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ABSTRACT 

  
Prospective studies and animal research suggest that apple or its bioactive components 

modulate lipid metabolism, and reduce fat mass and the production of proinflammatory 

molecules. However, there is a paucity of such research in humans. Hence, we conducted a one-

year clinical trial evaluating the cardioprotective effects of apple consumption in postmenopausal 

women. We hypothesized that regular intake of apple favorably improves lipid profiles, reduces 

atherogenic risk ratios, C-reactive protein (CRP) levels, and the levels of oxidative stress 

markers in postmenopausal women. This study was conducted in postmenopausal women 

because a decline in estrogen levels places them at a higher risk for cardiovascular disease 

(CVD). Qualified women (160) were randomly assigned to one of the two dietary intervention 

groups: dried apple (75 g/day) or dried plum (comparative control). Overnight fasting blood 

samples were collected at baseline, 3-, 6-, and 12-month to measure various parameters. 

Confounding factors that may influence lipid metabolism such as physical activity and dietary 

intake were also assessed. The findings indicated that daily incorporation of dried fruits into diet 

did not affect total energy intake throughout the study period. More importantly, the additional 

daily caloric intake of approximately 240 from dried apple not only did not increase body weight 

but lowered it by 1.5 kg compared to baseline body weight. In terms of lipid profiles, apple 

consumption significantly reduced serum levels of TC and LDL-C by 14% and 23%, 

respectively. In addition, atherogenic risk ratios such as TC/HDL-C and LDL-C/HDL-C 

decreased in postmenopausal women that consumed dried apple compared to control. The 

present study also suggests that regular apple consumption improves other important parameters 

involved in CVD such as reducing lipid hydroperoxide (33%) and CRP (32%) levels. In 

conclusion, regular apple consumption is encouraged because of its favorable effects on lipid 

profiles, oxidative status, and proinflammatory molecules. 
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CHAPTER 1 

INTRODUCTION 

Background and Significance 

Cardiovascular disease (CVD) is a major public health threat due to the fact that CVD is the 

number one killer in the United States. According to the American Heart Association, approximately 

400,000 men and 440,000 women died as result of CVD in 2006 and currently about 81 million 

Americans are diagnosed with CVD (1). In 2008, the direct and indirect cost for CVD was $475.3 

billion (1), and this amount continues to rise. 

The incidence of CVD increases by age in both men and women. Premenopausal women have a 

lower incidence of CVD than their male counterparts; however, following menopause the incident of 

CVD for women increases drastically and rising above that of men (1), partly due to ovarian hormone 

deficiency. This is a major public health threat since the number of women reaching menopause is 

rapidly increasing and expected to exceed 45 million by the year 2020 (2).  

A fall in estrogen levels in postmenopausal women is associated with unfavorable changes in 

low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), total cholesterol (TC), blood pressure 

and fasting glucose placing them at a higher risk for CVD (3-5). Although hyperlipidemia are often 

treated with cholesterol-lowering drugs such as statins, these drugs are not only associated with certain 

risks, e.g. liver damage and muscle weaknesses (6), but they are also costly. For instance, the estimated 

cost for statins in the United States was $15.5 billion in 2004 (7).  

Factors leading to CVD include hyperlipidemia, hypertension, insulin resistance, and 

inflammation. Estrogen deficiency may affect a number of the aforementioned factors and hence may be 

considered a risk factor for the development of CVD. Although hormone replacement therapy (HRT) 

can lower some of these risk factors, it is believed that the risk associated with HRT outweigh its 

benefits (8;9). Based on the findings of the Women Health Initiative’s (WHI) study (10), most women 

and their physicians are reluctant to use HRT as a way of controlling cholesterol. The WHI study was 

terminated after 5.8 years follow-up because the results indicated that HRT was not able to reduce the 

coronary heart disease (CHD) incidence in postmenopausal women but rather increased the risk of 

stroke and invasive breast cancer (8;9). As a result, postmenopausal women continue to seek alternative 

and more natural ways to decrease CVD risk associated with menopause.  
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Animal and human research studies have shown that bioactive constituents of certain foods such 

as polyphenolic compounds and fiber are beneficial in decreasing CVD (11-15). Among fruits, apples 

are an excellent source of soluble fiber, pectin, and polyphenolic compounds (16;17). The polyphenols 

present in apple include quercetin, catechin, phloridzin and chlorogenic acid and are ranked the second 

highest in antioxidant properties among all commonly consumed fruits and vegetables in the United 

States (18). Apple or its bioactive components have been reported to inhibit cancer cell proliferation, 

decrease lipid oxidation, TC, LDL-C and has also been reported to have anti-oxidative and anti-

inflammatory properties (19;20). More importantly, preliminary findings from our laboratory have 

indicated that three-month apple consumption not only significantly decreases serum TC and LDL-C, 

but also increases high-density lipoprotein cholesterol (HDL-C) concentrations in postmenopausal 

women.   

For year CVD has been associated with chronic inflammation, but there are few clinically 

relevant blood markers that can monitor inflammatory status. Among these markers, C-reactive protein 

(CRP) may be considered superior to other markers for detecting chronic inflammation. Until few years 

ago, CRP was merely known as an acute phase reactant synthesized by hepatocytes in response to 

cytokines such as interleukin-6 (21). However, more recently CRP has been identified as a major 

contributor to formation of atherosclerosis, CVD complications and diabetes (22). Although short-term 

apple consumption has been shown to exert positive effects on indices of cardiovascular health, the 

effect of its long-term consumption on lipid profiles and proinflammatory molecules in ovarian hormone 

deficiency have not been investigated. Hence the purpose of the present study was to provide us with the 

necessary data examining the extent to which regular apple consumption modulate lipid profiles, 

atherogenic risk ratios, CRP, and oxidative stress markers. If long-term apple consumption is shown to 

effectively lower CVD risks in postmenopausal women, it would provide postmenopausal women with a 

relatively inexpensive and feasible dietary means for promoting their cardiovascular health. 

 

Hypothesis and Specific Aims 

The hypothesis of this study was that the daily consumption of 75 g of dried apple favorably 

improves lipid profiles, reduces atherogenic risk ratios, CRP levels and the levels of oxidative stress 

markers in postmenopausal women. To test this hypothesis four specific aims were proposed as follows: 

Specific aim 1: To determine the extent to which daily consumption of 75 g dried apples lower 

serum TC, LDL-C, and TG levels and increase HDL-C in postmenopausal women time dependently. 
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Specific aim 2: To determine the degree by which daily consumption of 75 g dried apples lower 

the ratios of TC/HDL-C and LDL-C/HDL-C in postmenopausal women time dependently. 

