
 

 
 

 
 
 
 
 
 

 
ABSTRACT 

 
Cassia Cinnamon and Acute Endurance Exercise for the Enhancement of  

Glucose Uptake in Healthy Young Women 
 

Jean L. Gutierrez, Ph.D. 
 

Dissertation Chairperson: Darryn S. Willoughby, Ph.D. 
 
 

The purpose of this study was to compare the effects Cassia cinnamon, cellulose 

placebo and endurance exercise on an oral glucose tolerance test (OGTT) blood glucose 

(BG), serum insulin (SI) values, fasting HOMA insulin resistance (HOMA-IR) and 

Matsuda insulin sensitivity (Mat-ISI).  On three separate days, 10 women (22.7 ± 4 years, 

BMI of 35.39 ± 5.36) reported to the laboratory for a fasted, venous blood draw.  

Participants were administered one of three interventions: 1) 5g of encapsulated placebo; 

2) 5g of encapsulated Cassia cinnamon bark; or 3) 50 minutes of treadmill endurance 

exercise at a pace sufficient to maintain 70% of the heart rate reserve (HRR).  Three 

hours after the intervention blood draw was taken, the participants consumed a 75g 

glucose solution in 2 minutes.  Venous blood draws were taken 30, 60, 90, and 120 

minutes after OGTT to determine changes in BG and SI.  Statistical analyses included 

univariate repeated measures ANOVA, with an a priori contrast, and area under the curve 

(AUC) for BG and SI analyses.  The total AUC for insulin and glucose, and Mat-ISI were 

analyzed with one-way ANOVA.  Further analyses of the main effects were performed 

by separate one-way ANOVA analyses with a Bonferroni correction. All statistical 



 

 
 

procedures were performed using SPSS 16.0 software and a probability level of < .05 was 

adopted throughout.  The HOMA-IR was not significantly different between the three 

interventions (p > 0.05).  The Cassia group showed a statistical trend toward a lower 

blood glucose value 30 minutes after OGTT (p < .064).  The peak blood glucose 

following OGTT was significantly lower in the Cassia group, as compared to the placebo 

group (p = .044).  The glucose and insulin total AUC and Mat-ISI were not different 

between the three treatment groups (p > .05).  This study provides evidence that Cassia 

cinnamon may slightly improve post-OGTT blood glucose but does not have any 

significant effect on insulin response. This study does not provide evidence that moderate 

endurance exercise modulates post-OGTT insulin response in overweight or obese and 

sedentary women. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page bearing signatures is kept on file in the Graduate School. 

Cassia Cinnamon and Acute Endurance Exercise for the Enhancement of Glucose Uptake in 
Healthy Young Women 

 
by 
 

Jean Jitomir, B.S., M.S. 
 

A Dissertation 
 

Approved by the Department of Health Human Performance and Recreation  
 

___________________________________ 
Rafer S. Lutz, Ph.D., Chairperson 

 
Submitted to the Graduate Faculty of  

Baylor University in Partial Fulfillment of the  
Requirements for the Degree 

of 
Doctor of Philosophy 

 
 

 
Approved by the Dissertation Committee 

 
___________________________________ 
Darryn S. Willoughby, Ph.D., Chairperson 

 
___________________________________ 

Rafer S. Lutz, Ph.D. 
 

___________________________________ 
Rodney G. Bowden, Ph.D. 

 
___________________________________ 

Matthew B. Cooke, Ph.D. 
 

___________________________________ 
Robert R. Kane, Ph.D. 

 
 

Accepted by the Graduate School 
August, 2009 

 
___________________________________ 

J. Larry Lyon, Ph.D., Dean 



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Copyright © 2009 by Jean Gutierrez 
 

All rights reserved 



iii 
 

 

 

TABLE OF CONTENTS 

 
                          Page 

 
LIST OF FIGURES                   v 

LIST OF TABLES                            vi 
 
LIST OF ABBREVIATIONS                                                                                           vii 
 
ACKNOWLEDGMENTS                ix 
 
CHAPTER 1                    1 

Introduction                   1 
Statement of the Problem                7 
Purposes of the Study                 7 
Hypotheses                  7 
Delimitations                  8 
Limitations                  9 
Assumptions                  9 
Definition of Terms               10 
  

CHAPTER 2                  16 
Literature Review                16 

Introduction                16 
Insulin Signaling Pathway              17 
Molecular Evidence of Cassia Use in Insulin Resistance          19 
Cassia Attenuates Insulin-Resistance In Vivo           20 
Healthy Human Studies              21 
Exercise and Immediate Insulin-Independent Glucose Handling              22 
Acute Exercise and Immediate Insulin Mediated BG Uptake          23 
Short Term Effects on Insulin Sensitivity            24 
General Variables Impacting Insulin Sensitivity in Humans          27 
Calculated Measures of Insulin Resistance            29 
Summary                30 

  
CHAPTER 3                  32 

Methods                 32 
Participants                32 
Study Site                33 
Overview of Research Design             33 
Hemodynamic Safety Markers             33 



iv 
 

Familiarization Session              34 
Body Composition               35 
Venous Blood Draws               36 
Cassia and Placebo Administration             37 
Endurance Exercise Bout                                    37 
Blood Glucose (BG) Measurements                        38 
Serum Insulin Analysis                                    39 
Insulin Resistance and Sensitivity Indexes            40 
Dietary Records               41 
Reported Side Effects from Cassia Supplementation           41 
Statistical Analyses               41 
 

CHAPTER 4                  43 
Results                  43 

  Demographic Variables              43 
  Supplement Compliance              44 
  Dietary Intake                44 
  Endurance Exercise Bout              45 
  Blood Glucose                                       45 
   Assessment of BG and Before Administration of OGTT         47 
   Analysis of Maximum Glucose Values           47 
   Analysis of Glucose Pathology            47 

Analysis of Glucose AUC             49 
Analysis of BG with Repeated Measures ANOVA          49 

  Serum Insulin                52 
   SI at Baseline and Before Administration of OGTT          52 

HOMA Insulin Sensitivity Index            52 
   Analysis of SI with Repeated Measures ANOVA                     53 
   Insulin AUC               54 

Matsuda Insulin Sensitivity Index            57 
  Adverse Events               58 
  Summary of Results               58 
 
CHAPTER 5                  60 

Discussion                 60 
  Cassia and Glucose Tolerance             61 
  Exercise and Glucose Response             63 
  Insulin and Cassia               64 
  Insulin and Exercise               66 
  Insulin Sensitivity               67 
  Shape of the Glucose Curve              68 
  Study Implication and Future Research Needs           70 
   
APPENDICES                 72 
 IRB Materials                 73 
 
REFERENCES               103 



v 
 

 

 

LIST OF FIGURES 
 
 
Figures 

1. Time Effects for Blood Glucose                    50 

2. Total Glucose AUC                  51 

3. Means ± Standard Deviations for Serum Insulin Following OGTT                       46 

4. Means ± Standard Deviations for Total Insulin AUC by Treatment Group           57 

5. Means ± Standard Deviations for Matsuda Insulin Sensitivity Index         58

           

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



vi 
 

 

 

LIST OF TABLES 
 
 
Tables 
 

1. Overview of Research Design              34 
 

2. Participant Demographics at Familiarization and Testing Sessions                      44 
 

3. Dietary Intake Analysis Among Groups             46 

4. Blood Glucose, Blood Glucose AUC, and Maximum Glucose          48 

5. Glucose Repeated Measures ANOVA and Contrast            51 

6. Mean Serum Insulin                54 

7. Repeated Measures ANOVA for Serum Insulin            55 

8. Mat-ISI, HOMA-ISI and Insulin AUC by treatment group           55 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 



vii 
 

 

 

LIST OF ABBREVIATIONS 
 
 
ATP – adenosine tri-phosphate 

BG – blood glucose 

Ca2+– Calcium 

CE – Cassia extract 

dL – deciliter 

DM2 – Type 2 diabetes  

EBNL – Exercise and Biochemical Nutrition Laboratory 

ELISA – Enzyme Linked Immunosorbent Assay 

ESNL – Exercise and Sport Nutrition Laboratory 

FDA – Food and Drug Administration 

GLUT4 – glucose transporter 4 

g – gram 

HFD – high-fructose diet 

HOMA – homeostatic model assessment of insulin sensitivity 

IGT – impaired glucose tolerance 

IRS – insulin-responsive substrate 

IR – insulin resistance 

kg – kilogram 

LPL – lipoprotein lipase 

Mat-ISI – Matsuda insulin sensitivity index  

mg – milligram 



viii 
 

mg/dL – milligrams per deciliter 

mL – milliliter 

mR – millirem  

nm –nanometers  

OGTT – glucose tolerance test 

PDK - 3-phosphoinositide dependent protein kinase 

PI3-kinase – phosphatidylinositol 3-kinase 

PIP2 – phosphatidylinositol biphosphate   

PKC – protein kinase C  

PPAR – peroxisome proliferator-activated receptors 

µL – microliter  

SI – serum insulin 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



ix 
 

 

 

ACKNOWLEDGMENTS 
 

 Glucose tolerance and insulin resistance have been actively investigated for 

decades.  I would like to thank the thousands of researchers who have published original 

research and excellent reviews.   

I thank the Lord for guiding me through a childhood defined by poverty and 

adversity.  He has lit my path and guided me to mentors who convinced me that I can do 

anything.   

Elementary and high school teachers are not valued enough, so I would like to 

acknowledge some of mine here.  I thank my 5th grade teacher, Mrs. Easton, for 

encouraging me to develop my writing skills and for her love and support.  Thanks to 

Mrs. Higbie for letting me cry on her shoulder for countless hours and for getting me to 

stand up for myself.  Finally, thanks to Mr. Allard for teaching me how to challenge 

myself, both in the classroom and on the track—my life would not be the same without 

him. 

Thanks to my parents and stepparents for their support.  I am so glad that our 

relationships have developed based on respect and love.  Thanks to my Aunt Tiara—our 

relationship alone was worth the trip to Texas.  Thanks to my husband Jim.  He has 

demonstrated unconditional love and I am blessed to receive it. 

I would like to thank Dr. Kreider for the way he supports his students, both 

financially and in their careers.  Thanks to Dr. Greenwood for his open heart and genuine 

concern for the needs of students.  Thanks to Dr. Cook for his help in the biochemistry 

lab.  My thanks to Dr. Willoughby—I am so glad that he was willing to serve as my 



x 
 

chair.  Dr. Willoughby’s commitment to student success is immeasurable.  Finally, thanks 

also to Dr. Bowden, Dr. Lutz and Dr. Kane—I appreciate their service on my dissertation 

committee. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



1 

 

 

 

CHAPTER ONE 

Introduction and Rationale 

 
The global prevalence of diabetes was estimated to be 2.8% in 2000 and is 

expected to reach 4.4% by the year 2030; the percentages correspond to 171 million and 

366 million persons with diabetes, respectively (Wild et al., 2004).  Healthy humans 

maintain fasting plasma glucose values within a very small physiological range of 70 to 

100 mg/dL.  An individual will be diagnosed with diabetes when fasting plasma glucose 

is above 126 mg/dL or if a random or two-hour post oral glucose tolerance test (OGTT) 

measurement reads above 200 mg/dL (National Institute of Diabetes and Digestive and 

Kidney Diseases (NIDDK), 2008; American Diabetes Association (ADA), 2008).  

Furthermore, fasting plasma glucose readings between 100 and 126 mg/dL and post-

OGTT plasma glucose values between 140 and 199 mg/dL are considered aberrant and 

classify the recipient as pre-diabetic (NIDDK, 2008; ADA, 2008).  Plasma glucose 

measurements in the above ranges indicate the presence of insulin resistance and 

subsequent impaired glucose tolerance.  These conditions indicate deviant carbohydrate 

metabolism, which is characteristic of early type 2 diabetes development (Wild et al., 

2004). 

The pancreas must continuously sense and regulate both dietary and 

endogenously produced glucose to the meet the energy needs of the muscle, adipose, 

organs and all other tissues.  In simple terms, the pancreas senses circulating glucose and 

secretes an appropriate amount of insulin or glucagon to maintain blood glucose within a 

healthy physiological range.  Insulin resistance is noted when adequate secretion of 
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insulin fails to induce a normal insulin response from fat, muscle, and liver cells (Wilcox, 

2005; Goodyear et al., 1995). As a result, the hormone does not signal efficiently and too 

much glucose is left in circulation.  An individual with type 2 diabetes must produce and 

release excess insulin to clear glucose out of the blood.  Eventually, the pancreas cannot 

produce enough insulin to compensate for the insulin resistance, and blood glucose 

remains elevated.   In the advanced stages of type 2 diabetes, the pancreas may be unable 

to produce insulin; this condition is referred to as latent autoimmune diabetes in adults 

(NIDDK, 2008).  Health professionals recognize that prediabeic patients may utilize 

lifestyle and medical interventions to prevent progression to type 2 diabetes (Unger & 

Moriarty, 2008).  Specifically, diabetic patients may pursue treatments that preserve 

pancreatic beta-cell function, improve peripheral insulin sensitivity, reduce pancreatic α-

cell secretion of glucagon, or promote weight loss (Unger & Moriarty, 2008).   

 The National Institute of Diabetes, Digestive and Kidney Disease (NIDDK) 

describe the following variable as risk factors for type 2 diabetes (NIDDK, 2008): 

• Overweight 

• Parent, brother, or sister with diabetes.  

• Alaska Native, American Indian, African American, Hispanic/Latino, Asian 

American, or Pacific Islander.  

• History of gestational diabetes; at least one baby weighing more than 9 

pounds.  

• Blood pressure of 140/90 mm Hg or higher; diagnosis of high blood pressure.  

• HDL cholesterol below 35 mg/dL or triglyceride level is above 250 mg/dL.  

• Exercise fewer than three times a week.  
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• Polycystic ovary syndrome (PCOS)—women only.  

• Impaired glucose tolerance (IGT) or impaired fasting glucose (IFG) 

• Other clinical conditions associated with insulin resistance, such as acanthosis 

nigricans 

• History of cardiovascular disease.  

Type 2 diabetics may manipulate their diets and activity levels to control blood 

glucose levels.  The Diabetes Prevention Program evaluated the diabetes progression in 

3243 prediabetic participants given placebo, the oral hypoglycemic mediation metformin, 

intensive lifestyle medication or standard lifestyle modification recommendations 

(Ratner, 2008).  At the conclusion of the study, both intensive lifestyle modification and 

metformin intake reduced the risk of progression to type 2 diabetes in a cost-effective 

manner, though intensive lifestyle modification did so to a greater extent (Ratner, 2008).  

Furthermore, the ADA (2008) recommends that diabetics consume 45-60 grams of total 

carbohydrate per meal, primarily from whole grain starches, dairy, starchy vegetables, 

and legumes.  This approach may allow the diabetic to limit the total dietary carbohydrate 

content and ensure that glucose provided by high carbohydrate foods enters the blood 

stream slowly.  By following ADA recommendations, an individual with prediabetes or 

impaired glucose tolerance may avoid a postprandial hyperglycemic event. 

Other recommendations for type 2 diabetes management are intended to reduce 

insulin resistance, and weight loss is purported to meet this end (Unger & Moriarty, 

2008).  Consequently, the ADA recommends that overweight individuals with type 2 

diabetes lose at least 5-10 pounds to help manage blood glucose levels (ADA, 2008).  

The ADA also recommends diabetic adults perform at least 30 minutes of physical 

activity at least five days per week.  In order to make the goal appear feasible, the ADA 
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suggests activities such as gardening and house cleaning to collect 30 minutes of exercise 

throughout the day; however, some researchers report diabetic individuals must perform 

exercise at an intensity of 60-75% VO2max for 45-60 minutes to significantly improve 

insulin sensitivity through exercise (Wright, 2001; Borghouts, 2000).  Therefore, current 

ADA recommendations may help diabetics establish consistent exercise habits to 

promote weight loss, rather than enhance insulin sensitivity directly. Conversely, when 

insulin sensitivity is enhanced through sufficient exercise, the pancreas releases less 

insulin to manage the same carbohydrate loads. 

Blood glucose may be managed immediately through exercise via the 

translocation of glucose transporter 4 (GLUT4) to the surface of muscle cells (Hawley & 

Lessard, 2008).  The acute elevation in glucose transport during muscle contraction is 

mediated by a variety of intramuscular signaling events, including increased insulin 

receptor signaling, activation of the AMP-activated protein kinase pathway (Richter, 

Derave & Wojtaszewski, 2001), Akt/protein kinase B phosphorylation (Fryer et al., 

2000), nitric oxide production (Fryer et al., 2000), and calcium-mediated mechanisms 

involving Ca2±/calmodulin-dependent protein kinase and protein kinase C (PKC) 

(Hawley & Lessard, 2008; Sakamoto & Goodyear, 2002).  Therefore, diabetics increase 

their capacity to transport glucose into the working cells and manage blood glucose in a 

non-insulin dependent manner.  

Goodyear et al. (1995) have determined that both glucose uptake and post-

receptor insulin signaling pathways are significantly impaired in the rectus abdominus 

muscle of obese participants, as compared to lean controls.  Furthermore, numerous 

studies have found that diabetic individuals have severe impairments of muscle and 

adipose insulin signaling (Khan & Flier, 2000; Kim et al., 2000; Frojdo et al. 2009).  
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Since muscle accounts for about 60–70% of whole-body insulin-mediated uptake 

(Wilcox, 2005) and muscle insulin resistance may promote obesity (Kim et al., 2000), 

interventions that improve the insulin sensitivity of muscle cells are potentially useful for 

diabetic and prediabetic populations (Wilcox, 2005).   

 Some anti-diabetic agents, such as sulfonylureas, stimulate insulin secretion from 

the pancreas by activation of the sulfonylurea receptor on the β-cell membrane. (Aguilar-

Bryan, 1995; Wilcox, 2005). Sulfonylureas do not improve peripheral insulin resistance 

in the muscle or adipose tissues, which may be a limitation of the medication.  

Additionally, patients who take a sulphonylurea drug may be at risk of hyperinsulinemia 

and a hypoglycemic event, especially in the case of an overdose (Boyle, 1993).  

Conversely, metformin, a common anti-diabetic oral drug, improves peripheral insulin 

resistance somewhat and reduces liver glucose output.  The cumulative effects of 

metformin significantly reduce glucose levels in the blood (Ratner, 2008).  In addition, 

peroxisome proliferator gamma receptor (PPAR) agonists promote differentiation of 

subcutaneous adipose and redistribute fat from hepatic and visceral stores to the 

subcutaneous fat.  Peroxisome proliferator gamma receptor agonists may also improve 

peripheral insulin sensitivity (Feldman, 2008).  Since white adipose tissue has the highest 

concentration of PPAR, fat tissue is the primary tissue target of PPAR agonists (Olefsky, 

2000). 

Due to the prevalence of diabetes, alternative, non-pharmacologic therapies for 

insulin resistance are increasingly popular (Al-Rowais, 2002).  Researchers have 

responded to the demand by testing the efficacy of special diets and supplements for 

enhancing insulin sensitivity and glucose utilization. Previous researchers have reported 

that ground and extract preparations of Cassia cinnamon enhance the insulin signaling 
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pathways in skeletal muscle and attenuate insulin resistance induced by a high-fructose 

diet rodent models (Qin et al., 2004; Kannappan et al., 2006).  More recently, cinnamon 

extracts were found to activate PPAR gamma and alpha, which may improve peripheral 

insulin sensitivity in diabetic mouse models (Sheng et al., 2008).  The outcomes of a 

follow-up study indicate that lipoprotein lipase (LPL) and GLUT4 gene expression, 

following PPAR gamma and alpha receptor activation, may be enhanced by Cassia 

supplementation (Sheng et al., 2008). 

In human models Cassia bark supplementation in combination with a 75g or 50g 

carbohydrate load (OGTT or rice pudding, respectively) may significantly reduce 

calculated insulin resistance and impaired glucose tolerance in apparently healthy human 

participants (Hlebowicz et al., 2007; Hlebowicz et al., 2009; Solomon & Blannin, 2007; 

Solomon & Blannin, 2009;).  Whole ground Cassia bark may improve glucose handling 

in healthy human participants when taken orally both 12 hours prior to and concurrent 

with a large carbohydrate load (Solomon & Blannin, 2007; Hlebowicz et al., 2007).  In 

separate studies, five grams of ground Cassia bark and 45-60 minutes of endurance 

exercise (60-75% VO2max) have individually demonstrated significant improvements in 

insulin sensitivity when an OGTT was administered 3-17 hours after the intervention. 

Since whole Cassia ground bark may attenuate human insulin resistance and glucose 

intolerance, it may be useful to directly compare this herb to acute endurance exercise 

and evaluate the impact of each treatment on glucose tolerance and insulin sensitivity.  

This investigation, which compares a dietary supplement with an acute bout of endurance 

exercise, may elucidate whether a Cassia supplement may be an appropriate supplement 

for patients with impaired glucose tolerance, pre-diabetes or high-sugar diets. 
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Statement of the Problem 

Does Cassia cinnamon bark supplementation or 50 minutes of endurance exercise 

performed at 70% of heart rate reserve (HRR) alter whole blood glucose OGTT response, 

serum insulin response, or OGTT-based insulin resistance in young, overweight women? 

 
Purposes of the Study 

 The purpose of this study will be to compare the acute effects of five grams of 

Cassia cinnamon, 50 minutes of endurance exercise performed at 70% HRR, and five 

grams of cellulose placebo on OGTT response, serum insulin response and OGTT-based 

insulin sensitivity three hours after administration of each intervention. 

