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ABSTRACT 

 

Purpose: The purposes of this study were (1) to determine the correlations of adiponectin, leptin, the 

adiponectin:leptin (A/L) ratio, insulin, BMI, glucose, insulin resistance index (HOMA-IR), and waist 

circumference in women with PCOS, and (2) to examine the effects of an 8 week supplement of 75 g of 

dried apples daily and twice a week moderate intensity resistance exercise on these parameters. 

Methods:  Baseline data for 26 women diagnosed with PCOS were analyzed. Of these 26 subjects, 13 

completed the intervention study. In a 2X2 factorial design using apples and exercise, 70 g Kellogg’s 

Frosted Mini Wheats was used as the control for the dried apples since it contained similar amounts of 

fiber and energy. Exercise consisted of twice a week full body routines, using 3 sets of 12 repetitions 

maximum (12RM). SPSS for Windows, Version 15.0 software was utilized to calculate and determine 

descriptive statistics, t-tests, Pearson correlations, and one way ANOVA. Results: In subjects with a 

BMI > 25 (n=13), insulin, HOMA-IR, and leptin were significantly higher (p<0.05), while adiponectin 

and the A/L ratio were significantly (p<0.05) lower than in the subjects with a BMI < 25 (n=13). In the 

correlational analyses of the data for all subjects at baseline (n=26), results were as expected in 

accordance with the literature. Adiponectin and leptin were significantly negatively correlated, but this 

correlation did not persist after controlling for BMI. There was a trend (p=0.058) towards a negative 

relationship between the A/L ratio and HOMA-IR (n=26). When separated by BMI, this relationship 

was not significant in the lean group (BMI <25, n=13), but in the obese group (BMI>30, n=8), the A/L 

ratio and HOMA-IR were significantly negatively correlated (p=0.048). In the intervention study, 

fasting serum glucose increased from baseline to endpoint in the cereal groups with and without 

exercise. Conclusions: The lean women with PCOS in this study did not exhibit the expected negative 

relationship between A/L ratio and HOMA-IR, suggesting a possible genetic polymorphism in their 

adipocytes. In terms of the intervention, this study found that 75 grams of dried apples and moderate 

intensity resistance exercise twice a week did not have any significant effect on any of the parameters 

measured other than a rise in fasting blood glucose associated with cereal intake in this study group 

(n=13). More subjects are required to meet the effect size necessary to assess correlations with 

confidence as well as to determine if the interventions have an effect on the outcomes. 
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CHAPTER I 

INTRODUCTION 

 

Polycystic ovary syndrome (PCOS) is found in 5-10% of premenopausal women, making it the most 

common endocrine disorder in this population (Diamanti-Kandrakis, et al. 1999, Diamanti-Kandarakis, 

et al. 2007). Although it is mainly diagnosed by chronic anovulation and hyperandrogenism, it is also 

characterized by the cardiometabolic complications found in the metabolic syndrome including insulin 

resistance, dyslipidemia, and a high waist circumference (Farshchi, et al. 2007, Cheung, et al. 2008, 

Diamanti-Kandarakis 2007). Hyperinsulinemia is present in the vast majority of women with PCOS in 

levels beyond what can be accounted for due to obesity, and is thought to be one of the contributing 

factors of the hyperandrogenism (Goodarzi, et al. 2005, Diamanti-Kandarakis 2007, Barber, et al. 2008, 

Escobar-Morreale & San Millan 2007). Approximately 50% of women with PCOS are overweight or 

obese, with most of these women exhibiting android pattern obesity (Farshchi, et al. 2007). Escobar-

Morreale & San Millan (2007) proposed that androgen secretion and abdominal obesity constitute a 

vicious cycle within PCOS in which a chronic androgen excess starting early in life results in 

abdominal adiposity which then further increases hyperandrogenism through mediators such as 

hyperinsulinemia, hypoadiponectinemia, and increased oxidative stress (Escobar-Morreale & San 

Millan, 2007). The type of central adiposity associated with PCOS seems to play a role in the abnormal 

production of several adipocyte produced hormones, including leptin and adiponectin (Bluher & 

Mantzoros 2007, Weyer, et al. 2001). 

 

Leptin is involved in the regulation of metabolic homeostasis by regulating appetite and acts as a signal 

of nutritional adequacy to the reproductive system in women (Pirwany, et al. 2001). Fat mass and leptin 

are positively correlated to each other; therefore, as fat mass increases, so does leptin (Bates & Myers 

2003). If an individual is too lean with inadequate fat mass for childbearing, leptin levels will be low, 

signaling non-readiness for pregnancy to the reproductive system (Yang & Barouch 2007). This is the 

case in amenorrheic athletes, who have lower levels of leptin compared to controls, due to their 

inadequate bodyfat (Laughlin & Yen, 1997). This can also be seen in mice which are genetically null 

for leptin or the leptin receptor. These mice are obese, with no appetite control, and are infertile, 

despite having adequate energy stores for reproduction (Clement, et al. 1998, Bates & Myers 2003). 

Furthermore, mice that have been starved until a state of hypoleptinemia and infertility became fertile 

again after exogenous leptin administration, despite still being in a state of starvation, showing that it is 
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in fact leptin which signals reproductive readiness (Ahima, et al. 1996). In the overweight and obese 

human population, leptin levels are much higher than in normal weight individuals (Blum, et al. 1997). 

It is thought that due to leptin resistance, appetite control does not occur (Rosenbaum, et al. 2002). 

Leptin levels in women with PCOS are sometimes found to be the same as weight-matched women 

without PCOS (Pirwany, et al. 2001, Telli, et al. 2002, Mendonça, et al. 2004), and are sometimes 

found to be higher than weight-matched women without PCOS (Atamer, et al. 2008). 

 

Unlike leptin, adiponectin is inversely related to body weight, with an increase in fat mass leading to a 

decrease in adiponectin production (Weyer, et al. 2001, Reinehr, et al. 2004). Adiponectin is considered 

an anti-inflammatory adipocytokine with the ability to reduce several inflammatory markers (Ouchi, et 

al. 1999). Serum adiponectin concentrations in women with PCOS have been found to be either the 

same as weight matched healthy controls (Panidis, et al. 2003, Spranger, et al. 2004, Orio Jr., et al. 

2003) or lower than weight matched healthy controls (Aroda, et al. 2008, Ardawi & Rouzi 2005). 

Adiponectin levels are negatively correlated with insulin concentrations, which is a possible 

confounding variable when measuring levels of this adipocytokine in women with PCOS, and may be 

responsible for the contradictory results (Kern, et al. 2003).  

 

Since adipocytokines seem to be reciprocally regulated, the adiponectin:leptin (A/L) ratio has been 

proposed as a possible index linking obesity with some of its risk factors such as insulin resistance and 

inflammation (Inoue, et al. 2005, Satoh, et al. 2004, Kotani, et al. 2005). The only published study that 

was found on the A/L ratio in women with PCOS found that it is strongly correlated with insulin and 

the homeostatic model of insulin resistance (HOMA-IR) (Xita, et al. 2007). 

 

It is evident that lifestyle modifications, through diet or exercise, are beneficial in women with PCOS, 

especially for those who are overweight/obese (vanHoof, et al. 2000, Palomba, et al. 2008). A loss of 5-

10% of bodyweight can be enough to improve insulin resistance and ovulation status (Meyer, et al. 

2007). Exercise may be especially beneficial in women with PCOS since it can improve the sensitivity 

of skeletal muscle to insulin, reducing the need for more insulin (Kim, et al. 2007). A decrease in 

insulin levels could have a significant effect on several of the symptoms of PCOS such as a decrease in 

androgen production. However, the metabolic improvements from exercise do not last long; thus, 

exercise must be ongoing in order to sustain its benefits (Orio, et al. 2007). 
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Polyphenols are potent antioxidants found in a variety of fruits, beverages, and some vegetables 

(D'Archivio, et al 2007). Apples, with their high polyphenolic content, have been studied extensively in 

terms of their beneficial effects (Gu, et al. 2004). Apple polyphenols have been found to decrease 

visceral fat mass, LDL oxidation, and triglycerides both in vivo and in vitro (Nakasako-Akazome, et al. 

2007, Aprikian, et al. 2003, Leohtowicz, et al. 2002). To our knowledge, polyphenols have never been 

used as a supplement in women with PCOS to elicit any sort of beneficial changes. 

 

Purpose of the study 

 

The purpose of this study was twofold. First, we set out to assess the correlation between adiponectin, 

leptin, the A/L ratio, insulin, BMI, glucose, HOMA-IR, and waist circumference in women with PCOS. 

We also wanted to determine whether the relationship between leptin and adiponectin can be explained 

by BMI in this population. Secondly, we studied whether any of these markers would change after 8 

weeks of a polyphenol supplement in the form of 75g of dried apples daily or resistance exercise 2 

times per week in women with PCOS. The following hypotheses were constructed to guide this 

research. 

 

Hypotheses 

1. Overweight/obese women with PCOS will have a lower concentration of adiponectin and a 

higher concentration of leptin than normal weight women. 

2. Adiponectin and leptin will be inversely related to each other in all women with PCOS, 

independent of BMI. 

3. The A/L ratio will be significantly negatively correlated with HOMA-IR and insulin, 

independent of BMI. 

4. Apple polyphenols will increase adiponectin concentrations and decrease leptin concentrations; 

thereby, increasing the A/L ratio after 8 weeks of ingestion. 

5. Exercise will increase insulin sensitivity, which will increase adiponectin concentrations and 

decrease leptin concentrations; thereby, increasing the A/L ratio.  
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CHAPTER II 

REVIEW OF THE LITERATURE 

What is PCOS. 

Polycystic Ovarian Syndrome (PCOS) is a cluster of symptoms found in about 5-10% of 

premenopausal women, making it the most common endocrine disorder in women of reproductive age 

(Diamanti-Kandrakis, et al. 1999, Diamanti-Kandarakis, et al. 2007). There are multiple potential 

etiologies and several clinical presentations (Taylor 1998), but the typical patient profile includes 

chronic anovulation, hyperandrogenism, hyperinsulinemia and polycystic ovaries (Trolle, et al. 2007).  

 

Contrary to its name, PCOS cannot be diagnosed simply by the presence of ovarian cysts, since these 

can represent a wide range of clinical disorders and are found in 20% of women without PCOS 

(Diamanti-Kandrakis, et al. 1999). Currently, there are two diagnostic criteria commonly used to 

diagnose PCOS. In 1990, the National Institutes of Health formulated 3 prerequisites which must be 

met in order to diagnose PCOS: (1) menstrual irregularity, (2) evidence of hyperandrogenism, and (3) 

exclusion of other diseases. A 2003 consensus workshop in Rotterdam, Netherlands, sponsored by the 

European Society of Human Reproduction and Embryology (ESHRE) and the American Society for 

Reproductive Medicine (ASRM) arrived at the conclusion that PCOS can be diagnosed if 2 out of the 

following 3 criteria are met: (1) oligoovulation/anovulation (2) excess androgen activity, (3) polycystic 

ovaries (either 12 or more follicles measuring 2–9 mm in diameter, or an ovarian volume of >10 cm3). 

Since hyperandrogenism is not a necessity, as it is in the NIH criteria, the Rotterdam definition 

diagnoses more patients with PCOS. 

 

PCOS should not be considered merely a reproductive disorder since there are several cardiometabolic 

factors which accompany it (Cheung, et al. 2008). Hyperinsulinemia is found in about 80% of 

overweight and 30-40% of normal weight women with PCOS (Brettenthaler, et al. 2004, Homburg 

2003). In fact, excess insulin is probably the main reason for the increased androgen levels responsible 

for many of the symptoms of PCOS (Mattalliotakis, et al. 2006, Bremer & Miller 2008). The insulin 

resistance seen with PCOS is believed to be due to a defect in the postreceptor signaling pathway 

(Diamanti-Kandarakis 2007, Bremer & Miller 2008). This leads to a reduction in GLUT-4 activation 

and a subsequent reduction in cellular glucose uptake (Diamanti-Kandarakis 2007). There is also 

evidence of pancreatic B-cell dysfunction in women with PCOS, which also leads to hyperinsulinemia 
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(Goodarzi, et al. 2005, Dunaif & Finegood, 1996, Vrbikova, et al. 2002).  

 

Approximately 50% of women with PCOS are either overweight or obese (Brettenthaler, et al. 2004, 

Azziz, et al. 2004). Most overweight/obese women with PCOS exhibit abdominal adiposity, or android 

pattern obesity, with a waist:hip ratio >0.85 (Farshchi, et al. 2007). 70% of lean women with PCOS 

also exhibit a high waist:hip ratio (Kirchengast & Huber 2001), possibly showing an inherent 

disposition in this population to accumulate adipose tissue in the abdominal region, which may be 

symptom of the disease. Women with PCOS have also been shown to suffer from hypertension, 

although it is possible that the obesity associated with PCOS is the main instigator of the blood 

pressure increase (Luque-Ramirez, et al. 2007 (2)). The cluster of cardiometabolic complications 

associated with PCOS is very closely related to the metabolic syndrome. 

 

In 2002, the National Cholesterol Education Program Adult Treatment Panel (NCEP ATP III) defined 

the metabolic syndrome as the presence of three or more of the following: waist circumference in 

females > 88 cm; fasting serum glucose ≥ 100 mg/dl; fasting serum triglycerides ≥ 150 mg/dl; serum 

HDL-C < 50 mg/dl; and blood pressure ≥ 130/85 mmHg. The metabolic syndrome, just like PCOS is 

associated with a higher risk of developing type II diabetes and cardiovascular disease (Cheung, et al. 

2008). The prevalence of the metabolic syndrome in American women with PCOS was 43% 

(Apridonidze, et al. 2005), which is nearly 2-times higher than the age matched rate of 24% in women 

nationally, based on data obtained from women who participated in the National Health and Nutrition 

Examination Survey III (NHANES III) survey (Ford, et al. 2002).  

 

There is a heterogeneity observed in women with PCOS between those that are overweight/obese and 

those that are lean/normal weight. Obesity exacerbates the clinical symptoms of PCOS in several ways.  

 

Although there is an inherent component of insulin resistance to PCOS, obesity seems to amplify the 

degree to which it is present (Gambineri, et al. 2002, Dunaif 1997). The mechanism by which obesity 

decreases insulin sensitivity and leads to hyperinsulinemia is through an increased concentration of 

plasma free fatty acids (Guilherme, et al. 2008, Shulman 2000). These free fatty acids compete with 

glucose in oxidative metabolism, and reduce peripheral glucose uptake (Guilherme, et al. 2008, 

Shulman 2000). Obese women with PCOS were found to be significantly less sensitive to insulin than 

obese women without PCOS, normal weight women with PCOS and normal weight women without 
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PCOS (VrbÍková, et al. 2004), showing that this population suffers from the synergistic effect that 

obesity and PCOS have on insulin resistance (Dunaif, et al. 1992, Barber, et al. 2008). In contrast to 

their overweight/obese counterparts, normal weight women with PCOS are sometimes found to be 

more insulin resistant than age- and weight-matched controls without PCOS and sometimes not; but 

they do hypersecrete insulin (VrbÍková, et al. 2004).  

 

Obesity also contributes to the symptoms of PCOS by increasing production of ovarian and adrenal 

androgen and, consequently, circulating levels of androgens (Escobar-Morreale & San Millan, 2007). 

Excess insulin found in obese women with PCOS can directly stimulate androgen production in the 

ovaries (Gambineri, et al. 2002). Insulin is also known to decrease synthesis of sex hormone binding 

globulin at the liver, which could increase the amount of free testosterone for target tissues (Gambineri, 

et al. 2002). Obese adolescents with PCOS have higher insulin levels, higher free testosterone levels 

and lower serum hormone binding globulin levels than either obese controls without PCOS or normal 

weight adolescents with PCOS (Silfen, et al. 2003).  

 

Obesity can also increase androgen production through its effects on inflammatory cytokines (Escobar-

Morreale & San Millan, 2007). Adipose tissue releases certain inflammatory markers such as tumor 

necrosis factor-alpha (TNF-alpha) and inerleukin-6 (IL-6), which can alter insulin metabolism and 

androgen production (Kershaw & Flier, 2004). TNF-alpha has been shown to increase the number of 

steroidogenically active cells in rat ovaries (Spaczynski, et al. 1999), possibly increasing androgen 

levels. IL-6, on the other hand, has been shown to increase synthesis of glucocorticoids and androgens 

in human adrenal cells in-vitro, contributing to insulin resistance and elevated insulin concentration 

(Path, et al. 1997). Therefore, inflammation is one more mechanism through which obesity exacerbates 

the symptoms of PCOS. 

 

Etiology 

There are three major hypotheses that have been formulated to explain the etiology of PCOS based on 

the most common clinical findings, including (1) the insulin hypothesis, (2) the LH hypothesis, and (3) 

the ovarian hypothesis. These three hypotheses are interlinked on several points, and are not mutually 

exclusive (Mattalliotakis, et al. 2006). 
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Insulin resistance is commonly found in women with PCOS and is thought to be intrinsic to the disease 

(VrbÍková, et al. 2004). Initially, the pancreas compensates for this resistance by secreting more insulin 

and keeping glucose tolerance normal, but leading to hyperinsulinemia (Nestler 1998). Excess insulin 

has been shown to stimulate increased ovarian production of testosterone in thecal cells from both 

normal women and women with PCOS (Nestler, et al. 1998). Insulin can also decrease SHBG 

concentrations, and treatment with insulin sensitizers attenuates this decrease back to normal levels 

(Baillargeon & Carpentier 2007). According to the insulin hypothesis, the combination of higher 

testosterone and lower SHBG concentration due to insulin is the main reason for the increased amount 

of free testosterone and anovulation in women with PCOS (Mattalliotakis, et al. 2006). When insulin 

concentration is lowered in both lean and obese PCOS patients, androgen levels are suppressed and 

ovulation resumes (Kumari, et al. 2005, Ibanez, et al. 2001).  

 

Another possible explanation of the etiology of PCOS is the luteinizing hormone (LH) hypothesis. 

Most PCOS patients have an increased level of LH and a higher ratio of LH to FSH than others (Legro, 

et al. 2005).  This may be because PCOS patients have a more rapid than normal gonadotropin-

releasing hormone (GnRH) pulse frequency, which favors pituitary secretion of LH over that of 

follicle-stimulating hormone (FSH) (Blank, et al. 2007). Increased LH levels stimulate pituitary 

androgen production and may be responsible for the ovarian hyperandrogenism and consequently, the 

anovulation seen in PCOS patients (Mattalliotakis, et al. 2006, Blank, et al. 2007). At the same time, 

the relatively lower rate of FSH impairs follicular development and thus ovulation (Blank, et al. 2007). 

The LH hypothesis states that the main cause of PCOS is a neuroendocrine defect, which leads to an 

increased LH pulse frequency and amplitude, attenuated FSH, and consequently, anovulation 

(Mattalliotakis, et al. 2006).  

 

However, the LH hypothesis does not fully explain excess androgen production in PCOS. Ovarian 

secretion contributes the majority of the excess androgen (Gilling-Smith, et al. 1994). In culture, thecal 

cells, the primary site of androgen production in the ovaries, from women with PCOS, secrete high 

amounts of steroids, even before the addition of LH (Mattalliotakis, et al. 2006). Furthermore, after 

maximal stimulation of normal thecal cells by LH, which occurs at levels within the physiologic range, 

any subsequent increase in LH dosage does not lead to further increases in androgen production 

(Rosenfield 1999). Normally, ovarian androgens are converted to estrogens in the granulosa cells, but 

in PCOS, this conversion is decreased and testosterone levels are elevated (Rosenfield, et al. 1994). 
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According to the ovarian hypothesis, PCOS is due to a defect in the ovarian thecal cell layer that 

overproduces androgens. 

  

Pharmacological Treatment 

 

Current pharmacological treatment for the symptoms of PCOS has focused on the improvement of 

hyperinsulinemia and insulin resistance, the regulation of oligomenorea, and the induction of ovulation 

(Sheehan 2004).  

 

A common pharmacological treatment for insulin resistance and hyperinsulinemia in patients with 

PCOS is metformin (Trolle, et al. 2007). Metformin is an oral biguanide antihyperglycemic drug which 

stimulates glucose uptake in the liver and in the periphery and suppresses hepatic glucose output, 

without causing hypoglycemia (Coustan, 2007). This is achieved either through direct activation of 

insulin receptor or inhibition of key enzymes in the gluconeogenic pathways (Molavi, et al. 2007). 

Metformin has been shown to decrease insulin resistance by 34% in overweight women with PCOS 

(Meyer, et al. 2007). Besides this improvement in insulin sensitivity, metformin has also been shown to 

increase ovulation, decrease body weight, and decrease androgen levels and hirsutism (Trolle, et al. 

2007). When metformin treatment was undertaken in conjunction with oral contraceptives, all of the 

improvements noted previously with oral contraceptives were seen, but androstenedione and SHBG 

were improved significantly more than with oral contraceptives alone (Elter, et al. 2002). Furthermore, 

there was also an improvement in the glucose:insulin ratio, countering the effects of the oral 

contraceptives (Elter, et al. 2002). 

 

The cardinal feature of PCOS is irregular menstrual cycles (Sheehan 2004). Infrequent menstrual 

cycles are normally considered a nuisance, but have also been linked to an increased risk of developing 

endometrial carcinoma, making it an important symptom to treat (Coulam, et al. 1983, Soliman, et al. 

2005). In women who are not trying to conceive, oral contraceptives are generally effective in 

regulating their menstrual cycle, suppressing ovarian and adrenal androgen production, increasing sex 

hormone-binding globulin (SHBG) levels, and improving clinical hirsutism scores (Erenus, et al. 1996, 

Elter, et al. 2002, Wiegratz, et al. 2003, Moghetti, et al. 2000). At the same time, oral contraceptives 

have been found to decrease insulin sensitivity and glucose tolerance in women with PCOS by as much 
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as 25%, possibly increasing the risk of type II DM (Morin-Papunen, et al. 2003, Elter, et al. 2002, 

Meyer, et al. 2007). Since women with PCOS are already at risk for hyperinsulinemia (Diamanti-

Kandarakis 2007, Goodarzi, et al. 2005), care should be taken when prescribing oral contraceptives in 

this population, so as to not further increase their already higher than average risk for type II DM 

(Diamanti-Kandarakis, et al. 2003).  