Specific aim 3: To investigate the effect of daily consumption of 75 g dried apple on serum 

CRP, a marker of inflammation. 

Specific aim 4: To elucidate whether long-term consumption of 75 g dried apple daily by 

postmenopausal women improves oxidative status by measuring superoxide dismutase (SOD), lipid 

hydroperoxide (LPO) and 8-isoprostane.  
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CHAPTER 2 

REVIEW OF LITERATURE 

Prevalence and Incidence of Cardiovascular Disease in the United States 

Cardiovascular disease, followed by cancer and chronic lower respiratory disease, is the first 

leading cause of death in the United States. According to the American Heart Association (23), an 

estimated 81 million Americans suffer from one or more types of CVD and 34.3% of all deaths in 2006 

were CVD-related. Blacks have a higher CVD death rate than whites. For instance, in 2006, the CVD-

associate death rates black men, white men, black women and white women were reported to be 422.8, 

306.6, 298.2 and 215.5 per 100,000 populations, respectively. In terms of gender, CVD is the number 

one cause of death in American women. Since 1984, the number of deaths due to CVD in women has 

exceeded those of men. In 2006, 39 million men and 42 million women suffered from some forms of 

CVD-related ailments. The incidence of CVD increases by age in both men and women and the 

prevalence of CVD between ages of 20 to 39 have been reported to be 14.9% and 8.7%, respectively in 

men and women. However, as we age the incidence of CVD get closer in both men and women to the 

point that at the ages of 40 to 59 the incidence of CVD is hardly different between the two genders 

(39.6%). Report (23) also indicate that the number of deaths due to CHD in women between the ages of 

35 to 44 has been increasing annually starting from 1997 and women at age 40 and older are less likely 

to survive after their first heart attack within a year compared to men. Since the number of women 

reaching menopause is rapidly increasing (45 million by the year 2020) (2), there is a need for greater 

efforts to prevent or reduce the incidence of CVD and its risk factors in this venerable population. 

 
Association of Ovarian Hormone Deficiency and Increased Risks of Cardiovascular Disease 

Dyslipidemia and Atherosclerosis  

The Framingham Study revealed that following surgical or natural menopause, women 

experienced a significant rise in TC (5). Cholesterol levels for this report were from examinations 

performed two years apart, one prior to menopause and one after, therefore this increase was considered 

to be seen within a short period of time. Since the Framingham results, studies have consistently shown 

an increase in TC and LDL-C concentrations following menopause (24-28). However, the effect of 

menopause on HDL-C levels remains contentious. Studies have shown that, with the onset of 

menopause, HDL-C concentrations decrease (29) while other studies have shown an increase in HDL-C 



 
 

 
 

5 

concentrations (24-26). HDL-C levels have also been shown to remain constant during the transition 

from premenopausal to postmenopausal (26;27). Study findings on TG levels following menopause are 

also varied. While some studies have found no change in TG levels (26;27), others have reported 

increases (25;29). 

A study by Peter et al. (30) evaluated the CVD risk factors in 186 premenopausal and 

postmenopausal women. They reported that mean levels of serum TC, LDL-C and apolipoprotein B 

(Apo-B) significantly increased by 10%, 14% and 8.2%, respectively in postmenopausal women 

compared with premenopausal women of the same age. In 1994, Matthews and colleagues (31) assessed 

lipid profiles in 152 healthy middle-aged premenopausal during their transition year of perimenopause 

to menopause. They found that serum levels of HDL2-C decreased and LDL-C increased when 

perimenopausal women became postmenopausal. To further examine the role of menopause in CVD 

risks, the same group of researchers (32) evaluated a multiethnic prospective study (Women’s Health 

Across the Nation) for CVD risk factors in 3,302 women during their menopausal transition period. 

After 10th annual examinations with 9 years follow-up, 1,054 women had achieved their final menstrual 

period and the CVD risk factors were measured. They found that serum TC, LDL-C and Apo-B 

significantly increased after they became menopausal. Menopause-induced negative alterations in lipid 

profiles were consistent across ethnic groups.  

Matthews et al. (33) evaluated the changes of CVD risk factors in 372 women from 

premenopausal to their fifth year postmenopausal period. Blood pressure and fasting glucose levels were 

also higher during postmenopausal period compared to perimenopausal. They found that systolic 

pressure, pulse pressure, LDL-C, HDL-C, TG and body mass index (BMI) during premenopausal were 

able to predict the intima-medial thickness (IMT) and plaque formation. In addition, the change in pulse 

pressure between premenopausal and first year postmenopausal women were associated with both IMT 

and plaque formation. These observations implied that CVD risks substantially increase in women 

during their transition from premenopausal to postmenopausal. Risk factors at premenopausal level can 

be used to determine the need for early intervention in these women in preventing CVD and 

atherosclerosis.  

Several studies (34;35) have shown that estrogen levels affect atherosclerosis progression, 

complications, and plaque vulnerability across the stages of reproductive life. Estrogen deficiency in 

premenopausal years has been shown to be associated with premature atherosclerosis in both women 

and female primates and it is an important determinant of postmenopausal atherosclerosis (36). The 
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study results indicated that HRT protected women during perimenopausal and early postmenopausal 

years. HRT was also able to reduce the progression of atherosclerosis in both women and monkeys. In 

addition, a meta-analysis demonstrated that HRT lowered total mortality in women younger than 60 

years of age (37). However, CHD events increased during the late postmenopausal years and HRT had 

no beneficial effects in halting the progression of atherosclerosis.        

 Another aspect of the study by Kok et al. (38) investigated the role of CVD risks in 695 women 

with early onset of menopause. The findings of this study indicated that CVD risk is related to the age of 

women at menopause. Serum TC levels in women with early menopause was significantly higher 

compared to women who became menopause at a later age. In addition, the Framingham risk score was 

associated with decreasing menopausal age. For instance, every 1.8 years of early menopause was 

associated with a 1% increase in Framingham risk score. Hence, factors predisposing women to early 

onset of menopause such as smoking and heavy alcohol consumption increases the risk of CVD.  