 
Hypotheses 

H1: The Cassia intervention will result in a significantly lower mean blood glucose 

response following OGTT administration as compared to placebo. 

H2: The exercise intervention will result in a significantly lower mean blood glucose 

response following OGTT administration as compared to placebo. 

H3: There will be no significant differences between Cassia or exercise interventions 

with respect to post-OGTT glucose response or post-OGTT glucose AUC. 

H4: There will no significant differences in baseline insulin resistance, as determined 

by HOMA-IR at the beginning of the three testing sessions. 

H5: The Cassia intervention will result in a significant mean reduction of serum 

insulin following OGTT as compared to placebo. 

H6: The exercise intervention will result in a significant mean reduction of serum 

insulin following OGTT as compared to placebo. 
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H7: The Cassia intervention will result in significant increases Matsuda insulin 

sensitivity index values. 

H8: The exercise intervention will result in significantly increases Matsuda insulin 

sensitivity index values. 

H9: There will be no significant differences between Cassia or exercise interventions 

with respect to post-OGTT serum insulin values, post-OGTT serum insulin AUC, 

or post-OGTT insulin sensitivity. 

Delimitations 

This study was completed using the following guidelines: 

1.) Ten sedentary overweight or obese women between 18-30 years of age. 

2.) Women were not regular users of any species of cinnamon. 

3.) Women were not taking birth control pills. 

4.) Women were not diagnosed with any metabolic disorder or chronic medical 

condition 

5.) Participants did not use herbal supplements or ergogenic aids for at least two 

months before the study. 

6.) All women were recruited from the Baylor University campus and surrounding 

community with flyers. 

7.) Blood was drawn from an intravenous catheter at five time points to determine the 

glucose response to Cassia, exercise and cellulose placebo interventions. 

8.) In a double blind manner, three hours prior to OGTT testing, participants were 

administered Cassia supplement or placebo.  All supplements were administered 

in capsule from unmarked bags. 
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9.) Participants maintained typical sedentary lifestyle and typical diet patterns 

throughout the course of the study. 

10.) All testing and assays were completed in the Exercise and Biochemical Nutrition 

Laboratory at Baylor University and the Exercise and Sport Nutrition Laboratory, 

while maintaining ethical standards set forth in the Helsinki code. 

 
Limitations 

1.) Sample size was limited by funding available for graduate research. 

2.) The ability of Nature’s Way to standardize capsule Cassia supplement contents. 

3.) The ability of sedentary women to complete 50 minutes of sub-maximal exercise. 

4.) The sensitivity of the experimental procedures to accurately measure quantifiable 

changes. 

5.) The ability of the homeostasis model assessment index of insulin resistance  and 

Matsuda insulin sensitivity index to accurately estimate insulin function. 

6.) The impact of circadian and menstrual cycles and related hormone secretions on 

insulin sensitivity. 

7.) Insulin resistance post-exercise will be impacted by glycogen resynthesis; insulin 

resistance post-Cassia will not be influenced by glycogen resynthesis 

 
Assumptions 

1.) Participants were fasted when intervention was administered. 

2.) Participants did not eat or exercise during the three hour interval between 

intervention and OGTT administration. 

3.) Participants ate similar diets the day before each testing session. 

4.) Participants were blinded to the placebo and Cassia pills 
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5.) Participants had regular sleep prior to the testing sessions 

6.) Participants did not participate in physical exercise the day before the testing 

session 

 
Definition of Terms 

1. 3-Phosphoinositide Dependent Protein Kinase (PDPK) – a kinase, which is 

needed for the activation of AKT/PKB and many other kinases.  PDPK1 is required to 

transmit signals in the pathway activated by insulin.    

2. Acathosis Nigricans – a blotchy grey, brown or black skin discoloration. It is 

typically found in body folds or on the neck and is an indicator of underlying insulin 

resistance. 

3. Acetylcholine – a neurotransmitter the peripheral and central nervous systems in 

humans.  Acetylcholine release plays an integral in muscle contraction when it is released 

from the motor neuron terminal and binds to the nicotinic acetylcholine receptors on the 

motor end plate of the skeletal muscle fiber. 

4.  Akt2 – a downstream target of the insulin signaling pathway stimulated by PDPK 

that is required for transport of glucose in to the cell.  

5. AMP-Activated Protein Kinase – allows the contracting muscle to increase 

expression of hexokinase II and translocation of GLUT4 to the plasma membrane during 

an exercise bout.  

6. β-subunit – contains extracellular domain of the insulin receptor 

Ca2±/Calmodulin-Dependent Protein Kinase II – an enzyme mediator of calcium 

signaling with broad substrate specificity and multiple cellular function.  The enzyme 
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contributes to neurotransmitter synthesis, release and modulation of neurotransmitter 

receptors. 

7. Cassia – refers to the ground bark of the evergreen tree with scientific name 

Cinnamomum aromaticum or Cinnamomum cassia.  The two names represent the same 

botanical species. 

8. Catecholamines – adrenal stress hormones of the sympathetic nervous system 

originating from phenylalanine and tyrosine, specifically epinephrine, norepinephrine and 

dopamine. Catecholamines may stimulate an increase in blood glucose by stimulating 

glycogenolysis and gluconeogenesis  

9. Dual-Energy X-ray Absorptiometry (DEXA) – a technique for measuring bone 

mineral density and body composition.  The technique requires two kinds of X-ray beams 

which are originally generated beneath the patient.  As the beams pass through the 

patient, some of the X-ray is absorbed by the body tissues.  Based on the attenuation of 

collection of beams in the overhead arm of the scanner, bone mineral density and body 

composition may be determined. 

10. Ergogenic Aid – a performance enhancing device or substance. Though 

“ergogenic aid” may refer to an object, like an accelerometer, the term is usually used in 

reference to vitamins, minerals, hormones or other ingested compounds that may improve 

physical performance  

11. Ethinyl Estradiol – the estrogen analog contained in many popular contraceptive 

pills. 

12. Glucagon – a hormone released by the pancreas released blood glucose is low, 

which prompts the liver glycogenolysis and the release of glucose in to the bloodstream. 
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13. Glucose – a monosaccharide sugar, which is the most abundant sugar circulating 

in human blood and the most common source of energy in the human body.  Some 

tissues, such as the red blood cells and brain, use glucose exclusively.  

14. GLUT4 – the glucose transporter found in adipose striated muscle tissues.  

GLUT4 is responsible for insulin and exercise-regulated glucose disposal.    

15. Gut Peptide Hormones – a group of autocrine and panacrine hormones secreted 

by cells in the stomach, pancreas.  This group of hormones modulates the essential 

functions of digestive organs. 

16. Heart Rate Reserve (HRR) – the difference between an individual’s measured or 

predicted maximum heart rate and resting heart rate. One may make an exercise 

prescription as a percentage of the heart rate reserve, which is correlated with VO2max-

based prescriptions.  

17. Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) – a formula 

used to estimate fasting insulin resistance and beta-cell function (Matthews et al., 1985). 

18. Hyperinsulinemic-Euglycemic Clamp – a technique that evaluates insulin 

resistance.  Insulin is injected at a constant rate in to a participant’s peripheral vein, and 

glucose is exogenously administered in an amount sufficient to maintain euglycemia.  A 

low rate of glucose administration is an indicator of insulin resistance. 

19. Immunoblotting – a technique used to identify proteins in a sample of tissue.  

First, electrophoresis is used to proteins by length 3-D structure. Thereafter, proteins are 

transferred to a membrane and combined with antibodies that are specific to the protein 

of interest.   

20. Impaired Fasting Glucose – a condition in which fasting blood glucose levels are 

elevated above the normal physiological range but are not high enough to meet the 
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criteria of diabetes mellitus diagnosis.  Specifically, a patient with impaired fasting 

glucose has a blood glucose value above 99 mg/dL but lower than 126 mg/dL. 

21. Impaired Glucose Tolerance – a pre-diabetic state of abnormally high circulating 

glucose, which is associated with insulin resistance. IGT may precede type 2 diabetes 

mellitus by many years. 

22. Insulin – a peptide hormone released from the β-cells of the islets of Langerhans 

in the pancreas.  This hormone regulates circulating blood glucose by stimulating cellular 

glucose uptake after binding the extracellular component of a transmembrane receptor, 

which initiates an intracellular signaling cascade.  Insulin also regulates macronutrient 

metabolism and promotes anabolism in insulin-sensitive fat and muscle cells. 

23. Insulin Receptor – a transmembrane receptor that binds insulin and insulin-like 

growth factor-1 (with less specificity).  The intracellular component is 

autophosphorylated when insulin binds to the extracellular component—this 

phosphorylation allows the receptor to have tyrosine kinase activity. 

24. Insulin Resistance – a normal or elevated circulating insulin concentration results 

in an attenuated response from insulin-sensitive cells, as measured by impaired glucose 

tolerance. 

25. Insulin Responsive Substrate-1 (IRS1) – participates in the insulin and insulin-like 

growth factor-1 (IGF-1) signaling pathways.  After insulin binds to its receptor, which 

stimulates autophosphorylation of the recptor, IRS-1 binds to the receptor and is 

bestowed with tyrosine kinase activity.  Activated IRS1 activates several signaling 

pathways, including the PI3K and MAP kinase pathways. 

26. Islets of Langerhans – the endocrine cells of the pancreas.  The islets consist of at 

least five different cell types, including alpha, beta, delta, PP and epsilon cells, which 
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secrete glucagon, insulin/amylin, somatostatin, pancreatic peptide and ghrelin, 

respectively (Brissova et al., 2008). 

27. Latent Autoimmune Diabetes in Adults (LADA) – a form of diabetes that initially 

presents as type 2 diabetes and includes the characteristic symptom of insulin resistance.  

Over months or years, LADA patients loose beta cell function and require the injection of 

insulin for glucose management (NIDDK, 2008). 

28. Matsuda Insulin Sensitivity Index (Mat-ISI) – a calculation of insulin sensitivity 

that utilizes fasting, as well as post-oral glucose tolerance test, glucose and insulin values. 

29. Nitric Oxide – an important signaling molecule in humans, which acts vasodilator, 

regulates the binding and release of oxygen to hemoglobin, kills parasitic organisms and 

tumor cells and stimulates the production of new mitochondria. 

30. Oral Glucose Tolerance Test – the administration of 75 or 100 grams of glucose 

in solution.  Commonly measured outcomes are plasma glucose and insulin.  Peak 

glucose, how quickly glucose is removed from the blood and the amount of insulin 

needed to deal with the carbohydrate load are variables of interest.    

31. Phosphatidylinositol 3-Kinase (PI3-kinase) – a family of related heterodimer 

enzymes which interact with the insulin receptor substrate and promote a phosphorylation 

cascade in order to regulate glucose uptake. 

32. Prediabetes – a condition where a patient has fasting, random or post-OGTT 

plasma glucose values that are above the normal physiological range, but below the 

criteria for diabetes diagnosis. 

33. Sandwich ELISA – a biochemical technique where a well is coated with a capture 

antibody.  A fluid sample is added and antigen of interest and binds to capture antibody.  

Thereafter, the detecting antibody is added and binds to the opposite end of the antigen.  
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An enzyme-linked secondary antibody is added, which binds to detecting antibody. 

Finally, when the substrate and enzyme are added, the investigator is able detect the 

antigen of interest (Voller, Bartlett & Bidwell, 1978). 

34. Somatostatin – a hormone that suppresses the release of gastrointestinal hormones 

and the secretion of growth hormones from the anterior pituitary gland.  

35. Tyrosine Kinase – a subgroup enzymes that transfer a phosphate group from ATP 

to a tyrosine residue on a protein. Tyrosine kinase protein phosphorylations are an 

essential for signal transduction in the insulin signaling pathway and regulation of 

enzyme activity.  

36. Vastus Lateralis – a muscle in the quadriceps groups that acts to extend the leg at 

the knee. 
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CHAPTER TWO 

Review of Literature 

 
Introduction 

The global prevalence of type 2 diabetes is increasing rapidly (Wild et al., 2004).  

Cassia is a target of research because the herb may attenuate insulin resistance and 

impaired glucose tolerance, impairments of carbohydrate metabolism that are nearly 

ubiquitous in prediabetes (Ratner, 2008).  Though glucose values are often measured in 

the fasting state, postprandial blood glucose is also a relevant indictor diabetes risk 

(Bonora & Muggeo, 2001; Tucker, 2008).  Since excess blood glucose induces a stress 

response in the body (Gonzalez-Bono et al., 2002), strategic diet and supplementation 

that minimizes insulin resistance and impaired glucose tolerance may relieve postprandial 

oxidative stress (O’Keefe, 2007). Botanical supplements may reduce the insulin 

sensitivity and impaired glucose tolerance that is characteristic of prediabetes (Liu, Liu & 

Cheng, 2005).  The list of potentially efficacious dietary supplement treatments includes 

chromium (Yeh et al, 2003), alpha-lipoic acid (Konrad et al., 1999), American ginseng 

(Yeh et al, 2003), and Panax ginseng (Cleary, 1990).   

Cassia cinnamon is a botanical supplement which may be beneficial for 

prediabetic or diabetic patients.  Ground and extract preparations of Cassia were found to 

enhance insulin signaling in mouse adipose tissue (Wilcox, 2005) and rat skeletal muscle 

(Cao et al. 2007), and the spice also attenuated insulin resistance induced by a high-

fructose diet in rats (Qin et al., 2007).  Finally, human studies have demonstrated 

enhanced glucose disposal and reduced IR with ground Cassia supplementation during an 
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oral glucose tolerance test and in combination with whole food (Solomon & Blannin, 

2007; Hlebowicz et al., 2007).  Cassia is also generally recognized as safe by the FDA.  

The purpose of this literature review is to explore the potential of Cassia ground bark 

supplementation to modulate the glucose response to an OGTT.  Furthermore, this 

literature review examines the impact of an acute exercise bout on enhance insulin 

sensitivity and glucose tolerance. 

 
Insulin Signaling Pathway 

Insulin is a dipeptide, which is released from the Islets of Langerhans in the 

pancreas in a biphasic manner.  The pancreas, upon glucose sensing or hormone action, 

secretes a large burst of insulin, which is followed by a slower, sustained release of 

insulin (Nielsen et al., 2001).   Additionally, insulin secretion is enhanced by vagus nerve 

stimulation (Kaneto et al., 1967), gut peptide hormones (Wang et al., 2002), acetylcholine 

(Campfield et al., 1983), and arginine (MacDonald, 2002; Wilcox, 2005).  Insulin 

secretion is inhibited by low blood glucose (Bratanova-Tochkova et al., 2002), 

catecholamines (Porte et al., 1973), and somatostatin (Wilcox, 2005).  Healthy, lean 

individuals continuously secrete a basal amount of insulin to maintain fasting insulin 

concentrations of roughly 3–15 µU/L or 18–90 pmol/L (Kahn et al., 1997; Wilcox, 2005). 

Insulin acts by binding to the extracellular α-subunit of the insulin receptor and 

transmits the anabolic signal through second messenger pathways.  Specifically, insulin 

binding causes a conformational change within the receptor so that ATP may be bound to 

the intracellular portion of the transmembrane β-subunit (Wilcox, 2005).  ATP binding 

promotes phosphorylation and activation of the β-subunit imparting tyrosine kinase 

activity to the receptor. This enables tyrosine phosphorylation of insulin responsive 
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substrates 1 and 2 (IRS1/2). Once IRS protein kinase activity is enabled, the enzyme 

binds specific src-homology-2 domain proteins, including phosphatidylinositol 3-kinase 

(PI3-kinase) and phosphotyrosine phosphatase, and proteins that link IRS-1 and other 

intracellular signaling systems (Kido et al., 2001; Wilcox, 2005).  PI3-kinase signals 

insulin’s metabolic effects, like glucose uptake (Haruta et al., 1995), and the rat sarcoma 

pathway (RAS) mediates many of insulin’s mitogenic effects (Kido et al., 2001; Wilcox, 

2005).  For instance, blocking muscle cell PI3-kinase activity with wortmannin inhibits 

insulin-dependent IRS-1 and PI3-kinase stimulated GLUT4 translocation at 50 nM 

(Kanai, 1993).  Under normal circumstances, after IRS-1 and PI3-kinase are bound and 

phosphorylated, the complex phosphorylates phosphatidylinositol biphosphate (PIP2) to 

generate phosphatidylinositol triphosphate (PIP3) (Paul et al., 2007).  PIP3 will then 

stimulate the phosphorylation of 3-phosphoinositide dependent protein kinase-1 (PDK-1) 

and 3-phosphoinositide dependent protein kinase-2 (PDK-2), which together stimulate 

the PKB/Akt pathway.  PDK-1 will also stimulate PKC.  Together the phosphorylated 

PKB/Akt and PKC will prompt the release of GLUT4 proteins from the endoplasmic 

reticulum and translocation of the proteins to the plasma membrane (Paul et al., 2007).  

According to Wilcox (2005), insulin resistance is primarily a consequence of 

impaired post-receptor insulin-mediated signaling, most likely at the level of PI3-kinase 

and IRS phosphorylation.  Promising research findings in cellular and animal models 

support the role of impaired post-receptor insulin signaling in the mechanisms of 

impaired glucose tolerance and insulin resistance (Wilcox, 2005; Cao et al. 2007; Qin et 

al., 2007). Moreover, a recent review by Frojdo et al. (2009) indicates that 

phosphorylation of protein kinases B and C, which are both dependent upon PI3-kinase, 

is impaired in both obese insulin resistant and type 2 diabetic participants (Cusi et al., 
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2000; Kim et al., 1999; Kim et al., 2003; Bandyopadhyay, 2005).  On the other hand, 

abnormal glucose transporter 4 (GLUT4) function is also reported to contribute to 

impaired glucose tolerance in both populations (Cusi et al., 2000; Kim et al., 1999; Kim 

et al., 2003; Bandyopadhyay, 2005).  Though the concentration of GLUT4 proteins is not 

typically deficient in insulin resistant individuals, GLUT4 translocation to the cell surface 

is often impaired (Henriksen, 2002).  An investigation that examines OGTT glucose and 

insulin response after Cassia, exercise, or placebo administration may indicate the 

relative ability of each treatment to improve insulin sensitivity and glucose tolerance.  

 
Molecular Evidence for Cassia Cinnamon and Insulin Sensitivity 

Though adipose is an insulin-dependent tissue, skeletal muscle insulin signaling 

deficiency accounts for the majority of peripheral insulin resistance in type 2 diabetes 

individuals (Defronzo, 1985; Smith, 2002).  Qin et al. (2003) examined the effect of a 

Cassia extract (CE) on insulin action in the skeletal muscle of Wistar rats with the 

euglycemic clamp technique.  The rats were provided with a low or high oral dose of the 

CE for three weeks.  Following CE supplementation, both treatment groups required 

significantly more glucose administration to maintain euglycemia with a constant insulin 

infusion in a dose-responsive manner. Upon sacrifice, the investigators noted that the 

total protein content of IR-β, IRS-1, and PI3-kinase did not differ between CE rats and 

controls, but the skeletal muscle insulin-stimulated IR-β and the IRS-1 tyrosine 

phosphorylation levels in CE supplemented rats were 18% and 33% higher for the low 

and high dose groups, respectively (p < .05).  Furthermore, the IRS-1/PI3-kinase 

association, an immunoblotting technique and good indirect measure of PI3-kinase 

activity, had a significant increase of 41% in the skeletal muscles of all CE supplemented 
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animals (p < .01).  The results of this study support the notion that CE enhances insulin 

sensitivity in healthy rats, which is most likely mediated through enhanced insulin-

mediated tyrosine phosphorylation of skeletal muscle signaling proteins.  Confirming 

enhanced activity of muscle PI3-kinasae signaling by CE is paramount because skeletal 

muscle is the primary site of peripheral IR and whole-body insulin mediated glucose 

disposal (DeFronzo et al., 1985; Wilcox, 2005).  Cassia may be a promising pre-diabetes 

and type 2 diabetes therapeutic agent, given that insulin resistance is largely mediated 

through impaired insulin signaling (Wilcox, 2005). 

 
Cassia Attenuates Insulin-Resistance In Vivo 

In healthy humans, both Cassia supplementation and a single bout of endurance 

exercise may enhance insulin sensitivity following an OGTT.  Hence, in vivo models of 

healthy animals consuming Cassia are especially relevant.  In one investigation, male 

Wistar rats were fed a high-fructose diet for three weeks with or without CE added to the 

drinking water; these groups were compared to a control group sustained on normal rat 

chow (Qin et al., 2004).  At the end of three weeks, the rats fed a high fructose diet 

required a glucose infusion rate that was 60% of controls during a hyperinsulinemic-

euglycemic clamp, given the same infusion rate of insulin.  The rats consuming a high 

fructose diet with CE-fortified water, however, had glucose infusion rates that were not 

statistically different from controls.  This result indicates that CE may allow high fructose 

diet rats to maintain normal insulin sensitivity.  Furthermore, rats on a high fructose diet 

presented with a reduction of insulin-stimulated IR-β and IRS-1 tyrosine phosphorylation 

and fewer IRS-1/PI3-kinase associations. As compared to ordinary fructose fed rats, CE 

supplemented rats displayed significantly increased insulin signaling, which approached 
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the signaling level of control rats.  This study indicates that CE supplemented rats may 

avoid the insulin resistance typically noted after a high fructose diet.  The authors 

conclude that CE may allow initially healthy rats to maintain insulin sensitivity, largely 

as a result of improved muscular insulin signaling.   

