et al (2015) observed significant reductions in TG and total body weight 

among obese subjects with DM2 treated with 600mg/day of ALA for 20 weeks33. However, 

these subjects were also treated with metformin (850-1700mg/day), which has been noted 

independently to reduce body weight among diabetic patients, and this was not addressed as a 

potential factor in the results.  

Though the results of this study showed no direct impact on glucose or lipid metabolism, 

the significant reduction in HOMA-IR and the reduction of insulin in the -lipoic acid group 

indicate that there may be a role in the modulation of glucose and lipid metabolism in human 

subjects with metabolic dysfunction. Based on these results, supplementation with -lipoic acid 

should continue to be investigated in larger, more longitudinal epidemiological studies.  
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Tables and Figures 

Table 1. Baseline characteristics of study subjects. Data is expressed as mean  SEM; n=12. 

There were no significant differences at baseline among study subjects. 

 

Baseline characteristic Study population (mean  SEM) 

Age 47.1  2.9 

Sex (M/F) 4M, 8F 

BMI (kg/m2) 33.4  1.6 

Blood pressure  

     SBP (mm Hg) 130.2  5.0 

     DBP (mm Hg) 87.0  3.4 

Total-C (mg/dL) 197.5  18.2 

HDL-C (mg/dL) 49.5  2.5 

LDL-C (mg/dL) 120.8  11.7 

Triglycerides (mg/dL) 174.5  74.4 

Glucose (mg/dL) 96.3  1.8 

Insulin (mIU/L) 11.5  1.5 

HOMA-IR 1.6  0.2 
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Table 2. Nutrient intakes during placebo and alpha-lipoic acid-supplemented phases collected 

from 4-day food records. Data is expressed as mean  SEM; n=9 in placebo group and n=9 in 

lipoic acid group. Three food records were excluded as a result of inadequate documentation. 

 

Nutrient Placebo (mean  SEM) Lipoic Acid (mean  SEM) 

CHO (% caloric intake) 51.2  1.6 52.4  1.8 

Protein (% caloric intake) 15.9  1.7 16.1  1.3 

Total Fat (% caloric intake) 33.0  2.1 31.6  2.0 

     Saturated Fat 12.1  1.4 11.8  1.7 

     Polyunsaturated Fat 7.3  0.9 7.7  0.6 

     Monounsaturated Fat 13.5  0.6 12.1  0.8 
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Table 3: Endpoint glucose and insulin responses in pre-diabetic subjects in the placebo and 

alpha-lipoic acid-supplemented phases. Data is expressed as mean  SEM; n=11. There were 

observed decreases in insulin and HOMA-IR, with a significant decrease from baseline in 

HOMA-IR amongst the lipoic acid group (p<0.05).  

 

Endpoint Placebo  Lipoic Acid  p-value 

Glucose (mg/dL)  97.2  2.7 94.6  4.6 0.62 

Insulin (mIU/L) 15.8  3.1 10.2  3.1 0.076 

HOMA-IR 2.3  0.3 1.2  0.3 0.04 
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Table 4. Endpoint responses in blood lipids in pre-diabetic subjects in the placebo and alpha-

lipoic acid-supplemented phases. Data is expressed as mean  SEM; n=11. There were no 

significant differences observed in lipid profile following supplementation with -lipoic acid.  

 

Endpoint Placebo  Lipoic Acid  p-value 

Total-C  (mg/dL) 204.9  16.0 205.9  15.9 0.823 

LDL-C (mg/dL) 118.5  9.7 116.2  9.6 0.687 

HDL-C (mg/dL) 48.8  4.0 48.7  3.9 0.932 

Triglycerides 

(mg/dL) 

113.5  15.4 121.2  15.2 0.489 

Non-HDL-C 

(mg/dL) 

140.9  9.6 141.2  9.5 0.934 

VLDL-C (mg/dL) 22.7  3.1 24.2  3.0 0.489 

LDL/HDL 2.7  0.3 2.5  0.3 0.368 

TC/HDL 4.2  0.5 4.1  0.5 0.842 
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Figure 1. Percent change in serum glucose, insulin and HOMA in pre-diabetic subjects during 

the placebo and alpha-lipoic acid-supplemented phases. Data is expressed as mean  SEM; n=11. 

The -lipoic acid group had significant reductions in both insulin and HOMA-IR, denoted by * 

(p<0.05).  
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Figure 2. Percent change in serum lipids in pre-diabetic subjects during the placebo and alpha-

lipoic acid-supplemented phases. Data is expressed as mean  SEM; n=11. There were no 

significant changes in lipid profile following supplementation with -lipoic acid. 
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Summary, Limitations, and Future Work 

Insulin resistance, or the impaired response to normal circulating levels of insulin, is one 

of the key factors in the development of type 2 Diabetes Mellitus (DM2), and may lead to a host 

of additional metabolic complications including altered lipid metabolism and increased risk of 

cardiovascular disease (CVD). Diet and exercise interventions are considered the primary 

approaches to address risk factors associated with insulin resistance, however one of the largest 

challenges in addressing this problem from a public health perspective is a lack of compliance to 

healthy-eating patterns. Nutraceuticals may be a viable option in people who are unable or 

unwilling to adopt lifestyle changes. One such product, -lipoic acid has been long examined for 

its potential in modulating metabolic responses, specifically in glucose metabolism. However, 

fewer controlled studies have evaluated -lipoic acid in modulating blood lipids, particularly in 

pre-diabetic subjects who are characterized by dyslipidemia and hepatic steatosis. This thesis 

therefore examined -lipoic acid as a potential treatment in metabolic dysfunction. 

In the present study, supplementation with -lipoic acid had no effect on the lipid profile 

or glucose levels of study subjects, however levels of plasma insulin (p=0.076) and HOMA-IR 

(p=0.04) were lower in the -lipoic acid supplemented group. Though the levels of plasma 

insulin were not significantly lower in the -lipoic acid group, they did approach significance. 

Further, when examined as a percent change within phase, the -lipoic acid group had 

significant reductions in both insulin and HOMA-IR. 

The significant reduction in HOMA-IR and the reduction of insulin in the -lipoic acid 

group indicate that there may be a role in the modulation of glucose and lipid metabolism in 

human subjects with metabolic dysfunction. The present study utilized a limited sample size 

(n=12) with a 4-week intervention of 600mg of -lipoic acid. It is possible that with a larger 
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sample size or increased duration of intervention that the results, particularly in relation to lipid 

profile, would have been less variable. Based on this, supplementation with -lipoic acid should 

continue to be investigated in larger, more longitudinal interventional studies.  
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