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ABSTRACT 
 

SHANNON L. JORDAN 
 

THE EFFECTS OF EXERCISE AND GLUCOSE HOMEOSTASIS IN OVERWEIGHT 
AND OBESE POST MENOPAUSAL SEDENTARY WOMEN 

 
AUGUST 2016 

 
The purpose of this study was to investigate the individual and combined effects 

of an acute bout of exercise expending 400 Kcals at 65% of HRR or green tea 

supplementation on insulin sensitivity and adipokine levels in overweight to obese 

postmenopausal sedentary women.  Green tea extract (400 mg) was administered with 

lunch and dinner the day prior to the OGTT and also on the morning of the OGTT.  Each 

participant (n=8) performed all four trials (Control, Green Tea, Exercise, and Green Tea 

+ Exercise.  Each exercise session was performed the day prior to an OGTT on a 

treadmill.  Samples were drawn at baseline, 30, 60, 90, and 120 minutes during the 

OGTT.  No changes were found in glucose and insulin profiles or adipokines (total 

adiponectin, HMW adiponectin, globular adiponectin, or TNF-a) between trials.  Mean 

fasting glucose values ranged from 5.5 mmol/L to 6 mmol/L amongst the trials. Mean 

fasting insulin levels were between 10 – 11 µU/ml amongst trials.  Mean TNF-a ranged 

from 3.55 – 5.45 pg/ml between trials.  Mean total adiponectin levels varied from 4496 

ng/ml to 10060 ng/ml amongst trials.  Participants displayed high levels of TNF-a and 

lower levels of adiponectin which may reflect an inflammatory state associated with 

menopause interfering with phosphorylation of the insulin receptor and AMP kinase 
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resulting in interruption of both insulin dependent and insulin independent glucose 

uptake.  This state would explain the high levels of insulin as the body secretes more 

insulin when glucose uptake is hindered and glucose levels remain elevated.  The 

overweight to obese postmenopausal woman may present a unique challenge in regards 

to prevention of type 2 diabetes as insulin levels rise independent of adiposity as estrogen 

levels decline.  An acute dosage of green tea as an antioxidant was not effective in 

improving glucose or insulin profiles or adipokine levels.  The acute bout of exercise and 

the combination of green tea and exercise were also not effective.  This population may 

require chronic green tea ingestions and chronic exercise training in order to see a 

favorable impact in glucose and insulin profiles along with adipokine profile. 
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CHAPTER I 
 

INTRODUCTION 
 

The prevalence of obesity in the United States (US) from the 1999 - 2008 

National Health and Nutrition Examination Survey (NHANES) was reported to be 35.7% 

of the population (Flegal, Carroll, Kit, & Ogden, 2012).  Obesity is a risk factor for many 

diseases, among them type 2 diabetes (T2D), hypertension, dyslipidemia, and coronary 

artery disease (CAD) (Colditz, Willett, Rotnitzky, & Manson, 1995; Flegal et al., 2012; 

Flegal, Carroll, Ogden, & Curtin, 2010). 

The Influence of Obesity on Insulin Resistance 

 Under normal metabolic conditions, insulin provides the signal for glucose 

transport across the cell membrane into the cell. Once insulin is secreted from the 

pancreas in response to elevated levels of glucose, it binds to the insulin receptor (IR), 

which triggers autophosphorylation of the receptor.  The substrate for tyrosine 

autophosphorylation is insulin receptor substrate (IRS-1), an important regulator of 

glucose uptake through glucose transporter -4 (GLUT4) (Shepherd & Kahn, 1999) .   

Once autophosphorylation is complete, a cascade of signals stimulates GLUT4 to 

translocate to the cell membrane for glucose transport into the cell (Shepherd & Kahn, 

1999; Watson & Pessin, 2006). 

Unfortunately, excessive accumulation of adipose tissue (obesity) and storage of 

intramuscular triaclyglycerides (IMTG) can lead to disturbances in insulin signaling 

(Sethi & Hotamisligil, 1999).  Excess adipose tissue leads to reduced uptake of free fatty 
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acids (FFA) and progressively results in a reduced capacity to oxidize free fatty acids 

(FFA) leading to increased plasma FFA and accumulation of IMTG (Blaak, 2004).  

Increased plasma FFA and IMTG negatively alters glucose uptake and leads to chronic 

hyperglycemia (Reaven, Lithell, & Landsberg, 1996).  When blood glucose cannot be 

cleared, the pancreas releases more insulin in an effort to lower blood glucose levels.  

This results in a state of hyperinsulemia.  If left untreated, the resultant metabolic 

dysfunction can lead to the development of T2D (Sethi & Hotamisligil, 1999).     

The Influence of Obesity on Cytokines, and Insulin Resistance 

Obesity also results in increased systemic inflammatory cytokines, or reduced  

anti-inflammatory cytokines. Tumor necrosis factor–alpha (TNF-α) is an inflammatory 

cytokine whose expression and secretion from adipose tissue increases with the 

accumulation of excessive adipose tissue (Uysal, Wiesbrock, Marino, & Hotamisligil, 

1997).   Increased TNF-α secretion can lead to disruption of the autophosphorylation of 

the IR and decreases production of the anti-inflammatory cytokine adiponectin (Chudek 

& Wiecek, 2006; del Aguila, Claffey, & Kirwan, 1999; Goralski & Sinal, 2007; 

Plomgaard et al., 2007; Steinberg et al., 2006; Thalmann & Meier, 2007). 

TNF-α 
 

Insulin resistant Zucker obese rats demonstrate less tyrosine autophosphorylation 

of the IR when compared to lean controls (Hotamisligil, Budavari, Murray, & 

Spiegelman, 1994). Insulin-stimulated phosphorylation of the IR was reduced in the 

Zucker rats as compared to the control rats in adipose tissue, muscle, and liver (64%, 

68.5%, 35%, respectively).  After neutralizing TNF-α, phosphorylation of the IR was 
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increased 42.2% in adipose tissue and 55.2% in muscle.  Hotamisligil et al. (1994) 

propose that TNF-α plays a role in insulin resistance in an obese state and in a T2D state 

(Hotamisligil et al., 1994).   

Hotamisligil, Arner, Caro, Atkinson, and Spiegelman (1995) compared mRNA 

expression of TNF-α in adipose tissue obtained from biopsies in obese and lean 

premenopausal women.  Fasting plasma insulin levels in obese participants were 

significantly elevated compared to lean controls and TNF-α mRNA expression was 

elevated 2.5 fold. The researchers found significant correlations between TNF-α 

expression and insulin levels (r = .82).  A positive correlation between BMI and insulin 

was also found (r = .77) (Hotamisligil et al., 1995). 

Adiponectin 

Plasma levels of adiponectin are decreased with obesity and this decrease often 

occurs with an increase in insulin resistance (Bullen, Bluher, Kelesidis, & Mantzoros, 

2007; T. Kadowaki, A. Sekikawa, et al., 2006).  Circulation of adiponectin has been 

shown to increase expression of fatty acid oxidation proteins in skeletal muscle 

(Kadowaki & Yamauchi, 2005).  Adiponectin inhibits the activity of TNF-α and is 

available in the body in several isoforms.  The most common forms of adiponectin 

assessed are high molecular weight adiponectin and total adiponectin. (Kadowaki & 

Yamauchi, 2005; Lara-Castro, Luo, Wallace, Klein, & Garvey, 2006).  Globular 

adiponectin (GAD) is another isoform and it has a high affinity for binding to the 

adiponectin receptor found on the skeletal muscle membrane (Bruce, Mertz, 

Heigenhauser, & Dyck, 2005; Yamauchi et al., 2002).  
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When comparing muscle biopsies of obese and lean individuals, Bruce et al. 

(2005) found that treatment of muscle tissue with GAD increased fatty acid oxidation 

(30%) and glucose uptake (33%) from baseline in the obese participants.  Incubation of 

muscle tissue from both lean and obese participants in GAD resulted in increased  5' 

adenosine monophosphate-activated protein kinase (AMPK) activity.  Phosphorylation of 

AMPK can increase glucose uptake via an insulin independent mechanism (Holloszy, 

2005; Jessen & Goodyear, 2005; S. Lund, G. D. Holman, O. Schmitz, & O. Pedersen, 

1995). Findings from Bruce et al. (2005) demonstrate that GAD can increase glucose 

uptake in skeletal muscle cells of both lean and obese participants.   

In a human cross sectional study, levels of plasma adiponectin positively 

correlated with insulin-stimulated glucose disposal, negatively with increased percent 

body fat, and positively with tyrosine autophosphorylation of IRS-1.  Stefan et al. (2002) 

suggested that adiponectin has an association with insulin sensitivity, which may be due 

to a combined role of adiponectin to inhibit TNF-α, allow tyrosine phosphorylation of the 

IR, and phosphorylation of AMPK.   

Plasma adiponectin was found to be lower in obese, otherwise healthy, 

premenopausal women (Kwon, Jung, Choi, & Park, 2005).  In the obese group, plasma 

adiponectin was lower than the non-obese group (3.24 ± 1.08 vs. 4.90 ± 2.06 µg/ml, P <  

.01) while fasting insulin values were elevated 3-fold in the obese group when compared 

to the non-obese group (15.01 U/ml vs. 4.98 U/ml).  The combination of central obesity, 

increased insulin and decreased adiponectin seems to be an early warning sign for the 

development of T2D (Reaven et al., 1996). 
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The Influence of Menopause on Obesity, Cytokines, and Insulin Resistance 

Data from NHANES suggest that women have a higher occurrence of obesity 

than men.  The prevalence of overweight and obesity together for males and females 

represent 68% of the US population. Obese men were reported to make up 35.5% of the 

male population while the obesity rate for women was 36.3%.  (Flegal et al., 2012).  The 

occurrence of overweight and obesity in women ages 20-39 was 55.8%, in women ages 

40-59 was 66%, and 73.5% in women over age 60.   

The onset of menopause has been linked to decreased levels of estrogen, 

increased central obesity, and insulin resistance (Carr, 2003).  After the onset of 

menopause (absence of menses for at least 12 months), estrogen levels decrease, fat 

deposition patterns shift to a pattern of central obesity, the lipid profile is negatively 

impacted (TG, LDL increases; HDL decreases), and decreased insulin sensitivity occurs 

early in the transition from pre to post-menopause (Carr, 2003; Chu, Cosper, Orio, 

Carmina, & Lobo, 2006; Gambacciani, Ciaponi, et al., 1997a, 1997b). 

Chu et al. (2006) investigated the occurrence of insulin resistance in obese 

postmenopausal women (BMI 26.2 – 39.4 kg/m2) compared to both obese premenopausal 

and lean premenopausal, non-diabetic women.  Thirty Percent of obese postmenopausal 

participants had impaired fasting glucose (IFG) and 70% had elevated fasting insulin 

levels.  Adiponectin levels in the obese postmenopausal women were significantly lower 

than both groups of premenopausal women (Chu et al., 2006).  Excess adipose tissue 

appears to be associated with reduced insulin sensitivity and decreased adiponectin.  

These results agree with research from Milewicz, Jedrzejuk, Dunajska, and Lwow 
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(2010), who also found lower adiponectin levels in obese postmenopausal women.  

Adiponectin levels were negatively correlated with BMI ( r = -.34, p = .0001) and fasting 

glucose levels ( r = -.27, p = .0001) (Milewicz et al., 2010). 

Menopause and TNF-α 

Decreased estrogen secretion has been associated with increased TNF-α.  Pacifici 

et al. (1991) examined TNF-α levels in women after hysterectomy with and without 

oophorectomy.  Women who underwent a hysterectomy without oophorectomy did not 

experience changes in TNF-α levels.  However, women who also had the oophorectomy 

experienced a significant increase in TNF-α levels at 2 weeks post-surgery when 

compared to baseline (p < .05), and  by 4 weeks TNF-α had increased even further (p < 

.005). Researchers administered estrogen to half of the oophorectomized women at 4 

weeks.  Estrogen supplementation resulted in TNF-α levels returning to baseline by 6 

weeks and remained depressed at 8 weeks while women who did not undergo estrogen 

therapy continued to experience an increase in TNF-α (Pacifici et al., 1991). 

Menopause and Adiponectin 
 

A cross sectional study of non-diabetic postmenopausal women revealed serum 

adiponectin levels were negatively correlated with BMI (r = -.34, p < .0001), total fat (r = 

-.28, p < .0001), android fat distribution (r = -.23, p < .0001), waist circumference (r = -

.33, p < .0001), fasting glucose (r = -.27, p < .0001), insulin resistance (r = -.34, p < 

.0001), and triglycerides (r = -.34, p < .0001) (Milewicz et al., 2010).  When adiponectin 

levels were analyzed by BMI and fat deposition patterns, non-obese women (with, 15.6 

µg/ml or without an expanded waist circumference, 17.3 µg/ml) displayed significantly 
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higher levels of adiponectin than obese women with an expanded waist circumference 

(13.4 µg/ml). Fasting glucose levels in obese women with an expanded waist 

circumference were significantly higher than non-obese women with a normal waist (90.8 

± 11.1 and 83.1 ± 8.2 mg/dl, respectively) (Milewicz et al., 2010). 

The Influence of Exercise on Insulin Resistance 

Glucose transport can be activated independent of insulin through 

phosphorylation of AMPK (Holloszy, 2005; Jessen & Goodyear, 2005; S. Lund et al., 

1995).  Kraniou, Cameron-Smith, and Hargreaves (2006) found GLUT4 expression in the 

skeletal muscle biopsies from healthy active participants to be increased both 

immediately post-exercise and three hours post-exercise.  Houmard, Shaw, Hickey, and 

Tanner (1999) found increased insulin sensitivity 15-17 hours post exercise (1.3 ± .1 fold, 

p < .05).  The effects of 60 min of cycling on insulin sensitivity in healthy men resulted 

in a significant increase in insulin sensitivity post-exercise (48 hours)(Mikines, Farrell, 

Sonne, Tronier, & Galbo, 1988). 

Kennedy et al. (1999)  suggested that exercise is an appropriate therapy to lower 

blood glucose levels in T2D patients after finding improved glucose control in a T2D 

population exposed to acute exercise (Kennedy et al., 1999).  Sari, Balci, Balci, and 

Karayalcin (2007) found that obese premenopausal women lowered their glucose levels 

after an acute bout of exercise.  The researchers also found similar results with insulin 

levels.  These findings resulted in decreased insulin resistance as calculated by the 

homeostatic model assessment for insulin resistance (HOMA-IR) (Sari et al., 2007). 
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The Influence of Exercise on TNF-α 

A study examining the effect of acute exercise in lowering levels of TNF-α found 

that a 1 hour acute bout of swimming lowered TNF-α values in mice (Keller, Keller, 

Giralt, Hidalgo, & Pedersen, 2004).    After the acute bout of exercise, knockout (KO) 

mice exhibited reduced levels of TNF-α in the soleus immediately post-exercise 

compared to that of the control group (Keller et al., 2004).  The researchers speculate that 

resting TNF-α levels were increased in KO mice to compensate for a lack of signaling 

through the TNF-α receptors.  As obesity leads to increased TNF-α levels, an acute bout 

of exercise in humans may also result in decreased TNF-α levels. 

In contrast, Febbraio, Steensberg, Starkie, McConell, and Kingwell (2003) found 

no difference in TNF-α levels in either overweight control or diabetic participants after an 

acute bout of exercise.  Participants underwent an acute bout of supine cycling for 25 

minutes at 60% VO2peak.  There was no difference in plasma TNF-α levels between the 

control and diabetic group (Febbraio et al., 2003).   

In one of the few studies to examine how exercise effects TNF-α in obese women, 

researchers found that exercise training for 12-weeks at 70% maximal heart rate resulted 

in decreased TNF-α and increased insulin sensitivity. Both the impaired glucose tolerance 

(IGT) and normal glucose tolerance (NGT) groups displayed elevated levels of TNF-α 

levels at baseline. Glucose and insulin levels were higher in the NGT group and IGT 

group compared to the control group. After training, TNF-α and insulin levels decreased 

in both groups.  Fasting glucose values did not change in either group.   
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The Influence of Exercise on Adiponectin 

 Ferguson et al. (2004) examined the effect of acute exercise on adiponectin levels 

in a healthy population.  Participants performed 60 minutes of cycling at 65% of their 

maximal oxygen consumption level (VO2max).  No significant differences were found pre- 

to post-exercise for glucose or adiponectin.  

In a recent study, Numao et al. (2008) found that adiponectin levels were 

unchanged with an acute bout of exercise in healthy males.  Participants exercised for 60 

minutes at 50% of maximal oxygen consumption.  Blood samples were taken prior to, 

during, and up to 30 minutes post-exercise.  The authors concluded that adiponectin is not 

regulated by acute exercise.  This is in agreement with Jamurtas et al. (2006) who found 

that adiponectin levels were not altered in overweight male participants after 45 minutes 

of acute exercise at 65% of VO2max (Jamurtas et al., 2006). 

Green Tea and Antioxidants 
 

There is evidence that antioxidant supplementation lowers fasting blood glucose 

(FBG) levels and alleviates symptoms of T2D (Orzechowski, 2003).  In both human and 

animal models, antioxidants have demonstrated the ability to reduce inflammation 

(Crespy & Williamson, 2004; Fukino, Shimbo, Aoki, Okubo, & Iso, 2005; Kendall & 

Eston, 2002; Orzechowski, 2003).  Orzechowski (2003) proposes the use of antioxidants 

as a “preconditioning” method to prevent the development of T2D by regulating glucose 

and insulin homeostasis along with preservation of β-cell function.  Zhang and Zhang 

(2012) suggest that green tea polyphenols can lower TNF-α levels which would, in turn, 

lower inflammatory factors associated with the development of atherosclerosis. 
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Green tea contains the polyphenolic catechins (-)-epigallocatechin-3-gallate 

(EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECG), and (-)-epicatechin 

(EC) (Lee et al., 2002).  The most biologically active catechin in green tea is EGCG, and 

it is usually the primary component of a green tea extract (GTE) (Crespy & Williamson, 

2004).  Previous studies have shown chronic GTE to reduce TNF-α, lower FBG, reduce 

systolic blood pressure (SBP), reduce the size of atherosclerotic plaque, and increase 

adiponectin (Babish et al., 2010; Chyu et al., 2004; Fukino et al., 2005; Potenza et al., 

2007; Shimada, Mochizuki, Sakurai, & Goda, 2007; Wolfram et al., 2006; Zeyuan, 

Bingyin, Xiaolin, Jinming, & Yifeng, 1998).   

The Influence of Green Tea on Insulin Resistance 
 

Venables, Hulston, Cox, and Jeukendrup (2008) found green tea supplementation 

to increase insulin sensitivity 13% over baseline values (P < .05) in healthy male 

participants.  Participants consumed GTE (340 mg catechins) at lunch and dinner the day 

before an oral glucose tolerance test (OGTT) and 1 hour before the OGTT in a fasted 

state. While glucose AUC did not differ between trials, insulin AUC was 15% lower with 

GTE supplementation (p < .01).  Similarly, treatment of GTE to obese dogs for 12 weeks 

yielded lower triglyceride (TG) (50%) levels and higher insulin sensitivity (60%) over 

baseline values (Serisier et al., 2008).  These findings are in agreement with Wolfram et 

al. (2006) who found that chronic administration of EGCG improved glucose tolerance in 

diabetic mice. 
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The Influence of Green Tea on TNF-α 

Jin et al. (2011) examined the effects of EGCG on mouse macrophage cells 

treated with titanium, to induce TNF-α expression.  Treatment of cells with 50 µM 

EGCG for 30 minutes resulted in a 51.9% decrease in TNF-α expression when compared 

to the titanium only cells (p < .05).  With a higher concentration of EGCG (100 µM), 

reduction of TNF-α was 80.5% (p < .05) (Jin et al., 2011). 

In rats fed a high fructose diet and GTE for 6 weeks, Cao et al. (2007) found a 

reduction of TNF-α in both skeletal muscle and liver compared to control animals.  This 

study is the only study, to date, to show a decrease in TNF-α in a dietary induced insulin 

resistant state with green tea supplementation. Adiponectin levels were not measured. 

The Influence of Green Tea on Adiponectin 
 

Yan, Zhao, Suo, Liu, and Zhao (2012) incubated cell cultures with 

dexamethosone (DEX) to induce insulin resistance and/or EGCG for 12 hours.  Addition 

of EGCG increased adiponectin mRNA levels above the control (p < .05) and decreased 

TNF-α levels (p < .05).  Translocation of GLUT4 was enhanced by the addition of EGCG 

(Yan et al., 2012). 

In a 12 week study using rats, Shimada et al. (2007) found that administration of 

EGCG raised levels of adiponectin at 8 weeks and 12 weeks, compared to the controls. In 

similar study using hamsters fed a high fructose diet, treatment with green tea for 4 weeks 

resulted in a reduction in insulin and glucose levels along with an increase in adiponectin 

(Li, Douglas, Maiyoh, Adeli, & Theriault, 2006). 

  



 

12 
 

Purpose of the Study 

The purpose of this study was to investigate the individual and combined effects 

of an acute bout of exercise expending 400 Kcal at 65% of HRR or green tea 

supplementation on insulin sensitivity and cytokine levels in overweight to obese 

postmenopausal sedentary women.  Green tea extract (400 mg) was administered with 

lunch and dinner the day prior to the OGTT and also on the morning of the OGTT. 

Problem Statement 
 

 Overweight to obese postmenopausal women are at an increased risk to develop 

T2D and eventually CAD.  Green tea supplementation and exercise have independently 

demonstrated improvements in glucose and insulin profiles.  However, green tea studies 

regarding glucose and insulin profiles and adipokine responses have previously been 

performed on animal models or healthy men.  Existing literature has demonstrated 

ambiguous results.  This study examined the independent and combined effects of an 

acute bout of exercise (400 kcal) and green tea catechins (400 mg catechins, three doses 

within a 24 hour period) on glucose and adipokine metabolism.  Sedentary overweight to 

obese postmenopausal women performed four trials: control, green tea, exercise, and 

green tea + exercise (GTEX).  During the exercise sessions, participants walked on a 

treadmill at 65% heart rate reserve until they expended 400 kcals the day prior to 

performing an OGTT.  During green tea trials, women ingested 400 mg of green tea 

catechins at noon and in the evening prior to performing an OGTT.  Women also 

consumed 400 mg the morning of the OGTT.  Variables assessed were fasting glucose, c-

peptide, and insulin, area under the curve (AUC) glucose, c-peptide, and insulin, Matsuda 
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index (ISI), fasting total adiponectin, high molecular weight adiponectin (HMW), 

globular adiponectin, and TNF-α.  

Hypotheses 
 
This study examined the independent and combined effects of exercise at 65% HRR 

requiring 400 kcal of energy expenditure and green tea catechins (three doses, 400 mg) 

on glucose and adipokine metabolism on overweight to obese sedentary postmenopausal 

women.  This study tested the following hypotheses: 

 
Supplementation with three doses of 400mg green tea catechins will result in: 
 
Improved glucose metabolism (FBG, Fasting Insulin, AUC glucose and insulin)  

Increased anti-inflammatory cytokines (total adiponectin, HMW adiponectin, and 

globular adiponectin)                                                                   

Decreased levels of TNF-α 

An acute bout of exercise at 65% HRR to expend 400 kcals will result in: 
 
Improved AUC glucose metabolism (FBG, Fasting Insulin, AUC glucose and insulin) 

No change in anti-inflammatory cytokines (total adiponectin, HMW adiponectin, and 

globular adiponectin) 

Decreased levels of TNF-α 
 
The combination of green tea catechin supplementation and an acute bout of exercise will 

result in: 

Further improvement in glucose metabolism (FBG, Fasting Insulin, AUC glucose and 

insulin) compared to either treatment alone 
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No further improvement in anti-inflammatory cytokines beyond green tea 

supplementation 

Additive effects of decreased levels of TNF-α 

Definitions 
 

Adiponectin: An anti-inflammatory cytokine released from adipose tissue.  Adiponectin 

is lower in overweight and obese states (Lara-Castro et al., 2006) 

Antioxidant: A chemical compound which inhibits oxidation.  Antioxidants are thought 

to counteract free radicals in the body (Kendall & Eston, 2002; Orzechowski, 2003) 

Atherosclerosis: A condition where atherosclerotic plaque has accumulated in the arteries 

causing them to harden and narrow.  This leads to development of coronary artery disease 

(Lusis, 2000). 

Atherosclerotic Plaque: A build up or sedimentation of lipid rich deposits, macrophages, 

and foam cells. This leads to atherosclerosis (Lusis, 2000). 

Dyslipidemia: Condition of impaired lipid metabolism.  Characterized by high fasting 

levels of TGs (≥ 150 mg/dl  or 1.69 mmol/l), LDL cholesterol (≥ 130 mg/dl or 

3.36mmol/l) and/or total cholesterol (≥ 200 mg/dl or 5.2 mmol/l).  Low HDL cholesterol 

(< 40 mg/dl or 1.03 mmol/l) may also be used as a criterion (Expert Panel on Detection, 

2001) . 

Free Radical:  A molecule in the body with unpaired electrons and an integral component 

of inflammation.  Free radicals lead to cell damage and/or atherosclerosis.  They naturally 

increase with increase age.  Free radicals are also increased with obesity (Lankin et al., 

2003). 
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Glucolipotoxicity: A condition where the body is in a chronic state of hyperglycemia and 

dyslipidemia.  The body's cells are “incubating” in glucose and lipids.  Once this occurs, 

cell signaling may be impaired and/or apoptosis may occur (Prentki, Joly, El-Assaad, & 

Roduit, 2002). 

Insulin Resistance: A state where the body is producing insulin, however, insulin is not 

activating the insulin receptor.  Without activation of the insulin receptor, insulin does 

not facilitate transport of glucose into the cell.  Blood glucose values remain elevated 

(Reaven et al., 1996). 

Insulin Sensitivity:  Characterizes the body’s insulin response to increased levels of blood 

glucose, the rate at which insulin facilitates transport of glucose into the cell, and how 

rapidly insulin and glucose levels return to an acceptable range (Matsuda, 2010). 

Impaired Fasting Glucose:  A state of elevated blood glucose (100 mg/dL to 125 mg/dL) 

(5.6 mmol/L to 6.9 mmol/L) in a fasted state (Association, 2010). 

Impaired Glucose Tolerance:  A state of elevated blood glucose levels after 

administration of a standard oral glucose tolerance test (75 g).  Values 2 hours post-

OGTT for IGT are between 140 mg/dL and 199 mg/dL (7.8 mmol/L to 11.0 mmol/L) 

(Association, 2010). 

Menopause:  A state in the female body where a woman ceases to ovulate and menstruate 

due to waning of estrogen levels (Carr, 2003). 

Obese: Characterized by a body mass index (BMI) ≥ 30 kg/m2  (Flegal et al., 2010). 
 
Overweight: Characterized by a body mass index (BMI) ≥ 25 kg/m2 to ≤ 29 kg/m2 

(Flegal et al., 2010). 
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Postmenopause:  A state in a woman's life where a woman is amenorrheic and remains so 

for at least 12 consecutive months (Carr, 2003). 

Tumor Necrosis Factor- α: A pro-inflammatory cytokine released from adipose tissue.  

Tumor Necrosis Factor- α is increased in a state of overweight and obesity (Hotamisligil 

et al., 1995). 

Type 2 Diabetes: A clinically diagnosed condition of impaired glucose metabolism 

characterized by hyperglycemia, which if left uncontrolled, can result in damage to 

multiple organs and nerve tissue.  Clinical diagnosis for type II diabetes: Fasting blood 

glucose ≥ 126 mg/dl (7.0 mmol/l) or 2 hour post glucose load blood glucose level ≥ 200 

mg/dl (11.1 mmol/l). (Association, 2010) 

Assumptions 
 

The researcher accepted the following assumptions: 

1.  All participants did not begin an exercise regimen during the study timeline 

2.  All participants consumed all of the green tea supplement provided 

3.  All participants performed all the exercise sessions required of the study protocol 

4.  All participants kept an accurate dietary record during the study 

5. Each participant consumed the same meal the evening prior to performing an 

OGTT 

6.  All participants arrived to the OGTT in a fasted state 
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Limitations 
 

The researchers accepted the following assumptions: 

 
1. Participants consumed other antioxidants not listed on the banned foods section in 

their everyday diet (i.e. fruits) 

2. Participants were limited to overweight or obese postmenopausal sedentary 

women 

3. Participants could not be blinded to the exercise versus control trials 

4. These results will apply to overweight/obese sedentary postmenopausal women 

5.  Any changes beyond the OGTT sampling period were not considered in this 

study 

Significance Of The Study 
 
 Excessive adipose tissue can lead to the development of T2D through 

derangement of the insulin signaling pathway.  Several researchers have provided pieces 

of the puzzle and suggested plausible links between adiposity, cytokines, and disruption 

of the insulin signaling cascade. Exercise positively impacts insulin sensitivity through 

activation of AMPK, therefore bypassing the insulin signaling cascade to positively 

influence glucose homeostasis.  Adiponectin also positively impacts glucose homeostasis 

and possibly insulin sensitivity although the mechanism is less understood.  Green tea 

supplementation has been shown to increase adiponectin levels.   