 
Healthy Human Studies 

Though the human body carefully secretes a variety of hormones to maintain 

glucose homeostasis, the blood glucose of healthy humans is increased with a high 

carbohydrate load (Qin, 2004, Woelver, 1996a; Woelver, 1996b). This transient increase 

in circulating glucose is a noted stressor in the human body—an individual will benefit 

from minimizing glucose elevations in the blood. (O’Keefe & Bell, 2007, (O’Keefe, 

Gheewala & O’Keefe, 2008).  As such, Cassia use may alleviate the physiological stress 

observed in healthy individuals following the consumption of a large carbohydrate load. 

 One study examined the impact of five grams of wheat flour placebo in cellulose 

capsules, five grams of Cassia supplemented in the solution of an OGTT, or five grams 

of Cassia taken 12 hours before the OGTT in seven healthy, lean males aged 26 ± 1 years 

in a randomized, crossover design (Solomon & Blannin, 2007).  Following the OGTT, 

the investigators examined the following indicators: 1) plasma glucose area under the 

curve (AUC), 2) insulin AUC, and 3) Matsuda insulin sensitivity index (Mat-ISI).  The 

results provided evidence that Cassia, when administered in combination with the OGTT 

and 12 hours prior to the test, significantly reduced the total plasma glucose response and 

enhanced insulin sensitivity in healthy young men (p < .05).  Furthermore, the results 

suggest that Cassia may be effective when ingested well in advance of the carbohydrate 

load.  Therefore, frequent flavoring with Cassia may have the potential to enhance 
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glucose disposal, improve insulin resistance, and alleviate stress placed on a healthy body 

through sub-optimal food choices. 

The blood glucose response of 14 healthy participants was studied 15–90 minutes 

after ingestion of 300 grams rice pudding or 300 grams rice pudding with six grams of 

ground Cassia in a cross-over trial (Hlebowicz et al., 2007). When Cassia cinnamon was 

added to the rice pudding, the participants experienced significantly delayed gastric 

emptying and a lower mean postprandial glucose response (p < .05).  The authors 

mentioned that the delay in gastric emptying rate may not be large enough to explain the 

dramatic reduction in blood glucose following Cassia ingestion.  Nonetheless, a six gram 

dose of Cassia may allow healthy men and women to demonstrate lower blood glucose 

values following the ingestion of a high carbohydrate food.  In addition to improved 

insulin signaling, delayed gastric emptying could be part of the mechanism by which 

Cassia may enhance glucose tolerance. 

The studies above indicate that Cassia may have the potential to 1) enhance 

insulin signaling in insulin-responsive cells; 2) attenuate the loss of insulin sensitivity 

typically noted in rats fed a high fructose diet; and 3) improve glucose tolerance and 

insulin sesitivity in lean, healthy humans.  The next section will explore the potential 

impact of endurance exercise on immediate insulin-independent glucose utilization and 

short-term insulin sensitivity.   

 
Exercise and Immediate Insulin-Independent Glucose Handling 

Exercise prompts the translocation of GLUT4 proteins to the surface of the 

working muscle cell with an insulin-independent mechanism.  The migration of GLUT4 

to the cell surface is likely activated by hypoxia (Azevedo et al., 1995), nitric oxide 
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(Balon & Nadler, 1997; Roberts, Barnard, Scheck & Balon, 1997), or bradykinin and 

calcium (Henriksen, 2002; Santos, 2008).  Insulin secretion is typically reduced during 

and after exercise; therefore, additional membrane-associated GLUT4 proteins, and 

subsequent extraction of glucose from the blood, may be primarily induced by exercise-

mediated pathways (Henriksen, 2002).  Kennedy et al. (1999) investigated this 

mechanism with a study of five type 2 diabetes patients and five euglycemic controls.  

All participants underwent muscle biopsies at rest and following 45 minutes of cycling at 

60-70% VO2max. The average increase in plasma membrane GLUT4 content for the 

participants with type 2 diabetes was 74 ± 20% above resting values, and this percent 

increase was not significantly different than the change observed in the non-diabetic 

controls.  Lean controls had 34% higher resting and post-exercise GLUT4 protein 

concentrations than the participants with type 2 diabetes.  Though this difference in total 

GLUT4 translocation was not statistically significant, the discrepancy may have clinical 

importance, since an increase in GLUT4 protein expression is a noted training adaptation 

for individuals with type 2 diabetes who engage in regular exercise (Henriksen, 2002).  

Nonetheless, endurance exercise allows diabetics to increase glucose transporters the 

surface of muscle cells. 

 
Acute Exercise and Immediate Insulin Mediated Blood Glucose Uptake 

A single exercise bout may improve insulin sensitivity for at least 16 hours in 

healthy and type 2 diabetes subjects (Borghouts et al., 2000).  Furthermore, another group 

of researchers reported an immediate increase in insulin-mediated glucose disposal upon 

the onset of an endurance exercise bout (Christ-Roberts et al., 2003).  Sixteen insulin-

resistant, non-diabetic and seven type 2 diabetes participants underwent two 
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hyperinsulinemic clamps, once at rest and once concomitant with exercise at 70% peak 

O2 consumption.  Exercise and insulin infusion were initiated simultaneously and 

biopsies of the vastus lateralis were taken immediately before and after the thirty minute 

exercise bout. Exercise significantly increased insulin-mediated glucose disposal in non-

diabetic and diabetic subjects (from 4.6 ± 0.4 to 9.5 ± 0.8 and 4.3 ± 1.0 to 7.9 ± 0.7 mg x 

kg fat-free mass-1x min-1, respectively).  The effects of exercise were strongly correlated 

with an increase of glucose disposal and glycogen synthesis (p < 0.001). Finally, glucose 

disposal continued at a significantly greater rate for 90 minutes after the cessation of 

exercise in insulin resistant and diabetic groups. 

 
Short Term Effects on Insulin Sensitivity 

Insulin sensitivity is improved for several hours following an acute bout of 

endurance exercise.  Devlin et al. (1987) studied glucose metabolism in men with type 2 

diabetes with and without glycogen-depleting endurance cycling exercise 12 hours before 

testing.  The rates of total glucose utilization, glucose oxidation, non-oxidative glucose 

disposal (glycogen synthesis), glucose metabolic clearance rate, and endogenous glucose 

production were assessed with a two-level insulin-clamp technique.  Twelve hours after 

exercise, total glucose disposal was increased as a result of significantly higher non-

oxidative glucose disposal during both levels of insulin infusion. As compared to the 

resting condition, baseline endogenous glucose production was significantly reduced the 

morning after exercise (p <.05) and was also associated with significant reductions of 

fasting plasma glucose (p <.05).  The investigators reported that endurance exercise may 

improve insulin sensitivity and glucose tolerance and the mechanism may be largely 

dependent on increased glycogen synthesis.  Since an acute endurance exercise bout 
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appears to blunt liver gluconeogenesis, the intervention may also lower fasting glucose 

the following morning. 

Richter et al. (1989) showed that one hour of dynamic one-legged exercise in six 

healthy young men improves insulin sensitivity and glucose uptake in the exercised leg, 

as compared to the unexercised leg, four hours after cessation of exercise.  The research 

group utilized a three-step sequential euglycemic hyperinsulinemic clamp with insulin 

infusion rates sufficient to maintain insulin concentrations of 23, 40, and 410 µU/ml.  The 

researchers reported that exercise stimulated significant glycogen synthesis during the 

hyperinsulinemic clamp, while the rested leg did not show a dramatic increase in 

glycogen synthesis (Richter et al., 1989).  Recent research utilizing the same protocol in 

12 healthy young men shows that skeletal muscle insulin signaling is significantly 

improved four hours after the single bout of endurance exercise (Frøsig et al., 2007).  The 

investigators reported that insulin-induced glucose uptake was about 80% higher in the 

exercised leg, as compared to the rested leg (p < 0.05).  The authors also noted that 

insulin increased IRS-1 and IRS-2 associated PI-3 kinase activity (p < .05) and resulted in 

increased phosphorylation of Akt in exercise skeletal muscle (p < 0.001).   Frøsig et al. 

convincingly demonstrated that an acute endurance exercise bout may increase insulin-

mediated glucose uptake via activation of the insulin signaling pathway four hours after 

the exercise intervention.   

A review by Henriksen (2002) provides evidence that an acute about of exercise 

at 60% of VO2max improves insulin sensitivity in individuals with type 2 diabetes 

immediately and 20 hours after exercise; however, the improvements in insulin 

sensitivity may not be present after 24 hours.  Furthermore, Wright & Swan (2001) noted 

that seven days of endurance exercise performed for 30 minutes at 70–75% of the heart 
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rate reserve (corresponds to VO2max) caused a 36% improvement in insulin sensitivity in 

participants with impaired glucose tolerance, but one week of moderate intensity exercise 

did not yield the same improvements in insulin sensitivity (Wright & Swan, 2001).  

Wright & Swan also reported that an endurance exercise prescription above 75% of the 

VO2max may promote glucose intolerance, due to a significant stress response and the 

release of catecholamines.  Considered together, the above studies suggest that an acute 

bout or short-term endurance exercise may improve insulin sensitivity and glucose 

tolerance when performed at 60-75% of the VO2max. 

 Though enhanced cellular insulin signaling is an attractive explanation for the 

increased insulin sensitivity observed following an exercise bout, the some evidence, as 

reviewed by Goodyear & Kahn (1998), does not support this assumption.  Exercise may 

not improve insulin-receptor binding or enhance tyrosine kinase activity of the stimulated 

insulin receptor (Koval et al., 1999).  One study compared the effects of 30 minutes of 

hyperinsulinemia or cycle ergometer exercise at 60% of VO2max in healthy, inactive 

volunteers (Koval et al., 1999).  Exogenous insulin resulted in increased glucose disposal, 

insulin receptor and IRS-1 tyrosine phosphorylation, and association of the p85 

regulatory subunit of PI 3-kinase with IRS-1 (p < .05).  On the other hand, the exercise 

treatment significantly increased glucose disposal but decreased tyrosine phosphorylation 

of the insulin receptor and had no effect on IRS-1 tyrosine phosphorylation, or 

association of p85 with IRS-1.  Therefore, it may be hypothesized that endurance 

exercise enhances glucose disposal directly at a down-stream target in the insulin 

signaling pathway or through an insulin independent mechanism, such as AMP-activated 

protein kinase (Mu et al., 2001). 
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General Variables Impacting Insulin Sensitivity in Humans 

The prevalence and etiology of several metabolic diseases differs between men 

and women (Barrett-Connor et al., 2001; Hochman et al., 1999). Furthermore, men and 

women may respond differently to lifestyle interventions intended to alleviate metabolic 

disturbances (Perreault et al., 2004).  For instance, a study conducted by Horton et al. 

(1998) supports that women oxidize a greater proportion of lipid relative to carbohydrate 

than men, given the same exercise protocol.  The differences in fuel selection were not 

noted before exercise, after exercise, or on a control rest day (Horton et al., 1998).  A 

group of investigators reported that women in the follicular phase of their menstrual 

cycles appear to have greater improvements in insulin sensitivity in response to a single 

bout of endurance exercise (90 min, 60% VO2peak), as compared to men (Perreault et al., 

2004).  During the study, participants cycled for 90 min at 85% lactate threshold or 

remained semi-recumbent on a rest day. Following the exercise and rest protocols, 

participants were administered a three-hour hyperinsulinemic-euglycemic clamp (30 

mU·m–2·min–1).  Men and women did not have different glucose infusion rates during the 

clamp on the control rest day; however, glucose infusion rate was significantly lower in 

men compared with women on the exercise day (p = .01).   The authors concluded that 

women have a greater increase in whole body insulin action in the three to four hours 

after exercise, as compared to men.   

Glucose tolerance and fasting glucose may be comprised in menopause (Szoke et 

al., 2008).  The results of one study with 505 Japanese, non-diabetic women suggest that 

menopause is an independent risk factor for impaired fasting glucose (Otsuki et al., 

2007).  The investigators evaluated the fasting plasma glucose, age, body mass index and 

HOMA insulin resistance of 208 premenopausal and 297 postmenopausal women.  Based 
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on the results, postmenopausal women may be more likely to present with impaired 

fasting glucose, as compared to premenopausal women.  Furthermore, Szoke et al (2008) 

reported that the change in glucose handling in postmenopausal women may be due to the 

loss of β-cell function and insulin release in this population.   

The use of oral contraceptives may also impact insulin sensitivity. In a 

prospective study seven normal premenopausal women were examined prior to, three 

months and six months following a new course of contraceptive therapy (Kasdorf et al., 

1988).  During the testing, a constant infusion of glucose was given throughout a 2 hour 

basal period, which was followed by two successive 2-hour euglycemic clamp procedures 

at insulin delivery rates of 10 and 40 mU/m2/min.  Though the women did not 

demonstrate significantly different glucose tolerance in response to the intravenous 

glucose tolerance test, peripheral glucose utilization rates were significantly reduced after 

three months of oral contraceptive use.  After six months of contraceptive use, however, 

the differences in glucose utilization rates were not observed.  The authors concluded that 

the insulin resistance observed with oral contraceptives may ameliorate with time.  

Kojima et al. (1993) found that insulin sensitivity was decreased when 33 healthy, 

ovulatory women consumed doses of ethinyl estradiol used in oral contraceptives.  A 

recent study also showed that oral contraceptive use is associated with an increase in 

markers of insulin resistance and glucose intolerance in African-American women 

(Frempong et al., 2008).  Consequently, women consuming birth control may have 

greater insulin resistance. 

A study of 2140 Israeli Jewish participants aged 40-70 was used to determine how 

BMI and past BMI impacts glucose tolerance (Modan et al., 1986).  The authors found 

that participants who had a BMI of 27 or greater at the time of testing and 10 years prior 
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to testing were more likely to demonstrate glucose intolerance than participants who had 

a BMI under 27 at both time points. A report of the Nurses’ Health Study reports that 

relative risk of developing diabetes over 16 years is 38.8 for women with a body mass 

index greater than 35.0, 20.1 for women with a body mass index between 30 and 34.9, 

and 7.99 for women with a body mass index between 25 and 29.9, as compared with 

women who had a body mass index of less than 23 (Hu et al., 2001).  The authors 

conclude that women with body mass index values greater than 25 are at an increased 

risk of developing diabetes.   

 
Calculated Measures of Insulin Sensitivity 

Insulin resistance has been measured with a plethora of formulas, many of which 

have not been validated against or correlate poorly with accurate clamp techniques 

(Wallace & Matthews, 2002).  To estimate insulin resistance from fasting plasma glucose 

and insulin, it is appropriate to use a computer-solved model which predicts homeostatic 

concentrations resulting from beta cell deficiency and insulin resistance.  Matthews et al. 

(1985) coined one such model as the homeostatic model assessment (HOMA-IR).  The 

estimate of insulin resistance obtained by HOMA-IR correlated with estimates obtained 

by use of the euglycemic clamp (R = 0.88, p < .0001), the fasting insulin concentration 

(R = 0.81, p < 0.0001), and the hyperglycemic clamp, (R = 0.69, p < 0.01).  The estimate 

of deficient β-cell function obtained from the HOMA-IR model correlated with that 

obtained from the hyperglycaemic clamp (R = 0.61, P < 0.01) and with the estimates 

from the intravenous glucose tolerance test (R = 0.64, P < 0.05).  Although HOMA-IR 

correlates well with several indicators of insulin resistance and beta-cell function, there 

was no correlation with any aspect of insulin-receptor binding.  The HOMA-IR model 



30 

 

has low precision estimates (coefficients of variation: 31% for insulin resistance and 32% 

for beta-cell impairment), which limits its power to generalize to populations.  The 

HOMA-IR measure is appealing because it is minimally invasive and may be performed 

with little funding. 

Though the HOMA model may be a reasonable indicator of insulin resistance in 

the fasting state, it is has not been validated for use in conjunction with the OGTT.  

Therefore, insulin sensitivity may be calculated with the Matsuda insulin sensitivity 

(Mat-ISI) index using mean insulin and glucose values obtained during the OGTT 

(Matsuda & DeFronzo, 1999).  This indicator has been rigorously validated against a 

hyperinsulemic, euglycemic clamp in research (r = 0.73, P < 0.0001).  Moreover, the 

mathematical construction of the equation is a model of whole body (hepatic and 

peripheral) insulin sensitivity.  The equation is as follows: 10,000/ the square root of 

((fasting plasma glucose X fasting plasma insulin) x (the mean OGTT glucose values x 

the mean OGTT plasma insulin values)). 

 
Summary 

In conclusion, Cassia cinnamon, both as an extract and whole bark form, may 

improve insulin sensitivity through enhanced post-receptor insulin signaling, primarily at 

the level of the IRS substrates, PI3-kinase and signaling downstream of PI3-kinase in the 

skeletal muscle, which is the primary site of insulin resistance.  These mechanisms may 

be distinguished from some currently available anti-diabetic agents, which work by 

increasing hepatic insulin secretion and enhancing peripheral insulin sensitivity primarily 

in the adipose tissue.  The benefits of Cassia supplementation on insulin sensitivity and 

glucose tolerance have been observed in obese and healthy rodent models.  Furthermore, 
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existing healthy human studies demonstrate Cassia’s potential positive, short-term effect 

on glucose tolerance or insulin sensitivity when a carbohydrate stress is administered in 

the form of an OGTT beverage or rice pudding.    

An acute exercise bout immediately promotes GLUT4 translocation to the muscle 

cell and also improves glucose disposal and insulin sensitivity.  Acute exercise-induced 

improvement in insulin sensitivity has been observed for at least 20 hours in human 

participants. 

 The following study was designed to evaluate the impacts of five grams of 

Cassia supplementation and 50 minutes of endurance exercise three hours after ingestion 

of the supplement or the exercise bout on glucose tolerance, serum insulin concentration 

and the Mat-ISI.  Since Cassia may enhance glucose tolerance for up to 12 hours post-

ingestion, exercise-mediated increases in insulin sensitivity may last for up to 20 hours, 

three hours may be an appropriate time lapse before the administration of the oral glucose 

tolerance test.  Finally, participant selection guidelines are constructed to maximize the 

potential effects of endurance exercise and Cassia supplementation on insulin sensitivity 

and glucose tolerance, based on the literature concerning the factors that may negatively 

or positively impact insulin sensitivity. 
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CHAPTER THREE 

Methods 

 
Participants 

Ten women overweight and sedentary females between the ages of 18-30 years 

who were not regular cinnamon users (no added cinnamon in diet) volunteered to 

participate in the study.  The inclusion criteria for overweight included a minimum BMI 

of 27 and a minimum DXA body fat percentage of 30.  The exclusion criteria for 

sedentary included: 1) planned exercise participation; 2) current participation in an 

activities class; and 3) regularly scheduled active recreational activities. Women who 

indicated a diagnosis of electrolyte abnormalities, heart disease, arrhythmias, diabetes, 

poly cystic ovary syndrome, metabolic syndrome, asthma, thyroid disease, high blood 

pressure, kidney disease, musculoskeletal disease, or autoimmune disease were excluded 

from the study.  Participants did not take oral or intrauterine contraceptives, prescription 

medications, OTC weight loss pills or dietary supplements for at least three months 

before the start of the study; however, individuals who take a standard multi-vitamin will 

be allowed to participate.  All eligible participants provided oral and informed written 

consent based on university-approved documents and approval granted by the 

Institutional Review Board for Human Subjects of Baylor University.  The purpose of the 

research project, the protocol followed, and the experimental procedures were explained 

to all of the participants. 
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Study Site 

All supervised testing and training will be conducted in the Exercise & Sport 

Nutrition Laboratory (ESNL) and Exercise and Biochemical Nutrition Laboratory 

(EBNL) in the Department of Health, Human Performance, and Recreation at Baylor 

University, in Waco, TX. 

Overview of Research Design 

Table 1 displays the general research design protocol that was administered in this 

study.  The independent variables were five grams of encapsulated whole Cassia, five 

grams of encapsulated cellulose placebo, 50 minutes of endurance treadmill exercise (50 

minutes at 70% HRR), and six data sampling times during the course of the study.  

Dependent variables included blood glucose, serum insulin, oral glucose tolerance test, 

peak blood glucose, glucose and insulin area under the curves (AUC), Homeostasis 

Model Assessment of insulin resistance (HOMA-IR), and the Matsuda insulin sensitivity 

index (Mat-ISI). 

 
Hemodynamic Safety Markers 

The investigator assessed the participants’ hemodynamic safety markers (heart 

rate and blood pressure) at the start of each testing session.  In order to monitor the 

hemodynamic response to exercise, the investigator measured heart rate and blood 

pressure before, after and every 15 minutes throughout the endurance exercise bout.  

