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ABSTRACT 
 

 

 

 

 

 

��������  The purpose of this study was to examine the effect of the consumption of apples and 

moderate intensity resistance training, twice weekly, on blood glucose, abdominal 

circumference, blood lipids, blood pressure, BMI and insulin resistance in overweight/obese 

college age women with polycystic ovary syndrome.  	�
�����  Premenopausal women (ages 

18:27) were randomly assigned to four treatment groups: apple supplement without exercise 

(Apple) (n=5), apple supplement with exercise (ExApp) (n=6), cereal supplement (placebo) 

without exercise (Cereal) (n=3), or cereal supplement with exercise (ExCer) (n=3) for eight 

weeks. Participants in the apple groups received 75 grams of dried apples. The control 

supplement was 65 grams of cereal, matched in calories and fiber content with the apple 

supplement. Participants were provided with 28 days worth of supplements to be eaten in the 

first 4 weeks, returned to the lab for midpoint assessments, and given another 4 weeks worth of 

supplements. The exercise protocol consisted of resistance training twice per week with each 

session allowing 48:72 hours for recovery.  At each training session participants performed 3 

sets of 12 repetitions at the 12RM. During each visit a total of 10 exercises were performed; one 

for each major muscle group. The non:exercise groups did not perform any physical activity 

outside of their usual activities. Anthropometric measurements and blood were collected at the 

beginning (0wk) and at the end (8wk) of the study.  ����
����Fasting blood glucose significantly 

increased (p<0.05) in the Cereal and ExCereal groups, but did not change in the Apple and 

ExApp groups. The Cereal groups, with and without exercise, showed significant increases 

(p≤0.05) in fasting insulin and HOMA:IR.  Both the Cereal and ExApp groups exhibited 

significant increases (p≤0.05) in total cholesterol.  The Cereal group had significantly elevated 

(p<0.05) LDL cholesterol levels while the ExApp group had significantly elevated (p<0.05) TG 

levels. ������������ This study found that consuming 75 grams of dried apples every day for 2 

months can prevent increases in insulin resistance and prevent glucose, insulin, and LDLc from 

significantly increasing in young, sedentary women with PCOS. 
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CHAPTER 1 

 

INTRODUCTION 
 

 

 

 

� Polycystic ovary syndrome (PCOS) affects 1 out of every 10 women (Pirwany et al., 

2001) and is the most common endocrine disorder seen in women of reproductive age (Miller et 

al., 2004). Diagnosis of PCOS requires having two of the three following criteria: oligoovulation 

or anovulation, biochemical or clinical signs of hyperandrogenism (hirsutism, male:pattern hair 

growth, acne), or polycystic ovaries (Setji et al., 2007; Avery et al., 2007). Women with PCOS 

are at risk for obesity (particularly central adiposity), glucose intolerance, dyslipidemia, and 

insulin resistance (Pirwany et al., 2001; Rajkowa et al., 1997; Apridonidze et al., 2005; Vrbikova 

et al., 2004; Legro et al., 1999). PCOS increases the risk for developing metabolic syndrome 

(MetX), type 2 diabetes mellitus (T2D), cardiovascular disease (CVD), and endometrial cancer 

(Legro et al., 1999; Azziz et al., 2004; Avery et al., 2007; Barcellos et al., 2007). Similar 

metabolic abnormalities are observed in both PCOS and MetX. It Is estimated that 33 to 47% of 

women with PCOS also have MetX (Erhmann et al., 2005; Apridonidze et al., 2005; Marcondes 

et al., 2007; Dorkas et al., 2005; Rossi et al., 2008). The most prevalent metabolic traits found in 

women with PCOS are HDLc less than 50 mg/dL and WC greater than 88 cm, followed by high 

blood pressure (BP), elevated TGs, and high fasting glucose levels (Legro et al., 2002; 

Apridonidze et al., 2005; Ehrmann et al., 2006; Marcondes et al., 2007).  

 Treatment for PCOS is designed to reduce androgen excess, manage oligomenorrhea and 

amenorrhea, restore reproduction, and control IR, glucose levels, and metabolic syndrome 

complications. Treatment methods used to manage these complications consist of lifestyle 

interventions, pharmacological options, or surgery. These treatments are used either 

independently or in concert (Huber:Buchholz et al., 1999; Ehrmann, 2005; Moran et al., 2009).  

Over 40% to 60% of women with PCOS are overweight or obese.  Central obesity has 

been shown to contribute to the metabolic and hormonal disturbances observed in women with 

PCOS. Lifestyle modification is recognized as the initial line of treatment for obesity, MetX, and 

PCOS. Previous research has shown that lifestyle modifications focusing on dietary changes and 
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increasing physical activity which promote weight loss can improve the hormonal, metabolic, 

and fertility issues associated with this population (Guzick et al., 1994; Hollmann et al., 1996; 

Bo et al., 2007; Moran et al., 2009). Due to the intensity of some of the lifestyle modification 

programs weight loss is rarely maintained long:term (Huber:Buchholz et al., 1999).  

Pharmacological treatments consist of oral contraceptives and antiandrogens, for treatment of 

acne, hirsutism, and excess androgen production, and/or medications, such as metformin, to 

reduce insulin sensitivity and indirectly lower androgen levels. Bariatric surgery and antiobesity 

drugs have also been used in obese women with PCOS in efforts to reduce metabolic 

complications (Ehrmann et al., 2007; Soares et al., 2008; Moran et al., 2009).  

 Evidence suggests that regular consumption of fruits and vegetables could reduce the risk 

of developing CVD, cancer, and other chronic diseases. Polyphenols, found in fruits and 

vegetables, are thought to play an important role in reducing chronic disease risk. Polyphenols 

are found in foods and beverages, such as: cranberries, apples, bananas, tea, wine, onions, and 

cocoa (Sun et al., 2002; Boyer et al., 2004). Among fruits consumed in the United States, apples 

are a source of the highest concentrations of polyphenols compared with other common fruits 

(Sun et al., 2002) and are the second largest provider (after cranberries) of total polyphenols in 

the American diet (Vinson et al., 2001). Epidemiological studies have linked apples with reduced 

risk of cancers, diabetes, CVD, and aiding weight loss; while laboratory research has found 

apples to have very strong antioxidant activity, decrease lipid oxidation, and lower cholesterol 

(Aprikian et al., 2001; Sun et al., 2002; Leontowicz et al., 2002; Oliveira et al., 2003; Sesso et 

al., 2003; Song et al., 2005). If proven effective, supplementing apples in to ones diet on a daily 

basis may be easier to implement than intense lifestyle modification and yield more long term 

results. 

 Exercise, specifically resistance training, has been shown to decrease fasting insulin 

levels, improve glucose utilization and insulin sensitivity, as well as decrease body fat in both 

men and women (Baldi et al., 2003; Fennicchia et al., 2004; Ibanez et al., 2005; Schmitz et al., 

2007). Schmitz ������ (2007) showed that women could decrease abdominal fat by resistance 

training two times per week without changing their eating habits. Ibanez �����. (2005) found that 

resistance training, twice weekly, significantly improved insulin sensitivity (p<0.01) and blood 

glucose levels (p<0.05) in type 2 diabetics. The exact mechanism(s) by which resistance training 

improves insulin sensitivity are not yet known, but would be beneficial in regulating 
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complications seen in women with PCOS and could serve as an alternative mode of exercise to 

aerobic exercise.  

 The effects of apple supplementation in combination with resistance training in women 

with PCOS have not been reported. Thus, the purpose of this study was to determine whether the 

combination of a daily supplement of dried apples and a minimal amount of resistance training 

could yield similar benefits such as those that result from lifestyle modification interventions 

such as improving the clinical signs of MetX found in women with PCOS.  

 

The following hypotheses for this study were tested.  In women with PCOS, 

1) The daily consumption of a dried apple supplement will lead to an increase HDLc, a 

 decrease in LDLc, TGs, BP, fasting blood glucose and a decrease in abdominal 

 circumference and BMI 

2) Resistance exercise, twice weekly, will decrease fasting blood glucose, and BP, 

 abdominal circumference and BMI  
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CHAPTER 2 

 

LITERATURE REVIEW 
 

 

 

 

	
�������������������
���

�

 PCOS is the most common endocrine disorder in premenopausal women in the United 

States, affecting approximately 5:10% (~5 million) of reproductive:aged women (Knochenhauer 

et al., 1998; Azziz et al., 2004; Setji et al., 2007). The prevalence rates are probably higher as 

some women may not view their symptoms as medical problems (Setji et al., 2007). Oral 

contraceptives can mask the symptoms of PCOS leaving women unaware of their condition 

(Avery et al., 2007). PCOS is associated with central obesity, hyperinsulinemia, insulin 

resistance, impaired beta:cell function, hypertension, increased androgens levels, 

oligomenorrhea, anovulation, polycystic ovaries, reduced fertility, dyslipidemia, hirsutism, acne, 

and male:pattern baldness (Dunaif et al., 1996; Pirwany et al., 2001; Rotterdam Group, 2004; 

Pirwany et al., 2001; Apridonidze et al., 2005; Vignesh et al., 2007). PCOS increases the risk for 

developing metabolic syndrome (MetX), type 2 diabetes mellitus (T2D), cardiovascular disease 

(CVD), and endometrial cancer (Legro et al., 1999; Azziz et al., 2004; Avery et al., 2007; 

Barcellos et al., 2007). PCOS is diagnosed when two of any of the following signs and 

symptoms are observed: oligoovulation or anovulation, biochemical or clinical signs of 

hyperandrogenism, and/or polycystic ovaries, after ruling out congenital adrenal hyperplasia, 

androgen:secreting tumors, Cushing’s syndrome, hyperprolactinemia, and hyper: or 

hypothyroidism (Setji et al., 2007; Rotterdam Group, 2004).  

There are three main hypotheses regarding its pathogenesis: 1) that excess ovarian 

androgen production is due to increased luteinizing hormone (LH) secretion in response to 

altered gonadotropin:releasing hormone (GnRH) secretion; 2) that ovarian and adrenal 

steriodogenic enzyme dysregulation results in increased androgen production; and 3) that serine, 

instead of tyrosine, phosphorylation of the beta:insulin receptor (IRβ) results in insulin resistance 
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(IR), hyperinsulinemia, and androgen production (Miller et al., 2004; Setji et al., 2007; Vignesh 

et al., 2007; Bremer et al., 2008).  

�

���������������
��

�

� In otherwise healthy women, the beginning of menstruation initiates with the 

hypothalamus releasing GnRH. Gonadotropin:releasing hormone pulses trigger the anterior 

pituitary to release follicle:stimulating hormone (FSH) and LH in regulated amounts. If GnRH 

pulse frequency is elevated (above normal) then LH production is favored over FSH, as seen in 

women with PCOS. If the pulse frequency is decreased, FSH production is favored over LH 

(Ehrmann, 2005; Yarak et al., 2005). Follicle:stimulating hormone stimulates the development of 

the follicles and the synthesis of estrogens in the ovarian granulosa cells. Whereas LH triggers 

the development of the corpus luteum and the production of androgens in the ovarian theca cells. 

The corpus luteum secretes large amounts of estrogen and progesterone. Progesterone facilitates 

the structural changes to the endometrium that allows implantation of a fertilized egg. The 

elevated levels of progesterone and estrogen restrict LH and FSH levels from elevating until the 

end of the menstrual cycle (Jenkins, 2004).  

 Women with PCOS have higher levels of LH and lower FSH, resulting in a higher LH to 

FSH ratio (Taylor et al., 1997; Legro et al., 2005). Increased pulses of hypothalamic GnRH 

stimulate the hypersecretion of LH by the pituitary, causing elevated androgen production in 

ovarian theca cells (Ehrmann et al., 2005; Blank et al., 2006). This, in turn, reduces the ability of 

FSH to stimulate follicular maturation which leads to chronic anovulation. Lower FSH levels 

also prevent the conversion of androstenedione to estrone in granulose cells, which leads to 

increased production of testosterone (Tsilchorozidou et al., 2004). This hypothesis provides a 

rationale for hyperandrogenism and anovulation but does not explain the IR observed in women 

with PCOS.   

 

������������������
�����
�����

�

It is not known if the above is responsible for increased steroid synthesis or if it is due to 

an intrinsic ovarian defect which causes the steroidogenic dysregulation in the ovaries resulting 
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in excess testosterone and androstenedione production (Tsilchorozidou et al., 2004; Bremer et 

al., 2008). In normal functioning ovaries, the androgens produced in theca cells are aromatized to 

estrone in the granulosa cell (Ehrmann et al., 2005). It was thought that the increased production 

of testosterone was due to an upregulation of 17β:hydroxysteroid dehydrogenase (enzyme that 

converts androstenedione to testosterone in theca cells), now researches believe that it has more 

to do with an increased synthesis of testosterone precursors (Nelson et al., 2001, Doi et al., 

2006). Nelson and colleagues (2001) found using cultured cells that P450c17 and 3β:

hydroxysteroid dehydrogenase (catalyzes the conversion of pregnenolone to progesterone) 

enzymes were increased by 500% and 1000% in PCOS theca cells compared with controls. 

Furthermore, the researchers found a significant (p<0.05) increase in 17, 20:lyase activity and no 

increase in enzymatic activity for 17β:hydroxysteroid dehydrogenase (Nelson et al., 2001). 

Androgen synthesis is regulated, in part, by cytochrome P450c17, an enzyme which regulates the 

activities of 17α:hydroxylase and 17,20:lyase, these enzymes are involved in the formation of 

androstenedione (Nelson et al., 2001, Tsilchorozidou et al., 2004; Ehrmann et al., 2005, Doi et 

al., 2006). Thus, the ovarian theory speculates that the increased production of androgens in 

women with PCOS could be attributed to an abnormal, intrinsic, enzymatic regulation in the 

ovaries. 