 Along with the separate effects of the treatments, the combination of the two may 

provide insight to the possibility of an additive effect in regard to increasing insulin 

sensitivity and maintaining glucose homeostasis.  If so, it may be advantageous for 
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overweight to obese postmenopausal women to combine exercise and green tea 

supplementation in order to maximize the beneficial effects of these treatments and 

increase insulin sensitivity and maintain glucose homeostasis.  Increasing insulin 

sensitivity and maintaining glucose homeostasis could aid in prevention of progression 

from obesity to IFG to T2D (Wellen & Hotamisligil, 2005). 

  No studies, to date, have examined the combination of exercise and green tea 

supplementation on glucose and insulin profiles in overweight or obese postmenopausal 

women. This population is at risk for increased adiposity and inflammation associated 

with the natural decline of estrogen levels and menopause.  Overweight to obese 

sedentary postmenopausal women are at risk to develop T2D if inflammatory cytokines 

remain elevated and glucose homeostasis is disturbed.  

Zhang and Zhang (2012) proposed future research focus on combining dietary 

supplements such as green tea and exercise in order to develop “adjunctive therapies” to 

manage inflammation and reduce levels of TNF-α. Kaneto et al. (1999) reported lower 

blood glucose levels and protection of beta-cells from apoptosis with antioxidant 

treatment in diabetic mice.  Antioxidant preconditioning in order to prevent development 

of T2d has also been suggested (Orzechowski, 2003).   
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CHAPTER II 
 

REVIEW OF LITERATURE 

Insulin Signaling and Glucose Uptake 

The insulin receptor (IR) signaling cascade is an important regulator of glucose 

uptake via the glucose-4 (GLUT4) transporter (Shepherd & Kahn, 1999).  Insulin is 

secreted from pancreatic β-cells into circulation in response to elevated levels of blood 

glucose.  Insulin binds to the IR, which triggers autophosphorylation of the β subunit.  

The insulin receptor substrate-1 (IRS-1) is the substrate for tyrosine autophosphorylation 

(Shepherd & Kahn, 1999).  Once autophosphorylation is complete, IRS-1 docks with 

phosphoinositid-3 kinase (PI3K).  PI3K then activates a signaling cascade where either 

protein kinase B (PKB or Akt) or atypical protein kinase C (aPKC) stimulates GLUT4 to 

translocate to the cell membrane and facilitate glucose transport into the cell (Shepherd & 

Kahn, 1999; Watson & Pessin, 2006).  

The Influence of Obesity on Insulin Resistance 

 Unfortunately, accumulation of excessive adipose tissue can lead to storage of 

IMTG, increased inflammation, and ultimately, disturbances in skeletal muscle 

metabolism (Sethi & Hotamisligil, 1999).  Chronic inflammation is associated with 

cytokines whose production is altered in an obese state (Kaneto et al., 1999; Zhang & 

Zhang, 2012).  The resulting metabolic abnormalities include: increased plasma FFAs, 

insulin resistance, hypertension, and development of T2D (Blaak, 2004; Sethi & 

Hotamisligil, 1999).  Increased plasma FFA and IMTG alter glucose uptake (through 
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interruption of the insulin signaling pathway) and leads to chronic hyperglycemia 

(Boden, 1997; Reaven et al., 1996).  In response to elevated plasma glucose, the pancreas 

releases more insulin.  In chronic obesity, the body’s response to hyperglycemia is to 

increase insulin secretion.  This compensatory mechanism is eventually blunted due to 

the combination of glucolipotoxicity in the pancreas and leads to apoptosis of β-cells and 

a decline in insulin secretion (Prentki et al., 2002).   

The Influence of Cytokines on Insulin Resistance 

Adipokines are cytokines produced in adipose tissue and may be inflammatory or 

anti-inflammatory.  These hormones are involved in regulation of glucose and fatty acid 

metabolism (Chudek & Wiecek, 2006; Thalmann & Meier, 2007).  Inflammatory markers 

have been found to be elevated in obese women (Maachi et al., 2004). 

The Influence of TNF-α on Insulin Resistance 

Tumor necrosis factor-α is an inflammatory adipokine whose primary metabolic 

roles are to inhibit adipogenesis, decrease glucose uptake, and inhibit lipoprotein lipase 

(LPL) (Goralski & Sinal, 2007).  Expression and secretion of TNF- α is increased in an 

obese state and is theorized to lead to insulin resistance through disruption of the IRS-1 

which, in turn, would lead to decreased translocation of GLUT4 and glucose uptake 

(Goralski & Sinal, 2007; Plomgaard et al., 2007; Thalmann & Meier, 2007).   

Fain, Bahouth, and Madan (2004) examined TNF- α secretion in human 

subcutaneous and visceral adipose tissues (SAT and VAT, respectively).  Methods:  The 

researchers incubated SAT and VAT samples from participants undergoing abdominal or 

gastric bypass surgery in primary culture for 48 hours.  Results:  Researchers reported a 
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positive correlation with TNF- α secretion and BMI (r = .79, p < .004) and a negative 

correlation (r = -.60, p < .05) with TNF- α and adiponectin (Fain et al., 2004).  

Discussion:  The researchers stated that the negative association of TNF-α and 

adiponectin is not unexpected due to the negative correlation of adipose tissue to 

adiponectin.  The finding of a negative relationship of TNF-α and adiponectin is in 

agreement with Kern, Di Gregorio, Lu, Rassouli, and Ranganathan (2003) who also 

reported a negative relationship between TNF-α and adiponectin in an obese population.  

Plasma adiponectin levels and BMI displayed a negative correlation (r = -.60, p < .001) 

and adipose tissue expression of adiponectin and TNF-α demonstrated a negative 

correlation (r = -.48, p < .05) (Kern et al., 2003).  

Suppression of FFA oxidation in mice treated with TNF- α lead to an increase in 

diacylglycerol (DAG) and TG accumulation and subsequent insulin resistance in skeletal 

muscle (Steinberg et al., 2006).  Increases in DAG are associated with ceramide 

production, which can lead to disturbances in insulin signaling. (Steinberg et al., 2006).   

Steinberg et al. (2006) found a decrease in IRS-1 tyrosine phosphorylation, reduced 

association of IRS-1 with PI3K, and a reduction in PI3K binding with Akt when skeletal 

muscle (mouse) was exposed to TNF-α.  

In agreement with the results of Steinberg et al. (2006), treatment of 3T3-F442A 

adipocytes with TNF- α resulted in the phosphorylation of IRS-1 on serine residues rather 

than tyrosine residues (Hotamisligil et al., 1996).  Autophosphorylation of the IR did not 

occur when IRS-1 was phoshphorylated on serine residues.  Treatment of adipocytes with 

TNF- α reduced phosphorylation of both the IR and IRS-1.  Experiment 1:  To investigate 
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the effects of modified IRS-1 on insulin stimulated IR autophosphorylation, Hotamisligil 

et al. (1996) added exogenous serine phosphorylated IRS-1 to cells and found a 60% 

decrease in insulin stimulated IR autophosphorylation of the tyrosine kinase β subunit.  

Experiment 2:  The researchers performed a second study to examine the relationship of 

TNF- α and IRS-1 with the IR using myeloid 32D cells.  The 32D cells either expressed 

IR and lacked IRS-1 or expressed both IR and IRS-1.  In the 32D cells expressing only 

IR, TNF- α exposure did not alter the phosphorylation of the tyrosine kinase β subunit.  

However, treatment with TNF- α in the IR plus IRS-1 cells resulted in reduction of 

autophosphorylation (~80%).  Discussion:  The researchers suggest that TNF- α can 

inhibit autophosphorylation of the IR via modification of the phosphorylation sites 

(serine vs. tyrosine) on IRS-1 (Hotamisligil et al., 1996).    

The Influence of Adiponectin on Insulin Resistance 

Conversely, adiponectin is an adipokine that has been touted as an insulin 

sensitizing cytokine (Kadowaki, T. Yamauchi, et al., 2006).  Adiponectin exists in three 

full-length forms: a low molecular weight (LMW) trimer, a mid-molecular weight 

(MMW) hexamer, and a high molecular weight (HMW) multimer (Kadowaki, Sekikawa, 

et al., 2006; Kadowaki & Yamauchi, 2005).  There is also a globular trimer form (GAD) 

of adiponectin (Kadowaki & Yamauchi, 2005).  The majority of adiponectin in plasma is 

the full length isoform; however, HMW is thought to be the active form of adiponectin 

(Kadowaki, Yamauchi, et al., 2006; Kadowaki & Yamauchi, 2005).  Adiponectin binds to 

either the AdipoR1 or AdipoR2 receptors which are found in adipose, pancreatic, hepatic, 

and muscle tissues (Kadowaki, Sekikawa, et al., 2006).   The binding of adiponectin to its 
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receptors results in activation of AMPK (Kadowaki, Yamauchi, et al., 2006).  This 

activation of AMPK could have positive effects on glucose uptake.  High molecular 

weight adiponectin has been has demonstrated a higher correlation with insulin 

sensitivity (as measured by the euglycemic hyperinsulinemic clamp) than total 

adiponectin ( r = .47, p < .05; r = .45, p <  .05, respectively) (Lara-Castro et al., 2006).  

The ratio of HMW/total adiponectin correlates even less with the hyperinsulinemic clamp 

(r = .29, p < .05).  Although total adiponectin or HMW/total adiponectin is more 

commonly measured, GAD may be an important part of glucose uptake. Ceddia et al. 

(2005) found that treatment of rat muscle cells with GAD increased GLUT4 translocation 

to the muscle membrane and glucose uptake.  Phosphorylation of AMPK was also 

elevated with addition of GAD (Ceddia et al., 2005). 

The binding of adiponectin to its receptors results in activation of AMPK which 

could increase glucose uptake independent of insulin-stimulated glucose disposal 

(Kadowaki, Yamauchi, et al., 2006).  Plasma adiponectin levels are decreased in an obese 

state and in association with T2D (Kadowaki, Yamauchi, et al., 2006).  This decrease in 

adiponectin levels often occurs with an increase in insulin resistance (Kadowaki, 

Yamauchi, et al., 2006).  By decreasing adipogenesis, TNF-α indirectly decreases 

adiponectin production (Chudek & Wiecek, 2006).  The following sections will detail 

mechanistic information on both adipokines and link both to the disturbance of glucose 

and insulin profiles. 
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The Influence of Menopause on Obesity, Adipokines and Insulin Resistance 
 

In early postmenopausal women, body mass and body fat begin to increase. 

Gambacciani, Cappagli, Piaggesi, Ciaponi, and Genazzani (1997) conducted a 12 month 

study examining the effects of hormone replacement therapy (HRT) on fat deposition 

patterns on a menopausal status.  Methods:  Healthy sedentary women who had not been 

postmenopausal longer than 25 months participated in this study.  The treatment group 

HRT while the control group consumed a calcium supplement.    Results: In the control 

group, BMI was significantly increased after 12 months (24.6 ± .6 to 25.5 ± .6 kg/m2, p < 

.05).  Body weight also increased in the control group from 63.6 ±2.2 kg to 65.2 ± 1.9 kg 

(p < .05).  Discussion:  The onset of menopause has been linked to decreased levels of 

estrogen, increased central obesity, and insulin resistance (Carr, 2003).  After the onset of 

menopause (absence of menses for at least 12 months), estrogen levels decrease, fat 

deposition patterns shift to a pattern of central obesity, the lipid profile is negatively 

impacted, and a decrease in insulin sensitivity occurs (Carr, 2003; Chu et al., 2006; 

Gambacciani, Ciaponi, et al., 1997b). In this study, the researchers concluded that the 

onset of menopause and decrease of estrogen is associated with increased central 

adiposity and that HRT can mediate this increase in adiposity (Gambacciani, Ciaponi, et 

al., 1997b).   

Chu et al. (2006) investigated the occurrence of insulin resistance in obese 

postmenopausal women (BMI 26.2 – 39.4 kg/m2) as compared to both obese 

premenopausal and non-obese premenopausal women.  Methods:  This crossectional 

study population consisted of 37 obese postmenopausal women, 34 aged-matched obese 
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premenopausal women, and 14 non-obese premenopausal women.  Participants had not 

been diagnosed with T2D, however, 30% of obese postmenopausal participants had 

impaired fasting glucose (IFG) and 70% had elevated fasting insulin levels.  Blood 

samples were drawn and analyzed for insulin, glucose and adiponectin.  Based on the 

Matsuda insulin sensitivity index (ISI), 68% of participants were IGT.  Levels of 

adiponectin in obese postmenopausal women were significantly lower than either obese 

or non-obese premenopausal women (7.8 ± 0.6, 10.9 ± .9, 13.0 ± 1.5, p < .05).  

Adiponectin correlated negatively with BMI (r = -.531, p < .01).  Adiponectin displayed a 

positive correlation with the Matsuda ISI (r = .351, p < .05).  Discussion:  From this 

study, it appears that obese postmenopausal women display reduced insulin sensitivity 

and decreased levels of adiponectin (Chu et al., 2006).  Increased adiposity associated 

with decreased adiponectin and insulin sensitivity is in agreement with research from 

(Milewicz et al., 2010).  Milewicz et al. (2010) found lower adiponectin levels in obese 

postmenopausal women with a large waist circumference when compare to non-obese 

women with a normal waist circumference (13.4  ± 6.0, 17.3 ± 4.9, respectively, p< .05).  

Adiponectin levels were negatively correlated with BMI (r = -.34, P < .0001),and insulin 

resistance (r = -.34, p < .0001) (Milewicz et al., 2010). 

Decreased estrogen secretion has also been associated with increased TNF- α . 

Pacifici et al. (1991) examined TNF-α levels in women after hysterectomy with and 

without oophorectomy.  Methods:  Healthy premenopausal women who either underwent 

a hysterectomy without oophorectomy or with oophorectomy participated in this study.  

Blood and urine samples were collected prior to surgery and again 1, 2, and 4 weeks post-
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surgery.  At 4 weeks post-surgery women were divided into two groups: estrogen 

replacement or no estrogen replacement.  Samples were again taken at 5, 6, and 8 weeks.  

Blood samples were analyzed for TNF-α and estrogen.  Results:  Women with 

oophorectomy experienced dramatic loss of estrogen after 1 week (240 ± 47 to 45 ± 13 

pmol/L (p < .01).  Women who had the oophorectomy experienced a significant increase 

in TNF-α levels at 2 weeks post surgery when compared to baseline (p < .05) and levels 

continued to rise linearly throughout the study (4 weeks, p < .005, 6 weeks p < .005) 

Women who did not have an oophorectomy did not experience changes in estrogen or 

TNF-α levels.  Researchers administered estrogen to half of the oophorectomized women 

at 4 weeks.  Estrogen supplementation resulted in TNF-α levels returning to baseline by 6 

weeks while women who did not continued to experience a linear increase in TNF-α.  

Discussion:  This study indicates that the loss of estrogen associated with senescence of 

the reproductive system is related to the dramatic increase in the inflammatory adipokine 

TNF-α (Pacifici et al., 1991).  Disruption of the IR has been associated with elevated 

levels of TNF-α  (del Aguila et al., 1999; Goralski & Sinal, 2007; Plomgaard et al., 2007; 

Steinberg et al., 2006; Thalmann & Meier, 2007). 

Increased TNF-α associated with menopause was confirmed by (Sites et al., 

2002).  Methods:   Forty-five premenopausal women and 44 postmenopausal women 

participated in this study.  TNF-α was determined using an ELISA method. Results:  

Postmenopuasual women displayed significantly higher levels of TNF-α than 

premenopausal women (26%, p < 0.01) (Sites et al., 2002).  Discussion:  The disparity in 

the levels of TNF-α may be due to a decrease in estrogen in postmenopausal women.  
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The women in this study were in early stages of menopause (age 51 years ± 4 years).  

Women further into menopause may exhibit even greater increases in TNF-α levels. 

The Influence of Exercise on Insulin Resistance 

Glucose uptake can also be influenced independent of insulin through 

phosphorylation of AMPK (Holloszy, 2005; Jessen & Goodyear, 2005; Lund et al 1995).  

Three subunits make up the AMPK trimer complex.  The α-subunit is considered the 

active subunit.  The β- subunit is responsible for glycogen metabolism and is a 

“scaffolding” to bind the α- and γ-subunits together while the γ- subunit of AMPK 

prevents dephosphorylation of the α-subunit (Hardie, 2008; Jorgensen, Richter, & 

Wojtaszewski, 2006). 

Lund et al. (1995) used a PI3K inhibitor, wortmannin, to investigate the effects of 

muscle contraction on glucose transport independent of insulin.  PI3K is an intermediate 

step in the insulin signaling cascade downstream from the insulin receptor.  Methods:  

Intact soleus muscles were dissected from 3 week old Wistar rats.  The soleus muscle was 

incubated with or without wortmannin and insulin.  The muscles were electrically 

stimulated for 10 minutes.  Glucose transport was determined using a radiolabeled 

glucose analogue.  Muscle preparations were also assayed for GLUT4.  Results:  Glucose 

uptake increased in response to muscle contraction.  At maximal contraction frequency, 

glucose uptake was 60% of the insulin stimulated glucose uptake.  Muscle contraction 

also increased the amount of GLUT4 at the cell membrane (.44 ± .04 rest, 1.75 ± .25 

pmol/g maximal contraction) which was 40% of the amount of GLUT4 on the cell 

membrane after insulin stimulation.  Combined effects of contraction and insulin resulted 
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in an additive effect.  Wortmannin inhibited insulin-stimulated glucose uptake to levels 

comparable with resting values (Pp < .01).  Wortmannin had no effect on contraction-

stimulated glucose uptake.  The same trends were found for GLUT4 levels at the cell 

membrane.  Discussion:  The researchers concluded that the increase in glucose uptake 

and GLUT4 at the muscle cell membrane (due to contraction) occurred through a 

pathway other than insulin-stimulation.  The use of wortmannin provides evidence that 

the insulin signaling cascade was all but shut down in response to insulin, yet muscle 

contraction resulted in an increase in glucose uptake and GLUT4 expression at the cell 

membrane (Lund et al., 1995).   

Kraniou et al. (2006) found GLUT4 expression in skeletal muscle biopsies from 

healthy active participants to be increased both immediately post-exercise and three hours 

post-exercise.  Musi et al. (2001) found that AMPK responds to exercise stimuli in the 

same manner in a T2D population as in a healthy population.  This suggests that exercise 

is associated with an AMPK activated improvement in glucose uptake and that therapies 

targeting AMPK activation should be considered as therapies to treat T2D (Musi et al., 

2001). 

The Influence of Exercise Training on Insulin Resistance 

Hughes et al. (1993) examined the effects of 12 weeks of aerobic training on 

glucose tolerance and concentration of GLUT4 in skeletal muscle membrane.  Methods:  

Eighteen sedentary participants volunteered for the study.  Participants did not have T2D, 

but were IGT.  A baseline OGTT was performed prior to the 12 week exercise training 

period.  Participants trained at either 50% or 75% of maximal heart rate reserve.  
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Participants (aged 58 to 70 years) exercised 55 minutes per day, 4 days of the week.  

After 12 weeks, another OGTT was performed 72 hours after the last exercise bout.  

Muscle biopsies taken from the vastus lateralis were performed 1 hour prior to OGTTs.  

Results:  Glucose disposal increased 11% from baseline to post-training (54.4 ± 4.4 to 

60.4 ± 5.5 µmol/kg, p < .01).  Analysis of the muscle biopsies both pre- and post-training 

showed an increase in GLUT4 post-training (p < .05).  Discussion:  This study provides 

evidence that older people with IGT can benefit from an exercise training protocol 

between 50% and 75% of maximal heart rate reserve.  Results demonstrate that aerobic 

exercise training for 12 weeks can improve glucose and insulin profiles (Hughes et al., 

1993).   

In order to determine a recommendation of exercise intensity to elicit 

improvement in insulin sensitivity, Houmard et al. (2004) examined three different 

exercise intensities and their effect on insulin sensitivity.  Methods:  Participants were 

included if they were sedentary, overweight or obese, dyslipidemic, and for women, 

postmenopausal.  Participants were divided into four groups: control sedentary, low 

volume/moderate intensity, low volume/high intensity, and high volume/high intensity.  

The low volume/moderate intensity group exercised at 40% -55 % VO2peak and expended 

~ 1200 kcal per week.  Participants in the low volume/high intensity group exercised at 

65% - 80% VO2peak and expended ~ 1200 kcals per week.  The high volume/high 

intensity group exercised at 65% -80% VO2peak and expended ~ 2000 kcal per week.  The 

exercise protocols were maintained for 6 months.  Insulin sensitivity was determined 

using an intravenous glucose tolerance test.  Results:  There were no differences pre- to 
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post-training in glucose levels in any treatment group. In the control group, insulin was 

significantly increased from 7.6 ± .6 to 8.7 ± .7 µU/ml, p < .05).  Insulin levels decreased 

significantly (p < .05) in both the low volume/moderate intensity and high volume/high 

intensity groups (11.3 ± 14 to 8.1 ± 1.0 and 89 ± .9 to 8.0± 0.7 µU/ml, respectively).  

Insulin sensitivity was increased in all exercise groups and was decreased in the control 

group (p < .05).  However, percent change from baseline was the greatest in the low 

volume/moderate intensity group and high volume/high intensity groups (~ 75% -80% 

increase, p < .05).  Discussion:  Findings from this study indicate that exercise regimes of 

at least 170 minutes of exercise per week are sufficient to increase insulin sensitivity 

regardless of the intensity.  Participants in both the low volume/moderate intensity and 

high volume/high intensity groups averaged ~ 170 minutes per week of exercise.  

Participants in these groups exercised 3 to 4 days per week (Houmard et al., 2004).   

The Influence of Acute Exercise on Insulin Resistance 

Acute bouts of aerobic or resistance exercise have shown improvements in insulin 

sensitivity in healthy, IGT, and T2D animal and human models (Henriksen, 2002; 

Koopman et al., 2005; Sari et al., 2007).  Acute bouts of exercise (ranges 40% -80% 

VO2max) increase skeletal muscle membrane GLUT4 content in both healthy and T2D 

populations (Kennedy et al., 1999; Kraniou et al., 2006).  Kennedy et al. (1999) 

suggested that exercise is an appropriate therapy to lower blood glucose levels in T2D 

patients after finding improved glucose control in a T2D population exposed to acute 

exercise (Kennedy et al., 1999). 
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Increases in glucose metabolism and insulin sensitivity have been observed 

immediately post-exercise up to 48 hours post-acute exercise bout (Hernandez, Fedele, & 

Farrell, 2000; Koopman et al., 2005; Mikines, Sonne, Farrell, Tronier, & Galbo, 1988).  

Koopman et al. (2005) found increased insulin sensitivity (13%, p < .05) 24 hours after a 

single bout of resistance training. After an acute bout of resistance training in rats, 

Hernandez et al. (2000) demonstrated that glucose uptake was significantly elevated at 6 

and 12 hours post-exercise (p < .05).    While glucose uptake was not higher at 24 hours, 

PI3K activity was elevated above baseline at 6, 12, and 24 hours post-exercise (p < .05) 

(Hernandez et al., 2000).  The enzyme PI3K is an important step in the insulin signaling 

pathway.   Mikines, Farrell, Sonne, Tronier, and Galbo (1988) examined the effects of 60 

minutes of cycling on insulin sensitivity in healthy men.  Insulin sensitivity was 

significantly elevated post-exercise and 48 hours post-exercise, but not 5 days post-

exercise (Mikines, Farrell, et al., 1988a).   

In men with abnormal glucose tolerance, an acute bout of exercise did not 

improve glucose tolerance (Rogers, 1989).  Methods:  Participants in the study were 

males with abnormal glucose metabolism (n=10).  Three participants were IGT and seven 

had “mild” T2D.  Participants exercised 50-60 minutes per day for seven consecutive 

days at 68% of VO2max.  An OGTT was performed prior to the study and 16-20 hours 

after the last exercise bout.  A subset of participants underwent an additional OGTT after 

the first exercise session.  Results:  After the first session, no change in glucose or insulin 

AUC was found when compared to baseline.  There were significant differences in AUC 

for glucose and insulin after 7 consecutive days of aerobic exercise.  Glucose AUC was 
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decreased by 36% (p < .01) and insulin AUC was reduced by 32% (p < .01).  Discussion:  

The authors concluded that regularly performed vigorous exercise was needed to elicit a 

favorable response for glucose metabolism in men with abnormal glucose metabolism 

(Rogers, 1989). 

Sari et al. (2007) examined the effect of an acute bout of exercise and over a 

course of 4 weeks in obese women.  Methods: Twenty three obese otherwise healthy 

women (BMI 40 ± 6.7 kg/m2) ages 21-46 years participated in this study.  Participants 

were instructed to exercise 5 days per week for 4 weeks.  Exercise consisted of walking 

for 45 minutes at 60% -80% estimated heart rate maximum.  Fasting blood samples were 

obtained at baseline, after the first, seventh, and twentieth exercise session.  Aside from 

the baseline sample, all other samples were drawn 30-45 minutes post-exercise.  Samples 

were analyzed for glucose, and insulin.  Results:  Glucose levels were lower than baseline 

after the first exercise bout (p < .001) and continued to decrease until the 20th bout (5.12 

± .5, 4.73, ± .3, 4.67 ± .6, and 4.56 ± .6 mmol/l, respectively).  Insulin followed the same 

pattern (12.1 ± 5.9, 8.2 ± 3.2, 8.0 ± 3.0, and 7.9 ± 2.6).  Insulin was significantly lower 

than baseline after the first session (p < .001) and remained so throughout the study.  

There were no differences between the 1st, 7th, and 20th exercise session with regards to 

glucose or insulin levels.  Because HOMA-IR is comprised of both fasting glucose and 

insulin values, HOMA-IR followed the same pattern as well (2.75 ± 1.47, 1.77 ± .71, 

1.73 ± .89, and 1.62 ± 0.7).  Discussion:  The researchers concluded that insulin 

resistance decreases after the first exercise session and remains so after 4 weeks of 

aerobic exercise training in obese women (Sari et al., 2007). 
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The Influence of Exercise Training on TNF-α 

 In overweight and obese sedentary Japanese women, a moderate intensity 

exercise program reduced serum TNF-α (Tsukui et al., 2000).  Participants were 12 lean 

(BMI < 25 kg/m2) and 29 overweight to obese (BMI > 25 kg/m2) Japanese women with 

no prior history of diabetes or dyslipidemia.  All participants were not taking any 

medications known to alter carbohydrate or lipid metabolism.  Methods:  In the exercise 

group, 27 participants underwent a 5 month exercise training protocol consisting of brisk 

walking or swimming 4 to 5 days per week.  Exercise intensity was set at 40 to 50% of 

VO2max.  Blood samples were collected after an overnight fast before and after the 

exercise protocol.  Results:  Overweight and obese participants displayed significantly 

higher TNF-α levels (8.6 pg/ml) when compared to lean participants (2.2 pg/ml). Insulin 

was not significantly different (23 ± 11 pmol/l lean and 50 ± 65 pmol/l overweight and 

obese).  Insulin values in the combined overweight and obese group displayed a large 

standard deviation.  The exercise cohort improved their blood chemistry over baseline 

values.  TNF-α was significantly decreased from 9.0 ± 5.3 to 1.5 ± .6 pg/ml.  Insulin 

levels were decreased but did not reach significance as the standard deviation was large 

(51 ± 68 to 44 ± 14 pmol/l).  In addition, BMI decreased from 28.0 ± 2.6 to 27.6 ± 6.6 

kg/m2.  Discussion:  This exercise protocol was effective at lowering serum TNF-α and 

BMI.  The researchers concluded that a 5 month low-moderate intensity aerobic exercise 

program can lower serum TNF-α levels while improving body composition in untrained 

overweight to obese sedentary women (Tsukui et al., 2000). 
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The Influence of Acute Exercise on TNF-α  

In order to determine the acute effects of exercise on TNF-α levels, Keller et al. 