Heart rate was determined by palpitation and a Polar® heart rate monitor.  Blood pressure 

was assessed by auscultation of the brachial artery using a mercury sphygmomanometer 

and standard clinical procedures. 
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Table 1   

Overview of Research Design  

 
Familiarization 

and Entry 
 

 
Random 

Assignment to 
Placebo/OGTT 

 

 
Random Assignment 

to Cassia/OGTT 

 
Random Assignment 
to Exercise/OGTT 

 
Phone Interview 

 
 

Familiarization 
Session 

 
Read and Sign 

Informed Consent 
Documents 

 
General Exam to 

Determine 
Qualifications to 

Participate in 
Study 

 
DEXA to Confirm 

Body Fat 
 

Qualification 

 
8 Hour Overnight 

Fast 
 

Review Dietary 
Records 

 
Obtain Weight, 

Blood Pressure and 
Heart Rate 

 
 

Administer Placebo 
 
 
 
 

3 Hour Fast 
 
 

Return to Lab for 
OGTT with 5 

Sampling Points 
 

 
8 Hour Overnight 

Fast 
 
 

Review Dietary 
Records 

 
Obtain Weight, Blood 

Pressure and Heart 
Rate 

 
Administer Cassia 

 
 
 
 

3 Hour Fast 
 
 

Return to Lab for 
OGTT with 5 

Sampling Points 
 

 
8 Hour Overnight 

Fast 
 
 

Review Dietary 
Records 

 
Obtain Weight, 

Blood Pressure and 
Heart Rate 

 
Administer 50 

minutes of treadmill 
endurance exercise at 

70% HRR 
 

3 Hour Fast 
 
 

Return to Lab for 
OGTT with 5 

Sampling Points 
 

 

Familiarization Session 

Participants were recruited through flyers posted on the Baylor University campus 

and throughout the surrounding community.  Women who expressed interest in study 

participation were screened with a phone interview to ensure that basic study entry 

criteria were satisfied.  Potentially qualified participants were invited to attend a 

familiarization session.  Once reporting to the lab, participants completed a medical 
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history questionnaire and contact information sheet.  If the participants still met the 

eligibility criteria, the women were familiarized to the study protocol through verbal and 

written explanation.  The investigator offered details concerning the objectives of the 

study and explanations of study procedures, as well as potential benefits and risks of 

participation.  The participants also received detailed instructions concerning the 

completion of 2 day food log records.  After participants signed the written informed 

consent and pregnancy screening and radiology consent form, preliminary measurements 

were taken.  The investigator obtained an initial height, weight, blood pressure, heart rate 

and DXA body fat percentage.  At the conclusion of the familiarization session, the first 

experimental testing session was scheduled. 

 
Body Composition 

 Total body mass was determined on a calibrated electronic scale with a precision 

of ± 0.02 kg (Detecto, Webb City, MO). Body composition was determined using a 

calibrated Discovery dual-energy x-ray absorptiometry (DXA) (Hologic, Waltham, MA) 

by licensed personnel with the minimal required x-ray technology training. During the 

the DXA body composition test, the participant rested in a supine position in comfortable 

metal-free exercise clothes. A low dose of radiation scanned her entire body for 

approximately six minutes. The DXA body fat analysis software will determine an 

estimate of body composition based on the attenuation of x-rays by the body tissues.  

Radiation exposure from DXA for the whole body scan is approximately 1.5 mR per 

scan. The maximal permissible x-ray dose for non-occupational exposure is 500 mR per 

year.  
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Venous Blood Draws 

Venous blood samples were collected through an indwelling catheter inserted into 

the antecubital vein. The participants rested in a supine position on an exam table while 

the investigator prepped the location.  The antecubital vein was thoroughly cleaned with 

an alcohol prep pad and allowed to dry.  To puncture the vein, the investigator held a 20 

gauge catheter in her dominant hand. With the bevel up, the needle entered the skin at 

about a 30-degree angle and in the direction of the vein. After entering the skin, the angle 

of the catheter was reduced until it was nearly parallel to the skin.  If the vein appeared to 

move freely under the skin, the investigator applied counter tension against the skin 

below the entry site using the thumb of the non-dominant hand.  The needle advanced 

into the vein until blood was seen in the "flash chamber" of the catheter and needle unit.  

Thereafter, the plastic catheter over the needle was advanced into the vein while holding 

the needle steady.  The hub of the catheter was advanced to the skin puncture site and the 

tourniquet was released.  To prevent premature blood flow out of the catheter, gentle 

pressure was applied to the vein proximal to the entry site.  The needle was then retracted 

from the plastic catheter and placed in a sharps container.  The catheter was secured to 

the skin with a sterile IV sercurment kit, which included a HubGuard® (Centurion, 

Howell, MI), gauze tape with a transparent window and sterile tape. 

All participants had one standard venous blood draw before they took the placebo, 

supplement or exercise.  The participants waited in the lab for 3 hours after completing 

exercise or taking the experimental supplement (Cassia or cellulose placebo).  After 3 

hours passed, the participants consumed a standard lemon-lime flavored oral glucose 

tolerance test solution containing 75 grams of glucose in 300mL of water.  With the 

exception of the experimental drink and water, participants did not eat or drink until after 
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the testing session was complete.  During the three testing sessions, five blood samples 

were obtained from the catheter immediately before and after the administration of the 

glucose solution, which was a replication of the procedure reported by Solomon & 

Blannin (2007).  At each time point, blood was collected in one 10 mL serum Vacutainer 

tube.  Blood collection occurred at the following time points: 1) baseline; 2) 30 minutes 

after carbohydrate; 3) 60 minutes after carbohydrate; 4) 90 minutes after carbohydrate; 

and 5) 120 minutes following carbohydrate ingestion.  Blood samples were centrifuged at 

2,000 rpm.  The serum was transferred to labeled microfuge tubes and the samples were 

stored at -80°C until later analysis.   

 
Cassia and Placebo Administration 

For each of the three testing sessions, participants reported to the lab following an 

8 hour overnight fast.  The investigator first obtained the participant’s 48 hour written 

food record, weight, resting heart rate, and blood pressure measurements, as described 

above.  Thereafter, exercise, 5 grams of encapsulated Cassia (Nature’s Bounty; Bohemia, 

NY: Cinnamomum aromaticum) or 5 grams of cellulose placebo were administered to the 

participants and the intervention order was determined by a random number generator.  

After completing exercise or taking the experimental supplement, participants rested in 

the laboratory for three hours before the oral glucose tolerance test was administer. 

 
Endurance Exercise Bout 

After securing the heart rate monitor, participants first walked on a treadmill for 2 

minutes at 2 mph and 0% incline for a warm-up.  Thereafter, participants walked on the 

treadmill for 50 minutes at 7.5% incline and a speed sufficient to maintain 70% of her 

heart rate reserve (HRR).  Heart rate reserve is defined as the difference between a 
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person's predicted maximum heart rate and resting heart rate.  Predicted maximal heart 

was determined using the formula defined by Tanaka, Monahan & Seals (2001) for 

sedentary individuals (212 - (0.7 * (age in years)).   Heart rate was monitored with a 

Polar© heart rate monitor and readings were recorded every 5 minutes and monitored 

continuously.  Blood pressure was monitored every 15 minutes throughout the endurance 

exercise session.  

 
Blood Glucose Measurements 

Blood glucose values were obtained using a standard handheld glucose analyzer 

(OneTouch Ultra®, Milpitas, CA).  As reported by Chan et al. (1997) the OneTouch® 

glucometer is capable of accurate and reproducible blood glucose measurements utilizing 

a venous blood sample (CV of 2.7%).  The investigator used venous blood samples 

because the method is precise and minimized the participants’ exposure to invasive 

lancing procedures. The test strip was inserted with the contact bars end first and facing 

up into the test port of the glucometer.  The meter turned on automatically.  When a 

flashing blood drop signal appeared on the glucometer, one drop of blood, measuring at 

least one µL, was taken up by the test strip as the investigator exposed the open end of 

the strip to the sample.  The glucometer automatically displayed a blood glucose reading 

in mg/dL after five seconds.  

The OneTouch® test strips contain glucose oxidase > 0.08 IU; ferricyanide > 22ug 

and buffers.  Upon interaction with blood, the glucose oxidase enzyme binds D-glucose, 

which donates electrons and becomes oxidized to D-gluconic acid (Wong et al., 

2008).  The meter measures the number of electrons passing to the glucose oxidase 
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by coupling the enzyme and the iron-based oxidant (recipient of glucose-donated 

electrons) with a very small electrode.  

The manufacturer's specifications note that the OneTouch Ultra® glucometer will 

report accurately for blood glucose concentrations ranging between 20 - 600 mg/dL.  The 

calibration is determined to be a plasma equivalent and the minimum blood sample size 

required to complete the assay is one µL.  Moreover, clinical testing reported by Lifescan 

(2006) comparing the OneTouch Ultra® glucometer and the reference YSI Model 2300 

Glucose Analyzer system notes that values obtained from the two instruments yielded a 

correlation coefficient of 0.984 and an overall CV of 3.2% or less when testing blood 

glucose values ranging from 36.4 - 434 mg/dL (n=117).  The OneTouch Ultra® meter 

was found to have accuracy that was comparable to concurrently used benchmark 

instruments (Beckman, YSI, or i-STAT) during an insulin-induced hypoglycemia test 

(n=353); therefore, the handheld analyzers are accurate across a range of blood glucose 

values. 

 
Serum Insulin Analysis 

The quantitative measurement of serum insulin was determined by using a 

sandwich-type enzyme linked immunosorbent assay (ELISA) kit (Alpha Diagnostic 

International Systems Laboratories, San Antonio, TX, (ADI-0030)). One hundred μl of 

horse radish peroxidase (HRP)-labeled anti-insulin antibody was added to the wells of the 

pre-coated insulin microplate containing 25 μl of the standards, controls, and unknown 

serum samples. After a one hour incubation period (shaken at 500-700 rpm) and five 

washes in a buffered saline solution containing a nonionic detergent, each well was 

incubated in the presence of a 100 μl mixture of hydrogen peroxide and 
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tetramethylbenzidine (TMB). Lastly the reaction was halted by the addition of an acidic 

stopping solution (100 μl 0.2 M sulfuric acid), and absorbances were read at 450 

nanometers within five minutes on a Wallac 1420 Victor 2 plate reader. Absorbances will 

be directly proportional to the concentration of insulin present in serum and a linear 

standard curve was constructed with the standard absorbances on the y-axis and the 

known standard concentrations on the x-axis. The Mikrowin software (Mikrotek, 

Germany) was used to create the best-fit curve, and the concentrations of the unknown 

samples were compared to this curve.  

Insulin Resistance and Sensitivity Indexes 

Fasting insulin resistance was measured with the HOMA model of insulin 

resistance with the following formula: (fasting plasma glucose x fasting plasma 

insulin)/405 (Matthews et al., 1985). Following administration of study protocols and oral 

glucose tolerance test, insulin sensitivity was determined with the Matsuda oral glucose 

tolerance test insulin sensitivity index (Mat-ISI) using glucose and insulin measurements 

from samples obtained throughout the oral glucose tolerance test (Matsuda & DeFronzo, 

1999).  Matsuda & DeFronzo (1999) rigorously validated the Mat-ISI against a 

hyperinsulemic-euglycemic clamp (r = 0.73, P < 0.0001).  Moreover, the mathematical 

construction of the equation is a model of whole body (hepatic and peripheral) insulin 

resistance.  The equation is as follows: 10,000/ the square root of ((fasting plasma 

glucose X fasting plasma insulin) x (the mean OGTT glucose values x the mean plasma 

insulin values)). 
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Dietary Records 

The participants’ diets were standardized and volunteers were asked not to change 

their dietary habits during the course of the study, with the exception of the overnight fast 

and fasting during the intervention period.  However, participants were required to keep 

dietary records for 48 hours prior to each testing session.  The 48-hour dietary records 

were evaluated with the ESHA Food Processor dietary assessment software program to 

determine the average daily macronutrient consumption of fat, carbohydrate, and protein 

in the diet prior to supplementation and exercise. In addition, the overall sugar content of 

the diet and relative macronutrient percentages were examined. 

Reported Side Effects from Cassia Supplementation 

 Throughout the protocol, participants were asked to report any adverse 

experiences believed to be related to supplement ingestion.  After completion of each 

testing session, participants were asked how the supplement was tolerated and completed 

a side effect tolerance questionnaire. The investigator also inquired about latent side-

effects in the follow-up testing sessions. 

 
Statistical Analyses 

One-way treatment ANOVA were performed on baseline insulin, glucose, 

HOMA and dietary factors to evaluate potential differences in these variables.  Since a 

treatment’s affect on maximum postprandial glucose values is clinically significant 

(Tibaldi, 2009; Abrahamson, 2004), maximal glucose values following each treatment 

were also compared with a one way treatment ANOVA.   

Thereafter, insulin and glucose data were analyzed by with univariate 3x5 

repeated measures ANOVA.  The glucose repeated measures ANOVA included one 
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within-subjects contrast in the model to analyze potential differences in glucose between 

the placebo and Cassia treatment 30 minutes after the oral glucose tolerance test (Leech 

et al., 2008).  Follow-up univariate ANOVA or T-tests were used to investigate 

differences between individual groups or time points—a Bonferroni correction was used 

in these cases.  Data are presented as means and standard deviations with relevant F-

values and p-values obtained from tests and appropriate sphericity adjustments.  

Area under the curve (AUC) was determined with the linear trapezoid formula as 

described by Purves (1991) and Pruessner et al. (2003) for serum insulin and blood 

glucose readings measured over the five time points within the oral glucose tolerance test.  

The AUC values for insulin and glucose were evaluated with one-way treatment ANOVA 

to make comparisons between the placebo, Cassia and exercise interventions.  The Mat-

ISI measures for oral glucose tolerance test insulin resistance were also compared with a 

one way ANOVA.  All statistical procedures were performed using SPSS 16.0 software 

and a probability level of < .05 was adopted throughout. 
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CHAPTER FOUR 

Results 

The purpose of the present study was to evaluate the effects of exercise and 

Cassia cinnamon, as compared to placebo, on oral glucose tolerance test (OGTT) 

outcomes, particularly blood glucose and serum insulin.  Study hypotheses were based on 

the premise that Cassia and exercise may improve insulin sensitivity and glucose 

tolerance when administered prior to an oral glucose tolerance test. SPSS for windows 

version 16.0 statistical package (Chicago, Illinois) was used for the statistical analyses, 

and a p-value of ≤ 0.05 was adopted throughout to determine statistical significance. 

 
Demographic Variables 

Descriptive statistics include the mean and standard deviation of age, height, body 

weight, DEXA body fat percentage and BMI.  Eleven healthy, overweight females signed 

the informed consent statement and started experimental testing.  Ten women (22.7 ± 4 

years, 171.58 ± 7.17 cm, 104.42 ± 16.75 kg, 45.98 ± 4.69 DEXA percent body fat and 

BMI of 35.39 ± 5.36) completed the study; therefore, the overall completion rate was 

90.9%.  One participant was unable to complete the exercise protocol, so her data were 

not included in the final analyses.  The remaining participants completed all the 

requirements of the study without difficulty. 

A one way group analysis of variance (ANOVA) revealed that there were no 

statistically significant differences between the participants’ body weight and BMI at 
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subsequent testing sessions (p = .981 and p = .985).  Therefore, these anthropometric 

variables remained constant throughout the study and are presented in Table 2. 

 
Table 2 

 
Participant Demographics at Familiarization and Testing Sessions 

 
 

Demographic 
Variable 

 

 
Familiarization

 
Placebo 

 
Cassia 

 
Exercise 

 
p-

value 

 
Age (years) 

 
22.7 ± 4.00 

 
22.7 ± 4.00 

 
22.7 ± 
4.00 

 
22.7 ± 4.00 

 
1.0 

      
      

Weight (kg) 
 

104.42 ± 16.75 105.25 ± 
15.75 

104.6 ± 
5.24 

103.98 ± 
5.19 

.981 

 
BMI 

 

 
35.39 ± 5.36 

 
35.81 ± 5.14 

 
35.57 ± 

5.44 
 

 
35.58 ± 

5.26 

 
.985 

Note: Data are presented as mean ± standard deviation. p-values were determined by one-
way ANOVA.   
 

Supplement Compliance 

 Participants were provided with coded opaque envelopes containing five grams of 

encapsulated cellulose placebo or five grams of encapsulated cassia cinnamon sealed in 

an airtight plastic bag.  Participants were observed while taking the pills; therefore, the 

supplement compliance rate was 100%. 

 
Dietary Intake 

 All participants completed 2 day written dietary records before each testing 

session.  Participants reported portion sizes, name brands, and methods of food 

preparation.  Furthermore, participants were instructed to eat the same foods before each 
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testing session, and the participants received a photocopy of the first dietary record to 

provide a model for future testing sessions.  A registered dietitian reviewed the dietary 

records with the participant at each testing session.  One way treatment ANOVA revealed 

no significant differences in total intake of kilocalories (F(2,27) = .040, p = .961), 

carbohydrates (F(2,27) = .175, p = .840), sugar (F(2,27) = .161, p = .852), protein 

(F(2,27) = .103, p = .903) or fat (F(2,27) = .177, p = .838) before the Cassia, placebo and 

exercise testing sessions.  Additionally, there were no significant differences between the 

overall percentage of calories that carbohydrate, fat and protein contributed to the diet 

before each testing session (F(2,27) = .209, p = .812; F(2,27) = .416, p = .664; and 

F(2,27) = .040, p = .756, respectively).  Table 3 shows the mean carbohydrate, protein, 

fat, and sugar intakes and the average percentage of total kilocalories provided the 

macronutrients prior to each testing session.   

 
Endurance Exercise Bout 

During the exercise testing session, the participants exercised on a treadmill for 

50 minutes at a pace and grade sufficient to maintain 70% of each individual’s heart rate 

reserve.  On average, the women maintained a heart rate of 160.5 ± 1.96 beats per minute 

throughout the 50 minute period.  On average, the women walked at a speed of 3.11 ± .18 

miles per hour and at a treadmill grade of 7.2 ± .35 % treadmill grade to maintain their 

prescribed exercise heart rates.  

 
Blood Glucose 

 One-way treatment ANOVA were used to investigate differences in blood glucose 

at baseline and subsequent time points.  The effect of treatment group and time on oral 

glucose tolerance test outcomes were assessed by a 3x5 (group x time) repeated measures 
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ANOVA with a contrast at between the Cassia and placebo groups 30 minutes after oral 

glucose tolerance test (Leech et al., 2008).  Total glucose area under the curve (AUC) 

was derived from the linear trapezoid formula, as described by Purves (1991) and 

Pruessner et al (2003).  The mean total glucose AUC for each treatment group was 

compared with one-way ANOVA. 

 
Table 3 

 
Dietary Intake Analysis Among Groups 

 
 

Dietary Variable 
 

 
Placebo 

 
Cassia 

 
Exercise 

 
p-value 

 
Energy  

(kcal/day) 

 
2360.1 ± 597.22 

 
2308.6 ± 585.46 

 
2276.8 ± 795.01 

 
.961 

 
Carbohydrate  

(g/day) 

 
325.59 ± 103.85 

 
290.9 ± 97.08 

 
306.56 ± 136.05 

 
.840 

 
Total Sugar  

(g/day) 

 
119.87 ± 64.67 

 
114.80 ± 62.88 

 
104.1 ± 62.67 

 
.852 

 
Total Protein  

(g/day) 

 
74.27 ± 34.23 

 
80.3 ± 29.68 

 
79.27 ± 31.47 

 
.903 

 
Total Fat  
(g/day) 

 
84.52 ± 24.22 

 
89.3 ± 28.31 

 
81.5 ± 35.02 

 
.838 

 
% Carbohydrate 

 

 
53.3 ± 8.74 

 
50.4 ± 8.46 

 
51.15 ± 12.56 

 
.812 

 
% Protein 

 

 
13.3 ± 5.12 

 
14.6 ± 4.72 

 
15.25 ± 7.5 

 
.664 

 
% Fat 

 

 
32.3 ± 6.92 

 
34.6 ± 6.31 

 
31.8 ± 8.55 

 
.756 

Note: Data are presented as mean ± standard deviation.  Percentages indicate % of daily 
calories contributed by the macronutrient. 
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Assessment of blood glucose and Before Administration of oral glucose tolerance test 

One-way treatment ANOVA analyses revealed no statistical differences in 

baseline blood glucose values (F(2,18) = 1.596, p = .230) or blood glucose values 

immediately before the oral glucose tolerance test (F(2,18) = 1.935, p = .173). A 

summary of all blood glucose descriptive data and p-values for one-way ANOVA each 

time point is presented in Table 4. 

 
Analysis of Maximum Glucose Values 

When the maximum post-oral glucose tolerance test blood glucose values were 

compared among the treatments, a one-way ANOVA revealed a significant treatment 

difference (p = .020).  The Cassia and exercise maximal post-oral glucose tolerance test 

glucose values were 140 ± 16.2 and 144 ± 20.1 mg/dL and the average placebo value was 

156 ± 16.6 mg/dL.  Only the Cassia treatment was significantly different from placebo 

after a Bonferroni correction was applied (p = .044).  The results of the maximum 

glucose values test are presented in Table 4. 

 
Analysis of Glucose Pathology 

 Though the diagnosis of diabetes was an exclusionary criterion for this study, 

some participants met the criteria for prediabetes.  Four participants presented at the lab 

with fasting glucose values greater than 100 mg/dL on at least one occasion and may be 

considered to have impaired fasting glucose.  Five participants had two-hour post-OGTT 

values that exceeded 140 mg/dL, which is the diagnostic criterion for impaired glucose 

tolerance. 
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Table 4 
 

  Blood Glucose, Blood Glucose AUC, and Maximum Glucose 
 

 
Blood Glucose 
Measurement 

 

 
Placebo 

 
Cassia 

 
Exercise 

 
p-value 

 
BL 

 

 
96.7 ± 5.76 

 
92.7 ± 8.5 

 
93.7 ± 8.22 

 
.230 

 
0 
 

 
99.6 ± 9.71 

 
99.6 ± 9.79 

 
94.7 ± 8.77 

 
.173 

 
30 
 

 
140 ± 21.33 

 
127.1 ± 18.12 

 
131.3 ± 22.19 

 
.064 

 
60 
 

 
136.3 ± 24.56 

 
134.8 ± 20.52 

 
139.7 ± 21.67 

 
.825 

 
90 
 

 
128.4 ± 27.62 

 
130.8 ± 21.45 

 
133.5 ± 18.32 

 
.806 

 
120 

 
120.9 ± 18.91 

 
121.7 ± 17.76 

 
126.6 ± 16.7 

 
.669 

 
 

BG AUC 
 
 

15448 ± 1721 
 

15100 ± 1709 
 

15454 ± 1925 
 

.665 

Max BG 
 
 

156 ± 16.6 140 ± 16.2 144 ± 20.1 *.020 

Max BG T-test 
Placebo vs. Cassia 

156 ± 16.6 140 ± 16.2 - *.044 

 
Placebo vs. 