 

PCOS accounts for 75% of anovulatory infertility, and even when pregnancy does occur, first trimester 

miscarriage rate can be as high as 30% (Sheehan 2004, Homburg, et al. 1988, Homburg 2003). There 

are several medications that can be used in order to initiate ovulation in anovulatory women with 

PCOS. The first line treatment for anovulation in patients with PCOS is often clomiphene citrate (CC) 

(Homburg 2003). CC inhibits the effect of estrogen on the hypothalamus and pituitary, which increases 

the rate of GnRH pulses and stimulates the release of FSH, which is often enough for ovulation to 

resume (Homburg 2005). About 20-25% of women with PCOS do not respond to CC treatment (Imani, 

et al. 1998, Homburg 2003). These women generally have a higher BMI and a higher free androgen 

index than women with PCOS that are responders (Imani, et al. 1998, Krysiak, et al. 2006). In non-

responders to CC treatment, the addition of metformin is successful in significantly stimulating 

ovulation (Vandermolen, et al. 2001). GnRH agonists and antagonists can also be used to improve the 

FSH:LH ratio and induce ovulation (Homburg 2003). 

   

Lifestyle Modification 

 

Lifestyle modification, either through diet or exercise, is an extremely worthwhile treatment in PCOS. 

It has been shown that even a loss of 5-10% of bodyweight improves insulin resistance and increases 

ovulation in overweight or obese women with PCOS (Meyer, et al. 2007). In 2004, Stamets, et al. fed 

obese women with PCOS a hypocaloric diet, with an energy deficit of 1000 kcal according to the 

Harris-Benedict equation, with an adjusted body weight and an activity factor of 1.5, each day for 4 

weeks. At the end of the 4 weeks, there were significant improvements in LDL-C (p=0.001), fasting 

insulin (p=0.05), fasting leptin (p<0.001), total cholesterol (p<0.01) and testosterone (p=0.03). These 

effects were observed regardless of the macro-nutrient makeup of the diet, and with as little as a 4 kg 

(8.8 lbs) bodyweight loss.  

 



10 
 

Physical exercise may also improve many of the markers which characterize PCOS. A single bout of 

exercise can increase the sensitivity of skeletal muscle to insulin, resulting in a decrease in insulin 

production (Kim, et al. 2007). Any decrease in insulin concentration could have a profound effect on 

the symptoms of PCOS. However, in order to have a long term effect on insulin levels, a lifetime of 

regular physical activity is required (Pasquali & Gambineri 2004, Orio, et al. 2007). High school aged 

women with PCOS who exercised at least 8 hours a week experienced significantly less acne, 

dysmenorrhea, and menstrual irregularities compared to age- and weight- matched women who did not 

exercise as much (vanHoof, et al. 2000). 

  

In 2008, Palomba, et al. compared the effects of cardiovascular exercise with the effects of a 

hypocaloric diet on 40 obese anovulatory women with PCOS. The subjects in the study were given the 

liberty to choose their intervention. Half of the women chose the exercise program, which consisted of 

3 weekly bouts of cardiovascular training at 60-70% of max for 24 weeks. The hypocaloric diet had a 

caloric deficit of 800 kcal per day below the energy requirement calculated by the Harris-Benedict 

equation using adjusted bodyweight and an activity factor of 1.5. Within 12 weeks, 4 subjects in the 

exercise group and 3 in the diet group began ovulating regularly. In the 4 ovulating subjects from the 

exercise group, body weight, waist circumference, testosterone, sex hormone binding globulin (SHBG) 

and fasting insulin significantly (p<0.05) improved compared to their baseline and levels and compared 

to the anovulatory subjects in the same group. In addition, in the ovulating subjects in the diet group, 

dehydroepiandrosterone (DHEA) and androstenedione, both precursors of testosterone (DiLuigi, et al. 

2007), were significantly (p<0.05) decreased. It should be noted that body weight, BMI, waist 

circumference, androstenedione, DHEA, SHBG, fasting glucose, and fasting insulin had significantly 

(p<0.05) better improvements in the diet group compared to the exercise group. 

  

By the end of the 24 weeks, 13 of the previously anovulatory women in the exercise group were 

ovulating, compared with 5 in the diet group. Furthermore, in the subjects that began ovulating, there 

was a significant (p<0.05) reduction in testosterone, sex hormone binding globulin (SHBG), free 

androgen index, fasting insulin, and fasting insulin-to-glucose ratio. All of these changes became 

significant within 12 weeks of the intervention, with no significant improvement between 12 and 24 

weeks. In the 7 subjects in the exercise group and the 15 in the diet group that were still anovulatory by 

then end of the 24 week study, none of the measurements showed any significant improvement from 

baseline. By the end of the 24th week, even though more subjects in the exercise group (n=13) started 
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ovulating than in the diet group (n=5), the newly ovulating women in the diet group lost significantly 

(p<0.05) more weight than the ovulating women in the exercise group. There was also an improvement 

in BMI, glucose-to-insulin ratio, fasting glucose, SHBG, DHEA and androstenedione, which was 

significantly (p<0.05) greater in the diet group than the exercise group. Androstenedione and DHEA 

only improved in the diet group. It was difficult to conclude whether the hypocaloric diet or the 

exercise was a better lifestyle modification strategy for these obese women with PCOS. The exercise 

group had more women who began to ovulate, and, thus, able to conceive, while the diet group had a 

significantly greater improvement than the exercise group in several metabolic and hormonal markers. 

  

In 2007, Orio and colleagues studied how long improvements due to lifestyle modification last during a 

state of detraining. Sixty four overweight anovulatory women with PCOS were put through an exercise 

regimen consisting of 30-40 minutes of riding a cycle ergometer at an intensity of 60-70% VO2 max. 

Everyone performed this exercise regimen for 12 weeks, but only half of the participants (PCOS-T 

(trained); n=32) continued exercising for another 12 weeks, while the other half (PCOS-DT (de-

trained); n=32) returned to normal daily activity. There was no structured diet prescribed to any of the 

patients, but they were all counseled to achieve an healthy balanced meal plan from whole foods with a 

macronutrient caloric breakdown of 50% CHO, 25% protein and 25% fat.  

  

At 12 weeks, both anthropometric and metabolic improvements similar to the Palomba study were 

observed. Fasting insulin, HDL, LDL, BMI, Waist:Hip ratio, and waist circumference were all 

significantly decreased (p<0.05) in both groups, without any difference between groups. At the next 12 

week follow-up, at which point half of the subjects had stopped exercising for 12 weeks, the PCOS-T 

group showed further significant (p<0.05) improvements in BMI, waist:hip ratio, waist circumference, 

fasting insulin, LDL, and HDL, while, the PCOS-DT group showed significant (p<0.001) worsening in 

BMI, waist:hip ratio, waist circumference, fasting insulin, glucose:insulin ratio, LDL, and HDL 

compared to previous 12 week levels. This demonstrated that detraining reverses many of the 

anthropometric and cardiometabolic improvements that exercise induces in obese women with PCOS. 

Women with PCOS who wish to maintain cardiopulmonary fitness, insulin sensitivity, and improved 

metabolic indices must adopt a long term commitment to exercise, otherwise, improvements gained 

with exercise are lost to detraining.   

  

Therefore, there is evidence that both diet and exercise ameliorate many of the common 
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cardiometabolic risk factors seen in PCOS, but a lifestyle approach must be used, or these 

improvements will disappear.  

 

Polyphenols 

 

Vegetarian diets, with an increased intake of fruits and vegetables are associated with a lower risk for 

developing chronic diseases (Rajaram 2003). One possible explanation for this reduced risk is a lower 

level of inflammation possibly due to a higher dietary intake of polyphenols. 

 

Polyphenols are a class of phytochemicals commonly found in fruits and beverages, and some 

vegetables (D'Archivio, et al. 2007, Vrhovsek, et al. 2004, Biedrzcyka & Amarowicz 2008). They are 

powerful antioxidants that protect cells against damage from reactive oxygen species (ROS) and 

limiting the risk of degenerative diseases linked to oxidative stress (Scalbert, et al. 2005). Polyphenols 

include a variety of molecules which contain a polyphenolic structure, or several hydroxyl groups on 

aromatic rings, and also some molecules which contain a single phenolic ring (D'Archivio, et al. 2007). 

Polyphenols are classified into several different families, based on the number of phenol rings and the 

elements which bind these rings together, including flavonoids, phenolic acids, phenolic alcohols, 

stilbenes and lignans (D'Archivio, et al. 2007).  

 

In terms of their specific health benefits, dietary polyphenols have been found to inhibit the oxidation 

of LDL cholesterol, which plays a role in the pathogenesis of atherosclerotic disease (D'Archivio, et al. 

2007, Murragat, et al. 2004). It may actually be the polyphenols in olive oil which are responsible for 

the decreased rate of cardiovascular disease in people living in Mediterranean countries such as Greece 

who consume the “Mediterranean Diet” (Marrugat, et al. 2004). In a randomized cross over clinical 

trial, healthy men were given olive oil with differing levels of polyphenols, but similar levels of 

monounsaturated fatty acids (MUFA) (Marrugat, et al. 2004). Subjects who consumed the virgin olive 

oil, which contained the highest polyphenol level, showed significant improvement in serum HDL 

cholesterol levels (p=0.029), serum oxidized LDL cholesterol (p=0.013), and the amount of time it 

took the LDL cholesterol to become oxidized (p=0.006), called LDL-C oxidative lag time. LDL-C 

oxidative lag time was also significantly improved (p<0.024) with the common olive oil treatment, 

containing medium amounts of polyphenols. An important note is that each of these treatments only 
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lasted 3 weeks, which is a relatively short time to experience such improvements. These decreases in 

oxidation status due to polyphenols are not isolated findings and have been observed in several other 

studies as well (Covas, et al. 2006, Masella, et al. 2000). 

 

Apples are a rich source of polyphenols. Apples contribute approximately 32% of the 

proanthocyanidines, a polyphenol of the flavonoid (flavanol) family, to the American diet (Gu, et al. 

2004). The proanthocyanidines found in apples are major contributors of the total flavonoids consumed 

in the western world (Vrhovsek, et al. 2004). Furthermore, when compared to other commonly 

consumed fruit in the United States, apples had the second highest level of antioxidants, next to 

cranberries (Sun, et al. 2002). Apples also ranked second in total concentration of phenolic compounds, 

next to cranberries, but ranked first in amount of free phenolics (Sun, et al. 2002). Free phenolics 

compounds are not bound, and may be more bioavailable than their bound counterparts (Boyer & Liu 

2004).  

 

Different varieties of apples contain differing amounts of polyphenols, with the apples richest in 

polyphenols being Braeburn, Red Delicious, Cropps Pink, Granny Smith, Ida Red, Rome Beauty, and 

Northern Spy, depending on which part of the apple is measured and on growing and cultivating 

techniques (Imeh & Khokar 2002, Wolfe, et al. 2003, Tsao, et al. 2005). 

 

Dietary polyphenols from apples have been shown to exhibit the same effects as olive oil (Boyer & Liu 

2004). Mayer, et al. (2001) led a study in which healthy male and female subjects were given 1 kg of 

fresh apples to ingest daily. Within 3 hours of consuming all the apples, there was already a significant 

(p<0.01) decrease in albumin and lipoprotein (p=0.05) oxidation. However, this effect was short lived. 

Within 24 hours of the cessation of apple intake, oxidation of albumin and lipoprotein returned to 

baseline levels. Apple juice and apple peels have also been found to have a significant (p<0.05) 

inhibitory effect on LDL oxidation in-vitro (Pearson, et al. 1999).  

 

Apples also exhibit cholesterol lowering abilities (Boyer & Liu 2004). These effects were once 

attributed to the fiber content of the fruit; however, the fiber content of apples is relatively low and 

studies using controls with similar fiber levels find that apples decrease cholesterol more than fiber 

alone (Aprikian, et al. 2001, Leohtowicz, et al. 2002). In one such study, rats were either fed a control 

diet, or a diet which also included a physiological amount (15g) of apples daily (Aprikian, et al. 2001). 
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The nutrient composition was matched in terms of fiber, calories, cholesterol, and vitamins and 

minerals. The apple fed rats exhibited a significant (p<0.05) drop in plasma cholesterol compared to 

the control group. This drop is probably due to the reduced cholesterol absorption that was found in the 

apple group. In the apple group, there was also a 58% increase in HDL cholesterol (article does not 

state significance) and significant ameliorations in the ferric reducing ability of plasma (FRAP) 

(p<0.03) and malonyl dialdehyde (MDA) (p<0.05), both of which are markers of antioxidant capacity. 

Another study supported that it probably is the phenolic compounds, and not the fiber in apples which 

are responsible for the cholesterol lowering effect in rats (Leohtowicz, et al. 2002). In this study, rats 

were fed an ad-libitum diet composed of either whole dried apples, peaches, or pears; these are fruits 

which contain a similar amount of dietary fiber, but differing amounts of polyphenols. All fruit exerted 

a significant (p<0.05) LDL-cholesterol lowering effect, but apples showed the greatest decrease, 

although it was not significantly greater than the other fruits. The same result was found in terms of 

serum triglycerides. In addition, the antioxidant properties were well correlated with total phenolic 

content of the fruit, but poorly correlated with total fiber. The results of these studies show that it 

probably is the phenolics which are mostly responsible for the beneficial changes in lipid metabolism, 

not the fiber. However, there may be some type of interaction between pectin, the fiber found in apples, 

and polyphenols, which lead to a synergistic effect of the two. Aprikian, et al. 2003 found that 

combining apple polyphenols and pectin lowered plasma and liver cholesterol, triglycerides, and 

cholesterol absorption to a greater degree than either the polyphenols of pectin alone. Pectin reduced 

only the hepatic lipids, while polyphenols only reduced the plasma lipids. Therefore, as expected, in 

rats fed both pectin and polyphenols, both plasma and hepatic triglycerides and cholesterol were 

reduced, showing a beneficial effect of both. 

 

Apple polyphenols have also been shown to elicit these beneficial effects in humans. In 2007, 

Nagasako-Akazome and colleagues supplemented 74 overweight men and women with BMIs ranging 

from 23-30 with either apple polyphenols, hop bract polyphenols, or a placebo capsule for 12 weeks. 

The subjects who were given the apple polyphenol compound showed significant (p<0.05) 

improvement in LDL cholesterol compared to the hop-bract group. Bodyweight and fat mass decreased 

significantly (p<0.1) in the groups ingesting the polyphenols, although there was no statistical 

difference in bodyweight changes between the two treatment groups. 

 

Polyphenols from apple sources have been shown both in-vitro and in-vivo to have beneficial effects 
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on markers of lipid metabolism such as cholesterol and triglyceride concentrations (Aprikian, et al. 

2003, Leohtowicz, et al. 2002, Pearson, et al. 1999). The mechanism by which apple polyphenols exert 

their effects on cholesterol has not been fully elucidated. However, it seems plausible that apple 

polyphenols bind to bile acids (Nagasako-Akazome, et al. 2007). Polyphenols also have a very 

powerful antioxidant effect, which decreases the oxidation of LDL-C, an important step in 

atherosclerosis (Scalbert, et al. 2005). 

 

Leptin 

 

Leptin is an important compound to study in women with PCOS for several reasons. First, there has 

been some disagreement as to the serum concentration of leptin in women with this disorder. Leptin 

levels in women with PCOS are sometimes found to be the same as those in weight-matched healthy 

controls (Pirwany, et al. 2001, Telli, et al. 2002, Mendonça, et al. 2004), and sometimes found to be 

significantly higher than controls (Atamer, et al. 2008). Lean women with PCOS do not seem to have 

leptin levels that are any higher than lean women without PCOS (Telli, et al. 2002, Mendonça, et al. 

2004). Secondly, as shown previously in this review, PCOS is a disorder strongly correlated with 

hyperinsulinemia. Long-term hyperinsulinemia has been shown to increase both expression of the ob 

gene and leptin, which is its product, both in-vivo and in-vitro (Kolaczynski, et al. 1996). This may 

show some kind of interaction between leptin and insulin which may prove to be important. Lastly, 

leptin is known to have many interactions in the female reproductive system (Bates & Myers, 2003, 

Barash, et al. 1996, Yang & Barouch, 2007). Since infertility is one of the main symptoms in women 

with PCOS, it may be that leptin has some action in this. However, it must be noted that there was no 

difference in leptin levels between ovulating women with PCOS and anovulatory women with PCOS, 

possibly indicating that in this group of women, leptin levels may not determine ovulatory capacity 

(Pirwany, et al. 2001). 

 

Leptin is a hormone secreted mainly by white adipose tissue, but also by the placenta, mammary gland, 

testes, and ovaries, which is thought to act primarily as a satiety signal to the hypothalamus 

(Goumenou, et al. 2003, Gamba & Pralong 2006, Yang & Barouch 2007, Bluher & Mantzoros 2007). 

The production of leptin is regulated by energy balance within the body; when energy stores are high, 

leptin production is high, and when energy stores are depleted, such as in fasting, leptin production 
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decreases (Bates & Myers 2003). An increased blood leptin concentration, which signals high energy 

stores, works in the hypothalamus to decrease appetite and food intake by reducing the secretion of 

neuropeptide Y, an appetite stimulant (Yang & Barouch 2007). There appears to be a leptin 

concentration “ceiling”, above which, higher leptin levels do not initiate a further decrease in appetite 

and increase in energy expenditure (Isganaitis & Lustig 2005). Due to this, exogenous leptin injections 

rarely work well as a means of reducing bodyweight (Lustig, et al. 2004).  

 

Nowadays, it is known that leptin does far more than merely induce satiety. Leptin signaling allows for 

the use of energy for processes such as reproduction, growth, and immune function (Yang & Barouch 

2007). Thus, the fall in leptin levels due to inadequate energy intake and storage will enhance appetite 

and reduce the use of energy for these non-essential processes. In this way, leptin production reflects 

body energy reserves, and, vice-versa, energy balance is regulated by leptin controlled processes 

involved in energy intake and expenditure (Bates & Myers 2003).  

 

Leptin seems to be the signal to the reproductive system that energy reserves are sufficient to initiate 

the reproductive process. In 1996, Ahima, et al. starved mice until they became anovulatory and 

hypoleptinemic. At this point, the mice were given exogenous leptin, but were kept on the same 

hypocaloric diet. They started ovulating again, in spite of the continued energy deficit, and without any 

weight gain. This finding shows that it is the leptin that signals readiness of the body to reproduce. 

Serum leptin levels were also found to be low in young amenorrheic athletes (Laughlin & Yen, 1997) 

and lower in postmenopausal women than premenopausal women (Shimzu, et al. 1997). 

 

Leptin has several functions in the female reproductive system. Human ovarian follicles have leptin 

receptors and granulosa cells that secrete leptin (Pirwany, et al. 2001). Leptin is secreted in a pulsatile 

fashion, which is synchronous with the pulses of LH (Bluher & Mantzoros 2007). Furthermore, 

Matkovic, et al. (1997) found an inverse relationship between leptin levels and age of menarche in 

humans, further supporting leptin's role in pubertal development and reproduction. There were no 

associations found between the gonadotropins (LH, FSH) and age at menarche, as may be expected 

since the gonadotropins directly influence ovulation.  

 

In transgenic mice and a few human cases, the absence of leptin leads to increased appetite and food 

intake that can result in morbid obesity (Yang & Barouch, 2007). Mice that are genetically null for 
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leptin or the leptin receptor become obese due to increased food intake and decreased energy 

expenditure (Clément, et al. 1998). Despite very high energy stores, symptoms such as impaired 

immune function, decreased growth, and infertility are observed (Bates & Myers 2003). Exogenous 

leptin administered to mice increases FSH, LH, and uterine weight (Barash, et al. 1996). 

 

In obese humans, leptin fails to decrease appetite and food intake, resulting in weight gain, which is 

probably due to leptin resistance (Lustig, et al. 2004, Blum, et al. 1997). Obesity can be seen as a state 

in which the negative feedback mechanism of leptin is ineffective due to resistance by the central 

nervous system (Isganaitis & Lustig 2005). This could explain the perception of starvation in obese 

people, despite high energy stores and circulating leptin (Isganaitis & Lustig, 2005). 

 

Leptin resistance and the accompanying hyperleptinemia are usually brought on by a disruption of 

leptin transport, the leptin signaling pathways, or both (Yang & Barouch, 2007). If hypothalamic leptin 

signaling disruption occurs, obesity generally results (Bates & Myers, 2003). Even though leptin 

resistance decreases the effects that leptin exerts on appetite regulation in the hypothalamus, some of 

leptin's other effects, such as increased blood pressure, atherosclerosis, and left ventricular hypertrophy 

are not attenuated (Yang & Barouch, 2007).  Not coincidentally, these are symptoms commonly seen in 

obese individuals, who would be expected to have increased levels of circulating leptin. 

 

Leptin resistance can be reversed. In 2002, Rosenbaum and colleagues (Rosenbaum, et al. 2002) had 3 

normal weight subjects and 1 obese subject lose 10% of their bodyweight through a hypocaloric diet. 

As expected, plasma leptin levels significantly (p<0.05) decreased due to the weight loss. Furthermore, 

after the leptin decrease, from normal weight to 10% weight loss, the subjects’ total daily energy 

expenditure (TEE) decreased by an average of 500 Kcals/day, which was a statistically significant 

(p<0.05) decline.  

 

Exogenous human leptin was then injected into the subjects to mimic their leptin levels before the 

weight loss. In effect, the researchers were keeping the leptin concentration the same, while decreasing 

body weight. After the leptin injections, energy expenditure significantly (p<0.05) increased compared 

to pre-leptin injection state. The portion of energy expenditure that was most responsible for the 

increase was non-resting energy expenditure (NREE), which decreased by average of 337 Kcals/day 

induced by the 10% weight loss. After leptin repletion, NREE increased by an average of 339 
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Kcals/day. NREE levels changed even though activity was kept constant probably due to a change in 

skeletal muscle efficiency. Therefore, exogenous administration of leptin to subjects who have lost 

weight increases REE levels back to pre-weight loss levels, permitting further weight loss, perhaps due 

to increased leptin sensitivity. 

 

 In 2004, Lustig, et al. examined the effect of weight loss induced by an insulin suppressing 

medication. Insulin indirectly stimulates leptin production by increasing fat mass, making obese 

individuals both hyperinsulinemic and hyperleptinemic. Therefore, it may be possible that a decrease in 

insulin concentration may decrease leptin, and perhaps improve leptin sensitivity. Seventeen obese men 

and women, were given doses of the insulin-suppressive agent octreotide-LAR, an agent which does 

not increase insulin sensitivity, but instead, suppresses pancreatic beta cells production of insulin, thus 

lowering circulating insulin concentration in the blood stream. 