(2004) performed a study using TNFR1 and TNFR2 knock out (KO) mice, and C57 

control mice.  Methods:  Each group of mice was divided into two groups (rest and 

exercise).  The exercise group performed one hour of swimming and were sacrificed 

immediately post-exercise.  Soleus and gastrocnemius muscles were dissected from the 

mice and analyzed for gene expression of TNF-α using RT-PCR.  Results:  In the soleus 

muscle, TNF-α mRNA levels in TNFR1 KO mice were increased 3.57 fold over control 

mice and TNFR2 KO mice were increased 2.62 fold.  Treatment with exercise reduced 

TNF-α mRNA levels in both KO mice groups to the point where they were not different 

from the control group.  Discussion: The researchers concluded that an acute bout of 

exercise was able to restore TNF-α levels to those of the control group.  TNF-alpha is 

associated with disruption of the insulin signaling pathway and exercise is associated 

with increased insulin sensitivity.  It is possible that the reduction in TNF-α due to 

exercise may partially explain the increase in insulin sensitivity observed after an acute 

bout of exercise (Keller et al., 2004). 

The Influence of Exercise on Adiponectin 

A review by  Kraemer and Castracane (2007) discussed the response of 

adiponectin to both short and long term exercise.  Short term studies, including a study 

performed by the authors, indicate that adiponectin levels are not affected by moderate or 

strenuous exercise.  The authors suggest that studies reporting changes in adiponectin in 

response to acute and short term exercise actually find no changes when adjustments for 
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plasma volume are made.  In chronic exercise training programs (> 2 months), 

adiponectin levels have increased in participants where the training program is 

accompanied by decreases in fat mass (Kraemer & Castracane, 2007).  Simpson and 

Singh (2008) performed a systematic review of adiponectin and exercise literature and 

agree with Kraemer and Castracane (2007).  However, Bouassida et al. (2010) concluded 

that plasma adiponectin levels increase 30 minutes post-exercise in response to an acute 

bout of exercise in trained athletes.  To date there are few studies examining the effects of 

an acute bout of exercise on adiponectin levels (Ferguson et al., 2004; Hojbjerre, 

Rosenzweig, Dela, Bruun, & Stallknecht, 2007; Jurimae et al., 2006; Jurimae, Purge, & 

Jurimae, 2005; Numao et al., 2008).  Most of those studies use trained athletes exercising 

at a high intensity.  Only one study used overweight participants and will be discussed in 

the adiponectin and acute exercise section (Bouassida et al., 2010). 

The Influence of Exercise Training on Adiponectin 

Hulver et al. (2002) examined the effects of exercise training or gastric bypass on 

adiponectin in an overweight to obese population, some of whom had T2D.  Methods:  

Participants were divided into an exercise group (6 month endurance program) and a 

weight loss group (gastric bypass).  Participants exercised 4 days/week for 45 minutes at 

65% - 80% of VO2peak for 6 months.  Blood samples were taken before and after the 

endurance training protocol and analyzed for fasting glucose, insulin, and total 

adiponectin.  Insulin sensitivity was determined from an intravenous glucose tolerance 

test.  In the gastric bypass group, samples were taken 1 month prior to the surgery and 

again when a stable body mass was achieved post surgery (~ 12 months).  Results:  
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Significant weight loss was observed in the surgery group (139.2 ± 6.2 to 82.6 ± 3.4 kg, p 

< .05) as well as a reduction in BMI (46.8 ± 1.2 to 27.8 ± .7 kg/m2, p < .05).  Neither 

weight loss nor BMI was significantly decreased with the endurance exercise treatment.  

Participants in the exercise group experienced an increase in insulin sensitivity, as 

measured by the Bergman minimal model for insulin sensitivity (2.9 ± .6 to 5.1 ± 1.0 

pmol/l/min, p < .05) while the surgery group increased from 1.1 ±.3 to 4.6 ± .8 

pmol/l/min (p < .05).  Fasting glucose did not change in the exercise group, but did 

significantly decrease in the surgery group (6.7 ± .9 to 4.4 ± .1 mmol/l, p < .05).   

Although fasting glucose was not altered in the exercise group, fasting insulin levels were 

significantly decreased (81.18 ± 15.1 to 69.9 ± 13.8 pmol/l, p < .05).  Fasting insulin 

levels were also lower in the surgery group (183.4 ± 34.2 to 30.3 ± 3.3 pmol/l, p < .05).  

Adiponectin levels were not significantly different in the exercise group; however, levels 

were significantly higher in the surgery group (4.4 ±0.8 to 13.6 ± 2.2 µg/ml, p < .05).  

Discussion: The researchers concluded that both treatments were effective to increase 

insulin sensitivity.  However, only weight loss is effective to increase levels of 

adiponectin (Hulver et al., 2002). 

In an 8 week, high intensity training program, 16 diabetic men did not improve 

their adiponectin levels (Boudou, 2003).  Methods:  Participants were 16 T2D overweight 

sedentary men.  Eight participants in the control group rode an exercise bike weekly at 60 

rpm and 30 W for 20 minutes.  The other eight participants performed a continuous bout 

of exercise for 45 minutes at 75% of VO2peak once a week.  Twice a week, they performed 

intermittent exercise (5 bouts of cycling at 85% VO2peak for 2 minutes separated by lower 
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intensity intervals at 50% VO2peak).  Fasting insulin, glucose, and adiponectin were 

determined pre- and post-treatment.  Insulin sensitivity was assessed using an intravenous 

glucose tolerance test (ITT).  Results:  After eight weeks of training, insulin sensitivity 

was increased by 58% in the exercise group (2.15 to 3.25 p < .02).  Despite significant 

decreases in both SAT and VAT, adiponectin, fasting glucose, and fasting insulin levels 

were not different pre- to post-treatment in the exercise group. The control group 

experienced no significant changes in any variable. Discussion:  The researchers suggest 

that the high intensity protocol employed in this study was not effective in eliciting 

changes in adiponectin levels despite reductions in SAT and VAT.  The researchers 

speculate that the participants did not demonstrate enough weight loss to see changes in 

adiponectin (Boudou, 2003).   

In one of the few short term exercise studies to show an increase in adiponectin 

levels, Kriketos et al. (2004) examined the effect of exercise on adiponectin in 25 

overweight males.  Methods:  Participants briskly walked for 40 min at 55% -70% of 

VO2max, 4-5 days/week for a period of 10 weeks.  Results:  Fasting plasma adiponectin 

levels were inversely related to insulin resistance (r= - .52, p < .0007), total fat (r = - .39, 

p < .015), central SAT (r = -.37, p < .02), and to VAT (r = -.32, p < .05).  Body weight 

was not significantly reduced.  After 1 week, adiponectin levels rose 260% (p < .0001) 

and they remained elevated at the end of the study.  Discussion:  While the authors 

concluded that exercise can increase plasma adiponectin in absence of weight loss, these 

results should be interpreted with caution.  The authors did not indicate that they adjusted 
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for plasma volume.  Other studies involving exercise and adiponectin found changes with 

exercise.  Those changes were negated when adjustments for plasma volume were made.   

The Influence of Acute Exercise on Adiponectin 
 

Jurimae et al. (2005) examined the effects of a maximal 6000 m rowing test on 

adiponectin levels in highly trained, competitive rowers.  Methods: Rowers performed 

the test 2 hours post meal.  The rowers were asked to cover the distance in as little of time 

as possible on a wind resistance braked rowing ergometer.  Blood samples were taken at 

rest, immediately post-exercise, and 30 minutes post-exercise.  Samples were analyzed 

for total adiponectin, insulin, and glucose.  Plasma volume adjustments were made.  

Results:  There were no changes over time for insulin.  Glucose values were elevated 

over resting values immediately post-exercise (8.6 mmol/l and 4.5 mmol/l).  Glucose 

levels decreased to 5.5 mmol/l 30 minutes post-exercise.  Adiponectin levels were 

decreased immediately post-exercise although the difference was not significant (6.2 

µg/ml resting and 5.7 µg/ml post-exercise).  At the 30 minute post-exercise measurement, 

adiponectin levels had risen to 6.8 µg/ml which was significantly higher than 

immediately post-exercise, but not from rest.  Discussion:  Results suggest that 

adiponectin levels begin to increase 30 minutes post-exercise after an acute bout of 

maximal rowing in trained rowers.  However, this increase was not significantly different 

from rest.  Adiponectin was not measured beyond 30 minutes post-exercise.  From the 

results of this study, it cannot be determined if adiponectin would have continued to 

increase beyond 30 minutes post-exercise (Jurimae et al., 2005). 
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In another study on highly trained rowers, plasma adiponectin levels were 

elevated 30 minutes post-exercise (Jurimae et al., 2006).  Methods: Eight trained college 

rowers performed an incremental exercise test on a wind resistance-braked rowing 

ergometer in order to determine VO2max and anaerobic threshold.  A week later, rowers 

were asked to perform a constant load on water rowing session for 6.5 km while 

maintaining their target anaerobic threshold heart rate within five beats per minute.  

Plasma samples were taken pre-exercise, immediately post-exercise, and 30 minutes post-

exercise.  Plasma samples were analyzed for total adiponectin, insulin, and glucose.  The 

authors corrected for plasma volume.  Results:  Immediately post-exercise and 30 

minutes post-exercise, insulin was significantly lower than pre-exercise (3.3 U/l and 3.7 

U/l respectively to 8.6 U/l).  Thirty minutes post-exercise, adiponectin was significantly 

higher than pre-exercise values (26.6 µg/ml to 23.2 µg/ml) while glucose levels were 

lower 30 minutes post-exercise (1.08 mmol/l to 1.31 mmol/l and 3.9 mmol/l to 4.0 

mmol/l, respectively).  Discussion:  The authors concluded that adiponectin exhibits a 

delayed (30 minutes) response to acute exercise near the anaerobic threshold in trained 

rowers (Jurimae et al., 2006). 

Although both studies cited above find changes in adiponectin with high intensity 

exercise, these studies were performed in highly trained rowers who did not have excess 

adipose tissue or insulin sensitivity issues.   Kraemer et al. (2003) examined the effects of 

varying intensities of exercise on adiponectin levels and found no changes in adiponectin 

levels post-exercise.  Two experiments were performed.  Methods:  The first experiment 

included six healthy young males with a mean VO2max of 50 ml/kg/min. The exercise 
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session was performed after an overnight fast.  The session consisted of 30 minutes of 

exercise at 79% of VO2max.  Blood samples were taken pre-exercise, post-exercise, and 30 

minutes post-exercise.  Results: Immediately post-exercise adiponectin was significantly 

elevated (8.18 µg/ml vs. 7.45 µg/ml); however, after adjusting for the change in plasma 

volume, there were no significant differences in total adiponectin at any time point.  

Methods:  In the second experiment, seven trained male runners with a mean VO2max of 

61 ml/kg/min participated in an incremental running protocol.  Runners ran at 60% 

VO2max for 10 minutes, 75% VO2max for 10 minutes, 90% VO2max for 5 minutes, and 

100% VO2max for two minutes.  Each intensity level was separated by a 3 to 4 minute 

walk to allow for a blood draw.  Blood samples were taken at rest, intervals between 

exercise intensity changes, and every 15 minutes post-exercise for 1 hour.  Results:  A 

significant time effect was observed for adiponectin both before and after corrections for 

plasma volume shifts.  However, these same participants performed a control trial a 

month later where they sat idle for the same duration of the run with the same blood draw 

intervals.  This control trial also followed the same pattern of adiponectin changes.  The 

control and exercise trials were not significantly different from each other.  Discussion:  

The authors conclude that the intensities of exercise used in their study did not elicit an 

increase in adiponectin levels.  Participants in both of the experiments were trained as 

were the participants in both studies involving trainer rowers.  However, in those studies, 

no correction for plasma volume was made. 
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Most studies, however, do not find changes in adiponectin levels after an acute 

bout of exercise.  Hojbjerre et al. (2007) found increases in adiponectin levels in adipose 

tissue but not in plasma adiponectin in eight overweight and eight lean males. The 

exercise protocol consisted of cycling for one hour at 55% of VO2max.  Jamurtas et al. 

(2006) examined adiponectin levels in an overweight to obese male population and found 

no change in adiponectin levels after 45 minutes of exercise at 65% of VO2max.  Samples 

were taken pre-exercise, immediately post-, 3, 15, 24, and 48 hours post-exercise 

(Jamurtas et al., 2006).  In a recent study by Numao et al. (2008), total and HMW 

adiponectin levels were assessed in healthy untrained males ages 23-25.  Participants 

performed both an acute exercise trial (1 hour of cycling at 50% VO2peak followed by a 30 

minute rest) and a resting control trial consisting of 90 minutes of rest. The authors did 

not observe temporal changes in total or HMW adiponectin in either trial or between 

trials.  Furthermore, the ratio of HMW to total adiponectin did not change during the 

course of the study.  Ferguson et al. (2004) recruited eight healthy males and eight 

healthy females to investigate the effect of acute exercise on adiponectin levels.  

Participants performed 60 minutes of cycling at 65% of their VO2max.  Fasting blood 

samples were taken pre- and post-exercise.  After adjustment for plasma volume changes, 

there were no differences pre- to post-exercise for glucose or adiponectin (Ferguson et 

al., 2004).  In the studies above, the populations were either healthy untrained or 

overweight to obese.  None of these studies resulted in adiponectin changes with acute 

exercise. 

  



 

42 
 

Green Tea and Antioxidants 
 

 Antioxidants are molecules possessing properties that inhibit oxidation of a 

substrate and are thought to play a role in prevention or treatment of diseases and aging 

(Young & Woodside, 2001).  It has been suggested by Orzechowski (2003) to use 

antioxidant supplementation as a means of “preconditioning” or protecting the body from 

the development of T2D by regulating glucose and insulin homeostasis along with 

preservation of β-cell function.  Crespy and Williamson (2004) also suggest that 

antioxidants, specifically those found in green tea, have the potential to improve glucose 

metabolism.  The authors also express the need for further studies into appropriate 

dosages in humans as it is hard to compare literature from animal studies using various 

dosages and preparations (Crespy & Williamson, 2004). 

It has been suggested that estrogen exhibits antioxidant properties (Kendall & 

Eston, 2002).  The chemical structure of estrogen contains a hydroxyl group attached on 

the A ring.  This is similar to the ring structure of vitamin E (Kendall & Eston, 2002), a 

known antioxidant.  In the case of vitamin E and many flavanoids, the antioxidant 

property has been attributed to the phenolic ring structure of the molecules (Kendall & 

Eston, 2002; Manach, Scalbert, Morand, Remesy, & Jimenez, 2004; Scalbert & 

Williamson, 2000).  While vitamin E has been shown to increase insulin sensitivity in 

overweight participants, the beneficial effects of vitamin E are not sustained beyond a 

few months (Manning et al., 2004). 
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 Many foods contain chemical compounds with antioxidant properties (Manach et 

al., 2004; Scalbert & Williamson, 2000).  The chemical structures responsible for these 

properties are collectively called polyphenols.  Polyphenols are structures with multiple 

hydroxyl groups on aromatic rings and are classified as phenolic acids, flavonoids, 

silbenes, or lignans (Manach et al., 2004; Scalbert & Williamson, 2000).  Flavonoids are 

the most abundant dietary source of polyphenols (Scalbert & Williamson, 2000).  They 

are classified as flavonols, flavones, isoflavones, flavanones, anthocyanidins, and 

flavanols (Manach et al., 2004).  Flavanols may be further distinguished as monomers 

(catechins) or polymers (proanthocyanidins).  Catechins are the components of green tea 

believed to exert antioxidant properties (Crespy & Williamson, 2004). 

The various forms of tea (i.e. black tea, oolong tea, and green tea) are produced 

from the same plant (Camellia sinensis).  To make green tea, the leaves are wilted and 

steamed to inactivate polyphenol oxidase and prevent the fermentation process which 

would degrade the catechins.  This results in a minimally processed tea that is high in 

catechins (Frei & Higdon, 2003). Alternatively, black tea is created from rolling and 

crushing tea leaves and allowing them to ferment.  This process allows catechins to be 

converted into theaflavins and thearubigins.  Oolong tea is and intermediate between 

black tea and green tea and results in a tea possessing properties of both black and green 

tea (Frei & Higdon, 2003).   
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Green tea possesses four main catechins: (-)-epigallocatechin-3-gallate (EGCG), 

(-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECG), and (-)-epicatechin (EC) (Lee 

et al., 2002).  Peak plasma concentrations of green tea catechins occur approximately 1.5 

to 2.5 hours post consumption.  The half-life of these catechins varies from 3 to 5 hours.  

Infusions of green tea have been shown to increase the total antioxidant capacity in vivo 

with human subjects 60-120 minutes post-consumption (Sung et al., 2000).  These levels 

return to baseline at 24 hours post consumption.  Excess green tea catechin accumulation 

in the body has not been reported as the catechins are water-soluble (Lee et al., 2002).  

Research studies have used various dosages and preparations of green tea 

(Wolfram et al., 2006).  The most definitive green tea dosage study to date was conducted 

by Chow et al. (2003).  Methods:  Participants were given either ECGC or a blend of 

green tea catechins (EGCG, EGC, and EC) at various dosages.  Forty healthy men and 

women participated in the study and underwent a 2-week washout period.  After the 

washout period, participants ingested the placebo capsules for 2 weeks.  Participants were 

then divided into dosage groups of either 800 mg or 400 mg of the assigned treatment.  

The treatments consisted of 800 mg of EGCG once/day, 400 mg EGCG twice/day, 800 

mg catechin blend once/day, 400 mg catechin blend twice/day, and placebo twice/day.  

Blood samples were taken prior to beginning treatment and during the first 24 hours after 

consuming the first dosage of the treatment (0.5, 1, 2, 3.5, 5, 6.5, 8, 24 hours).  

Participants then consumed the treatment capsules for 4 weeks. After 4 weeks of 

treatment, the same 24 hours blood sampling was performed.  Area under the curve for 

free EGCG concentrations were calculated and compared from day one data and the 4 
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week data. Participant side effects were also recorded.  Results:  Table 1 details the side 

effects and frequency.  All incidents of side effects were graded as mild side effects by 

the researchers.  Many of the side effects were seen in the placebo group as well as 

treatment groups (headache, heartburn, abdominal pain, excess gas, and nausea).  In the 

treatment groups, 800 mg once/day of either EGCG or the catechin blend had the most 

reports of side effects.    Both treatments of 400 mg twice/day displayed the least side 

effects.  Plasma EGCG levels peaked within the first 4 hours in all treatment groups and 

returned to baseline by 24 hours post-consumption in both the first day of treatment and 4 

weeks post-treatment samples.  Discussion:  The researchers concluded that ECGC and 

catechin blends are well-tolerated in human with minimal mild side effects for periods up 

to 4 weeks.  The data regarding EGCG levels in the body suggest that a build up of green 

tea catechins in the body is unlikely.  Levels of EGCG were not as high in either 400 mg 

group was in either 800 mg group (Chow et al., 2003).  Although a once per day 800 mg 

dose of catechins resulted in a higher plasma concentration of EGCG, it also resulted in 

more occurrences of nausea and dizziness than the twice per day 400 mg groups.  Both 

nausea and dizziness are undesirable side effects from the viewpoint of undergoing an 

OGTT.  This study did not examine the effects of the treatments on any factors associated 

with diabetes (Chow et al., 2003).   

The Influence of Green Tea on Insulin Resistance 
 

Studies have been equivocal regarding the consumption of tea and risk of 

developing T2D (Stote & Baer, 2008).  Research regarding tea consumption and risk of 

T2D is not consistent and many do not report tea type, cup size, or preparation of tea. 
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Many of these studies rely on self reporting of T2D diagnosis and also rely on long term 

recall of dietary intake (Stote & Baer, 2008).  Iso et al. (2006) examined the consumption 

of green tea in a retrospective cohort study using data from the Japan Collaborative 

Cohort Study for Evaluation of Cancer Risk.  Individuals in this study participants in a 5-

year follow up questionnaire regarding tea and coffee consumption and self reported 

diagnosis of T2D.  Findings from this study indicate that consumption of six or more 

cups of green tea per day can lower risk of developing T2D by 33%.  This association 

was strongest in women and in overweight male participants (Iso et al., 2006).   

Tea has been shown to increase insulin activity in rat adipocytes.  Methods:  

Anderson and Polansky (2002) tested over 40 preparations of black tea, green tea, and 

oolong teas for enhancement of insulin activity.  Tea bags (~2 g tea) were steeped in 1 

cup of hot water for 5 minutes.  Insulin activity was measured using liquid scintillation.  

Components of tea extracts were measured using high-pressure liquid chromatography 

(HPLC).  Results:  Most instant teas showed no improvement in insulin activity.  Herbal 

tea also showed no improvement.  Green tea, oolong tea, and black tea enhanced insulin 

activity.  Interestingly, there was a point of diminishing returns where a high 

concentration of tea did not return further increases in insulin activity.  The researchers 

examined the effects of 9.5,19, 48, and 95 µg of dry weight green tea along with varying 

amounts of insulin on insulin activity.  The 19 µg concentration provided the best 

enhancement of insulin activity and the most consistent results regardless of the amount 

of insulin added to the assay.  The HPLC breakdown of green tea revealed that EGCG 

was the main catechin responsible for the improvements in insulin activity.  This 
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improvement was not affected by status of caffeine in the teas.  However, the addition of 

milk, non-dairy creamers, and soy milk inhibited insulin action in tea.  Addition of 50 g 

of milk (~3.5 tablespoons) led to precipitation of almost all of the tea catechins and 

decreased insulin activity > 90%.  Discussion:  The researchers found tea to have 

potential in vitro to enhance insulin activity in rat adipocytes.  The presence of caffeine 

did not interfere with the activity of insulin.  However, milk, non-dairy creamers, and soy 

milk did.  The researchers suggest that these effects may also be present in vivo because 

catechins are transported throughout the body when ingested.  The researchers also 

suggested that determination of the effects of tea catechins on glucose metabolism be 

directed towards insulin levels as tea enhances insulin activity.  Measuring only glucose 

values may not show the beneficial effects of lower insulin levels with green tea 

supplementation (Anderson & Polansky, 2002).  This is in agreement with the review 

from Orzechowski (2003) which discusses the importance of antioxidant preconditioning 

to control insulin levels. 

Venables et al. (2008) found green tea supplementation to increase insulin 

sensitivity by 13% over baseline values (p < .05).  Methods:  Healthy male participants 

consumed green tea extract at lunch and dinner the day before an OGTT and 1 hour 

before the OGTT in a fasted state. The dosage of each time point for ingestion of green 

tea extract was 340 mg of catechins of which 136 mg was EGCG.  Participants performed 

two OGTTs (placebo and green tea). Glucose and Insulin AUC were calculated along 

with the Matsuda ISI.   Results:  In a fasted state, there were no differences in fasting 

plasma glucose or serum insulin.  While glucose AUC did not differ between trials, 
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insulin AUC was 15% lower with green tea extract supplementation (p < .01).  The 

Matsuda ISI was 13% higher in the green tea group when compared to the placebo group 

(7.24 ±0.61, 6.52 ± 0.60, p < .05).  Discussion:  The results from a 24 hour dosing of 

green tea supplementation can improve insulin sensitivity in healthy men (Venables et al., 

2008).  The lower AUC found for insulin and increase insulin sensitivity supports the 

claim by Anderson and Polansky (2002) that green tea can enhance insulin activity 

without alterations in glucose levels. 

Not all human studies show an improvement in glucose homeostasis with green 

tea consumption.  Fukino et al. (2005) examined the effects on 4 months of green tea 

powder supplementation on fasting measurements of glucose control.  Methods:  This 

study recruited 49 males and 11 females who had a fasting blood glucose > 6.1 mmol/l or 

a non-fasting glucose level of > 7.8 mmol/l.  Participants varied in age from 32-73 years.  

Participants were assigned to consume green tea powder each day either the first 2 

months of the study or the last 2 months of the study.  The 2 months participants were not 

consuming the green tea powder was the control period.  Green tea powder containing 

544 mg of polyphenols (456 mg catechins) and 102 mg caffeine was given to participants 

in sealed envelopes. Participants were instructed to dissolve ⅓ of the envelope’s contents 

in water and consume with each meal for 2 months. The study was not blinded and there 

is no mention of a placebo envelop given to the participants.  A baseline fasted blood 

draw was taken prior to the 4-month study period.  Blood draws were taken in a fasted 

state again at 2 months and 4 months.  Body mass index was calculated as well as insulin 

resistance via HOMA-IR.  Results:  No significant changes were reported for body 
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weight, BMI, fasting glucose and insulin, or HOMA-IR.  Discussion:  This study did not 

find an increase in insulin sensitivity with green tea consumption over a 2-month period.  

This finding does not agree with Venables et al. (2008).  One reason for this could be the 

lack of control in this study. Participants in the control group were not restricted from 

drinking green tea during the study.  The study populations were also different.  Healthy 

male participants were used in the study by Venables et al. (2008) while the Fukino et al. 

(2005) used males and females who were either IFG or T2D.  Aside from Fukino et al. 

(2005) using both men and women, the age range was wide enough (32-73) to include 

both pre- and postmenopausal women. 

The use of oolong tea instead of green tea was shown to reduce fasting blood 

glucose levels in T2D participants (Hosoda et al., 2003).  Methods:  Ten male and 10 

female participants (mean age 61 years) consumed 1500 ml of oolong tea per day for 4 

weeks.  Tea was prepared by adding 5 oolong tea bags to 1500 ml boiling water.  

Participants were instructed to drink all of the tea through the day in addition to their 

normal water consumption.  There was a 2-week washout period prior to beginning the 

tea treatment period.  Blood samples were obtained at baseline, after the 2-week washout 

period, after the 4 weeks of tea consumption, 2 weeks after the tea treatment (post tea 

treatment washout period), and after a 4-week treatment period of water consumption 

without tea.  Results:  After 4 weeks of drinking 1500 ml of oolong tea per day, fasting 

plasma glucose values decreased from 229 ± 5.9 to 162.2 ±29.7 mg/dl, p < .001.  Water 

consumption did not result in a significant change in fasting glucose values (208.7 ± 61.0 

to 232.3 ± 63.1 mg/dl).  Discussion:  Treatment of T2D participants with 1500 ml of 
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oolong tea per day for a period of 4 weeks resulted in a significant decrease in fasting 

blood glucose levels.  The researchers did not measure insulin levels or levels of any 

adipokines (Hosoda et al., 2003). 

The Influence of Green Tea and Exercise on Insulin Resistance 

Maki et al. (2009) investigated the effects of green tea catechins and a 12-week 

exercise program on body composition, markers of insulin resistance, and CAD.  

Methods:  Participants included in this study were overweight males and females (21-65 

years) who also had elevated total cholesterol.  Participants underwent a maximal graded 

exercise test pre- and post-study and they were asked to increase their exercise to at least 

180 minutes per week of moderate intensity exercise.  The group receiving catechins and 

exercise were given a beverage containing ~ 625 mg of catechins to consume daily for 12 

weeks.  The control group only performed exercise and drank a similar beverage without 

catechins.  Body composition, and blood pressure measurements were obtained prior to 

and at completion of the study.  Blood samples were evaluated pre- and post-study for 

fasting glucose and insulin.  Results:  Abdominal fat area (-7.7%, p = .013) and 

subcutaneous fat area (-6.2%, p = .019) were significantly lower in the catechin group 

after 12 weeks.  No changes were observed for glucose or insulin from baseline to 12 

weeks in either group.  Discussion:  The researchers concluded that consumption of 625 

mg green tea catechins per day combined with exercise for 12 weeks results in enhanced 

reduction in abdominal fat mass but did not result in changes in glucose metabolism 

(Maki et al., 2009).  There are limitations to this study.  Although there was an exercise 

only group, there was not a green tea only group or a sedentary control group. 
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Participants were allowed to consume the beverage at any time of day with or without 

food as long as they consumed it within a 30 minute time frame.   

The combination of exercise and green tea in mice fed a high fat diet has yielded 

improvements in glucose homeostasis (Shimotoyodome, Haramizu, Inaba, Murase, & 

Tokimitsu, 2005).  Methods:  This study utilized C57BL/6J mice, which are prone to 

diet-induced obesity.  Mice were divided into groups of 10 for the following treatment 

protocols: sedentary low fat (LF), sedentary high fat (HF), sedentary green tea high fat 

(GTHF), exercise high fat (EXHF), and green tea plus exercise high fat (GTEXHF).  