 

Overweight and Obesity  

Obesity is linked to other CVD risk factors such as diabetes, physical inactivity, elevated TG and 

hypertension (39;40). Several studies have indicated (41-45) that menopause transition is associated 

with unfavorable alterations in body composition and abdominal fat accumulations. Increases in intra-

abdominal fat mass as a result of ovarian hormone deficiency also put women at a greater risk for the 

becoming insulin resistance and prone to CVD (46). Toth et al. (45) assessed the body composition and 

abdominal fat distribution in premenopausal and early postmenopausal women. They found that 

postmenopausal women had a 28% higher total body mass, a 17% higher fat mass, a 49% higher intra-

abdominal fat mass and a 22% higher abdominal subcutaneous fat mass compared to premenopausal 

women. The increased risk of CVD after menopause is also believed to be mediated by an increase in 

body fat and intra-abdominal adiposity (41), but less influence by BMI (47). A study by Ozbey et al. 

(48) examined the CVD risk factors and fat distribution in overweight and obese premenopausal and 

postmenopausal women not on HRT. They found that waist circumference, waist to hip ratio and intra-

abdominal fat volume was significantly higher in postmenopausal women compared to premenopausal 

women. Postmenopausal women also had a higher systolic and diastolic blood pressure, glucose, uric 

acid, TC, TG and a lower HDL-C compared to premenopausal women. No significant differences in 

insulin and homeostasis model assessment (HOMA) were found. This study concluded that abdominal 

fat accumulation increases the incidence of CVD in postmenopausal women.      
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A cross-sectional study by Malita et al. (49) examined the relationship between insulin 

sensitivity indices and CVD risk factors in 137 non-diabetic overweight and obese postmenopausal 

women. The results of this study indicated that visceral fat was the major predictor for HOMA and oral 

glucose tolerance test indices, explaining 15-28% of the variance. A similar study was conducted by the 

same group of researchers (50) and found that the ratio of TG/HDL-C was correlated with lean body 

mass and visceral fat in overweight and obese postmenopausal women. Another study by Piche et al. 

(51) examined the body fat distribution and metabolic parameters in 113 postmenopausal women not on 

HRT. The findings indicated that visceral adipose tissue was positively correlated with TG, CRP, and 

fasting plasma glucose levels, and negatively correlated with HDL-C levels and insulin sensitivity. 

However, total midthigh adipose tissue was negatively associated with Apo-B and fasting plasma 

glucose levels, and positively associated with insulin sensitivity. The authors concluded that abdominal 

visceral fat predicted metabolic parameters and a higher total midthigh tissue was associated with 

favorable alters metabolic parameters.      

 

High Blood Pressure 

 According to NHANES 2003-2006 (23), one in three adults older than 20 years of age have high 

blood pressure which accounts for 74.5 million people in the United States. High blood pressure is more 

common after menopause. From ages 45 to 54, the rate of increase in high blood pressure in men and 

women are similar but in later years the percentage of women with hypertension exceeds men. Studies 

have shown that following menopause, there is a dramatic increase in blood pressure (52). The increase 

in blood pressure is believed to be due to changes in vascular tone and/or changes in endothelium-

derived chemicals that influence dilation and constriction of blood vessels (53;54). One study conducted 

by Noto et al. (55) involving 24-hour blood pressure monitoring revealed periodic increases in blood 

pressure of postmenopausal women throughout the 24-hour period. These increases were more 

pronounced during sleep and in those with surgical menopause. 

High blood pressure often clusters with other CVD risk factors including insulin insensitivity and 

dyslipidemia. Conen and colleagues (56) assessed the data from the Women Health Study to examine 

the relationship between blood pressure and the progression of blood pressure with developing type II 

diabetes and cardiovascular events in 40,000 healthy women  ≥ 45 years over 10.2 years. The findings 

indicated that hypertension is a major predictor for developing type II diabetes and elevated blood 

pressure in postmenopausal women placing them at higher risk of CVD. In addition, 2.5% women with 
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normal blood pressure developed a major cardiovascular event and 30.1% women with normal blood 

pressure progressed to hypertension over the 10.2 years. There are several mechanisms proposed as to 

why blood pressure increases in ovarian hormone deficiency. Decline in estrogen/androgen ratio has 

been shown to have negative vaso-relaxant effects on the vessel walls which promote the production of 

vasoconstictive factors such as endothelin (57). Decline in estrogen level also causes an up-regulation of 

rennin-angiotensin system which leads to increase plasma-renin activity. In addition, changes in sex 

steroids unfavorably alter angiotensinogen productions and affect sodium metabolism in both men and 

women (58). Furthermore, clinical trials (59;60) have demonstrated that salt sensitivity and sympathetic 

activity is higher in postmenopausal women compared to men and premenopausal women. The 

prevalence of overweight and obesity is higher in postmenopausal women compared to men of the same 

age. Studies have shown that elevated fat mass is associated with increase insulin insensitivity, 

inflammatory markers, and oxidative stress which are linked to sympathetic overactivity. Adipose tissue 

also plays a role in developing and maintaining high blood pressure through reducing bioavailability in 

circulating natriuretic peptides which leads to sodium retention. 

 

Up-regulation of Inflammatory Molecules 

Another risk factor for CVD is elevated CRP concentrations. C-reactive protein is produced in 

the liver, along with other acute phase proteins, following cytokine stimulation (61). C-reactive protein 

is a sensitive marker of inflammation due to bacterial infection, trauma, or tissue damage (62). Serum 

levels of CRP respond rapidly to inflammation as well as its resolution (63). C-reactive protein is 

believed to function as either a surveillance molecule (63) or a host defense (64) to protect against 

pathogens and to remove necrotic cells. Elevated CRP levels in apparently healthy individuals are 

associated with increased risk of cardiovascular events and increases following a myocardial infarction 

correlate with severity and outcome (61;65). In cross-sectional studies (66-68), CRP concentrations have 

been associated with increased TG, blood pressure, and fasting plasma glucose, and decreased HDL-C. 

Therefore, an elevated CRP level with or without other CVD risk factors causes an alarm and calls for 

immediate lifestyle modifications.  