 

Six responders to the insulin suppressive agent lost at least 3 kg/m2 also showed decreases in leptin and 

insulin area under the curve (IAUC). Interestingly, even with the loss of body weight and the decrease 

in leptin, there was no significant change in resting energy expenditure. Therefore, a lower 

concentration of leptin was able to induce the same REE, showing an increase in leptin sensitivity. 

 

 Both of these studies induced weight loss, one through a hypocaloric diet, and one through insulin 

suppression. Even though leptin levels were decreased, REE did not, implying an increase in leptin 

sensitivity. Thus, either weight loss or the accompanying insulin reduction improved leptin sensitivity. 

  

Adiponectin 

 

Discovered in 1995, adiponectin, similar to leptin, is a protein produced by white adipose tissue 

(Scherer, et al. 1995). Since adiponectin is produced solely by adipocytes, adipose tissue mass 

influences adiponectin concentrations in serum (Trujillo & Scherer, 2005, Reinehr, et al. 2004, Kern, et 

al. 2003). Unlike other adipocytokines, adiponectin mRNA and serum concentrations have an inverse 

relationship with fat mass, and thus, decrease with obesity (Reinehr, et al. 2004, Kern, et al. 2003). 

Adiponectin levels have been shown to increase significantly with weight loss in overweight adults 

(Yang, et al. 2001) and children (Reineher, et al. 2004). Anorexic subjects were found to have 
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significantly (p<0.001) higher levels of adiponectin than control subjects with normal levels of fat 

mass (Delporte, et al. 2003). In vitro, adiponectin concentrations decrease with an increase in the 

number of fat cells (Halleux, et al. 2001). A reduction in the number of fat cells attenuates this decrease 

without affecting the expression of other genes (Halleux, et al. 2001). It is postulated that some other 

compound released by adipose tissue negatively inhibits adiponectin mRNA (Reinehr, et al. 2004).  

 

Serum levels of adiponectin (p<0.0001) and adiponectin mRNA (p<0.01) have both been shown to be 

significantly related to insulin sensitivity, independent of body fat mass (Kern, et al. 2003). Lean 

insulin resistant subjects have lower adiponectin levels than their lean counterparts, meaning that with 

an increase in insulin resistance, there is a decrease in adiponectin levels (Kern, et al. 2003, Abassi, et 

al. 2004). Adiponectin levels of insulin resistant non-obese subjects and insulin resistant obese subjects 

are similar despite different body fat levels. Both of these groups had significantly (p<0.01) lower 

adiponectin levels than their insulin sensitive counterparts (Abassi, et al. 2004). In fact, the correlation 

of adiponectin with insulin sensitivity was found to be much stronger than that of adiponectin with 

body fat mass (Abassi, et al. 2004). Therefore, it is not surprising that adiponectin levels are decreased 

in subjects with type II diabetes (Ahima, 2006, Hotta, et al. 2000).  

 

Conversely, adiponectin infusions have been shown to increase insulin sensitivity in mice (Fruebis, et 

al. 2001). Normal mice were fed a high fat/high sucrose meal, followed by injection of either saline or 

adiponectin. The mice that were injected with adiponectin had significantly (p<0.05) lower plasma 

levels of glucose, free fatty acids, and triglycerides compared to the saline treated mice, with no 

increase in insulin levels or decrease in glucagon. Free fatty acids have been shown to diminish insulin 

signaling (Guilherme, et al. 2008). It is possible that adiponectin exerted its blood glucose lowering 

effects through the reduction of plasma free fatty acids, reducing the need for insulin to promote 

glucose uptake by the cell. In a longer term experiment, a different group of mice were fed the same 

high fat/high sucrose diet ad libitum to increase their body fat mass. After 6 months of feeding, daily 

adiponectin or saline injections were administered while continuing on the hypercaloric diet for 16 

more days. Mice that were given adiponectin injections lost 7.5% of their bodyweight (p=0.001), while 

mice that were given saline simply had insignificant fluctuations in their bodyweight (p=N.S.) (Fruebis, 

et al. 2001). To further test adiponectin’s effect on plasma FFA, researchers injected two groups of 

mice with either saline or adiponectin 30 and 60 minutes before giving them intralipid, an i.v. fat 

emulsion, in order to increase plasma FFA concentration. The adiponectin treated group had a 
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significantly (p<0.05) greater reduction in plasma FFA than the control group. All of this data shows 

that adiponectin has a significant effect on increasing insulin sensitivity, possibly through the reduction 

of plasma FFA. In an attempt to gain more insight on the effects of adiponectin on glucose and insulin 

metabolism, Combs, et al. 2001 infused adiponectin or vehicle into mice during a pancreatic 

euglycemic clamp. Glucose was also infused in order to keep a steady serum glucose concentration in 

these mice. The mice given adiponectin needed 73% (p<0.05) more glucose to maintain their serum 

glucose concentration, demonstrating adiponectin’s effect on glucose uptake and insulin sensitivity. 

Adiponectin has been shown to reduce hyperglycemia in type I diabetic non-obese mice (Berg, et al. 

2001). In these mice that had low, but measurable insulin levels, adiponectin injections significantly 

(p<0.05) decreased serum glucose from 400 mg/dl to 100 mg/dl (Berg, et al. 2001). Thus, there is 

evidence that adiponectin can potentiate the action of insulin, even when the insulin is present in small 

amounts. 

 

A potential explanation of the inverse relationship between insulin levels and adiponectin and is that 

insulin lowers adiponectin concentration (Trujillo & Scherer 2005). During a 5 hour hyperinsulinemic-

euglycemic pump, insulin infusion in normal weight non-diabetic, obese non-diabetic, and obese type 

II diabetic humans, reduced adiponectin levels (p<0.01 by ~20% in each group (Yu, et al. 2002). These 

subjects then underwent 3 months of treatment with thiazolidinediones, insulin sensitizers that function 

in both adipocyte and skeletal muscle cells. After the treatment, increased adiponectin levels (p<0.001) 

were seen in all three groups (Yu, et al. 2002). This is not a surprising result in the obese and the obese 

diabetic group which were both hyperinsulinemic at baseline, but it was an interesting finding in the 

lean group, which was normoinsulinemic at baseline, and did not experience a decrease in insulin 

levels with thiazolidinedione treatment (Yu, et al. 2002). 

 

Similar results have also been found in-vitro. Treatment of adipocytes with insulin decreased 

adiponectin mRNA by 85% (p<0.01) in a dose-dependent manner compared to untreated controls 

(Fasshauer, et al. 2002). This effect was reversed when insulin was removed from the medium for 24 

hours and adiponectin mRNA production returned to control levels (Fasshauer, et al. 2002). In addition, 

adiponectin levels were found to be significantly (p<0.01) higher in type I diabetics compared to age- 

and weight-matched controls (Imagawa, et al. 2002).   

 

Adiponectin also lowers hepatic glucose output in mice (Combs, et al. 2001) and in cultured 
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hepatocytes (Berg, et al. 2001) acutely (Whitehead, et al. 2006, Guere-Millo, 2008).  In mice, 

adiponectin has been shown to significantly reduce (p<0.05) hepatic glucose output by 60% compared 

to controls (Combs, et al. 2001). Through the use of [3-3H] labeled glucose, the researchers calculated 

the relative contribution of plasma glucose to the hepatic glucose-6-phosphate pool to determine the 

effect of adiponectin on liver glucose production. [3-3H] glucose was used to maintain constant plasma 

glucose concentrations and had to be injected at a greater level into the adiponectin group due to 

lowering plasma glucose concentrations. Furthermore, the ratio of [3-3H] glucose to hepatic glucose 

was measured and in the adiponectin group, [3-3H] glucose contributed 55% (p<0.05) more of the 

plasma glucose than the control mice. Glucose-6-phosphate levels in the liver were decreased (p<0.05) 

in the adiponectin injected rats, showing that adiponectin suppresses hepatic gluconeogenesis. 

 

Adiponectin also seems to be able to exert an anti-inflammatory effect on endothelial cells and 

macrophages (Guerre-Millo 2008). In vitro, physiological concentrations (5-25 µg/mL) of adiponectin 

have been found to significantly (p<0.05) decrease TNF-alpha induced effect on monocyte adhesion 

and adhesion molecule expression in a dose-dependent manner (Ouchi, et al. 1999). The same group 

observed that plasma adiponectin concentrations are lower in patients with coronary artery disease 

compared to controls (Ouchi, et al. 1999). The adherence of moncytes is a component of the 

pathogenesis of atherosclerosis and other vascular diseases. Adiponectin has also been found to reduce 

the uptake of acetylated LDL by macrophages, which reduces the cholesterol ester content of the 

macrophages (Ouchi, et al. 2001). These lipid loaded macrophages, called foam cell-like complexes, 

are a key feature of atherosclerosis (Chinetti, et al. 2004), and their reduction could decrease the 

probability of vascular injury, demonstrating adiponectin’s role in preventing the development of 

atherosclerosis.  

 

Many factors associated with vascular disease have also been shown to reduce adiponectin gene 

expression, contributing to lower adiponectin levels (Guerre-Millo 2008). Reactive oxygen species 

(free radicals) and pro-inflammatory cytokines such as TNF-alpha and interleukin-6 are inhibitors of 

adiponectin mRNA in vitro and in vivo (Furukawa, et al. 2004, Bruun, et al. 2003). Higher 

concentrations of these factors are present in the obese population (Furukawa, et al. 2004). 

 

The picture of adiponectin in PCOS is not yet clear, as different studies have found different results. 

Some studies have found that women with PCOS have similar adiponectin levels as weight-matched 
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women without PCOS (Panidis, et al. 2003, Orio Jr., et al. 2003, Spranger, et al. 2004). Lean women 

with PCOS have significantly (p<0.05) higher levels of adiponectin than obese women with PCOS and 

similar adiponectin levels as lean women without PCOS (Panidis, et al. 2003). Obese women with 

PCOS have similar adiponectin levels as obese women without PCOS (Panidis, et al. 2003, Spranger, 

et al. 2004, Orio Jr., et al. 2003). However, other studies have found that women with PCOS have 

significantly (p<0.05) lower levels of circulating adiponectin than women without PCOS, even when 

matched for weight (Aroda, et al. 2008, Ardawi & Rouzi 2005). Possible reasons for disagreement 

between studies include different sample sizes and differing levels of hyperinsulinemia and obesity 

between the women with PCOS and controls.  

 

Adiponectin was also significantly (p<0.001) negatively correlated with fasting insulin in women with 

PCOS, but this was not found to be any different from weight-matched women without PCOS 

(Spranger, et al. 2004). 

 

Interestingly, SHBG levels have been found to be significantly (p<0.001) positively correlated with 

adiponectin levels in post-menopausal women, even after adjustment for BMI and age, which 

negatively affect adiponectin and SHBG (Yasui et al. 2007, Ardawi & Rouzi 2005). In women with 

PCOS, SHBG is low, allowing free androgens to circulate in the blood stream and affect tissue such as 

the ovaries (Mattalliotakis et al. 2006). Therefore, low adiponectin levels may further decrease levels of 

SHBG, especially in obese women with PCOS, consequently increasing their free testosterone levels. 

In fact, androgens, but not estrogens have been found to decrease levels of circulating adiponectin in 

mice (Nishizawa, et al. 2002). In this study, mice were first castrated, which significantly increased 

(p<0.01) adiponectin levels by 170%. The castrated mice also had significantly lower levels of plasma 

glucose, plasma insulin, and a superior HOMA-IR value. Next, mice were given exogenous 

testosterone injections, which decreased adiponectin levels by 46%. There was no change in body fat 

mass throughout the study. The same group also observed a decrease in in-vitro production of 

adiponectin from adipocytes after the addition of testosterone. These findings may be a clue to the 

possibly decreased adiponectin concentrations in women  

with PCOS.  

 

Adiponectin concentrations have also been increased in pre- and post-pubertal girls with the adolescent 

variant of PCOS through the use of metformin (Ibanez, et al. 2004). Lean (BMI <21) pre-pubertal girls 
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who had high concentrations of androstenedione/ DHEA underwent a 6 month treatment of metformin 

or placebo. The metformin treated group experienced an increase in their adiponectin concentrations, 

which was significantly greater (p<0.01) than the decline experienced by the untreated group, meaning 

that the insulin sensitizing actions of metformin also positively change adiponectin concentrations. The 

increase in adiponectin mirrored the amelioration of insulin resistance status, showing that there 

probably is some correlation between insulin and adiponectin levels.  

  

Adiponectin/Leptin Ratio  

 

As previously shown in this review, leptin and adiponectin are both adipocytokines, or hormones 

produced and secreted mainly by adipose tissue, with several differences between them (Goumenou, et 

al. 2003,  Trujillo & Scherer, 2005).  Leptin production and secretion increases with weight gain, while 

adiponectin production and secretion decreases with weight gain (Goumenou, et al. 2003, Trujillo & 

Scherer, 2005). An inverse relationship has been found between serum adiponectin and leptin 

concentrations, independent of BMI and insulin resistance, possibly suggesting that some as yet 

unknown factor regulates both of these hormones in a reciprocal manner in vivo (Xita, et al. 2007). 

Leptin seems to exert proinflammatory properties, while adiponectin is considered an anti-

inflammatory adipocytokine (Ahima 2006, Bates & Myers 2003). The adiponectin-to-leptin (A/L) ratio 

is an index that may link obesity and its altered secretion of adipocytokines with the metabolic and 

inflammatory risk factors incurred by being obese (Xita, et al. 2007).  

 

The A/L ratio has been studied mainly in terms of its relation to insulin resistance, hyperglycemia, 

diabetes, and inflammation (Inoue, et al. 2005, Satoh, et al. 2004, Kotani, et al. 2005, Xita, et al. 2007). 

The A/L ratio has been found to be significantly negatively (p<0.05) correlated to BMI and 

triglycerides, and positively correlated to HDL in male and female subjects with fasting plasma glucose 

(FPG) <140 mg/dl (Inoue, et al. 2005). When male and female subjects were divided into groups based 

on their fasting plasma glucose, the A/L ratio was no longer significantly correlated with BMI, HDL, or 

triglycerides in subjects with (FPG) levels above 140 mg/dl. When FPG ≤ 169 mg/dl, the A/L ratio was 

significantly correlated with HOMA-IR. 

 

Researchers are validating the A/L ratio as a measure of atherosclerosis and vascular disease. In a study 
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of 158 type II diabetic Japanese men and women with relatively high blood glucose (HBA1C 7.0-9.0), 

the A/L ratio was significantly negatively (p=0.0182) correlated with pulse wave velocity, a measure 

of arterial stiffness, in the obese group, but not in the non-obese group (Satoh, et al. 2004). As arterial 

stiffness improved, the A/L ratio improved as well. It is important to note that it was only the A/L ratio 

variable that had a significant correlation with arterial stiffness. No correlation was observed between 

this measure of arterial stiffness and leptin or adiponectin. A similar study by Kotani, et al. 2005 also 

found a significant negative (p<0.05) correlation between the A/L ratio and vascular injury, in the form 

of carotid intima media thickness (CIMT). The subjects used in this study were older (mean age=70.1 

+/- 8.7) Japanese men and women with type II diabetes. Once again, even though the A/L ratio was 

significantly correlated with CIMT, neither adipocytokine on its own showed any significance in 

relation to CIMT. The only other significant correlations with CIMT in this study were age and 

smoking. 

 

Only one published study dealing with the A/L ratio specifically in women with PCOS was found in a 

literature search. The A/L ratio was found to be significantly independently negatively correlated with 

adiposity, insulin resistance, and atherogenic profile in both normal weight and overweight women 

with PCOS (Xita, et al. 2007). SHBG (p<0.01), free androgen index (p<0.1), total testosterone 

(p<0.05), HOMA (p<0.001), total cholesterol (p<0.01), triglycerides (p<0.001), HDL (p<0.01), and 

CRP (p<0.001) were all significantly correlated with the A/L ratio in the subjects and were improved 

as the A/L ratio increased. The LH/FSH ratio, age, and LDL were not significantly correlated with the 

A/L ratio in these women with PCOS. As expected the A/L ratio was significantly (p<0.001) lower in 

overweight and obese women (263 +/- 196, there are no units since this is a ratio) compared to normal 

weight women (1253 +/- 1201). However, even after correction for BMI, the A/L ratio was found to be 

significantly negatively correlated with HOMA index (p=0.04), triglycerides (p=0.02), total 

cholesterol (p=0.03), and CRP (p=0.007). These associations were true even when the overweight and 

obese women were analyzed separately from the lean and normal weight women. Therefore, the A/L 

ratio can be used as a marker of insulin resistance and inflammation in both lean and obese women 

with PCOS. 

 

Leptin, Adiponectin, and Insulin in women with PCOS and the effects of apple polyphenols 
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Since apple polyphenol ingestion improves many of the markers of the metabolic syndrome such as 

body weight, LDL-C, and triglycerides, women with PCOS are a population that may benefit from 

supplementation (Boyer & Liu 2004, Nagasako-Akazome, et al. 2007). It may also be possible that a 

supplemental dose of apple polyphenols may also improve the insulin, leptin, and adiponectin levels in 

overweight and obese women with PCOS.  

 

The improvement in insulin may be due to the decrease in plasma free fatty acids, which have been 

shown to reduce peripheral glucose uptake and increase insulin levels (Guilherme et al. 2008, Shulman, 

2000). Plasma free fatty acids are increased due to the presence of obesity (Guilherme et al. 2008). 

Since polyphenols improve lipid metabolism and decrease visceral fat, they may also lead to a decrease 

in plasma free fatty acids (Nagasako-Akazome, et al. 2007). This decrease in plasma free fatty acids 

may result in an increased glucose uptake and subsequent decrease in insulin levels. In fact, after 4 

weeks of ingesting an aloe-vera gel with high concentrations of polyphenols, insulin resistant mice 

showed significant decreases in bodyweight (p<0.008) and blood glucose levels (p<0.05) (Perez, et al. 

2007). This translated into an improved HOMA-IR compared to controls. The effect of apple 

polyphenols on insulin resistance has not yet been studied. 

 

A decrease in insulin levels may lead to a decrease in leptin (or an increase in leptin sensitivity), and an 

increase in adiponectin, as explained earlier (Lustig, et al. 2004, Kern, et al. 2003). Also, these two 

adipocytokines are regulated mainly by fat mass (Goumenou, et al. 2003, Weyer, et al. 2001). A 

decrease in fat mass would decrease leptin and increase adiponectin concentrations. Nagasako-

Akazome, et al. (2007) found an increase in adiponectin levels in overweight men and women with a 

supplemental dose of apple polyphenols. This followed a decrease in fat mass in subjects. However, 

there was no change in leptin levels in that study, even with the decrease in fat mass.  

 

Polyphenols may also increase adiponectin levels through their antioxidant properties. An increased 

plasma level of polyphenols would probably lead to lower inflammatory markers (Scalbert, et al. 

2005), since it has been shown that some markers of inflammation such as free radicals, TNF-alpha, 

and IL-6 can decrease adiponectin levels (Furukawa, et al. 2004, Bruun, et al. 2003). 
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CHAPTER III 

METHODS 

 

Purpose of the study. 

 

The purpose of this study was to assess the correlation between adiponectin, leptin, the A/L ratio, 

insulin, BMI, glucose, HOMA-IR, and waist circumference in women with PCOS and also to 

determine whether the relationship between leptin and adiponectin can be explained by BMI in this 

population. Secondly, we studied whether any of these markers would change after 8 weeks of a 

polyphenol supplement in the form of 75g of dried apples daily or resistance exercise 2 times per week 

in women with PCOS. The following are the hypotheses that were tested and the methods used to test 

them. 

 

1. Overweight/obese women with PCOS will have a lower concentration of adiponectin and a 

higher concentration of leptin than normal weight women. 

2. Adiponectin and leptin will be inversely related to each other in all women with PCOS, 

independent of BMI. 

3. The A/L ratio will be significantly negatively correlated with HOMA-IR and insulin, 

independent of BMI. 

4. Apple polyphenols will increase adiponectin concentrations and decrease leptin concentrations; 

thereby, increasing the A/L ratio after 8 weeks of ingestion. 

5. Exercise will increase insulin sensitivity, which will increase adiponectin concentrations and 

decrease leptin concentrations; thereby, increasing the A/L ratio.  

 

Subjects 

 

Baseline analyses were run on twenty six women with PCOS from the Tallahassee, Fl area. All the 

subjects were previously diagnosed with PCOS. Inclusion criteria were required for participation: (1) 

be diagnosed with PCOS, (2) not participating in weight training or cardiovascular exercise more than 

two times each week, (3) not be currently taking any medication to control blood glucose, 

hypertension, or dyslipidemia. Of the twenty six recruited subjects, seven did not qualify because they 

were too active and six did not complete the study due to other reasons such as becoming ill or not 
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having enough time. Therefore, thirteen women with PCOS completed the entire 8 weeks of the 

protocol. This study was approved by the Human Subject Committee at Florida State University 

(Tallahassee, FL). 

 

Study Design 

 

In a 2x2 factorial design involving apples and exercise subjects were randomly assigned to 4 treatments 

as follows: 1) apples with exercise, 2) apples without exercise, 3) cereal with exercise, and 4) cereal 

without exercise. The subjects stayed in the same treatment group for the entire 8 weeks of the study.  

 

Treatments 

 

The apples used in this study were dried, peeled, cored, and sliced apples purchased from Atwater 

Foods, LLC (Lyndonville, NY). They use several kinds of apples in their products, but according to 

their representative, their most commonly used apples are Rome, Ida Red, Crispin, and Empire. 

Subjects who were placed into one of the apple groups were given 28 bags containing 75g of the apples 

each. They were instructed to consume one bag everyday at their leisure either all at one time or 

throughout the day. The daily dose of apples contained 232 Kcal, <0.3g of fat, ~1 g of protein, 57g of 

CHO, and 6g of fiber. 

 

To control for fiber and caloric content of the apple treatment, the cereal used in this study was frosted 

mini wheats (Kellogg’s Inc., Battle Creek, MI). Subjects who were placed into one of the cereal groups 

were given 28 bags containing 70g of the cereal. This amount was chosen in order to equalize the fiber 

content with the apple group. They were instructed to eat one bag everyday at their leisure either all at 

one time or throughout the day. The daily dose of the cereal contained 241 Kcal, 0g fat, 4g protein, 

56.7 g CHO, and 7g of fiber. A spreadsheet that subjects was provided for the participants to track 

whether or not they've consumed the treatment for that particular day or not. Participants were also 

called randomly to check on their progress. Participants were asked to return the unused portion of the 

food. 