Exercise 
 

 
156 ± 16.6 

 
- 

 
144 ± 20.1 

 
.070 

Note: Mean ± standard deviation for blood glucose, blood glucose AUC, and maximum 
glucose. BL = baseline measurement; 0 = 3 hours after treatment and BL measurement 
and immediately before OGTT; 30 = 30 minutes OGTT beverage consumption; 60 = 60 
minutes OGTT beverage consumption; 90 = 90 minutes OGTT beverage consumption; 
120 = 120 minutes OGTT beverage consumption.  The units of measurement are mg/dL 
for BG measurements and mg.minute/dL for glucose AUC.  The p-values represent the 
results of one-way ANOVA analyses performed for each time point, the AUC and the 
maximum glucose values.  Values with an asterisk are statistically significant. 
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Analysis of Glucose AUC 

 Total glucose area under the curve (AUC) was derived from the trapezoid 

formula.  The values were subsequently compared by a one-way ANOVA analysis.  The 

results of Mauchly’s test of sphericity failed to reject the null hypothesis (p = .402), so 

sphericity may be assumed.  One-way ANOVA analysis failed to show a significant 

difference in glucose AUC (F(2,18) = .721, p = .721).  A summary of the means and 

standard deviations for total glucose AUC in mg.minute/dL may be found in Table 4.  

Figure 2 displays the total glucose AUC with standard deviation bars. 

 
Analysis of Blood Glucose with Repeated Measures ANOVA 

A repeated measures ANOVA was conducted to assess the effects of treatment 

and time on the blood glucose values following the administration of a 75 gram glucose 

beverage.  The analysis revealed no significant main effects for treatment, nor was there a 

treatment by time interaction.  A significant main effect for time was observed 

(F(2.138,19.24) = 19.773, p < .001).  Since the assumption of sphericity is not valid 

(Mauchley’s test of sphericity, p = .046) and epsilon is < .706, the Greenhouse-Geisser 

adjustment is reported. The time effect (eta squared=0.687) indicates that 68.7% of the 

variance of blood glucose was associated with the time points. The difference between 

Cassia and placebo at the 30 minutes time point was elucidated utilizing within-subjects 

contrasts in the repeated measures ANOVA model.  The glucose curves for cellulose 

placebo, Cassia, and exercise treatments are presented in Figure 1.  The data from the 

glucose repeated measures ANOVA are summarized in Table 5. 

Hypothesis 1 stated “the Cassia intervention will result in a significantly lower 

mean blood glucose response following oral glucose tolerance test administration as 
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compared to placebo” and hypothesis 2 stated “the exercise intervention will result in a 

significantly lower mean blood glucose response following oral glucose tolerance test 

administration as compared to placebo.”  Given that no overall treatment effects were 

observed in the repeated measures blood glucose analysis, hypotheses 1 and 2 are not 

supported. 

 

Figure 1:  Time Effects for Blood Glucose. Standard deviation bars are included at each 
point on the glucose curves.  The asterisk denotes a significant effect from the baseline. 
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Table 5  

Glucose Repeated Measures ANOVA and Contrast 
 

 
Effects and Contrasts 

 

 
F-value 

 
p-value 

 
ηp2 

 
Main Treatment 

 

 
F(1,9) = .238 

 
.790 

 
.026 

 
Main Time 

 

 
F(1,9) = 19.773 

 
*< .001 

 
.687 

 
Treatment by Time  

Interaction 

 
F(1,9) = .457 

 
.457 

 
.098 

 
Interaction Contrast 
Placebo vs. Cassia 

and 0 vs. 30 

 
F(1,9) = 4.510 

 
.063 

 
.334 

Note: 0 = Immediately before OGTT administration; 30 = 30 minutes following OGTT 
beverage consumption; 60 = 60 minutes after OGTT beverage consumption; 90 = 90 
minutes after OGTT beverage consumption; 120 = 120 minutes after OGTT beverage 
consumption.  Contrasts reported are significant or show a strong trend.  The Partial eta 
squared is represented by ηp2 and the asterisk denotes a significant finding. 
 
 

 

Figure 2:  Total Glucose AUC.  Total AUC for placebo, Cassia and Exercise are 
represented as mg.min/dl with their standard deviation bars.  No significant differences 
were observed. 
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Hypothesis 3 states that “there will be no significant differences between Cassia 

or exercise interventions with respect to post-oral glucose tolerance test glucose response 

or post-oral glucose tolerance test glucose AUC.”  Since there were no overall treatment 

effect in either parameter, hypothesis 3 is supported. 

 
Serum Insulin 

One-way ANOVA were used to investigate differences in SI at baseline and 

subsequent time points.  The effect of treatment groups and time on the oral glucose 

tolerance test was assessed by 3x5 repeated measures ANOVA.  Total insulin AUC was 

first derived from the trapezoid formula.  Total AUC for each treatment group was 

compared by a one-way treatment ANOVA. 

 
Serum Insulin at Baseline and Before Administration of OGTT 

One-way treatment ANOVA analyses at individual time points revealed no 

statistical differences in for baseline SI values (F(2,18) = .779, p = .474) or SI values 

immediately before the administration of oral glucose tolerance test (F(2,18) = 1.783, p = 

.197). This result indicated that participants did not have differences in SI either at the 

beginning of the testing session or immediately before consuming the oral glucose 

tolerance test beverage.  A summary of all SI descriptive data and p-values for one-way 

ANOVA analyses are presented in Table 6. 

 
HOMA Insulin Resistance Index 

 A one-way treatment ANOVA of the HOMA insulin resistance index (HOMA-

IR), a baseline measure of insulin resistance, revealed that there were no significant 
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differences in insulin resistance at the beginning of the three treatment sessions (F(2,18) 

= .559, p = .581).  Mean HOMA-IR values are presented in Table 8. 

Hypothesis 4 states “there will no significant differences in baseline insulin 

resistance, as determined by HOMA-IR at the beginning of the three testing sessions.”  

The results are consistent with hypothesis 4, so it may be retained. 

 
Analysis of SI with Repeated Measures ANOVA 

 A repeated measures ANOVA was conducted to assess the effects of treatment 

and time on the SI values following the administration of a 75 gram glucose beverage.  

The analysis revealed no significant main effects for treatment (F(2,18) = 1.658, p = 

.218); however, a 2x5 (treatment x time) repeated measures ANOVA suggests a moderate 

statistical trend for the group main effect between the Cassia and exercise groups (F(1,9) 

= 3.96, p = .078). There were no significant treatment by time interaction effects 

(F(2.95,26.55) = .747, p = .532).  The analysis did reveal a significant main effect for 

time (F(2,18) = 10.250, p < .001).  The time effect (eta squared=0.532) indicates that 

53.2% of the variance of SI was associated with the time points. The insulin curves for 

cellulose placebo, Cassia and exercise treatments are shown in Figure 3.  The data from 

the insulin repeated measures ANOVA are summarized in Table 7. 

Hypothesis 5 states “the Cassia intervention will result in a significant reduction 

of serum insulin following OGTT as compared to placebo” and hypothesis 6 states “the 

exercise intervention will result in a significant reduction of serum insulin following oral 

glucose tolerance test as compared to placebo.”  Since the repeated measures ANOVA 

for post-oral glucose tolerance test insulin yielded no overall treatment effects, 

hypotheses 5 and 6 are not supported. 
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Table 6 
 

Mean Serum Insulin 
 

 
Insulin 

Measurement 
 

 
Placebo 

 
Cassia 

 
Exercise 

 
p-value 

 
BL 

 

 
2.2 ± 1.80 

 
3.12 ± 2.99 

 
2.27 ± 2.11 

 
.474 

 
0 
 

 
2.14 ± 2.65 

 
2.93 ± 2.7 

 
.96 ± 1.0 

 
.197 

 
30 
 

 
13.26 ± 10.92 

 
18.25 ± 19.95 

 
11.28 ± 11.06 

 
.364 

 
60 
 

 
18.14 ± 15.42 

 
23.2 ± 26.06 

 
11.44 ± 9.7 

 
.287 

 
90 
 

 
12.84 ± 27.62 

 
22.62 ± 23.67 

 
10.9 ± 9.04 

 
.269 

 
120 

 
12.09 ± 18.91 

 
21.94 ± 18.96 

 
12.23 ± 11.26 

 
.230 

     
Note: Mean ± standard deviations for serum insulin in µU/L. The p-values represent the 
results of a one way ANOVA performed for each time point and the insulin sensitivity 
indices. 
 
 
Insulin AUC 

 Total insulin area under the curve (AUC) was derived from the trapezoid formula.  

The values were subsequently compared by a one-way group ANOVA analysis.  The 

analysis failed to show any significant differences in glucose AUC (F(2,18) = 2.275, p = 

.165).  A summary of the means and standard deviations for total serum insulin AUC in 

µU.minute/L may be found in Table 8.  Figure 4 displays the total insulin AUC with 

standard deviation bars. 
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Table 7 
 

Repeated Measures ANOVA for Serum Insulin 
 

 
Effects and Contrasts 

 

 
F-value 

 
p-value 

 
ηp2 

    
 

Main Treatment 
 

 
F(2,18) = 1.658 

 
.218 

 
.156 

 
Main Time 

 

 
F(2,18) = 10.25 

 
< .001* 

 
.532 

 
Treatment by Time  

Interaction 

 
F(2,18) = 2.950 

 
.747 

 
.077 

 
Repeated ANOVA 
Cassia  vs. Exercise 

 
F(1,1) = 3.955 

 
.078 

 
- 

    
Note: The table displays the main effects for the 3x5 insulin analysis and the main 
treatment effect p-value of a 2x5 repeated ANOVA comparing only Cassia and exercise 
treatments.  The asterisk denotes a significant finding. 
 

Table 8  
 

Mat-ISI, HOMA-ISI and Insulin AUC by Treatment Group 
 

 
BG Measurement 

 

 
Placebo 

 
Cassia 

 
Exercise 

 
F-

value 
(2,8) 

 
p-value 

 
HOMA-IR 

 

 
.5191 ± .40 

 
.6708 ± .62 

 
.5137 ± .48 

 
.559 

 
.581 

 
Insulin AUC 

 

 
1747 ± 
1338.6 

 
2295 ± 2239.3 

 
1227.4 ± 

994.4 
 
 

 
2.275 

 
.165 

Mat-ISI 
 

17.62 ± 12.54 14.2 ± 10.26 22.66 ± 17.5 .945 .428 

Note: Data are represented at means ± standard deviation for Mat-ISI, HOMA-IR and 
insulin AUC by treatment group. The p-values represent the results of one-way ANOVA 
for the sensitivity indices and insulin AUC. 
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Figure 3.  Means ± Standard Deviations for Serum Insulin Following OGTT.  Mean 
serum insulin values at each time point are plotted with standard deviation bars.  The 
asterisk denotes a significant difference from the baseline values. 
 
 

Figure 4.  Means ± Standard Deviations for Total Insulin AUC by Treatment Group 
Expressed in µU.min/mL. No significant differences were observed in total AUC. 
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Matsuda Insulin Index 

 The Matsuda insulin sensitivity index (Mat-ISI) is a measure of insulin sensitivity 

that is based on both baseline insulin sensitivity, as well as insulin and glucose responses 

to oral glucose tolerance test.  The Mat-ISI was calculated for each participant at each 

testing session and the values were compared with a one-way group ANOVA.  No 

significant differences were observed between groups for the Mat-ISI (F(2,18) = 1.514, p 

= .247).  Figure 5 displays only the mean ± standard deviation Mat-ISI values and Table 

8 displays the means ± standard deviations Mat-ISI values for all treatments. 

Hypothesis 7 stated “the Cassia intervention will result in significantly increased 

Matsuda insulin sensitivity index values” and hypothesis 8 read “the exercise intervention 

will result in significantly increased Matsuda insulin sensitivity index values.”  Since 

there were no significant treatment effects for the Mat-ISI, hypotheses 7 and 8 are not 

supported.   

 

Figure 5.  Mean ± Standard Deviation Values for the Matsuda Insulin Sensitivity Index 
Expressed in Arbitrary Units for Placebo, Cassia and Exercise.  Higher values indicate 
greater insulin sensitivity.  No significant differences were observed in this variable. 
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 Hypothesis 9 stated “there will be no significant differences between Cassia or 

exercise interventions with respect to post-oral glucose tolerance test serum insulin 

values, post-oral glucose tolerance test serum insulin AUC, or post-oral glucose tolerance 

test insulin sensitivity.”  Since there were no significant treatment differences for any of 

these parameters, hypothesis 9 may be retained. 

 
Adverse Events 

 All participants completed a side effects form at the conclusion of each testing 

session and were also encouraged to report negative occurrences as they occurred during 

testing.  Participants were also questioned in each successive testing session about any 

latent adverse effects that may have occurred after the participants left the testing site.  

For the Cassia supplement, two participants reported negative side effects.  Complaints 

included nausea (n=1), moderate headache (n =1), mild racing heart (n =1), mild 

nervousness (n =1), mild blurred vision (n =1), and severe abdominal cramping (n =1).  

Additionally, one participant reported a laxative effect the day after taking the Cassia 

supplement, but she clearly stated that this was a positive side effect of the supplement.    

Following placebo ingestion, two participants reported negative side effects.  

Complaints included nausea (n =1), sensitive taste buds (n =1), severe dizziness (n =1), 

severe headache (n=1), moderate racing heart (n =1), slight nervousness (n =1), and 

moderately blurred vision (n =1) following the administration of the cellulose placebo.  

The placebo treatment and Cassia groups each yielded 7 side effect reports.  

 
Summary of Results 

The study hypotheses were constructed under the premise that both 50 minutes of 

endurance exercise and Cassia cinnamon would result in significant changes in post-
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treatment oral glucose tolerance test serum insulin and blood glucose responses, as 

compared to placebo.  Repeated measures analysis of the five study time points and AUC 

analysis of the blood glucose and serum insulin plots did not reveal treatment differences, 

though significant time effects were observed and maximum post-OGTT glucose values 

were significantly lower for the Cassia group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



60 

 

 

 

CHAPTER FIVE 

Discussion 

 
The results of two previously published studies indicate that five or six grams of 

ground Cassia cinnamon bark may have a significant beneficial impact on glucose 

tolerance and insulin sensitivity in young, healthy men (Solomon & Blannin, 2007) and 

women (Hlebowicz et al., 2007).  Moreover, two recently reported investigations provide 

evidence that ground Cassia may significantly reduce total insulin AUC and improve 

calculations of insulin sensitivity following a high carbohydrate meal (Hlebowicz et al., 

2009; Solomon & Blannin, 2009).  In three of four published studies (Hlebowicz et al., 

2009; Solomon & Blannin, 2007; Solomon & Blannin, 2009), acute Cassia cinnamon 

supplementation resulted in a reduced insulin response (AUC) to an OGTT.  It has been 

postulated that Cassia may delay gastric emptying rate of a high carbohydrate meal 

(Hlebowicz et al., 2007) or improve insulin sensitivity at the cellular level (Solomon & 

Blannin, 2007).  Additionally, moderate intensity endurance exercise is also purported to 

improve insulin sensitivity and glucose tolerance following a single exercise bout 

(Holloszy, 2005; Hasson, Freedson & Braun, 2006). 

The aim of the present study was to determine if young, sedentary and obese 

women also demonstrate improvements in glucose tolerance and insulin sensitivity 

following the administration of a single dose of five grams of Cassia cinnamon bark or 

50 minutes of endurance treadmill exercise, as determined by post-oral glucose tolerance 

test insulin and glucose responses.  It was hypothesized that Cassia and endurance 

exercise interventions would result in a significantly lower three-hour post-treatment 
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glucose and insulin responses and better insulin sensitivity than cellulose placebo.  The 

results of the present study revealed no significant differences in glucose or insulin 

response between all treatments three hours after administration.  On the other hand, 

there was a significant time effect for both insulin and glucose.  A significant time effect 

was expected because a large carbohydrate dose will typically cause significant changes 

in both blood glucose and serum insulin values (Elrick et al., 1964; Hammon & 

Hirschman, 1913).  A contrast of glucose measurements 30 minutes after the 

administration of the oral glucose tolerance test beverage shows a statistical trend toward 

a lower glucose value for Cassia as compared to placebo at this time point (p = .063).  

Additionally, the Cassia intervention resulted in a significantly lower maximal oral 

glucose tolerance test blood glucose value (p = .044).  Furthermore, a contrast of Cassia 

and exercise treatment effects shows a moderate statistical trend toward lower insulin for 

exercise (p = .078).  There were no differences in total glucose or insulin AUC or 

calculated oral glucose tolerance test-dependent insulin sensitivity.   Given the low 

sample and effect sizes, the analyses had low statistical power. 

 
Cassia and Glucose Tolerance 

Previous researchers have noted a significant difference in glucose response in 

healthy volunteers following a single dose of 5 or 6 gram dose of Cassia cinnamon bark.  

Solomon and Blannin (2007) administered five grams of Cassia to seven men (aged 26 ± 

1 years and BMI of 24.5 ± 0.3 kg/m2).  When a 75 gram oral glucose tolerance test was 

administered either 12 hours or immediately following the Cassia dose, the average 

glucose AUC was 10% and 13% less than the control condition, respectively (p < .05).  

On the other hand, no significant differences were observed at individual time points 
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between Cassia treatments and placebo; however, the largest discrepancy between 

treatment and control groups was 30 minutes after the ingestion of glucose.  In another 

study, the postprandial glucose response of 14 healthy male and female participants (aged 

25 ± 5 years and BMI of 22.6 ± 2.2 kg/m2) after consuming rice pudding mixed with 6 

grams of ground Cassia bark was compared to the glucose response after consuming the 

pudding alone.  The change in postprandial glucose response for the Cassia group was 

significantly different after 15, 30 and 45 minutes, as compared to the placebo group.  

Furthermore, the total glucose AUC was significantly less for the Cassia group.  In the 

present investigation (n = 10, 22.7 ± 4 years of age and BMI of 35.4 ± 5.4 kg/m2), results 

revealed no significant treatment or treatment by time effects.  Since previous 

investigations showed the greatest discrepancy in blood glucose at 30 minutes post 

carbohydrate ingestion, a Cassia vs. placebo contrast at 30 minutes post-oral glucose 

tolerance test administration was included in the repeated measures ANOVA model.  

This contrast showed a statistical trend toward a lower glucose value for Cassia, as 

compared to placebo, at 30 minutes (127.1 ± 18.12 vs. 140 ± 21.33, p = .064).   

Diabetes researchers are interested in the potential effects of a treatment on 

maximal postprandial glucose values, since the highest blood glucose values are attained 

in the postprandial state (Tibaldi, 2009; Abrahamson, 2004).  Treatments that emphasize 

postprandial glucose control result in better overall metabolic control, as determined by 

hemoglobin A1C (Bastyr et al., 2000).  In the present investigation, when the maximum 

post-oral glucose tolerance test blood glucose values were compared among the 

treatments, results revealed a significant treatment difference (p = .20).  The Cassia and 

exercise maximal post-oral glucose tolerance test glucose values were 140 ± 16.2 and 144 

± 20.1 mg/dL and the average placebo value was 156 ± 16.6.  Subsequent analysis 
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revealed that only the Cassia treatment was significantly different from placebo after a 

Bonferroni correction was applied (p = .044).  This result suggests that the addition of 

Cassia cinnamon to a high-carbohydrate meal may result in a significantly lower 

maximum postprandial glucose response and may lead to better glycemic control for 

women who are sedentary and overweight. 

 
Exercise and Glucose Response 

Though a single bout of acute endurance exercise in sedentary, insulin resistant 

humans is reported to enhance insulin sensitivity, the literature may not support an 

improvement in glucose tolerance (Rogers et al., 1988) or whole body glucose disposal 

(Larsen et al., 1997).  In one study, a single bout of endurance exercise at about 60-70% 

VO2max did not improve the glucose tolerance of type 2 diabetes participants (Herikson, 

2002, Rogers et al., 1988).  Another cross-over study examined the eight-hour 

postprandial glucose response in nine sedentary men with type 2 diabetes who were 60 ± 

2 years of age and an average BMI of 29 ± 1 kg/m2 (Larsen et al., 1997).  Total glucose 

AUC was determined for four hours after consuming a standardized breakfast and four 

hours after a standardized lunch meal.  On a separate day, the men exercised on a cycle 

ergometer for 45 minutes at 50% VO2max after the breakfast meal.  The analysis of total 

glucose AUC after lunch, which was about three hours after exercise completion, 

revealed no statistically significant differences in total glucose AUC between the 

sedentary and exercise treatments.  On the other hand, this investigation differs from the 

current study in at least three important ways: 1) the men were diabetic, 2) the exercise 

intensity was 20% lower, and 3) the men had a meal before completing the exercise 

intervention.  Finally, a study examined 24 young, sedentary women (23.4 ± 0.9 years of 
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age) after rest and exercise at 40% of VO2max for 87 minutes and 70% of VO2max for 50 

minutes in a randomized, cross-over design (Ben-Ezra et al., 1995).  The women were 

fasting during rest or exercise and received a 75 gram oral glucose tolerance test 15 to 17 

hours after the completion of the exercise bout.  There were no significant differences in 

blood glucose at any time point between the three treatment conditions; however, there 

were significant differences in total insulin AUC following the high intensity exercise 

protocol, as compared to the resting condition (p < .05).  