According to the Third Report of the National Cholesterol Education Program Expert Panel (69) 

on Detection, Evaluation, and Treatment of High Blood Pressure in Adults, 59% of women with higher 

CRP levels had the metabolic syndrome. More recently, CRP has been shown to be an independent risk 

factor for CVD in postmenopausal women (70). Several inflammatory markers were measured in 28,263 
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healthy postmenopausal women over the three years period in relation to their risk of CVD (70). They 

found that CRP was the strongest predictor of the risk of CVD events among other markers. Another 

study by Piche et al. (69) examined the association between CRP levels and metabolic profiles in 112 

healthy postmenopausal women not on HRT. The subjects were divided into three groups according to 

their CRP levels (<1.0, 1.0 to 3.0 or ≥3.0). They found that women with higher levels of CRP (≥3.0) had 

a greater BMI, waist circumference, visceral and subcutaneous adipose tissue compared to women with 

CRP levels <1.0 and 1.0 to 3.0. Elevated systolic and diastolic blood pressure, higher levels of TG, ratio 

of TC/HDL-C and fasting plasma glucose, and lower HDL-C and insulin sensitivity were also found in 

women with higher CRP levels compared to women with CRP levels <1.0 and 1.0 to 3.0. However, 

there were no relationship between CRP and metabolic profiles after adjusting for visceral adipose 

tissue. These findings suggest that increased visceral adipose tissue levels may be a determinant 

covariate of the relationship between high CRP levels and changes in metabolic profile in 

postmenopausal women. Similar observations  by Sites et al. (71) indicated that CRP levels are 

positively correlated with total fat in premenopausal and postmenopausal women. However, reports 

suggest that only intra-abdominal fat is associated with CRP levels in only postmenopausal women 

placing them a higher risk of CVD. 

 

Oxidative Stress 

Oxidative stress due to imbalance between the production of reactive oxygen species (ROS) and 

antioxidant defense plays an important role in the pathogenesis of CVD (72;73). The fundamental 

mechanisms by which ROS contribute to CVD are through oxidation of LDL-C, endothelial 

dysfunction, vascular smooth muscle cell growth, and monocyte migration (74;75). Elevated oxidative 

stress caused by a decrease in antioxidant defenses as a result of menopause has been reported by 

several investigators (76;77). Decline in estrogen levels in women, independent of ROS, has also been 

reported to influence lipoprotein metabolism including elevated TC, TG and LDL-C, all of which are 

associated with increased risk of CVD (3-5). Over the years the mechanisms by which ovarian hormone 

deficiency contribute to oxidative stress remain unclear. Sullivan (78) suggested that oxidative imbalance is 

due to elevated iron stores causing a higher incidence of heart disease in postmenopausal women compared 

to premenopausal women. A study by Crist et al. (79) showed that centralized fat mass is a major 

contributor to oxidative stress which has been linked to elevated oxidation of LDL-C in postmenopausal 

women. Topcuoglu et al. (80) examined the oxidant, oxidative stress and antioxidant status in 75 
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premenopausal and postmenopausal women. Their findings indicated that serum malondialdehyde (MDA) 

and oxidized LDL-C levels were significantly higher while paraoxonase 1 level was significantly lower in 

postmenopausal women compared to premenopausal women. In addition, menopause-induced unfavorable 

changes in lipid profiles such as TC, TG, LDL-C and HDL-C were also reported. The authors concluded 

that oxidative stress increases in postmenopausal women through oxidation of LDL-C and a decline in 

antioxidant capacity. Another study by Signorelli et al. (77) examined the duration of menopause on 

oxidative status and vascular wall structure in 62 menopausal women. Subjects were divided into two 

groups based on their duration of menopause (group 1: menopause 1 to 5 years and group 2: menopause 

over 5 years). They found that women from group 2 had a higher level of serum MDA, LDL-C, TC, TG 

and IMT compared to women with 1 to 5 years menopause. This study concluded that women with more 

than 5 years menopause produce higher MDA level that causes LDL oxidation which is the culprit of 

oxidative stress-induced atherosclerosis in postmenopausal women. Similar findings from Bednarek-

Tupikowska et al. (76) have also shown that postmenopausal women have higher levels of oxidative 

molecules in comparison with premenopausal women as evidenced by increased serum lipid peroxide 

levels. 

 

Phytochemical Components and Antioxidant Capacity of Apple 

Among fruits and vegetables, apple is a rich source of flavonoids, including quercetin, 

epicatechin, catechin, procyanidins, anthocyanidins, phloretin and phloridzin as well as being rich in 

chlorogenic acid, a phenolic compound. These phytochemicals present in apple significantly contribute 

to apple’s strong antioxidant properties (18). 

Apples contribute 22% of the total fruits phenols consumed per capita in the United States (81). 

The total phenols per serving of apple contain approximately 400 mg of gallic acid equivalents (82). An 

in vitro study by Lotito and Frei (82) examined the antioxidant capacity of apple polyphenols (AP) and 

apple extracts using ferric-reducing ability of plasma (FRAP) and oxygen radical absorbance capacity 

(ORAC) assays. The study indicated that aqueous extract of Red Delicious apple containing 176±3 mg 

total phenols per 100g apple exhibited FRAP and ORAC. However, AP only accounted for 14 to 18% of 

total FRAP and ORAC. In addition, this study also examined the effect of apple extract on oxidation of 

endogenous antioxidants using human plasma. The results indicated that apple extract dose-dependently 

increased FRAP concentrations without affecting ORAC. Phenolic extract from apple though also 

significantly increased the resistance of plasma to oxidation, was unable to protect plasma ascorbate 
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from being oxidized in the presence of aqueous peroxyl radicals. The authors concluded that the 

antioxidant capacity of apple extract was largely due to apple’s procyanidins (130 mg per 100 gram 

apple). The same group of researchers (83) examined the in vivo anti-oxidative properties of apple in six 

healthy individuals. The subjects were asked to consume five Red Delicious apples, containing 1825 mg 

of total phenols, in a given time and plasma samples were collected before eating the five apples, 

immediately after eating the apples and every hour thereafter up to six hours. When FRAP was 

measured in plasma samples collected at various intervals, results indicated that plasma FRAP level was 

significantly higher after one hour. The researchers then showed that the ability of apple to increase 

plasma FRAP was not due to its vitamin C by incubating plasma samples with ascorbate oxidase. 

Surprisingly, plasma urate levels in all subjects increased by 35% after one hour of apple consumption 

which is parallel with the resulting increase in plasma FRAP. Uric acid and ascorbic acid are both 

known as strong reducing agents and powerful antioxidants and in humans, more than half of the 

antioxidant capacity in plasma is due to uric acid (84). The final conclusion of this study was that urate 

which increased as a result of apple consumption is responsible for the increased plasma antioxidant 

capacity and not due to vitamin C from apple or apple polyphenols after its consumption. 