 

The exercise protocol consisted of strength training 2 times a week supervised by a personal fitness 

instructor. The routine followed was 3 sets of 12 reps at a 12 rep max load with 60-90 seconds of rest 
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between each set. The exercises used included chest press, leg press, overhead press, leg curl, seated 

row, leg extension, biceps curl, calf raise, seated dip and various abdominal exercises. All of the 

exercises were done using the MedX strength machines (MedX 96, Inc., Ocala, FL). 

 

Regardless of treatment, all subjects were given Yamax Digi-walker electronic pedometers (Yamax 

USA, Inc., San Antonio, TX) and instructed in their use. Steps were tracked daily by the subjects. 

 

Protocol 

 

Prior to beginning the protocol, the experiment was explained in detail to all subjects, after which, they 

signed a consent form (APPENDIX A) and filled out a health history questionnaire (APPENDIX B). 

Baseline and endpoint measurements were taken 8 weeks apart. 

 

During each visit, the procedure was as follows. Subjects came into the lab after a ~10 hour fast, with 

the exception of water. Weight and height for each subject was then measured and BMI was calculated 

as kg/m2. An experienced phlebotomist drew ~8ml of blood from the subjects. After allowing the blood 

to clot for at least 30 minutes, it was centrifuged at 4000 rpm for 20 minutes at a temperature of 4˚C 

using an IEC CL31R multispeed centrifuge (Thermo Electron Corporation, Waltham, MA). The serum 

was then aliquoted at -20˚C until needed for analysis. 

 

Waist measurements according to the NHANES protocol (U.S. Department of Health and Human 

Services, PHS. NHANES III Anthropometric Procedures Video) were taken using a BMS-8 measuring 

tape (Creative Health Products, Plymouth, MI). Waist measurements taken 3 times, or until 3 

measurements within 5% of each other were obtained.  

 

Blood Analysis 

 

The measurement of hormones was done via an enzyme linked immunoabsorbant assay (ELISA). 

ELISAs are a type of technique used to detect the presence of an antibody or antigen in a sample 

(Voller, et al. 1978). Briefly, blood is placed into a microwell, which is coated with antibodies 

recognizing the molecule being studied. Next, a secondary antibody which recognizes the primary 

antibody-antigen complex is placed into the well and catalyzes a reaction which yields a color. By 
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measuring the optical density of this color, the presence of the molecule can be ascertained (Voller, et 

al. 1978).  

 

Serum adiponectin levels were determined using an enzyme-linked immunoabsorbant assay (Alpco 

Diagnostics, Salem, NH). The kit (44-ADPHU-E01) is designed to measure total human adiponectin 

levels. The intra-assay coefficients of variation (CVs) had a mean of 4.18%. The minimum detectable 

concentration was 0.1 µg/ml. Expected normal concentrations for serum adiponectin are between 5 – 

30 µg/ml (Nedvidkova, et al. 2005).   

 

Serum leptin concentrations were measured using an enzyme linked immunoabsorbant assay (Alpco 

Diagnostics, Salem, NH). The intra-assay CVs had a mean of 8.7%. The minimum detectable 

concentration was 0.5 ng/ml. Expected normal concentrations for serum leptin are between 3.7 – 11.1 

ng/ml. 

 

Serum insulin concentrations were measured using an enzyme linked immunoabsorbant assay (Alpco 

Diagnostics, Salem, NH). The intra-assay CVs had a mean of 10.6%. The minimum detectable 

concentration was 3 µIU/ml. Expected normal concentrations of insulin are between 5 – 25 µIU/ml.  

 

All ELISA plates were read with Biotek Powerwave XS spectrophotometer (Winooski, VT). 

 

Serum glucose concentrations were measured using a Sirrus clinical analyzer (Stan Bio, Boerne, TX). 

Reagents were produced by Fischer Scientific, Inc. (Glucose Hex Reagent, cat# SBS 106-06-00). 

 

Insulin resistance was assessed by the homeostatic model of insulin resistance (HOMA-IR) and was 

calculated using a computerized calculator found on www.dtu.ox.ac.uk/index.php?maindoc=/homa. 

 

Statistical Analysis 

 

A one way ANOVA was used to analyze the differences in subject characteristics between groups and 

to test for treatment effect in differences in the changes between the groups. A paired samples t-test 

was used to analyze the differences between the measurements at baseline and 8 weeks. Normal 

distribution was tested by the Levine statistic. When unequal variances were found, the Tamhane post-
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hoc test for unequal variances was used to analyze significance. A factorial ANOVA was used to 

analyze any interactions between the groups. Associations between the hormones and metabolic 

parameters were examined by Pearson correlation coefficients. Partial correlations were used between 

these parameters to adjust for BMI. Alpha was set at p-value of 0.05. Statistical analyses were 

performed using SPSS for Windows, Version 15.0 (SPSS, Chicago, IL). All values are reported as 

means ± SD. 

  



31 
 

CHAPTER IV 

RESULTS 

Characteristics of subjects. 

 
At baseline, 26 participants were measured. Since the BMI range was so large (16.9 kg/m2 – 48.2 

kg/m2) and since significant hormonal and metabolic differences have been observed between lean and 

overweight women with PCOS (VrbÍková, et al. 2004), the subjects were divided into two groups 

based on BMI. The overweight-obese group consisted of 13 women with a BMI > 25 kg/m2 with a 

range of 26.5 kg/m2 to 48.2 kg/m2. Of the 13 overweight women, 8 subjects had a BMI > 30 and one 

subject had a BMI of 48.2 kg/m2. The lean group consisted of 13 women with BMI ≤ 25 kg/m2 with a 

range of 16.9 kg/m2 to 23.42 kg/m2. Of this group, 3 subjects had a BMI < 20 kg/m2 and 1 subject had a 

BMI of 16.9 kg/m2.  

 

The characteristics of each group and comparisons between the groups are listed in table 1. BMI, 

weight, waist circumference, serum insulin, HOMA-IR, and serum leptin were all significantly higher 

in the overweight-obese group, while serum adiponectin and the A/L ratio were lower. Age and glucose 

were not significantly different between the lean and obese group. Waist circumference for the 

overweight-obese group was above 88cm, which is the limit for diagnosis of the metabolic syndrome in 

women. HOMA-IR was 2X greater in the overweight group compared to the lean group. In the 

overweight-obese group, three women had insulin levels above normal (5-25 µIU/ml).  

 
Table 1. Anthropometric and blood chemistry characteristics of women with PCOS subdivided in 2 
groups: normal-weight (BMI ≤ 25) and overweight/obese (BMI>25) (values are means ± SD). 
  Total  Overweight/ 

Obese 
Lean  P value 

# of women  26 13 13  
Age  22.54 +/- 4.39 22.23 +/- 4.80 22.85 +/- 4.12 NS 
BMI (kg/m2)  27.19 +/- 7.63 33.27 +/- 6.14 21.11 +/- 1.92 <.001 
Weight (kg)  75.11 +/- 22.39 91.8 +/- 19.73 58.38 +/- 6.95 <.001 
Waist circumfer (cm)  94.54 +/- 16.44 107.59 +/- 12.69 81.48 +/- 5.75 <.001 
Glucose (mg/dl)  87.73 +/- 5.97 89.23 +/- 5.51 86.23 +/- 6.25 NS 
Insulin (µIU/ml)  14.74 +/- 13.52 21.4 +/- 16.7 8.09 +/- 1.76 .009 
HOMAIR  1.57 +/- 0.77 2.15 +/- 0.74 1.03 +/- 0.22 .012 
Adiponectin (µg/ml)  13.03 +/- 5.33 9.28 +/- 3.59 16.79 +/- 3.98 <.001 
Leptin (ng/ml)  30.79 +/- 26.68 48.8 +/- 25.9 12.71 +/- 10.0 <.001 
A/L X 1000  1323 +/- 1849 241 +/- 153 2406 +/- 2136 .001 
(values are shown as means +/- standard deviations) 
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Correlations between leptin, adiponectin, and insulin with metabolic parameters in women with PCOS. 

 

Table 2a shows the correlation coefficients and the p-values of the relationship between leptin, 

adiponectin, the A/L ratio, insulin, HOMA-IR, and waist circumference in all of the subjects. BMI and 

waist circumference were significantly negatively correlated with adiponectin and the A/L ratio and 

positively correlated with leptin, insulin, and HOMA-IR. Adiponectin and leptin were significantly 

negatively correlated. Adiponectin was also significantly negatively correlated with insulin and 

HOMA-IR. Leptin was significantly positively correlated with insulin and HOMA-IR. The A/L ratio 

was significantly negatively correlated with insulin, while there was a trend towards a significant 

negative correlation with HOMA-IR (p=0.058). 

 
Table 2a. Correlations between leptin, adiponectin, A/L ratio, glucose, insulin, HOMA-IR, and BMI in 
women with PCOS (n=26). 

 

 
 
 
 
 

 

 

 

 

 

Table 2b shows the correlation coefficients and the p-values of the relationship between leptin, 

adiponectin, the A/L ratio, insulin and HOMA-IR in all of the subjects after the correlations were 

controlled for BMI. Adiponectin and leptin no longer had a negative relationship to each other. There 

was a trend towards a significant negative correlation between adiponectin with insulin (p=0.056) and 

HOMA-IR (p=0.059). Leptin was significantly positively correlated with insulin and HOMA-IR. The 

A/L ratio was significantly positively correlated to glucose, while there was a trend towards a 

significant positive relationship with glucose (p=0.094). 

 

 

 
 
 

  Adiponectin   Leptin  A/L ratio   Insulin   Glucose   HOMAIR  

BMI                (r) 
                        (p) 

-0.716 
 (<0.001) 

0.739 
(<0.001) 

-0.549 
(0.002) 

0.349 
(0.04) 

0.207 
(0.155) 

0.331 
(0.049) 

Waist            (r)  
Circumf       (p) 

-0.797 
(<0.001) 

0.610 
(<0.001) 

-0.549 
(0.002) 

0.351 
(0.039) 

0.173 
(0.200) 

0.335 
(0.047) 

Adiponectin (r) 
                          (p) 

 -0.450  
(0.01) 

 -0.463 
 (0.009) 

-0.148 
(0.235) 

-0.448  
(0.011) 

Leptin           (r) 
                         (p) 

   0.532 
(0.003) 

0.192 
(0.173) 

0.512 
(0.004) 

A/L ratio    (r) 
                       (p) 

   -0.342 
(0.044) 

0.194 
(0.172) 

-0.315 
(0.058) 



33 
 

Table 2b. Correlations between leptin, adiponectin, A/L ratio, glucose, insulin, and HOMA-IR  in 
women with PCOS,  controlled for BMI (n=26). 

 
 

 
 
 
 
 
 

 
Table 3a shows the correlation coefficients and p-values of the relationship between leptin, 

adiponectin, the A/L ratio, insulin, and HOMA-IR in subjects with BMI ≤ 25. BMI was significantly 

negatively correlated with glucose, while there was a trend towards a significant negative correlation 

with HOMA-IR (p=0.069). Waist circumference was also significantly negatively correlated with 

glucose. There was a trend towards a significant negative correlation between waist circumference and 

adiponectin (p=0.066). There was a trend towards a significant positive correlation between 

adiponectin and glucose (p=0.098). Leptin was significantly positively correlated with insulin and 

negatively correlated with glucose. There was a trend towards a significant positive correlation between 

leptin and HOMA-IR. The A/L ratio was significantly positively correlated with glucose. 

  
Table 3a. Correlations between leptin, adiponectin, A/L ratio, glucose, insulin, HOMA-IR, and BMI in 
women with PCOS with BMI ≤ 25 (n=13). 

  
 
 
 
 
 
 
 
 
 
 
 

 
Table 3b shows the correlation coefficients and p-values of the relationship between leptin, 

adiponectin, the A/L ratio, insulin, and HOMA-IR in subjects with BMI ≤ 25 after controlling for BMI. 

There was a trend towards a significant positive correlation between adiponectin and glucose 

(p=0.075). Leptin was significantly positively correlated with insulin and HOMA-IR. There was a 

trend towards a significant negative correlation between leptin and glucose (p=0.067). The A/L ratio 

  Leptin   Insulin   Glucose   HOMAIR  

Adiponectin (r) 
                          (p) 

0.169 
(0.209) 

-0.325 
(0.056) 

0.000 
(0.499) 

-0.320 
(.059) 

Leptin            (r) 
                         (p) 

 0.434 
(0.015) 

0.06 
(0.389) 

0.421 
(0.018) 

A/L ratio     (r) 
                        (p) 

 -0.192 
(0.179) 

0.376 
(0.032) 

-0.169 
(0.210) 

  Adiponectin   Leptin  A/L ratio   Insulin   Glucose   HOMA
IR  

BMI                 (r) 
                          (p) 

-0.063  
(0.419) 

0.338  
(0.130) 

-0.308 
(0.153) 

-0.189 
(0.268) 

-0.628 
(0.011) 

-0.435 
(0.069) 

Waist              (r)  
Circumf         (p) 

-.440 
(0.066) 

0.276 
(.181) 

-0.242 
(0.213) 

-0.054 
(0.430) 

-0.650 
(0.008) 

-0.290 
(0.168) 

Adiponectin (r) 
                          (p) 

 0.024  
(0.470) 

 -0.087 
(0.388) 

0.384  
(0.098) 

0.029  
(0.463) 

Leptin            (r) 
                          (p) 

   0.605 
(0.014) 

-0.548 
(0.026) 

0.420 
(0.077) 

A/L ratio       (r) 
                          (p) 

   -0.326 
(0.139) 

0.632 
(0.010) 

-0.107 
(0.364) 
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was significantly positively correlated with glucose, while there was a trend towards a significantly 

negative correlation with insulin. 

 
Table 3b. Correlations between leptin, adiponectin, A/L ratio, glucose, insulin, and HOMA-IR in 
women with PCOS with BMI ≤ 25, controlled for BMI (n=13).  
 Leptin   Insulin   Glucose   HOMAIR  

Adiponectin (r) 
                          (p) 

0.048 
(0.441) 

-0.101 
(0.377) 

0.443 
(0.075) 

0.002 
(0.498) 

Leptin            (r) 
                         (p) 

 0.724 
(0.004) 

-0.458 
(0.067) 

0.668 
(0.009) 

A/L ratio     (r) 
                        (p) 

 -0.411 
(0.092) 

0.593 
(0.021) 

-0.281 
(0.188) 

 
 
Table 4a shows the correlation coefficients and p-values of the relationship between leptin, 

adiponectin, the A/L ratio, insulin, and HOMA-IR in subjects with BMI > 25. BMI was significantly 

negatively correlated with adiponectin and the A/L ratio, while there was a trend towards a significant 

positive correlation with leptin (p=0.069). Waist circumference was significantly positively correlated 

with leptin and negatively correlated with the A/L ratio. The A/L ratio was significantly negatively 

correlated with glucose. There was a trend towards a significant negative correlation between the A/L 

ratio and insulin (p=0.098) and HOMA-IR (p=0.094). 

 
Table 4a. Correlations between leptin, adiponectin, A/L ratio, glucose, insulin, HOMA-IR, and BMI in 
women with PCOS with BMI > 25 (n=13). 
  Adiponectin   Leptin  A/L ratio   Insulin   Glucose   HOMA

IR  
BMI                 (r) 
                          (p) 

-0.492  
(0.044) 

0.434 
(0.069) 

-0.669 
(0.006) 

-0.115 
(0.354) 

0.220 
(0.235) 

-0.117 
(0.352) 

Waist              (r)  
Circumf         (p) 

-0.331 
(.135) 

.620 
(.012) 

-.633 
(.010) 

.035 
(.455) 

.170 
(.289) 

.028 
(.463) 

Adiponectin (r) 
                           (p) 

 0.137 
(0.328) 

 -0.245 
(0.210) 

-0.362 
(0.112) 

-0.250 
(0.205) 

Leptin             (r) 
                           (p) 

   0.294 
(0.165) 

0.275 
(0.181) 

0.288 
(0.170) 

A/L ratio       (r) 
                          (p) 

   -0.384 
(0.098) 

-0.553 
(0.025) 

-0.390 
(0.094) 

 
Table 4b shows the correlation coefficients and p-values of the relationship between leptin, 

adiponectin, the A/L ratio, insulin, and HOMA-IR in subjects with BMI >25 after controlling for BMI. 

There was a trend towards a significant positive correlation between adiponectin and leptin (p=0.073). 

The A/L ratio was significantly negatively correlated with insulin, glucose, and HOMA-IR. 
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Table 4b. Correlations between leptin, adiponectin, A/L ratio, glucose, insulin, and HOMA-IR  in 
women with PCOS with BMI > 25, controlled for BMI (n=13). 
 Leptin   Insulin   Glucose   HOMAIR  
Adiponectin   (r) 
                            (p) 

0.446 
(0.073) 

-0.349 
(0.133) 

-0.299 
(0.173) 

-0.355 
(0.129) 

Leptin               (r) 
                            (p) 

 0.385 
(0.108) 

0.205 
(0.262) 

0.378 
(0.113) 

A/L ratio         (r) 
                            (p) 

 -0.624 
(0.015) 

-0.560 
(0.029) 

-0.634 
(0.013) 

 

 
Table 5a shows the correlations between leptin, adiponectin, the A/L ratio, glucose, insulin, HOMA-IR, 

and BMI in subjects with BMI>30. The data from these subjects were also used for the correlations 

done for subjects with BMI > 25. BMI was significantly negatively correlated with the A/L ratio. There 

was a trend towards a significant negative correlation between BMI and adiponectin. Waist 

circumference was significantly negatively correlated with adiponectin and the A/L ratio. Leptin was 

significantly positively correlated with insulin and HOMA-IR. The A/L ratio was significantly 

negatively correlated with HOMA-IR. There was a trend towards a significant negative correlation 

between the A/L ratio and insulin. 

 
Table 5a. Correlations between leptin, adiponectin, A/L ratio, glucose, insulin, HOMA-IR, and BMI in 
women with PCOS with BMI > 30 (n=8). 
 Adiponectin   Leptin  A/L 

ratio  
Insulin   Glucose   HOMA

IR  
BMI                  (r) 
                          (p) 

-0.608 
(0.055) 

0.120 
(0.388) 

-0.704 
(0.026) 

-0.046 
(0.457) 

0.275 
(0.255) 

-0.016 
(0.485) 

Waist              (r)  
Circumf         (p) 

-0.645 
(0.009) 

0.092 
(0.383) 

-0.614 
(0.013) 

0.118 
(0.350) 

0.232 
(0.223) 

-0.113 
(0.357) 

Adiponectin (r) 
                          (p) 

 0.402 
(0.162) 

 -0.01 
(0.491) 

-0.287 
(0.245) 

-0.04  
(0.463) 

Leptin            (r) 
                          (p) 

   0.684 
(0.031) 

0.048 
(0.455) 

0.726 
(0.021) 

A/L ratio       (r) 
                          (p) 

   -0.549 
(0.079) 

-0.392 
(0.168) 

-0.628 
(0.048) 

 
Table 5b shows the correlations between leptin, adiponectin, the A/L ratio, glucose, insulin and 

HOMA-IR in women with PCOS with BMI>30 after controlling for BMI. There was a trend towards a 

significant positive correlation between adiponectin and leptin (p=0.076). Leptin was significantly 

positively correlated to insulin and HOMA-IR. The A/L ratio was significantly negatively correlated to 

insulin and HOMA-IR. 
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Table 5b. Correlations between leptin, adiponectin, A/L ratio, glucose, insulin, and HOMA-IR in 
women with PCOS with BMI > 30, controlled for BMI (n=8). 
 Leptin   Insulin   Glucose   HOMAIR  

Adiponectin     (r) 
                              (p) 

.602 
(.076) 

-.048 
(.459) 

-.157 
(.368) 

-.062 
(.448) 

Leptin                (r) 
                              (p) 

 .696 
(.041) 

.016 
(.486) 

.734 
(.030) 

A/L ratio          (r) 
                             (p) 

 -.819 
(.012) 

-.290 
(.264) 

-.900 
(.003) 

 

Effects of polyphenols/exercise 

 
Baseline characterisitics of women with PCOS. 

 
For the intervention portion of the study, 13 subjects were randomly placed into one of four different 

groups: (1) apples, no exercise, (2) no apples, exercise, (3) no apples, no exercise, or (4) apples and 

exercise. Table 6 lists the participant data by group. There were no significant differences between the 

groups. 

 
Table 6. Participant data in different groups  
  Apples 

No Exercise 
No Apples 
Exercise 

No Apples 
No Exercise 

Apples 
Exercise 

# of 
participants 

2 3 3 5 

Age  24 +/- 4.24 21 +/- 3 21.33 +/- 3.51 21.4 +/- 2.7 
Compliance   100 +/- 0 92.6 +/- 6.3  94.13 +/- 7.27 98.50 +/- 1.91 
Steps/day  8200 +/- 1215 6218 +/-1132 7634 +/- 1899 8147 +/- 2669 
(values are shown as means +/- standard deviations) 

 
Table 7 lists baseline measurements of the participants by group. There were no significant differences 

between the groups in any baseline measurement. 
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Table 7. Baseline measurements of participants in different groups. 
  Apples  

No Exercise 
No Apples 
Exercise 

No Apples 
No Exercise 

Apples 
Exercise 

BMI  21.64 +/- 1.16 28.23 +/- 4.23  27.96 +/- 10.0 28.99 +/- 5.43 
Weight (kg)  53.4 +/- 3.68 78.67 +/- 14.36 75.33 +/- 15.92 79.65 +/- 15.04
Waist Circumfer (cm)  81.26 +/- 2.69 100.07 +/- 8.5 93.52 +/- 14.37 99.72 +/- 17.26
Leptin (ng/ml)  27.79 +/- 10.88 29.64 +/- 19.26 35.20 +/- 36.83 32.00 +/- 14.00
Adiponectin (ug/ml)  16.56 +/- 4.00 9.09 +/- 2.44 14.13 +/- 7.95 12.78 +/- 4.51 
A/L X 103   614+/- 96 354+/- 112 1211+/- 1295 484 +/- 294 
Glucose (mg/dl)  81 +/- 1.41 84 +/- 6.56 84 +/- 3.46 85.8 +/- 4.6 
Insulin (µIU/ml)  11 +/- 0.45 12.42 +/- 4.82   14.04 +/- 10.81 13.89 +/- 5.19 
HOMAIR  1.77 +/- 0.66 1.57 +/- 0.6 1.77 +/- 1.34 1.76 +/- 0.63 
(values are shown as means +/- standard deviations) 

 
 
Table 8 lists clinical measurements by group at the end of the eight week study. The only significant 

difference found was that fasting glucose increased in both of the No Apple groups, which were fed 

cereal instead. 