Exercise training was performed on a treadmill, 3 days per week for 30 minutes.  Mice 

were kept on their treatment regimens for 15 weeks and sacrificed.  Along with plasma 

samples, various adipose tissue samples were dissected and weighed as was the liver and 

gastrocnemius muscle.  Results:  The HF group weighed more than the LF group and the 

combined weight of white adipose tissue samples in the HF group was twice the weight 

of the LF group. Glucose and insulin levels were significantly higher in the HF mice than 

the LF mice (p < .05).  Green tea and exercise alone did not significantly lower blood 

glucose levels to that of the LF group.  However, the combination of green tea and 

exercise resulted in glucose levels (205 ±8 mg/dl) that were significantly lower (p < .05) 

than the HF group (245 ± 8 mg/dl) and similar to the LF group (206 ± 9 mg/dl).  Green 

tea (GTHF) did significantly lower insulin values below the level of the HF group (1.93 ± 

0.27 to 5.4 ± 0.80 ng/ml, respectively, p < .05).  The GTHF insulin levels did not differ 

from the LF group (1.42 ± .11 ng/ml).  While exercise alone resulted in a reduction of 

insulin levels (2.52 ± .39 ng/ml, p < .05) below that of the HF group, the EXHF insulin 
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levels were significantly higher than the LF group (p < .05).  The combination group 

(GTEXHF) displayed insulin values significantly lower than HF and EXHF (.97 ± .08 

ng/ml, p < .05).  Discussion:  Both exercise and green tea alone decreased insulin values 

in HF fed mice, however, GTEX did not lower insulin values to the LF group levels 

while GTHF did (Shimotoyodome et al., 2005).  Exercise only reduced insulin levels to 

that of the LF group when coupled with exercise.  In order to lower glucose values to 

those of the LF group, it took a combination of exercise and green tea. These results 

suggest that a synergistic relationship between exercise and green tea exists in relation to 

insulin sensitivity and maintaining glucose homeostasis.   

In an article described in a previous section (green tea and insulin resistance), a 

second experiment was conducted to determine fatty acid oxidation rates during exercise 

(Venables et al., 2008).  Methods:  Participants were healthy normoweight males (n=12).  

A maximal exercise test was administered on a cycle ergometer to determine the 

participants’ maximal wattage (Wmax).  Green tea was ingested the day before a cycle 

ergometer test (340 mg catechins lunch and dinner) and on the morning of the test at 

approximately 1 hour prior (340 mg catechins).  Participants performed a 30 minute 

cycling bout at 50% of Wmax.  Blood samples were taken prior to exercise and at 10 

minute intervals throughout the exercise bout.  Participants performed this protocol again 

under placebo conditions.   Results:  There were no significant differences of workloads, 

heart rate, perceived exertion, or cadence rate between either trial.  Fatty acid oxidation 

rates were significantly higher in the green tea trial (p < .01).  Contribution of fatty acid 

oxidation in the green tea trial was increased by 17% over the placebo (p < .05).  Plasma 
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glucose and insulin values followed the same pattern in both trials and were not 

significantly different from each other.  Plasma FFAs also followed the same pattern in 

both trials, but were not different from each other.  However, plasma glycerol levels were 

significantly higher in the green tea trial (p < .05).  Discussion:  Acute ingestion of green 

tea extract can increase fatty acid utilization during moderate intensity exercise.  This 

may be due to increased lipolysis.  This dosage of green tea did not result in changes in 

either glucose or insulin values during exercise when compared to the placebo trial 

(Venables et al., 2008).  Participants in this study were healthy males who did not exhibit 

disturbances in glucose metabolism. 

The Influence of Green Tea on TNF-α 

Most of the studies examining the relationship of green tea and TNF-α focus on 

cancer prevention.  A representative article regarding green tea and TNF-α expression 

examined transgenic mice that over express TNF-α.  A 30% reduction in TNF-α 

expression was observed in lung tissue after 4 months of green tea mixed into the 

drinking water (Suganuma, Sueoka, Sueoka, Okabe, & Fujiki, 2000).  The researchers 

also examined the effects on green tea catechins on TNF-α expression in BALB/3T3 cells 

and KATO III cells that had been treated with okadaic acid. Okadaic acid induced TNF-α 

expression in cells, however, addition of green tea catechins resulted in inhibition of 

TNF-α release (Suganuma et al., 2000).  

There is a lack of studies examining green tea supplementation and its 

relationship with TNF-α and insulin resistance.  A review by Zhang and Zhang (2012) 

concluded that either dietary supplements, such as green tea catechins, or exercise can 



 

54 
 

decrease levels of TNF-α and states, “we believe that further investigations in this 

exciting field would facilitate the development of dietary supplements and exercise as 

adjunctive therapies in the management of cardiovascular diseases.”  In the next section a 

study will be described where EGCG reduced TNF-α mRNA while adiponectin mRNA 

levels increased. 

The Influence of Green Tea on Adiponectin 
 

An acute addition of EGCG to 3T3-L1 adipocytes resulted in increased levels of 

adiponectin mRNA (Yan et al., 2012).  Methods:  Cell cultures were incubated with 

dexamethosone (DEX) and/or EGCG for 12 hours.  Dexamethosone was utilized to 

induce insulin resistance.  Results:  Addition of EGCG at 5 µM increased adiponectin 

mRNA levels above the control (p < 0.05) while the addition of DEX to cells reduced 

levels below the control cells (P<0.05).  When DEX was added to EGCG treated cells 

(5.0 µM), adiponectin mRNA levels increased above that of the control cells (p < .05). 

Addition of EGCG also significantly decreased TNF-α production (p < .05) (Yan et al. 

2012).   The researchers then examined the effect of EGCG on GLUT4 translocation and 

found enhanced insulin-stimulated GLUT4 translocation to the plasma membrane.  

Discussion:  In cell culture, a single addition of EGCG, the main catechin found in GTE, 

resulted in increased adiponectin and decreased TNF-α expression, which coincided with 

increased GLUT4 translocation within 20 minutes of the addition of EGCG.  The 

increase in GLUT4 translocation could be due to a decrease in TNF-α interfering with the 

insulin signaling pathway.  As adiponectin is associated with activation of AMPK, it is 

also possible that this increase in GLUT4 translocation was partially insulin independent.         
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In a 12-week study using rats, Shimada et al. (2007) found that administration of 

EGCG raised levels of adiponectin at 8 weeks and 12 weeks, compared to the controls. 

Methods:  Twelve male Goto-Kakizaki rats (non-obese T2D rat model) were treated with 

either a standard chow or the standard chow with Sunphenon added for 12 weeks.  

Sunphenon is a green tea catechin blend comprised mainly of EGCG ( > 90%) and 5% 

other catechins.  Animals in both groups were fed the same amount of food and were 

given free access to water.  Blood samples were analyzed for fasting glucose and 

adiponectin.  Results:  After 12 weeks of dietary green tea catechin supplementation, 

fasting glucose was not significantly different at any time point.  At 8 weeks and at 12 

weeks, plasma adiponectin was increased over the control group (p < .05).  Discussion:  

In a genetic T2D rat model (Goto-Kakizaki), 12 weeks of Sunphenon green tea catechin 

blend did not improve measurements of glucose metabolism (Shimada et al., 2007).  

Insulin levels were not measured and, therefore, it is unknown if this treatment improved 

insulin sensitivity.  In a similar study using hamsters fed a high fructose diet, treatment 

with green tea for 4 weeks resulted in a reduction in insulin and glucose levels along with 

an increase in adiponectin (Li et al., 2006). 

Supplementation of EGCG in spontaneously hypertensive rats (SHR) also 

resulted in increased adiponectin levels along with improvement in the quantitative 

insulin sensitivity check index (QUICKI) estimation of insulin sensitivity (Potenza et al., 

2007).  Methods:  The SHR type rats were divided into three groups (control vehicle 

treatment, EGCG, and enalapril).  Enalapril is a medication used to treat high blood 

pressure.  A second control group of normotensive Wistar-Kyoto (WKY) rats was also 
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used in this study.  For 3 weeks, rats were given their treatment via gavage.  Rats in the 

normotensive and SHR vehicle groups received only the vehicle/control each day.  Rats 

in the SHR/enalapril and the SHR/ECGC groups received 30 mg/kg/day and 200 

mg/kg/day, respectively.  Results:  Both enalapril and ECGC improved QUICKI and 

adiponectin above that of the SHR vehicle treatment group (p < .01) and were not 

significantly different from the normotensive WKY rats.  The SHR vehicle group display 

lower QUICKI values than the normotensive WKY rats (p < .001).  Adiponectin levels 

were significantly lower in the SHR vehicle group than the WKY group (p < .001).  

Levels of adiponectin were significantly higher in both the enalapril and EGCG group 

compared to the SHR vehicle group (p < .05 and p < .001, respectively).  Adiponectin 

levels did not differ between normotensive WKY rats and SHR rats treated with either 

enalapril or EGCG.  Discussion:  Administration of the green tea catechin EGCG 

increased insulin sensitivity as measured by QUICKI and adiponectin levels to the same 

extent as the medication enalapril (Potenza et al., 2007).   
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Table 1 
Side Effects of Green Tea Extract 

Side Effect Placebo 

N=8 

400 mg GTE 2XDay 

N=8 

Headache 1 1 

Stomach ache 0 1 

Upset stomach 0 0 

Heartburn 1 0 

Abdominal pain 1 0 

Excess Gas 1 1 

Nausea 1 1 
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CHAPTER III 

METHODS 

Participants 

Thirteen sedentary postmenopausal women participants were recruited for this 

study.  Sedentary is defined by the ACSM as the status of exercising < 30 minutes per 

day at a moderate to vigorous intensity, < 3 days per week for 3 months (Pescatello & 

American College of Sports Medicine., 2014).    Participants were between the ages of 

42-65 and had reported cessation of menstruation for more than 12 months.  In addition, 

participants were categorized as overweight or obese (BMI ≥ 25 kg/m2).  Fasting glucose 

status was determined by a fingerstick glucose meter in order to verify potential 

participants were below 126 mg/dL (6.94 mmol/L) and not diabetic.  Participants were 

not taking any medications for abnormal glucose metabolism or hormone replacement 

therapy and were not diagnosed with T2D.  

Determination of Exercise Intensity 

All participants performed a graded exercise test (GXT) on a motorized treadmill 

(Cardiac Science; Bothell, WA) to 85% of age predicted maximal heart rate (APMHR).  

The GXT was also performed in order to screen participants for ECG abnormalities that 

would preclude them from inclusion in the study (i.e. abnormal rhythm, premature 

ventricular contractions).  The equation 220 – age was used to determine APMHR.  

During the GXT, expired respiratory gases were collected using a Rudolf valve and a 

nose clip for the determination of oxygen consumption (VO2) (Parvomedics Trueone 
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2400, Sandy, UT). The modified Balke treadmill protocol was chosen for the GXT.  The 

treadmill protocol began at 2 mph at 0% grade as a warm up stage for 2 minutes. 

Treadmill speed was then increased to 3 mph at 0% grade as stage 2.  The third 2 min 

stage was held at the 3.0 mph and the grade was increased to 2%.  Each 2 min stage 

thereafter remained at 3 mph and increased in grade by 2%.  Participants performed the 

GXT until they reach 85% of their APMHR, volitional fatigue, or if any contraindications 

arose as per ACSM guidelines (Pescatello & American College of Sports Medicine, 

2014; Venables et al., 2008).   Participants were continuously monitored with a 12-lead 

electrocardiogram (ECG) (Cardiac Science; Bothell, WA).  Blood pressure was 

monitored at the end of each stage of the test.  Following test termination, speed and 

grade were lowered, and participants walked an active cool down followed by a seated 

passive cool down. During the recovery period, ECG, heart rate, and blood pressure were 

monitored according to ACSM guidelines (Pescatello & American College of Sports 

Medicine, 2014).  When participants' heart rates recovered below 100 bpm and blood 

pressure recovered to pre-exercise values, the participants were allowed to leave the lab.  

Aerobic fitness levels (VO2max) were estimated by plotting a line of best fit using HR and 

VO2 recorded during the GXT and extrapolated the line to APMHR (Pescatello & 

American College of Sports Medicine, 2014). 

Study Design 
 

This study involved ten visits to the exercise physiology lab.  The first visit 

consisted of paperwork (informed consent and medical history) an explanation of study, 

fasting glucose determination, and an explanation of the GXT.  Visit two consisted of the 
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GXT.  After completion of Visit two, participants were assigned trials in random order. 

Participants and the researchers were blinded in regard to the green tea status.  The next 

visits required a visit to the lab in order to perform the assigned trial and a follow up visit 

the next morning for the OGTT.   

The lab visits for the trials consisted of either the acute exercise bout for trials 

involving exercise or sitting quietly in the lab for the CON or GT trial. These visits were 

performed in the afternoon.  Participants reported to the lab the next morning after an 

overnight fast to undergo the follow up OGTT.  Each trial was at least a week apart in 

order to account for any effects of an acute exercise bout or the GTE to be metabolized. 

Oral Glucose Tolerance Test Overview 

Participants reported to the exercise physiology lab in a fasted state the morning 

after each experimental trial to perform an OGTT.  Participants were fitted with either a 

21/23 gauge catheter for blood collection or chose individual blood draws (23 gauge 

needle).  Of the 13 participants, 3 chose individual blood draws.  At baseline, one serum 

separator tube and one EDTA plasma tube were collected. Participants then consumed a 

10 oz, 75g glucose tolerance test beverage (Fisherbrand, Houston, TX).  Additional 

EDTA plasma tubes were drawn at 30, 60, 90, and 120 minutes after consumption of the 

beverage.  

Trials 
 

Exercise Trial (EX) 

Participants performed an acute bout of exercise on a motorized treadmill 

(Cardiac Science; Bothell, WA) in either the exercise physiology lab at Texas Woman’s 
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University or Lamar University.  The exercise intensity was set at 65% of HRR and was 

performed until 400 kcal were expended (~60-90 minutes).  Treadmill speed and grade 

was manipulated by adjusting speed to keep participants at 65% HRR during the exercise 

bout.  Intensity of 65% heart rate reserve (HRR) was determined using the following 

equation:  target heart rate (THR) = (maximal heart rate – resting heart rate) * 65% + 

resting heart rate. Participants HR were monitored with a Polar heart rate monitor during 

the bout.  Expired gases were collected using the metabolic cart every 15 minutes.  

Expired gases were collected at 2-3 minute intervals for calculation of energy 

expenditure.  Energy expenditure was determined from a thermal equivalent table using 

absolute VO2 (L/min) and respiratory exchange ratio (RER) (McArdle, Katch, & Katch, 

2010). When necessary, participants were allowed a 5 minute break halfway throughout 

the exercise session.  Participants in the EX trial were asked to consume the placebo as 

described in the green tea section. Participants returned to the lab the following morning 

in a fasted state to perform an OGTT. 

Green Tea Trial (GT) 
 

Green tea was administered as GTE in a capsule form.    The GTE consisted of 

400 mg per dosage of a decaffeinated (< .86% caffeine) formulation of polyphenols with 

catechins 82.67%, and EGCG 55.67% (Sunphenon90D, Taiyo International, Minneapolis 

MN).  Peak plasma EGCG after consumption of 400 mg GTE (~50% EGCG) occurs 

approximately at 1 hour and stays elevated for several hours post-consumption, with 

levels returning to baseline at ~24 hours post consumption (Chow et al., 2003).  On the 

day of the GT trial, participants reported to the exercise physiology lab and sat quietly for 
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one hour.  Green tea extract (400 mg) was consumed at lunch the day before and with 

dinner that evening.  For the follow up OGTT, participants consumed 400 mg GTE one 

hour prior to reporting to the exercise physiology lab in a fasted state to perform an 

OGTT (Venables et al., 2008).  

All participants, regardless of the trial, were asked to return unconsumed 

envelopes of capsules in order to determine compliance.  None of the 13 participants 

included in this study returned any capsules. 

Exercise + Green Tea Trial (EX-GT) 

The EX-GT trial required participants to consume the green tea capsules as 

described in the GT trial.  In addition, participants were asked to perform the exercise 

protocol as outlined in the EX section above.  Participants returned to the lab on the 

following morning in a fasted state to perform an OGTT. 

Control Trial (CON) 
 

A placebo of rice flour was given to participants for consumption in identical 

capsules during the trials not assigned to the control trial.  The placebo was consumed at 

the same time points as the GTE.  Participants did not perform an exercise session during 

this portion of the study.  However, participants did report to the lab and sat quietly for 1 

hour as in the GT trial.  Participants returned to the lab the following morning in a fasted 

state to perform an OGTT. 

Oral Glucose Tolerance Test Protocol 

Participants reported to the exercise physiology lab in a fasted state the morning 

after each experimental trial to perform an OGTT.  Participants were fitted with either a 
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21/23 gauge catheter for blood collection or chose individual blood draws (23 gauge 

needle).  At baseline, one serum separator tube and one EDTA plasma tube were 

collected. Participants then consumed a 10 oz, 75g glucose tolerance test beverage 

(Fisherbrand, Houston, TX).  Additional EDTA plasma tubes were drawn at 30, 60, 90, 

and 120 minutes after consumption of the beverage.  Adipokines were analyzed from 

baseline samples.  Insulin, glucose, and C-peptide were analyzed from the serial OGTT 

samples. 

Dietary Requirements 

Participants were asked to refrain from consuming tea throughout the study.  

Otherwise, participants will be asked to follow their normal diet.  Participants kept a food 

intake journal 3 days prior to each OGTT to ensure compliance.  Participants were asked 

to consume the same meal at the same time each evening prior to undergoing an OGTT.  

Participants turned in their journals on their last visit to the exercise physiology lab.  

Dietary intake was entered into the caloric tracker in the myfitnesspal website 

(http://myfitnesspal.com).  

 Participants were asked to disclose the use of nutritional supplements.  A standard 

multivitamin was allowed.  However, participants were asked to discontinue use of other 

supplements known for antioxidant status or diabetes homeotherapy (i.e. resveratrol or 

cinnamon). 

Blood Collection and Storage 

Blood samples for plasma separation were placed in a vacutainer (BD, Franklin 

Lakes, NJ) containing EDTA (an anticoagulant), inverted, and centrifuged immediately.  
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Whole blood was placed in a serum separator tube, allowed to clot for 30-45 minutes at 

room temperature before being centrifuged for serum samples. After centrifugation, 

serum or plasma was pipetted into microcentrifuge tubes and samples were frozen (-800 

C) for later analysis.   

Assessment of Blood Variables 

Samples were thawed to room temperature and thoroughly vortexed prior to being 

assayed.  All samples were run in duplicate with the appropriate standards as indicated by 

the assays kits.  Glucose was analyzed using a hexokinase reaction using the Chemwell T 

automated chemistry analyzer (Awareness Technologies, Palm City, FL), insulin, C-

peptide, and TNF-α were analyzed using a human metabolic panel Millipore (Billerica, 

MA) multiplex assay (HMHMAG-34K) on a Luminex Magpix system (Luminex 

Corporation).  Total adiponectin was assayed using an ELISA assay from Millipore 

(Billerica, MA) (EZHMWA-64K).  Globular adiponectin was analyzed using an ELISA 

assay from Alpha Diagnostic International (San Antonio, TX) (gAcrp30). High molecular 

weight adiponectin was analyzed using an ELISA assay from Millipore (Billerica, MA) 

(EZHADP-61K).  Detailed assay kit information can be found in Appendix G.  

Insulin Sensitivity Index 

Data from the OGTT samples were used to calculate the ISI.  The ISI from 

(Matsuda & DeFronzo, 1999) provides an estimate of both hepatic insulin sensitivity and 

whole body insulin sensitivity by taking into account information from resting and OGTT 

values.  The ISI correlates well with the euglycemic insulin clamp test (r = .66, p < .0001) 

in participants with IGT. The following equation was used to calculate ISI: 
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10,000/ √ [(FPG X FPI) X (Mean OGTT glucose concentration X mean OGTT insulin 

concentration)].  Mean glucose concentration is the mean plasma glucose concentration 

throughout the OGTT.  Mean insulin concentration is the mean plasma insulin 

concentration throughout the OGTT. 

Area Under the Curve 
 

Integrated area under the curve was calculated from the OGTT data for glucose, insulin, 

and c-peptide using the trapezoidal rule (Allison, Paultre, Maggio, Mezzitis, & Pi-Sunyer, 

1995; Le Floch, Escuyer, Baudin, Baudon, & Perlemuter, 1990; Matthews, Altman, 

Campbell, & Royston, 1990).  AUC was calculated using the following equation: 

[(.5 * 30 (x0 + 2x30 + 2x60 + 2x90 + 2x120)) – x0 * 120. 

Research Design 
 

Statistical Analysis 

All statistical analyses were performed using the Statistical Package for the Social 

Sciences (SPSS) version 22 (IBM, Chicago, IL).  Data were reported as ± standard 

deviation (SD).  Data were analyzed in SPSS as analysis of variance (ANOVA) with 

repeated measures.  When the F-ratio was significant for the main effect, a bonferoni 

post-hoc test was performed to determine where any differences occurred.  The level of 

significance for statistical analysis was set at p < .05. 

There were four levels of the independent treatment variable:  control treatment 

(CON), green tea treatment (GT), exercise treatment (EX), and the green tea + exercise 

treatment (GT+EX).  All participants completed each condition.  Researchers and 

participants were blinded as to the status of GTE.  Green tea extract and placebo capsules 
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were placed in a sealed envelope and coded to participant numbers by a researcher who 

was not involved with this study.   

There were ten dependent variables: insulin sensitivity index (ISI), fasting 

glucose, fasting insulin, AUC C-peptide, AUC glucose, AUC insulin, total adiponectin, 

HMW adiponectin, globular adiponectin, and TNF-α.  The Matsuda and DeFronzo Index 

was used to calculate ISI and is well suited for use with postmenopausal women 

(Ciampelli et al., 2005; Malita et al., 2010).  

Sample Size 
 

The number of participants was determined from the effect size of a previous 

publication involving GTE and exercise (Venables et al., 2008).  Determination of effect 

size was determined for the Matsuda and DeFronzo ISI.  The mean ISI for the control 

group was 6.52 (± .60) while the mean ISI for the GTE group was 7.24 (± .61), post 

treatment.  Effect size is calculated as the difference of two means divided by the pooled 

standard deviation.  Cohen's d is a common effect size calculated by the following 

equation:   

d=  (x̅exp– x̅con)/ [(σexp
2 + σcon

2)/2]. 

 According to this equation, the effect size for the ISI from Venables et al. (2008) is 1.19.  

Using this effect size and a calculation table from Bausell and Li (2002), a sample size 

between six and nine participants was necessary to yield a power of 80.  The effect size 

calculated from OGTT data from Venables et al. (2008) uses a healthy male population 

who consumed green tea.  While this study did examine green tea effects on ISI, it did 
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not combine exercise, green tea, and ISI.  To date, there is not a study combining 

exercise, green tea, and ISI.   
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CHAPTER IV 

PRESENTATION OF FINDINGS 

Participant Characteristics 

A total of 24 women responded to the advertisement for this study.  Of these 

women, 13 participants completed this study.  The 11 women who withdrew from the 

study did so due to schedule conflicts (n=6), fear of needles (n=1), new diagnosis of high 

blood pressure and advisement not to participate by physician (n=1), occurrence of 

premature ventricular contractions during screening EKG during light exercise (n=1), 

could not collect blood (n=1), and one participant never returned calls to schedule after 

her initial screening. 

Even though all participants were below the exclusion criteria for FBG at the time 

of enrollment in the study, four participants displayed an FBG greater than inclusion 

criteria in the control trial (Participant IDs 1, 6, 8, and 12).  One additional participant’s 

OGTT data were incomplete for one trial and this participant was excluded from analysis 

(Participant 2, GTEX trial).  Therefore, the data set was a sample size of eight 

participants.  The physiological characteristics of the participants included in the analyses 

are presented in Table 2.  The raw data for all 13 participants are presented in Appendix 

S. 
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Table 2  
Participant Characteristics 

 
Mean SD 

Age (years) 52 7 

Height (cm) 165.50 9.49 

Weight (kg) 88.06 14.05 

BMI (kg/m2) 32.04 4.95 

Resting HR (bpm) 83 12 

Estimated MHR (bpm) 168 7 

65% HRR 138 7 

Estimated VO2max (L/min) 3.10 .45 

Estimated VO2max (ml/kg/min) 34.80 4.99 

 
Note.  N=8.  SD = Standard Deviation, BMI= Body Mass Index, MHR=Maximal Heart 
Rate, HRR=Heart Rate Reserve, VO2max=Maximal Oxygen Consumption 
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Dietary Characteristics 

Prior to each OGTT, participants kept a 3-day food journal.  All participants 

completed the food journals.  The mean caloric intake, fat, protein, and carbohydrate 

consumption are displayed in Table 3.   

 

 

 

Table 3  
Dietary Characteristics of the Participants for all Experimental Trials 

 
Control Green Tea Exercise GTEX 

 
Mean SD Mean SD Mean SD Mean SD 

Total Kcals 1341.13 49.29 1340.12 50.99 1293.13 52.76 1616.88 212.88 
Carbohydrate (g) 170.00 2.44 183.13 3.72 191.75 12.21 205.88 8.49 
Fat (g) 51.38 2.06 51.38 2.26 43.00 2.45 58.88 9.37 
Protein (g) 56.88 .99 61.00 2.27 48.75 1.39 69.88 22.64 

 
Note.  N=8. Data are mean ± SD.  Total Kcals=Total Calories Consumed 
 

Caloric Expenditure During Exercise Sessions 

Caloric expenditure did not differ by trial.  Calories expended in the exercise trial 

were 416.23 ± 22.20 and 403.08 ± 33.64 Kcals in the GTEX trial.  Exercise time also did 

not differ between trials (75.56 ± 7.88 minutes Exercise; 75.61 ± 9.99 minutes GTEX).  

Caloric expenditure and mean heart rate during exercise trials are listed in Appendix J. 
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Glucose Response to the Glucose Challenge 

Across all trials, there was a significant difference between baseline 

measurements and the 30 minute sample (p < .05).  In the control group only, there was a 

significant difference between baseline measurement and the 120 minute sample (p < .05) 

(Figure 1). 

 Area under the curve (n=8) was not significantly different among trials.  The 

glucose AUC for Control, Green Tea, Exercise, and GTEX were 899.47 ± 241.20, 890.41 

± 278.56, 907.81 ± 287.59, and 971.67 ± 227.20, respectively (Figure 2).   

 

Fig 1. Glucose Response Over Time (120 Minutes).  
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Fig 2. Mean Glucose Area Under The Curve By Trial. Values are reported as mean ± SD. 
n=8. 
 

Insulin Response to the Glucose Challenge 

Across all trials, baseline and the 30 minute measurements were significantly 

different (p < .05).  In the exercise only and green tea only trials, baseline was 

significantly different from both the 30 and 60 minute measurements (p < .05).  In the 

GTEX trial, baseline was significantly different from 60 and 90 minute measurements 

(Figure 3).  Insulin AUC (n=8) was not significantly different in any trial. The Insulin 

AUC for Control, Green Tea, Exercise, and GTEX were 4816.81 ± 3061.85, 4215.26 ± 

1996.08, 4634.61± 2384.46, and 5090.47 ± 2914.12, respectively (Figure 4). 
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Fig 3. Insulin Response Over Time (120 Minutes) 
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Fig 4. Mean Insulin Area Under The Curve By Trial.  Values are reported as mean ± SD. 
n=8. 

 
Matsuda Index 

The calculations for the Matsuda Index (n=8) were not significantly different by 

trial (Figure 5).  Mean Matsuda Index for Control, Green Tea, Exercise, and GTEX was 

5.07 ± 4.20, 5.17 ± 4.32, 4.53 ± 3.10, and 4.58 ± 4.21, respectively. 
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Fig 5. Matsuda Index By Trial. Values are reported as mean ± SD. n=8. 
 

Adipokine Responses 

There were no significant differences among trials for any adipokines.  Baseline 

total adiponectin (n=8) and HMW (n=5) adiponectin were not significantly different by 

trial (Figure 6, 7).  Mean total adiponectin for Control, Green Tea, Exercise, and GTEX 

was 7443.14 ± 2941.12 ng/ml, 4496.87 ± 3070.02 ng/ml, 10060.34 ± 7393.17 ng/ml, and 

7857.15 ± 5431.97 ng/ml, respectively.  Mean HMW adiponectin for Control, Green Tea, 

Exercise, and GTEX was 5011.92 ± 2634.26 ng/ml, 5012.92 ± 3391.09 ng/ml, 5335.32 ± 

3193.32 ng/ml, and 5546.60 ± 3645.98 ng/ml, respectively. High molecular weight 

adiponectin was a sample size of five due to technical issues with the assay.  There was 

no difference in globular adiponectin between trials (n=8) for Control, Green Tea, 

Exercise, and GTEX (3.40 ± 2.90, 3.69 ± 2.35, 3.50 ± 2.11, and 3.56 ± 2.10 ng/ml, 

respectively) (Figure 8).   

Matsuda Index 
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  There were no significant differences in TNF-a (n=8) by trial (Figures 9).  Mean 

TNF-α for Control, Green Tea, Exercise, and GTEX was 5.45 ± 3.68 pg/ml, 4.73 ± 1.38 

pg/ml, 3.55 ± 1.46 pg/ml, and 3.87 ± 1.81 pg/ml, respectively. 