An in vitro study by deGraft-Johnson et al. (85) examined the effects of apple extract and 

purified apple quercetin glycosides on FRAP concentrations in human plasma. The results indicated that 

apple extract increased FRAP with concentration equivalent to 0.5 M of rutin. However, purified apple 

quercetin glycosides have been credited for increasing plasma FRAP levels than total extract from apple. 

These experiments need confirmation as understandably there is a great push for marketing dietary 

supplement. 

Antioxidant activity was measured in Red Delicious apple with and without skin by Eberhardt et 

al. (86) using the total oxyradical scavenging capacity assay (TOSC). One hundred grams of apples with 

and without skin were extracted using 80% acetone. Apple extract with skin contained 290.2±4.2 mg 

phenolics and 219±1.8 mg flavonoids whereas apple without skin contained 142.7±3.7 mg phenolics and 

97.6±3.9 mg flavonoids. When measuring TOSC (µmol vitamin C equivalent) on both extracts, apples 

with skin had a higher TOSC compared to apple without skin. The investigators (86) determined that the 

total antioxidant activity in 100 g apple with skin was equivalent to 1,500 mg of vitamin C.  

 The phenolic contents and antioxidant activities in fruits and vegetables have been examined in 

many research studies. However, there is a paucity of research with respect to the bound forms of 

antioxidants present in fruits and vegetables. A study by Sun et al. (87) examined the profiles of total 

http://en.wikipedia.org/wiki/Reducing_agent
http://en.wikipedia.org/wiki/Antioxidant
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phenolics including both soluble free and bound forms in 11 commonly consumed fruits in the United 

States using solvent extraction method and solid-phase extraction procedures. The investigators (87) 

reported that among all commonly consumed fruits, cranberry had the highest total (527.2±21.5 

mg/100g) and soluble free phenolic contents (507.0±2.1 mg/100g) and apple ranked the second highest 

in total (296.3±6.4 mg/100g) and soluble free phenolic contents (272.1±6.2 mg/100g). In terms of bound 

forms, pineapple and banana had the highest bound-E phenolics and bound-W phenolics, respectively. 

The bound-E and bound-W phenolics in apple are ranked number sixth and third, respectively among all 

fruits that thus far have been examined. Although the significance of bound phenolics in fruits to human 

health is not clear, it is suggested that fruits contain different form of phenolics which can be digested 

and absorbed at different sites of gastrointestinal tract that may play an important role in health benefits 

of fruits. In addition, some bound phenolics that cannot be digested also exert health benefits in colon 

(88).  

Wolfe et al. (89) evaluated the antioxidant activity of apple peels in four varieties of apples 

(Rome Beauty, Idared, Corland, and Golden Delicious) that are commonly discarded in the 

manufacturing of applesauce and canned products. They found that the total phenolic and flavonoid 

contents were highest in peels, followed by the flesh+peel, and the flesh. Comparing the antioxidant 

activity in four varieties of apples, Idared had the highest total phenolic and flavonoid contents 

(588.9±83.2 mg and 306.1±6.7 mg of gallic acid and catechin equivalents/100 g of peels, respectively), 

followed by Rome Beauty apple peels (500.2±13.7 mg and 303.2±41.5 mg, respectively), Cortland 

(388.5±82.4 mg and 202.2±47.1 mg, respectively) and Golden Delicious (309.1±32.1 mg and 

167.4±20.2 mg, respectively). Anthocyanins contents were also quantified in this study. This study 

indicated that apple flesh does not contain anthocyanins and the highest content of anthocyanins were 

found in Idared apples peels (26.8±6.5 mg of cyaniding 3-glucoside equivalents/100 g of peel), followed 

by Cortland (8.4±1.7 mg) and Rome Beauty (2.1±0.2 mg). Golden Delicious only contained a trace 

amount of anthocyanins. Similar patterns were found in total antioxidant activity as Idared (312.2±9.8 

µmol of vitamin C equivalents/g of peel) possess the highest content of total antioxidant activity, 

followed by Rome Beauty (228.4±6.7 µmol), Cortland (159.0±4.3 µmol) and Golden Delicious 

(111.4±4.7 µmol). Therefore, to get the full health benefits from apple, it would be best to consume 

whole apple.  

The same group of researchers (18) evaluated the total phenolics and total flavonoids in 10 

varieties of apples that are commonly consumed in the United States. They found that Fuji apples had 
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the highest total phenolics and total flavonoids contents and followed by Red Delicious. NY647 and 

Empire had the lowest total phenolics and total flavonoid, respectively. A similar study which was 

conducted by Van der Sluis et al. (90) evaluated the polyphenolic composition and antioxidant activity 

of four apple cultivars (Jonagold, Golden Delicious, Cox’s Orange, and Elstar). Jonagold apples 

possessed the highest quercetin glycosides, catechins, and chlogenic acid, followed by Golden 

Delicious, Cox’s Orange, and Elstar. Procyanidins, a subclass of flavonoids were also quantified in four 

varieties of apples (Red Delicious, Granny Smith, Golden Delicious and Mclntosh) by Hammerstone et 

al. (91). The highest concentrations of procyanidins were found in Red Delicious (207.7 mg/serving) 

and Granny Smith (183.3 mg/serving) whereas Golden Delicious (92.5 mg/serving) and Mclntosh 

(105.0 mg/serving) had the lowest concentrations of procyanidins. Escarpa and Gonzalez (92) also 

found that the highest phenolic compounds were found in peel compared with pulp. Catechins, flavonol 

glycosides especially rutin are found to be high in apple peels. However, chlorogenic acids are found to 

be high in apple pulp. When comparing the apple varieties, the Golden Delicious had the lowest 

concentration of phenolic compounds whereas Green Reineta had the highest. These studies (18;90-92) 

conclude that antioxidant activity of apples differ between different varieties. 

  The polyphenolic compounds present in apple are stable if they are kept under proper 

conditions. The effects of storage and processing on apple phytochemical contents were investigated by 

different groups of researchers. Van der Sluis et al. (90) found that after 52 weeks of storage Jonagold, 

Golden Delicious, Red Delicious, Elstar, and Cox’s Oranges apples in controlled atmospheric conditions 

had no significant differences in quercetin glycosides, phloridzin, and anthocyanin contents. 