 
Table 8. Endpoint measurements of participants in different groups.  

 *=statistically difference from baseline (p<0.05) 
(values are shown as means +/- standard deviations) 
 
 

 
Table 9 shows the differences in the changes between baseline and endpoint in the different groups. 

The only significant differences in the changes occurred in fasting serum glucose.  

 
 
 
 
 
 
 

  Apples  
No exercise 

No Apples 
Exercise 

No Apples 
No Exercise 

Apples 
Exercise 

BMI  21.26 +/- 0.79 28.7 +/- 4.08 28.47 +/- 11.31 29.20 +/- 5.72 
Weight (kg)  52.46 +/- 2.76 79.93 +/- 13.78 76.43 +/- 19.15 80.28 +/- 16.00
Waist Circumfer (cm)  81.15 +/- 4.6 102.9 +/- 9.37 94.62 +/- 17.06 100.05 +/- 6.34
Leptin (ng/ml)  19.68 +/- 8.35 39.05 +/- 14.49 24.80 +/- 25.27 30.69 +/- 14.65
Adiponectin (ug/ml)  12.93 +/- 4.72 6.44 +/- 1.48 13.00 +/- 5.83 11.22 +/- 5.39 
A/L X 103  665 +/- 42 172 +/- 33 1714 +/- 2025 466 +/- 356 
Glucose (mg/dl)  86 +/-2.83 91 +/- 9.17* 90.67 +/- 5.13* 85.6 +/- 2.41 
Insulin (µIU/ml)  9.70 +/- 3.87 13.59 +/- 1.53 14.86 +/- 10.81 16.67 +/- 9.28 
HOMAIR  1.15 +/- 0.35 1.73 +/- 0.23 1.87 +/- 1.34 2.08 +/- 1.10 
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Table 9. Changes in measurements of participants in different groups from baseline to endpoint. 
  Apples 

No exercise 
No Apples 
Exercise 

No Apples 
No Exercise 

Apples 
Exercise 

BMI  -0.38 +/- 0.37 0.47 +/- 0.32  0.51 +/- 1.33 0.21 +/- 0.57 
Weight (kg)  -0.95 +/- 0.92 1.27 +/- 0.85 1.10 +/- 3.25  0.63 +/- 1.54 
Waist Circumfer (cm)  -0.11 +/- 1.91 2.12 +/- 2.25 1.10 +/- 2.92 0.33 +/- 1.84 
Leptin (ng/ml)  -8.11 +/- 2.53 9.41 +/- 10.84 -10.39 +/- 11.65 -1.31 +/- 2.52 
Adiponectin (ug/ml)  -3.63 +/- 0.73 -2.65 +/- 1.68 -1.12 +/- 2.16 -1.57 +/- 2.50 
A/L X 103  51 +/- 54 -181 +/- 83 503 +/- 752 -18 +/- 89 
Glucose (mg/dl)  5.00 +/- 1.41ab 7.00 +/- 2.65a 6.67 +/- 2.08a -.20 +/- 3.03b 
Insulin ( µIU/ml )  -1.31 +/- 3.42 1.17 +/- 5.45 0.82 +/- 0.36 2.78 +/- 6.10 
HOMAIR  0.60 +/- 1.41 0.17 +/- 0.67 0.10 +/- 0.00 0.32 +/- 0.71 
a, b= significantly different from each other (p<0.05). 

(values are shown as means +/- standard deviations) 
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CHAPTER V 

DISCUSSION 

 

PCOS is a syndrome commonly observed in premenopausal women characterized by anovulation, 

hyperinsulinemia, hyperandrogenism, and altered fat distribution with increased abdominal fat (Trolle, 

et al. 2007, Farschi, et al. 2007). Some studies have shown that women with PCOS exhibit abnormal 

adipocytokine concentrations in the form of increased leptin and decreased adiponectin concentrations 

compared to weight matched controls (Atamer, et al. 2008, Aroda, et al. 2008). On the other hand, 

other studies have shown that BMI influences the level of adipocytokine secretion regardless of PCOS 

status (Panidis, et al. 2003, Spranger, et al. 2004, Pirwany, et al. 2001, Telli, et al. 2002). A possible 

explanation for this discrepancy is that there are several different phenotypes of PCOS that exist. A 

recent study by Carmina, et al. (2008) verified the need to differentiate between ovulatory and 

anovulatory women with PCOS due to differences in various blood parameters, including 

adipocytokine release. Palomba, et al. (2008) also found significant differences in hormonal and 

metabolic parameters between ovulating and anovulating women after 24 weeks of either a hypocaloric 

diet or exercise. VrbÍková, et al. (2004) found significant differences in insulin levels between lean and 

obese women with PCOS, making the case for phenotypes based on BMI. In the present study, we 

assessed the relationships between leptin, adiponectin, and insulin with BMI, waist circumference, 

serum glucose and HOMA-IR in women with PCOS with BMI ≤ 25, BMI > 25, and BMI >30, and, the 

effect of daily apple consumption and low impact resistance exercise on these parameters.  

 

Relationship of leptin, adiponectin, and insulin to BMI and waist circumference. 

 

It has been an established that there is a positive relationship between leptin and fat mass and a 

negative relationship between adiponectin and fat mass, in women with and without PCOS (Xita, et al. 

2007, Bates & Myers, 2003, Kern, et al. 2003). In this study, leptin was significantly (p<0.001) higher 

in the overweight-obese group compared to the lean group (48.8 ng/ml +/- 25.9 vs. 12.71 ng/ml +/- 

10.0), while adiponectin was significantly lower (p<0.001) in the overweight-obese group compared to 

the lean group (9.28 µg/ml +/- 3.59 vs. 16.79 µg/ml +/- 3.98) (table 1). These values are concordant 

with previous research that found higher leptin levels and lower adiponectin levels in overweight/obese 

subjects with PCOS compared to lean subjects with PCOS (Xita, et al. 2007, Orio, et al. 2003, 
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Carmina, et al. 2005).  

 

When all of the subjects were studied as a whole (n=26), BMI and waist circumference were positively 

correlated with leptin and negatively correlated with adiponectin (table 2a). When the lean group was 

studied separately, neither leptin nor adiponectin was significantly correlated with either BMI or waist 

circumference, but adiponectin did show a trend towards a significant negative correlation with waist 

circumference (p=0.066) (table 3a). In the case of adiponectin, this deviates from previous research 

which shows that adiponectin is significantly correlated to BMI (Reinehr, et al. 2004, Kern, et al. 

2003). In our study, this may possibly indicate an abnormality in the way that these adipocytokines are 

secreted in this group of women. In the overweight/obese group, BMI had a significant negative 

correlation with adiponectin and a trend towards a significant positive correlation with leptin (p=0.069) 

(table 4a). Waist circumference was significantly positively correlated with leptin, but had no 

correlation with adiponectin. The difference between the correlation with BMI and with waist 

circumference may be due to waist circumference being an indicator of visceral obesity, while BMI is 

an indicator of overall adiposity.  

 

Eight of the thirteen women in the overweight/obese group had a BMI > 30, classifying them as obese. 

This group was analyzed separately to see if there was any change in the relationship between the 

parameters being analyzed. In this group of obese women with PCOS, a trend for a negative correlation 

between BMI and adiponectin (p=0.055) was observed, but no significant relationship between BMI 

and leptin (table 5a). There was also a significant negative correlation between waist circumference and 

adiponectin. No significant relationship between waist circumference and adiponectin was observed. 

It has been observed that women with PCOS have an atypical distribution of body fat, with an 

increased proportion of android pattern obesity compared to women without PCOS (Farshchi, et al. 

2007). It is possible that altered adipose distribution may influence the secretion of adipocytokines 

(Wajchenberg 2000). Therefore, the lack of a significant correlation between the leptin and adiponectin 

with BMI and waist circumference may be due to the proportionally higher visceral fat in women with 

PCOS.  

 

In agreement with literature, BMI and waist circumference were significantly positively correlated with 

insulin concentrations when the data for all the subjects were analyzed together (Caballero, et al. 2008). 

However, after BMI stratification, there was no correlation between BMI or waist circumference with 



41 
 

insulin levels. In these women, the normal correlations were not found. However, all of the subjects 

had PCOS, so the correlations normally found in the population cannot be expected. 

 

Relationship between leptin and adiponectin 

 

Leptin and adiponectin are inversely regulated by fat mass such that leptin increases with an increase in 

fat mass and adiponectin decreases as fat mass increases. Several studies have shown a negative 

correlation between leptin and adiponectin (Xita, et al. 2007, Carmina, et al. 2005). The study by Xita, 

et al. (2007) stated that the negative correlation between leptin and adiponectin was independent of 

BMI, implying that some factor other than body fat may be regulating the expression of these two 

adipocytokines (Xita, et al. 2007).  

 

In this study, when all participants were analyzed together, there was a significant negative correlation 

between leptin and adiponectin. However, this correlation was no longer significant after controlling 

for BMI. This shows that in this study, BMI was the determining factor in the relationship between 

leptin and adiponectin in these subjects. In the lean group, leptin and adiponectin were not significantly 

correlated before or after control for BMI. The same was true of the overweight-obese group and the 

obese group. In both of these groups, after adjustment for BMI, there was a trend towards a significant 

positive relationship between leptin and adiponectin. This suggests that adipocytokine secretion is 

altered in overweight women with PCOS, or that BMI is such an important part of adipocytokine 

concentrations, that trying to control for it is not a valid analysis.  

 

Relationship between insulin, HOMA-IR, and the adipocytokines 

 

When all the subjects were analyzed together, adiponectin was negatively correlated with insulin, while 

leptin was positively correlated with insulin (table 2a). This has been found before in women with and 

without PCOS (Xita, et al. 2007, Kern, et al. 2003, Abassi, et al. 2004). The relationship between 

adiponectin and leptin with insulin can be explained by the fact that insulin decreases adiponectin 

mRNA and secretion, while it increases leptin secretion (Kern, et al. 2003, Lustig, et al. 2004). 

Conversely, adiponectin has been found to increase insulin sensitivity by reducing the concentration of 
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plasma free fatty acids and decreasing hepatic glucose output, which reduces the need for insulin 

(Fruebis, et al. 2001, Berg, et al. 2001). In this study, adiponectin was inversely related to HOMA-IR, 

which may be explained by the insulin sensitizing effects of adiponectin (Kern, et al. 2003, Abassi, et 

al. 2004, Fruebis, et al. 2001). Leptin was positively correlated with HOMA-IR when all subjects were 

analyzed. Insulin has been found to increase leptin concentrations (Saad, et al. 1998). The strong 

correlation between adiponectin and leptin and insulin resistance is an established phenomenon (Lustig, 

et al. 2004, Kern, et al. 2003). 

 

After partial correlations were run to remove the effect of BMI, there was a trend towards a negative 

correlation between adiponectin and insulin (n=26, p=0.056) (table 2b), but this was weaker than the 

significant relationship observed before controlling for fat mass. This indicates that fat mass explains 

some, but not all of the relationship between adiponectin and insulin. Leptin, on the other hand, kept its 

significant positive correlation to insulin and HOMA-IR. This corroborates previous research that 

found leptin and insulin resistance significantly correlated (Kolaczynski, et al. 1996, Xita, et al. 2007) 

and is an important finding in women with PCOS because of the hyperinsulinemic nature of the 

disease. There are several different hypotheses regarding the etiology of PCOS, but the most popular 

one is that  hyperinsulinemia causes the pituitary and adrenal glands to hypersecrete testosterone, 

leading to hyperandrogenemia and many of the symptoms of PCOS such as anovulation (Mattaliotakis, 

et al. 2006). 

 

In the lean group, leptin was still significantly positively related to insulin, while adiponectin lost its 

significant correlation to insulin (table 3a). There was also a trend towards a significant positive 

correlation between leptin and HOMA-IR (p=0.077), but not between adiponectin and HOMA-IR. 

After controlling for BMI in this group, the positive correlation of leptin with insulin (p=0.004) and 

HOMA-IR (p=0.009) was stronger, showing that even though fat mass influences leptin levels, insulin 

is probably involved in determining these levels as well. In the overweight-obese group, neither leptin 

nor adiponectin was associated with insulin or HOMA-IR either before or after correction for BMI. 

In the obese group, leptin was significantly positively correlated with both insulin and HOMA-IR, even 

after controlling for BMI (table 5a). Therefore, since leptin did not have any correlation with BMI in 

this group, insulin seems to have a stronger relationship with leptin than BMI does. Adiponectin was 

not correlated with either insulin or HOMA-IR before or after controlling for BMI in this subset of 

subjects.  
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Relationship between the A/L ratio with HOMA-IR and insulin 

 

Obesity is linked to inflammation. In addition to the inflammatory cytokines such as TNF-α and IL-6, 

leptin is another adipocytokine with pro-inflammatory properties, while adiponectin has been shown to 

have anti-inflammatory properties (Ahima 2006, Bates & Myers 2003). The adiponectin:leptin ratio 

(A/L ratio) has emerged as an index linking that may link the effects of obesity with the altered 

secretion of adiocytokines in inflammatory states such as insulin resistance and diabetes (Kotani, et al. 

2005, Xita, et al. 2007).  

 

When all subjects were analyzed, there was a significant negative correlation between the A/L ratio and 

insulin, and a trend towards a significant negative correlation between the A/L ratio and HOMA-IR 

(table 2a). After controlling for the effect of BMI, there was a borderline positive correlation between 

the A/L ratio and insulin (table 2b). This is the opposite of what was expected, since insulin has a 

negative effect on adiponectin and a positive one on leptin, decreasing the A/L ratio (Kern, et al. 2004, 

Lustig, et al. 2004). There was no correlation between the A/L ratio and HOMA-IR, possibly meaning 

that any relationship between adipocytokine levels and insulin resistance may be dependent on BMI.  

In the lean group, the A/L ratio was not significantly correlated with HOMA-IR or insulin (table 3a). 

However, after controlling for BMI, there was a trend towards a significant negative correlation 

between the A/L ratio and insulin (p=0.092) (table 3b).  

 

In the overweight group, there was a trend towards a significant negative correlation between the A/L 

ratio and both insulin (p=0.098) and HOMA-IR (p=0.094) (table 4a). After controlling for BMI, these 

correlations became significant (p<0.05) (table 4b). In this group, neither adipocytokine was correlated 

with HOMA-IR, but the A/L ratio showed a trend towards correlation suggests that adipocytokine 

secretion should be studied kinetically as a whole rather than singly. Kotani, et al. (2005) studied the 

relationship between the adipocytokines and vascular injury, in the form of carotid intima media 

thickness (CIMT) and found that neither adipocytokine was correlated to CIMT, but the A/L ratio was 

significantly (p<0.05) correlated to it. 

 

In the obese group, the A/L ratio was significantly negatively correlated with HOMA-IR and there was 
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a trend towards a significant negative correlation with insulin (p=0.079) (table 5a). After controlling 

for BMI, the A/L ratio was very strongly negatively correlated with HOMA-IR  and insulin (table 5b). 

Therefore, in this group, where BMI and leptin concentrations were highest, and adiponectin 

concentrations were lowest, the correlation between these two adipocytokines and insulin resistance 

was strongest. 

 

There was a clear difference based on BMI when looking at the relationship between the A/L ratio and 

HOMA-IR; there was a trend towards a significant negative correlation when all the women were 

studied (r=-0.315, p=0.058), no correlation when only looking at the lean group (r=-0.107, p=0.364), 

a weaker trend towards a significant negative correlation in the overweight/obese group (r=-0.390, 

p=0.094) and a significant negative correlation when only looking at the obese group (r=-0.628, 

p=0.048). The significant correlation between the A/L ratio and HOMA-IR in the obese group may be 

due to the fact that their fat mass is higher compared to the other groups, causing more abnormal 

adipocytokine release. The lower adiponectin and higher leptin concentration would have more of an 

effect on other parameters. Therefore, the differences in the correlations between the A/L ratio and 

HOMA-IR show that not all women with PCOS can be studied together, but must be grouped 

according to their individual phenotypes. 

 

Other parameters of interest 

 

In the lean group, there was a significant negative correlation between BMI/waist circumference and 

glucose (table 3a). A positive correlation was expected since higher glucose levels stimulate insulin 

release, which increases fat accumulation. However, even though this correlation was found, both 

BMI/waist circumference measurements and glucose were within normal limits in this group. Also in 

this group, leptin showed a significant positive correlation to insulin and the negative correlation to 

glucose, which are in opposition to each other. Since insulin increases leptin levels (Lustig, et al. 2004), 

and a higher glucose level stimulates insulin release, a positive correlation to both insulin and glucose 

was expected. The A/L ratio was also significantly positively correlated to glucose. Therefore, in this 

group, all of the parameters had the opposite correlation with glucose from what was expected. 

However, all of the measured values were within normal limits in this group; therefore, these 

unexpected correlations may indicate abnormal adipocytokine functioning in lean women with PCOS. 
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Intervention Analysis 

 

Polyphenols are powerful antioxidants that have been shown to protect the body’s cells from oxidative 

stress (Scalbert, et al. 2005). Studies have also shown that polyphenols can decrease bodyweight, 

HOMA-IR, and visceral fat in vivo (Nagasako-Akazome, et al. 2007, Perez, et al. 2007). A decrease in 

bodyweight, especially fat mass may lead to an increase in insulin sensitivity, and consequently, a 

decrease in insulin concentration (Guilherme, et al. 2008, Shulman 2000). Since the etiology of PCOS 

may depend on increased levels of insulin, a decrease in these levels may ameliorate many of the 

symptoms suffered by women with PCOS (Mattalliotakis, et al. 2006, Kumari, et al. 2005, Ibanez, et al. 

2001). Furthermore, insulin depresses levels of adiponectin and increases levels of leptin (Saad, et al. 

1998, Kern, et al. 2003, Yu, et al. 2002); therefore, a decrease in insulin concentrations may improve 

the concentrations of these two adipocytokines.  

 

Exercise has also been shown to improve insulin sensitivity, which decreases insulin concentrations 

(Kim, et al. 2007). In the same way that a polyphenol induced decrease in insulin levels would 

ameliorate adipocytokine levels, an exercise induced decrease should do the same. Palomba, et al. 

(2008) studied the effects of a exercise in women with PCOS and found that in fact, after 12 weeks of 

cardiovascular training at 60-70% of VO2 max, the women had significantly decreased body weight, 

BMI, and insulin levels. 

 

This intervention study did not show any significant changes in insulin, leptin, or adiponectin in any 

group after 8 weeks of an apple supplement ingestion or twice a week exercise. This is probably due to 

the lack of subjects in the intervention study. Nagasako-Akazome, et al. (2007) found that when fed 

hop-bract or apple polyphenols, subjects’ adiponectin levels were significantly higher compared to 

those fed a placebo. However, in that study neither polyphenol group increased from baseline, the 

difference occurred because the polyphenol group had a smaller decrease than the other groups.  

This study had an extremely small sample size. Only 13 women were eligible for and completed all 8 

weeks of the intervention with an uneven number of participants in each group. The apples/ no exercise 

group had two subjects, the no apples/exercise group and no apple/no exercise groups had 3 subjects, 

and the apples/exercise group had 5 subjects in it. With such a small sample size in each group, the 
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variances were very large and the differences from baseline to endpoint were not significant. Another 

possibility is that the treatments were not as potent as expected. 

 

 The only significant treatment effect observed in the subjects was an increase in fasting glucose levels 

in the two groups which were given the placebo, frosted mini wheats. Even though both treatments had 

comparable levels of total carbohydrates, the cereal had higher levels of glucose, rather than fructose, 

which was the primary sugar in the apple treatment. 

 

Neither exercise group saw any difference in HOMA-IR or insulin levels. This was unexpected as 

exercise is known to increase insulin sensitivity (Kim, et al. 2007). The lack of a change in weight was 

expected since the exercise program was chosen due to being the minimum amount of exercise that was 

thought to have an effect on insulin sensitivity. 
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CHAPTER VI 

CONCLUSION 

 

This study found that in young women with PCOS, leptin and adiponectin have varying correlations 

with BMI, waist circumference, insulin, and glucose at different BMI levels. Expected correlations 

were not observed as reported by other researchers, although several studies have been equivocal in 

their observations in women with PCOS. Carmina, et al. (2008) found that there are distinct differences 

between ovulating and non-ovulating women with PCOS with respect to several blood markers in that 

the anovulatory women had higher LH and C-reactive protein, and lower adiponectin concentrations. 

Palomba, et al. (2008) found significant differences in responses to a hypocaloric diet and exercise 

between ovulating and anovulating women with PCOS. The women that began to ovulate had 

significantly improved blood lipid marker and adipocytokine levels compared to the women who did 

not begin to ovulate. VrbÍková, et al. (2004) that obese women with PCOS had significantly higher 

insulin concentrations than lean women with PCOS. In this study, there were significant differences in 

the levels of adipose tissue products and insulin resistance measurements between lean and 

overweight/obese women with PCOS. Furthermore, the correlations of the adipose tissue products and 

the other parameters measured with BMI and each other were different at differing BMI levels. This 

suggests that women with PCOS cannot be studied as a whole and should be separated according to 

BMI and/or ovulatory status. 

 

Some of these correlations such as adiponectin and leptin with BMI and insulin in the lean group were 

the opposite of what was expected. This may show that there may be some type of genetic 

polymorphism in women with PCOS in which adipose tissue functions differently compared to women 

without PCOS. 

 

The A/L ratio was previously studied in women with PCOS (Xita, et al. 2007) and was found to be 

correlated with insulin and HOMA-IR independently of BMI. Our results indicated that this was true 

only in the women with BMI > 25. This may mean that in these women, the interaction between the 

adipocytokines and insulin resistance may function differently than in the women with BMI≤ 25. 

According to the data obtained in this study, the A/L ratio is a valid marker of insulin sensitivity in 

women with PCOS with BMI > 25. Therefore, therapy based on balancing adiponectin and leptin is a 

possible goal for the amelioration of insulin resistance and hyperinsulinemia in overweight/obese 



48 
 

women with PCOS. 