 

 
Fig 6. Total Adiponectin By Trial. Values are reported as mean ± SD. N = 8. 
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Fig 7. High Molecular Weight By Trial.  Values are reported as mean ± SD. N = 5. 
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Fig 8. Globular Adiponectin By Trial. Values are reported as mean ± SD. N = 8. 
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Fig 9. TNF-Α By Trial. Values are reported as mean ± SD. N = 8. 
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CHAPTER V 

DISCUSSION AND SUMMARY 

 The ability of green tea catechins and acute exercise to influence glucose and 

insulin profiles and adipokine secretion has not been well established in any population to 

date.  Currently, there is one study examining the acute effect of green tea catechins at 

rest on healthy men (Venables et al., 2008).   Previous studies have examined individual 

effects of acute exercise on glucose and insulin profiles or adiponectin levels (Hojbjerre 

et al., 2007; Kennedy et al., 1999).  There have been no studies, to date, examining the 

acute effects of TNF-α and acute exercise on human participants.  There is one study, 

performed on mice examining acute exercise and TNF-a (Keller et al., 2004).  The 

studies regarding green tea catechins and exercise have been training studies (Maki et al., 

2009; Shimotoyodome et al., 2005). 

There is currently no study to date examining the combined effects of acute green 

tea catechin ingestion and an acute bout of exercise on glucose and insulin profiles and 

adipokine levels.  The present study, examined the acute effects of one session of 

exercise (65% HRR) expending 400 kcals on glucose and insulin profiles (fasting blood 

glucose, fasting insulin, AUC glucose, AUC insulin, Matsuda Index) and adipokine 

secretion (plasma total adiponectin, HMW adiponectin, globular adiponectin, and TNF-α) 

in sedentary overweight to obese postmenopausal women. 
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The main research questions were twofold: a) does a single bout of exercise and 

acute green tea catechin ingestion independently influence glucose and insulin profiles 

and adipokine secretion, and b) is there an additive effect on glucose and insulin profiles 

and adipokine secretion by combining ingestion of green tea catechins and acute exercise. 

Effects of Menopause on Glucose and Insulin Profiles 

Schianca, Castello, Rapetti, and Bartoli (2006) examined gender-related 

differences in participants with normal glucose tolerance and concluded that overweight 

postmenopausal women experience a shift towards insulin resistance associated with 

menopause rather than age.  Overweight men (BMI 27 kg/m2) did not exhibit any 

differences in fasting glucose, 2 hour glucose post OGTT, or insulin by age group (30 

years old, 50 years old, and 60 years old).  Overweight women (BMI 27 kg/m2) also did 

not exhibit any differences in fasting glucose by age groups (30 years old, 4.68 ± .54 

mmol/L; 50 years old, 5.05 ± .57; and 60 years old, 4.97 ± .57, respectively).  No 

differences were found between age groups in men or women for 2 hour glucose levels 

post OGTT.  However, fasting insulin levels were significantly different between women 

ages 30 and 50 years old (9.04 ± 4.75 µU/ml, 12.57 ± 7.25, p = .003).  The 60 year old 

age group fasting insulin was 10.0 ± 4.28 µU/ml which did not reach statistical 

significance from the 30 year old group.  Two-hour insulin values were not different 

between age groups. The authors suggest within ten years of the onset of menopause, 

women undergo a shift in rising insulin levels compared to men of the same age and 

BMI.  (Schiancaet al. 2006).  The authors further state that the time in a woman’s life 

corresponding with perimenopause and early menopause were critical in progression 
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towards development of risk factors for CVD.  While the authors did not state the mean 

age since onset of menopause, it is likely the women were a mix of perimenopausal and 

recent to 10 to 12 years postmenopausal, given their age ranges. 

Proudler, Felton, and Stevenson (1992) reported that the onset of menopause was 

associated with hyperinsulinemia.  Fasting insulin values in postmenopausal women with 

a mean age of 52 were 5.14 µU/ml (range 2.99 to 8.89 µU/ml) .  Mean age since the 

onset of menopause was 31 months and BMI was 23 kg/m2.  In another study examining 

the effects of menopause on overweight and obese women, Ryan and Nicklas (2004) 

found fasting glucose levels to be 5.2 mmol/L and fasting insulin 7.78 µU/ml in 

sedentary obese and overweight postmenopausal women (BMI = 33 kg/m2).  Women 

were postmenopausal at least one year, however, the time since onset of menopause was 

not reported.  Chu et al. (2005) examined the incidence of insulin resistance in obese 

postmenopausal women and found 70% of the women in the study (n=37) had insulin 

values above 11.5 µU/ml.  The age since onset of menopause was not reported.  Mean 

BMI was 32 kg/m2 and mean age was 55 years old.   

In the current study, mean age for participants was 52 years of age and mean BMI 

was 32 kg/m2.  Mean fasting glucose was 5.5 to 6 mmol/L and mean fasting insulin was 

between 10 to 11 µU/ml amongst trials.  Mean time since the onset of menopause in the 

current study was 17 years.  All of the women in the above mentioned studies were 

overweight or obese and postmenopausal women who have begun to display some degree 

of insulin resistance as the fasting insulin levels are rising with age.  This rise is 

independent of BMI and gender as men do not exhibit this increase with age (Schianca, et 
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al. 2006).  Women in the current study exhibited levels of insulin similar to results found 

by Schianca et al. (2006). Women in the current study also appear to exhibit impaired 

fasting glucose values (5.6 mmol/L – 6.9 mmol/L). 

Effects of Menopause on TNF-a 

A possible factor that could have influenced glucose responses in postmenopausal 

women is high levels of TNF-α.  TNF-α has been indicated as a dominant predictor for 

insulin resistance in women and a cutoff point for TNF-α as an indication of insulin 

resistance has been proposed at > 1.36 pg/ml (Gurrola-Diaz et al., 2009; 

Gwozdziewiczova, Lichnovska, Ben Yahia, Chlup, & Hrebicek, 2005).  Sites et al. 

(2002) examined TNF-α levels in pre- and postmenopausal women ( BMI= 22.7 and 24.8 

kg/m2, respectively) and found TNF-α levels to be 26% higher in postmenopausal women 

when compared to premenopausal.  The postmenopausal women in Sites et al. (2002) 

were < 5 years postmenopausal, BMI < 30 kg/m2, and had a mean TNF-α level of 4.81 ± 

1.99 pg/ml.  Ryan and Nicklas (2004) also found elevated TNF-a levels in sedentary 

overweight and obese (BMI = 33 kg/m2) postmenopausal women (2.25 ± .50 pg/ml).  

Years since the onset of menopause were not reported and inclusion criteria was one year 

postmenopausal state.  In the current study, the range of TNF-α levels for sedentary 

overweight and obese (BMI = 32 kg/m2) postmenopausal women was 3.55 to 5.45 pg/ml 

which is above the proposed cutoff value of 1.36 pg/ml.   Mean age since onset of 

menopause was 17 years. 
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Increased levels of TNF-α may be attributed to two explanations: adiposity and 

deceased estrogen levels.  Increased adipose tissue has been found to lead to increased 

levels of TNF-α (Plomgaard et al., 2007).  Plomgaard et al. (2007) reported TNF-a levels 

of healthy obese men and women and T2D men and women (BMI 30 kg/m2) to be 2.40 

and 2.56 pg/ml, respectively.  The absence of estrogen has also been associated with 

increased TNF-α levels.  Pacifici et al. (1991) found premenopausal women who 

underwent a hysterectomy with oophorectomy experienced increased TNF-α levels 2 

weeks post-surgery with a continual increase up to 8 weeks post-surgery (2.4 fold 

increase in TNF-a from week 2 to week 8).  When given estrogen therapy, TNF-α levels 

decreased dramatically (5.8 fold decrease in TNF-a).  It is difficult to compare the levels 

of TNF-α in the current study to the results of Pacifici et al. (1991) as the authors assayed 

TNF-α from mononuclear cell cultures rather than plasma or serum. The authors express 

TNF-α as pg per 106 adherent cells in order to normalize the results to the number of 

monocytes per cell culture.  The authors concluded that changes in estrogen levels are 

associated with increases in TNF-a.  In agreement with the findings of Pacifici et al. 

(1991), Kim, Chae, Paik, Seo, Jang, Cavaillon, and Lee (2012) reported TNF-a levels for 

nonobese pre- and postmenopausal women in serum and found that postmenopausal 

women have higher levels of TNF-a compared to premenopausal women (6.65 ± .70 and 

8.08 ± 1.3 pg/ml).  Unfortunately, the onset of menopause is associated with both 

increased adiposity and decreased estrogen, both of which lead to increased TNF-α (Chu 

et al., 2006; Gambacciani, Ciaponi, et al., 1997; Pacifici et al., 1991; Plomgaard et al., 

2007). 
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It has been established that TNF-α interferes with phosphorylation of the insulin 

receptor (Hotamisligil et al., 1996).  Rather than phosphorylation of a tyrosine amino acid 

on the insulin receptor, TNF-a promotes phosphorylation of serine.  This, in turn, affects 

transmission of the signal from insulin to GLUT4 to bring glucose into the cell.  

Steinberg et al. (2006) found that TNF-α also interferes with phosphorylation of AMPK 

via upregulation of protein phosphatase 2C (PP2C). Threonine 172 (THR172) 

phosphorylation of AMPK was reduced in mouse muscle cells incubated in TNF-a for 24 

hours.  Neutralization of TNF-a restored AMPK activity in normal mice.   

Participants in the current study exhibited levels of TNF-a beyond proposed 

cutoff levels to implicate TNF-a association with insulin resistance.  A combination of 

increased adiposity and decreased estrogen levels in postmenopausal women most likely 

contributed to the increased TNF-a levels.  It is possible that TNF-α levels in the current 

study participants were elevated enough to interfere with both insulin stimulated and 

AMPK mediated glucose uptake and explain why no differences were found with glucose 

and insulin profiles in the exercise trials. 

 No differences were found in TNF-a levels between trials.  Samples were taken 

16-18 hours post exercise or control visit to the lab.  Keller et al. (2005) found changes in 

TNF-a immediately post exercise.  It is possible that changes in TNF-a could have been 

detected if it had been measured at a different time point. 
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Effects of Menopause on Adiponectin 

Chu et al. (2005) examined the differences in total adiponectin levels in normal 

BMI premenopausal women, obese premenopausal women, and obese postmenopausal 

women. Adiponectin levels in obese premenopausal women were 10900 ± 900 ng/ml 

compared to 13000 ± 1500 ng/ml in normal premenopausal women (p = .05).  Levels of 

adiponectin in obese postmenopausal women were 7800 ± 600 ng/ml which was 

significantly lower than both premenopausal groups ( p = .05).  Wang et al. (2012) also 

found similar levels of adiponectin in overweight postmenopausal women (7805 ± 3184 

ng/ml).  Tschritter et al. (2003) examined total adiponectin levels in both men and women 

and found mean total adiponectin levels to be 1250 ng/ml in premenopausal women.  

When the authors divided the participants into normal glucose tolerance or IGT, they did 

not further stratify by gender.  However, mean total adiponectin for participants with 

normal glucose tolerance was 11300 ng/ml and 9900 ng/ml for IGT (male and female 

combined).  In the current study, total adiponectin for control, green tea, exercise, and 

GTEX was 7443.14 ± 2941.12 ng/ml, 4496.87 ± 3070.02 ng/ml, 10060.34 ± 7393.17 

ng/ml, and 7857.15 ± 5431.97 ng/ml, respectively.  

Adiponectin levels do not change with exercise unless accompanied by weight 

loss (Kraemer and Castracane, 2007).  This study focused on exercise and green tea 

supplementation.  Participants were asked not to begin an exercise or diet for the duration 

of the study.  In a cell culture study, addition of EGCG increased adiponectin levels (Yan 

et al. 2012).  In the current study, no form of adiponectin was increased.  This could be 

due to the elevated levels of TNF-a and increased levels of TNF-a are inversely related 
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to adiponectin levels.  This could also be due to the duration of GTE ingestion.  Although 

Yan et al (2012) found increased adiponectin in cell cultures with an acute addition of 

GTE, the physiological situation is different.  Ingesting GTE in a whole body situation 

requires digestion and delivery to cells.  The concentration used by Yan et al (2012) and 

the duration of incubation cannot be directly correlated to this study.  The half-life for 

catechins in GTE is ~ 2.5 hours.  Participants consumed 400 mg of GTE catechins at 

lunch and dinner the day before an OGTT and again 1 hour prior to performing the 

OGTT.  It is possible that the timing of dosage needs to be closer together in order to 

keep catechin levels elevated in the body.  It is also possible that the study needed to 

focus on a longer term GTE supplementation period.  Shimada et al. (2007) found 

increased adiponectin levels in rats supplemented with GTE for 8 to 12 weeks.  

Hoeg, Sjoberg, Lundsgaard, Jordy, Hiscock, Wojtaszewski, Richter, and Kiens 

(2013) suggest that men are more sensitive to adiponectin than women due to higher 

adiponectin levels and increased expression of the ADIPOR1.  This receptor is thought to 

be associated with activation of AMPK resulting in increased leg muscle glucose uptake 

in men.  The authors concluded that adiponectin-induced AMPK activation through 

Thr172 increases insulin sensitivity in men, but not women (Hoeg et al., 2013).   

Effects of Acute Exercise on the Glucose and Insulin Profiles 

In men with abnormal glucose tolerance (IGT and T2D), a single bout of exercise 

did not yield improvements in glucose tolerance.  Participants exercised for a duration of 

60 minutes at 68% of VO2max.  An OGTT was performed ~ 18 hours post exercise. No 

changes were found for fasting glucose or insulin values and no differences were found 
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for glucose or insulin AUC when compared to the participants OGTT without exercise.  

The authors performed another OGTT with the participants where they were trained for 

seven consecutive days at 68% of VO2max.  An OGTT was performed prior to the study 

and 16-20 hours after the last exercise bout. No differences were found between control 

and exercise for fasting glucose or insulin.  Significant differences were found for both 

glucose and insulin at 60, 120, and 180 minutes between conditions.  There were 

significant differences in AUC for glucose and insulin after seven consecutive days of 

aerobic exercise.  Glucose AUC was decreased by 36% (p < .01) and insulin AUC was 

reduced by 32% (p < .01). The authors concluded that regularly performed vigorous 

exercise was needed to elicit a favorable response for glucose metabolism in men with 

abnormal glucose metabolism (Rogers, 1989).  The results from Rogers (1989) are in 

conflict with Kennedy et al. (1999) who found an acute bout of cycling at 63 – 66% 

VO2max for 50 minutes increased translocation of GLUT4 in skeletal muscle of T2D men 

(mean age 50 years old, BMI = 27.2 kg/m2).  However, an OGTT was not performed to 

determine glucose and insulin responses to a glucose challenge post exercise.  The 

current study is in agreement with the findings from Rogers (1989) as an acute bout of 

exercise did not result in improvements in FBG, fasting insulin, glucose AUC, or insulin 

AUC.   

Sari et al. (2007) examined the effect of an acute bout of exercise and over a 

course of 4 weeks in obese women. Twenty three obese otherwise healthy, 

premenopausal women (BMI 40 ± 6.7 kg/m2) ages 21-46 years participated in this study.  

Participants were instructed to exercise 5 days per week for 4 weeks.  Exercise consisted 
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of walking for 45 minutes at 60 - 80% estimated maximum heart rate.  Caloric 

expenditure was not reported.  Fasting blood samples were obtained at baseline, after the 

first, seventh, and twentieth exercise session.  Aside from the baseline sample, all other 

samples were drawn 30-45 minutes post-exercise.  Samples were analyzed for glucose, 

and insulin. Glucose levels were lower than baseline after the first exercise bout (p < 

.001) and continued to decrease until the 20th bout (5.12 ± .5 and 4.56 ± .6 mmol/l, 

respectively).  Insulin followed the same pattern (12.1 ± 5.9 and 7.9 ± 2.6).  Insulin was 

significantly lower than baseline after the first session (p < .001) and remained so 

throughout the study.  There were no differences between the 1st, 7th, and 20th exercise 

session with regards to fasting glucose or insulin levels. The HOMA-IR index was 

calculated and followed the same pattern as well (2.75 ± 1.47 and 1.62 ± 0.7). The 

researchers concluded that insulin resistance in obese premenopausal women decreases 

after the first exercise session and remains so after 4 weeks of aerobic exercise training 

(Sari et al., 2007).  The results of the current study are in conflict with the results from 

Sari et al., 1997. However, in the above mentioned study, the participants were 

premenopausal women.  Another confounding factor when comparing the two studies is 

the timing of the blood samples post exercise.  Samples were drawn 30 to 45 minutes 

post-exercise while the current study determined glucose and insulin responses to 

exercise from on OGTT performed 16 to 18 hours post exercise. 

Baynard, Franklin, Goulopoulou, Carhart, and Kanaley (2005) examined the 

effects of a single bout of exercise for 30 minutes at 60 - 65% VO2peak on the glucose 

profile in postmenopausal women (control) with and without T2D.  Women without T2D 
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had a BMI of 22 kg/m2 while the BMI in the T2D group was 36.1 kg/m2.  Women in the 

control group expended 166.47 ± 2.4 Kcals while the women with T2D expended 148.0 ± 

2.4 Kcals.  No differences were found between the control condition or exercise 

condition among postmenopausal or T2D for FBG, glucose AUC, fasting insulin, or 

insulin AUC.  The findings of the current study are in line with those from Baynard et al. 

(2005) who found no differences in fasting glucose, glucose AUC, fasting insulin, and 

insulin AUC after an acute bout of exercise in postmenopausal women.  While the 

intensity level was similar, the total Kcals expended were much lower (400 Kcals vs. 

~150 Kcals).  

 Participants in the present study were postmenopausal sedentary women, who 

were overweight or obese.  Women with FBG levels high enough to classify as T2D were 

excluded.  Participants expended 400 Kcals and did not exhibit a difference in glucose or 

insulin profiles between trials. It was expected that glucose and insulin profiles would be 

improved by an acute bout of exercise in the current study.  Acute exercise has been 

shown to improve glucose and insulin profiles in a variety of populations (Hernandez et 

al., 2000; Kennedy et al., 1999; Kraniou et al., 2006; Sari et al., 1997).  Exercise has been 

shown to increase glucose uptake in skeletal muscle cells independent of insulin through 

activation of AMPK (Holloszy, 2005; Jessen & Goodyear, 2005; Kennedy et al., 1999).   

In the current study, overweight and obese postmenopausal women who 

performed a single bout of exercise (400 kcals) did not exhibit improvements in glucose 

and insulin profiles when compared to the control group. Based on previous literature, 

expending 400 Kcals should produce a favorable change in glucose and insulin profiles.  
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However, the overweight/obese postmenopausal woman presents a new set of variables 

with increased adiposity and decreased levels of estrogen (Chu et al., 2005; Schianaca et 

al., 2006).  The postmenopausal woman also exhibits lower levels of adiponectin and 

higher levels of TNF-a which may interfere with phosphorylation of the insulin receptor 

and AMPK, both of which would impair glucose uptake at the skeletal muscle (Chu et al., 

2005; Ryan & Nicklas, 2004; Sites et al., 2002). 

Exercise has been shown to improve both glucose and insulin profiles (Holloszy, 

2005; Kennedy et al., 1999; Sari et al., 2007).  However, there are also reports of acute 

exercise not improving glucose and insulin profiles in both men and women (Baynard et 

al., 2005; Rogers, 1989).  Both studies utilized a 30 minute session at similar intensity 

(60 - 65% VO2peak and 68% VO2max). Caloric expenditure in these studies was less than 

Kennedy et al. (1999) and also less than this study.  For example, Baynard et al. (2005) 

participants expended ~150 Kcals.  In the current study, participants expended ~400 

Kcals.  

Effects of Acute Exercise on TNF-a 

In order to determine the acute effects of exercise on TNF-α levels, Keller et al. 

(2004) performed a study using TNFR1 and TNFR2 knock out (KO) mice, and C57 

control mice. Each group of mice was divided into two groups (rest and exercise).  The 

exercise group performed one hour of swimming and were sacrificed immediately post-

exercise.  Soleus and gastrocnemius muscles were dissected from the mice and analyzed 

for gene expression of TNF-α using RT-PCR. In the soleus muscle, TNF-α mRNA levels 

in TNFR1 KO mice were increased 3.57 fold over control mice and TNFR2 KO mice 
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were increased 2.62 fold.  Treatment with exercise reduced TNF-α mRNA levels in both 

KO mice groups to the point where they were not different from the control group. The 

researchers concluded that an acute bout of exercise was able to restore TNF-α levels to 

those of the control group. (Keller et al., 2004). 

The above mentioned study is the only study focusing on the changes in TNF-a 

with acute exercise.  Muscle tissue samples were used instead of plasma or serum and 

samples were taken immediately post exercise.  In the current study, serum TNF-a was 

measured 16 to 18 hours post exercise.  No changes in TNF-a were observed between 

trials. 

Effects of Acute Exercise on Adiponectin Secretion 
 

Kraemer et al. (2003) examined the effects of varying intensities of exercise on 

adiponectin levels and found no changes in adiponectin levels post-exercise. Six healthy 

young males with a mean VO2max of 50 ml/kg/min performed an exercise session 

consisting of 30 minutes of exercise at 79% of VO2max.  Blood samples were taken pre-

exercise, post-exercise, and 30 minutes post-exercise. Immediately post-exercise 

adiponectin was significantly elevated, however, after adjusting for the change in plasma 

volume, there were no significant differences in adiponectin at any time point. The 

authors concluded that the intensities of exercise used in their study did not elicit an 

increase in adiponectin levels.  Several other studies have also found acute bouts of 

exercise do not elicit changes in adiponectin levels (Ferguson et al., 2004; Hojbjerre, et 

al., 2007; Jamurtas et al., 2006; Numao et al., 2008). 
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In the studies above, the populations were either healthy untrained or overweight 

to obese.  None of these studies resulted in adiponectin changes with acute exercise.  In 

the current study, there were no changes in adiponectin levels between trials. Kraemer & 

Castracane (2007) suggested adiponectin levels do not increase unless weight loss is 

involved.  In the current study, participants were asked not to begin an exercise regimen 

or diet program during the study and no weight loss was involved. 

Effects of Green Tea on Glucose and Insulin Profiles 
 

Studies have been equivocal regarding the consumption of tea and risk of 

developing T2D (Stote & Baer, 2008).  Research regarding tea consumption and risk of 

T2D is not consistent and many do not report tea type, cup size, or preparation of tea. 

Many of these studies rely on self reporting of T2D diagnosis and also rely on long term 

recall of dietary intake (Stote & Baer, 2008).  

Tea has been shown to increase insulin activity in rat adipocytes. Anderson and 

Polansky (2002) tested over 40 preparations of black tea, green tea, and oolong teas for 

enhancement of insulin activity.  Tea bags (~2 g tea) were steeped in 1 cup of hot water 

for 5 minutes.  Insulin activity was measured using liquid scintillation.  Components of 

tea extracts were measured using HPLC. Green tea, oolong tea, and black tea enhanced 

insulin activity. The researchers examined the effects of 9.5,19, 48, and 95 µg of dry 

weight green tea along with varying amounts of insulin on insulin activity.  The 19 µg 

concentration provided the best enhancement of insulin activity and the most consistent 

results regardless of the amount of insulin added to the assay.  The HPLC breakdown of 

green tea revealed that EGCG was the main catechin responsible for the improvements in 
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insulin activity(Anderson & Polansky, 2002).  This improvement was not affected by 

status of caffeine in the teas. The researchers suggest that these effects may also be 

present in vivo because catechins are transported throughout the body when ingested.  

The researchers also suggested that determination of the effects of tea catechins on 

glucose metabolism be directed towards insulin levels as tea enhances insulin activity.  

Measuring only glucose values may not show the beneficial effects of lower insulin 

levels with green tea supplementation (Anderson & Polansky, 2002).  This is in 

agreement with the review from Orzechowski (2003) which discusses the importance of 

antioxidant preconditioning to control insulin levels. 

Venables et al. (2008) examined the effect of green tea supplementation on 

glucose and insulin profiles in healthy male participants.  Green tea extract was 

consumed at lunch and dinner the day before an OGTT and 1 hour before the OGTT in a 

fasted state. The dosage of each time point for ingestion of green tea extract was 340 mg 

of catechins.  Participants performed two OGTTs (placebo and green tea). There were no 

differences between placebo and Green tea trials for glucose or insulin.  Glucose and 

Insulin AUC were also calculated along with the Matsuda ISI. While glucose AUC did 

not differ between trials, insulin AUC was 15% lower with green tea extract 

supplementation (3612 ± 301 placebo, 4280 ± 309, p < .01).  The Matsuda ISI was 13% 

higher in the green tea group when compared to the placebo group (7.24 ±0.61, 6.52 ± 

0.60, p < .05).  The current study utilized a similar study design with a different 

population.  The amount of GTE ingested and the schedule of ingestion was similar.  

Overweight and obese sedentary women who ingested GTE did not display changes in 
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glucose or insulin levels when compared to the control trial.  Unlike Venables et al. 

(2008) women in the current study did not exhibit any changes in glucose AUC, insulin 

AUC, or the Matsuda index.  Insulin AUC was 4816.81 ± 3061.85 in the control trial and 

4215.26 ± 1996.08  in the green tea trial.  The Matsuda index was 5.07 ± 4.20 in the 

control trial and 5.17 ± 4.32 in the green tea trial.  While the Matsuda index results were 

not low enough to meet the cutoff point of 2.5 for insulin resistance, values were lower 

than the healthy fit men in the study by Venables et al. (2008). 

Fukino et al. (2005) examined the effects on 4 months of green tea powder 

supplementation on fasting measurements of glucose control. This study recruited 49 

males and 11 females who had a fasting blood glucose > 6.1 mmol/l or a non-fasting 

glucose level of > 7.8 mmol/l.  Participants varied in age from 32-73 years.  Participants 

were assigned to consume green tea powder each day either the first 2 months of the 

study or the last 2 months of the study.  The 2 months participants were not assigned to 

consume green tea powder was designated as the control period.  Green tea powder 

containing 544 mg of polyphenols (456 mg catechins) and 102 mg caffeine was given to 

participants in sealed envelopes. Participants were instructed to dissolve ⅓ of the 

envelope’s contents in water and consume with each meal for 2 months. The study was 

not blinded and there is no mention of a placebo envelope given to the participants.  A 

baseline fasted blood draw was taken prior to the 4-month study period.  Blood draws 

were taken in a fasted state again at 2 months and 4 months.  Body mass index was 

calculated as well as insulin resistance via HOMA-IR. No significant changes were 

reported for body weight, BMI, fasting glucose and insulin, or HOMA-IR. This study did 
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not find an increase in insulin sensitivity with green tea consumption over a 2-month 

period.  This finding does not agree with Venables et al. (2008).  One reason for this 

could be the lack of control in this study. Participants in the control group were not 

restricted from drinking green tea during the study.  The study populations were also 

different.  Healthy male participants were used in the study by Venables et al. (2008) 

while the Fukino et al. (2005) used males and females who were either IFG or T2D, the 

age range was wide enough (32-73) to include both pre- and postmenopausal women 

(Fukino et al., 2005). 

The current study was modelled after Venables et al. (2008) and did not find any 

changes in glucose and insulin profiles with acute green tea ingestion in postmenopausal, 

overweight or obese, sedentary women.  Green tea is water soluble with a half-life of 

~2.5 hours.  It is possible that the time period between consumption was too long for an 

effect. Other studies have shown favorable changes in glucose and insulin profiles with 

chronic supplementation.   

Effects of Green Tea on TNF-a 

Yan et al. (2012) found increased adiponectin mRNA with an acute addition of 

EGCG to adipocytes.  In a study described in the following section, addition of EGCG to 

adipocyte cell cultures increased total adiponectin mRNA and decreased TNF-α levels 

(Yan et al., 2012).   

Four months of green tea consumption in drinking water yielded significantly less 

TNF-α expression in lung tissue in transgenic mice overexpressing TNF-α (Suganuma et 

al., 2000).  This treatment resulted in a 30% reduction in TNF-α expression in lung tissue.   
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In the current study, an acute dose of green tea catechins resulted in no differences 

in TNF-α levels between trials. 