 

�������������������
�� ��
�����
�����

�

 The actions of insulin are mediated through tyrosine phosphorylation. The tyrosine kinase 

domain is located on the transmembrane β:subunit of the insulin receptor. Once insulin binds to 

the insulin receptor it causes a conformational change in the receptor that initiates intrinsic 

tyrosine kinase activities. This leads to a tyrosine phosphorylation of insulin receptor substrate 

molecules (i.e., IRS 1:4), that initiate multiple and diverse signaling pathways downstream 

(Bremer et al., 2008).Although the exact mechanism of how it happens is not known, it has been 

proposed that serine phosphorylation of the insulin receptor β:subunit, instead of tyrosine 

phosphorylation; inhibits signal transduction and phosphorylation of the various substrates 

leading to IR and hyperinsulinemia (Tsilchorozidou et al., 2004; Bremer et al., 2008). This 

happens to be the same phosphorylation error of the ovarian and adrenal P450 C17 enzyme that 

leads to increased 17, 20 lyase and 17α:hydroxylase activity, resulting in increased production of 
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dehydroepiandrosterone, adrostenedione and testosterone (Miller et al., 2004; Vignesh et al., 

2007). Of the three hypotheses, only the serine phosphorylation hypothesis can account for both 

the insulin resistance and hyperandrogenism of PCOS. �

�

!���"
���������
����

�

Many women with PCOS present with metabolic abnormalities, with an estimated 43% 

of women with PCOS having MetX (Apridonidze et al., 2005). Metabolic syndrome is described 

as a cluster of metabolic abnormalities associated with insulin resistance, dyslipidemia, 

hyperglycemia, a proinflammatory state, obesity, and hypertension (Deen et al., 2004; Grundy et 

al., 2005; Hung et al., 2007). According to the Third Report of the National Cholesterol 

Education Program, Adult Treatment Panel (NCEP, ATP III), diagnosis of MetX is confirmed, in 

women, when > 3 of the following are present: 1) waist circumference >88 cm (>35 inches), 2) 

triglycerides > 150 mg/dl, 3) high density lipoproteins (HDL) < 50 mg/dl, 4) BP > 130/85 

mmHg, and/or, 5) fasting glucose > 110 mg/dl (NCEP, ATP III, 2002)��Recently, the fasting 

blood glucose diagnostic criterion was lowered to > 100 mg/dL (Expert Committee, 2003; AHA, 

NHLBI, 2005). �

 Using data from the Third National Health and Nutrition Examination Survey (NHANES 

III), Ford and associates (2002) estimated that 25% (approximately 47 million) of U.S. adults 

have MetX and 24% of U.S. women had MetX (NCEP ATP III criteria). Prevalence rates of 

MetX increase with age, from 6.7% (ages 20:29 years) to 43.5% (ages 60:69 years), and a BMI 

> 25 (Ford et al., 2002; Park et al., 2003). The most prevalent signs of MetX in women were 

abdominal obesity (46.3 + 1.2%) followed by low HDL cholesterol (HDLc) (39.3 + 1.4%), high 

BP or medication use (29.3 + 0.8%), hypertriglyceridemia (24.7 + 0.9%), and high fasting 

glucose or medication use (10.0 + 0.6%) (Ford et al., 2002). 

 The metabolic complications of MetX occur at a higher rate in women with PCOS. In a 

retrospective review of the charts of 106 women with PCOS, it was reported that 43% were 

diagnosed with MetX (Apridonidze et al., 2005). Ninety percent of the participants had one 

abnormality, nearly 50% had two abnormalities, and 30% had three abnormalities. Only 9% of 

women had no metabolic abnormalities. Of the MetX criteria, low HDLc (68%) was the most 

prevalent followed by high waist circumference (67%), high BP (45%), hypertriglyceridemia 
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(35%), and high fasting glucose (3.8%). The prevalence of MetX in women with PCOS in this 

study was nearly two:times that of the age:adjusted prevalence rate of 24% for all U.S. women 

(Ford et al., 2002). The prevalence rate of MetX in women with PCOS, under age 40, is 

comparable to the highest rate reported nationally (44%); which is for women aged 60:69 years. 

This suggests that women with PCOS have a higher risk of developing MetX at a younger age 

(Ford et al., 2002; Apridonidze et al., 2005).  

 Numerous studies have shown that women with PCOS are insulin resistant (Dunaif et al., 

1996; Toprak et al., 2001; Vrbikova et al., 2004; DeUgarte et al., 2005).  Insulin resistance is 

defined as a condition in which the body’s (targeted) tissues have a lowered level of response to 

insulin (Moran et al., 2004). Goodarzi ������ (2005) reported that insulin resistance occurs in 50:

90% of women with PCOS; a recent study found that approximately 65% of women with PCOS 

develop insulin resistance (DeUgarte et al., 2005). Both obese and lean women with PCOS have 

a higher prevalence of insulin resistance compared to age and weight matched women without 

PCOS. Obese women with PCOS have been shown to be more IR compared with lean women 

who have PCOS (Dunaif et al., 1996; Vrbikova et al., 2002; Vrbikova et al., 2004). Insulin 

resistance leads to compensatory β:cell hyperactivity and an increase in insulin secretion 

eventually causing β:cell exhaustion leading to impaired glucose tolerance (IGT) and the 

development of T2D (Legro et al., 1999; Vrbikova et al., 2004; Goodarzi et al., 2005). A study of 

254 women with PCOS showed higher prevalence rates of IGT and diabetes compared to age:, 

weight:, and ethnically: comparable normal women (IGT, 31.1% vs 14.0%; diabetes, 7.5% vs 

0.0%) (Legro et al., 1999). 

 Studies on lipid profiles concerning women with PCOS report that these women have 

low HDLc, high levels of TGs, and slightly elevated LDLc concentrations. Although this lipid 

profile is not seen in all cases (Rajkhowa et al., 1997; Pirwany et al., 2001; Apridonidze et al., 

2005; Valkenburg et al., 2008), when compared to normal healthy controls, women with PCOS 

show a more atherogenic lipid profile (Rajkhowa et al., 1997; Pirwany et al., 2001; Valkenburg 

et al., 2008). A case:control study of 557 women with PCOS compared to 295 healthy women 

with regular menstrual cycles found that women with PCOS had significantly higher levels of 

TGs (95 vs 81 mg/dL), total cholesterol (196 vs 178 mg/dL), and LDLc (125 vs 106 mg/dL) 

combined with significantly lower levels of HDLc (46 vs 55 mg/dL) (Valkenburg et al., 2008).  
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 The combination of excess intra:abdominal body fat, hyperinsulinemia and 

hypersecretion of androgens are thought to synergistically or independently lead to the 

development of these abnormal lipid profiles (Rajkhowa et al., 1997; Pirwany et al., 2001; 

Valkenburg et al., 2008).  The enzymes hepatic lipase (HL) and scavenger receptor B1 (SR:B1) 

both play a role in the degradation of HDL particles. HL catalyzes the hydrolysis of 

phospholipids on the surface of HDL, resulting in a conversion of HDL2 to HDL3, which is more 

readily cleared by the liver, thus lowering the amount of HDLc in the blood. SR:B1 mediates the 

uptake of HDLc by hepatocytes and steroidogenic cells and controls the rate of cholesterol efflux 

from peripheral tissues and macrophages (Langer et al., 2002; Herbst et al., 2003; Diamanti:

Kandarakis et al., 2007). Hepatic insulin resistance causes increased stimulation of HL, leading 

to increased degradation of HDLc, thus lowering plasma HDLc levels (Botham and Mayes, 

2006; Rader et al., 2007; Valkenburg et al., 2008). Hyperandrogenism has been linked with 

increased HL activity as well as up regulation of SR:B1 (Pirwany et al., 2001; Langer et al., 

2002; Herbst et al., 2003). This leads to the production of smaller HDLc particles and increased 

catabolism of HDLc, resulting in decreased plasma HDLc levels, leading to an increased ratio of 

LDLc to HDLc in blood (Rajkhowa et al., 1997 Gaal et al., 2006). 

 Increased TG levels could be due to insulin resistance, independently or in conjunction 

with excess visceral abdominal fat (Pirwany et al., 2001; Fox et al., 2007; Valkenburg et al., 

2008). Both of these complications have been associated with elevated levels of plasma FFAs 

(AHA, NHLBI, 2005; Diamanti:Kandarakis et al., 2007; Fox et al., 2007; Rader et al., 2007). 

Mobilized from adipose tissue or from the hydrolysis of triacylglycerol by hormone sensitive 

lipase; the increased influx of FFAs to the liver leads to increased triglyceride synthesis and 

excessive production of, TG rich, very low:density lipoproteins (VLDLs) and their release into 

circulation (Botham and Mayes, 2006; Pirwany et al., 2001; Diamanti:Kandarakis et al., 2007; 

Valkenburg et al., 2008). The increased number of TG rich VLDLs in circulation in combination 

with extrahepatic tissue insulin resistance, which causes a decreased clearance of TGs in VLDLs 

due to lipoprotein lipase inactivity, contributes to hypertriglyceridemia (Botham and Mayes, 

2006; Gaal et al., 2006; Diamanti:Kandarakis et al.,2007).  

Although some women with PCOS may present normal or slightly elevated levels of 

LDLc, this may be deceptive due to the varying subpopulations of LDLs, differing in particle 

size and atherogenic potential. Pirwany and colleagues (2001) examined fifty:two women with 
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PCOS and fourteen BMI:matched women with normal menstrual rhythm and normal ovarian 

appearances to determine the concentrations of small, dense LDL (LDL:III) and the association 

of lipoprotein subfraction concentrations with endogenous sex hormone concentrations. This 

study found that women with PCOS had significantly elevated LDL:III, TGs, VLDL cholesterol, 

testosterone, and increased HL activity compared to BMI:matched women with normal 

menstrual rhythm. Although not significantly different, women with PCOS reported 25% higher 

mean fasting insulin (FI) concentrations and similar LDLc concentrations (Pirwany et al., 2001). 

In agreement with the previous research, Berneis �����. (2007) found significantly elevated 

(p<0.01) levels of LDL:III, FI, and TGs as well as significantly lower (p<0.01) HDLc 

concentrations after analyzing 30 patients with PCOS and twenty:four, age and weight, matched 

controls.   

LDL:III species are considered to be more atherogenic than the larger LDL subfractions 

(LDL:I and LDL:II) (Pirwany et al., 2001). Typically when TG levels are high, larger LDL 

particles become saturated with triglycerides and are readily converted to smaller, denser 

particles (LDL:III) by the HL enzyme. These smaller, denser, LDL particles are more readily 

oxidized and considered more atherogenic than the larger counterparts (Pirwany et al., 2001; 

Diamanti:Kandarakis et al., 2007; Berneis et al., 2007). Thus, the milieu of IR, 

hyperandrogenism, increased visceral fat and decreased SHBG in women with PCOS promotes 

increased risk for cardiovascular disease. 
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Although overweight and obese women with PCOS are more frequently observed with a 

higher prevalence of beta:cell dysfunction resulting in hyperinsulinemia, altered lipid profiles, 

and insulin resistance, lean women with PCOS have been shown to have these complications 

independent of obesity (Dunaif et al., 1996; Rajkhowa et al., 1997; Toprak et al., 2001; Vrbikova 

et al., 2004; Apridonidze et al., 2005; Coviello et al., 2006). A study by Dunaif and Finegood 

(1996) used a modified glucose tolerance test to determine acute insulin response to glucose and 

insulin sensitivity in nonobese and obese women with PCOS. The study found that both obese 

and lean women with PCOS were significantly more insulin resistant than normal controls 

without PCOS. Vrbikova ������ (2004) compared 83 women with PCOS with 15 lean controls 
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without PCOS of similar age. The lean women with PCOS had significantly higher levels of 

fasting blood glucose (P < 0.02) and fasting insulin (P < 0.001) compared to the control group. In 

an euglycemic hypersinsulinemic clamp study comparing lean women with PCOS (n= 12) and 

healthy lean, age and weight matched controls (n= 10); the lean women with PCOS have higher 

insulin resistant when compared to the lean control group (200 + 27.8 vs. 427.8 + 88.9 µmol kg
:1

 

min
:1

, p< 0.001) (Toprak et al., 2001). Hyperinsulinemia, hyperglycemia, and insulin resistance 

shown from the previously mentioned studies puts lean women with PCOS at higher risk for 

developing MetX, T2D, and cardiovascular disease(s) compared to normal healthy subjects 

(Dunaif et al., 1996; Toprak et al., 2001; Vrbikova et al., 2004 ). These studies also suggest that 

the metabolic complications observed in overweight:obese women with PCOS are not entirely 

due to their excess weight. 

�
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 Increasing physical activity and improving diet are the first treatment strategies 

prescribed for women with PCOS and MetX (Grundy et al., 2005; Cussons et al., 2005; Setji et 

al., 2007). A moderate decrease in weight has been shown to improve insulin sensitivity, 

ovulation, and decrease various metabolic abnormalities (Huber:Buchholz et al., 1999; Grundy et 

al., 2005; Bo et al., 2007). Due to the intensity of these lifestyle modification programs (Guzick 

et al., 1994; Hollmann et al., 1996; Hoeger et al., 2001; Moran et al., 2008), weight loss is rarely 

maintained long:term (Huber:Buchholz et al., 1999). 

 Huber:Buchholz and colleagues (1999) showed significant changes in insulin sensitivity 

index, fasting insulin, LH, and waist circumference by decreasing a minimal amount of weight in 

obese women with PCOS. The study investigated the effects of initiating moderate changes in 

exercise patterns and creating healthy, lifelong, eating patterns rather than using an extreme 

approach for improving insulin sensitivity, LH levels, and ovulation patterns in overweight:

obese women with polycystic ovaries (PCO) (aged 22:39 years). Six obese non:ovulatory 

women with PCO, who were regular ovulators served as controls, while the intervention group 

consisted of 15 women with PCO who were non:ovulators. They were further divided into two 

sub:groups: responders (R), who regained ovulation during the study and non:responders (NR), 

who did not ovulate. The participants received either group or individual diet and exercise 
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counseling and support for 6 months. At the end of the study there was a mean weight loss of 

only 2:5% from starting weight. Although the weight reduction was small, the R group showed a 

significant difference in waist circumference and loss of central fat (p = 0.04) compared to the 

NR (WC: R, 102 + 3.0 vs. NR, 106 + 4.3, p = 0.03) at the end of the study. The R group also 

showed a 71% improvement in insulin sensitivity index (ISI, p< 0.05) and a 33% decrease in 

fasting insulin (p< 0.05). 