 

Hypotheses tested. The following hypotheses were tested: 

 

Hypothesis 1:  Overweight/obese women with PCOS will have a lower concentration of adiponectin 

and a higher concentration of leptin than lean women, resulting in a lower A/L ratio in 

the overweight/obese group. 

 

In this study, the overweight/obese women with PCOS had a significantly (p<0.001) lower 

concentrations of adiponectin (9.28 ± 3.59 vs. 16.79 ± 3.98) compared to the lean women. The 

overweight/obese women had significantly (p<0.001) higher concentrations of leptin (48.8 ± 25.9 vs. 

12.71 ± 10.0) compared to the lean women. Due to the high levels of leptin and the low levels of 

adiponectin, the A/L ratio was significantly (p=0.001) lower in the overweight/obese group compared 

to the overweight/obese group (241 ± 153 vs. 2406 ± 2136). 

 

Hypothesis 2: Adiponectin and leptin will be inversely related to each other in all women with PCOS, 

independent of BMI. 

 

When all the subjects were studied as a group, leptin and adiponectin were significantly (r=-0.450, 

p=0.01) inversely correlated to each other. However, once the correlation was controlled for the effect 

of BMI, there was no longer a significant correlation between the two adipocytokines. Leptin and 

adiponectin were not significantly correlated with each other when the groups were studied separately 

according to BMI. This strongly supports the corollary that within within the different groups of 

women with PCOS, adiponectin and leptin interact differently. 

 

Hypothesis 3: The A/L ratio will be significantly negatively correlated with HOMA-IR and insulin, 

regardless of and independent of BMI. 

 

When all of the subjects were taken into account, the A/L ratio was significantly negatively correlated 

with insulin (r=-0.342, p=0.044) and there was a trend towards a significant negative correlation with 

HOMA-IR (r=-0.315, p=0.058). In the lean group, there was no correlation between the A/L ratio and 

insulin or the A/L ratio and HOMA-IR, but there were trends towards significant negative correlations 
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of the A/L ratio with insulin (r=-0.384, p=0.098) and HOMA-IR (r=-0.390, p=0.094) in the 

overweight/obese group. In the obese group, there was a negative correlation between the A/L ratio and 

HOMA-IR (r=-0.628, p=0.048), and a trend towards a significant negative correlation between the A/L 

ratio and insulin (r=-0.549, p=0.079).  

 

After controlling for the effect of BMI (n=26), the A/L ratio was no longer correlated with HOMA-IR, 

but the trend towards a significant negative correlation with insulin (r=0.272, p=0.094) was 

maintained. In the lean group, there was a trend towards a significant negative correlation between the 

A/L ratio and insulin as well (r=-0.411, p=0.092). After controlling for BMI, there was no correlation 

between the A/L ratio and HOMA-IR (r=-0.281, p=0.188). In the overweight-obese group (BMI > 25), 

there were trends towards significant negative correlations between the A/L ratio and insulin (r=-0.384, 

p=0.098) and between A/L ratio and HOMA-IR (r=-0.390, p=0.094). In the obese group (BMI>30), 

there were significant negative correlations between the A/L ratio and insulin (r=-0.624, p=0.015) and 

A/L ratio and HOMA-IR (r=-0.634, p=0.013).  

 

Hypothesis 4: Apple polyphenols will increase adiponectin concentrations and decrease leptin 

concentrations; thereby, increasing the A/L ratio after 8 weeks of ingestion. 

 

In this study, apple polyphenols had no effect on adiponectin or leptin concentrations. Therefore, the 

A/L ratio was not changed after treatment. 

 

Hypothesis 5:  Exercise will improve insulin sensitivity, which, will translate into an increased level of 

adiponectin and a decrease level of leptin. 

 

In this study, exercise did not improve insulin sensitivity, and there was no change between 

adiponectin, leptin, or A/L ratio between baseline and endpoint in either exercise group. 

 

Limitations of the study/Recommendations 

 

The major limitation of the study was the sample size. There were 26 women analyzed for the 

correlation analysis. Meanwhile, there were only 13 women who qualified and completed the apple 

intervention portion of the study. With such a small number of participants, some of the standard 



50 
 

deviations were large and it was difficult to obtain significant results. 

 

Upon examining the glycemic index, the apples had a lower glycemic effect than the cereal (control) 

did. This was probably the reason for the increased blood glucose levels in both of the cereal groups. 

 

Also, there was no control of many outside factors such as diet or ovulatory status, which may play a 

role in adipocytokine secretion in women with PCOS (Carmina, et al. 2008). In order to obtain more 

significant data, women should be measured at the same cycle stage or be classified according to 

ovulatory status. 

 

Some recommendations which could have improved the study include a higher sample size and having 

a healthy control group which was age- and weight- matched to the PCOS group. This would allow for 

comparison of parameters between subjects with PCOS and subjects without PCOS. 

 

Future Research 

 

In this study, the A/L ratio was significantly correlated with HOMA-IR and insulin levels, but 

relationships were not consistent among the different levels of BMI. Future research in this field may 

be geared towards linking the A/L ratio with other abnormal parameters commonly seen in women 

with PCOS such as testosterone or sex hormone binding globulin (SHBG). This may ascertain a 

mechanism by which abnormal adipose tissue function has an impact on hyperandrogensim, which is 

central to PCOS.  

 

Another future research possibility is linking the other inflammatory adipocytokines with insulin 

resistance and hypernadrogenemia. In this study, leptin and adiponectin were studied; however, there 

are other adipocytokines such as interleukin-6 and tumor necrosis factor α which may also be 

responsible for abnormalities associated with PCOS. 
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Office of the Vice President  For Research 

Hum an Subjects Com m it tee 

Tallahassee, Flor ida 32306-2742 

(850)  644-8673 . FAX (850)  644-4392 

 

APPROVAL MEMORANDUM 

 

Date:  1/ 23/ 2008 

 

To:  Maria Spicer 

 

Address:  MC 1493 

Dept .:  NUTRI TI ON FOOD AND MOVEMENT SCI ENCES 

 

From :  Thom as L. Jacobson, Chair 

 

Re:  Use of Hum an Subjects in Research 

Do Apple Polyphenols and Exercise I m prove the Clinical Param eters of PCOS and 

Metabolic Syndrom e in Prem enopausal Wom en 

 

The applicat ion that  you subm it ted to this office in regard to the use of hum an 

subjects in the research proposal referenced above has been reviewed by the 

Hum an Subjects Com m it tee at  its m eet ing on 11/ 14/ 2007 2: 30: 00 PM.  Your 

project  was approved by the Com m it tee. 

 

The Hum an Subjects Com m it tee has not  evaluated your proposal for scient ific 

m erit ,  except  to weigh the r isk to the hum an part icipants and the aspects of the 

proposal related to potent ial r isk and benefit .  This approval does not  replace any 

departm ental or other approvals, which m ay be required. 

 

I f you subm it ted a proposed consent  form  with your applicat ion, the approved 

stam ped consent  form  is at tached to this approval not ice.  Only the stam ped 

version of the consent  form  m ay be used in recruit ing research subjects. 

 

I f the project  has not  been com pleted by 11/ 12/ 2008 you m ust  request  a renewal 

of approval for cont inuat ion of the project . As a courtesy, a renewal not ice will be 

sent  to you prior to your expirat ion date;  however, it  is your responsibilit y as the 

Principal I nvest igator to t im ely request  renewal of your approval from  the 

Com m it tee. 

 

You are advised that  any change in protocol for this project  m ust  be reviewed and 

approved by the Com m it tee pr ior to im plem entat ion of the proposed change in 

the protocol.  A protocol change/ am endm ent  form  is required to be subm it ted for 

approval by the Com m it tee.  I n addit ion, federal regulat ions require that  the 

Principal I nvest igator prom pt ly report , in writ ing any unant icipated problem s or 

adverse events involving r isks to research subjects or others. 
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By copy of this m em orandum , the Chair of your departm ent  and/ or your m ajor 

professor is rem inded that  he/ she is responsible for being inform ed concerning 

research projects involving hum an subjects in the departm ent , and should review 

protocols as often as needed to insure that  the project  is being conducted in 

com pliance with our inst itut ion and with DHHS regulat ions. 

 

This inst itut ion has an Assurance on file with the Office for Hum an Research 

Protect ion. The Assurance Num ber is I RB00000446. 

 

Cc:  Bahram  Arjm andi, Chair 

HSC No. 2007.724  
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APPENDIX B 

CONSENT FORM 

  



 

FSU Human Subjects Committee approved 11/14/2007.  Void after 11/12/2008.  HSC#2007.724. 

Consent Form 
 
Study Title:  Do Apple Polyphenols And Exercise Improve The Clinical Parameters Of Metabolic 

Syndrome In College Women with PCOS?  Dr. Maria T. Spicer, PI, Liran BenDor, Brandon 
Booth 
 
 
(1) The purpose of the study is to compare the effects of consuming 75 g of dried apples daily 

and regular supervised physical activity on the symptoms used to diagnose metabolic 
syndrome in college age women with PCOS over an 8 week period. Symptoms of metabolic 
syndrome include high blood pressure; elevated glucose, “bad” cholesterol and triglycerides 
(a form of fat in the blood); and, low levels of “good” cholesterol. Physical activity will be 
measured with a pedometer and you will be asked to log your steps daily. 

 
(2) You will be asked to (a) provide information regarding your birthdate, health information, 

exercise habits and dietary intake and (b) to authorize use of this information by Dr. Spicer 
and her research assistants for the purpose of the research; 

 
(3) You will be measured for blood pressure, body composition, height, weight, and waist 

circumference before, mid-way and after the 10 week period; 
 
(4) Sampling of your fasting blood is requested before, mid-way and after the intervention. 
 
(5) Before each blood draw and blood pressure measurement, you will be asked to fast (not eat 

or drink) from 10 pm the night before until the next morning when you come to the 
assessment laboratory for the blood draw and the measurements stated above; [Breakfast 
will be provided after fasting blood has been drawn and blood pressure measurements 
have been taken.] 

 
(6) An experienced phlebotomist will draw a total of 40 mL of blood over the duration of the 

whole study using sterile technique.  The blood will be analyzed for blood glucose, insulin,  
cholesterol, triglycerides, adipokines, leptin and C - reactive protein.  Ten mls of your blood, 
about 2 teaspoons, will be taken at each sampling. 

 
(7) The first visit will last approximately one hour, and the two subsequent visits will last 

approximately 30 minutes each. 
 
(8) Minimal risk involved in this study may happen from the blood draw which involves a needle 

prick which may cause some temporary discomfort and/or slight bruising; there is also a 
very slight chance of infection at the site. You may also experience some soreness after 
completing the weight lifting portion of the protocol. This will consist of lifting 3 sets at a load 
which you can lift 12 times 2 times a week with a 60-90 second break in between sets.  

 
(9) The possible benefits of your participation in this research project include improvements in 

overall health and in blood pressure, serum cholesterol, triglycerides and glucose 
concentrations. 

 
(10) You will not be paid for your participation in this research project but you will be receiving a 

complete nutritional assessment, the exercise program and functional food for free.  Florida 
State University will not be held liable if the participant develops health problems during the 
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FSU Human Subjects Committee approved 11/14/2007.  Void after 11/12/2008.  HSC#2007.724. 

course of the study, and will not provide compensation or provide medical treatment without 
charge for any medical interventions. 

 
(11) All the information we are collecting is confidential to the extent allowed by law and will be 

kept under lock and key in Dr. Spicer’s office in the Sandels Building at Florida State 
University.  Any identifying information will be destroyed by June 30, 2008. 

 
(12) Your involvement in this study is voluntary and you can withdraw from this study at anytime 

without penalty; 
 
(13) Your participation in this study may benefit you by increasing your physical activity and 

intake of fruit which may help improve your symptoms; 
 
(14)      You can contact Dr. Maria Spicer at (850)644-1784 should you have any questions or 

require more information regarding this study.  You can contact the F.S.U. Human Subjects 
Office at (850)644-8633 if you have any questions regarding the administration of this 
study. 

 
 

 
 
Information regarding this study has been explained to me.  I have read and fully understand the 
contents of this consent form.  I have signed it freely and voluntarily.  This also authorizes the 
use of this information by Dr. Spicer and her research assistants solely for the purpose of the 
research.  A copy of this signed consent form has been given to me. 
 
I, _____________________________, give my full consent to participate in the above titled 
research project sponsored by Florida State University and the Department of Nutrition Food 
and Exercise Sciences of the College of Human Sciences. 
 
 
Participant’s Signature __________________________ Date ____________ 

Participant’s Name in print _________________________________ 
 
 
I certify that I have personally explained all the parts of this form to the subject before requesting 
the subject’s consent. 
 
 
Signature _____________________________________   ___________________ 
                (Project Director or Authorized Representative)    Date 
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APPENDIX C 

HEALTH HISTORY QUESTIONNAIRE 
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HEALTH HISTORY 

 

 
Name: 

 
Birthdate:                        Age: 

Address: 
 
 

 
Email: 

 
Phone #’s: (day)                                                                    (night) 

 
 
Emergency Contact:                                                                   Phone #: 

 

 

 

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 

 
A. _____ Heart Attack, Heart disease or any other heart related problems 
B. _____ Heart Valve Problems 
C. _____ Heart Murmur 
D. _____ Enlarged Heart 
E. _____ Irregular Heart Beat 
F. _____ Atherosclerosis 
G. _____ Stroke 
H. _____ High Blood Pressure (controlled) 
I. _____ High Blood Pressure (uncontrolled) 
J. _____ Rheumatic Fever 
K. _____ Cardiac Surgery 
L. _____ Coronary Bypass 
M. _____ High Triglyceride Level 
N. _____ High Cholesterol Level 
O. _____ Varicose Veins 
P. _____ Anemia 
Q. _____ Hemophilia 
R. _____ Diabetes (controlled) 
S. _____ Diabetes (uncontrolled) 
T. _____ Phlebitis, Emboli (blood clots) 
U. _____ Other, Specify ___________________________________________________ 

 
 
 
 
 
 

II.  RESPIRATORY 
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A. _____ Emphysema 
B. _____ Bronchitis 
C. _____ Pneumonia 
D. _____ Asthma: _______ (childhood) _________ (currently) 
E. _____ Lung Disease 
F. _____ Other, Specify __________________________________________________ 

 
III.  OTHER DISEASE or ALIMENTS 

 
A. _____ Back Injuries/Back Pain 
B. _____ Epilepsy/Seizures (past or present) 
C. _____ Allergies 
D. _____ Liver Disease (Hepatitis, Jaundice) 
E. _____ Kidney Disease 
F. _____ Arthritis 
G. _____ Orthopedic Leg, Arm or Joint Problems 
H. _____ Neurologic Diseases 
I. _____ Migraine Headaches/Other Frequent Headaches 
Please explain any conditions you checked YES in I-III above: 
 
________________________________________________________________________ 
___________________________________________________________________________________
_____________________________________________________________ 
___________________________________________________________________________________
_____________________________________________________________ 
 
IV.  HAVE YOU RECENTLY HAD: 

 
A. _____ Chest Pain 
B. _____ Shortness of Breath Upon Exertion 
C. _____ Heart Palpitations 
D. _____ Cough on Exertion 
E. _____ Cough Up Blood 
F. _____ Swollen, Stiff or Painful Joints 
G. _____ Dizziness 
H. _____ Lightheadedness 
I. _____ Fainting 
J. _____ Back Problems 
K. _____ Gastrointestinal Disturbances (nausea, vomiting, diarrhea, abdominal pains) 
 
 
Please explain any conditions you checked in IV above: 
___________________________________________________________________________________
_____________________________________________________________ 
___________________________________________________________________________________
___________________________________________________________________________________
__________________________________________________ 
 



60 
 

V.  FAMILY MEDICAL HISTORY (Immediate Relatives) 
 

A. _____ Heart Attack, Heart Disease or other heart related problems 
B. _____ Stroke 
C. _____ Atherosclerosis 
D. _____ High Blood Pressure 
E. _____ Diabetes 
F. _____ Lung Disease 
G. _____ Respiratory Problems 
H. _____ Heart Surgery or 
I. _____ Heart Related Surgery 
J. _____ Other, Specify: _________________________________________________ 
 
VI.  TOBACCO 
 
A. Do you currently smoke or use tobacco products? _____ Yes _____ No 
B. What type? _____ Cigarette 

_____ Pipe 
_____ Cigar 
_____ Chewing tobacco 

C. How long? _________ 
D. Amount smoked per day? __________ 
E. If you do not currently smoke, have you ever? _____ Yes _____ No 
F. If YES, how long ago did you quit? _____________ 
 
VII.  EXERCISE 
 
A. Do you exercise? _____ Yes _____ No 
B. What kind of exercise do you presently engage in? 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
C. Is your level of effort: _____ minimal _____ moderate _____ high 
D. How often do you exercise? __________ days per week 
E. How long do you exercise? __________ minutes per day 
 

 
 
 
 

Please list any prescription medications, vitamin/nutritional supplements, over-the-counter medications 
you are currently taking or have taken in the last 7 days (don’t forget to include birth control pills, 
headache/migraine medications, etc.): 
___________________________________________________________________________________
_____________________________________________________________ 
___________________________________________________________________________________
_____________________________________________________________ 
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 Please describe your present medical condition and anything we should be aware of concerning your 
health: 
___________________________________________________________________________________
_____________________________________________________________ 
___________________________________________________________________________________
_____________________________________________________________ 
___________________________________________________________________________________
_____________________________________________________________ 

 

I certify that my responses to the foregoing questionnaire are true, accurate and complete: 

 

Signature:_________________________________________________ Date:______________ 
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APPENDIX D 

24 HOUR RECALL 

  



63 
 

 

  



64 
 

LITERATURE CITED 

 
Abbasi, F., Chu, J.W., Lamendola, C., McLaughlin, T., Hayden, J., Reaven, G.M., &  Reaven, P.D. 
(2004) Discrimination between obesity and insulin resistance in the relationship with adiponectin.. 

Diabetes 53(3):585-561. 
 
Ahima, R. (2006) Metabolic actions of adipocyte hormones: focus on adiponectin. Obesity 14(Suppl 
1): 9S-15S. 
 
Ahima, R.S., Prabakaran, D., Mantzoros, C., Qu, D., Lowell, B., Maratos-Flier, E., & Flier, J.S. (1996) 
Role of leptin in the neuroendocrine response to fasting. Nature 382(6588):250-2. 
 
Apridonidze, T., Essah, P.A., Iuorno, M.J. & Nestler, J.E. (2005) Prevalence and characteristics of the 

metabolic syndrome in women with polycystic ovary syndrome. Journal of Clinical Endocrinology and 
Metabolism 90(4):1929-35.  
 
Aprikian, O., Levrat-Verny, M., Besson, C., Busserolles, J., Remesy, C. & Demigne, C. (2001) Apple 

favorably affects parameters of cholesterol metabolism and of anti-oxidative protection in cholesterol 

fed rats. Food Chemistry 75(4):445-452. 
 
Aprikian, O., Duclos, V., Guyot, S., Besson, C., Manach, C., Bernalier, A., Morand, C., Remesy, C., & 
Demigne, C. (2003) Apple pectin and a polyphenol rich apple concentrate are more effective together 

than separately on cecal fermentations and plasma lipids for rats. Journal of Nutrition 133:1860-1865. 
 
Ardawi, M.S. & Rouzi, A.A. (2005) Plasma adiponectin and insulin resistance in women with 

polycystic ovary syndrome. Fertility and Sterility 83(6):1708-1716. 
 
Aroda, V., Ciaraldi, T.P., Chang, S., Dahan, M.A., Chang, R.J., & Henry, R.R. (2008) Circulating and 

cellular adiponectin in polycystic ovary syndrome: relationship to glucose tolerance and insulin action. 

Fertility and Sterility 89(5):1200-1208. 
 
Atamer, A., Demir, B., Bayhan, G., Atamer, Y., Ilhan, N., & Akkus, Z. (2008) Serum levels of leptin 

and homocysteine in women with polycystic ovary syndrome and its relationship to endocrine, clinical, 

and metabolic parameters. The journal of international medical research 36:96-105. 
 
Atamer, A., Alisir, E.S., Akkus, Z., Kocyigit, Y., Atamer, Y., Ilhan, N. & Ecder T. (2008b) 
Relationship between leptin, insulin resistance, insulin-like growth factor-1 and insulin-like growth 

factor binding protein-3 in patients with chronic kidney disease. 

Journal of International Medical Research 36(3):522-528. 
 
Azziz, R., Ehrmann, D., Legro, R.S., Whitcomb, R.W., Hanley, R., Fereshetian, A.G., O’Keefe, M., 
Ghazzi, M.N. (2001) Troglitazone improves ovulation and hirsutism in the polycystic ovary syndrome: 

a multicenter, double blind, placebo-controlled trial. J Clin Endocrinol Metab 86:1626–1632.  
 
Azziz, R., Sanchez, L.A., Knochenhauer, E.S., Moran, C., Lazenby, J., & Stephens, K.C. (2004) 
Androgen excess in women: experience with over 1000 consecutive patients. J Clin Endocrinol Metab 
89:453–462. 
 



65 
 

Baillargeon, J.P. & Carpentier, A. (2007) Role of insulin in the hyperandrogenemia of lean women with 

polycystic ovary syndrome and normal insulin sensitivity.  

Fertility & Sterility 88(4):886-93. 
 
Barash, I.A., Cheung, C.C., Weigle, D.S., Ren, H., Kabigting, E.B., Kuijper, J.L., Clifton, D.K., & 
Steiner, R.A. (1996) Leptin is a metabolic signal to the reproductive system. Endocrinology 137:3144-
3147. 
 
Barber, T.M., Golding, S.J., Alvey, C., Wass, J.A., Karpe, F., Franks, S. & McCarthy, M.I. (2008) 
Global adiposity rather than abnormal regional fat distribution characterizes women with polycystic 

ovary syndrome. The Journal of Clinical Endocrinology and Metabolism 93(3):999-1004. 
 
Bates, S.H. & Myers, M.G. (2003) The role of leptin receptor signaling in feeding and neuroendocrine 

function. Trends Endocrinol Metab. 14: 447–452. 
 
Berg, A.H., Combs, T.P., Du, X., Brownlee, M., & Scherer, P.E. (2001) The adipocyte-secreted protein 

Acrp30 enhances hepatic insulin action. Nature Medicine 7(8):947-953. 
 