Effects of Green Tea on Adiponectin 
 

An acute addition of EGCG to 3T3-L1 adipocytes resulted in increased levels of 

adiponectin mRNA (Yan et al., 2012). Cell cultures were incubated with dexamethosone 

(DEX) and/or EGCG for 12 hours.  Dexamethosone was utilized to induce insulin 

resistance. Addition of EGCG at 5 µM increased adiponectin mRNA levels above the 

control (p < 0.05) while the addition of DEX to cells reduced levels below the control 

cells (P<0.05).  When DEX was added to EGCG treated cells (5.0 µM), adiponectin 

mRNA levels increased above that of the control cells (p < .05). Addition of EGCG also 

significantly decreased TNF-α production (p < .05) (Yan et al. 2012).   The researchers 

then examined the effect of EGCG on GLUT4 translocation and found enhanced insulin-

stimulated GLUT4 translocation to the plasma membrane. In cell culture, a single 

addition of EGCG, resulted in increased adiponectin and decreased TNF-α expression, 

which coincided with increased GLUT4 translocation within 20 minutes of the addition 

of EGCG.  The increase in GLUT4 translocation could be due to a decrease in TNF-α and 

increased adiponectin. These results were obtained using GTE directly into a cell culture.  

In vivo, the green tea must be ingested, metabolized, and delivered to the tissues.  The 

concentration delivered to the tissues in vivo are likely different from the ingested amount 

which makes direct comparison to a cell culture study difficult. 

In a 12-week study using rats, Shimada et al. (2007) found that administration of 

EGCG raised levels of adiponectin at 8 weeks and 12 weeks, compared to the controls. 
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Twelve male Goto-Kakizaki rats (non-obese T2D rat model) were treated with either a 

standard chow or the standard chow with Sunphenon added for 12 weeks.  Sunphenon is 

a green tea catechin blend comprised mainly of EGCG ( > 90%) and 5% other catechins.  

Animals in both groups were fed the same amount of food and were given free access to 

water.  Blood samples were analyzed for fasting glucose and adiponectin. After 12 weeks 

of dietary green tea catechin supplementation, fasting glucose was not significantly 

different at any time point.  At 8 weeks and at 12 weeks, plasma adiponectin was 

increased over the control group (p < .05). In a genetic T2D rat model (Goto-Kakizaki), 

12 weeks of Sunphenon green tea catechin blend did not improve measurements of 

glucose metabolism (Shimada et al., 2007).  Insulin levels were not measured and, 

therefore, it is unknown if this treatment improved insulin sensitivity.  In a similar study 

using hamsters fed a high fructose diet, treatment with green tea for 4 weeks resulted in a 

reduction in insulin and glucose levels along with an increase in adiponectin (Li et al., 

2006). 

Supplementation of EGCG in spontaneously hypertensive rats (SHR) also 

resulted in increased adiponectin levels along with improvement in the quantitative 

insulin sensitivity check index (QUICKI) estimation of insulin sensitivity (Potenza et al., 

2007). The SHR type rats were divided into three groups (control vehicle treatment, 

EGCG, and enalapril). A second control group of normotensive Wistar-Kyoto (WKY) 

rats was also used in this study.  For 3 weeks, rats were given their treatment via gavage.  

Rats in the normotensive and SHR vehicle groups received only the vehicle/control each 

day.  Rats in the SHR/enalapril and the SHR/ECGC groups received 30 mg/kg/day and 
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200 mg/kg/day, respectively. Both enalapril and ECGC improved QUICKI and 

adiponectin above that of the SHR vehicle treatment group (p < .01) and were not 

significantly different from the normotensive WKY rats.  The SHR vehicle group display 

lower QUICKI values than the normotensive WKY rats (p < .001).  Adiponectin levels 

were significantly lower in the SHR vehicle group than the WKY group (p < .001).  

Levels of adiponectin were significantly higher in both the enalapril and EGCG group 

compared to the SHR vehicle group (p < .05 and p < .001, respectively).  Adiponectin 

levels did not differ between normotensive WKY rats and SHR rats treated with either 

enalapril or EGCG.  Discussion:  Administration of the green tea catechin EGCG 

increased insulin sensitivity as measured by QUICKI and adiponectin levels to the same 

extent as the medication enalapril (Potenza et al., 2007).   

Both of the previously described studies were chronic green tea ingestion studies.  

It may be necessary for chronic ingestion of green tea to elicit and change in adiponectin 

and TNF-a in vivo. 

Combined Effects of Acute Exercise and Green Tea on Glucose and Insulin Profiles 

 There are currently no published studies on the combined effects of acute green 

tea ingestion and acute exercise on glucose and insulin profiles.  There are two published 

studies on the combined effects of chronic green tea ingestion and chronic exercise on 

glucose and insulin profiles (Maki et al., 2009; Shimotoyodome et al., 2005).  

  Shimotoyodome et al. (2005) examined the effects of daily green tea ingestion 

(15 weeks) and exercise (3 days/week, 30 minutes/day, 15 weeks) in mice fed a high fat 

diet.  Neither exercise alone nor green tea consumption alone affected fasting glucose or 
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insulin values.  However, the combination of the two interventions yielded fasting 

glucose (205 ± 8 mg/dl, high fat; 206 ± 9 mg/dl low fat) and insulin ( .97 ± .08 ng/mL, 

high fat; 1.42 ± .11 ng/mL) values to those of the mice fed a low fat diet.  As these results 

are were found on mice, it is difficult to make a direct comparison, but it does support the 

concept that green tea ingestion may need to be chronic rather than acute in order to see 

changes in glucose and insulin profiles. 

  Maki et al. (2009) performed the only published human study on the effects of 

green tea and exercise on glucose and insulin profiles.  The authors examined 12 weeks 

of exercise (180 minutes/week) and 625mg green tea catechins per day on fasting glucose 

and insulin levels in overweight men and women ages 21-65 with elevated total 

cholesterol.  No changes from baseline values were found in FBG or fasting insulin levels 

after the treatment period. While the study included an exercise only group and an 

exercise and green tea group, there was no green tea only or sedentary control group.   

In the current study, the combination of both acute green tea ingestion and an 

acute bout of exercise expending 400 Kcals resulted in no differences in glucose and 

insulin profiles.  Animal studies show promise in chronic green tea supplementation as a 

means to favorably impact glucose and insulin profiles.  However, limited published data 

using human participants do not seem to confirm this concept. 

Combined Effects of Acute Exercise and Green Tea on Adipokine Secretion 
 

There are currently no published studies on the combined effects of acute green 

tea ingestion and acute exercise on adiopokine secretion.  In the current study, the 
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combination of both acute green tea ingestion and an acute bout of exercise expending 

400 Kcals resulted in no differences in adiponectin or TNF-a levels.   

Summary 

To date, there has only been one study examining the acute effects of green tea 

catechins on glucose and insulin profiles (Venables et al., 2008).  This study was 

conducted on healthy fit men at rest.  This study did not examine the combined effects of 

acute exercise and green tea.  There has been no study, to date, examining the acute 

effects of exercise and green tea catechins on glucose and insulin profiles, adiponectin, 

and TNF-a levels in any population.  The current study was undertaken to examine the 

effects of acute exercise and green tea catechins on not only glucose and insulin profiles, 

but also adiponectin, and TNF-a levels in sedentary, overweight to obese, 

postmenopausal women.  This population was chosen as it is a population at risk to 

develop T2D with the loss of estrogen and increase in adiposity associated with 

menopause. 

Adipokine measurements were included as the onset of menopause is associated 

with an increase in adipose tissue and decreased estrogen, which affects adiponectin and 

TNF-a levels.  An increase in adipose tissue leads to decreased adiponectin levels and 

increased TNF-α levels. The loss of estrogen also results in increased levels of TNF-α.  

This increase in TNF-α may contribute to interference of phosphorylation of the insulin 

receptor and AMPK.  In the current study, neither an acute bout of exercise nor acute 

ingestion of green tea catechins influenced glucose and insulin profiles, total or HMW 
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adiponectin, or TNF-α levels.  Furthermore, the combination of the two treatments did 

not influence glucose and insulin profiles or adipokine levels. 

The combination of increased TNF-a and decreased adiponectin in 

overweight/obese sedentary women may be interfering with phosphorylation of the 

insulin receptor and AMPK which could blunt the insulin-stimulated and insulin 

independent avenues of glucose uptake in the skeletal muscle.  This population may 

require chronic green tea consumption and chronic exercise to impact glucose and insulin 

profiles.  It is more realistic to ask this population to begin a chronic exercise program 

rather than expend more Kcals in an acute bout of exercise.  The women were 

unaccustomed to this amount of exercise and completing 400 Kcals was difficult. 

Recommendations for Future Study 

Postmenopausal women are a unique population at risk to develop T2D. With the 

onset of menopause, the protective effect of ovarian steroid hormones is diminished and 

weight gain is also associated with menopause.  This places the postmenopausal woman 

at risk to become overweight or obese and reduces the amount of the anti-inflammatory 

adipokine, adiponectin, while increasing the inflammatory adipokine, TNF-α.  Future 

studies involving green tea supplementation and exercise on sedentary, overweight to 

obese, postmenopausal women should focus on: 

1. The cumulative time of weekly exercise needed to overcome the 

elevated levels of TNF-α and result in improvements in glucose and 

insulin profiles, 
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2.  The amount of chronic green tea catechin ingestion to elicit an increase 

in adiponectin levels and decrease in TNF-α levels, 

3. Examining if a synergistic effect of weekly exercise and chronic green 

tea ingestion can favorably impact glucose and insulin profiles and 

adipokine levels, 

4.  Whether a difference in the amount of energy expenditure or green tea 

required to elicit an impact in glucose and insulin profiles and adipokine 

levels differs between a BMI classification of overweight versus obese. 
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RESEARCH PARTICIPANTS NEEDED. Postmenopausal Women who are Overweight, 
Do Not Exercise, have Elevated Blood Glucose Levels but NOT Diabetic, and are Free of 
Cardiovascular Disease.  The purpose of this study is to examine the effects of a single 
bout of exercise (450 calories) and green tea extract ingestion on blood glucose and 
insulin values.  This study will involve multiple visits (total time commitment ~20.5 hrs) 
to the exercise physiology lab for exercise on the treadmill, and blood draws.   Your 
participation is voluntary and compensation for completion of ALL trials is $50.  Call 
Shannon Jordan for more details:  

  



 

123 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
APPENDIX C 

 
Recruitment Script 

 
 

 
 

  



 

124 
 

Recruitment Script for Study 
 
 
You are being considered as a participant because you are a postmenopausal, sedentary 
female who is overweight or obese, has elevated blood glucose levels, but does not have 
diabetes (either juvenile [Type 1] or maturity onset [Type 2]), cardiovascular disease, are 
not pregnant, and have not experienced a menstrual cycle for at least 12 months.  
Sedentary is defined as the status of exercising < 30 minutes per day at a moderate to 
vigorous intensity, < 3 days per week for 3 months. This information will be verified 
from the medical history questionnaire you will complete prior to participation in this 
study.  Information from the medical history questionnaire will be used to validate 
inclusion criteria for the study, health status, and determine risk for cardiovascular 
disease.  In addition, elevation of blood glucose levels will be verified via a finger stick 
glucometer. 
 
The purpose of this study is to examine the effects of a single bout of exercise and green 
tea extract on blood glucose and insulin values.  This study will involve exercise on the 
treadmill, ingesting green tea extract, and blood draws.  This study is being conducted as 
fulfillment of a dissertation in the Department of Kinesiology at Texas Woman’s 
University.  Participation in this study is voluntary and requires multiple trips to the 
exercise physiology lab.  The total time commitment is ~ 20.5 hours.   
 
If you volunteer to participate in this study, I will schedule you for an initial visit to fill 
out a consent form, medical history questionnaire, and determination of fasting blood 
glucose levels.  If you choose not to participant, I thank you for you taking the time to 
discuss this study with me. 
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Informed Consent Form 
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TEXAS WOMAN’S UNIVERSITY 
CONSENT TO PARTICIPANT IN RESEARCH 

 
Title:  The Effects of Exercise and Green Tea Extract on Glucose Homeostasis in 
Overweight and Obese Postmenopausal Women with Impaired Fasting Glucose   
 
Investigator:   Shannon L Jordan, MS       
Advisor: Vic Ben-Ezra, Ph.D.       
 
Explanation and Purpose of the Research 
 
PLEASE NOTE THAT YOU MUST CONSENT TO PARTICIPATE BEFORE ANY 
PROCEDURES ARE PERFORMED. 
 
You are being asked to participate in this study because you are a postmenopausal, 
sedentary female who is overweight or obese, has elevated blood glucose levels, but does 
not have diabetes (either juvenile [Type 1] or maturity onset [Type 2]), cardiovascular 
disease, are not pregnant, and have not experienced a menstrual cycle for at least 12 
months.  Sedentary is defined as the status of exercising < 30 minutes per day at a 
moderate to vigorous intensity, < 3 days per week for 3 months.  Prior to participation in 
this study, you will complete a health history questionnaire and physical readiness 
activity questionnaire.  Information from the health history questionnaire will be used to 
validate inclusion criteria for the study, health status, and determine risk for 
cardiovascular disease.  In addition, elevation of blood glucose levels will be verified via 
a finger stick glucometer.  Completion of the health history forms (medical history and 
physical activity readiness questionnaire-PARQ), the informed consent form (this 
document), and finger stick to determine blood glucose levels will take place in the 
exercise physiology labs (Pioneer Hall 114 and 116) prior to performing any part of study 
testing or experimental procedures. 
 
The purpose of this study is to examine the effects of a single bout of exercise and green 
tea extract on blood glucose and insulin values.  This study will involve exercise on the 
treadmill, ingesting green tea extract, and blood draws and involves four trial conditions.  
Two of the trial conditions involve a single bout of exercise.  This study is being 
conducted as fulfillment of a dissertation in the Department of Kinesiology at Texas 
Woman’s University. 
 
Research Procedures 
 
Submaximal Exercise Test 
 
You will asked to perform a submaximal exercise test on a motorized treadmill which 
will be stopped when you reach 85% of your estimated maximal heart rate  (220-age) or 
when you request to stop the test.  Information from the treadmill test will be used to 
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estimate your maximal oxygen consumption (VO2max), the maximal amount of oxygen 
your muscles use during exercise. The treadmill test will begin at 2 mph at 0% 
incline.  After 2 minutes, the treadmill speed will increase to 3 mph at 0% incline.  The 
third 2 minute stage will be held at the same speed and the incline will increase to 
2.5%.  Each 2 minute stage thereafter will remain at 3 mph and increase in incline by 2%.  
You will wear a mouthpiece and nose clip during this test in order for the researchers to 
collect exhaled gases (to estimate maximal oxygen consumption).  You will be 
continuously monitored with a 12-lead electrocardiogram (ECG).  Preparation for ECG 
will take place in a small private room in the exercise physiology lab (Pioneer Hall 116).  
Blood pressure (BP) will also be monitored at the end of each stage of the test.  The 
exercise test will be terminated when you have reached 85% of your estimated maximal 
heart rate (220-age in years) or you wish to stop the test.  Following test termination, 
speed and incline will be lowered and you will be allowed to walk a cool down at your 
own pace.  Heart rate, BP, and ECG will continue to be monitored during the cool down 
until you reach resting levels.  Information from this exercise test will provide a measure 
of fitness and allow the researchers to set the appropriate level of exercise for the exercise 
trials in this study. 
 
Study Design 
 
You will be assigned a random order to complete the study trials.  You will not know 
whether or not you are consuming the green tea extract or a placebo.  Trial 1 will be a 
resting condition with no green tea supplement.  This visit will involve you sitting quietly 
in the lab for one hour.  Trial 2 will involve a resting condition with green tea extract 
supplementation.  You will consume green tea extract (400 mg) in capsule form at lunch 
and dinner the day of the trial.  You will also consume 400 mg of green tea extract one 
hour before returning to the lab the following morning.  Trial 3 will involve no green tea 
extract supplementation, but will involve exercise on a treadmill at 65% of your 
estimated VO2max (as determined from the initial submaximal exercise test).  The speed of 
the treadmill will be kept at 3.0 mph and the incline will be increased until you reach the 
appropriate exercise intensity (65% VO2max).  The exercise session will last 45 minutes to 
1 hour.  Heart rate will be continuously monitored by a heart rate monitor and BP will be 
monitored through the exercise session.  Exhaled gases will be collected 3 times during 
the exercise session (start, mid, and end) for 10 minutes each in order to determine 
calories burned.  Trial 4 will consist of consumption the green tea supplement as 
described under trial 2 AND exercise as described in trial 3. 
 
All trials will be performed in the exercise physiology lab (Pioneer Hall 116) at the same 
time of day (4-6 pm).  On the day following each trial, you will return to the lab after an 
overnight fast for an oral glucose tolerance test (OGTT).  For the OGTT you will have a 
venous catheter placed by trained personnel.  After a baseline blood sample is drawn 
from the catheter, you will consume a glucose drink (75 gram glucose drink).  Blood 
samples will be taken at 30, 60, 90, and 120 minutes after you consume the beverage.  All 
trials will be separated by a week. 
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Dietary and Physical Activity Considerations 
 
You will be asked to keep a 3-day food journal prior to each trial.  You will also be asked 
to consume the same meal the night before each OGTT.  You will not consume tea for 
the duration of the study.  Otherwise, you may consume your normal diet. 
 
You will also be asked to disclose the use of nutritional supplements.  A standard 
multivitamin will be allowed.  However, you will be asked to discontinue use of other 
supplements known for antioxidant status or diabetes homeotherapy (i.e. resveratrol or 
cinnamon). 
 
You will be asked not to engage in physical activity above your normal daily activity and 
not to begin a structured exercise program during this study. 
 
 
Maximal Total Time Commitment 
 
The estimated total amount of time involved with all procedures in the study will be 20.5 
hours.  You will complete the informed consent, medical history questionnaire, and blood 
glucose screening within one hour’s time.  The visit to the lab in order to perform the 
submaximal exercise treadmill test visit will last approximately 1.5 hours.  Each trial 
session in the lab will last approximately 1.5 hours.  Each OGTT lab visit will last 
approximately 3 hours.  Each trial will be separated by one week. 
 
Study Timeline 
 
This study will require 10 visits to the exercise physiology lab.  
 
 Visit  1 consists of the informed consent and health screening. (1 hour) 
 Visit  2 consists of the submaximal exercise treadmill test (1.5 hours) 
 Visit  3 trial (1.5 hours) 
 Visit  4 followup OGTT (3 hours) 
 Visit  5 trial (1.5 hours) 
 Visit  6 followup OGTT (3 hours) 
 Visit  7 trial (1.5 hours) 
 Visit  8 followup OGTT (3 hours) 
 Visit  9 trial (1.5 hours) 
 Visit 10 followup OGTT (3 hours) 
 
 Cumulative Time:  20.5 hours 
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Potential Risks 
 
There is a possibility that you may feel lightheaded or dizzy during the submaximal 
treadmill exercise sessions.  To minimize this, your ECG, heart rate, blood pressure, and 
perceived exertion will be monitored every stage of the test.  If you display signs or 
symptoms, the exercise will be terminated and you will be lead through cool down 
stretches and monitored during recovery.  You will be asked to lay down with your feet 
propped up if necessary.   
 
During the blood collection, you may experience bruising.  Trained medical personnel 
will perform blood draws in order to minimize the chance of bruising.  In order to 
minimize bruising, pressure will be applied to the site of the blood draw.  All blood draws 
will be performed under sterile conditions to avoid contamination or infection. 
 
You will be fitted with the mouthpiece that best fits the size of your mouth to minimize 
discomfort from wearing the mouthpiece during exercise.  Properly adjusted headgear will 
also minimize discomfort from the mouthpiece. 
 
The exercise sessions may produce muscle soreness or fatigue.  To minimize muscle 
soreness and fatigue, the intensity of exercise will be kept at a submaximal pace. You 
will be encouraged to perform a proper cool down walk after each exercise session and 
stretch out.   
 
There is a risk of an abnormal blood pressure response to exercise.  Blood pressure will be 
monitored during each exercise session  Should a blood pressure exceed 250/115 mmHg or 
diastolic blood pressure decrease more than 10 mmHg from baseline occur, exercise will be 
terminated per guidelines established by the American College of Sports Medicine.  In the 
event of an abnormal blood pressure response to exercise, you should seek advice from 
your physician or go to the emergency room. 
 
If you feel nauseous or faint, you will be asked to cool down activities.  You will also be 
asked to lie down position with your feet elevated. 
 
If you have prior knowledge of irregular heart rhythms, you will be excluded from the 
study as this would make you high risk for exercise testing.  If an irregular rhythm is 
discovered during submaximal exercise testing, the exercise test will be terminated and you 
will be excluded from the study.  You will be monitored and if need be, emergency 
personnel will be called.  An AED is located in PH 116 and CPR-trained personnel will be 
present at each meeting. 
 
During preparation for ECG, the skin is exfoliated with a piece of gauze and alcohol in 
order to allow for adhesion of the electrodes.  This may cause small areas on the skin to 
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turn pink and/or sting slightly.  This sting may persist up to a couple of days.  You should 
apply aloe lotion after removing the electrodes to minimize skin irritations. 
 
The risk of a cardiac event during an exercise test is minimal.  You will be screened for 
underlying heart disease using a health history questionnaire and a PARQ.  If you meet the 
ACSM criteria for high risk, you will not be allowed to perform the test and will be 
excluded from the study.  During the submaximal treadmill exercise test, you will be 
monitored with a 12-lead ECG.  Blood pressure will be monitored during each stage.  As 
this is a submaximal test, you will exercise until your heart rate reaches 85% of your 
predicted maximal heart rate.  The test will be terminated if you display any criteria for test 
termination per ACSM guidelines. 
 
Your confidentiality is important and your identity will be kept private.  You will be 
assigned a participant number.  All data collection sheets will have the participant 
number on the sheets.  Your initial screening paperwork with your name will never be 
kept with the data sheets bearing participant numbers.  Data will be kept in a locked file 
for a maximum of five years, after which the data will be shredded.  No names or 
identifying information will be present on any publications resulting from this study.   
 
You may feel embarrassed to share your weight with researchers.  You may also feel 
embarrassed during ECG preparation.  Weight will be taken in Pioneer Hall 114 privately 
with the researcher.  ECG preparation will take place in a private room inside of Pioneer 
Hall 116 and will be performed by a researcher of the same gender. 
 
Because this study involved multiple visits to the exercise physiology lab, researchers will 
make every effort to schedule visits that are convenient your schedule.  You will also 
receive a printed schedule reminding you of when to come to the lab.  If you request it, the 
researcher will call and remind you of your appointments. 
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Participation and Benefits 
 
Your involvement in this study is completely voluntary and you may withdraw from the 
study at any time. Following the completion of the study you will receive a $50 for your 
participation. If you would like to know the results of this study we will mail them to 
you.*  
 
Questions Regarding the Study 
 
You will be given a copy of this signed and dated consent form to keep. If you have any 
questions about the research study you should ask the researchers; their phone numbers are 
at the top of this form. If you have questions about your rights as a participant in this 
research or the way this study has been conducted, you may contact the Texas Woman’s 
University Office of Research and Sponsored Programs at 940-898-3378 or via e-mail at 
IRB@twu.edu. 

 
 
 
_______________________________________________________ _________ 
Signature of Participant       Date 
 
 
 
 
 
 
 
 
*If you would like to know the results of this study tell us where you want them to be 
sent: 
 
Address: 
 
___________________________________ 
 
___________________________________ 
 
___________________________________ 
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APPENDIX E 
 

Medical History Form 
 

  



 

133 
 

Medical History Form 
 
Directions: Please answer the following questions to the best of your knowledge about 
yourself. Check below any medical condition, treatment, or problems that concern 
you. 
 
I. Heart and Circulatory: 
___ Heart attack 
___ Stroke 
___ Valve problems 
___ Heart murmur 
___ Enlarged heart 
___ Irregular heart beat 
___ Atherosclerosis 
___ High blood pressure (Controlled) 
___ High blood pressure (Uncontrolled) 
___ Rheumatic fever 
___ Cardiac surgery 
___ Coronary bypass 
___ High triglyceride levels 
___ High cholesterol levels 
___ Varicose veins 
___ Anemia 
___ Hemophilia 

            ___ Pre-diabetes 
___ Diabetes (Controlled) 
___ Diabetes (Uncontrolled) 

         ___ Hypoglycemia 
___ Phlebitis, emboli 
___ Other, Specify: 
____________________________________________________________ 
 
II. Respiratory: 
___ Emphysema 
___ Bronchitis 
___ Pneumonia 
___ Asthma 
___ Lung disease 
___ Other, Specify: 
____________________________________________________________ 
 
III. Other Disease or Ailments: 
___ Back injuries 
___ Epilepsy 
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___ Allergies 
___ Liver disease 
___ Kidney disease 
___ Arthritis 
___ Orthopedic (joint or bone) leg or arm problems 
___ Other, Specify: 
____________________________________________________________ 
 
Please explain any conditions you checked YES in I-III above: 
_______________________ 
________________________________________________________________________
____ 
________________________________________________________________________
____ 
________________________________________________________________________
__ 
 
IV. Have You Recently Had: 
___ Chest pain 
___ Shortness of breathe upon exertion 
___ Heart palpitations (racing heart) 
___ Cough on exertion 
___ Cough-up blood 
___ Swollen, still or painful joints 
___ Dizziness 
___ Lightheadedness 
___ Back problems 
Please explain any conditions you checked YES in IV above: 
________________________ 
________________________________________________________________________
____ 
 
V. Family Medical History (Immediate Relatives): 
___ Heart attack 
___ Stroke 
___ Atherosclerosis 
___ High blood pressure 
___ Diabetes 
___ Lung disease 
___ Respiratory problems 
___ Heart surgery or 
___ Heart-related surgery 
___ Other, Specify: 
____________________________________________________________ 
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VI. Food Allergies 
___ Milk 
___ Milk products (ice cream, yogurt) 
___ Fruit/vegetables 
___ Grains (cereal, oatmeal) 
___ other 
  
VII. Tobacco: 
Do you currently smoke? ___ Yes  ___ No 

If yes, how long? ___________________________ 
 Amount smoked per day? ____________________ 
If you do not currently smoke, have you ever used it? ___ Yes  ___ No 
 If yes, how long? ___________________________ 
 How long ago did you quit? ___________________ 
 
VIII. Exercise: 
Do you exercise? ___ Yes  ___ No 

If yes, what kind of exercise do you presently engage in? 
________________________ 
 Is your level of effort: ___ Minimal  ___ Moderate  ___ 
High/Vigourous 
 How often/long do you exercise? ___ Days per week ___ Minutes per day 
 
How many months has it been since you experience a menstrual cycle? 
________________________________________________________________________
________________________________________________________________________
________   
 
Please list current medications, prescriptions, supplements or over-the-counter drugs 
taken and why: 
________________________________________________________________________ 
________________________________________________________________________
____ 
Please describe your present medical condition and anything we should be aware of 
concerning your health: 
__________________________________________________________________ 
________________________________________________________________________
____ 
Date of last physical examination? ___________________ 
 Results: 
_______________________________________________________________ 
Date of last EKG? __________________ 
 

. 
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 Physical Activity Readiness Questionnaire (PAR-Q) 
 
For most people, physical activity should not pose any problem or hazard. PAR-Q has 

been designed to identify the small number of adults for whom physical activity might be 

in appropriate and those who should have medical advice concerning the type of activity 

most suitable.  Please answer the following questions: 

 

1. Has a doctor ever said you have a heart condition and that you should only do 
physical activity recommended by a doctor? 

YES or NO 
2. Do you feel pain in your chest when you do physical activity? 

YES or NO 
3. In the past month, have you had chest pain when you were not doing physical 

activity? 

YES or NO 
4. Do you lose balance because of dizziness or do you ever lose consciousness? 

YES or NO 
5. Do you have a bone or joint problem that could be made worse by a change in 

your physical activity? 

YES or NO 
6. Is your doctor currently prescribing drugs for your blood pressure or heart 

condition? 

YES or NO 
7. Do you know of any other reason you should not do physical activity? 

YES or NO 
8. Are you pregnant? (females) 

                                                  YES or NO 
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If you answered yes to any of the above questions, please explain why: 

________________________________________________________________________

________________________________________________________________________

____________ 
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APPENDIX F 
 

3-Day Diet Record 
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Food Record Instructions 
 
 

The purpose for keeping a dietary food record are (a) to minimize differences in 
your nutritional state on the day of each exercise trial and (b) to provide as much accurate 
data as possible concerning your overall macro- (carbohydrates, protein and fat) and 
micronutrient (vitamins and minerals) intakes. We would like you to record your dietary 
intake for 3 days prior to each oral glucose tolerance test. Ideally, we would like you to 
consume the same meal each evening preceding each of your oral glucose tolerance tests. 
Aside from consuming the same meal the evening prior to each oral glucose tolerance 
test, you may consume your normal diet during this study.  We do ask, however, that you 
do not drink tea for the duration of this study.  Measurement and weighing foods is not 
required, but the following tips are useful in keeping an accurate record. 