Perhaps a group of overweight and sedentary women should not show a 

significant reduction in total glucose AUC following a 50 minute bout of endurance 

exercise.  As such, hypothesis number 2, which states “the exercise intervention will 

result in a significantly lower mean blood glucose response following oral glucose 

tolerance test administration as compared to placebo,” may have been ill-constructed.  

Rather, a more appropriate hypothesis would suggest that the overweight, sedentary 

women would not have a significantly lower total glucose AUC or improved glucose 

tolerance, as compared to placebo.  Furthermore, one may have expected Cassia and 

exercise interventions to yield significantly different blood glucose responses, though this 

was not the outcome. 

 
Insulin and Cassia 

The mean insulin measurements for exercise were lower than both Cassia and 

placebo, but these differences were not significant.  Though the relationship is not 

statistically significant, including the Cassia and exercise treatment effects revealed a 

weak statistical trend for a treatment effect toward lower insulin for the exercise 

treatment (p = .156 with Bonferroni correction); however, no differences were observed 
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between the Cassia and placebo groups.  This result was unexpected because acute 

Cassia supplementation has significantly lowered the post-OGTT serum insulin response 

in previous studies (Hlebowicz et al., 2007; Hlebowicz et al., 2009).  A recent 

investigation of 15 young, healthy participants (24.6 ± 2 years of age and BMI of 22.5 ± 

2.7 kg/m2) by Hlebowicz et al. (2009) revealed a significantly lower the change insulin 

AUC response (p = 0.036) and insulin concentration 60 minutes post-ingestion (p = 0.05) 

with the addition of three grams of ground Cassia in rice pudding.  On the other hand, 

reports by Solomon & Blannin (2007; 2009) reveal insignificantly lower total insulin 

AUC responses when Cassia was given in combination with an oral glucose tolerance 

test.  Interestingly, the study by Hlebowicz et al. utilizes a change-based insulin AUC 

formula, in which the baseline insulin concentration is subtracted from the overall AUC 

calculation.  A change-based AUC calculation inflates the effect of the changing 

concentration, so the results of that study may not be directly comparable to the Solomon 

& Blannin studies or the present study.   

The total AUC of the exercise was approximately 30% lower than the placebo 

intervention and 46% lower than the Cassia intervention.  It is surprising that the absolute 

insulin concentration values are consistently higher in the Cassia treatment condition, as 

compared to both placebo and exercise.  Previous evidence in rat models suggests that 

Cassia extract enhances insulin sensitivity by increasing the activity of the insulin 

receptor and signaling compounds that appear early in the signaling cascade, including 

IR-β, IRS-1 and the IRS-1/PI3-kinase association (Qin et al., 2003).  Though the present 

study shows a significantly reduced maximum glucose value for the Cassia treatment, the 

data does not support that a lower glucose value was achieved with an increase in insulin 

sensitivity.  On the contrary, insulin concentration was consistently, though 
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insignificantly, increased above all other treatments throughout the oral glucose tolerance 

test.  Consequently, the data provided by this study may only provide weak evidence that 

Cassia intervention may have prompted an increase in insulin secretion from the 

pancreas. 

Though most studies show either a decrease or no change in insulin concentration 

following supplementation with Cassia, one study in a diabetic rat model revealed a 

significant increase in insulin following the supplementation of a cinnamon extract 

(Subash-Babu, Prabuseenivasan, & Ignacimuthu, 2006).  Diabetic rats supplemented with 

20 mg/kg/day of cinnamaldehyde, extracted from cinnamon, showed a significant 

increase in insulin concentration from 8.20 ± 0.42 to 13.4 ± 0.57 μU/ml (p < .05).  The 

45-day supplementation protocol allowed diabetic rats to achieve insulin concentrations 

that were not significantly different from normal rats and glucose values that were less 

than one third of the concentration observed in untreated diabetic rats (127.4 ± 6.3 and 

431.0 ± 17.31 mg/dL, respectively).  In the present study, the Cassia group showed 

trends of both decreased blood glucose and increased serum insulin after the OGTT; 

therefore, one may speculate that Cassia treatment may have increased pancreatic insulin 

secretion or reduced insulin degredation in overweight, sedentary women. 

 
Insulin and Exercise 

A moderate bout of endurance exercise is expected to produce significant 

reductions in insulin concentration (Borghouts & Keizer, 2000).  The protocol of Ben-

Ezra et al. (1995), previously described, supports the assumption that total insulin AUC 

should be lower following a 50-minute endurance exercise protocol in sedentary, young 

women, as compared to a resting condition.  Following the protocols in the present study, 
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both total insulin AUC and insulin concentration were lower at 120 minutes post-OGTT 

in the exercised treatment condition.  On the other hand, a study conducted by Minuk et 

al. (1981) revealed that, following a single 45-minute endurance cycling bout, insulin 

concentration decreased significantly in healthy participants, but a significant change was 

not observed in diabetics.  The women in this study were still “healthy” but at risk for 

diabetes based on NIDDK criteria (some women also met the diagnostic criteria for 

prediabetes).  Perhaps there were no significant treatment effects for insulin concentration 

due to impaired insulin secretion patterns observed in prediabetic participants. 

 
Insulin Sensitivity 

 The Mat-ISI is an insulin sensitivity index that allows the investigator to 

simultaneously consider baseline insulin sensitivity (initial glucose and insulin 

measurements are part of the equation) and insulin sensitivity response to the OGTT.  

This method has been rigorously compared against the hyperinsulinemic, euglycemic 

clamps that are the gold standard for measuring insulin sensitivity (Matsuda & Defronzo, 

1999).  Solomon & Blannin (2007) reported a lower Mat-ISI when an oral glucose 

tolerance test was preceded by five grams of Cassia cinnamon supplementation in young, 

healthy men; however, in a separate trial of seven lean, healthy men, a three gram dose 

did not produce a significant change in Mat-ISI.  In this trial, the Cassia treatment group 

demonstrated 24% and 59% lower Mat-ISI values than the placebo and exercise groups, 

respectively, though the differences did not approach statistical significance (p = .428).   

The Mat-ISI values presented in this study are substantially higher than reported 

previously.  Solomon and Blannin (2007), following 5 grams of Cassia supplementation 

with an oral glucose tolerance test, reported a Mat-ISI of 4.74 ± 0.69 for the placebo 
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group and 7.96 ± 1.29 and 8.26 ± 1.46 for the Cassia groups.  By comparison, the values 

reported in this study, 17.62 ± 12.54 (placebo), 14.2 ± 10.26 (Cassia), and 22.66 ± 17.5 

(exercise), appear to be inflated.  Furthermore, in a previously reported exercise trial of 

12 overweight or obese women, participants were separated in to insulin sensitive (Mat-

ISI > 7) and resistant groups (Mat-ISI < 4) groups, based on the Mat-ISI (Braun et al., 

2004).  By these criteria, the women in this study displayed insulin-sensitivity values that 

were two to three times higher than the insulin-sensitive cut-off defined by Braun et al.  It 

is possible that the insulin sensitivity values were inflated in participants who had serum 

insulin values near 0 µU/L at the baseline measurement and following the exercise bout.  

These insulin values are physiologically possible, as reported by Yalow & Berson (1960), 

but typical fasting insulin values are between 5-20 µU/L.   

 
Shape of the Glucose Curve 

 The shape of a glucose curve may provide important information about the oral 

glucose tolerance test response.  The shape of a glucose curve differed both based on the 

individual and the treatment.  The peak glucose value was at 60 minutes for both Cassia 

and exercise treatment conditions; however, the blood glucose peak was observed at 30 

minutes for the control condition. Based on data presented by Zhou et al. (2006), the oral 

glucose tolerance test blood glucose curves peaks at 30 minutes in persons with a normal 

blood glucose response.  On the other hand, a maximal glucose peak at 60 minutes is 

characteristic of participants with diabetes or impaired glucose tolerance.  Though data 

from the present study do not indicate that Cassia intake contributed to a glucose 

intolerant blood glucose profile, a study of the effects of cinnamon on alanine transport in 

the rat jejunum may provide some insight (Kreydiyyeh, Utsa, & Copti, 2000).  The 
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investigators examined the impact of several spice extracts on the Na±-K±-ATPase 

activity of the small intestine alanine transporter of rats in vitro.  The study revealed that 

both an ethanol-based extract of cinnamon and cinnamaldehyde significantly reduced the 

activity of the alanine transporters (p < .01).  Since the intestinal glucose transporters are 

also dependent on the Na±-K±-ATPase, the results of the investigation suggest that 

Cassia may also have the potential to reduce the rate of glucose absorption into the body, 

though this potential application has not been investigated.   

It is possible to have an OGTT glucose response that deviates from the typical 

inverted U-shape curve (Tschritter et al., 2003).  A biphasic post-OGTT curve is 

characterized by glucose values that decrease after the peak blood glucose and increase 

again in the final one or two measurements at 90 or 120 minutes.  In the present study, 

three participants (in 2/3 or 3/3 treatment conditions) displayed a biphasic glucose curves.  

Additionally, none of the participants displayed a biphasic glucose response during only 

one testing session; therefore, women who presented with a biphasic glucose response 

did so consistently.  A study of 551 participants with normal and impaired glucose 

tolerance demonstrated that a biphasic glucose curve is more likely to be observed when 

the participant is female and has normal glucose tolerance (Tschritter et al., 2003).  In the 

present study, the women who displayed biphasic oral glucose tolerance test blood 

glucose curves also had maximal glucose values that were below the mean in every trial. 

 
Study Implications and Future Research Needs 

If an investigator wishes to repeat this investigation, there are several important 

considerations to improve upon or expand the study design.  First, the study population 

should be more clearly defined or stratified within the design.  As demonstrated 
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throughout the text, some participants consistently presented biphasic OGTT blood 

glucose curves, normal fasting glucose values, and normal glucose responses to an 

OGTT, while other women were prediabetic with impaired fasting glucose and impaired 

glucose tolerance.  Given that all other acute Cassia cinnamon supplementation trials in 

healthy participants yielded significantly lower blood glucose or serum insulin responses, 

the mixed “at risk” population may be too diverse and variable to study as one 

homogeneous group. Previous investigators have classified participants by measuring: 

fasting glucose, OGTT-based insulin sensitivity, family history of diabetes and two-hour 

post-OGTT glucose values.  Such exclusion or grouping variables should be included in 

the study design, in addition to factors like BMI, body weight and body fat percentage.   

The sample size of this investigation was fairly small, though equivalent to or 

larger than three of four studies investigating a single dose of Cassia cinnamon.  On the 

other hand, this study included three treatments groups, instead of two, so the sample size 

should be been increased to account for the extra treatment.  When a sample size is 

insufficient, the probability of type 2 error is increased; therefore, potentially meaningful 

changes will be difficult to detect.  Consequently, a Type 2 error may be the reason why 

the lower blood glucose response to Cassia, as compared to placebo, was not significant 

in this trial.  A power analysis reveals that a sample size of 50 participants would be 

required to show a significant response with the mean differences between groups 

observed in this study, given that the reported effect sizes are reliable. 

Since exercise-mediated increases in insulin sensitivity are multi-factorial and 

complicated, they are probably not directly comparable to the mechanistic action of 

Cassia cinnamon.  In light of this realization, the potential benefits of Cassia cinnamon, 

or any other supplement, for a female, prediabetic population could be observed more 
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clearly with comparison to the only the placebo treatment.  In like manner, investigation 

of exercise responses of the prediabetic population should be determined before being 

compared to other treatments.  Since this herb had not previously been tested in 

overweight and sedentary non-diabetic women, the study would be unique without 

including an exercise intervention in the design.   

Since Cassia has been shown previously to be effective when taken in 

conjunction with the OGTT beverage, administering the supplement or placebo at the 

same time as the OGTT to spare the time of participants could be of interest.  Finally, if 

muscle biopsies samples were collected throughout the study, the potential mechanisms 

of Cassia action could be elucidated in humans.  In conclusion, a study of the effects of 

Cassia cinnamon, as compared to placebo alone, is worth repeating in a clearly defined 

female, prediabetic sample of participants. 
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Introduction & Rationale 
 

Globally, type 2 diabetes (DM2) and obesity incidence has increased dramatically. Under 
normal circumstances, humans maintain blood glucose (BG) within a very small 
physiological range of 70 to 100 mg/dL.  An individual will be diagnosed with diabetes 
when a random blood glucose measurement reads over 200mg/dL.  In addition, blood 
glucose readings between 100 and 200 are considered aberrant, and blood glucose 
measurements in this range may indicate the presence of insulin resistance (IR) and 
subsequent glucose intolerance (GI), which are disruptions of carbohydrate metabolism 
indicative of early Type 2 diabetes (DM2) development. The body must sense and 
regulate both dietary and endogenously produced glucose to the meet the energy needs of 
body tissues.  Normally, the pancreas senses circulating glucose and produces an 
appropriate level of insulin or glucagon to maintain BG within a healthy physiological 
range.  IR is noted when adequate secretion of insulin fails to induce a normal insulin 
response from fat, muscle, and liver cells. As a result, the hormone does not signal 
efficiently and BG is not cleared at an appropriate rate.  The individual with DM2 must 
produce and release excess insulin to clear glucose out of blood circulation.  Eventually, 
the pancreas cannot produce enough insulin to compensate for the IR, and BG is elevated.   
In the advanced stages of DM2, the pancreas may be unable to produce insulin.   
 
Muscle accounts for about 60–70% of whole-body insulin-mediated glucose uptake.  
Since glucose uptake into muscle is reduced when muscle cells cannot sense insulin 
properly, muscle IR will result in too much extra glucose circulating in the blood.  
Furthermore, research of cellular and animal models support the role of impaired muscle 
cell insulin signaling in the mechanisms of GI and IR1.   

 
Due to the increasing population of diabetics, alternative, non-pharmacologic therapies 
for IR have become popular.  Researchers have responded by testing the efficacy of 
special diets and supplements for enhancing insulin sensitivity and glucose utilization. 
For example, ground and extract preparations of Cassia (a type of cinnamon) were found 
to enhance insulin signaling in skeletal muscle and attenuate IR induced by a high-
fructose diet in rats2.  Morevoer, Cassia extract preparations have been shown to enhance 
insulin signaling and muscle glucose uptake in healthy rats.  Finally, human studies show 
that Cassia supplementation in combination with a 75g3 or 50g4 carbohydrate load (oral 
glucose tolerance test (OGTT) or rice pudding, respectively) also reduce calculated IR 
and GI significantly in apparently healthy human participants.  Whole ground Cassia 
bark has been shown to improve glucose handling when taken both 12 hours prior to and 
concurrent with a large carbohydrate load3,4. 

 
Insulin sensitivity is also improved following an acute bout of endurance exercise.  In 
1989, Richter and colleagues showed that 1 h of dynamic one-legged exercise in six 
healthy young men improves insulin sensitivity and glucose uptake in the exercised leg, 
as compared to the unexercised leg, four hours after cessation of exercise5.   Recent 
research utilizing the same protocol in 12 healthy young men shows that skeletal muscle 
insulin signaling is significantly improved after the single bout of endurance exercise6.  
Another trial of 13 apparently healthy men and women revealed that insulin sensitivity 
was significantly improved 17 hours after one hour of a single acute exercise bout7.  
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asked to provide oral and informed written consent based on university-approved 
documents and approval will be granted by the Institutional Review Board for Human 
Subjects of Baylor University.  Additionally, all experimental procedures involved in the 
study will conform to the ethical consideration of the Helsinki Code.  The participants 
will be explained the purpose of the research, the protocol to be followed, and the 
experimental procedures to be used.  

Study Site 
 
All supervised testing and training will be conducted in the Exercise & Sport Nutrition 
Laboratory (ESNL) and Exercise and Biochemical Nutrition Laboratory (EBNL) in the 
Department of Health, Human Performance, and Recreation at Baylor University, in 
Waco, TX. 
 
Independent and Dependent Variables 
 
Table 1 shows the general research design protocol that will be administered in this 
study.  The independent variables will be 5g of encapsulated whole Cassia, 5g of 
encapsulated cellulose placebo, 50 minutes of endurance treadmill exercise (50 minutes 
at 70% HRR) and number of data sampling times during the course of the study.  
Dependent variables will include blood glucose, serum insulin, OGTT insulin sensitivity 
index, and calculated insulin resistance.  
 
Entry/Familiarization Session 
 
Participants expressing interest in participating in this study will be interviewed on the 
phone to determine whether they appear to qualify for the trial.  Participants believed to 
meet eligibility criteria will then be invited to attend an entry/familiarization session.  
Once reporting to the lab, participants will complete a medical history questionnaire and 
undergo a general physical examination to determine whether they meet eligibility 
criteria.  Participants meeting entry criteria will be familiarized to the study protocol by 
way of a verbal and written explanation outlining the study design.  Additionally, 
following a written pregnancy screening and radiology consent form, participants will 
undergo a DEXA scan at the familiarization session to determine study eligibility, but 
only after singing the informed consent.  At the conclusion of the entry/familiarization 
session, each participant will be given an appointment time to begin the study.  
 
Experimental Protocol 
  
Prior to the study commencing, participants will report for a familiarization session 
where a physical examination will be performed.  If the medical history or physical exam 
reveals abnormalities, including, but not limited to: chronic infection, chronic medical 
condition, metabolic disease, or pregnancy, participants will be excluded from study 
participation.  In regard to each of the three testing sessions, following an 8 hour 
overnight fast, participants will report to the lab and undergo weight, resting heart rate, 
and blood pressure measurements.  In addition, the investigators will also collect a 
dietary intake form detailing food intake for 48 hours prior to each of the three testing 
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sessions.  Thereafter, exercise, C. cassia or placebo will be administered to the 
participants and the intervention order will be determined by a random number generator.  
Three hours after completing exercise or taking the experimental supplement (C. cassia 
or cellulose placebo), participants will report to the lab again for an OGTT utilizing a 
flavored glucose solution (75g/300mL).  Based on previous guidelines3, at each of three 
testing sessions, five blood samples will be obtained at the following time points using an 
indwelling venous catheter.  At each time point blood will be collected in one 10 ml 
Vacutainer tube.  The time points for blood collection will be: 1) baseline/pre-
supplementation, 2) ½ hour after carbohydrate; 3) 1 hour after carbohydrate 4) 1 ½ hours 
after carbohydrate; 5) 2 hours following carbohydrate ingestion. Participants will be 
instructed not to eat following exercise or supplement administration until after the 
OGTT is performed.   
 
A washout period of five to seven days will be observed to ensure that no residual 
benefits of exercise or Cassia persist during subsequent treatments. Participants will also 
be asked to abstain from exercise and other strenuous activities the day before testing. 
Supplementation compliance will be monitored by watching participants ingest the 
supplement or placebo at the testing location. An overview of the experimental protocol 
is presented in Table 1. 
 
Dietary Records 

 
The participants’ diets will not be standardized and subjects will be asked not to change 
their dietary habits during the course of the study, with the exception of the overnight fast 
and fasting during the intervention period.  However, subjects will also be required to 
keep dietary records for 48 hours prior to each testing session.  The 48-hour dietary 
records will be evaluated with the Food Processor dietary assessment software program 
to determine the average daily macronutrient consumption of fat, carbohydrate, and 
protein in the diet prior to supplementation and exercise.  

Assessment of Hemodynamic Safety Markers (Heart Rate & Blood Pressure) 

At the beginning of each testing session participants will undergo the assessment of 
hemodynamic safety markers (heart rate and blood pressure).  Heart rate will be 
determined by palpation of the radial artery using standard procedures.  Blood pressure 
will be assessed in the supine position using a mercurial sphygmomanometer using 
standard procedures. 

Blood Collection 
  
Blood samples will be collected to enable testing of blood glucose and serum insulin.  
Venous blood samples will be obtained into 10 ml vacutainer tubes from a 20 gauge 
intravenous catheter inserted into antecubital vein.  Blood samples will be allowed to 
stand at room temperature for 10 min and then centrifuged.  The serum will be removed 
and frozen at -80°C for later analysis.  Blood samples will be obtained at: 1) baseline/pre-
supplementation, 2) ½ hour after carbohydrate; 3) 1 hour after carbohydrate 4) 1 ½ hours 
after carbohydrate; 5) 2 hours following carbohydrate ingestion.   
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Exercise Bout 

Participants will begin to walk on a treadmill for 5 minutes at 2 mph at a 0% incline for a 
warm-up.  Thereafter, participants will run or walk on a treadmill for 50 minutes at 10% 
incline at a speed sufficient to maintain 70% of her heart rate reserve (HRR).  Heart rate 
reserve is defined as the difference between a person's predicted maximum heart rate and 
resting heart rate.  Predicted maximal heart will be determined using the Tanaka formula 
for sedentary individuals (212 - (0.7 * (age in years))14.   Heart rate will be monitored 
with a Polar heart rate monitor and readings will be taken every 5 minutes.  Blood 
pressure will be monitored every ten minutes throughout the endurance exercise session. 

Supplement and Placebo 

The experimental supplement will consist of 5g of encapsulated 100% ground C. cassia 
bark.  This herb is generally regarded as safe (GRAS) by the FDA and poses no risk to 
the participant.  The placebo will be encapsulated cellulose.  