 In a population:based cohort of 375 individuals (aged 45:64 years) with MetX, Bo and 

associates (2007) compared the effects of a structured lifestyle intervention, that included 

education for changing diet, exercise habits, and behavior modification. The control group (n= 

188) received general information, emphasizing the importance of a healthy lifestyle from their 

family physicians with no written information or recommendations given. The intervention 

group (n= 187) received 5 sessions lasting 60 minutes with the trained professionals in addition 

to the same advice from the family physician. The first session was a one:to:one meeting, 

followed by four group sessions over a one year period. The intervention resulted in significantly 

reduced weight (81.0 ± 15.7 vs 82.9 ± 14.0 kg), waist circumference (97.1 ± 11.8 vs 101.7 ± 10.4 

cm), BMI (29.4 ± 4.4 to 30.4 ± 4.8), systolic (140.7 ± 17.7 vs 146.3 ± 18.2 mmHg) and diastolic 

(85.7 ± 8.9 vs 87.6 ± 10.6 mmHg) BP, fasting glucose levels (5.6 ± 0.9 vs 5.9 ± 0.9 mmol/L), 

triglycerides (1.6 ± 0.7 vs 1.8 ± 1.1 mmol/L), fasting insulin (20.4 ± 32.4 vs 57.0 ± 49.0 pmol/L) 

and insulin resistance (0.80 ± 1.27 vs 2.51 ± 2.37 µU/mL x mmol/L) derived by HOMA 

compared to the control group. These two studies show that moderate lifestyle modifications can 

improve clinical parameters of MetX. 
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Resistance training has been shown to decrease fasting insulin levels, improve glucose 

utilization and insulin sensitivity, as well as decrease upper body fat in both men and women 

(Baldi et al., 2003; Fennicchia et al., 2004; Ibanez et al., 2005; Schmitz et al., 2007). Resistance 

training is defined as the use of an opposing force to muscular contraction to build the strength, 

anaerobic endurance and size of skeletal muscles. The American College of Sports Medicine 

(ACSM, 2000) recommends that persons with T2D use resistance training to assist in controlling 

metabolic complications (Albright et al., 2000). Since individuals with MetX have a high 
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predisposition to develop T2D (Lorenzo et al., 2003) and resistance training has been shown to 

control some of the complications associated with the syndrome (Eriksson et al., 1997; Ishii et 

al., 1998; Prabhakaran et al., 1999; Cornelissen et al., 2005; Ibanez et al., 2005) one could 

conclude that resistance training, alone, could offer an alternative to aerobic exercise.  

The addition of a full body resistance training exercise program, without change in diet, 

two times per week can lead to a decrease in abdominal fat in women. Schmitz ������ (2007) 

placed 164 overweight and obese women (aged 25:44 years) in a twice:weekly resistance 

training group (n= 82) or a control group (n= 82). Measurements of percent body fat and intra:

abdominal fat was taken at baseline and the change over two years was measured at one and two 

years from baseline. The exercise group reduced body fat significantly more than the control (:

3.68 + 0.99% vs.  :0.14 + 1.04%; p=0.01). There was also a significant reduction in intra:

abdominal fat in the exercise group compared to the control group (7.05 + 5.07% vs. 21.36 + 

5.34%; p=0.05). In agreement, a study using nine older men (aged 66.6 + 3.1 years) with T2D 

also showed a significant decrease from baseline in abdominal subcutaneous fat (356.0 + 127.5 

vs. 308.6 + 118.8 cm
3
, p < 0.05) and visceral fat (249.5 + 97.9 vs. 225.6 + 96.6 cm

3
, p < 0.001) 

following a twice:weekly resistance training program consisting of 45:60 min sessions over a 16 

week period (Ibanez et al., 2005). These studies show that minimal resistance exercise twice 

weekly, without altering the diet, promotes decreases in weight and abdominal fat reduction.  

 Individuals with MetX can decrease the risk of developing CVD and T2D by improving 

insulin sensitivity (decreasing hyperinsulinemia) and increasing glucose utilization in insulin:

sensitive tissues (ex: muscle, fat, and liver). Resistance training has been shown to increase 

insulin sensitivity and decrease fasting glucose and insulin levels in subjects with T2D (Baldi et 

al., 2003; Fenicchia et al., 2004; Ibanez et al., 2005). Ibanez ������ (2005) also observed that after 

16 weeks of resistance training, insulin sensitivity improved by 46.3% (2.0 + 1.2 to 2.8 + 

1.6
.
10

4.
min

:1.
µU

:1.
ml

:1
, P < 0.01) and fasting blood glucose decreased significantly by :7.1% 

(146.6 + 28.3 to 135.0 + 29.3 mg/dl, P < 0.05).  

Baldi ������ (2003) investigated the effects of using resistance training for 10:weeks to 

improve glycemic control and observed a significant decrease in fasting glucose and insulin in 

the training group compared to the control group. However, no significant differences in insulin 

sensitivity index (ISI0, 120) were observed between the two groups. After providing 6 weeks of 

whole body resistance training three days per week to women with T2D, Fenicchia and 
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colleagues (2004) saw a significant improvement in the integrated and peak glucose 

concentrations from pre:training values (12:24 hours) after the first exercise session but not after 

the completion of the program (62:72 hours). Insulin did not significantly change with resistance 

training. However, Fluckey ������ (1994) and Ishii ������ (1998) showed significant improvements 

in insulin sensitivity. Using an oral glucose tolerance test Fluckey and associates (1994) 

demonstrated the ability of a single bout of resistance exercise to significantly clear insulin from 

the blood in elder T2D individuals (9.83 ± 1.95 X 10
3
 to 7.77 ± 1.50 X 10

3
 pM) and young 

controls (6.93 ± 0.8 X 10
3
 to 5.38 ± 0.65 X 10

3
 pM) after exercise. Ishii and colleagues tested 

insulin sensitivity, via the hyperinsulinemic:euglycemic clamp technique, in sedentary nonobese 

T2D patients using a 4:6 week resistance training program. The resistance training group 

exhibited a 48% increase in glucose disposal rate from pretraining levels (6.85 ± 1.86 to 10.12 ± 

3.15 mg/kg LBM/min, p<0.05). 

 The exact mechanisms by which resistance training improves insulin sensitivity are not 

yet known. It has been speculated that insulin sensitivity and glucose maintenance could be the 

result of decreases in abdominal subcutaneous and visceral fat (Rice et al., 1999; Ibanez et al., 

2005). Abdominal obesity, specifically visceral fat, is associated with cardiometabolic risk 

factors in both MetX and PCOS (Apridonidze ET al.2005; Ehrmann et al., 2006; Fox et al., 

2007). It has been shown to significantly correlate with increases in synthesis of triglycerides, 

total cholesterol, SBP, DBP, blood glucose levels, and decreased HDLc (Fox et al., 2007). In 

women, having a waist circumference of > 88 cm is considered excess abdominal fat (Ford et al., 

2002; Grundy et al., 2005). This excess upper body fat, whether subcutaneous or visceral, is 

associated with insulin resistance, impaired fasting glucose, hypertension, and dyslipidemia 

(Grundy et al., 2005; Fox et al., 2007). Thus a decrease in weight, specifically from abdominal 

fat, would improve some of the risk factors seen in MetX and PCOS. The decrease in visceral 

abdominal fat would lead to lower levels of FFAs which would bring about improvements of 

insulin sensitivity in peripheral tissue, creating greater utilization of glucose (Ross et al., 1996; 

Rice et al., 1999; Despres et al., 2006). Since a reduction in muscle mass may severely reduce 

the effectiveness of insulin to clear glucose from the circulation and the fact that skeletal muscle 

is the largest mass of insulin:sensitive tissue in the human body and contributes the most to the 

clearance of glucose from circulation, researchers have proposed that an increase in muscle mass 

causes inverse changes in fasting glucose by providing more glucose utilization area, thus 
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reducing the amount of insulin needed to maintain normal glucose levels (Ivy et al., 1997; Baldi 

et al., 2003; Ibanez et al., 2005). Finally, it could be possible that there is a non:insulin 

stimulated glucose uptake response, following exercise (12:24 hours) due to the muscle restoring 

muscle glycogen (Baldi et al., 2003; Fenicchia et al., 2004). 

�
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 Plant phytochemicals, called polyphenols, are potent antioxidants thought to counter 

inflammation (Leontowicz et al., 2002; Chinnici et al., 2004; Song et al., 2005). Polyphenols, 

also known as tannins, are found in various foods and beverages, such as: cranberries, apples, 

bananas, tea, wine, onions, and cocoa (Sun et al., 2002; Boyer et al., 2004). Among fruits 

consumed in the United States, apples are a source of the highest concentrations of polyphenols 

(quercetin) compared with other common fruits (Sun et al., 2002) and are the second largest 

provider (after cranberries) of total polyphenols in the American diet (Vinson et al., 2001). There 

are five major phenolic groups found in apples: flavanols, hydroxycinamates, dihydrochalcones, 

flavonols, and anthocyanins. Of these, flavanols quercetin, epicatechin, and proanthocyanidin B2 

seem to provide the most significant antioxidant activity (Chinnici et al., 2004; Vanzani et al., 

2005). 

� The Women’s Health Study, which surveyed over 40,000 women, explored the 

association between flavonoid consumption and CVD and T2D. One study showed that while 

there was no significant association between flavonoid intake and risk of cardiovascular events 

(heart attack and stroke). A 35% reduction of those events was observed in women who 

consumed the highest amounts of flavonoids. This study also reported that apple consumption 

provided a 13:32% decrease in risk for CVD and events; the only other food to show a decrease 

was broccoli (Sesso et al., 2003). Another study from the Women’s Health Study reported that 

no single flavoniod was associated with the development of T2D. But among the major 

flavonoid:rich foods examined (tea, broccoli, apples, onions, and tofu), only apple consumption 

was significantly associated with a lower risk of T2D. It was reported that women who 

consumed > 1 apple per day showed a, significant, 28% reduced risk of T2D compared to 

women who did not eat any apples (Song et al., 2005). These reports support the potential of 

apple consumption reducing the risks of developing T2D or CVD. 
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 Women with PCOS and MetX frequently present with abnormal lipoprotein profiles 

related to insulin resistance and excessive abdominal adipose tissue (Rajkhowa et al., 1997; 

Pirwany et al., 2001; Ehrmann et al., 2006; Wilson et al., 2005; Hong et al., 2007). Although 

apples are known to have high soluble fiber, it has been shown that the bioactive compounds in 

apples are what alter lipid metabolism and not fiber in rats (Aprikian et al., 2001). In rats, 

Leontowicz ������ (2002) examined the effects of apples, peaches, and pears on lipid profiles. The 

animals were divided in to eight treatment groups of ten rats each. The control group was fed a 

basal diet only. The basal diet for the other groups were supplemented with: 10% whole dried 

apples (App), 10% whole dried pears (Pear), 10% whole dried peaches (Peach), 1% of 

nonoxidized cholesterol (NOC) (Chol), 1% NOC and 10% whole dried apples (App/Chol), 1% 

NOC and 10% whole dried pears (Pear/Chol), 1% NOC and 10% whole dried peaches 

(Peach/Chol). All treatment diets contained equal amounts of fiber; the Chol diet was 

supplemented with 10% cellulose. The rats fed the App/Chol diet significantly decreased total 

plasma cholesterol, LDLc, TG, and significantly hindered the decrease in HDL phospholipids 

compared to the Chol group. The App/Chol group had better results in all categories compared to 

Peach/Chol and Pear/Chol groups (Leontowicz et al., 2002). This study demonstrated that apples 

lower cholesterol concentration, because of the phenolic content rather than the fiber content of 

the fruit. Compared to the peaches and pears, the apples had significantly higher amounts of total 

polyphenols in both peeled and unpeeled samples.  

 In a study using dried apples as a control, Georgis:Trolinger (2002) examined the effects 

of dried plums in overweight postmenopausal women and found the apples had a favorable effect 

on lipid profiles. This study divided 38 women in two groups, who consumed either: 100 grams 

of dried plums (n= 18) or 75 grams of dried apples (n= 20) over a three month period. The 

control group (dried apples) significantly reduced total cholesterol (p< 0.01), LDLc (p< 0.05), 

and body fat percentage (p< 0.05), while significantly increasing HDLc (p< 0.01) and showing a 

trend for decreasing TG (p< 0.1) levels compared to the treatment group (dried plums). It should 

be mentioned that no dietary or exercise advice was given, only that the participants maintain 

their normal physical activity and dietary habits for the duration of the study (Georgis:Trolinger, 

2002).  

 Apple consumption has also been associated with weight loss in middle:aged overweight 

women (de Oliveira et al., 2003). Forty:nine, non:smoking, hypercholesterolemic women were 
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randomized to receive one of three food supplement groups: apples, pears, or oat cookies 

(matched in fiber with the fruits). Each participant consumed one supplement three times per day 

for twelve weeks. A dietitian instructed the subjects to eat a standardized, hypocaloric diet (55% 

of kcals from carbohydrates, 15% from protein, and 30% from fat). The fruit group (apples and 

pears combined to verify the effect of fruit intake on body weight) showed a significant 

reduction in body weight compared to the oat cookie group at the end of the 12 week study (fruit 

group: :1.21 kg vs. oat cookie group: :0.88 kg; p = 0.02).  

 Recently quercetin, a flavonoid found in apples, was shown to reduce BP in hypertensive, 

middle:aged, Caucasian men and women (Edwards et al., 2007). The double blinded placebo:

controlled crossover study looked at the effects of supplementing 730 mg quercetin per day for 4 

weeks, without changing normal dietary or exercise habits, on systolic and diastolic BP levels, as 

well as lipid and glucose levels in individuals who were prehypertensive and stage 1 

hypertensive. Persons diagnosed as being stage 1 hypertensive reported significant decreases in 

systolic (145 ± 2 vs 138 ± 2 mmHg) and diastolic (97 ± 1 vs 92 ± 2) BPs at endpoint compared 

to baseline while taking the quercetin supplementation but not the placebo (SBP, 141 ± 2 vs 138 

± 2 mmHg; DBP, 94 ± 2 vs 93 ± 2 mmHg) supplement (Edwards et al., 2007). There were no 

changes noted in either lipid levels or glucose.  

 Research has shown that drastic lifestyle modifications involving rapid weight loss and 

extreme exercise programs do not have to take place for an individual to improve insulin 

sensitivity, increase HDL cholesterol, decrease waist circumference, triglyceride levels, BP, and 

fasting glucose and insulin levels (Huber:Buchholz et al., 1999; de Oliveira et al., 2003; Grundy 

et al., 2005; Ibanez et al., 2005; Bo et al., 2007). Instead, making moderate changes to a person’s 

lifestyle, such as moderate intensity resistance exercise and supplementing the diet with a few 

servings of apples a day can bring about improvements in the clinical parameters of MetX and 

PCOS. Thus the purpose of this study was to look at the minimal amount of resistance exercise 

that a person could do and to examine if supplementing the diet rather than doing a complete 

overhaul could trigger metabolic changes.  
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CHAPTER 3 

 

METHODS AND PROCEDURES 
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 The purpose of this study was to determine if consuming 75 grams of dried apples daily 

and resistance training twice per week would have an effect on the clinical parameters of 

metabolic syndrome in women with PCOS. Therefore, the following hypotheses were tested: 

 

1.� Consumption of apples will increase HDL cholesterol, decrease LDL cholesterol, blood 

triglycerides, BP, blood glucose, abdominal circumference, and BMI from baseline. 

2.� Moderate intensity resistance exercise, twice weekly, will decrease the participants’ 

blood glucose, BP, abdominal circumference and BMI from baseline. 

 

��")��� 

 

 This study was approved by the Florida State University Human Subjects Committee. 