 
1. Record everything you eat or drink each day. Be sure to remember 

water and any snacks including gum, candy, soft drinks, etc. 
2. Remember to include added sauces, sugar, cream, or any other “extras.” 
3. Include any/all dietary supplements, including vitamins, minerals, 

herbals, powders, etc. 
4. Remember to include preparation of food (e.g., fried, broiled, baked) 

and some measure of its quantity (e.g., 1 tablespoon of butter, 2 cups of 
cereal, etc.) 

5. Be specific when you can (e.g., Pizza Hut pizza with extra cheese, ½ 
can of Campbell’s tomato soup, etc.) 

6. Remember to record the time of day you eat/drink as soon as you can. 
This will serve as a reminder to you and improves accuracy of your 
record. 

 
Visualization Tips for Estimating Quantities: 
 

1. 3 ounces of meat/fish/poultry is about the size of a deck of cards, cassette tape, or 
palm of a woman’s hand. 

2. 1 cup of potatoes, pasta, or rice is about the size of a tennis ball (so is a medium 
piece of fruit, e.g., like an apple or pear.) 

3. 2 tablespoons of peanut butter, margarine, etc., is about the size of a ping-pong 
ball. 

4. 1 ounce of cheese is usually a prepackaged slice or the size of a pair of dice. 
5. Most tall drinking glasses hold at least 12 fluid ounces (1.5 cups) when filled to 

the top. 
 
Food Record Example: 
 
Time Description of Food Preparation of 

Food 
Amount 
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1:15 pm Tuna fish sandwich Homemade 1 sandwich 

 Bread-whole wheat (Nature’s 
Own) 
Tuna-water packed (Starkist) 

 2 slices 
½ 8 oz can 

 Tomato 
Mayonnaise (Kraft) 

 1 slice 
1 tablespoon 

 Diet Coke  12 oz can 

 
 
 
READ FOOD LABELS 
 

1. Reading food labels will also help you estimate your food quantities.     

  
 

2. Things to focus on when reading labels: 
• Serving Size 
• Total calories and fat calories  

 
3. Since the fat, carbohydrate and protein is expressed in grams on most food labels 

you can convert these into calories using the following conversions: 
 

• 1 gram of fat = 9 calories                    (4 grams of fat = 36 calories) 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and 
location. The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the 

correct file and location.



 

141 
 

• 1 gram of carbohydrate = 4 calories   (4 grams of CHO = 16 calories) 
• 1 gram of protein = 4 calories             (4 grams of PRO = 16 calories)      

 
 

4. Some food labels (particularly liquid products) ARE NOT expressed in grams 
(g). Other unit conversions that you might see on food labels include: ounces (oz), 
milliliters (ml), cups, tablespoon (tbsp), or teaspoon (tsp).  
• 1 oz = 28.4g                                              
• 1 oz = 29.6ml 
• 1 cup = 229.92g 
• 1 cup = 8.076 oz 
• 1 cup = 236.59ml 
• 1 tbsp = 14.3g 
• 1 tsp = 4.8g  
• 1g = 1ml 

 
5. MOST IMPORTANT: Provide as much detail as possible 

 
Whether you are cooking at home, going out to eat, or eating something on the go 
please keep in mind that you will need to replicate these same foods choices for 
your proceeding trials.  Please provide as much detail as you possibly can when 
recording your dietary intake.  If you eat a meal at a restaurant, please list the 
name of the restaurant, the meal, and any modifications to the menu item (i.e. 
extra dressing, no pickles, etc). 
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Food Record  
 
Date: 
Time Food or Drink Preparation  

Method 
Amount Comments 

 Be specific, List brand 
names and anything that 
was added, extra after 

prep (butter, etc.) 

Homemade, grilled, fried, 
pre-packaged, fast food, 

etc. 

12 - oz.  can, 
1 slice, 1 cup, 

1 tbsp, etc. 
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APPENDIX G 
 

Procedures for Blood Analysis 
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Procedure for Luminex MagPix/Millipore Human Metabolic Panel: Insulin, C-peptide, 
Insulin 
 

Assay procedure: Bring all reagents to room temperature and thaw all samples 
completely 
Day One 
 
1.  Add 200 µl Assay Buffer to each well. Seal and shake on a plate shaker for 10 

minutes at room temperature. 
2. Decant Assay Buffer from wells and remove excess by inverting and tapping 

“smartly” onto absorbent surface.  Could aspirate with plate washer for this step 
as no beads are in the well yet. 

3. Add 25 µl Assay Buffer to Blank wells. 
4. Add 25 µl Standard and Controls to appropriate Wells. 
5. Add 25 µl sample to appropriate wells 
6. Add 25 µl Matrix Solution in all wells 
7. Vortex Bead bottle and add 25µl prepared beads to each well 
8. Seal the plate. Wrap in foil. Incubate on plate shaker overnight at 4°C (16-18 

hours) 

Day Two 
 
1.  Gently remove well contents following Washing Procedure 

a. Wash 3 times 
2.  Add 50 µl Detection Antibodies to each well (make sure antibodies are at room 

temp) 
3. Seal plate and cover with foil.  Incubate on shaker 30 minutes at room temp  

a. do not aspirate after incubation 
4.  Add 50 µl Streptavidin-Phycoerythrin to each well 
5. Seal plate and cover with foil.  Incubate on shaker 30 minutes at room 

temperature. 
6. Gently remove well contents following Washing Procedure 

a. Wash 3 times 
7. Add 100 µl Drive Fluid to all wells.  Resuspend the beads on a plate shaker for 5 

minutes. 
8. Analyze plate in Lumenix Magpix 

 
Procedure for Glucose Hexokinase Reaction on Chemwell Analyzer 
 

1. 100 µl of glucose sample was pipetted into cuvettes in triplicate 
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2. Pointe scientific hexokinase reagent was placed into the Chemwell analyzer 
3. Samples were combined with 240 µl hexokinase reagent and incubated for 5 

minutes 
4. Samples were read at 340/405 nm 
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Procedure for Millipore Total Adiponectin ELISA 
 
Assay procedure: 
 
1. Wash the plate 3 times with 300 µl of 1x wash buffer 

a. remove all wash buffer and any residual amount by inverting the plate and 

tapping onto kimwipe several times 

b. do not allow wells to dry before proceeding to the next step!! 

2. Add 60 µl of assay buffer a to all wells 

3. Add 20 µl of assay buffer a to blank wells (a1 & a2) 

4. Add 20 µl of adiponectin standards to the appropriate wells 

5. Add 20 µl of qc 1 to the appropriate wells 

6. Add 20 µl of qc 2 to the appropriate wells 

7. Add 20 µl of dilution b samples to the appropriate wells 

8. Add 20 µl of detection antibody to all wells within 1 hour. 

a. cover the plate with the plate sealer 

b. incubate at room temperature for 2 hours on an orbital shaker set at 450 rpm 

9. Remove plate sealer and decant solutions from plate 

a. remove any residual amount by inverting the plate and tapping onto kimwipe 

several times 

b.  run through washer on decant only setting for 100 µl 

10. Wash wells 3 times with 300 µl of wash buffer 

a. decant and tap firmly after each wash to remove residual buffer 

11. Add 100 µl of enzyme solution to each well 
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12. Cover plate with sealer  

a. incubate at room temperature on shaker (450 rpm) for 30 minutes  

13. Remove plate sealer and decant solutions from plate 

a. remove any residual amount by inverting the plate and tapping onto kimwipe 

several times 

b. run washer to decant 100 µl 

14. Wash wells 5 times with 300 µl of wash buffer 

a.decant and tap firmly after each wash to remove residual buffer 

15. Add 100 µl of substrate solution to each well 

a. cover plate with sealer and place on shaker for 5-20 minutes (450 rpm) at 

room temperature 

16. Remove plate from shaker and remove plate sealer 

17. Add 100 µl of stop solution 

18. Read absorbance at 450 nm and 590 nm in a plate reader within 5 minutes 
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Procedures for Millipore HMW Adiponectin Assay 
 
Allow all reagents to come to room temperature before running the assay 
 
Sample & Digestion control 1 and control 2 preparation 
 
1. Label appropriate number of polypropylene microcentrifuge tubes with unknowns 

and controls 

2. Reconstitute control 1 and control 2 with 250 µl of deionized h2o 

a. invert & mix gently 

b. let sit for 5 minutes 

c. vortex gently 

3. Add 170 µl of sample digestion buffer to each microcentrifuge tube 

4. Add 20 µl of unknown sample or controls to appropriate microcentrifuge tubes 

a. vortex each tube vigorously for 30 sec -  1 minute 

5. Add 10 µl of sample digestion solution (mixed well) to each microcentrifuge tube 

a. vortex each tube vigorously for 30 sec – 1 minute 

6. Place tubes in 37°c incubator for 2 hours 

7. Prepare 1x assay buffer à 50 ml 10x assay buffer + 450 ml deionized h2o 

8. Label a 2nd set of microcentrifuge tubes with unknowns and controls 

9. After the 2 h incubation, remove microcentrifuge tubes and vortex well 

10. Add 190 µl 1x sample dilution buffer (step 9i) to 2nd set of empty 

microcentrifuge tubes 

11. Add 10 µl of digested unknown or control to new appropriately labeled 

microcentrifuge tube 
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a. vortex vigorously for 30 sec – 1 minute 

Standard Preparation 

1. Reconstitute HMW adiponectin standard with 500 µl deionized h2o 

a. invert and mix gently, let sit for 5 minutes then vortex gently 

 b. add 250 µl assay running buffer to each standard tube 

c. add 250 µl reconstituted standard to std 7 = 100 ng/ml 

d. add 250 µl std 7 to std 6 – mix well = 50 ng/ml 

e. add 250 µl of std 6 to std 5 – mix well = 25 ng/ml 

f. add 250 µl of std 5 to std 4 – mix well = 12.5 ng/ml 

g. add 250 µl of std 4 to std 3 –mix well = 6.25 ng/ml 

h. add 250 µl of std 3 to std 2 – mix well = 3.125 ng/ml 

i. add 250 µl std 2 to std 1 – mix well = 1.56 ng/ml 

 

Assay procedure 

1. Wash plate 3 times with 300 µl assay wash buffer 

a. remove all assay wash buffer and any residual amount by aspirating with 

automated washer 

b. do not allow wells to dry before proceeding to next step 

2. Add 90 µl assay running buffer to all wells 

3. Add 10 µl assay running buffer to blank wells  

4. Add 10 µl of hmw adiponectin standards to appropriate wells 

5. Add 10 µl of digestion control to appropriate wells 
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6. Add 10 µl of 1:200 samples to each respective well in duplicate 

7. For best results all additions should be completed within 30 minutes 

a. cover the plate with sealer and incubate for 2 hours at room temperature on an 

orbital shaker set at ~450 rpm 

8. Remove plate sealer and decant solutions from plate 

a. remove any residual amount by aspirating with automated washer 

9. Wash wells 3 times with 300 µl assay wash buffer 

a. remove any residual amount by aspirating with automated washer 

10. Add 100 µl detection antibody to each well 

a. cover the plate and incubate for 1 hour at room temperature on orbital shaker 

set to ~450 rpm 

11. Remove plate sealer and decant solutions from plate 

a. remove any residual amount by aspirating with automated washer 

12. Wash wells 3 times with 300 µl assay wash buffer 

a. remove any residual amount by aspirating with automated washer 

13. Add 100 µl enzyme solution to each well 

a. cover the plate and incubate for 30 min at room temperature on orbital shaker 

set to ~450 rpm 

14. Remove plate sealer and decant solutions from plate 

a. remove any residual amount by aspirating with automated washer 

15. Wash wells 3 times with 300 µl assay wash buffer 

a. decant and tap firmly after each wash to remove residual buffer 
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16. Add 100 µl substrate (tmb) to each well 

a. cover the plate and incubate for 5 – 20 min at room temperature on orbital 

shaker set to ~450 rpm 

17. Remove sealer and add 100 µl stop solution 

a. shake plate by hand to ensure thorough mixing of solution in all wells 

18. Read absorbance at 450 nm and 590 nm in a plate reader within 5 minutes 
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Procedures for Alpha Diagnostics Globular Adiponectin ELISA 
 
Allow all reagents to come to room temperature before running the assay 
 
Assay procedure: 
 
Do not allow wells to dry during any step of assay 
 
1. Add 200- 300 µl (250 µl) of working wash solution to wells, let stand 5 minutes 

a. remove all wash buffer and any residual amount by aspirating with automated 

washer 

2. Add 100µl of standards, samples, and controls to each well 

a. tap gently to mix and incubate for 60 minutes 

b. wash wells 4 times with 250 µl working wash solution 

3. Add 100µl of strep hrp to each well 

a. tap gently to mix, incubate for 30 minutes 

b. wash wells 5 times with 250 µl working wash solution 

4. Add 100 µl tmb substrate to each well. wells should turn blue 

a. incubate 15 minutes in the dark 

5. Add 100 µl of stop solution to each well 

a. tap gently to mix. wells should turn yellow. 

6. Read the plate at 450 nm within 30 minutes of adding stop solution 

  



 

153 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

APPENDIX H 
 

Participants’ Characteristics 
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Participant Age 
Height 
(cm) 

Weight 
(kg) BMI 

Resting 
Heart 
Rate 

(bpm) 

Estimated 
Maximal 

Heart Rate 
(bpm) 

65% 
Heart 
Rate 

Reserve 

Estimated 
VO2max 
(L/min) 

Estimated 
VO2max 

(ml/kg/min) 
3 46 163 68.0 25.6 76 174 139 2.75 40.48 
4 57 183 95.0 28.5 84 165 136 3.85 40.48 
5 48 165 109.1 40.0 100 172 146 3.23 29.63 
7 57 163 95.5 35.9 68 163 132 3.18 32.24 
9 50 175 100.5 32.8 90 170 142 3.34 33.24 
10 41 155 82.3 34.3 90 179 147 3.33 40.48 
11 63 155 78.2 32.9 65 157 125 2.60 33.28 
13 54 165 75.9 26.3 92 166 140 2.50 28.54 
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APPENDIX I 
 

Participants’ Dietary Data 
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Trial 1 

 
Trial 2 

 
Trial 3 

 
Trial 4 

  
Day 1 Day 2 Day 3 

 
Day1 Day 2 Day 3 

 
Day 1 Day 2 Day3 

 
Day 1 Day2 Day3 

3 KCAL 1259 1055 1391 
 

1301 1508 1335 
 

1023 1308 962 
 

1376 1002 1153 

 
CARB 189 175 162 

 
192 185 197 

 
160 120 152 

 
223 113 160 

 
FAT 34 53 80 

 
51 31 62 

 
27 67 23 

 
37 39 38 

 
PROTEIN 24 76 69 

 
54 20 43 

 
32 66 45 

 
46 45 46 

4 KCAL 1683 1598 1358 
 

2068 1735 1245 
 

2517 1542 1448 
 

2511 1498 1523 

 
CARB 159 147 197 

 
222 200 122 

 
317 228 118 

 
314 175 154 

 
FAT 73 87 47 

 
79 79 61 

 
101 61 84 

 
80 69 80 

 
PROTEIN 94 47 49 

 
117 48 39 

 
105 34 26 

 
82 51 51 

5 KCAL 1734 1752 1330 
 

1909 1171 1561 
 

2479 976 1550 
 

1550 1977 2057 

 
CARB 236 208 164 

 
228 142 178 

 
126 89 216 

 
216 243 261 

 
FAT 47 41 35 

 
70 52 56 

 
77 29 60 

 
60 81 81 

 
PROTEIN 73 31 50 

 
56 44 52 

 
14 46 44 

 
44 46 48 

7 KCAL 902 1062 1071  1291 865 1181  882 1300 1603  1603 1443 1046 
 CARB 145 89 149  147 112 165  116 183 124  124 152 112 
 FAT 19 24 39  85 19 38  34 49 98  98 65 44 
 PROTEIN 37 89 11  79 31 44  28 45 57  57 64 42 
9 KCAL 1650 1376 2200  2001 2023 1803  1784 2490 2680  1904 1804 2794 
 CARB 140 148 224  260 190 106  140 180 220  165 158 260 
 FAT 55 53 107  100 74 60  102 142 164  108 92 148 
 PROTEIN 82 66 108  56 60 41  72 138 108  82 86 108 
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Trial 1 

 
Trial 2 

 
Trial 3 

 
Trial 4 

 
Day 1 Day 2 Day 3 

 
Day1 Day 2 Day 3 

 
Day 1 Day 2 Day3 

 
Day 1 Day2 Day3 

10 KCAL 1373 1432 1848 
 

2601 1894 2040 
 

3304 1862 1409 
 

355 1193 1690 

 
CARB 192 170 199 

 
304 206 216 

 
459 188 168 

 
560 115 202 

 
FAT 49 56 74 

 
120 94 87 

 
118 80 46 

 
623 58 57 

 
PROTEIN 71 63 102 

 
81 69 112 

 
79 71 84 

 
180 64 102 

11 KCAL 1307 1374 1346 
 

2439 2072 1168 
 

1465 1504 255 
 

1615 629 910 

 
CARB 196 227 110 

 
360 292 111 

 
113 175 41 

 
97 47 86 

 
FAT 40 29 74 

 
71 57 51 

 
78 58 6 

 
81 28 37 

 
PROTEIN 51 55 67 

 
104 84 72 

 
68 72 10 

 
101 39 57 

13 KCAL 1750 1786 1480  1809 1756 1560  1789 1802 1550  1750 1777 1526 
 CARB 220 206 170  220 185 178  200 189 180  216 200 198 
 FAT 46 38 40  50 48 48  56 36 42  48 50 50 
 PROTEIN 70 34 50  60 44 52  42 52 54  64 46 48 
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APPENDIX J 
 

Participants’ Caloric Expenditure 
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Participant 
EX time 

(min) 
Exercise 

kcals 
EX HR 
(bpm) 

EX VO2 
(L/min) 

EXGT 
time (min) 

EXGT 
kcals 

EXGT HR 
(bpm) 

EXGT VO2 
(L/min) 

3 82 410 136 0.95 89 402 133 0.93 

4 65 430 136 1.21 62 414 140 1.40 

5 67 402 137 1.21 63 395 138 1.29 

7 71 418 134 1.13 69 410 130 1.20 

9 80 420 140 1.03 75 412 141 1.02 

10 71 429 137 1.22 80 409 137 1.04 

11 90 396 124 0.94 87 405 126 0.96 

13 79 416 141 0.96 76 419 143 1.02 
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APPENDIX K 
 

Participants’ Glucose Data 
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Glucose Response/Time (minutes) Control Trial 

  
Glucose Response/Time (minutes) Exercise Trial 

Participant 
 0 

(mmol/L) 
 30 

(mmol/L) 
 60 

(mmol/L) 
 90 

(mmol/L) 
 120 

(mmol/L) 
 

Participant 
 0 

(mmol/L) 
 30 

(mmol/L) 
 60 

(mmol/L) 
 90 

(mmol/L) 
 120 

(mmol/L) 

3 6.22 10.56 8.00 7.83 8.83 
 

3 6.06 9.50 11.17 10.00 8.89 

4 6.72 9.83 8.39 7.17 9.44 
 

4 6.50 9.94 9.22 7.33 8.17 

5 6.44 11.06 12.11 11.67 9.89 
 

5 4.72 9.94 11.94 16.94 13.39 

7 5.39 7.22 7.17 6.39 6.11 
 

7 5.56 7.89 6.50 5.39 6.17 

9 5.11 5.89 5.06 5.06 5.44 
 

9 5.22 5.94 5.00 4.56 4.44 

10 5.39 6.28 5.89 6.89 6.39 
 

10 5.28 5.72 5.22 6.17 5.22 

11 6.17 8.61 10.00 10.33 9.22 
 

11 6.61 9.67 7.94 7.56 7.28 
13 4.39 5.00 5.39 5.00 5.00 

 
13 4.56 6.44 5.28 5.06 5.44 
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Glucose Response/Time (minutes) Green Tea Trial 

  
Glucose Response/Time (minutes) GTEX Trial 

Participant 
 0 

(mmol/L) 
 30 

(mmol/L) 
 60 

(mmol/L) 
 90 

(mmol/L) 
 120 

(mmol/L) 
 

Participant 
 0 

(mmol/L) 
 30 

(mmol/L) 
 60 

(mmol/L) 
 90 

(mmol/L) 
 120 

(mmol/L) 

3 6.83 7.50 7.72 8.11 7.39 
 

3 4.72 7.56 6.83 8.00 6.17 

4 6.28 11.39 12.56 10.78 7.33 
 

4 6.50 10.56 9.17 8.78 6.94 

5 9.78 12.78 11.83 9.89 9.78 
 

5 6.28 8.50 10.94 12.11 11.00 

7 5.39 8.22 6.22 11.39 7.56 
 

7 5.67 9.72 8.17 6.33 6.67 

9 5.17 6.06 5.22 5.94 5.06 
 

9 5.11 7.28 6.50 6.00 5.83 

10 5.50 7.28 5.61 5.83 6.17 
 

10 5.17 11.33 10.56 12.17 11.00 

11 5.94 7.11 4.61 5.89 5.67 
 

11 4.22 10.50 11.44 8.83 9.00 

13 4.00 5.61 4.56 4.22 4.39 
 

13 5.72 5.72 5.11 4.94 4.11 
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APPENDIX L 
 

Participants’ Insulin Data 
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Insulin Response/Time (minutes) Control Trial 

  
Insulin Response/Time (minutes) Exercise Trial 

Participant 
 0 

(µU/ml) 
 30 

(µU/ml) 
 60 

(µU/ml) 
 90 

(µU/ml) 
 120 

(µU/ml) 
 

Participant 
 0 

(µU/ml) 
 30 

(µU/ml) 
 60 

(µU/ml) 
 90 

(µU/ml) 
 120 

(µU/ml) 

3 9.81 73.68 104.16 92.99 57.85 
 

3 8.95 83.42 100.08 133.60 115.82 

4 13.73 42.72 26.27 37.29 53.80 
 

4 10.14 26.18 38.72 32.00 49.06 

5 18.28 75.18 78.48 142.02 114.59 
 

5 16.25 46.05 95.25 59.55 83.42 

7 11.42 34.99 36.97 30.65 40.79 
 

7 9.76 52.60 51.59 34.93 21.90 

9 5.05 17.93 13.85 13.85 17.14 
 

9 10.43 42.43 48.32 32.14 33.72 

10 12.46 32.23 23.29 41.54 22.53 
 

10 14.56 38.06 29.87 27.04 39.96 

11 17.92 51.51 95.14 100.63 109.88 
 

11 16.19 51.59 37.34 51.59 36.83 

13 6.83 22.42 27.76 19.35 14.30 
 

13 4.24 36.42 21.10 24.34 23.09 
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Insulin Response/Time (minutes) Green Tea Trial 

  
Insulin Response/Time (minutes) GTEX Trial 

Participant 
 0 

(µU/ml) 
 30 

(µU/ml) 
 60 

(µU/ml) 
 90 

(µU/ml) 
 120 

(µU/ml) 
 

Participant 
 0 

(µU/ml) 
 30 

(µU/ml) 
 60 

(µU/ml) 
 90 

(µU/ml) 
 120 

(µU/ml) 

3 9.28 51.28 44.61 61.79 64.60 
 

3 6.04 126.31 64.17 44.32 27.01 

4 20.87 74.86 75.20 43.95 33.47 
 

4 10.73 22.82 45.07 53.49 22.50 

5 19.49 55.15 78.22 107.09 69.37 
 

5 19.89 43.38 39.38 65.38 60.75 

7 8.36 64.49 70.67 53.34 65.72 
 

7 9.39 70.61 59.03 62.88 70.58 

9 5.86 20.87 31.28 27.39 15.04 
 

9 4.04 19.20 16.17 15.40 12.31 

10 9.43 49.09 8.75 16.48 17.04 
 

10 16.53 80.43 73.65 110.31 146.56 

11 15.50 44.87 28.60 24.26 39.18 
 

11 20.13 50.33 96.37 113.38 112.29 

13 4.50 25.58 25.74 17.12 22.83 
 

13 11.09 10.53 7.01 15.63 5.97 
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APPENDIX M 
 

Participants’ Area Under the Curve Data: Glucose 
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Area Under the Curve : Glucose 

Participant Control Exercise Green Tea GTEX 
3 1017.5 1144.17 913.33 835 
4 1004.17 1015 1245.83 1056.67 
5 1290 1436.67 1328.33 1205.83 
7 795.83 769.17 969.17 911.67 
9 638.33 610 670 757.5 

10 748.33 670.83 736.67 1264.17 
11 1099.17 963.33 702.5 1121.67 
13 602.5 653.33 557.5 620.83 
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APPENDIX N 
 

Participants’ Area Under the Curve: Insulin 
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Area Under the Curve : Insulin 

Participant Control Exercise Green Tea GTEX 
3 7836.75 9761.65 5006.19 6465.07 
4 3602.21 3254.04 5689.44 3549.61 
5 9314.56 6448.41 7328.33 4847.76 
7 3310.97 3985.68 5801.61 5980.71 
9 1459.06 3728.91 2314.82 1516.07 

10 2946.55 3144.27 2252.41 8898.58 
11 8004.3 4296.64 3217.26 8393.29 
13 2060.09 2457.31 2112.05 1072.67 
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APPENDIX O 
 

Participants’ C-peptide Data 
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C-Peptide Response/Time (minutes) Control Trial 

  
C-Peptide Response/Time (minutes) Exercise Trial 

Participant 
 0 

(nmol/L) 
 30 

(nmol/L) 
 60 

(nmol/L) 
 90 

(nmol/L) 
 120 

(nmol/L) 
 

Participant 
 0 

(nmol/L) 
 30 

(nmol/L) 
 60 

(nmol/L) 
 90 

(nmol/L) 
 120 

(nmol/L) 

3 1.70 11.79 12.65 13.98 10.77 
 

3 0.96 59.64 5.20 3.03 2.67 

4 1.09 132.92 144.37 121.30 139.61 
 

4 1.87 5.44 6.23 8.99 7.57 

5 0.47 0.00 0.00 0.00 0.00 
 

5 1.71 4.69 8.44 4.64 5.65 

7 1.16 2.95 2.15 3.20 2.89 
 

7 1.87 2.95 2.45 5.21 4.44 

9 1.04 4.15 4.28 5.91 5.04 
 

9 2.41 3.91 11.71 2.52 9.55 

10 0.53 6.72 6.20 3.99 2.68 
 

10 1.96 3.30 2.03 2.56 1.68 

11 1.48 4.15 2.99 3.98 2.22 
 

11 1.51 1.27 1.97 3.21 2.72 

13 0.91 2.84 4.54 4.72 3.31 
 

13 1.03 3.23 3.45 2.30 2.94 
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C-Peptide Response/Time (minutes) Green Tea Trial 

  
C-Peptide Response/Time (minutes) GTEX Trial 

Participant 
 0 

(nmol/L) 
 30 

(nmol/L) 
 60 

(nmol/L) 
 90 

(nmol/L) 
 120 

(nmol/L) 
 

Participant 
 0 

(nmol/L) 
 30 

(nmol/L) 
 60 

(nmol/L) 
 90 

(nmol/L) 
 120 

(nmol/L) 

3 1.34 6.05 7.64 9.36 8.55 
 

3 2.29 4.47 2.32 2.60 3.10 

4 1.62 2.22 3.45 5.98 1.92 
 

4 2.51 20.57 48.43 105.28 91.75 

5 2.98 65.52 71.12 74.80 54.75 
 

5 2.20 3.16 1.96 3.99 3.18 

7 0.83 1.30 2.12 1.65 1.44 
 

7 3.84 2.47 6.05 3.52 4.38 

9 0.84 24.46 53.90 40.06 47.15 
 

9 3.84 1.22 1.29 2.27 2.02 

10 0.61 1.39 1.78 1.54 1.40 
 

10 1.01 1.79 1.86 1.33 0.79 

11 1.68 3.80 3.44 1.92 3.60 
 

11 0.78 1.00 1.06 1.23 1.04 

13 1.66 61.14 28.00 75.78 61.49 
 

13 1.97 1.03 0.93 1.64 0.71 
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APPENDIX P 
 

Participants’ Area Under the Curve: C-Peptide 
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Area Under the Curve : C-Peptide 

Participant Control Exercise Green Tea GTEX 
3 240.75 5035.26 316.89 353.72 
4 173.34 124.5 1374.26 262.97 
5 282.53 391.83 459.92 243.48 
7 199.26 186.82 262.81 318.93 
9 109.33 2605.79 112.81 104 

10 191.09 209.33 128.93 3610.51 
11 265.35 208.7 214.56 3952.72 
13 108.43 2054.02 74.69 85.38 
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APPENDIX Q 
 

Participants’ Adiponectin Data 
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Total Adiponectin 