Biedrzcyka, E. & Amarowicz, R. (2008) Diet and Health: Apple polyphenols as antioxidants. Food 
Reviews International 24:235-251. 
 
Blank, S.K., McCartney, C.R., Helm, K.D., & Marshall, J.C. (2007) Neuroendocrine effects of 

androgens in adult polycystic ovary syndrome and female puberty. Seminars in Reproductive Medicine 
25(5):352-359. 
 
Blüher, S. & Mantzoros, C.S. (2007) Leptin in reproduction. Current Opinion in Endocrinology, 
Diabetes, and Obesity 14(6):458-64. 
 
Blum, W.F., Englaro, P., Hanitsch, S., Juul, A., Hertel, N.T., Müller, J., Skakkebæk, N.E., Heiman, 
M.L., Birkett, M., Attanasio, A.M., Kiess, W., & Rascher, W. (1997) Plasma Leptin Levels in Healthy 

Children and Adolescents: Dependence on Body Mass Index, Body Fat Mass, Gender, Pubertal Stage, 

and Testosterone. The Journal of Clinical Endocrinology & Metabolism 82(9): 2904-2910. 
 
Boyer, J. & Liu, R.H. (2004) Apple phytochemicals and their health benefits. Nutrition Journal 3(1):5-
20. 
 
Brettenthaler, N., De Geyter, C., Huber, P.R., & Keller, U. (2004) Effect of the Insulin Sensitizer 

Pioglitazone on Insulin Resistance, Hyperandrogenism, and Ovulatory Dysfunction in Women with 

Polycystic Ovary Syndrome. The Journal of Clinical Endocrinology & Metabolism. 89(8): 3835-3840. 
 

Bremer, A.A. & Miller, W.L. (2008) The serine phosphorylation hypothesis of polycystic ovary 

syndrome: a unifying mechanism for hyperandrogenemia and insulin resistance. Fertility and Sterility 
89(5): 1039-1048. 
 
Bruun, J.M., Lihn, A.S., Verdich, C., Pedersen, S.B., Toubro, S., Astrup, A., & Richelsen, B. (2003) 
Regulation of adiponectin by adipose tissue-derived cytokines: in vivo and in vitro investigations in 

humans. Am J Physiol Endocrinol Metab 285:527-533. 
 



66 
 

Caballero, A.E., Bousquet-Santos, K., Robles-Osorio, L., Montagnani, V., Soodini, G., Porramatikul, 
S., Hamdy, O., Nobrega, A.C. & Horton, E.S. (2008) Overweight Latino children and adolescents have 

marked endothelial dysfunction and subclinical vascular inflammation in association with excess body 

fat and insulin resistance.Diabetes Care 31(3):576-82. 
 

Carmina, E., Bucchieri, S., Mansueto, P., Rini, G., Ferin, M. & Lobo, R.A. (2008) Circulating levels of 

adipose products and differences in fat distribution in the ovulatory and anovulatory phenotypes of 

polycystic ovary syndrome. Fertility and Sterility Epub ahead of print May 2008. 
 
Carmina, E., Orio, F., Palomba, S., Cascella, T., Longo, R.A., Colao, A.M., Lombardi, G., & Lobo, 
R.A. (2005) Evidence for altered adipocyte function in polycystic ovary syndrome. European Journal of 
Endocrinology 152(3):389-394. 
 
Clément, K., Vaisse, C., Lahlou, N., Cabrol, S., Pelloux, V., Cassuto, D., Gourmelen, M., Dina, C., 
Chambaz, J., Lacorte, J.-M., Basdevant, A., Bougnères, P., Lebouc, Y., Froguel, P., & Guy-Grand, B. 
(1998) A mutation in the human leptin receptor gene causes obesity and pituitary dysfunction. Nature 
392 (6674): 398-401. 
 
Cheung, L.P., Ma, R.C., Lam, P.M., Lok, I.H., Haines, C.J., So, W.Y., Tong, P.C., Cockram, C.S., 
Chow, C.C. & Goggins, W.B. (2008) Cardiovascular risks and metabolic syndrome in Hong Kong 
Chinese women with polycystic ovary syndrome. Human Reproduction Epub March 21, 2008. 
 
Chinetti, G., Zawadski, C., Fruchart, J.C., & Staels, B. (2004) Expression of adiponectin receptors in 

human macrophages and regulation by agonists of the nuclear receptors PPARalpha, PPARgamma, 

and LXR. Biochem Biophys Res Commun 314:151–158.  
 
Combs, T.P., Berg, A.H., Obici, S., Scherer, P.E., & Rossetti, L. (2001) Endogenous glucose 

production is inhibited by the adipose-derived protein Acrp30. Journal of Clinical Investigation 
108(12): 1875-1881.  
 
Cosar, E., Köken, G., Sahin, F.K., Akgün, L., Uçok, K., Genç, A. & Yilmazer, M. (2008) Resting 

metabolic rate and exercise capacity in women with polycystic ovary syndrome. International journal of 
gynaecology and obstetrics 101(1): 31-34. 
 
Coulam, C.B., Annegers, J.F. & Kranz, J.S. (1983) Chronic anovulation syndrome and associated 

neoplasia. Obstetrics and Gynecology 61:403–407.  
 
Coustan, D.R. (2007) Pharmacological management of gestational diabetes: an overview. Diabetes 
Care 30 (Supplement 2):S206-8. 
 
Covas, M.I., Nyyssonen, K., Poulsen, H.E., Kaikkonen, J., Zunft, H.J., Kiesewetter, H., Gaddi, A., de 
la Torre, R., Mursu, J., Baumler, H., Nascetti, S., Salonen, J.T., Fito, M., Virtanen, J., Marrugat, J. & 
Group, E.S. (2006) The effect of polyphenols in olive oil on heart disease risk factors: a randomized 

trial. Annals of Internal Medicine 145(5) :333-341. 
 
D'Archivio, M., Filesi, C., Di Benedetto, R., Gargiulo, R., Giovannini, C. & Masella, R. (2007) 
Polyphenols, dietary sources and bioavailability. Ann Ist Super Sanita 43(4):348-361.  
 



67 
 

Delporte, M. L., Brichard, S. M., Hermans, M. P., Beguin, C., & Lambert, M. (2003) 
Hyperadiponectinaemia in anorexia nervosa. Clinical Endocrinology 58(1):22–29.  
 
Diamanti-Kandarakis, E. (2007) Role of obesity and adiposity in polycystic ovary syndrome. 

International Journal of Obesity 31: S8–S13. 
 
Diamanti-Kandarakis, E., Christakou, C.D., Kandaraki, E., Alexandraki, K.I. (2007) Early Onset 

Adiposity: A pathway to polycystic ovary syndrome in adolescents? Hormones. 6(3): 210-217. 
 
Diamanti-Kandarakis, E., Baillargeon, J.P., Iuorno, M.J.,  Jakubowicz , D.J., & Nestler, J.E. (2003) A 

Modern Medical Quandary: Polycystic Ovary Syndrome, Insulin Resistance, and Oral Contraceptive 

Pills. The Journal of Clinical Endocrinology & Metabolism. 88(5): 1927-1932. 
 
Diamanti-Kandarakis, E., Kouli, C.R., Bergiele, A.T., Filandra, F.A., Tsianateli, T.C. Spina,G.G., 
Zapanti, E.D. and Bartzis, M.I. (1999) A Survey of the Polycystic Ovary Syndrome in the Greek Island 

of Lesbos: Hormonal and Metabolic Profile The Journal of Clinical Endocrinology & Metabolism. 84 
(11): 4006-4011. 
 
Di Luigi, L (2007) Supplements and the Endocrine System in Athletes. Clinics in Sports Medicine 
27(1): 131-151. 
 
Dunaif, A. (1997) Insulin Resistance and the Polycystic Ovary Syndrome: Mechanism and Implications 

for Pathogenesis. Endocrine Reviews. 18 (6): 774-800 
 
Dunaif, A. & Finegood, D.T. (1996) Beta-cell dysfunction independent of obesity and glucose 

intolerance in the PCOS. The Journal of Clinical Endocrinology and Metabolism 81:942-947. 
 
Dunaif A, Segal KR, Shelley DR, Green, G., Dobrjansky, A. & Licholai, T. (1992) Evidence for 

distinctive and intrinsic defects in insulin action in polycystic ovary syndrome. Diabetes.41:1257-1266. 
 
Elter, K., Imir, G., & Durmusoglu, F. (2002) Clinical, endocrine and metabolic effects of metformin 

added to ethinyl estradiol-cyproterone acetate in non-obese women with polycystic ovarian syndrome: 

a randomized controlled study. Human Reproduction 17:1729–1737. 
 
Erenus, M., Yucelten, D., Gurbuz, O., Durmusoglu, F. & Pekin, S. (1996) Comparison of 
spironolactone-oral contraceptive versus cyproterone acetate-estrogen regimens in the treatment of 
hirsutism. Fertility and Sterility 66: 216–219.  
 
Escobar-Morreale, H.F. & San Millan, J.L. (2007) Abdominal adiposity and the polycystic ovary 

syndrome. Trends in Endocrinology and Metabolism 18(7): 266-272. 
 
Farshchi, H., Rane, A., Love, A. & Kennedy, R.L. (2007) Diet and nutrition in polycystic ovary 

syndrome (PCOS): Pointers for nutritional management. Journal of Obstetrics and Gynaecology 
27(8):762-73.  
 
Ferrara C.M. & Goldberg, A.P. (2001) Limited value of the homeostasis model 

assessment to predict insulin resistance in older men with impaired glucose tolerance. Diabetes Care 
24:245-249. 



68 
 

 
Fasshauer, M., Klein, J., Neumann, S., Eszlinger, M., & Paschke, R. (2002) Hormonal Regulation of 

Adiponectin Gene Expression in 3T3-L1 Adipocytes. Biochemical and Biophysical Research 
Communications 290(3):1084-1089. 
 
Ford, E.S., Giles, W.H., & Dietz, W.H. (2002) Prevalence of the metabolic syndrome among US 

adults: findings from the third National Health and Nutrition Examination Survey. JAMA 287:356–
359. 
 
Fruebis, J., Tsao, T., Javorschi, S., Ebbets-Reed, D., Erickson, M.S., Yen, F.T., Bihain, B.E., & Lodish, 
H.F. (2001) Proteolytic cleavage product of 30-kDa adipocyte complement-related protein increases 

fatty acid oxidation in muscle and causes weight loss in mice. Proceedings of the National Academy of 
Sciences of the USA. 98(4): 2005-2010. 
 

Furukawa, S., Fujita, T., Shimabukuro, M., Iwaki, M., Yamada, Y., Nakajima, Y., Nakayama, O., 
Makishima, M., Matsuda, M., & Shimomura, I. (2004) Increased oxidative stress in obesity and its 

impact on metabolic syndrome. Journal of Clinical Investigation 114(12):1752-1761.  
 
Gamba, M. & Pralong, F.P. (2006) Control of GnRH neuronal activity by metabolic factors: The role 

of leptin and insulin. Molecular and Cellular Endocrinology 254-255: 133-139. 
 
Gambineri, A., Pelusi, C., Vicennati, V., Pagotto, U. & Pasqualim R. (2002) Obesity and the polycystic 

ovary syndrome. International Journal of Obesity 26(7): 883-896. 
 
Gilling-Smith, C., Willis, D.S., Beard, R.W. & Franks, S. (1994) Hypersecretion of androstenedione by 

isolated theca cells from polycystic ovaries. Journal of Clinical Endorcrinology & Metabolism 
79:1158-1165. 
 
Goodarzi, M.O., Erickson, S., Port, S.C., Jennrich, R.I. & Korenman, S.G. (2005) beta-Cell function: a 

key pathological determinant in polycystic ovary syndrome. Journal of Clinical Endorcrinology & 
Metabolism 90(1):310-315. 
 
Goumenou, A.G., Matalliotakis, I.M., Koumantakis, G.E. & Panidis, D.K. (2003) The Role of Leptin in 

fertility. European Journal of Gynecology and Reproductive Biology 106 (2): 118-124. 
 
Gu, L., Kelm, M.A., Hammerstone, J.F., Beecher, G., Holden, J., Haytowitz, D.,  Gebhardt, S., & Prior, 
R.L. (2004) Concentrations of Proanthocyanidins in Common Foods and Estimations of Normal 

Consumption. The Journal of Nutrition 134:613-617. 
 
Guerre-Millo, M. (2008) Adiponectin: An Update. Diabeted & Metabolism 34(1):12-18. 
 
Guilherme, A., Virbasius, J.V., Puri, V. & Czech, M.P. (2008) Adipocyte dysfunctions linking obesity 

to insulin resistance and type 2 diabetes. Nature Reviews: Molecular Cell Biology 9(5):367-377. 
 
Halleux, C.M., Takahashi, M., Delporte, M.L., Detry, R., Funahashi, T., Matsuzawa, Y., & Brichard, 
S.M. (2001) Secretion of Adiponectin and Regulation of apM1 Gene Expression in Human Visceral 

Adipose Tissue. Biochemical and Biophysical Research Communications 288(5): 1102-1107. 
 



69 
 

Holte, J., Bergh, T., Berne, C., Berglund, L. & Lithell, H. (1994) Enhanced early insulin response to 

glucose in relation to insulin resistance in women with polycystic ovary syndrome and normal glucose 

tolerance. Journal of  Clinical Endocrinology and Metabolism 78:1052–1058. 
 
Homburg, R. (2005) Clomiphene citrate – end of an era? Human Reproduction  20(8): 2043–2051. 
 
Homburg, R. (2003) The management of infertility associated with polycystic ovary syndrome. 

Reproductive Biology and Endocrinology 14(1):109. 
 
Homburg, R., Armar, N.A., Eshel, A., Adams, J. & Jacobs, H.S. (1988) Influence of serum luteinising 

hormone concentrations on ovulation, conception, and early pregnancy loss in polycystic ovary 

syndrome. British Medical Journal 297:1024–1026. 
 
Hotta, K., Funahashi, T., Arita, Y., Takahashi, M., Matsuda, M., Okamoto, Y., Iwahashi, H., Kuriyama, 
H., Ouchi, N., Maeda, K., Nishida, M., Kihara, S., Sakai, N., Nakajima, T., Hasegawa, K., Muraguchi, 
M., Ohmoto, Y., Nakamura, T., Yamashita, S., Hanafusa, T. & Matsuzawa, Y. (2000) Plasma 

concentrations of a novel, adipose-specific protein, adiponectin, in type 2 diabetic patients. 
Arterioscler Thromb Vasc Biol 20:1595-1599.  
 
Ibanez, L., Ferrer, A., Ong, K., Dunger, D.B., & De Zegher, F. (2004) Insulin sensitization early after 

menarche prevents progression from precocious pubarche to polycystic ovary syndrome. Journal of 
Pediatrics 144:23–29. 
 
Ibáñez, L., Valls, C., Ferrer, A., Marcos, M.V., Rodriguez-Hierro, F. & de Zegher, F. (2001) 
Sensitization to insulin induces ovulation in nonobese adolescents with anovulatory hyperandrogenism. 

Journal of Clinical Endocrinology and Metabolism 86(8):3595-3598. 
 
Imagawa, A., Funahashi, T., Nakamura, T., Moriwaki, M., Tanaka, S., Nishizawa, H., Sayama, K., 
Uno, S., Iwahashi, H., Yamagata, K., Miyagawa, J. & Matsuzawa, Y. (2002) Elevated Serum 

Concentration of Adipose-Derived Factor, Adiponectin, :in Patients With Type 1 Diabetes. Diabetes 
Care 25(9):1665-1666. 
 
Imani B, Eijkemans MJ, te Velde ER, Habbema JD and Fauser BC (1998) Predictors 

of patients remaining anovulatory during clomiphene citrate induction of ovulation in 

normogonadotropic oligomenorrheic infertility. Journal of Clinical Endocrinology and Metabolism 
83:2361-2365. 
 
Imeh, U. & Khokhar, S. (2002) Distribution of conjugated and free phenols in fruits: antioxidant 

activity and cultivar variations. Journal of Agricultural and Food Chemistry 50: 6301–6306. 
 
Inoue, M., Maehata, E., Yano, M., Taniyama, M., & Suzuki, S. (2005) Correlation between the 
adiponectin-leptin ratio and parameters of insulin resistance in patients with type II diabetes. 
Metabolism 54:281-286. 
 
Isganaitis, E. & Lustig, R.H. (2005) Fast Food, Central Nervous System Insulin Resistance, and 

Obesity. Arteriosclerosis, Thrombosis, and Vascular Biology 25: 2451-2462. 
 
Kazumi, T., Kawaguchi, A., Sakai, K., Hirano, T. & Yoshino, G. (2002) Young men with high-normal 



70 
 

blood pressure have lower serum adiponectin, smaller LDL size, and higher elevated heart rate than 

those with optimal blood pressure. Diabetes Care 25:971–976.  
 
Kern, P., Di Gregorio, G.B., Lu, T., Rassouli, N., & Ranganathan, G. (2003) Adiponectin expression 

from human adipose tissue: relation to obesity, insulin resistance, and tumor necrosis factor-[alpha] 

expression. Diabetes 52(7):1779-1786. 
 
Kershaw, E.E. & Flier, J.S. (2004) Adipose Tissue as an endocrine organ. Journal of Clinical 
Endocrinology and Metabolism 89: 2548-2556.  
 
Kim, E.S., Im, J.A., Kim, K.C., Park, J.H., Suh, S.H., Kang, E.S., Kim, S.H., Jekal, Y., Lee, C.W., 
Yoon, Y.J., Lee, H.C. & Jeon, J.Y. (2007) Improved insulin sensitivity an-d adiponectin level after 

exercise training in obese Korean youth. Obesity (Silver Spring) 15(12): 3023 - 30. 
 
Kirchengast, S. and Huber, J. (2001) Body composition characteristics and body fat distribution in lean 

women with polycystic ovary syndrome. Human Reproduction 16(6): 1255-1260. 
 
Kolaczynski, J.W., Nyce, M.R., Considine, R.V., Boden, G., Nolan, J.J., Henry, R., Mudaliar, S.R., 
Olefsky, J., & Caro, J.F.  (1996) Acute and Chronic Effect of Insulin on Leptin Production in Humans: 

Studies In Vivo and In Vitro. Diabetes 45(5):699-701. 
 
Kotani, K., Sakane, N., Saiga, K., & Kurozawa, Y. (2005) Leptin:Adiponectin ratio as an atherogenic 

index in patients with type 2 diabetes: relationship of the index to carotid intima-media thickness. 
Diabetologia 48:2684-2686.  
 
Krysiak, R., Okopień, B., Gdula-Dymek, A. & Herman, Z.S. (2006) Update on the management of 

polycystic ovary syndrome. Pharmacological Reports 58(5):614-25. 
 
Kumari AS, Haq A, Jayasundaram R, Abdel-Wareth LO, Al Haija SA, Alvares M (2005) Metformin 

monotherapy in lean women with polycystic ovary syndrome. Reprod Biomed Online 10:100–104. 
 
Laughlin, G.A. & Yen, S.S.C. (1997) Hypoleptinemia in women athletes: absence of a diurnal rhythm 

with amenorrhea. J of Clinical Endocrinology and Metabolism 82:318–321.  
 
Legro, R.S, Chiu, P., Kunselman, A.R., Bentley, C.M., Dodson, W.C., & Dunaif, A. (2005) Polycystic 

ovaries are common in women with hyperandrogenic chronic anovulation but do not predict metabolic 

or reproductive phenotype. J Clin Endocrinol Metab 90(5): 2571-9.  
 
(2)Legro, R.S., Gnatuk, C.L., Kunselman, A.R., & Dunaif, A. (2005) Changes in Glucose Tolerance 

over Time in Women with Polycystic Ovary Syndrome: A Controlled Study Journal of Clinical 
Endocrinology & Metabolism 90(6): 3236-3242. 
 
Leohtowicz, H. Gorinstein, S., Lojek, A., Leontowicz, M., Ciz, M., Soliva-Fortuny, R., Park, Y., Jung, 
S., Trakhtenberg, S. & Martin-Belloso, O. (2002) Comparative content of some bioactive compounds in 

apples, peaches, and pears and their influence on lipids and antioxidant capacity in rats. Journal of 
Nutritional Biochemistry 13:603-610. 
 
Luque-Ramírez, M., Álvarez-Blasco, F., Botella-Carretero, J.I., Sanchón, R., San Millán, J.L., Escobar-



71 
 

Morreale, H.F. (2007) Increased body iron stores of obese women with polycystic ovary syndrome are 

a consequence of insulin resistance and hyperinsulinism and are not a result of reduced menstrual 

losses. Diabetes Care 30:2309-2313.  
 
(2) Luque-Ramírez, M., Alvarez-Blasco, F., Mendieta-Azcona, C., Botella-Carretero, J.I., & Escobar-
Morreale, H.F. (2007) Obesity is the major determinant of the abnormalities in blood pressure found in 

young women with the polycystic ovary syndrome. The journal of clinical endocrinology and 
metabolism 92(6):2141-8. 
 
Lustig, R.H., Sen, S., Soberman, J.E., & Velasquez-Mieyer, P.A. (2004) Obesity, leptin resistance, and 

the effects of insulin reduction. International Journal of Obesity 28(10): 1344-1348. 
 
Marrugat, J., Covas, M.I., Fito, M., Schroder, H., Miro-Casas, E., Gimeno, E., Lopez-Sabater, M.C., de 
la Torre, R. & Farre, M. (2004) Effects of differing phenolic content in dietary olive oils on lipids and 

LDL oxidation- a randomized controlled trial. European Journal of Nutrition 43(4):140-147.  
 
Martínez-Bermejo, E., Luque-Ramírez, M. &  Escobar-Morreale, HF. (2007) Obesity and the 

Polycystic Ovary Syndrome. Minerva Endocrinologica 32(3): 129-140. 
 
Masella, R., Giovannini, C., Vari, R., Di Benedetto, R., Coni, E., Volpe, R., Fraone, N. & Bucci, A. 
(2001) Effects of dietary virgin olive oil phenols on low density lipoprotein oxidation in hyperlipidemic 

patients. Lipids 36:1195-1202. 
 
Matkovic, V., Ilich, J.Z, Skugor, M., Badenhop, N.E., Goel, P., Clairmont, A.,  Klisovic, D., Nahhas, 
R.W., & Landoll, J.D. (1997) Leptin Is Inversely Related to Age at Menarche in Human Females. The 
Journal of Clinical Endocrinology and Metabolism 82(10): 3239-3245. 
 