 

Blood Glucose 

 

Using a standard glucometer (OneTouch®), blood samples will be assayed for glucose.  
The participant’s finger will be punctured with a sterile lancet and a drop of blood will be 
applied to the glucometer test strip to obtain a reading. 

 

Serum Insulin and Insulin Sensitivity and Resistance Indexes 

 

Using enzyme-linked immunoabsorbent assays (ELISA), serum samples will be assayed 
for insulin with a Wallac Victor-1420 micoplate reader (Perkin-Elmer Life Sciences, 
Boston, MA). The assays will be performed at a 450 nm wavlength against a known 
standard curve. Insulin sensitivity will then be determined by way of the Matsuda OGTT 
insulin sensitivity index3,15 using OGTT insulin values.  In addition, insulin resistance 
will be determined Homeostatic model assessment (HOMA) of insulin resistance16. 

 

Reported Side Effects from Supplements 

At the conclusion of each of the three testing sessions, participants will report by 
questionnaire whether they tolerated each supplement, as well as report any medical 
problems/symptoms they may have encountered throughout the protocol of the study.  
However, if symptoms/complications do arise prior to completing the questionnaire, 
participants will be encouraged to report them as they occur. 
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Statistical Analyses  
 
Statistical analyses will be performed by utilizing separate 3 x 5 [Group (placebo/OGTT, 
exercise/OGTT, C. cassia/OGTT) x Test (sampling points 1-5)] factorial analyses of 
variance (ANOVA) with repeated measures for glucometer readings and serum markers, 
as well as area under the curve (AUC) analyses for glucose3. Further analysis of the main 
effects will be performed by separate one-way ANOVAs. Significant between-group 
differences will then be determined with Bonferroni Post Hoc Test3. All statistical 
procedures will performed using SPSS 16.0 software and a probability level of < .05 will 
be adopted throughout.  
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Research Team 
 
Jean Jitomir, M.S., RD. Ms. Jitomir is a registered dietician and exercise physiologist 
pursuing her Ph.D. in Exercise, Nutrition, and Preventative Health and serves as a 
research assistant in the ESNL. She will provide assistance to the project serving as the 
research coordinator for the proposed research and will be responsible for subject 
recruitment, day-to-day scheduling and testing, and data collection and analysis. 
 
Darryn S. Willoughby, PhD, FACSM, FISSN, CSCS.  Dr. Willoughby is Associate 
Professor of Exercise and Muscle Physiology and Biochemistry in the Department of 
Health, Human Performance, and Recreation at Baylor University.  Dr. Willoughby is an 
internationally recognized exercise biochemist and molecular physiologist.  He has 
conducted a vast amount of research focusing on the biochemical and molecular 
regulatory mechanisms regarding exercise performance and nutrition.  Dr. Willoughby is 
the principal Ph.D. student advisor and will maintain oversight and supervision of the 
project.  In addition, he will perform the assist with biochemical and clinical chemistry 
assays involved in the project.  
 
Matt Cooke, Ph.D.  Dr. Cooke is an Assistant Professor of Exercise Physiology in the 
Department of Health, Human Performance, & Recreation at Baylor University. Dr. 
Cooke will assist in providing oversight, in data collection, and performing laboratory 
analyses.  
 
Rodney Bowden, Ph.D. Dr. Bowden serves as Associate Professor of Health in the 
Department of Health, Human Performance, & Recreation at Baylor University. Dr. 
Bowden will supervise the side effect questionnaires and be available for advising. 
 
Rafer Lutz, Ph.D. Dr. Lutz  serves as the interim department chair for the Department 
of Health, Human Performance, & Recreation at Baylor University.  He will assist with 
statistics and advising of Ph.D. student throughout data collection. 
 
Ronald Wilson, MD.  Dr. Wilson serves as medical supervisor for the ESNL, EBNL, and 
Center for Exercise, Nutrition & Preventive Health Research (CENPHR). 
 
Procedures  

Medical Monitoring.  Interested participants will be invited to familiarization sessions.  
During this time, participants will sign consent forms and complete medical history 
information.  A telephone is in the laboratory in case of any emergencies, and there will 
be no less than two researchers working with each subject during testing sessions.  In the 
event of any unlikely emergency one researcher will check for vital signs and begin any 
necessary interventions while the other researcher contacts Baylor’s campus police at 
extension 2222.  Instructions for emergencies are posted above the phone in the event 
that any other research investigators are available for assistance.  Participants will be 
informed to report any unexpected problems or adverse events they may encounter during 
the course of the study to Darryn S. Willoughby, Ph.D. or Matt Cooke, Ph.D.  If 
clinically significant side effects are reported, the participants will be referred to discuss 
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the problem with either Dr. Willoughby or Dr. Cooke.  If deemed necessary, the 
participant will be referred to Ronald Wilson, MD for medical follow-up.  Dr. Wilson is 
one of the Sports Medicine physicians for Baylor University and is an adjunct Professor 
in the Department of HHPR. He has agreed to provide medical support and consultation 
for this study and to the ESNL.  Dr. Wilson will evaluate the complaint and make a 
recommendation whether any medical treatment is needed and/or whether the participant 
can continue in the study.  If Dr. Wilson feels medical follow-up is necessary, the 
participant will be referred to obtain medical treatment from their personal physician. 
This is a similar referral/medical follow-up system that Baylor athletes are provided with 
the exception that participants in this study will not be provided medical care.  New 
findings and/or medical referrals of unexpected problems and/or adverse events will be 
documented, placed in the participants research file, and reported to the Baylor IRB 
committee.    

Assessment of Hemodynamic Safety Markers (Heart Rate & Blood Pressure).  At each 
blood sampling period, participants will undergo the assessment of hemodynamic safety 
markers (heart rate and blood pressure).  In addition, heart rate and blood pressure will be 
assessed before and after the resistance exercise bout and during the rest period between 
each set.  Heart rate will be determined by palpation of the radial artery using standard 
procedures.  Blood pressure will be assessed in the supine position using a mercurial 
sphygmomanometer using standard procedures.  

Reported Side Effects from Supplement Questionnaires. At the conclusion of the 
endurance exercise session, participants will report by questionnaire whether they 
tolerated the supplement, as well as report any medical problems/symptoms they may 
have encountered throughout the protocol of the study.  However, if symptoms and/or 
complications do arise prior to completing the questionnaire, participants will be 
encouraged to report them as they occur. 
 
Estimated Energy Intake/Dietary Inventories. The participants’ diets will not be 
standardized and subjects will be asked not to change their dietary habits during the 
course of the study.  However, subjects will be required to keep dietary records for 48 
hours prior to the resistance exercise session.  The 48-hour dietary recalls will be 
evaluated with the Food Processor dietary assessment software program to determine the 
average daily macronutrient consumption of fat, carbohydrate, and protein in the diet 
prior to supplementation and exercise. 
 
Blood Samples. Participants will donate approximately 6-10 milliliters of fasting venous 
blood during each of the 15 blood sampling periods into one 10 ml serum separation 
vacutainer tube.   Blood samples will be obtained from an intravenous catheter placed 
into the antecubital vein using standard phlebotomy procedures by Dr. Willoughby, Dr. 
Cooke, or Jean Jitomir, who are all trained in phlebotomy and experienced in catheter 
sampling, in compliance with guidelines established by the Texas Department of Health 
and Human Services.  Study personnel will wear personal protective clothing (gloves, lab 
coats, etc.) when handling blood samples.  The blood collection tubes will be labeled and 
placed in a test tube rack.  Study personnel (who have received blood borne pathogen 
training and will be wearing personal protective clothing) will centrifuge the serum 
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samples, transfer serum into labeled serum storage containers, and store at -80°C for later 
analysis.  Subjects will be seated in a phlebotomy chair.  A tourniquet will be applied 
high on the brachium (upper arm) and will be tight enough to visibly indent the skin, but 
not cause the patient discomfort (Figure 1).  The entry site will be thoroughly cleaned 
with an alcohol prep pad and allowed to dry.  The entry site will then also be cleaned 
with betadine swab and allowed to dry (Figure 2). The participant will be instructed to 
lower their arm and make a fist several times in order to maximize venous engorgement. 
The appropriate vein will be selected (Figure 3).  If a suitable vein is difficult to identify, 
the pads of the first and second fingers will be used to “slap” the veins gently to help 
dilate them.  Alternately, the arm may be covered with a warm, moist compress to help 
with peripheral vasodilatation. If after a meticulous search no suitable veins are found, 
then the tourniquet will be released from above the elbow and placed around the forearm 
to search in the distal forearm, wrist and hand. If still no suitable veins are found, then the 
other arm will be checked taking extreme care to stay away from arteries, which are 
pulsatile. To puncture the vein, the 20 gauge catheter will be held in the dominant hand. 
With the bevel up, enter the skin at about a 30-degree angle and in the direction of the 
vein. After entering the skin, the angle of the catheter will be reduced until it is nearly 
parallel to the skin (Figure 4).  If the vein appears to "roll" (move around freely under the 
skin), the venipuncture will begin by applying counter tension against the skin just 
below the entry site using the thumb of the non-dominant hand.  The skin will be pulled 
distally toward the wrist in the opposite direction the needle will be advancing, being 
careful not to press too hard which will compress blood flow in the vein and cause the 
vein to collapse.  The catheter will be advanced into the vein until blood is seen in the 
"flash chamber" of the catheter.  After entering the vein, the plastic catheter (which is 
over the needle) will be advanced into the vein while leaving the needle stationary 
(Figure 5). The hub of the catheter will be all the way to the skin puncture site.  The 
tourniquet will be released. Gentle pressure will be applied over the vein just proximal to 
the entry site to prevent blood flow. The needle will be removed from within the plastic 
catheter and disposed in an appropriate sharps container (Figure 6).  The catheter will be 
taped in place using the strips of tape and a sterile dressing (Figure 7).   

 

 

 

 

 Figure 1. 
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Figure 2. 

 

Figure 3. 

 

 

  

Figure 4. 
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Figure 5. 

 

Figure 6. 

 

 

Figure 7. 
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Equipment 
 
Digital Scale.  Total body weight will be determined using a digital scale accurate to 
±0.02 kg.  The scale is calibrated by placing certified 25-kg weights and balancing the 
scale.  Other than general instructions, special skills are not required to measure body 
weight. 
 
Mercurial Sphygmomanometer.  Blood pressure will be assessed by auscultation of the 
brachial artery using a mercurial sphygmomanometer using standard clinical procedures.   
 
Serum Insulin Analysis. Blood samples will also be used to assess serum hormone levels 
of insulin.  Theses assays will help evaluate the effects of C. cassia supplementation and 
exercise on serum insulin photometrically using enzyme-linked immunoabsorbent assays 
(ELISA) with a Wallac Victor-1420 micoplate reader. The assays will be performed at 
450 nm wavlength against a known standard curve. 
 
Exercise Bout. Exercise will be performed on a laboratory treadmill at a 10% 
incline at a speed sufficient to maintain 70% of her heart rate reserve (HRR).  Heart rate 
will be monitored with a Polar heart rate monitor and readings will be taken every 5 
minutes. 

 
Subjects 
 
Recruitment   
 
Ten overweight and sedentary females between the ages of 18-30 years who are not 
regular cinnamon users (no added cinnamon in diet) will be allowed to volunteer to 
participate in the proposed study.  All participants will be women who are premenopausal 
and not currently taking oral contraceptive for at least two months.  Furthermore, 
participants will not be users of herbal supplements or ergogenic aids for two months 
before the study; however, individuals who utilize a standard multi-vitamin will be 
allowed to participate.  All participants will be cleared for participation by passing a 
mandatory medical screening by study personnel.  All eligible participants will be asked 
to provide oral and informed written consent based on university-approved documents 
and approval will be granted by the Institutional Review Board for Human Subjects of 
Baylor University.  Additionally, all experimental procedures involved in the study will 
conform to the ethical consideration of the Helsinki Code.  The participants will be 
explained the purpose of the research, the protocol to be followed, and the experimental 
procedures to be used. A recruitment flyer that will be posted on campus, at area fitness 
centers, and on the Internet (http://www3.baylor.edu/HHPR/research/subjects/) and sent 
via campus mail is attached.   
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Selection Criteria   
 
Participants will not be allowed to participate in the second study if they:  

1. have any known metabolic disorder including heart disease, arrhythmias, 
diagnosed diabetes, thyroid disease, POS, or hypogonadism;  

2. have a history of pulmonary disease, hypertension, hepatorenal disease, 
musculoskeletal disorders, neuromuscular/neurological diseases, autoimmune 
disease, cancer, peptic ulcers, or anemia;  

3. are taking any heart, pulmonary, thyroid, anti-hyperlipidemic, hypoglycemic, 
anti-hypertensive, endocrinologic (e.g, thyroid, insulin, etc), psychotropic, 
neuromuscular/neurological, or androgenic medications;  

4. have taken ergogenic levels of nutritional supplements that may affect muscle 
mass or glucose handling (e.g., creatine, HMB) or anabolic/catabolic hormone 
levels (e.g., androstenedione, DHEA, etc) within two months prior to the start of 
the study.     

5. report any unusual adverse events associated with this study that in consultation 
with the supervising physician recommends removal from the study.   

 
Compensation or Incentives   
 
Participants completing all familiarization and testing sessions as well as turning in all 
required materials (i.e., dietary and training logs) in the study will be paid $50.  Subjects 
may receive information regarding results of these tests if they desire.  If subjects are 
Baylor students, they will not receive any academic credit for participating in this study.   

Potential Risks   
 
The Cassia cinnamon supplement is considered to generally recognized as safe (GRAS) 
for humans by the FDA.  Therefore, the proposed intervention supplement is not 
expected to pose a risk to participants. 

Participants will donate about approximately 6-10 milliliters of venous blood a total of 15 
times during the study by way of an intravenous catheter inserted using sterile techniques 
by an experienced phlebotomist using standard procedures and medical supervision.  This 
procedure may cause a small amount of pain when the needle is inserted into the vein as 
well as some bleeding and bruising. However, proper pressure will be applied upon 
removal to reduce bruising.  The subject may also experience some dizziness, nausea, 
and/or faint if they are unaccustomed to having blood drawn.   

 
Researchers involved in collecting data represent a registered dietitian and trained non-
physician, certified exercise specialists (American Society of Exercise Physiologies 
Certified Exercise Physiologist, Certified Strength & Conditioning Specialists, and/or 
American College of Sports Medicine Health Fitness InstructorSM, Exercise 
TechnologistSM, or Exercise SpecialistsSM). All personnel involved in collecting data will 
be certified in CPR, which is also a condition to holding these professional certifications.  
A telephone and automated electronic defibrillator (AED) is located in the laboratory in 
case of any emergencies and there will be no less than two researchers working with each 
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subject during testing.  In the event of any unlikely emergency one researcher will check 
for vital signs and begin any necessary interventions while the other researcher contacts 
Baylor’s campus police at extension 2222.  Instructions for emergencies are posted above 
the phone in the event that any other research investigators are available for assistance.   
 
Potential Benefits   
 
The main benefit that participants may obtain from this study is that if Cassia cinnamon 
supplement is effective then this will provide some amount of evidence as to the impact 
of Cassia cinnamon on glucose tolerance and insulin sensitivity, as compared to exercise 
or placebo.  In addition, participants may also gain insight about their health and fitness 
status from the assessments to be performed.  However, even if no individual benefit is 
obtained, participating in this study will help to determine whether ingesting this 
nutritional supplement affects serum insulin and blood glucose.  This information will be 
helpful to patient and practitioners, to know whether Cassia cinnamon is effective or not.    

 
Assessment of Risk   
 
Because Cassia supplement is considered to generally recognized as safe (GRAS) for 
humans by the FDA, there is little risk associated with ingesting the study supplement.  
The greatest risk associated with participating in this study will be performing the single 
bout of cardiovascular exercise.  However, since the participants to be used in this study 
will all undergo medical screening, these risks would be no different than participating in 
their own exercise programs.  Therefore, the potential benefits of participating in this 
study outweigh the potential risks.     

 

Compensation for Illness or Injury 
Each participant will agree to indemnify and hold harmless Baylor University, its 
officers, directors, faculty, employees, and students for any and all claims for any injury, 
damage or loss suffered as a result of participation in this study regardless of the cause of 
injury, damage, or loss. 

 
Confidentiality   
 
Information obtained from this research (including questionnaires, medical history, 
laboratory findings, or physical examination) will be kept confidential to the extent 
permitted by law.  However, according to FDA regulations, records will be open to FDA 
representatives to review if necessary.  This may include questionnaires, medical history, 
laboratory findings/reports, statistical data, and/or notes taken throughout this study.  
Records of the research may also be subpoenaed by court order or may be inspected by 
federal regulatory authorities. Data derived from this study may be used in reports, 
presentations and publications. However, participants will not be individually identified 
unless they give their written consent.  
Data Presentation & Publication 
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Data will be presented at an appropriate scientific conference (e.g., American College of 
Sports Medicine, International Society of Sports Nutrition, Experimental Biology, etc.) 
and published in a peer reviewed scientific journal (e.g., Medicine & Science in Sport 
and Exercise, Journal of Sport Science and Medicine, International Journal of Sport 
Nutrition and Exercise Metabolism, etc.). 

Statement on Conflict of Interest  
 
Researchers involved in collecting data in this study have no financial or personal interest 
in the outcome of the study.   
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BAYLOR UNIVERSITY 
 

Department of Health, Human Performance, & Recreation 
Informed Consent Form  

 
Title of Investigation:  Cassia Cinnamon and Acute Endurance Exercise for the 

Enhancement of Glucose Uptake in Healthy Young 
Women 

 
Principal Investigator: Darryn S. Willoughby, PhD, CSCS, FACSM, FISSN 
     Associate Professor, Department of HHPR, Baylor University 
 
Co-investigators:  Matt Cooke, PhD 
     Exercise and Biochemical Nutrition Lab, Baylor University 
 
     Jean Jitomir, MS, RD, 

 Exercise and Sport Nutrition Lab, Baylor University 
 
     Rafer Lutz, PhD 

Department chair for the Department of Health, Human 
Performance, & Recreation 
 

     Rodney Bowden, PhD 
 Associate Professor of Health in the Department of Health, 

Human Performance, & Recreation 
 
    Ronald Wilson, MD. 

Center for Exercise and Preventative Health Research, 
Baylor University 

 
  

Rationale: 
 

Type 2 diabetes and obesity incidence has increased dramatically.  Furthermore, 
insulin resistance and glucose intolerance are defining characteristics of Type 2 
diabetes. Under normal circumstances, people maintain blood glucose within a 
very small physiological range of 70 to 100 mg/dL.  The body must sense and 
glucose to the meet the energy needs of body tissues, so the pancreas senses 
circulating glucose and releases enough insulin to maintain blood glucose within 
a healthy physiological range.  Insulin resistance, an early symptom of DM2, 
happens when the fat, muscle and liver no longer respond to a normal level of 
insulin release. As a result, blood sugar is not lowered fast enough after eating.  
A person with type 2 diabetes must produce and release extra insulin to clear 
glucose out of blood circulation.  Eventually, the pancreas cannot make enough 
insulin to make up for insulin resistance, and blood sugar stays high.  Over time, 
people with type 2 diabetes may stop making insulin and may have to start 
injecting it.   
 
Insulin helps muscles get energy for exercise and normal body movements.  
People with type 2 diabetes have trouble using insulin well enough to get blood 
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sugar out of the blood and into the muscles.  Other research has showed us that 
when muscles cannot use insulin, overall insulin resistance and blood sugar goes 
up.  
 
Since so many people are getting type 2 diabetes, alternative therapies for the 
condition are in demand.  Researchers have responded by testing special diets 
and supplements to see if they really help people to get glucose out of the blood 
faster.  For example, cinnamon and cinnamon extracts have been shown to 
prevent diabetes in rats fed unhealthy diets.  Human studies also show that 
cinnamon supplements may help people to process sugar more easily. 

 
Insulin sensitivity is also improved after on exercise session.  In 1989, 
researchers had some participants exercise only one leg for an hour, while the 
other leg rested.  They were able to show that the exercised leg muscle was 
better than the sedentary leg muscle at using insulin and getting glucose out of 
the blood.  Another experiment showed that both men and women were able to 
use insulin better for 17 hours after exercise.  When you look at all the research, 
it seems like the body can use insulin better for about 3-17 hours after doing 
some endurance exercise, like running or biking.  Furthermore, men and women 
respond differently to exercise.  Research indicates that women in the follicular 
phase of their menstrual cycles seem to have a better response to exercise than 
men do.  Also, the harder the exercise, the better the body can use insulin and 
get sugar out of the blood.   

 
Both 5 grams of ground cinnamon bark and 45-60 minutes of moderate intensity 
endurance exercise help the body to use insulin and get glucose out of the blood, 
the point of this study is see how a nutrition intervention (cinnamon) compares to 
endurance exercise (running for 50 minutes).  This experiment may help doctors 
and nutritionists to know whether adding cinnamon to the diet will help the body 
deal with high carbohydrate meals and drinks.  What we really want to find out in 
this study is how cinnamon supplementation and running affect blood sugar and 
insulin sensitivity after drinking 75g of sugar.  To study this problem, we will 
measure: (A) blood levels of sugar glucose over two hours; (B) serum levels of 
insulin over two hours; (C) fasting serum insulin; and (D) insulin sensitivity. 
 