Nineteen premenopausal women between the ages of 18:44 years were recruited through 

newspaper ads, fliers, classroom announcements, and mass emails to various people at Florida 

State University and the surrounding communities. The women in this study were either 

diagnosed with PCOS or had a combination of at least three of the following: irregular, 

infrequent, or absent menstrual cycles, male:pattern hair growth or loss, waist circumference > 

88cm, fasting blood glucose greater than 100 mg/dl, BP > 120/80 mmHg, or a BMI of > 25. The 

women also had to be sedentary or considered to be less than moderately active, defined as being 

engaged in aerobic exercise for less than 30 min per day, fewer than 3 days per week and did not 

routinely participate in resistance training in the past two months. Women were excluded from 

the study if they were taking any medications for diabetes or hypertension, had uncontrolled 

hypertension, or were allergic to apples or whole grain wheat cereals. Each participant signed an 
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informed consent approved by the Florida State University Human Subjects Committee before 

participating in the study (APPENDIX A). 

 

������

 

 This study was a randomized, controlled trial in which qualified participants were 

assigned to one of four treatment groups: apple supplement without exercise, apple supplement 

with exercise, cereal supplement without exercise, or cereal supplement with exercise. Prior to 

the initial assessments, the participants were screened via a telephone script (APPENDIX B) to 

see if they qualified for the initial assessments. On the morning of the initial assessments, the 

participants arrived at the exercise laboratory in the Sandels building following an overnight fast 

of at least 10 hours. Participants were instructed to wear light clothing and asked to wear similar 

items for each assessment period thereafter. Upon arrival, the informed consent was explained, 

then signed by the participant after which the health history/physical activity questionnaire was 

completed (APPENDIX C). The subject was then placed in a quiet room and allowed to rest for 

approximately five minutes, after which three consecutive BP measurements were taken, with 

one minute intervals between each measurement, using an automatic BP monitor (Omron 

Healthcare, Bannockburn, IL). After BP was measured, blood samples were taken from the 

antecubital vein with a butterfly needle using sterile technique. A total of 14 ml was collected; 

approximately 8 ml of blood was collected in a BD vacutainer tube with no additives for serum 

analysis and another 6 ml in a BD vacutainer with K2 EDTA (10.8 mg) for plasma analysis. This 

procedure was performed at each time point, i.e. baseline, midpoint, and end of the study. 

Fasting blood glucose was measured with a glucometer (DEX Glucometer, Bayer Corporation, 

Elkhart, IN). Height was measured to the nearest 0.1 cm using a wall mounted stadiometer (Seca 

Corporation, Columbia, MD) and weight was measured in kg using a digital scale (Seca 

Corporation, Columbia, MD). 

 Body mass index (BMI) was calculated by dividing weight in kilograms by height in 

meters squared (kg/m
2
). Waist measurements were taken according to the NHANES protocol 

(U.S. Department of Health and Human Services, PHS. NHANES III Anthropometric 

Procedures Video) using a tension calibrated tape measure (Power Systems Inc, Knoxville, TN). 

Waist measurements were taken until three measurements were within 5% of each other. A 
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twenty:four hour dietary food recall was conducted to assure that the diets did not change over 

the duration of the study. 
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 Participants in the apple groups received 75 grams of dried, skinless, unsulfured apples 

(Atwater Foods LLC, Lyndonville, NY). The control supplement was 65 grams of Kellogg’s® 

Frosted Mini:Wheats® cereal (Kellogg Corporation, Battle Creek, MI) which was matched in 

calories and fiber content with the apple supplement. Participants were provided with 28 days 

worth of supplements to be eaten in the first 4 weeks, after which they returned for midpoint 

measurements. At that time they were provided with another 4 week supply of the supplements 

to complete the study. All uneaten dietary supplements and a self:recorded log were to be 

returned at the end of each four week period. All participants were made aware of the extra 

calories that each supplement contained. Thus, they were asked to use the supplements in place 

of a snack or as part of a meal (ex. breakfast).  

�
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 Within 48 hours of the initial screening the participants returned to the exercise 

laboratory for exercise familiarization, 1 repetition max (1RM) and 12 repetition max (12RM) 

testing. Following a familiarization protocol of the strength training equipment (MedX 96, Inc., 

Ocala, FL) participants performed 1RM tests, to assess strength gains, for the pectoralis and 

quadriceps muscles using the chest press and leg extension machines. The day of 1RM testing 

consisted of the participant completing 10 sub:maximal repetitions for a warm:up. Next the 

machine was loaded with the participant’s perceived maximal capacity; after which, the subject 

performed the specified lift. If the participant could complete more than 1 repetition the weight 

was increased 5:10 lbs; if the participant could not complete 1 repetition the weight was 

decreased 5:10 lbs. This process was repeated, no more than 5 times, until a weight was found in 

which the participant could not lift more than 1 time. Each lift was separated by a rest period of 

3:5 minutes. 1RM tests were performed at baseline, midpoint, and at the conclusion of the study. 

The participants returned to the laboratory following 24:48 hours of rest for 12RM testing. The 
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participants 12RM were established to determine their exercise prescription. Following a light 

warm:up, an initial weight that is close to the subject’s perceived maximal capacity for 12 

repetitions was selected and the lift was attempted 12 times. If the subject was able to complete 

more than 12 repetitions, the weight was increased 5:10 lbs depending on the muscle group 

being tested (quadriceps, hamstrings, gluteals, pectorals, latissimus dorsi, rhomboids, deltoids, 

biceps, triceps, gastrocnemius, and abdominals). If the subject could not complete 1 repetition, 

the weight was decreased 5:10 lbs. Participants were allowed to rest 2:3 minutes before the next 

attempt. This procedure was repeated no more than 4:5 times until a weight was found that the 

participant could lift just 12 repetitions, with good form, which will be considered the 12RM. All 

repetitions were performed at the same speed and range of motion.  

 The training protocol consisted of training twice per week for one to one and a half hours 

per session; each session was followed by 48:72 hours of recovery. The participants performed 

10 exercises at each session: chest press, leg press, overhead press, leg curl, seated row, leg 

extension, biceps curl, calf raise, seated dip, and abdominal curl. The training protocol consisted 

of performing 2 sets of 15 repetitions at 95% of the 12RM for two weeks. The following six 

weeks consisted of performing 3 sets of 12 repetitions at the 12RM. Each set was followed by a 

60:90 second rest period.  

 All participants were given a Yamax Digi:walker electronic pedometer (Yamax USA, 

Inc., San Antonio, TX) and instructed on how to use it. Steps were tracked daily by the 

participants to monitor daily physical activity. 
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 The blood samples were allowed to clot for 30 minutes, and then centrifuged using an 

IEC CL31R multispeed centrifuge (Thermo Electron Corporation, Waltham, MA) for 20 minutes 

at 4000 rpms at 4°C; separated, aliquoted, and stored at :20 degrees until analysis. Serum 

glucose, total cholesterol, HDL:C, and triglycerides were determined, in duplicate, using a Sirrus 

clinical analyzer (Stanbio Laboratory, Boerne, TX) with reagents from Fisher Scientific, Inc 

(Glucose Hex Reagent, cat# SBS 1060600; Cholesterol LiquiColor®, cat# SBS1010750; Direct 

HDL:Cholesterol LiquiColor®, cat# SBS0590090; Triglyceride LiquiColor®, cat# 
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SBS2200750). LDL:C was calculated according to the Friedewald equation (Friedewald et al., 

1972).  

 The measurement of insulin 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).�In brief,�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 measuring the optical density of this color, the presence of the molecule can be 

ascertained (Voller et al. 1978).  

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

VT). Serum insulin concentrations were measured using an enzyme linked immunoabsorbant 

assay (Alpco Diagnostics, Salem, NH). The intra:assay CVs had a mean of 2.8%. The minimum 

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

– 25 µIU/ml.  

Calculation of Insulin Resistance (IR) was through the homeostatic model assessment of IR 

(HOMA:IR) using the following formula (Matthews et al 1985): 

Fasting glucose (FG, mmol/l) x fasting insulin (FI, µU/ml) 

   22.5  

 

Based on other studies in women with PCOS, the participants were classified as being IR in 

accordance with defined cutoff point for HOMA:IR ≥ 2.5 (DeUgarte et al., 2005; Goodarzi et al., 

2005; Marcondes et al., 2007; Kulshreshtha et al., 2008; Valkenburg et al., 2008; Svendsen et al., 

2009; Glueck et al., 2009). 

 

�����������(������

�

 A one:way ANOVA was used to analyze the differences in subject characteristics 

between the groups. A split:plot factorial design with two between:subject factors (apple and 

exercise) and one within:subject factor was used to measure any interactions within the groups 

over time. Pillai’s Trace multivariate test was used to determine significant interactions. If a 

significant interaction was present the groups were split and arranged by treatment factor (Apple, 
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Cereal, ExApp, ExCer) to determine which group had a significant change in variables over 

time. The means of the independent variables were compared at each time point (0wk, 4wk, 

8wk) and a one:way ANOVA was performed to determine if there was a significant difference 

between those time points. A p:value of 0.05 was used for all measures of significance and 

values are reported as mean ± SD. SPSS for Windows, Version 15.0 (SPSS, Chicago, IL) was 

used for the analysis. 
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CHAPTER 4 

 

RESULTS 

 

 

 

 

 Of the nineteen participants who started the study, two did not finish; one due to lack of 

time to exercise and the other became ill during the early part of the study. Seventeen women 

with self:reported diagnosis of PCOS completed all eight weeks of the study. Of the seventeen 

participants 59% (9 of 17) reported using an oral contraceptive, 29% (5 of 17) were not, and 18% 

(3 of 17) did not answer the question or provide an answer to a follow:up email. Oral 

contraceptives are suspected to have a negative impact on glucose metabolism, insulin, TGs, BP 

(in hypertensive populations), and cause weight gain (Soares et al., 2008). Oral contraceptive use 

was evenly distributed among the groups (data now shown) in this study. 

�

&�������%�������������

�

Descriptive baseline anthropometrics and clinical measurements for each group are 

presented in Table 1, with the range of each measurement shown in parentheses. There were no 

significant differences amongst any baseline measurements between the groups. The mean age 

for the study was 21.5 ± 2.7 (n=17) with a range of 18.0:27.0 years, height was 165.3 ± 6.8 

(n=17) with a range of 152.6:173.8 cm, and weight was 76.4 ± 16.4 (n=17) with a range of 50.8:

110.6 kg. In regards to BMI classification (Expert Panel, 1998), 8 of the 17 (47%) individuals 

were classified as being of normal weight (BMI: 18.5:24.9), 3 (18%) were classified as 

overweight (BMI: 25.0:29.9), and 6 (35%) were classified as being obese. Specifically, 3 were 

classified as class I obese (BMI: 30.0:34.9), and 3 were classified as class II obese (BMI: 35.0:

39.9). The mean BMI for the whole group was 28.0 ± 6.2 (n=17) with a range of 20.8:39.5. At 

the beginning of the study, 59% (10 of 17) of the participants had a waist circumference greater 

than 88 cm, with a group mean of 96.0 ± 13.3 (n=17) with a range of 79.4:126.6 cm. All 
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participants had BP responses less than 130/85 mmHg with a mean of 101.4 ± 8.9 (n=17) and a 

range of 80.0:114.0mmHg SBP and 70.2 ± 6.8 (n=17) with a range of 56.0:83.0mmHg for DBP.  

Mean fasting glucose levels at baseline were 86.1 ± 5.6 (n=17) with a range of 77.0:98.0 

mg/dL, TC was 158.9 ± 34.4 (n=17) with a range of 114.0:223.0 mg/dL (3 participants had TC 

levels above 200 mg/dL), LDL cholesterol presented a mean of 100.8 ± 31.4 (n=17) with a range 

of 56.0:153.4 mg/dL (4 participants had LDL:C levels above 130 mg/dL). Seventy:one percent 

of the individuals had HDL cholesterol levels below 50 mg/dL with a mean of 41.5 ± 12.3 

(n=17) and a range of 19.0:60.0 mg/dL. Mean TG levels for the participants was 83.2 ± 40.5 

(n=17) with a range of 35.0:164.0 mg/dL with only one participant having TG levels greater than 

150 mg/dL. Fasting insulin was 14.1 ± 6.1 (n=17) with a range of 6.4:26.4 µu/ml; two 

participants presented with elevated fasting levels (> 25 µu/ml). Normal fasting insulin ranges 

between 5:25 µIU/ml. Participants’ HOMA:IR values presented a mean of 3.0 ± 1.3 (n=17) with 

a range of 1.3:5.6. Forty:one percent of the participants were classified as being insulin resistant 

(HOMA:IR: ≥ 2.5) (DeUgarte et al., 2005; Goodarzi et al., 2005; Marcondes et al., 2007; 

Kulshreshtha et al., 2008; Valkenburg et al., 2008; Svendsen et al., 2009; Glueck et al., 2009). 

�

���������� ������

 

 Table 2 shows the anthropometric and BP measurements of each group over the duration 

of the study. No significant changes were observed within the groups, but there was a trend in 

weight and BMI gain in the ExCer group. There were no significant differences found between 

any of the groups for any of the anthropometric or BP measurements at the end of the study. No 

differences were observed between endpoint and baseline. 

 

 Table 3 shows changes in the clinical parameters within each group over the duration of 

the study. No significant differences among the groups were observed at baselines or at the end 

of the study. Fasting blood glucose in the Apple group or the ExApp group did not change. 

Fasting blood glucose significantly increased (p<0.05) by 6.7 ± 2.1 mg/dL from baseline in the 

Cereal group and by 7.0 ± 2.6 mg/dL in the ExCer group. Both insulin and HOMA:IR 

significantly increased (p<0.05) in the Cereal group by 0.8 ± 0.4 µu/ml and 0.4 ± 0.2 

respectively. No other significant changes within any of the other groups were observed.  
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 Total cholesterol increased significantly (p<0.05) in the Cereal (26.0 ± 8.2 mg/dL) and 

ExApp (17.5 ± 10 mg/dL) groups. Respectively, the Apple group showed a trend for an increase 

in total cholesterol by 25.2 ± 28.7 mg/dL, p=0.12. LDL levels significantly increased, from 

baseline, in the Cereal group by 17.0 ± 4.2 mg/dL. Both the Apple and the ExApp groups 

showed trends for LDL to increase (Apple, 18.5 ± 17.2 mg/dL, p=0.07; ExApp, 9.1 ± 11.0 

mg/dL, p=0.09). Although there were no significant changes in HDL concentration levels within 

any of the groups’, there were trends for increases in HDL among the Apple group (p=0.12), 

ExApp group (p=0.10), and the ExCer group (p=0.07). Triglyceride levels significantly increased 

in the ExApp group from 0wk to 8wk by 10.2 ± 8.2 mg/dL, p<0.05. 