Matsubara, M., Maruoka, S., & Katayose, S. (2002) Decreased plasma adiponectin concentrations in 

women with dyslipidemia. Journal of Clinical Endocrinology and Metabolism 87: 2764–2769.  
 
Mattaliotakis, I., Kourtis, A., Koukoura, O., & Panidis, D. (2006) Polycystic ovary syndrome: etiology 

and pathogenesis. Archives of Gynecology and Obstetrics 274(4): 187-197. 
 
Mayer, B., Schumaker, M., Branstatter, H., Wagner, F. & Hermetter, A. (2001) High-throughout 

flourescence screening of antioxidative capacity in human serum. Analytical Biochemistry 297(2):144-
153. 
 
Mendonça, H.C., Montenegro, R.M., Foss, M.C., Silva de Sá, M.F., & Ferriani, R.A. (2004) Positive 

correlation of serum leptin with estradiol levels in patients with polycystic ovary syndrome. Brazilian 
Journal of Medical and Biological Research 37(5): 729-736. 
  
Meyer, C., McGrath, B.P., & Teede, H.J. (2007) Effects of medical therapy on insulin resistance and the 

cardiovascular system in Polycystic Ovary Syndrome. Diabetes Care 30(3): 471-478. 
 
Molavi, B., Rassouli, N., Bagwe, S. & Rasouli, N. (2007) A review of thiazolidinediones and metformin 

in the treatment of type 2 diabetes with focus on cardiovascular complications. Vascular Health & Risk 
Management 3(6):967-73. 
 



72 
 

Moghetti, P., Castello, R., Negri,C., Tosi, F., Perrone, F., Caputo, M., Zanolin, E., & Muggeo, M. 
(2000) Metformin Effects on Clinical Features, Endocrine and Metabolic Profiles, and Insulin 

Sensitivity in Polycystic Ovary Syndrome: A Randomized, Double-Blind, Placebo-Controlled 6-Month 

Trial, followed by Open, Long-Term Clinical Evaluation. The Journal of Clinical Endocrinology & 
Metabolism 85(1): 139-146. 
 
Morin-Papunen, L.C., Vauhkonen, I., Koivunen, R.M., Ruokonen, A., Martikainen, H.K. & 
Tapanainen, J.S. (2000) Endocrine and metabolic effects of metformin versus ethinyl estradiol-

cyproterone acetate in obese women with polycystic ovary syndrome: a randomized study. Journal of 
Clinical Endocrinology and Metabolism 85:3161–3168. 
 
Nagasako-Akazome, Y., Kanda, T., Ohtake, Y., Shimasaki, H. & Kobayashi, T. (2007) Apple 

polyphenols influence cholesterol metabolism in healthy subjects with relatively high body mass index. 
Journal of Oleo Science 56(8):417-428. 
 
Nedvídková, J., Smitka, K., Kopský, V. & Hainer, V. (2005) Adiponectin, an adipocyte-derived 
protein. Physiological Research 54(2):133-40. 
  
Nestler, JE (2008) Metformin for the Treatment of the Polycystic Ovary Syndrome. New England 
Journal of Medicine 358(1):47-54.  
 
Nestler, J.E., Jakubowicz, D.J., de Vargas, A.F., Brik, C., Quintero, N. & Medina, F. (1998) Insulin 

stimulates testosterone biosynthesis by human thecal cells from women with polycystic ovary syndrome 

by activating its own receptor and using inositolglycan mediators as the signal transduction system. 
Journal of Clinical Endocrinology and Metabolism 83(6):2001–2005. 
 
Nestler, J.E. (1998) Polycystic ovary syndrome: a disorder for the generalist. Fertility and Sterility 
70:811–812 
 
Nishizawa, H., Shimomura, I., Kishida, K., Maeda, N., Kuriyama, H., Nagaretani, 
H., Matsuda, M., Kondo, H., Furuyama, N., Kihara, S., Nakamura, T., Tochino, Y., Funahashi, T., & 
Matsuzawa, Y. (2002) Androgens decrease adiponectin, an insulin-sensitizing adipocyte-derived 

protein. Diabetes 51(9): 2734–41. 
 
Norman, R.J., Noakes, M., Wu, R., Davies, M.J., Moran, L., & Wang, J.X. (2004) Improving 

reproductive performance in overweight/obese women with effective weight management. Human 
Reproduction Update 10(3): 267-280. 
 
Orio Jr., F.,  Palomba, S., Cascella, T., Milan, G., Mioni, R., Pagano, C., Zullo, F.,  Colao, A., 
Lombardi, G., & Vettor, R. (2003) Adiponectin Levels in Women with Polycystic Ovary Syndrome. 

Journal of Clinical Endocrinology and Metabolism 88(6):2619-2623. 
 
Orio Jr., F., Giallauria, F., Palomba, S., Manguso, F., Orio, M., Tafuri, D., Lombardi, G., Carmina, E., 
Colao, A., & Vigorito C. (2007) Metabolic and cardiopulmonary effects of detraining after a 

structured exercise training programme in young PCOS women. Clinical Endocrinology Epub ahead of 
print Dec 5, 2007.  
 
Ouchi, N., Kihara, S., Arita, Y., Maeda, K., Kuriyama, H., Okamoto, Y., Hotta, K., Nishida, 



73 
 

M.,Takahashi, M., Nakamura, T., Yamashita, S., Funahashi, T., & Matsuzawa, Y. (1999) Novel 

Modulator for Endothelial Adhesion Molecules: Adipocyte-Derived Plasma Protein Adiponectin. 

Circulation 100 (25):2473-2476.  
 
Ouchi, N., Kihara, S., Arita, Y., Nishida, M., Matsuyama, A., Okamoto, Y., Ishigami, M.,  Kuriyama, 
H., Kishida, K. & Nishizawa, H. (2001) Adipocyte-derived plasma protein, adiponectin, suppresses 

lipid accumulation and class A scavenger receptor expression in human monocyte-derived 

macrophages. Circulation 103:1057–1063.  
 
Palomba, S., Giallauria, F., Falbo, A., Russo, T., Oppedisano, R., Tolino, A., Colao, A., Vigorito, C., 
Zullo, F., & Orio, F. (2008) Structured exercise training programme versus hypocaloric hyperproteic 

diet in obese polycystic ovary syndrome patients with anovulatory infertility: a 24-week pilot study. 
Human Reproduction 23(3): 642-650.  
 
Panidis, D., Kourtis, A., Farmakiotis, D., Mouslech, T., Rousso, D. & Koliakos, G. (2003) Serum 

adiponectin levels in women with ploycystic ovary syndrome. Human Reproduction 18(9):1790-1796. 
 
Pasquali, R. & Gambineri, A. (2004) Role of changes in dietary habits in polycystic ovary syndrome. 

Reproductive Biomedicine Online 8 (4): 431-439. 
 
Päth, G., Bornstein, S.R., Ehrhart-Bornstein, M., & Scherbaum, W.A. (1997) Interleukin-6 and the 

Interleukin-6 Receptor in the Human Adrenal Gland: Expression and Effects on Steroidogenesis. 
Journal of Clinical Endocrinology and Metabolism 82: 2343 - 2349.  
 
Pearson, D., Tan, C., German, B., Davis, P. & Gershwin, M. (1999) Apple juice inhibits low density 

lipoprotein oxidation. Life Sciences 64:1913-1920. 
 
Perez, Y.Y., Jimenez-Ferrer, E., Zamilpa, A., Hemandez-Valencia, M., Alarcon-Aguilar, F.J., 
Tortoriello, J. & Romdan-Ramos, R. (2007) Effect of a polyphenol-rich extract from Aloe vera gel on 

experimentally induced insulin resistance in mice. American Journal of Chinese Medicine 35(6): 1037-
1046. 
 
Pirwany, I.R., Fleming, R., Sattar, N., Greer, I.A. & Wallace, A.M. (2001) Circulating leptin 

concentrations and ovarian function in polycystic ovary syndrome. European  
Journal of Endocrinology 145: 289-294.  
 
Poretsky, L., Cataldo, N.A., Rosenwaks, Z., & Giudice, L.C. (1999) The insulin-related ovarian 

regulated system in health and disease. Endocrine Reviews 20(4): 535-582. 
 

Rajaram, S. (2003) The effect of vegetarian diet, plant foods, and phytochemicals on hemostasis and 

thrombosis. American Journal of Clinical Nutrition 78(3): 552s-558s. 
 
Reinehr, T., Roth, C., Menke, T., & Andler, W. (2004) Adiponectin before and after Weight Loss in 

Obese Children. The Journal of Clinical Endocrinology and Metabolism 89(8): 3790-3794.  
 

Rosenbaum, M., Nicolson, M., Hirsch, J., Heymsfield, S.B., Gallagher, D., Chu, F., & Leibel, R.L. 
(1996) Effects of gender, body composition, and menopause on plasma concentrations of leptin. 

Journal of Clinical Endocrinology & Metabolism 81: 3424-3427. 



74 
 

 
Rosenbaum, M., Murphy, E.M., Heymsfield, S.B., Matthews, D.E. & Leibel, R.L. (2002) Low dose 

leptin administration reverses effects of sustained weight reduction on energy expenditure and 

circulating concentrations of thyroid hormones. J Clin Endocrinol Metab. 87: 2391–2394. 
 
Rosenfield, R.L., Barnes, R.B., & Ehrmann, D.A. (1994) Studies of the nature of 17-

hydroxyprogesterone hyperresponsiveness to gonadotropin-releasing hormone agonist challenge in 

functional ovarian hyperandrogenism. J Clin Endocrinol Metab 79 : 1686–1692. 
 
Rosenfield, R. (1999) Ovarian and adrenal function in polycystic ovarian syndrome. Endocrinology & 
Metabolism Clinics of North America 28(2): 265-293. 
 
Satoh, N., Naruse, M., Usui, T., Tagami, T., Suganami, T., Yamada, K., Kuzuya, H., Shimatsu, A., & 
Ogawa, Y. (2004) Leptin to adiponectin ratio as a potential atherogenic index in obese type 2 diabetic 

patients. Diabetes Care 27:2488-2490.  
 
Scalbert, A., Manach, C., Morand, C. & Remesy, C. (2005) Dietary Polyphenols and the prevention of 

diseases. Critical Reviews in Food Science and Nutrition 45:287-306. 
 
Scherer, P.E., Williams, S., Fogliano, M., Baldini, G., & Lodish, H.F. (1995) A Novel Serum Protein 

Similar to C1q, Produced Exclusively in Adipocytes. Journal of Bioogical Chemistry 270(45): 26746-
26749. 
 
Sheehan, MT (2004) Polycystic Ovarian Syndrome: Diagnosis and Management. Clinical Medicine & 
Research. 2(1): 13-27. 
 
Shimizu, H., Shimomura, Y., Nakanishi, Y., Futawatari, T., Ohtani, K., Sato, N. & Mori, M. (1997) 
Estrogen increases in vivo leptin production in rats and human subjects. Journal of Endocrinology 
154(2):285-292. 
 
Shulman, G. (2000) Cellular mechanics of insulin resistance. Journal of Clinical Investigation 106(2): 
171-176. 
 
Silfen, M.E., Denburg, M.R., Manibo, A.M., Lobo, R.A., Jaffe, R., Ferin, M., Levine, L.S. & 
Oberfield, S.E.(2003) Early endocrine, metabolic, and sonographic characteristics of polycystic ovary 

syndrome (PCOS): comparison between nonobese and obese adolescents. Journal of Clinical 
Endocrinology and Metabolism 88(10):4682-4688. 
 
Soliman, P.T., Oh, J.C., Schmeler, K.M., Sun, C.C., Slomovitz, B.M., Gershenson, D.M., Burke, T.W. 
& Lu, K.H. (2005) Risk factors for young premenopausal women with endometrial cancer. Obstetrics 
and Gynecology 105(3):575-80. 
 
Solomon, CG, HU, FB, Dunaif, A. (2002) Menstrual Cycle Irregularity and risk for future 

cardiovascular disease. J Clin Endocrinol Metab 87: 2013-2017. 
Spaczynski, R.Z., Arici, A., & Duleba, A.J. (1999) Tumor Necrosis Factor-alpha Stimulates 

Proliferation of Rat Ovarian Theca-Interstitial Cells. Biology of Reproduction 61: 993-998. 
 
Spranger, J., Möhlig, M., Wegewitz, U., Ristow, M., Pfeiffer, A.F.H., Schill, T., Schlösser, H.W., 



75 
 

Brabant, G., & Schöfl, C. (2004) Adiponectin is independently associated with insulin sensitivity in 

women with polycystic ovary syndrome Clinical Endocrinology 61(6):738–746. 
 
Stamets, K., Taylor, D.S., Kunselman, A., Demers, L.M., Pelkman, C.L. & Legro, R.S. (2004) A 

randomized trial of the effects of two types of short-term hypocaloric diets on weight loss in women 

with polycystic ovary syndrome. Fertility and Sterility 81(3): 630-637. 
 
Sun, J., Chu, Y., Wu, X., & Liu, R.H. (2002) Antioxidant and Antiproliferative Activities of Common 

Fruits. Journal of Agricultural and Food Chemistry 50(25): 7449 – 7454.  
 
Taylor, A.E. (1998) Polycystic Ovary Syndrome. Endocrinology and metabolism clinics of North 
America 27(4): 877-902.  
 
Teede, H.J., Hutchison, S.K., & Zoungas, S. (2007) The management of insulin resistance in polycystic 

ovary syndrome. Trends in Endocrinology and Metabolism 18(7): 273-279. 
 
Telli, M.H., Yildirim, M., & Noyan, V. (2002) Serum leptin levels in patients with polycystic ovary 

syndrome. Fertility and Sterility 77(5): 932-935.  
 

Third Report of the National Cholesterol Education Program (NCEP) 2002 Expert panel on detection, 

evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III) final report. 
Circulation 106:3143–3421. 
 
Trolle, B., Flyvbjerg, A., Kesmodel, U., Lauszus, F.F. (2007) Efficacy of metformin in obese and non-

obese women with polycystic ovary syndrome: a randomized, double-blinded, placebo-controlled 

cross-over trial. Human Reproduction EPUB ahead of print August 31. 
 
Trujillo, M.E. & Scherer, P.E. (2005) Adiponectin-journey from an adipocyte secretory protein 

biomarker of the metabolic syndrome. Journal of Internal Medicine 257:167-175. 
 
Tsao, R., Yang, R., Xie, S., Sockovie, S. & Khanizadeh, S. (2005) Which polyphenolic compounds 

contribute to the total antioxidant activities of apple? Journal of Agricultural and Food Chemistry. 53: 
4989–4995. 
 
U.S. Department of Health and Human Services, PHS. NHANES III Anthropometric Procedures Video. 
U.S. Government Printing Office Stock Number 017-022-01335-5. Washington, D.C.: U.S. GPO, 
Public Health Service; 1996. 
 
Vandermolen, D.T., Ratts, V.S., Evans, W.S., Stovall, D.W., Kauma, S.W. & Nestler, J.E. (2001) 
Metformin increases the ovulatory rate and pregnancy rate with clomiphene citrate in patients with 

polycystic ovary syndrome who are resistant to clomiphene citrate alone. Fertility and Sterility 75:310-
315. 
 
vanHooff, M.H.A., Voorhorst, F.J., Kaptein, M.B.H., Hirasing, R.A., Koppenaal, C., & Schoemaker, J. 
(2000) Polycystic ovaries in adolescents and the relationship with menstrual cycle patterns, luteinizing 

hormone, androgens, and insulin. Fertility and Sterility 74 (1): 49-58. 
 
Voller, A., Bartlett, A., & Bidwell, B.E. (1978) Enzyme immunoassays with special reference to 



 

E
 
V
a

 
V

 
V
A

 
W

 
W
H

h

 
W
k

 
W
E

 
W
F
 
X
a

a

 
Y
Y
L
P

 
Y

b

 
Y

d

ELISA techn

Vrbikova, J.
and ß-cell fu

VrbÍková, J.
and krha, J
Clinical End

Vrhovsek, U
Apple Varie

Wajchenber
syndrome. E

Weyer, C., F
Hypoadipon

hyperinsulin

Whitehead, 
key adipokin

Wiegratz, I.
Effect of fou

Contraceptio

Wolfe, K., W
Food Chemi

Xita, N., Pap
adiponectin-

and proinfla

Yang, R. & 
Yang, W., L
L. (2001) W
Protein, Adip

Yasui, T., T
Okabe, R., I
binding glob

Yu, J.G., Jav
(2002) The e

diabetic subj

niques. Jour

., Bendlova, 
unction in wo

., Cibula, D.
J. (2004) Insu

docrinology 

U., Rigo, A., 
ties Journal 

rg, B.L. (200
Endocrine Re

Funahashi, T
nectinemia in

nemia. Journ

J.P., Richard
ne in the met

, Kutschera, 
ur different o

on. 67(1): 25

Wu, X. & Liu
istry. 51:609

passotiriou, 
-to-leptin ra

ammatory ma

Barouch, L.
Lee,  W., Fun

Weight Reduc

iponectin. Th

omita, J., M
Ishii, Y., Tas
bulin levels i

vorschi, S., H
effect of thia

bjects. Diabe

rnal of Clinic

B., Hill, M.
omen with p

, Dvo áková
ulin Sensitiv

& Metabolis

Tonon, D., 
of Agricultu

00) Subcutan
eviews 21:69

T., Tanaka, S
n obesity and

nal of Clinica

ds, A.A., Hic
tabolic syndr

E., Lee, J.H
oral contrace

5-32. 

u, R.H. (200
9–614. 

I., Georgiou
tio in women

arkers. Meta

A. (2007) L
nahashi, T., T
ction Increas

he Journal o

Miyatani, Y., Y
shiro, S., & S
in aging mal

Hevener, A.L
azolidinedion

tes 51(10): 2

cal Patholog

, Vankova, M
polycystic ov

á, K., Stanic
vity in Wome

sm. 89 (6): 2

& Mattivi, F
ural and Foo

neous and vi
97–738. 

S., Hotta, K.,
d type 2 diab

al Endocrino

ckman, I.J., 
drome. Diabe

H., Moore, C
eptives on va

03) Antioxida

u, I., Vounats
n with Polyc

abolism: Clin

eptin signali

Tanaka, S., M
ses Plasma L

f Clinical En

Yamada, M.
Sato, H. (200
le and femal

L., Kruszyns
nes on plasm

2968-2974.

76 

gy 31(6):507

M., Vondra, 
ary syndrom

cká, S., inde
en with Polyc

2942-2945.

F. (2004) Qu

d Chemistry

sceral adipo

, Matsuzawa
betes: close a

ology and M

Macdonald,
etes, Obesity

., Mellinger,
arious sex ho

ant activity o

sou, M., Mar
cystic Ovary 

nical and Ex

ing and obes

Matsuzawa, 
Levels of an A

ndocrinology

., Uemura, H
07) Associat

le population

ska, Y.T., N
ma adiponect

7-520. 

K. & Starka
me. Diabetes 

elka, G., Hil
cystic Ovary

uantitation of

y 52(21): 653

se tissue: the

a, Y., Pratley
association 

Metabolism 86

 G.A., & Pri
y, and Metab

, U., Winkle
ormones and

of apple pee

rgeli, A., & 
Syndrome: 

xperimental 

sity. Circulat
Y., Chao, C

Adipose-Der

y and Metab

H., Irahara, M
tions of adip

ns. Clinica C

Norman,R.A.
tin levels in 

a, L. (2002) 
Care 25:121

l, M., Fanta,
y Syndrome. 

of Polypheno

32 – 6538. 

eir relation t

y, R.E., Tata
with insulin 

6(5) :1930 –

ins, J.B. (200
bolism 8:264

er, U.H.,  & K
d serum-bind

ls. Journal o

Tsatsoulis, A
relation to i

56:766-771.

tion Researc
C., Chen, C., 
rived Anti-In

bolism 86(8)

M., Arai, M.
ponectin with

Chimica Acta

, Sinha, M., 
normal, obe

 

Insulin sens

17–1222. 

, M., Vondra
The Journal

ols in Differe

to the metabo

aranni, P.A. (
resistance a

–1935. 

06) Adipone

4-280. 

Kuhl, H. (20
ding globulin

of  Agricultur

A. (2007) Th

nsulin resist

  

ch. 101: 545-
Tai, T., & C

nflammatory

:3815-3819.

, Kojimahar
h sex hormon

a 289:69-75.

& Olefsky, 
ese, and type

itivity 

a, K., 
l of 

ent 

olic 

(2001) 
and 

ectin-a 

003) 
ns. 

ral and 

he 

tance 

-559. 
Chuang, 
y 

. 

a, N., 
ne-

. 

J.M. 
e 2 



77 
 

BIOGRAPHICAL SKETCH 

 

“It was the best of times, but nobody told me” 

 

Liran BenDor was born in Ramat Eliahu, Israel. From there, his family ventured to Toronto, Canada, 
before finally settling in Pembroke Pines, FL. He attended the University of Florida for his BS, and 
chose Florida State University for his MS.  

His favorite book is “A Prayer for Owen Meany”, by John Irving, his favorite movie is Disney’s “The 
Little Princess”, and his favorite pastimes are playing soccer and practicing Brazilian jiu jitsu. 


	Entire Thesis.pdf
	LIST OF TABLES
	ABSTRACT
	INTRODUCTION
	REVIEW OF THE LITERATURE
	What is PCOS.
	Etiology
	Lifestyle Modification
	Polyphenols
	Leptin
	Adiponectin
	Adiponectin/Leptin Ratio 
	Leptin, Adiponectin, and Insulin in women with PCOS and the effects of apple polyphenols

	METHODS
	RESULTS
	Characteristics of subjects.
	Correlations between leptin, adiponectin, and insulin with metabolic parameters in women with PCOS.
	Effects of polyphenols/exercise

	DISCUSSION
	Relationship of leptin, adiponectin, and insulin to BMI and waist circumference.
	Relationship between leptin and adiponectin
	Relationship between insulin, HOMA-IR, and the adipocytokines
	Relationship between the A/L ratio with HOMA-IR and insulin
	Other parameters of interest
	Intervention Analysis

	CONCLUSION
	APPENDIX A
	APPENDIX B
	APPENDIX C
	APPENDIX D
	LITERATURE CITED
	BIOGRAPHICAL SKETCH

	approved consent form