Chlorogenic acid and total catechins were slightly decreased in Jonagold apples. Golden Delicious was 

found to have slightly lower catechin content but chlorogemic concentrations remained stable. 

Chlorogenic acid was not affected by 25 weeks of cold storage in any variety of apples except slightly 

decreased in catechin content in Golden Delicious, Elstar, and Cox’s Orange apples. Apple peel stored at 

0°C for 9 months had little effect on phenolic content (93). Lattanzio et al. (94) found that total phenolic 

content in the skin of Golden Delicious was not affected by 60 days of cold storage. In addition, the total 

phenolic content in the skin increased after 60 days of cold storage, and begin to decrease after 100 days 

of cold storage. After 20 days in storage, the total phenolic concentrations were found to be similar to 

those at the time of harvest.  

Nonetheless, processing has a deleterious effect on apple phytochemicals. Van der Sluis et al. 

(95) found that apple juice obtained from Jonagold apples by pulping and straight pressing possessed 



 
 

 
 

14 

10% antioxidant activity while apple juice obtained after pulp enzyming had only 3% antioxidant 

activity. This suggests pressing is a better method for retaining poyphenols in apple juice.  In analyzing 

the phytochemical contents, the juice contained 31% less phloridzin, 44% less chlorogenic acid, and 

58% less catechin after pulp enzyming. Similar results by Guyot et al. (96) found that only 42% of total 

phenols were found in juice and the remained total phenolic compounds were present in pomace. Apple 

pomace contained high phloridzin, chlorogenic acid, epicatechin, and quercetin glucosides (96), all of 

which are discarded during apple juice processing. Another study (97) quantified the total phenolic and 

flavonoid contents in freeze-dried apple peels. They found that the freeze dried apple peels possessed the 

highest total phenolic and flavonoid contents compared to air dried apple peels. Hence freeze drying is 

to be considered a good method for preserving apple.  

 In conclusion, apples contain a variety of phytochemicals, all of which have antioxidant 

properties. Antioxidant activity in apple differs between different varieties. The published reports 

suggest that storage has little effect on apples’ phytochemical quantities or properties but processing of 

apples significantly decreases the antioxidant activity of apples’ polyphenolic contents.  

 

Previous Studies of Apple and Cardiovascular Health 

Evidence of Cardiovascular Protective Effects of Apple in Animals    

Although the general public as well as many scientists are under the impression that there must 

be  adequate research conducted which demonstrate the health benefits of apples, there is a paucity of 

such research particularly in terms of large clinical trials. A study conducted by Setorki et al. (98) 

examined the effect of apple juice on CVD risk factors, namely lipid profiles, inflammatory markers, 

endothelial markers and atherosclerotic lesions in high cholesterol fed rabbits. In that study, 32 male 

rabbits were randomly divided into four groups and were fed the following diets for two months: rabbits 

in group 1 were fed a normal diet, group 2 a high cholesterol diet (1% cholesterol), group 3 a 1% 

cholesterol diet plus 5 ml apple juice, and group 4 a 1% cholesterol diet with 10 ml apple juice. The 

findings indicated that serum levels of TC, TG, CRP, fibrinogen, factor VII, atherosclerotic lesions in 

right and left coronary arteries were significantly lower while serum levels of nitrite and nitrate were 

significantly higher in rabbits received  high and low doses of apple juice compared to a high 

cholesterol-fed rabbits. In addition, rabbits that received the high dose of apple juice had lower LDL-C 

and higher HDL-C. The authors concluded that apple juice is effective in reducing atherosclerosis 
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induced by high cholesterol diet. Decorde et al. (99) evaluated the role of apple, purple grape, apple 

juice and purple grape juice in preventing early atherosclerosis in hamsters fed atherogenic diet for 12 

weeks. The results showed that supplementation of fruits and their juices reduced TC, non-HDL-C, liver 

SOD and glutathione peroxidase activities, and thiobarbituric acid reactive substances (TBARS) while 

increasing plasma antioxidant capacity compared with control. Moreover, supplementation of fruits and 

fruit juices decreased aortic fatty streak area ranging from 48% to 93%. Overall, this study concluded 

that both fruits and fruit juices were able to prevent atherosclerosis.  

Leontowicz and colleagues (100) investigated the effect of the peel and pulp of apple and pear on 

lipids and antioxidants in Wistar rats fed high cholesterol diet. Rats that were fed diet containing peels or 

pulps from apples and pears suppressed the rise of serum TC, LDL-C, TG and total phospholipids and 

TC in liver compared to a cholesterol diet without added fruits. Although fruit peels contain higher 

biological activity than fruit pulps, apple peels possessed a higher biological activity compared to pear 

peels as evidenced by a significant decrease in serum total peroxyl radical-trapping potential while 

increasing MDA.  

A study conducted by Osada and colleagues (101) examined the dose-dependent effect of dietary 

AP on cholesterol and oxidative stress in rats fed high cholesterol diet. The study results indicated that 

the rats fed higher cholesterol diet along with 0.5% or 1.0% AP for 30 days had significantly lower 

serum and liver TC, and ratio of HDL-C/TC compared to rats fed control diet. Serum HDL-C was also 

significantly higher while atherogenic index (ratio of non-HDL-C over HDL-C) was significantly lower 

in rats fed 0.5% or 1.0% AP. The hepatic 7α-hydroxylase activity was also higher in groups fed 0.5% 

and 1.0% AP in comparison with that of control group. Along with these observations, dietary AP dose-

dependently increased the fecal excretion of acidic steroids and neutral steroids. The TBARS levels 

decreased in rats fed either 0.2% or 0.5% AP. In a study by Miura et al. (102), the effect of AP on 

dyslipidelimia was evaluated in hepatoma-bearing rats. Rats were fed either AIN-93 control diet or the 

same diet supplemented with 0.3% or 1.0% AP for 21 days starting on the day of tumor cell inoculation. 