Description of the Study: 
I will be one of 10 overweight, sedentary females between the ages of 18-30, 
who does not consume the spice cinnamon on a regular basis to participate in 
this study.  During an initial familiarization session, I will be informed of the 
requirements of the study and sign an informed consent statement in compliance 
with the Human Subjects Guidelines of Baylor University and the American 
College of Sports Medicine. A trained individual will examine me to determine if I 
am qualified to participate in this study. If I am cleared to participate in the study, 
I will be familiarized to the testing procedures.  I will complete a medical history 
questionnaire and undergo a general physical examination to determine whether 
I meet eligibility criteria.  If I am eligible to participate in the study I will be 
familiarized to the study protocol by way of a verbal and written explanation 
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outlining the study design.  During the familiarization, following a written 
pregnancy screening and completing a written radiology consent form, I will 
undergo a DEXA scan to determine study eligibility, but only after signing the 
informed consent.  This familiarization session will take approximately one hour 
to complete. Once I complete the familiarization session, I will be scheduled for 
the first testing session and instructed to complete a dietary analysis for 48 hours 
immediately prior to testing and to refrain from exercise or vigorous activity for 48 
hours prior to testing.  At this time I will be instructed that I will be required to 
report to the lab in a fasted state (8 hours) to participate in three separate testing 
sessions where I will consume an experimental supplement (5 grams of Cassia 
cinnamon or placebo) or complete 50 minutes of endurance exercise.  I will be 
required to fast and rest for another 3 hours before I return to the testing site to 
complete an oral glucose tolerance test.   
 
Once reporting to the lab for each of the testing sessions, I will turn in my 48-hour 
dietary records, get weighed, and will sit in a chair for 15 minutes and then will 
have my heart rate and blood pressure assessed.  Thereafter, I will take either a 
placebo supplement (cellulose), active supplement (Cassia cinnamon), or I will 
perform 50 minutes of endurance exercise on the treadmill at 70% of my heart 
rate reserve, which will be calculated by the investigators. I will perform each 
intervention (ingest placebo, ingest supplement or exercise before an oral 
glucose tolerance test) on three separate occasions with 5-7 days between each 
testing session.  Following each intervention, I will be instructed to fast and will 
not eat or drink anything, except water, until after testing is completed in the 
afternoon (following 3 hour fast and 2 hour oral glucose tolerance test).  
 
I will report to the lab 3 hours after receiving the placebo and active supplements 
or performing exercise, and I will undergo an oral glucose tolerance test (OGTT) 
where I consume 75g of glucose (300 total calories) in a flavored liquid solution.  
Each of the three testing sessions will require that I donate 2-3 teaspoons of 
blood at 5 time points over approximately 2 hour by way of an intravenous 
catheter inserted into my arm using sterile techniques by an experienced 
phlebotomist using standard procedures.  This procedure may cause a small 
amount of pain when the needle is inserted into the vein as well as some 
bleeding and bruising, and will remain in place until the end of the testing 
process. However, proper pressure will be applied upon removal to reduce 
bruising.  I understand that I may also experience some dizziness, nausea, 
and/or faint if I am unaccustomed to having blood drawn.  I understand that 
personnel who will be inserting the intravenous catheter and taking my blood is 
experienced in phlebotomy (procedures to take blood samples) and are qualified 
to do so under guidelines established by the Texas Department of Health and 
Human Services.  The process of inserting the catheter and blood draws at each 
sampling point will take about 5-minutes and I will be required to leave the 
catheter in place for the duration of the study. Throughout the testing, the 
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catheter will be securely placed in my arm; however, I may read or participate in 
other sedentary activities. 
 
I understand that my compliance in taking the supplement will be monitored by 
study personnel. I understand that if I do not consume my supplement I will be 
removed from the study.   
 
I understand that the exercise session will be supervised and that my heart rate 
and blood pressure will be regularly determined.  I also understand that after 
each testing session is complete I will be required to complete a report of side 
effect from supplementation questionnaire to determine if I have experienced any 
unexpected problems or adverse events from participating in this study.  I 
understand that if clinically significant side effects are reported, I will be referred 
to discuss the problem with Darryn Willoughby, Ph.D. or Matt Cooke, Ph.D.  
Upon their discretion, I may be referred to discuss the matter with Dr. Ronald 
Wilson to determine whether any medical treatment is needed and/or whether I 
can continue in the study.  I understand that if I fail to report my progress and 
health status to the research assistant I may be removed from the study. 
 
 
I agree to do my best to:  1) follow the instructions outline by the investigators; 2) 
show up to all scheduled testing times; and 3) take the supplements and follow 
protocol as instructed.  I agree not to take any other nutritional supplements, 
performance enhancing aids, or large amounts of spices during this study (i.e., 
vitamins/minerals, creatine, HMB, androstenedione, DHEA, etc).  In addition, I 
agree not to take any non-medically prescribed medications and to report any 
medication that is prescribed for me to take during this study.  I understand that if 
I take any other nutritional supplements or medications during the course of the 
study that may affect vitamin/mineral status, body composition, or blood hormone 
levels that I may be removed from the study. 
 
Exclusionary Criteria 
 
I understand that in order to participate in the study, a trained individual will 
examine me to determine whether I qualify to participate.  I understand that I will 
not be allowed to participate in this study if: 1.) I have any known metabolic 
disorder including heart disease, arrhythmias, diabetes, thyroid disease, POS or 
hypogonadism; 3.) I have a history of pulmonary disease, hypertension, liver or 
kidney disease, musculoskeletal disorders, neuromuscular or neurological 
diseases, autoimmune disease, cancer, peptic ulcers, or anemia; 4.) I am taking 
any heart, pulmonary, thyroid, anti-hyperlipidemic, hypoglycemic, anti-
hypertensive, endocrinologic (e.g, thyroid, insulin, etc), psychotropic, 
neuromuscular/neurological, or androgenic medications.  
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I have reported all nutritional supplements, medically prescribed drugs, and 
non-medically prescribed drugs that I am presently taking. I have completed 
medical history questionnaires and am not aware of any additional medical 
problems that would prevent me from participating in this study. I agree to report 
all changes in medical status, nutritional and/or pharmacological agents (drugs) 
that I take during the course of the investigation to Darryn Willoughby, PhD (254-
710-3504) or Jean Jitomir MS, RD (254-652-2114). I understand that if I 
experienced any unexpected problems or adverse events from participating in 
this study I may be referred to discuss the problem with either Dr. Willoughby or 
Dr. Cooke.  Upon their discretion, I may be referred to discuss the matter with Dr. 
Ronald Wilson to determine whether any medical treatment is needed and/or 
whether I can continue in the study.   
 
Risks and Benefits 
 
I understand that Cassia is generally recognized as safe (GRAS) by the FDA and 
therefore should not present a risk to me. However, as with any food or 
nutritional supplement, possible side effects may include stomach upset, 
gastrointestinal distress or allergic reactions.   
 
I understand that trained, non-physician exercise specialists certified in CPR will 
supervise the resting energy expenditure assessments.  I understand that a 
telephone and an automated electronic defibrillator is in the Exercise and Sport 
Nutritional Laboratory in case of any emergencies and that there will be no less 
than two researchers working with me during each testing session.  I understand 
that emergency procedures are posted in the lab in the unlikely event that any 
emergency may arise.  I understand that the main benefit that may be obtained 
from this study is to determine whether providing Cassia cinnamon has a positive 
effect on blood glucose uptake by way of enhanced insulin sensitivity.    
 
Alternative Treatments 
 
This is not a medical treatment.  Therefore, if medical treatment is needed, I must 
continue to obtain treatment for any medical problem I might have from my 
personal physician. 
Costs and Payments 
 
If I am a Baylor University student, I will not receive any academic credit for 
participating in this study.  I understand that if I am an intercollegiate scholarship 
athlete I may not be eligible to receive payment to participate in this study.  If 
eligible I will be paid $50 for completing the familiarization and all experimental 
testing session.  I also understand that I may receive information regarding 
results of experimental tests if I desire.  
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New Information 
 
Any new information obtained during the course of this research that may affect 
my willingness to continue participation in this study will be provided to me. In 
addition, I will be informed of any unusual/abnormal clinical findings in which 
medical referral to my personal physician may be warranted. If I desire, I may 
request that this information be provided to my physician. 
 
Confidentiality 
 
I understand that any information obtained about me in this research, including 
questionnaires, medical history, laboratory findings, or physical examination will 
be kept confidential to the extent permitted by law.  However, I understand in 
order to ensure that FDA regulations are being followed, it may be necessary for 
a representative of the FDA to review my records from this study which may 
include questionnaires, medical history, laboratory findings/reports, statistical 
data, and/or notes taken about my participation in this study. In addition, I 
understand that my records of this research may be subpoenaed by court order 
or may be inspected by federal regulatory authorities. I understand that data 
derived may be used in reports, presentations, and publications.  However, I will 
not be individually identified unless my consent is granted in writing. Additionally, 
that confidentiality will be maintained by assigning code numbers to my files, 
limiting access to data to research assistants, locking cabinets that store data, 
and providing passwords to limit access to computer files to authorized personnel 
only.  I understand that once blood samples are analyzed that they will be 
discarded. 
 
Right to Withdrawal 
 
I understand that I am not required to participate in this study and I am free to 
refuse to participate or to withdraw from the study at any time.  Further, that my 
decision to withdraw from the study will not affect my care at this institution or 
cause a loss of benefits to which I might be otherwise entitled.  If there is concern 
about my medical safety, I may be referred to seek medical attention. 
 
Compensation for Illness or Injury 
 
I understand that if I am injured as a direct result of taking part in this study, I 
should consult my personal physician to obtain treatment.  I understand that the 
cost associated with the care and treatment of such injury will be the 
responsibility of me or my insurance carrier. In some cases, insurers may not 
reimburse claims submitted for a research-related injury resulting from medical 
procedures or treatments performed as part of a research study.  I understand 
that Baylor University, the investigator’s institutions, and the grant sponsor have 
not budgeted funds to compensate me for injury or illness that may result from 
my participation in this study and thus will not be accountable for illness or injury 
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acquired during the course of this study.  However, I may be referred to my 
personal physician if any clinically significant medical/psychological findings are 
observed during the course of this study. 
I agree to indemnify and hold harmless Baylor University, its officers, directors, 
faculty, employees, and students for any and all claims for any injury, damage or 
loss I suffer as a result of my participation in this study regardless of the cause of 
my injury, damage or loss. 

Statement on Conflict of Interest  
 
I understand that researchers involved in collecting data in this study have no 
financial or personal interest in the outcome of results or sponsors.   
 
Voluntary Consent 
 
I certify that I have read this consent form or it has been read to me and that I 
understand the contents and that any questions that I have pertaining to the 
research have been, or will be answered by Darryn Willoughby, PhD (Associate 
Professor, Department of Health, Human Performance & Recreation, 120 Marrs 
McLean Gymnasium, Baylor University, phone: 254-710-3504, 
Darryn_Willoughby@baylor.edu), Jean Jitomir (Research Assitant, Department 
of Health, Human Performance & Recreation, 118 Marrs McLean Gymnasium, 
Baylor University, phone: 254-710-4025, Jean_Jitomir@baylor.edu),   or one of 
the research associates.  My signature below means that I am at least 18 years 
of age and that I freely agree to participate in this investigation.  I understand that 
I will be given a copy of this consent form for my records.   If I have any 
questions regarding my rights as a research subject in this study, I may contact 
Baylor's University Committee for Protection of Human Subjects in Research. 
The chairman is Dr. Matt Stanford, Associate Professor of Psychology and 
Neuroscience, P.O. Box 97334, Waco, TX 76798-7334, phone number 254-710-
2236. 
 
Date     Participant’s Signature       
 
I certify that I have explained to the above individual the nature and purpose of 
the potential benefits and possible risks associated with participation in this 
study.  I have answered any questions that have been raised and have 
witnessed the above signature.  I have explained the above to the volunteer on 
the date stated on this consent form. 
 
Date     Investigator's Signature       
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Informed Consent Form Checklist 
 

When using humans as participants in research you must obtain their informed consent. Check 
each of the following items as they appear on your Informed Consent Form and include this 
checklist with your protocol: 
__x_(a) A statement explaining the purpose of the research. 
 
__x_(b) A statement of the expected duration of the participant's participation. 
 
__x_(c) A description of the procedures to be followed. 
 
__x_(d) A description of any reasonable foreseeable risks or discomforts to the 

 participant,  including invasion of privacy. 
 

__x_(e) A description of benefits from the research, to the participant others. 
 

__x_(f) A statement that informs participant of his/her right not to be a participant in a 
 research project that is also a teaching exercise. 

 
__x_(g) A statement informing participant about how his/her anonymity will be guarded; 

i.e., that their confidentiality will be protected by assigned code numbers, by limitations of 
who has access to data, by data storage in locked cabinets, by locked computer files, etc. 
 

__x_(h) A statement that the participant's participation is voluntary, and that his/her 
refusal to participate will involve no penalty or loss of benefits to which the 
participant is otherwise entitled, and that the participant may discontinue  
participation at any time without penalty or loss of benefits to which the 
participant is otherwise entitled. 

 
_N/A_(i) A disclaimer, if applicable, regarding the use of the Internet to collect data. 
 
__x_(j) For research involving more than minimal risk, an explanation regarding the 

availability of any compensation or any medical treatments if injury occurs (if applicable, 
see OHRP Reports). 
 

__x_(k) If written informed consent is required, a place for the participant to sign and 
date the form and a statement that a copy of the signed consent form will be given to the 
participant for his/her records. 

 
_na_(l) If the participant is a minor, a statement of parental responsibility in consenting to 

the child's participation in the study with a place for the parent to sign and date the form 
in addition to the participant's signature.  

 
__x_(m) Include a short summary of your expertise related to this research proposal. 
 
__x_(n) The name, address, and telephone number of the principal investigator of the 

research project, and his/her affiliation with Baylor University. If the principal 
investigator is a graduate student, the name and telephone number of the 
faculty advisor is also required. 

 
__x_(o) A statement informing participant that inquiries regarding his/her rights as a participant, 

  or any other aspect of the research as it relates to his/her participation as a participant,  
  can be directed to Baylor's University Committee for Protection of Human Subjects in 
  Research. The chairman is Dr. Matt Stanford, Professor Psychology and Neuroscience,  
  PO Box 97334, Waco, Texas 76798-7334, phone number 254-710-2236. 
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Want to Get Paid to Drink 
Lemonade?  

 
Sedentary Women Needed for an Exercise 

& Supplement Study 
 
 

Researchers in the Exercise & Biochemical Nutrition Lab at 
Baylor University are recruiting 10 healthy, overweight women 
between the ages of 18-30 years who do not take birth control 
pills or exercise to participate in a study designed to evaluate 
the benefits of exercise and cinnamon on lowering blood sugar. 
Eligible subjects will receive $50, free body fat testing, and 
nutritional counseling from a registered dietitian for 
completing this study. 

 
 
 

For more information contact: 
 

Jean (254-652-2114) 
Exercise & Biochemical Nutrition Lab 

Department of HHPR 
 

Rena Marrs McLean Gymnasium Room 122 
 

Jeam_Jitomir@baylor.edu 
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BAYLOR UNIVERSITY 
ESNL 

Medical History Inventory 
 
Directions.  The purpose of this questionnaire is to enable the staff of the Exercise and Sport Sciences 
Laboratory to evaluate your health and fitness status.  Please answer the following questions to the best of 
your knowledge.  All information given is CONFIDENTIAL as described in the Informed Consent 
Statement. 
  
Name:____________________________________________ Age _____Date of Birth_______________ 
 
Name and Address of Your Physician:_____________________________________________________ 
 
MEDICAL HISTORY 
Do you have or have you ever had any of the following conditions? (Please write the date when you had the 
condition  in blank). 
____ Heart murmur, clicks, or other cardiac findings? ____ Asthma/breathing difficulty?  
____       Frequent extra, skipped, or rapid heartbeats?  ____ Bronchitis/Chest Cold? 
____ Chest Pain of Angina (with or without exertion)? ____   Melanoma/Suspected skin Lesions? 
____ High cholesterol?     ____ Stroke or Blood Clots? 
____ Diagnosed high blood pressure?   ____ Emphysema/lung disease? 
____ Heart attack or any cardiac surgery?  ____ Epilepsy/seizures? 
____ Leg cramps (during exercise)?   ____ Rheumatic fever? 

 ____ Chronic swollen ankles?    ____ Scarlet fever? 
____ Varicose veins?     ____ Ulcers? 
____ Frequent dizziness/fainting?                 ____ Pneumonia? 
____ Muscle or joint problems?    ____ Anemias? 
____ High blood sugar/diabetes?   ____ Liver or kidney disease? 
____ Thyroid Disease?     ____ Autoimmune disease? 
____ Low testosterone/hypogonadism?   ____ Nerve disease? 
____ Gluacoma?     ____ Psychological Disorders? 
 
Do you have or have you been diagnosed with any other medical condition not listed?  
____________________________________________________________________________________ 
____________________________________________________________________________________ 
 
Please provide any additional comments/explanations of your current or past medical history.  
____________________________________________________________________________________ 
____________________________________________________________________________________ 
 
Please list any recent surgery (i.e., type, dates etc.).  
____________________________________________________________________________________ 
 
List all prescribed/non-prescription medications and nutritional supplements you have taken in the last 3 
months.  
 
 
 
What was the date of your last complete medical exam?  
 
 
Do you know of any medical problem that might make it dangerous or unwise for you to participate in this 
study? 
(Including strength and maximal exercise tests)  ____ If yes, please explain: 

Baylor University 
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Exercise and Sport Nutrition Laboratory 
  
 Personal Information 

 
Name:                                                                                                                                                   
 
Address:                                                                                                                                                   
 
City:                                State:                Zip Code               SS# _______________ 
 
Home Phone:     (      )                      Work Phone: (      )                                                     
 
Beeper:  (      )                             Cellular (      )                              
 
Fax:  (      )                             email address: ___________________ 
 
Birth date:            /            /              Age:                  Height:                Weight:                 
 
 

Exercise & Supplement History/Activity Questionnaire 
 
1. Describe your typical occupational activities. 

 
 

2. Describe your typical recreational activities 
 
 

3. Describe any exercise training that you routinely participate.  
 
 

4. How many days per week do you exercise/participate in these activities? 
 
 

5. How many hours per week do you train? 
 
 

6. How long (years/months) have you been consistently training? 
 
 
7.  When was the last time you ingested an anti-inflammatory medication or supplement? 
 
 
8. What was the reason you were taking an anti-inflammatory product? 
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Baylor University 
Exercise & Sport Nutrition Laboratory 

 
 
NAME __________________________________ Date __________________________________ 
 
INSTRUCTIONS 
1.     Record everything you eat for 1 day (24 hours) prior to the resistance exercise session.  If you 

eat pretzels, record how many.  If you eat a bag of chips, record the number of ounces.  For 
drinks, record the number of cups or ounces. Record everything you drink except water. 

2.     Record the Food, Amount, Brand Name, and Preparation Methods. For example:  baked vs. fried 
chicken; 1 cup of rice; 2 teaspoons of margarine; 1 cup of 2% milk; McDonald’s, Healthy Choice, 
or Frosted Flakes.   

3.     Record immediately after eating.  Waiting until that night may make it difficult to remember 
all foods and quantities. 

 
Food (include brand)      Method of Preparation  Quantity (cups, oz., no.)  
 
BREAKFAST: 
                                                                                                                _________________________                             
 ______________________ _________________________               _________________________ 
                                                                                                                           _________________________                             
                                                                                                                _________________________                             
                                                                                                         _________________________                              
 
LUNCH: 
                                                                                                        _________________________                               
                                                                                                        _________________________                               
                                                                                                        _________________________                               
                                                                                                        _________________________                               
                                                                                                        _________________________                               
                                                                                                       _________________________                               
DINNER: 
                                                                                                     _________________________   
                                           
                                                                                                     _________________________                                
                                                                                                     _________________________                                
                                                                                                     _________________________                                
                                                                                                     _________________________                                
                                                                                                     _________________________                                
                                                                                                     _________________________                               
 
SNACKS: 
                                                                                                     _________________________     
                                         
                                                                                                                            ________________________________                                     
                                                                                                     _________________________          
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  Reported Side Effects From Supplement Questionnaire 
Follow-up Assessment 

 
 

Subject #:  ____________________  Date:  __________ 
 

Testing Session T1 T2 T3 
Rate the frequency of the 
following symptoms according to 
the scale where: 
0 = none 
1 = minimal  
2 = slight  
3 = occasional  
4 = frequent  
5 = severe  

   

Dizziness?    
Headache?    
Fast or racing heart rate?    
Heart skipping or palpitations?    
Shortness of breath?    
Nervousness?    
Blurred Vision?    
Any other unusual or adverse 
effects? 

   

Rate the severity of the following 
symptoms according to the scale 
where: 

0 = none 
1 = minimal  
2 = slight 
3 = moderate 
4 = severe  
5 = very severe  

   

Dizziness?    
Headache?    
Fast or racing heart rate?    
Heart skipping or palpitations?    
Shortness of breath?    
Nervousness?    
Blurred Vision?    
Any other unusual or adverse 
effects? 
 
 

   

 

PLEASE REMEMBER TO REPORT ANY SIDE EFFECTS IMMEDIATELY.   
Directions:  If necessary, please contact either Darryn Willoughby, Ph.D. at 254-

710 
3504 or Matt Cooke, Ph.D. at 254-710-4025. You may also e-mail either at 

Darryn_Willoughby@baylor.edu or Matt_Cooke@baylor.edu. 
Thanks for your participation! 
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