 

%��
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Table 4 shows the average caloric intake before the supplements were issued (0wk), after 

the first 4 weeks (4wks), and after the last 8 weeks (8wk) of taking the supplements. There were 

no significant differences in caloric intake between any of the groups over the duration of the 

study. The ExApp group significantly decreased caloric intake from 4wk to 8wk by 371.0 ± 

278.1 kcals/day (p<0.05). There were no significant differences within the groups for any other 

time points. 

 

Table 5 provides the physical activity (reported as steps taken per day) for each group. 

There were no significant changes in average steps/day within the groups from onset to the 

conclusion of the study. The ExCer group showed a trend (p=0.07) for increasing physical 

activity. No significant differences between groups for physical activity were observed. 

 

Table 6 shows the changes in strength (reported as changes in 1RM) for each group over 

the duration of the study. No significant differences in strength gains were found between any of 

the groups. The ExApp group significantly increased leg strength, from baseline, at midpoint 

(+36.67 ± 15.3 lbs, p≤0.05) and at the end of the study (+50.67 ± 10.1 lbs, p<0.05). No other 

groups had significant changes in strength over the duration of the study. 
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TABLES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Table 1. Baseline measurements for each group. 

 

 Apple (n=5) 

Mean ± SD 

(range) 

Cereal (n=3) 

Mean ± SD 

(range) 

ExApp (n=6) 

Mean ± SD 

(range) 

ExCer (n=3) 

Mean ± SD 

(range) 

Age, year 
22.4 ± 3.1 

(20.0:27.0) 

21.3 ± 3.5 

(18.0:25.0) 

21.1 ± 2.5 

(18.0:25.0) 

21.0 ± 3.0 

(18.0:24.0) 

Height, cm 
162.6 ± 6.1 

(156.2:171.5) 

166.4 ± 10.8 

(154.0:173.6) 

166.2 ± 7.2 

(152.6:173.8) 

166.7 ± 4.2 

(163.7:171.5) 

Weight, kg 
65.6 ± 13.0 

(50.8:83.7) 

75.3 ± 15.9 

(65.5:93.7) 

84.8 ± 18.5 

(65.3:110.6) 

78.7 ± 14.4 

(63.6:92.2) 

BMI, kg/m
2
 

24.7 ± 4.3 

(20.8:31.9) 

28.0 ± 10.0 

(22.2:39.5) 

30.7 ± 6.5 

(22.0:39.4) 

28.2 ± 4.2 

(23.4:31.4) 

WC, cm 
87.7 ± 7.9 

(79.4:100.3) 

93.5 ± 14.4 

(84.9:110.1) 

102.2 ± 16.6 

(83.2:126.6) 

100.1 ± 8.5 

(90.9:107.7) 

SBP, mmHg 
104.6 ± 4.2 

(99.0:110.0) 

92.3 ± 10.7 

(80.0:99.0) 

102.8 ± 9.1 

(91.0:114.0) 

102.0 ± 11.4 

(89.0:110.0) 

DBP, mmHg 
69.6 ± 5.0 

(62.0:75.0) 

65.0 ± 8.2 

(56.0:72.0) 

73.3 ± 7.6 

(62.0:83.0) 

70.3 ± 6.5 

(64.0:77.0) 

Glucose, mg/dL 
88.2 ± 8.0 

(80.0:98.0) 

84.0 ± 3.5 

(80.0:86.0) 

86.3 ± 4.3 

(81.0:93.0) 

84.0 ± 6.6 

(77.0:90.0) 

TC, mg/dL 
183.8 ± 33.4 

(136.0:223.0) 

154.7 ± 14.0 

(141.0:169.0) 

147.0 ± 37.0 

(114.0:207.0) 

145.7 ± 36.9 

(120.0:188.0) 

LDLc, mg/dL 
123.3 ± 25.5 

(89.6:153.4) 

101.9 ± 20.5 

(87.8:125.4) 

94.3 ± 36.4 

(56.0:141.4) 

75.5 ± 22.1 

(59.2:100.6) 

HDLc, mg/dL 
42.2 ± 12.8 

(29.0:60.0) 

38.0 ± 7.0 

(30.0:43.0) 

38.7 ± 12.8 

(19.0:58.0) 

49.3 ± 16.8 

(30.0:60.0) 

TG, mg/dL 
91.6 ± 50.7 

(42.0:164.0) 

73.7 ± 16.3 

(61.0:92.0) 

70.3 ± 38.6 

(35.0:143.0) 

104.3 ± 50.2 

(49.0:147.0) 

Insulin, µu/ml 
12.6 ± 2.7 

(10.7:16.6) 

14.0 ± 10.8 

(6.4:26.4) 

15.9 ± 6.7 

(7.28:25.9) 

12.4 ± 4.8 

(7.97:17.5) 

HOMA:IR 
2.7 ± 0.9 

(2.1:4.0) 

2.9 ± 2.3 

(1.34:5.55) 

3.33 ± 1.4 

(1.7:5.6) 

2.6 ± 1.2 

(1.5:3.9) 
  BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, 

total cholesterol; LDLc, low:density lipoprotein; HDLc, high:density lipoprotein; TG, triglycerides. 
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 Table 2. Differences between baseline and endpoint measurements by treatment group. 

 

Variable 0wk 8wk Difference P value 

 Apple (n= 5)   

Weight, kg 65.6 ± 13.0 66.4 ± 14.1   0.8 ± 2.6 0.54 

BMI, kg/m
2
       24.7 ± 4.3       25.0 ± 4.4    0.2 ± 0.9 0.58 

WC, cm       87.7 ± 7.9       85.4 ± 9.1   :2.3 ± 3.6 0.22 

SBP, mmHg     104.6 ± 4.2     101.2 ± 6.6   :3.4 ± 9.6 0.47 

DBP, mmHg       69.6 ± 5.0       67.6 ± 7.9   :2.0 ± 7.1 0.56 

 Cereal (n= 3)  P value 

Weight, kg 75.3 ± 15.9 76.4 ± 19.1    1.1 ± 3.3 0.61 

BMI, kg/m
2
       28.0 ± 10.0       28.5 ± 11.3    0.5 ± 1.3 0.58 

WC, cm       93.5 ± 14.4       94.6 ± 17.1    1.1 ± 2.9 0.58 

SBP, mmHg       92.3 ± 10.7       96.3 ± 7.0    4.0 ± 5.0 0.30 

DBP, mmHg       65.0 ± 8.2       67.0 ± 4.4    2.0 ± 4.9 0.53 

 ExCer (n= 3)  P value 

Weight, kg 78.7 ± 14.4 79.9 ± 13.8    1.3 ± 0.9 0.12 

BMI, kg/m
2
       28.2 ± 4.2       28.7 ± 4.1    0.5 ± 0.3 0.12 

WC, cm     100.1 ± 8.5     102.2 ± 9.4    2.1 ± 2.3 0.24 

SBP, mmHg     102.0 ± 11.4     101.0 ± 10.8   :1.0 ± 15.0 0.92 

DBP, mmHg       70.3 ± 6.5       71.0 ± 8.2    0.7 ± 12.1 0.93 

� ExApp (n= 6)  P value 

Weight, kg 84.8 ± 18.5 85.5 ± 19.2    0.7 ± 1.4 0.28 

BMI, kg/m
2 

      30.7 ± 6.5       31.0 ± 6.7    0.2 ± 0.5 0.32 

WC, cm     102.2 ± 16.6     102.7 ± 16.0    0.5 ± 1.7 0.49 

SBP, mmHg     102.8 ± 9.1     105.7 ± 11.1    2.8 ± 8.8 0.47 

DBP, mmHg       73.3 ± 7.6       74.0 ± 7.8    0.7 ± 8.2 0.85 
Results are presented as Mean ± SD. BMI, body mass index; WC, waist circumference; SBP, systolic blood  

pressure; DBP, diastolic blood pressure. Significance from baseline, p ≤ 0.05 
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 Table 3. Differences between baseline and endpoint measurements by treatment group. 

 

Variable 0wk 8wk Difference P value 

 Apple (n= 5)   

Glucose, mg/dL 88.2 ± 8.0     92.8 ± 11.5 4.6 ± 7.2 0.22 

TC, mg/dL      183.8 ± 33.4   209.0 ± 42.2  25.2 ± 28.7 0.12 

LDLc, mg/dL      123.3 ± 25.5   141.8 ± 27.7  18.5 ± 17.2 0.07 

HDLc, mg/dL        42.2 ± 12.8     51.0 ± 20.8    8.8 ± 10.0 0.12 

TG, mg/dL        91.6 ± 50.7     81.0 ± 35.6  :10.6 ± 22.1 0.34 

Insulin, µu/ml        12.6 ± 2.7     13.1 ± 7.0    0.6 ± 4.4 0.81 

HOMA:IR          2.6 ± 0.9       3.2 ± 2.2    0.5 ± 1.4 0.55 

 Cereal (n= 3)  P value 

Glucose, mg/dL 84.0 ± 3.5 90.7 ± 5.1 6.7 ± 2.1 0.03 

TC, mg/dL      154.7 ± 14.0    180.7 ± 18.5 26.0 ± 8.2 0.03 

LDLc, mg/dL      101.9 ± 20.5    118.9 ± 24.7 17.0 ± 4.2 0.02 

HDLc, mg/dL        38.0 ± 7.0      46.0 ± 13.1   8.0 ± 11.5 0.35 

TG, mg/dL        73.7 ± 16.3      78.7 ± 42.5   5.0 ± 29.5 0.80 

Insulin, µu/ml        14.0 ± 10.8      14.9 ± 10.8   0.8 ± 0.4 0.05 

HOMA:IR          2.9 ± 2.3        3.3 ± 2.5   0.4 ± 0.2 0.04 

 ExCer (n= 3)  P value 

Glucose, mg/dL 84.0 ± 6.6 91.0 ± 9.2   7.0 ± 2.6 0.04 

TC, mg/dL      145.7 ± 36.9    160.7 ± 55.8 15.0 ± 20.7 0.34 

LDLc, mg/dL        75.5 ± 22.1      84.9 ± 43.5   9.4 ± 22.1 0.54 

HDLc, mg/dL        49.3 ± 16.8      59.3 ± 12.9 10.0 ± 5.0 0.07 

TG, mg/dL      104.3 ± 50.2      82.3 ± 58.9 :22.0 ± 35.8 0.40 

Insulin, µu/ml        12.4 ± 4.8      13.6 ± 1.5   1.2 ± 5.5 0.75 

HOMA:IR          2.6 ± 1.2        3.0 ± 0.5   0.4 ± 1.1 0.57 

 ExApp (n= 6)  P value 

Glucose, mg/dL 86.3 ± 4.3 87.0 ± 4.1    0.7 ± 3.4 0.66 

TC, mg/dL      147.0 ± 37.0    164.5 ± 33.1 17.5 ± 10.0 <0.01 

LDLc, mg/dL        94.3 ± 36.4    103.4 ± 36.0   9.1 ± 11.0 0.09 

HDLc, mg/dL        38.7 ± 12.8      45.0 ± 17.6   6.3 ± 7.7 0.10 

TG, mg/dL        70.3 ± 38.6      80.5 ± 37.6 10.2 ± 8.2 0.02 

Insulin, µu/ml        15.9 ± 6.7      17.5 ± 8.5   1.6 ± 6.2 0.56 

HOMA:IR          3.3 ± 1.4        3.7 ± 1.7   0.4 ± 1.3 0.51 
              Results are presented as Mean ± SD. TC, total cholesterol; LDLc, low:density lipoprotein; HDLc, high:density               

              lipoprotein; TG, triglycerides.
 
Significance p < 0.05. 
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 Table 4. Comparison of energy intake (kcals) prior to supplementation 

 (0wk), during the first 4 weeks (4wk) of treatment, and during the last 4 

 weeks (8wk) of treatment (Mean ± SD). 

 

 0wk 4wk 8wk 

Apple  (n=4) 1360.0 ± 674.9 1358.5 ± 672.0 1708.5 ± 837.8 

Cereal  (n=3) 1522.3 ± 653.0 1480.3 ± 810.3 1417.0 ± 708.6 

ExCer  (n=3) 1174.7 ± 473.2 1613.7 ± 582.5 1535.0 ± 218.3 

ExApp (n=6) 1841.5 ± 548.4  1920.3 ± 652.6
a
   1549.3 ± 480.2

b
 

    
a, b

 Time points with different letters are significantly different 

 from one another. P≤0.05. 

 

Table 5. Average steps per day during the first half and second half of the study (Mean ± SD). 

 

 0:4wk 0:8wk +/: P value 

Apple (n=3) 7575.9 ± 1389.3 7265.1 ± 1834.1 :310.8 ± 563.4 0.44 

Cereal (n=3) 7084.6 ± 2013.4 7634.5 ± 1899.1     549.9 ± 2603.0 0.75 

ExCer (n=3) 5151.7 ± 1611.6 6218.1 ± 1132.1 1066.5 ± 527.5 0.07 

ExApp (n=5) 8543.8 ± 2723.0 8509.0 ± 3264.8     :34.8 ± 609.7 0.91 
Significance, p < 0.05. 

 

Table 6. Strength gains, measured as one: repetition max (lbs), prior to 

supplementation (0wk), during the first 4 weeks (4wk) of treatment, and during the last 

4 weeks (8wk) of treatment within each group. 

 

 0wk 4wk 8wk 

Chest 1 RM (lbs) 

ExCer (n=2) 183.0 ± 52.3 199.0 ± 72.1 216.0 ± 90.5 

ExApp (n=3) 158.3 ± 40.1 174.67 ± 38.3 193.3 ± 46.0 

Leg 1 RM (lbs) 

ExCer (n=2) 281.0 ± 111.7 295.0 ± 134.4 315.0 ± 134.4 

ExApp (n=3) 266.0 ± 31.4
a
 302.67 ± 41.0

b
 316.67 ± 37.9

b
 

  Results are presented Mean ± SD. 1RM, one:repetition max; lbs, pounds. In each row, time points with 

different letters are significantly different from one another. p ≤ 0.05. 

 



31 

 

CHAPTER 5 

 

DISCUSSION 

 

 

 

 

 This study sought to examine the outcomes of making minimal lifestyle changes in an 

effort to improve metabolic parameters in women with PCOS. Apple supplements are thought to 

improve insulin sensitivity, decrease fasting blood glucose, TC, LDLc, TG, and BP while 

causing an increase in HDLc levels. Resistance training improves insulin resistance and 

decreases fasting blood glucose, BP, abdominal circumference, and BMI. This study was 

designed to determine the effect of supplementing the daily diet with 75 grams of dried apples 

(equivalent to 3 servings of fresh apples), or of minimal amount of resistance training, or the 

combination of both, on the metabolic profiles of women with PCOS. It was the goal of the 

present study to determine whether the consumption of apples would increase HDLc, decrease 

LDLc, TGs, BP, blood glucose, abdominal circumference, and BMI from baseline or if the 

consumption of apples with resistance training would decrease the participants’ blood glucose, 

BP, abdominal circumference and BMI from baseline.  