The results of this study indicated that hepatoma-bearing rats had significantly higher levels of TC and 

(VLDL+LDL)-C. The rise in TC was suppressed by both 0.3% and 1.0% AP. Furthermore, 1.0% AP 

significantly suppressed (VLDL+LDL)-C and atherogenic index [(VLDL+LDL)-C/HDL-C]. Both doses 

of AP also significantly increased the excretion of neutral steroids in feces and decreased serum 

TBARS. Lam et al. (103) investigated the effect of AP on lipid profiles and the mechanism of how AP 

reduce lipid profiles in Golden Syrian hamsters fed 0.1% cholesterol diet. This study indicated that high 
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cholesterol diet supplemented with 0.3% or 0.6% AP significantly increased HDL-C and decreased non-

HDL-C which led to a decreased in the ratio of non-HDL-C/HDL-C. In addition, plasma TG also 

decreased in hamsters fed 0.6% AP but not 0.3% AP. Both groups that received AP had lower fecal 

concentrations of neutral sterols, but greater acidic sterols excretions. Apple polyphenols decreased the 

cholesterol absorption in a dose-dependent manner. Plasma cholesteryl ester transport protein level was 

suppressed by supplementation of AP. However, gene expressions of cholesterol-regulating enzymes 

were found not to be significantly different in rats fed AP compared to the control group. 

Fruits and vegetables high in fiber are known to exert lipid-lowering properties in humans. For 

this reason, the Dietary Guideline for Americans recommends a fiber intake of 25 to 30 grams per day 

due to its beneficial role in promoting cardiovascular health. Among all commonly consumed fruits in 

the United States, fiber in apples especially pectin, a soluble fiber, is thought to play an important role in 

lipid metabolism. Aprikian et al. (16) evaluated the apple components on lipid metabolism and 

absorption in Wistar male rats fed either control diet, 5% pectin (PEC) diet, 10% high polyphenol 

content freeze-dried apple (PL), and PEC+PL. The findings of this study indicated that plasma 

cholesterol was significantly decreased in rats fed PEC+PL diet while plasma TG was significantly 

decreased in rats fed PL and PEC+PL in comparison with control diet. In addition, liver TC and TG 

levels were lowered in PEC and PEC+PL groups. Fecal bile acid excretion was reduced but the neutral 

sterol excretion was increased due to dietary PEC. Pectin containing diets decreased the absorption of 

cholesterol in comparison with control diet. Based on the results of this study, the authors suggested that 

combined supplementation of  PEC and PL was more effective than the either pectin or PL. Gonzalez 

and colleagues (17) reported that Sprague Dawley male rats fed 2.5 % and 5.0 % apple pectin for three 

weeks significantly reduced serum and liver TC. Another recent study by Sanchez and collegues (104) 

evaluated the effect of a highly methoxylated apple pectin (HMAP) on human metabolic youtusyndrome 

using Zucker rat model of genetic obesity. They found that 15 weeks of feeding diet enriched with 10% 

HMAP was more effective than positive control diet containing β-glucan in reducing body weight, 

serum TC and TG and increasing HDL-C compared to rats fed standard diets. In addition, serum glucose 

significantly decreased in rats fed HMAP but not in rats fed β-glucan. HMAP was also very effective in 

decreasing serum insulin, homeostasis model assessment of insulin resistance value and quantitative 

insulin sensitivity check index compared to rats fed fed β-glucan. 

Auclair et al. (105) examined the anti-atherosclerotic effects of apple polyphenols and fibers in 

apoliprotein E-deficient mice. Mice were divided into four groups, 1) control, 2) AP, 3) apple fibers 
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(AF), and 4) AP+AF and were fed for 16 weeks. The findings of this study indicated that plasma TC and 

triacylgycerol levels were not influenced by supplementation except that hepatic cholesterol 

significantly decreased in mice fed AP+AF. Uric acid concentration and ferric reducing ability of 

plasma decreased in all supplemented groups compared with control group. More importantly, 

atherosclerotic lesions areas were reduced by 17%, 38% and 38% in groups received AP, AF, AP+AF, 

respectively.  

Until a decade ago, most research focused on lipids metabolism and absorption. But obesity 

which is a major CVD risk factor was neglected. Nakazato et al. (106) evaluated AP on adipose tissues 

weight in Wistar male rats fed either control, low dose (0.5% AP) or high dose (5% AP) diets. After 

three weeks of supplementation, both low and high AP doses significantly reduced adipose tissue 

weight. The results were especially apparent in high dose AP rats where retroperitoneal adipose tissue 

weigh was 20% lower than control rats. The leptin level in high dose AP rats was also significantly 

decreased compared to control rats. 

Processed foods and fast foods produce substantial amounts of cholesterol oxidation products 

(COPs). Cholesterol oxidation products have been showed to have deleterious effects on lipid 

metabolism. A recent study by Ogino et al. (107) evaluated the protective effects of procyanidin-rich AP 

on lipid metabolism and oxidative stress in male Sprague-Dawley rats fed 0.3% COPs diet which 

supplemented with either 0.5% or 2.5% AP for three weeks. Serum and liver TBARS, Δ6 desaturase 

activity and SOD activity of red blood cells decreased in the AP groups than in control group. Only 

2.5% AP supplemented diet was able to significantly decrease liver TG, phospholipids and serum TC 

and increase serum HDL-C levels. In addition, supplementation of AP also promoted the excretion of 

cholesterol, acidic steroids and exogenous COPs in feces.  

 

Cardiovascular Protective Effects of Apple in Human 

Few studies that have examined the health benefits of apples are most prospective studies and 

there is also a paucity of large and well designed clinical trials examining the health benefits of apple 

consumption. A 26-year follow-up cohort study by Knekt et al. (108) examined the relationship between 

dietary flavonoids, coronary mortality, and total mortality in 5133 Finnish men and women aged 30 to 

69 years free from heart disease. The findings indicated that there was an inverse relationship between 

flavonoid intake and total mortality in both men and women (p<0.01) when the results were adjusted for 

the major cardiovascular risk factors including smoking, serum TC, blood pressure, and BMI. In 
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addition, a significant inverse association between intake of flavonoids and coronary mortality were 

found in women (p<0.01) but not in men (p=0.24). More importantly, total mortality was lower in 

individuals who consumed flavonoid sources from apples. There was also a strong association between 

the intake of fruits and flavonoids (0.62 in men and 0.70 in women) mainly due to the consumption of 

apples. The correlation coefficients for apples were 0.71 in men and 0.84 in women compared to the 

correlation coefficients for of other fruits which were 0.32 and 0.34, respectively for men and women. 

The findings from the same cohort study (109) also indicated that the individuals who consumed the 

highest amount of apples had a lower risk of thrombotic stroke compared to individuals who consumed 

the lowest amount of apples.  