 
HMW Adiponectin 

Participant Control GTEX Exercise Green Tea 
 

Control GTEX Exercise Green Tea 
3 5080.25 12647.5 4137.5 9444 

 
7634.6 6436 8329.4 7503 

4 9339 1768.25 4046 7983.25 
 

4415.8 4682 5306.6 5257.6 
5 4230.5 7224.25 5138.5 1950.5 

 
3049 2649.6 1732.8 1486 

7 3025 1864.25 3131.5 2705.5 
 

2093.2 2560.2 2600.8 1735.8 
9 7665.5 12713.25 23284.5 6811.5 

 
7867 11405.2 8707 9082.2 

10 10787.5 15645.25 15868.5 2739.5 
 

- - - - 
11 9836.75 8220.5 15537 1733.25 

 
- - - - 

13 9580.75 2774 9339.25 2607.5 
 

- - - - 



 

177 
 

 
Globular Adiponectin 

Participant Control GTEX Exercise Green Tea 
3 6.79 7.17 7.17 6.86 
4 2.08 2.325 2.325 2.09 
5 5.56 5.825 5.825 7.4 
7 1.635 2.005 2.005 1.895 
9 3.94 3.75 3.75 3.96 

10 1.54 1.71 1.71 1.69 
11 1.24 1.375 1.375 1.455 
13 4.44 4.31 4.31 4.195 
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APPENDIX R 
 

Participants’ TNF-α Data 
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TNF-α 

Participant Control GTEX Exercise Green Tea 
3 4.25 1.77 5.76 3.06 
4 2.96 1.99 1.99 6.17 
5 14.43 5.63 3.75 7.2 
7 5.2 4.23 3.73 4.49 
9 4.43 1.81 1.4 4.99 

10 4.06 3.97 4.55 3.44 
11 3.83 5.63 4.6 4.46 
13 4.46 5.99 2.65 4.04 
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APPENDIX S 

Raw Data For 13 Participants 
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Participant Age 
Height 
(cm) 

Weight 
(kg) BMI 

Resting 
Heart 
Rate 

(bpm) 

Estimated 
Maximal 

Heart Rate 
(bpm) 

65% 
Heart 
Rate 

Reserve 

Estimated 
VO2max 
(L/min) 

Estimated 
VO2max 

(ml/kg/min) 
1 53 173 115.0 38.9 68 167 132 3.41 29.63 
2 61 160 87.3 34.1 74 159 129 2.27 26.01 
3 46 163 68.0 25.6 76 174 139 2.75 40.48 
4 57 183 95.0 28.5 84 165 136 3.85 40.48 
5 48 165 109.1 40.0 100 172 146 3.23 29.63 
6 64 157 68.2 27.3 68 157 132 2.51 36.86 
7 57 163 95.5 35.9 68 163 132 3.18 32.24 
8 55 183 95.5 37.6 91 166 139 4.21 44.10 
9 50 175 100.5 32.8 90 170 142 3.34 33.24 
10 41 155 82.3 34.3 90 179 147 3.33 40.48 
11 63 155 78.2 32.9 65 157 125 2.60 33.28 
12 54 160 67.3 27.9 87 166 138 2.21 32.80 
13 54 165 75.9 26.3 92 166 140 2.50 28.54 
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Participant 
EX time 

(min) Exercise kcals 
EXGT time 

(min) EXGT kcals 
1 80 480 60 300 
2 64 405 90 450 
3 82 410 89 402 
4 65 430 62 414 
5 67 402 63 395 
6 84 397 75 413 
7 71 418 69 410 
8 76 400 81 410 
9 80 420 75 412 

10 71 429 80 409 
11 90 396 87 405 
12 72 408 76 401 
13 79 416 76 419 
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    Trial 1 Trial 2 Trial 3 Trial 4 
    Day 1 Day 2 Day 3 Day1 Day 2 Day 3 Day 1 Day 2 Day3 Day 1 Day2 Day3 

1 Kcal 2063 1135 1133 1140 1345 1053 1266 1474 1185 1855 953 1868 
  Carb 206 136 131 165 292 151 168 291 173 221 79 236 
  Fat 74 42 46 48 60 29 59 71 38 62 70 70 
  Protein 12 70 47 21 43 64 28 39 37 70 63 63 
2 Kcal 1662 1756 1402 1713 1264 1176 1775 1058 1430 1242 1208 1406 
  Carb 197 278 163 180 169 173 276 170 177 233 186 170 
  Fat 70 42 53 77 36 18 54 12 47 23 26 50 
  Protein 71 71 69 73 63 71 50 65 77 53 66 71 
3 Kcal 1259 1055 1391 1301 1508 1335 1023 1308 962 1376 1002 1153 
  Carb 189 175 162 192 185 197 160 120 152 223 113 160 
  Fat 34 53 80 51 31 62 27 67 23 37 39 38 
  Protein 24 76 69 54 20 43 32 66 45 46 45 46 
4 Kcal 1683 1598 1358 2068 1735 1245 2517 1542 1448 2511 1498 1523 
  Carb 159 147 197 222 200 122 317 228 118 314 175 154 
  Fat 73 87 47 79 79 61 101 61 84 80 69 80 
  Protein 94 47 49 117 48 39 105 34 26 82 51 51 
5 Kcal 1734 1752 1330 1909 1171 1561 2479 976 1550 1550 1977 2057 
  Carb 236 208 164 228 142 178 126 89 216 216 243 261 
  Fat 47 41 35 70 52 56 77 29 60 60 81 81 
  Protein 73 31 50 56 44 52 14 46 44 44 46 48 
6 Kcal 1668 1375 2349 2180 2015 1323 1774 2517 2977 1896 1800 2865 
  Carb 138 150 224 272 193 106 135 169 263 170 161 274 
  Fat 58 54 107 101 76 62 105 148 175 106 94 152 
  Protein 84 67 115 57 62 41 74 141 110 84 87 115 
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  Trial 1 Trial 2 Trial 3 Trial 4 
  Day 1 Day 2 Day 3 Day1 Day 2 Day 3 Day 1 Day 2 Day3 Day 1 Day2 Day3 

Kcal 902 1062 1071 1291 865 1181 882 1300 1603 1603 1443 1046 
Carb 145 89 149 147 112 165 116 183 124 124 152 112 
Fat 19 24 39 85 19 38 34 49 98 98 65 44 
Protein 37 89 11 79 31 44 28 45 57 57 64 42 
Kcal 1684 1598 1625 1702 1656 1623 1660 1601 1630 1696 1620 1616 
Carb 146 180 164 160 145 160 140 176 160 150 160 158 
Fat 50 54 46 42 37 40 55 50 48 52 48 45 
Protein 40 37 42 36 46 43 40 37 40 37 40 42 
Kcal 1650 1376 2200 2001 2023 1803 1784 2490 2680 1904 1804 2794 
Carb 140 148 224 260 190 106 140 180 220 165 158 260 
Fat 55 53 107 100 74 60 102 142 164 108 92 148 
Protein 82 66 108 56 60 41 72 138 108 82 86 108 
Kcal 1373 1432 1848 2601 1894 2040 3304 1862 1409 355 1193 1690 
Carb 192 170 199 304 206 216 459 188 168 560 115 202 
Fat 49 56 74 120 94 87 118 80 46 623 58 57 
Protein 71 63 102 81 69 112 79 71 84 180 64 102 
Kcal 1307 1374 1346 2439 2072 1168 1465 1504 255 1615 629 910 
Carb 196 227 110 360 292 111 113 175 41 97 47 86 
Fat 40 29 74 71 57 51 78 58 6 81 28 37 
Protein 51 55 67 104 84 72 68 72 10 101 39 57 
Kcal 1680 1602 1405 1705 1740 1431 1698 1568 1448 1721 1598 1464 
Carb 148 146 194 162 194 187 170 228 164 185 168 172 
Fat 70 84 48 76 76 50 68 61 52 68 66 55 
Protein 92 48 50 108 50 48 105 37 47 102 50 45 
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    Trial 1 Trial 2 Trial 3 Trial 4 
    Day 1 Day 2 Day 3 Day1 Day 2 Day 3 Day 1 Day 2 Day3 Day 1 Day2 Day3 

13 Kcal 1750 1786 1480 1809 1756 1560 1789 1802 1550 1750 1777 1526 
  Carb 220 206 170 220 185 178 200 189 180 216 200 198 
  Fat 46 38 40 50 48 48 56 36 42 48 50 50 
  Protein 70 34 50 60 44 52 42 52 54 64 46 48 
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Glucose Response/Time (minutes) Control Trial 

  
Glucose Response/Time (minutes) Exercise Trial 

Participant 
 0 

(mmol/L) 
 30 

(mmol/L) 
 60 

(mmol/L) 
 90 

(mmol/L) 
 120 

(mmol/L) 
 

Participant 
 0 

(mmol/L) 
 30 

(mmol/L) 
 60 

(mmol/L) 
 90 

(mmol/L) 
 120 

(mmol/L) 

1 8.11 12.94 12.56 11.94 10.44 
 

1 8.44 11.28 12.56 11.11 12.22 

2 5.83 10.50 9.00 6.83 6.33 
 

2 5.94 7.17 6.61 5.94 5.89 

3 6.22 10.56 8.00 7.83 8.83 
 

3 6.06 9.50 11.17 10.00 8.89 

4 6.72 9.83 8.39 7.17 9.44 
 

4 6.50 9.94 9.22 7.33 8.17 

5 6.44 11.06 12.11 11.67 9.89 
 

5 4.72 9.94 11.94 16.94 13.39 

6 8.50 15.50 18.00 16.89 14.00 
 

6 6.94 10.39 11.33 9.50 8.17 

7 5.39 7.22 7.17 6.39 6.11 
 

7 5.56 7.89 6.50 5.39 6.17 

8 8.50 14.11 18.83 20.67 17.33 
 

8 7.94 13.22 17.50 18.00 14.61 

9 5.11 5.89 5.06 5.06 5.44 
 

9 5.22 5.94 5.00 4.56 4.44 

10 5.39 6.28 5.89 6.89 6.39 
 

10 5.28 5.72 5.22 6.17 5.22 

11 6.17 8.61 10.00 10.33 9.22 
 

11 6.61 9.67 7.94 7.56 7.28 

12 9.44 14.78 17.28 19.22 15.39 
 

12 8.67 13.28 17.56 18.39 17.22 

13 4.39 5.00 5.39 5.00 5.00 
 

13 4.56 6.44 5.28 5.06 5.44 
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 Glucose Response/Time (minutes) Green Tea Trial 
  

Glucose Response/Time (minutes) GTEX Trial 

Participant 
 0 

(mmol/L) 
 30 

(mmol/L) 
 60 

(mmol/L) 
 90 

(mmol/L) 
 120 

(mmol/L) 
 

Participant 
 0 

(mmol/L) 
 30 

(mmol/L) 
 60 

(mmol/L) 
 90 

(mmol/L) 
 120 

(mmol/L) 

1 8.22 11.44 12.56 11.72 10.33 
 

1 7.72 11.94 12.39 11.61 10.11 

2 6.33 8.17 7.44 5.78 7.39 
 

2 5.72 6.89 - - - 

3 6.83 7.50 7.72 8.11 7.39 
 

3 4.72 7.56 6.83 8.00 6.17 

4 6.28 11.39 12.56 10.78 7.33 
 

4 6.50 10.56 9.17 8.78 6.94 

5 9.78 12.78 11.83 9.89 9.78 
 

5 6.28 8.50 10.94 12.11 11.00 

6 6.89 14.44 14.11 9.78 6.67 
 

6 7.28 10.44 13.00 11.83 10.83 

7 5.39 8.22 6.22 11.39 7.56 
 

7 5.67 9.72 8.17 6.33 6.67 

8 10.78 17.44 21.56 20.33 16.11 
 

8 7.22 13.44 17.22 16.83 16.17 

9 5.17 6.06 5.22 5.94 5.06 
 

9 5.11 7.28 6.50 6.00 5.83 

10 5.50 7.28 5.61 5.83 6.17 
 

10 5.17 11.33 10.56 12.17 11.00 

11 5.94 7.11 4.61 5.89 5.67 
 

11 4.22 10.50 11.44 8.83 9.00 

12 13.11 13.22 14.78 16.00 11.61 
 

12 10.78 14.72 17.28 16.22 14.94 

13 4.00 5.61 4.56 4.22 4.39 
 

13 5.72 5.72 5.11 4.94 4.11 
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Insulin Response/Time (minutes) Control Trial 

  
Insulin Response/Time (minutes) Exercise Trial 

Participant 
 0 

(µU/ml) 
 30 

(µU/ml) 
 60 

(µU/ml) 
 90 

(µU/ml) 
 120 

(µU/ml) 
 

Participant 
 0 

(µU/ml) 
 30 

(µU/ml) 
 60 

(µU/ml) 
 90 

(µU/ml) 
 120 

(µU/ml) 

1 20.26 172.64 249.28 239.06 169.31 
 

1 23.25 478.77 570.61 579.80 472.77 

2 7.57 43.58 51.42 35.05 45.87 
 

2 7.06 33.95 37.03 38.72 33.15 

3 9.81 73.68 104.16 92.99 57.85 
 

3 8.95 83.42 100.08 133.60 115.82 

4 13.73 42.72 26.27 37.29 53.80 
 

4 10.14 26.18 38.72 32.00 49.06 

5 18.28 75.18 78.48 142.02 114.59 
 

5 16.25 46.05 95.25 59.55 83.42 

6 33.87 74.11 172.79 42.51 102.41 
 

6 9.23 63.48 50.27 35.42 31.74 

7 11.42 34.99 36.97 30.65 40.79 
 

7 9.76 52.60 51.59 34.93 21.90 

8 19.04 32.57 80.46 62.88 37.37 
 

8 22.79 58.89 89.45 95.77 79.43 

9 5.05 17.93 13.85 13.85 17.14 
 

9 10.43 42.43 48.32 32.14 33.72 

10 12.46 32.23 23.29 41.54 22.53 
 

10 14.56 38.06 29.87 27.04 39.96 

11 17.92 51.51 95.14 100.63 109.88 
 

11 16.19 51.59 37.34 51.59 36.83 

12 15.50 34.36 76.76 131.19 108.96 
 

12 25.02 52.05 72.30 109.88 64.95 

13 6.83 22.42 27.76 19.35 14.30 
 

13 4.24 36.42 21.10 24.34 23.09 



 

 189 

 
Insulin Response/Time (minutes) Green Tea Trial 

  
Insulin Response/Time (minutes) GTEX Trial 

Participant 
 0 

(µU/ml) 
 30 

(µU/ml) 
 60 

(µU/ml) 
 90 

(µU/ml) 
 120 

(µU/ml) 
 

Participant 
 0 

(µU/ml) 
 30 

(µU/ml) 
 60 

(µU/ml) 
 90 

(µU/ml) 
 120 

(µU/ml) 

1 20.45 326.76 404.86 377.69 338.04 
 

1 30.56 303.49 359.39 286.11 304.64 

2 8.77 41.14 53.75 36.19 47.80 
 

2 4.27 - - - - 

3 9.28 51.28 44.61 61.79 64.60 
 

3 6.04 126.31 64.17 44.32 27.01 

4 20.87 74.86 75.20 43.95 33.47 
 

4 10.73 22.82 45.07 53.49 22.50 

5 19.49 55.15 78.22 107.09 69.37 
 

5 19.89 43.38 39.38 65.38 60.75 

6 15.49 50.04 51.76 51.33 25.44 
 

6 11.35 16.67 24.36 42.51 25.41 

7 8.36 64.49 70.67 53.34 65.72 
 

7 9.39 70.61 59.03 62.88 70.58 

8 15.23 72.53 86.00 139.98 67.94 
 

8 18.95 30.19 30.42 88.48 35.76 

9 5.86 20.87 31.28 27.39 15.04 
 

9 4.04 19.20 16.17 15.40 12.31 

10 9.43 49.09 8.75 16.48 17.04 
 

10 16.53 80.43 73.65 110.31 146.56 

11 15.50 44.87 28.60 24.26 39.18 
 

11 20.13 50.33 96.37 113.38 112.29 

12 26.40 53.72 97.41 96.78 77.24 
 

12 28.67 47.28 18.96 33.52 23.29 

13 4.50 25.58 25.74 17.12 22.83 
 

13 11.09 10.53 7.01 15.63 5.97 
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Area Under the Curve : Glucose 

Participant Control Exercise Green Tea GTEX 
1 1401.67 1358.33 1350 1345.83 
2 972.5 769.17 847.5 - 
3 1017.5 1144.17 913.33 835 
4 1004.17 1015 1245.83 1056.67 
5 1290 1436.67 1328.33 1205.83 
6 1849.17 1163.33 1353.33 1330 
7 795.83 769.17 969.17 911.67 
8 1995.83 1800 2183.33 1775.83 
9 638.33 610 670 757.5 

10 748.33 670.83 736.67 1264.17 
11 1099.17 963.33 702.5 1121.67 
12 1910.83 1865 1690.83 1832.5 
13 602.5 653.33 557.5 620.83 
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Area Under the Curve : Insulin 

Participant Control Exercise Green Tea GTEX 
1 19440.66 48287.18 33145.53 28722.04 
2 4032.52 3339.02 4099.26 - 
3 7836.75 9761.65 5006.19 6465.07 
4 3602.21 3254.04 5689.44 3549.61 
5 9314.56 6448.41 7328.33 4847.76 
6 9197.29 4364.14 4465.63 2621.86 
7 3310.97 3985.68 5801.61 5980.71 
8 5250.72 7593.99 8748.48 4538.64 
9 1459.06 3728.91 2314.82 1516.07 

10 2946.55 3144.27 2252.41 8898.58 
11 8004.3 4296.64 3217.26 8393.29 
12 7833.53 7182.25 7709.89 3234.67 
13 2060.09 2457.31 2112.05 1072.67 
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C-Peptide Response/Time (minutes) Control Trial 

  
C-Peptide Response/Time (minutes) Exercise Trial 

Participant 
 0 

(nmol/L) 
 30 

(nmol/L) 
 60 

(nmol/L) 
 90 

(nmol/L) 
 120 

(nmol/L) 
 

Participant 
 0 

(nmol/L) 
 30 

(nmol/L) 
 60 

(nmol/L) 
 90 

(nmol/L) 
 120 

(nmol/L) 

1 1.44 9.68 9.21 9.75 10.74 
 

1 1.23 2.47 2.09 2.54 5.07 

2 3.13 8.28 9.68 8.75 9.60 
 

2 0.84 0.97 2.75 1.87 1.73 

3 1.70 11.79 12.65 13.98 10.77 
 

3 0.96 59.64 5.20 3.03 2.67 

4 1.09 132.92 144.37 121.30 139.61 
 

4 1.87 5.44 6.23 8.99 7.57 

5 0.47 0.00 0.00 0.00 0.00 
 

5 1.71 4.69 8.44 4.64 5.65 

6 0.67 2.37 2.90 2.27 3.10 
 

6 1.49 3.41 4.46 4.65 5.02 

7 1.16 2.95 2.15 3.20 2.89 
 

7 1.87 2.95 2.45 5.21 4.44 

8 1.28 50.68 78.44 74.36 80.85 
 

8 0.67 6.14 6.65 3.97 4.45 

9 1.04 4.15 4.28 5.91 5.04 
 

9 2.41 3.91 11.71 2.52 9.55 

10 0.53 6.72 6.20 3.99 2.68 
 

10 1.96 3.30 2.03 2.56 1.68 

11 1.48 4.15 2.99 3.98 2.22 
 

11 1.51 1.27 1.97 3.21 2.72 

12 0.77 67.41 71.41 98.08 59.70 
 

12 1.41 4.23 4.56 2.97 4.17 

13 0.91 2.84 4.54 4.72 3.31 
 

13 1.03 3.23 3.45 2.30 2.94 
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C-Peptide Response/Time (minutes) Green Tea Trial 

  
C-Peptide Response/Time (minutes) GTEX Trial 

Participant 
 0 

(nmol/L) 
 30 

(nmol/L) 
 60 

(nmol/L) 
 90 

(nmol/L) 
 120 

(nmol/L) 
 

Participant 
 0 

(nmol/L) 
 30 

(nmol/L) 
 60 

(nmol/L) 
 90 

(nmol/L) 
 120 

(nmol/L) 

1 1.44 3.22 4.67 6.33 5.55 
 

1 1.38 2.62 0.98 2.15 1.49 

2 0.98 2.09 3.70 2.91 1.65 
 

2 2.28 - - - - 

3 1.34 6.05 7.64 9.36 8.55 
 

3 2.29 4.47 2.32 2.60 3.10 

4 1.62 2.22 3.45 5.98 1.92 
 

4 2.51 20.57 48.43 105.28 91.75 

5 2.98 65.52 71.12 74.80 54.75 
 

5 2.20 3.16 1.96 3.99 3.18 

6 2.25 2.08 2.20 3.94 2.88 
 

6 2.46 1.34 4.07 6.06 5.85 

7 0.83 1.30 2.12 1.65 1.44 
 

7 3.84 2.47 6.05 3.52 4.38 

8 1.23 1.57 1.57 1.61 1.63 
 

8 2.95 27.60 38.70 10.04 51.65 

9 0.84 24.46 53.90 40.06 47.15 
 

9 3.84 1.22 1.29 2.27 2.02 

10 0.61 1.39 1.78 1.54 1.40 
 

10 1.01 1.79 1.86 1.33 0.79 

11 1.68 3.80 3.44 1.92 3.60 
 

11 0.78 1.00 1.06 1.23 1.04 

12 1.48 2.06 2.03 4.19 3.67 
 

12 0.67 39.31 16.72 40.63 23.92 

13 1.66 61.14 28.00 75.78 61.49 
 

13 1.97 1.03 0.93 1.64 0.71 
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Area Under the Curve : C-Peptide 

Participant Control Exercise Green Tea GTEX 
1 633.06 829.82 8666.48 597.19 
2 169.47 185.93 4475.74 - 
3 240.75 5035.26 316.89 353.72 
4 173.34 124.5 1374.26 262.97 
5 282.53 391.83 459.92 243.48 
6 422.21 360.42 175.86 150.19 
7 199.26 186.82 262.81 318.93 
8 250.37 4512.81 509.87 190 
9 109.33 2605.79 112.81 104 

10 191.09 209.33 128.93 3610.51 
11 265.35 208.7 214.56 3952.72 
12 270.61 1797.89 281.68 124.59 
13 108.43 2054.02 74.69 85.38 
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Total Adiponectin 

 
HMW Adiponectin 

Participant Control GTEX Exercise Green Tea 
 

Control GTEX Exercise Green Tea 
1 9983.75 5811.25 3991.75 5347.25 

 
3212.4 2551 3547 3996.2 

2 19949.25 6704.25 10443.75 16195.75 
 

8429.6 7820.6 8650 9446.4 
3 5080.25 12647.5 4137.5 9444 

 
7634.6 6436 8329.4 7503 

4 9339 1768.25 4046 7983.25 
 

4415.8 4682 5306.6 5257.6 
5 4230.5 7224.25 5138.5 1950.5 

 
3049 2649.6 1732.8 1486 

6 6712 7358 9361 3425 
 

4567.6 4021.8 3221 4639 
7 3025 1864.25 3131.5 2705.5 

 
2093.2 2560.2 2600.8 1735.8 

8 2713.5 1747 9627.25 5048 
 

3660.6 4539.2 3740.6 4036.2 
9 7665.5 12713.25 23284.5 6811.5 

 
7867 11405.2 8707 9082.2 

10 10787.5 15645.25 15868.5 2739.5 
 

- - - - 
11 9836.75 8220.5 15537 1733.25 

 
- - - - 

12 5996.5 9138.75 13153.25 461.5 
 

- - - - 
13 9580.75 2774 9339.25 2607.5 

 
- - - - 
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Globular Adiponectin 

Participant Control GTEX Exercise Green Tea 
1 4.88 5.7 5.7 5.415 
2 4.29 4.665 4.665 4.08 
3 6.79 7.17 7.17 6.86 
4 2.08 2.325 2.325 2.09 
5 5.56 5.825 5.825 7.4 
6 86.98 81.54 81.54 77.93 
7 1.635 2.005 2.005 1.895 
8 0.81 1.01 1.01 0.94 
9 3.94 3.75 3.75 3.96 

10 1.54 1.71 1.71 1.69 
11 1.24 1.375 1.375 1.455 
12 1.705 2.125 2.125 1.815 
13 4.44 4.31 4.31 4.195 
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TNF-α 

Participant Control GTEX Exercise Green Tea 
1 2.43 4.93 2.15 1.95 
2 2.5 2.87 7.57 10.72 
3 4.25 1.77 5.76 3.06 
4 2.96 1.99 1.99 6.17 
5 14.43 5.63 3.75 7.2 
6 4.23 9.83 10.52 11.54 
7 5.2 4.23 3.73 4.49 
8 5.2 8.17 5.1 2.22 
9 4.43 1.81 1.4 4.99 

10 4.06 3.97 4.55 3.44 
11 3.83 5.63 4.6 4.46 
12 7.27 6.78 6.34 5.82 
13 4.46 5.99 2.65 4.04 
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Appendix T 

Analysis of Variance Tables 
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RM Anova Main Effects of Glucose and Insulin Profiles  

Source 
Type III Sum 

of Squares df Mean Square F Sig. 

Partial 
Eta 

Squared 
Noncent. 
Parameter 

Observed 
Powera 

Trial Ins Sphericity 
Assumed 1538.038 3 512.679 .302 .824 .041 .906 .099 

Glu Sphericity 
Assumed 7.448 3 2.483 .399 .755 .054 1.197 .116 

Cpep Sphericity 
Assumed 5908.590 3 1969.530 1.441 .259 .171 4.323 .325 

Greenhouse-
Geisser 5908.590 1.515 3901.103 1.441 .272 .171 2.183 .222 

Error(trial) Ins Sphericity 
Assumed 35669.325 21 1698.539      

Glu Sphericity 
Assumed 130.670 21 6.222      

Cpep Sphericity 
Assumed 28702.234 21 1366.773      
Greenhouse-
Geisser 28702.234 10.602 2707.206      

Time  Ins Sphericity 
Assumed 38692.454 4 9673.113 17.932 .000 .719 71.727 1.000 

Glu Sphericity 
Assumed 134.218 4 33.555 13.767 .000 .663 55.068 1.000 

Greenhouse-
Geisser 134.218 1.598 83.981 13.767 .001 .663 22.002 .974 

Cpep Sphericity 
Assumed 3022.652 4 755.663 6.655 .001 .487 26.622 .980 
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Error(TIme) Ins Sphericity 

Assumed 15104.277 28 539.438      
Glu Sphericity 

Assumed 68.245 28 2.437      
Greenhouse-
Geisser 68.245 11.187 6.100      

Cpep Sphericity 
Assumed 3179.152 28 113.541      

Trial * TIme Ins Sphericity 
Assumed 1763.812 12 146.984 .433 .946 .058 5.191 .227 

Glu Sphericity 
Assumed 12.756 12 1.063 .638 .804 .083 7.651 .338 

Cpep Sphericity 
Assumed 2699.851 12 224.988 1.409 .178 .168 16.914 .724 

Error(Trial*TIme) Ins Sphericity 
Assumed 28542.972 84 339.797      

Glu Sphericity 
Assumed 140.050 84 1.667      

Cpep Sphericity 
Assumed 13408.666 84 159.627      

Computed using alpha = .05.  Greenhouse-Geisser statistic used when indicated due to violation of sphericity and a significant 
Mauchly's test 
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Computed using alpha = .05.  Greenhouse-Geisser statistic used when indicated due to violation of sphericity and a significant 
Mauchly's test 
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RM Anova TNF-α 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powera 

Trial Sphericity 
Assumed 17.653 3 5.884 1.417 .266 .168 4.251 .320 

Error(trial) Sphericity 
Assumed 87.198 21 4.152      

Computed using alpha = .05.   

 

RM Anova Total Adiponecctin 

Source 
Type III Sum 

of Squares df Mean Square F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powera 

Trial Sphericity 
Assumed 125598698.771 3 41866232.924 2.191 .119 .238 6.573 .478 

Error(trial) Sphericity 
Assumed 401264080.775 21 19107813.370      

Computed using alpha = .05 
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RM Anova Globular Adiponectin 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powera 

Trial Sphericity 
Assumed .352 3 .117 1.067 .384 .132 3.200 .247 

Error(trial) Sphericity 
Assumed 2.307 21 .110      

Computed using alpha = .05 

 

RM Anova High Molecular Weight Adiponectin 

Source 
Type III Sum 

of Squares df 
Mean 
Square F Sig. 

Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powera 

Trial Sphericity 
Assumed 1029833.254 3 343277.751 .395 .759 .090 1.186 .107 

Error(trial) Sphericity 
Assumed 10415609.236 12 867967.436      

Computed using alpha = .05.   
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