In the present study, the most prevalent individual clinical features of MetX reported in 

women with PCOS were low:HDLc levels (71%) and a high WC (59%). Previous work 

examining the prevalence of MetX characteristics in women with PCOS consistently reported 

low:HDLc levels and a high WC as the most prevailing traits (Apridonidze et al., 2005; Ehrmann 

et al., 2006). HDL levels below 50 mg/dL have been reported to be inversely associated with the 

risk for coronary artery disease (NCEP, ATP III, 2002). Legro ������ (2002) and Apridonidze ���

��� (2005) reported that the two least prevalent MetX characteristics observed in their study of 

women with PCOS were hypertriglyceridemia and high fasting glucose levels. In the present 

study only one individual had a TG level greater than or equal to150 mg/dL and none had fasting 

glucose levels greater than or equal to 100 mg/dL. None of the women in the study reported BP 

levels greater than or equal to the cut off values for diagnosis of MetX. Previous research has 

shown this population (ages 19:40 years with PCOS) tends to have pre:hypertensive or 
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hypertensive BP levels more often than not (Legro et al., 2002; Apridonidze et al., 2005; 

Ehrmann et al., 2006).  The subjects in this study did not. 

Observations in the literature vary when comparing insulin and HOMA:IR values in 

women with PCOS. Studies conducted in European countries report insulin and HOMA:IR 

values of 19.1 ± 17.9 µU/ml and 4.6 ± 4.7 (Marcondes et al., 2007); 10.1 µU/ml (interquartile 

range of 6.2:15.5) and 1.8 (1.1:2.9) (Valkenburg et al., 2008); 7.5 ± 0.9 µU/ml and 1.1 ± 0.5 

(HOMA:IR) (Svendsen et al., 2009), respectively. A study assessing young Asian:Indian women 

with PCOS reported fasting insulin levels of 15.0 ± 15.4 µU/ml and a HOMA:IR of 3.1 ± 3.0 for 

the normal glucose tolerance group (Kulshreshtha et al., 2008). Whereas three studies conducted 

on women with PCOS in the United States, of similar age, BMI, glucose, and insulin parameters, 

report fasting insulin levels of 15.5 ± 13.4 µU/ml (Goodarzi et al., 2005), 22.7 ± 19.5 µU/ml 

(DeUgarte et al., 2005), and 15.5 (interquartile range of 9.4:25.0) µU/ml (Glueck et al., 2009); 

and HOMA:IR values of 1.87 ± 1.58 (Goodarzi et al., 2005), 4.8 ± 4.2 (DeUgarte et al., 2005), 

and 1.7 (1.0:2.8) (Glueck et al., 2009). Mean insulin concentrations reported range from 7.5 ± 

0.9 to 22.7 ± 19.5 µU/ml with a mode of 15.5 µU/ml; HOMA:IR ranged between 1.1 and 4.8. 

These variations can be due to differences in age, BMI, race, normal fluctuations in insulin levels 

and differences in analytical methods used (DeUgarte et al., 2005; Goodarzi et al., 2005; 

Marcondes et al., 2007; Svendsen et al., 2009). In this study mean insulin and HOMA:IR were 

14.1 ± 6.1 µU/ml and 3.0 ± 1.3 falling within the range of reported values in women with PCOS. 

A majority of the women in this study were considered insulin resistant which is consistent with 

findings of elevated waist circumference and low HDLc. 

There were no significant changes in weight, waist circumference, or BP measurements 

in any of the groups over the 8 week study. Participants were not given a lower calorie diet nor 

instructed on ways to decrease caloric consumption in efforts to lose weight at the beginning of 

the study. They were asked to maintain normal eating habits with directives to replace current 

snacks with the supplements provided. Thus, no significant changes in caloric intake or physical 

activity outside of resistance exercise were observed. 

Previous research has shown the potential of apple supplementation to lower cholesterol 

levels in rats (Aprikian et al., 2001; Leontowicz et al., 2002). Aprikian ������ (2001) found a 

significant (p<0.05), lowering effect of plasma cholesterol in rats fed apples compared to control 

rats who ate a similar diet, minus the apples. In addition, the apple fed rats had an altered 
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lipoprotein profile. There was a reduction of cholesterol in VLDLs, with a rise in the HDL 

fraction; this alteration in the lipid profile would promote a more anti:atherogenic composition 

(Aprikian et al., 2001). Leontowicz ������ (2002) observed that rats fed dried apple had 

significantly decreased total plasma cholesterol, LDLc, TG, and significantly hindered the 

decrease in HDL phospholipids which usual decreases with total cholesterol compared to the 

control group. Apples were also shown to have significantly higher amounts of polyphenols 

compared to dried pears and peaches despite similar fiber content and had a significant increase 

in plasma antioxidant activity compared to the other fruits (Leontowicz et al., 2002). In vitro, 

apple juices and fresh apples, either as whole, peel, or flesh has been observed to significantly 

inhibit LDL oxidation. However, when compared to the whole apple, the potential of apple flesh 

to inhibit LDL oxidation was not significantly different, and was significantly less when 

compared to apple peel (Pearson et al., 1999). The dried apple used in this study was without the 

peel which may have resulted in a lower polyphenol content and anti:oxidant capacity which 

may explain the lack of metabolic response. 

The most notable finding of the present study was the effect of adding 75 grams of dried 

apples to the diet. Apple supplementation did not elicit increases in fasting blood glucose, insulin 

and insulin resistance compared to cereal supplementation. In the Cereal no exercise group there 

were significant increases (p<0.05) in blood glucose, TC, LDLc, insulin, and HOMA:IR 

compared to the apple supplemented groups. A possible explanation for the rise in blood glucose 

levels in the Cereal only and ExCer groups could be attributed to the glycemic index (GI) of the 

frosted cereal. The GI is a reference tool used to classify carbohydrate containing food according 

to their postprandial glycemic effect using a scale from 0 to 100 when compared to that of an 

equivalent amount of glucose or white bread. Classification is divided into three categories: high 

GI foods (GI of 70+), medium GI foods (GI of 55 to 69), and low GI foods (GI of 0 to 54) 

(Foster:Powell et al., 2002). One hundred grams of Frosted Mini:WheatsTM has a higher GI (58 ± 

8) than 100 grams of dried apples (29 ± 5). A constant influx of a high GI food leads to increased 

blood glucose levels which may result in elevated insulin levels (Vrolix et al., 2008). As 

observed in the Cereal only group, serum insulin concentrations and HOMA IR increased but not 

in the ExCer group. Perhaps, exercise may have promoted better insulin sensitivity than the no 

exercise group resulting in no significant increases in insulin or HOMA IR values. 
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Both the Cereal and ExCer groups had a significant increase in glucose over the duration 

of the study while no significant increases were found in the Apple supplemented groups (Table 

3). However, significant increases in TC and TG were observed in the ExApp group. All groups 

were given supplements with comparable levels of total carbohydrates and fiber, but the cereal 

provided higher levels of glucose compared to the apples which provided fructose (USDA 

National Nutrient Database). High intakes of fructose have been observed to increase serum 

triglyceride levels as well as ApoB concentrations. (Bantle 2009; Karen et al.,2009; Stanhope et 

al. 2009; Swarbrick et al. 2008; Teff et al., 2004.). 

However, apples have been shown to elicit significantly lower glucose and insulin 

response when compared to foods of a higher glycemic nature (Crapo et al., 1980; Ionescu:

Tirgoviste et al., 1983; Gannon et al., 1986) and have been shown to aid in significantly lowering 

blood glucose levels over time (de Oliveira et al., 2003). Women who consumed one or more 

apples a day significantly reduced the risk of developing T2D by 28% compared to those who 

did not consume any apples (Song et al., 2005). In this study, the dried apple supplement may 

not have contained the equivalent amount of polyphenols as are found in 2 whole apples with 

peel explaining the lack of improvement in insulin sensitivity in this study.  

Low:density lipoprotein cholesterol significantly increased in the Cereal group but not in 

any of the other groups, possibly due to the glycemic effect of the cereal supplement coupled 

with the lack of physical activity. Resistance training may have prevented significant increases in 

LDLc in the exercise groups as well as promoted a trend for increasing HDLc. The ExCer group 

did show a trend (p=0.07) for increased physical activity in terms of steps over the duration of 

the study but their average number of steps was still lower than the other groups (Table 5).  

Early research by Goldberg ������ (1984) observed significant decreases in TC (9.5%), 

LDL (17.9%), and TG (28.3%), in young women after three days a week of resistance training 

for sixteen weeks, without any alteration in body weight. In agreement, Prabhakaran and 

associates (1999) found a significant decrease in TC (9%) and LDL (14%) cholesterol, without 

any changes in HDLc or TGs, from baseline in young, sedentary, premenopausal women who 

took part in a three day per week progressive resistance training regimen over the course of 

fourteen weeks. Progressive resistance training is defined as increasing the resistance for the 

exercises performed when a participant could successfully complete the prescribed sets and 

repetitions.  
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There are two possible reasons why resistance training in the present study failed to 

decrease TC and LDLc. Training frequency in the previously mentioned studies was set at 3 days 

per week for 14 weeks (Prabhakaran et al., 1999) up to 16 weeks (Goldberg et al., 1984) whereas 

in this study subjects trained 2 days per week for 8 weeks. Both of the latter studies progressively 

adjusted the intensity of the training sessions for the participants over the duration of the studies 

whereas in this study training intensity was maintained at the intensity established as baseline. 

Both Goldberg ������ (1984) and Prabhakaran ������ (1999) demonstrated a training effect on 

strength gains, but only Prabhakaran and colleagues reported a significant association between 

the percentage change in TC and the percentage change in total strength for all participants 

(r=0.59, p=0.0026). In this study, a significant increase (p≤0.05) from baseline was only 

observed in leg strength in the ExApp group. Otherwise, strength did not significantly change in 

the other groups from the beginning of the study. The exercise prescription in this study was 

either not intense enough or the duration not long enough to elicit changes in strength which are 

associated with changes in lipid concentrations. Progressive resistance training has been shown 

to significantly decrease fasting glucose levels in men with T2D (Baldi et al., 2003; Ibanez et al., 

2005). The present study did not use a progressive resistance training protocol to adjust for 

strength gains over the duration of the study. This could be a possible explanation as to why 

fasting glucose did not decrease for either exercise group. Previous studies have shown that 

increases in strength as a result of progressive resistance training leads to an increased amount of 

fat free mass or a decrease in body fat (Baldi et al., 2003; Fenicchia et al., 2004; Ibanez et al., 

2005). One study found inverse correlations with increases in fat free mass and fasting glucose 

(r=:0.66) (Baldi et al., 2003). Although the exact mechanisms by which resistance training 

improves glucose homeostasis and insulin sensitivity is not yet known. It has been proposed that 

an increase in muscle mass could aid in glucose clearance from circulation or that resistance 

training increases glucose uptake through non insulin:dependent pathways (Baldi et al., 2003; 

Ibanez et al., 2005). 
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CHAPTER 6 

 

CONCLUSION 

 

 

 

 

 The hypotheses tested for this study were that: 1) apple supplementation would increase 

HDLc, decrease LDLc, TGs, BP, blood glucose, waist circumference, and BMI from baseline 

and 2) that resistance training, twice weekly, would decrease fasting blood glucose, BP, waist 

circumference, and BMI from baseline. There was no evidence to support the hypotheses that 

consuming 75 grams of dried apples every day for 2 months would significantly increase HDLc 

or significantly decrease TGs, BP, abdominal circumference, or BMI. However, this study found 

that consuming 75 grams of dried apples every day for 2 months prevented increases in insulin 

resistance, blood glucose, insulin, and LDLc from significantly increasing in young, sedentary 

women with PCOS, without changing current eating habits or increasing physical activity 

compared to those who consumed the placebo. This study also showed no evidence that the 

addition of minimal, moderate intensity, resistance training, 2 days per week for 2 months, would 

significantly decrease weight, waist circumference, BMI, glucose, insulin, or BP in this 

population.  

 

LIMITATIONS 

 

 

 The major limitation of this study was the small sample size. Only 17 women completed 

the study when the target sample size was 40 participants (with 10 subjects in each treatment 

group). This small number of participants makes it difficult to interpret and validate any of the 

results. Recruitment for this population in a university setting was difficult as young women with 

PCOS may not realize that have this syndrome due to the variation in symptoms and the masking 

of symptoms by some medications such as oral contraceptives.  
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The accuracy of the 24 hour dietary recall is considered a limitation as some of the 

participants might not be adequately versed on accurately describing portion sizes and might not 

have been completely honest in reporting their food intake. Another limitation to this study was 

that compliance was as accurate as the recording of supplement intake and physical activity 

participants could have falsified their tracking sheets. Furthermore, the macronutrient 

composition of the diets was not accounted for and there are dietary factors that can influence 

glucose, insulin, and lipoprotein concentrations. 

Ovulatory status was not controlled for during this study. Research is inconsistent 

regarding whether or not the stage of the menstrual cycle has an effect on insulin sensitivity or 

glucose metabolism (Pulido et al., 1999; Bingley et al., 2008; Brennan et al., 2009). However, it 

has been shown that during the luteal phase of the menstrual cycle TC and LDLc decrease and 

that during the follicular phase TC, LDLc and HDLc increase with an accompanying decrease in 

blood volume (Pahwa et al., 1998; Barnett et al., 2004; Cullinane et al., 1995). In order to obtain 

more reliable data, the women in this study should have been consistently measured at the same 

phase of the ovulatory cycle although a major problem in women with PCOS is oligo or 

amennorhea. One final point is that participants taking birth control medications were allowed to 

participate in the study but were evenly distributed among the groups. Birth control medications 

have been shown to alter glucose metabolism, TGs, insulin, and BP (Soares et al., 2008). 

�

FUTURE RESEARCH 

 

 

 This study design could benefit from many improvements including a larger sample size. 

Still, apple supplementation seems to be promising perhaps using a larger dose or variations in 

composition including the peel which does contain most of the polyphenols in apples.  Therefore, 

a study design in which the participants’ were given various apple products (i.e., 100% apple 

juice, apple sauce, with or without an apple polyphenol supplement) in conjunction with 

progressive resistance training over a longer duration of at least 12 weeks might result in more 

definitive outcomes. Due to the limited data on the effects of resistance training in this 

population, research analyzing various resistance training protocols compared to or in 
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combination with additional aerobic exercise prescription might prove to be beneficial in 

improving insulin sensitivity and reducing the symptoms of MetX associated with PCOS. 
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APPENDIX A 

 

HUMAN SUBJECTS COMMITTEE APPROVAL EMAIL 

 

 

 

 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306:2742 

(850) 644:8673 . FAX (850) 644:4392 

 

APPROVAL MEMORANDUM 

 

Date: 11/27/2007 

To: Brandon Booth 

Address: 600 10th Court, Pleasant Grove, AL 35127 

Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES 

 

From: Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research 

The Effects of Apple Polyphenols and Exercise on Clinical Parameters of Metabolic Syndrome 

in Women with PCOS. 

 

The application that you submitted to this office in regard to the use of human subjects in the 

research proposal referenced above has been reviewed by the Human Subjects Committee at its 

meeting on 10/10/2007 2:00:00 PM.  Your project was approved by the Committee. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 

weigh the risk to the human participants and the aspects of the proposal related to potential risk 
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and benefit. This approval does not replace any departmental or other approvals, which may be 

required. 

 

If you submitted a proposed consent form with your application, the approved stamped consent 

form is attached to this approval notice.  Only the stamped version of the consent form may be 

used in recruiting research subjects. 

 

If the project has not been completed by 10/8/2008 you must request a renewal of approval for 

continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 

expiration date; however, it is your responsibility as the Principal Investigator to timely request 

renewal of your approval from the Committee. 

 

You are advised that any change in protocol for this project must be reviewed and approved by 

the Committee prior to implementation of the proposed change in the protocol.  A protocol 

change/amendment form is required to be submitted for approval by the Committee.  In addition, 

federal regulations require that the Principal Investigator promptly report, in writing any 

unanticipated problems or adverse events involving risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor is 

reminded that he/she is responsible for being informed concerning research projects involving 

human subjects in the department, and should review protocols as often as needed to insure that 

the project is being conducted in compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The 

Assurance Number is IRB00000446. 

Cc: Maria Spicer, Advisor 

HSC No. 2007.722 
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APPENDIX B 

 

IRB APPROVAL: CONSENT FORM 
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Subjects Initials______________ 

 

FSU Human Subjects Committee approved 10/10/2007. 

Void after 10/08/2008. HSC#2007.722. 
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APPENDIX C 

 

TELEPHONE SCRIPT 
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APPENDIX D 

 

HEALTH HISTORY 

 

 

 

 

�
!���
�

�
%��������
�������������������������$�
�

�������
�
�
�

��
&����
�

�
'�	���()�
�����������������������������������������������������������������������������$����

�
�
&���$�����*	�����
�������������������������������������������������������������������'�	���(
�

�

�

�

�����
��������������������
�����������������
�����
��
������
�����������������������
�����������������

�����������������������
�����
���
���
�������������
��
��������������

 

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) 
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T. _____ Phlebitis, Emboli (blood clots) 

U. _____ Other, Specify ___________________________________________________ 

 

II.  RESPIRATORY 

 

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) 
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Please explain any conditions you checked in IV above: 

______________________________________________________________________________

__________________________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________

____________________________________________________________ 

 

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 
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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.): 

______________________________________________________________________________

__________________________________________________________________ 

______________________________________________________________________________

__________________________________________________________________ 

 

Please describe your present medical condition and anything we should be aware of concerning your 

health: 

______________________________________________________________________________

__________________________________________________________________ 

______________________________________________________________________________

__________________________________________________________________ 

______________________________________________________________________________

__________________________________________________________________ 
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APPENDIX E 

 

UPDATED DIAGNOSTIC CRITERIA FOR METABOLIC SYNDROME IN 

WOMEN 

 

 

 

 

#����������
������
���������	�
�������!�����������$�����

(diagnosis is established when ≥3 of the risk factors are present) 

�� Abdominal circumference >88 cm (>35 in) 

�� Triglycerides ≥150 mg/dL 

�� High Density Lipoprotein Cholesterol <50 mg/dL 

�� Blood Pressure ≥130/≥85 mm Hg 

�� Fasting blood glucose ≥100 mg/dL 

 
References: 

1.� The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus: Follow:up report on the 

diagnosis of diabetes mellitus. Diabetes Care 2003; 26(11):3160:3167.  

 

2.� Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive 

summary of the third report of the National Cholesterol Education Program (NCEP) Expert Panel on 

Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). 

JAMA 2001; 285:2486:2497.  

 

3.� Grundy SM, Cleeman JI, Daniels SR et al. Diagnosis and Management of the Metabolic Syndrome: An 

American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement. Circulation 

2005; 112(17):2735:2752.  

 



51 

 

REFERENCES 

 

 

 

 

 

 

Albright A, Franz M, Hornsby G, et al. (2000) American college of sports medicine position 

stand. Exercise and type 2 diabetes. !���������
��� *����32(7):1345:1360. 

 

Apridonidze T, Essah PA, Iuorno MJ, et al. (2005) Prevalence and characteristics of the 

metabolic syndrome in women with polycystic ovary syndrome. +�%���� ��
����
��!���" 

90:1929:1935. 

 

Aprikian O, Levrat:Verny MA, Besson C, et al. (2001) Apple favourably affects parameters of 

cholesterol metabolism and of anti:oxidant protection in cholesterol:fed rats. ,

��%��� 75:445:

452. 

 

Avery JC and Braunack:Mayer AJ. (2007) The information needs of women diagnose with 

polycystic ovary syndrome:implications for treatment and health outcomes. &!%�$
����

������. 7:9:18. 

 

Azziz R, Woods KS, Reyna R, et al. (2004) The prevalence and features of the polycystic ovary 

syndrome in an unselected population. +�%���� ��
����
��!���" 89:2745:2749. 

 

Baldi JC and Snowling N. Resistance training improves glycaemic control in obese type 2 

diabetic men. ����+���
���!�� 24(6):419:423. 

 

Bantle JC. (2009) Dietary fructose and metabolic syndrome and diabetes. +�-��� 139:1263S:

1268S.  

 

Barcellos CRG, Rocha MP, Hayashida SAY, et al. (2007) Prevalance of abnormalities of glucose 

metabolism in patients with polycystic ovary syndrome. (�.�&��� ��
����
��!���" 51(4):601:

605. 

 

Barnett JB, Woods MN, Lamon:Fava S, et al. (2004) Plasma lipid and lipoprotein levels during 

the follicular and luteal phases of the menstrual cycle. +�%���� ��
����
��!���" 89(2):776:782 

 

Berneis K, Rizzo M, Lazzaroni V et al. (2007) Atherogenic lipoprotein phenotype and low:

density lipoproteins size and subclasses in women with polycystic ovary syndrome. +�%����

 ��
����
��!���"�92:186:189. 

 



52 

 

Bingley CA, Gitau R, and Lovegrove JA. (2008) Impact of menstrual cycle phase on insulin 

sensitivity measures and fasting lipids. �
���!���"��� 40:901:906. 

 

Blank SK, McCartney CR, and Marshall JC. (2006) The origins and sequelae of abnormal 

neuroendocrine function in polycystic ovary syndrome. ��������
��/����� 12(4):351:361. 

 

Bremer A and Miller WL.(2008) The serine phosphorylation hypothesis of polycystic ovary 

syndrome: a unifying mechanism for hyperandrogenemia and insulin resistance. ,������������ 

89(5):1039:1048. 

 

Brennan IM, Feltrin KL, Nair NS, et al. (2009) Effects of the phases of the menstrual cycle on 

gastric emptying, glycemia, plasma GLP:1 and insulin, and energy intake in healthy lean 

women. (��+�	���
��0���
������������	���
� 297:G602:G610. 

 

Bo S, Ciccone G, Baldi C, et al. (2007) Effectiveness of a lifestyle intervention on metabolic 

syndrome. A randomized controlled trial. +�0����������!�� 22:1695:1703. 

 

Botham KM andMayes PA. (2006) Lipid transport and storage. Cholesterol synthesis, transport, 

and excretion. In: Murray RK, Granner DK, and Rodwell VW, editors, ������1������������

&�
��������, 27
th

 ed, pp. 217:240. New York, Lange Medical Books/McGraw:Hill. 

 

Boyer J and Liu RH. (2004) Apple phytochemicals and their health benefits. -����+ 3:5. 

 

Chinnici F, Bendini A, Gaiani A, et al. (2004) Radical scavenging activities of peels and pulps 

from cv. golden delicious apples as related to their phenolic composition. +�(�����,

��%��� 

52:4684:4689. 

 

Cornelissen VA and Fagard RH. (2005) Effect of resistance training on resting blood pressure: a 

meta:analysis of randomized controlled trials. +��������� 23:251:259. 

 

Crapo PA, Kolterman OG, and Olefsky JM. (1980) Effects of oral fructose in normal, diabetic, 

and impaired glucose tolerance subjects. ���"����%��� 3(5):575:582. 

 

Cullinane EM, Yurgalevitch SM, Saritelli AL, et al. (1995) Variations in plasma volume affect 

total and low:density lipoprotein cholesterol concentrations during the menstrual cycle. 

!���"
��� 44(8):965:971. 

 

Cussons AJ, Stuckey BGA, Walsh JP, et al.(2005) Polycystic ovarian syndrome: marked 

differences between endocrinologists and gynaecologists in diagnosis and management. %����

 ��
����
� 62:289:295 

 

Dandona P, Aljada A, and Bandyopadhyay A. (2004) Inflammation: the link between insulin 

resistance, obesity, and diabetes. �����������
� 25(1):4:7. 

 



53 

 

Dandona P, Aljada A, Chaudhuri A, et al. (2005) Metabolic syndrome: a comprehensive 

perspective based on interactions between obesity, diabetes, and inflammation. %��������
� 

111:1448:1454. 

 

de Oliveira MC, Sichieri R, and Moura AS. (2003) Weight loss associated with a daily intake of 

three apples or pears among overweight women. -������
� 19:253:256. 

 

Deen D. (2004) Metabolic syndrome: time for action. (��,���	������� 69:2875:2882,2887:

28888.  

 

Despres JP. (2006) Is visceral obesity the cause of the metabolic syndrome? (���!�� 38:52:63. 

 

DeUgarte CM, Bartolucci AA, and Azziz R. (2005) Prevalence of insulin resistance in the 

polycystic ovary syndrome using the homeostasis model assessment. ,������������ 83(5):1454:

1460. 

 

Diamanti:Kandarakis E, Papavassiliou AG, Kandarakis SA et al. (2007) Pathophysiology and 

types of dyslipidemia in pcos. ��������� ��
����
��!���"�18(7):280:285. 

 

Doi SAR, Al:Zaid M, Towers PA, et al. (2006) Steroidogenic alterations and adrenal androgen 

excess in PCOS. ����
�� 71:751:759. 

 

Dokras A, Bochner M, Hollinrake E, et al. (2005) Screening women with polycystic ovary 

syndrome for metabolic syndrome. �"�����������0����
�
�� 106:131:137. 

 

Dunaif A and Finegood DT. (1996) β:cell dysfunction independent of obesity and glucose 

intolerance in the polycystic ovary syndrome. +�%���� ��
����
��!���" 81:942:947. 

 

Edwards RL, Lyon T, Litwin SE, et al. (2007) Quercetin reduces blood pressure in hypertensive 

subjects. +�-��� 137:2405:2411. 

 

Ehrmann DA. (2005) Polycystic ovary syndrome. -� ����+�!�� 352:1223:1236. 

 

Ehrmann DA, Liljenquist DR, Kasza K, et al. (2006) Prevalence and predictors of the metabolic 

syndrome in women with polycystic ovary syndrome. +�%���� ��
����
��!���" 91:48:53. 

 

Eriksson J, Tuominen J, Vallee T, et al. (1998) Aerobic endurance exercise or circuit:type 

resistance training for individuals with impaired glucose tolerance. �
���!���"��� 30:37:41. 

 

Expert Committee on the Diagnosis and Classificantion of Diabetes Mellitus (2003). Report of 

the expert committee on the diagnosis and classification of diabetes mellitus. ���"����%��� 

26(11):3160:3167. 

 

Expert Panel. (1998) Executive summary of the clinical guidelines on the identification, 

evaluation, and treatment of overweight and obesity in adults. (�����������!�� 158:1855:1867. 

 



54 

 

Fagard RH. (2006) Exercise is good for your blood pressure: effects of endurance training and 

resistance training. %���� *��	������
��	���
� 33:853:856. 

 

Fenicchia LM, Kanaley JA, Azevedo JL, et al. (2004) Influence of resistance exercise training on 

glucose control in women with type 2 diabetes. !���"
��� 53(3):284:289. 

 

Fluckey JD, Hickey MS, Brambrink JK, et al. (1994) Effects of resistance exercise on glucose 

tolerance in normal and glucose:intolerant subjects. +�(����	���
��77:1087:1092. 

 

Ford ES, Giles WH, and Dietz WH. (2002) Prevalence of the metabolic syndrome among US 

adults. +(!( 287:356:359. 

 

Fox CS, Massaro JM, Hoffmann U, et al. (2007) Abdominal visceral and subcutaneous adipose 

tissue compartments: associations with metabolic risk factors in the Framingham Heart Study. 

%��������
� 116:39:48. 

 

Fujita K, Nishizawa H, Funahashi T, et al. (2006) Systemic oxidative stress is associated with 

visceral fat accumulation and the metabolic syndrome. %����+ 70:1437:1442. 

 

Gaal LFV, Mertens IL, and De Block CE. (2006) Mechanisms linking obesity with 

cardiovascular disease. -����� 444:875:880. 

 

Gannon MC, Nuttall FQ, Krezowski PA, et al. (1986) The serum insulin and plasma glucose 

responses to milk and fruit products in type 2 (non:insulin:dependent) diabetic patients. 

���"��
�
��� 29:784:791. 

 

Georgis:Trolinger Amanda. (2002) Hypocholesterolemic effects of dried plums in 

postmenopausal women. Master’s Thesis, Oklahoma State University. 

 

Goldberg L, Elliot DL, Schutz RW, et al. (1984) Changes in lipid and lipoprotein levels after 

weight training. +(!( 252(4):504:506. 

 

Goodarzi MO, Erickson S, Port SC, et al. (2005) β:cell function: a key pathological determinant 

in polycystic ovary syndrome. +�%���� ��
����
��!���" 90:310:315. 

 

Glueck CJ, Morrison JA, Goldenberg N, et al. (2009) Coronary heart disease risk factors in adult 

premenopausal white women with polycystic ovary syndrome compared with a healthy female 

population. !���"
��� 58:714:721. 

 

Grundy SM, Cleeman JI, Daniels SR, et al. (2005) Diagnosis and management of the metabolic 

syndrome: an American Heart Association/National Heart, Lung, and Blood Institute scientific 

statement. %��������
� 112:2735:2752. 

 

Guzick DS, Wing R, Smith D, et al. (1994) Endocrine consequences of weight loss in obese, 

hyperandrogenic, anovulatory women. ,������������ 61(4):598:604. 

 



55 

 

Herbst KL, Amory JK, Brunzell JD, et al. (2003) Testosterone administration to men increases 

hepatic lipase activity and decreases HDL and LDL size in 3 wk. (��+�	���
�� ��
����
��

!���" 284:1112:1118. 

 

Hoeger K. (2001) Obesity and weight loss in polycystic ovary syndrome. �"����0����
��%����

-
����(� 28(1):85:97. 

 

Hollmann M, Runnebaum B, and Gerhard I. (1996) Effects of weight loss on the hormonal 

profile in obese, infertile women. ������� 11(9):1884:1891. 

 

Hong Y, Jin X, Mo J, et al. (2007) Metabolic syndrome, its preeminent clusters, incident 

coronary heart disease and all:cause mortality – results of prospective analysis for the 

atherosclerosis risk in communities study. +��������!�� 262:113:123.  

 

Huber:Buchholz M:M, Carey DGP, and Norman RJ. (1999) Restoration of reproductive 

potential by lifestyle modification in obese polycystic ovary syndrome: role of insulin sensitivity 

and luteinizing hormone. +�%���� ��
����
��!���" 84:1470:1474. 

 

Ibanez J, Izquierdo M, Arguelles I, et al. (2005) Twice:weekly progressive resistance training 

decreases abdominal fat and improves insulin sensitivity in older men with type 2 diabetes. 

���"����%��� 28:662:667. 

 

Ionescu:Tirgoviste C, Popa E, Sintu E, et al. (1983) Blood glucose and plasma insulin responses 

to various carbohydrates in type 2 (non:insulin:dependent) diabetes. ���"��
�
��� 24:80:84. 

 

Ishii T, Yamakita T, Sato T, et al. (1998) Resistance training improves insulin sensitivity in 

NIDDM subjects without altering maximal oxygen uptake. ���"����%��� 21(8):1353:1355. 

 

Isomaa B, Almgren P, Tuomi T, et al. (2001) Cardiovascular morbidity and mortality associated 

with the metabolic syndrome. ���"����%��� 24:683:689. 

 

Ivy, JL. (1997) Role of exercise training in the prevention and treatment of insulin resistance and 

non:insulin:dependent diabetes mellitus. ��
���!�� 24(5):321:336. 

 

Jenkins, DT. (2004) Human reproduction. In: ������&�
�
���2�(�	���������	���������, revised 

ed, pp. 350:354. Boston, Pearson Custom Publishing.  

 

Kim SP, Ellmerer M, Citters GWV, et al. (2003) Primacy of hepatic insulin resistance in the 

development of the metabolic syndrome induced by an isocaloric moderate:fat diet in the dog. 

���"��� 52:2453:2460. 

 

Knochenhauer ES, Key TJ, Kahsar:Miller M, et al. (1998) Prevalence of the polycystic ovary 

syndrome in unselected black and white women of the southeastern United States: a prospective 

study. +�%���� ��
����
��!���" 83:3078:3082. 

 



56 

 

Kulshreshtha B, Ganie MA, Praveen EP, et al. (2008) Insulin response to oral glucose in healthy, 

lean young women and patients with polycystic ovary syndrome. 0����
�� ��
����
� 24:637:

643. 

 

Langer C, Gansz B, Goepfert C, et al. (2002) Testosterone up:regulates scavenger receptor BI 

and stimulates cholesterol efflux from macrophages. &�
�����&�
�������%
���� 296:1051:

1057. 

 

Legro RS, Kunselman AR, Dodson WC, et al. (1999) Prevalance and predictors of risk for type 2 

diabetes mellitus and impaired glucose tolerance in polycystic ovary syndrome: a prospective, 

controlled study in 254 affected women. +�%���� ��
����
��!���" 84:165:169. 

 

Legro RS, Margrit U, Kunselman AR, et al. (2002) Self:selected women with polycystic ovary 

syndrome are reproductively and metabolically abnormal and undertreated. ,������������ 78:51:

57. 

 

Legro RS, Chiu P, Kunselman AR, et al. (2005) Polycystic ovaries are common in women with 

hyperandrogenic chronic anovulation but do not predict metabolic or reproductive phenotype. +�

%���� ��
����
��!���" 90:2571:2579. 

 

Leontowicz H, Gorinstein S, Lojek A, et al. (2002) Comparative content on some bioactive 

compounds in apples, peaches and pears and their influence on lipids and antioxidant capacity in 

rats. +�-����&�
���� 13:603:610. 

 

Lorenzo C, Okoloise M, Williams K, et al. (2003) The metabolic syndrome as predictor of type 2 

diabetes: the San Antonio heart study. ���"����%��� 26:3153:3159. 

 

Marcondes JAM, Hayashida SAY, Barcellos CRG, et al. (2007) Metabolic syndrome in women 

with polycystic ovary syndrome: prevalence, characteristics and predictors. (�.�&��� ��
����
��

!���" 51:972:979. 

 

Matthews DR, Hosker JP, Rudenski AS et al. (1985) Homeostasis model assessment: insulin 

resistance and beta:cell function from fasting plasma glucose and insulin concentrations in man. 

���"��
�
��� 28:412:419. 

 

Miller WL.(2004) Viewpoints on PCOS.  �
������-�� 29(4):13:14. 

 

Moran LJ, Pasquali R, Teede HJ, et al. (2008) Treatment of obesity in polycystic ovary 

syndrome: a position statement of the androgen excess and polycystic ovary syndrome society. 

,������������ [article in press]. 

 

Nelson VL, Qin K, Rosenfield RL, et al. (2001) The biochemical basis for increased testosterone 

production in theca cells propagated from patients with polycystic ovary syndrome. +�%����

 ��
����
��!���" 86:5925:5933. 

 



57 

 

Pahwa MB, Seth S, and Seth RK. (1998) Lipid profile in various phases of menstrual cycle and 

its relationship with percentage plasma volume changes. %�������%�������(��� 273:201:207. 

 

Park YW, Zhu S, Palaniappan L, et al. (2003) The metabolic syndrome: prevalence and 

associated risk factor findings in the US population from the Third National Health and Nutrition 

Examination Survey, 1988:1994. (�����������!�� 163:427:436. 

 

Pearson DA, Tan CH, German JB, et al. (1999) Apple juice inhibits human low density 

lipoprotein oxidation. �������� 64(21):1913:1920. 

 

Pirwany IR, Fleming R, Greer IA et al. (2001) Lipids and lipoprotein subfractions in women 

with pcos: relationship to metabolic and endocrine parameters. %���� ��
����
� 54:447:453. 

 

Pulido JME and Salazar MA. (1999) Changes in insulin sensitivity, secretion and glucose 

effectiveness during menstrual cycle. (����!����� 30:19:22. 

 

Prabhakaran B, Dowling EA, Branch JD, et al. (1999) Effect of 14 weeks of resistance training 

on lipid profile and body fat percentage in premenopausal women. &��+���
���!�� 33:190:195. 

 

Rader DJ. (2007) Effect of insulin resistance, dyslipidemia, and intra:abdominal adiposity on the 

development of cardiovascular disease and diabetes mellitus. (��+�!�� 120:S12:S18. 

 

Rajkhowa M, Neary RH, Kumpatla P et al. (1997) Altered composition of high density 

lipoproteins in women with the polycystic ovary syndrome. +�%���� ��
����
��!���"�34566378

6679��

 

Rice B, Janssen I, Hudson R, et al. (1999) Effects of aerobic or resistance exercise and/or diet on 

glucose tolerance and plasma insulin levels in obese men. ���"����%��� 22:684:691. 

 

Ross R, Fortier L, and Hudson R. (1996) Separate associations between visceral and 

subcutaneous adipose tissue distribution, insulin, and glucose levels in obese women. ���"����

%��� 19(12):1404:1411. 

 

Rossi B, Sukalich S, Droz J, et al. (2008) Prevalence of metabolic syndrome and related 

characteristics in obese adolescents with and without polycystic ovary syndrome. +�%����

 ��
����
��!���" 93:4780:4786. 

 

Rotterdam PCOS Consensus Workshop.(2004) Revised 2003 consensus on diagnostic criteria 

and long:term health risks related to polycystic ovary syndrome. ,������������ 81(1):19:25. 

 

Sattar N, Gaw A, Scherbakova O, et al. (2003) Metabolic syndrome with and without c:reactive 

protein as a predictor of coronary heart disease and diabetes in the west of Scotland coronary 

prevention study. %��������
� 108:414:419. 

 

Schmitz KH, Hannan PJ, Stovitz SD, et al. (2007) Strength training and adiposity in 

premenopausal women: strong, healthy, and empowered study. (��+�%����-��� 86:566:572. 



58 

 

 

Sesso HD, Gaziano JM, Liu S, et al. (2003) Flavonoid intake and the risk of cardiovascular 

disease in women. �(��+�%����-����77:1400:1408. 

 

Setji TL and Brown AJ. (2007) Polycystic ovary syndrome: diagnosis and treatment. (��+�!�� 

120:128:132. 

 

Soares GM, Vieira CS, Martins WDP, et al. (2009) Metabolic and cardiovascular impact of oral 

contraceptives in polycystic ovary syndrome. ����+�%����	���� 63(1):160:169. 

 

Song Y, Manson JE, Buring JE, et al. (2005) Associations of dietary flavonoids with risk of type 

2 diabetes, and markers of insulin resistance and systemic inflammation in women: a prospective 

study and cross:sectional analysis. +�(��%
���-��� 24:376:384. 

 

Stanhope KL, Schwarz JM, Keim NL, et al. (2009) Consuming fructose:sweetened, not glucose:

sweetened, beverages increases visceral adiposity and lipids and decreases insulin sensitivity in 

overweight/obese human. +�%��������� 119(5):1322:1334. 

 

Sun J, Chu YF, Wu X, et al. (2002) Antioxidant and antiproliferative activities of common fruits. 

+�(�����,

��%��� 50:7449:7454. 

 

Svendsen PF, Madsbad S, and Nilas L. (2009) The insulin:resistant phenotype of polycystic 

ovary syndrome. ,������������ [article in press]. 

 

Swarbrick MM, Stanhope KL, Elliott SS, et al. (2008) Consumption of fructose:sweetened 

beverages for 10 weeks increases postprandial triacylglycerol and apolipoprotein:B 

concentrations in overweight and obese women. &��+�-��� 100:947:952. 

 

Taylor AE, McCourt B, Martin KA, et al. (1997) Determinants of abnormal gonadotropin 

secretion in clinically defined women with polycystic ovary syndrome. +�%���� ��
����
��!���" 

82:2248:2256. 

 

Teff KL, Elliott SS, Tschop M, et al. (2004) Dietary fructose reduces circulating insulin and 

leptin, attenuates postprandial suppression of ghrelin, and increases triglycerides in women. +�

%���� ��
����
��!���" 89:2963:2872. 

 

Teff KL, Grudziak J, Townsend RR, et al. (2009) Endocrine and metabolic effects of consuming 

fructose: and glucose:sweetened beverages with meals in obese men and women: influence of 

insulin resistance on plasma triglyceride responses. +�%���� ��
����
��!���" 94:1562:1569. 

 

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. %��������
� 106:3143:3421. 

 

Toprak S, Yonem A, Cakir B, et al. (2001) Insulin resistance in nonobese patients with 

polycystic ovary syndrome. �
���� 55:65:70. 



59 

 

 

Tsilchoroziduo T, Overton C, and Conway G.(2004) The pathophysiology of polycystic ovary 

syndrome. %���� ��
����
� 60(1):1:17. 

 

Valkenburg O, Steegers:Theunissen RPM, Smets HPM et al. (2008) A more atherogenic serum 

lipoprotein profile is present in women with polycystic ovary syndrome: a case:control study. +�

%���� ��
����
��!���"�93:470:476. 

 

Van Gaal LF, Mertens IL, and De Block CE. (2006) Mechanisms linking obesity with 

cardiovascular disease. -����� 444:875:880. 

 

Vanzani P, Rossetto M, Rigo A, et al. (2005) Major phytochemicals in apple cultivars: 

contribution to peroxyl radical trapping efficiency. +�(�����,

��%��� 53:3377:3382. 

 

Vignesh JP and Mohan V. (2007) Polycystic ovary syndrome: a component of metabolic 

syndrome? +�	
������!�� 53(2):128:134. 

 

Vinson JA, Su X, Zubik L, et al. (2001) Phenol antioxidant quantity and quality in foods: fruits. +�

(�����,

��%��� 49:5315:5321. 

 

Voller, A., Bartlett, A., and Bidwell, B.E. (1978) Enzyme immunoassays with special reference 

to ELISA techniques. +
������
��%��������	���
�
�� 31(6):507:520. 

 

Vrbikova J, Bendlova B, Hill M, et al. (2002) Insulin sensitivity and β:cell function in women 

with polycystic ovary syndrome. ���"����%��� 25(7):1217:1222. 

 

Vrbikova J, Cibula D, Kvorakova K, et al. (2004) Insulin sensitivity in women with polycystic 

ovary syndrome. +�%���� ��
����
��!���" 89:2942:2945. 

 

Wassink AMJ, Olijhoek JK, and Visseren FLJ. (2007) The metabolic syndrome: metabolic 

changes with vascular consequences.  ���+�%��������� 37(1):8:17. 

 

Wilson PWF, D’Agostino RB, Parise H, et al. (2005) Metabolic syndrome as a precursor of 

cardiovascular disease and type 2 diabetes mellitus. %��������
� 112:3066:3072. 

 

Yarak S, Bagatin E, Hassun KM, et al. (2005) Hyperandrogenism and skin: polycystic ovary 

syndrome and peripheral insulin resistance. (��&���������
��80(4):395:410. 

 

 



60 

 

BIOGRAPHICAL SKETCH 
 

 

 

 

 
 

Brandon Booth is from Birmingham, Alabama. He completed his Bachelors degree in Food and 

Nutrition at The University of Alabama. He chose Florida State University to continue his 

education, pursuing a Master’s of Science in Sports Nutrition and Clinical Nutrition under the 

supervision of Professor Maria T. Spicer.  


	The Florida State University
	DigiNole Commons
	4-6-2010

	The Effects Of Apples And Exercise On Clinical Parameters Of Metabolic Syndrome In Women With Polycystic Ovary Syndrome
	Brandon Kody Booth
	Recommended Citation