A 6.9-year follow up prospective study by Sesso et al. (110) examined the association between 

flavonoids intake and cardiovascular risk in 38,445 postmenopausal women aged ≥45 years free from 

CVD and cancer. The data from this study indicated that flavonoid intake was not strongly associated 

with a reduced risk of CVD. However, apple consumption was associated with a reduction of CVD risk 

by approximately 13 to 22%. Another prospective study (111) examined the association between 

catechin intake and CHD death in 34,492 postmenopausal women. They found that there was no 

relationship between catechin intake from tea and CHD death. However, catechin intake from apples 

was inversely associated with CHD death. The Zutphen Elderly Study (112) also examined the 

flavonoid intake in 805 men aged 65 to 84 for 5 years. They found that apple consumption contributed 

approximately 10% to the total flavonoid intake and apple consumption was associated with reduction in 

CHD mortality.  

The relationship between flavonoid intake and risk of chronic disease including type II diabetes 

was assessed in 10,054 men and women by Finland researchers (113). The findings indicated that apple 

consumption was associated with a reduced risk of type II diabetes. A 12 weeks clinical trial (114) 

examined the effect of fruits on body weight changes in 49 hypercholesterolemic overweight women 

aged 30-50. Subjects were randomly assigned to one of the three interventions (oat cookies, apples and 

pears) and subjects were asked to consume the regimens three times per day. Results showed that 

subjects who consumed three apples or three pears had lost 1.22 kg body weight whereas the subjects 

who consumed oat cookies lost 0.88 kg body weight (not statistically significant). In addition, glucose 

and TG levels significantly decreased in both fruit groups compared to the oat cookies group. In a 

randomized control trial by Nagasako-Akazome et al. (115), a study was conducted to evaluate the 

preventive effects of polyphenols on metabolic syndrome in a total of 71 male and female with BMI 
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ranging from 23 to 30. Subjects were randomly assigned to one of the three groups: 1) 600 mg AP per 

day, 2) 600 mg hop bract polyphenols per day, and 3) placebo. The subjects were asked to consume their 

corresponding supplements for 12 weeks. The result of this study indicated that after four weeks 

ingestion of supplements, the AP group had significantly lower serum TC compared to group who 

received hop bract polyphenols. Serum TC level significantly decreased in AP group but not in hop 

bract polyphenols group after 12 weeks ingestion of supplements compared to baseline. Although serum 

LDL-C significantly decreased in hop bract polyphenols group after 4 weeks ingestion, AP was more 

effective in decreasing LDL-C compared to baseline after 8 and 12 weeks. In terms of changes in the 

abdominal fat mass, both AP and hop bract polyphenols tended to lower total abdominal mass fat , 

visceral fat mass as well as subcutaneous fat mass compared to placebo group (P<0.1).   

Epidemiological studies also support the existence of an inverse association between fruit and 

vegetable-rich diet and CVD, in part due to their antioxidant contents, phytochemicals. A six weeks 

crossover human trial (116) examined the in vivo effect of consuming whole apple (340g) and apple 

juice (375 ml) in healthy men and women. The findings indicated that consumption of apple juice 

increased ex vivo copper [Cu(++)]-mediated LDL oxidation lag time by 20% compared to baseline. In 

addition, both apple and apple juice decreased conjugated diene formation and consumption of apple 

juice improved oxidative status. Similar results were found by Pearson et al. (117) in evaluating the 

ability of six commercial apple juices, and extracts from peel and fresh apple in protecting LDL using in 

vitro copper catalyzed human LDL oxidation system. All apple juices inhibited LDL oxidation ranging 

from 9 to 34%. In addition, the peel, whole and flesh of Red Delicious apple inhibited LDL oxidation by 

38%, 34%, and 21%, respectively.  

Cigarette smoking is associated with chronic oxidative stress which is linked to risk of lung 

cancer and heart disease. A recent human study by Alvarez-Parrilla (118) evaluated the effects of 

consumption one whole pear or one whole apple as well as drinking 200 ml of orange juice daily for 26 

days on total antioxidant capacity (TAC) and lipid profile in healthy non-smokers and chronic smokers. 

The findings indicated that fruits consumption increased TAC in non-smokers but not in chronic 

smokers. However, serum TC and LDL-C was significantly lower in chronic smokers after consumption 

of apple or pear. It can be concluded that the populations at risk can receive greater health benefits from 

regular consumption of fruits.  
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CHAPTER 3 

MATERIALS AND METHODS 

Subject Recruitment 

A total of two hundred and twenty six (236), healthy postmenopausal women (1 to 10 years), not 

on HRT for at least one year prior to study and/or not taking other pharmacological agents including 

cholesterol-lowering drugs such as statin for at least three months were screened and recruited from 

Tallahassee and surrounding areas via advertisements, e.g. newspaper, radio and flyers. The study 

protocol was approved by the Institutional Review Board at The Florida State University. After an initial 

phone screening, the recruitment of likely qualified participants were invited to the study site for their 

first visit. In the first visit, potential participants were provided with verbal and written explanation of 

the study. The potential participants were assured that their participation were completely voluntary. 

After signing the consent form, detailed medical histories were obtained to ensure their qualification to 

the study. Based on inclusion and exclusion criterion, a total of one hundred and sixty (160) 

postmenopausal women qualified and participated in the study.  

 

Inclusion and Exclusion Criteria 

Inclusion criteria included 1 to 10 years postmenopausal healthy women not on HRT and/or 

other pharmacological agents such as cholesterol-lowering drugs and not heavy smokers (more than 20 

cigarettes per day) were enrolled in this study. Participants with metabolic bone disease, renal disease, a 

history of urolithiasis, cancer, CVD, diabetes mellitus, respiratory disease, gastrointestinal disease, liver 

disease, and other chronic diseases were excluded. 

 

Experimental Design 

Eligible participants were randomly assigned to one of the two dietary intervention groups: dried 

apple (75 g) or comparative control (100 g dried plum). The rationale for choosing the dose of dried 

apple was based on our earlier human study (unpublished data). In that study, fruits were well tolerated 

by postmenopausal women and positively influenced lipid profiles. The participants’ compliance was 

monitored via the following means. First, each participant was provided with dried fruit regimen on a 

monthly basis. Participants were also given customized calendars and were asked to mark the days they 

missed consuming the study regimen and record and/or return any unused portion for compliance 
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monitoring purposes. Second, each participant was contacted via telephone on a random date basis 

between the follow-up visits to encourage compliance. 

Blood specimens were collected at baseline (first visit), 3-, 6-, and 12-month for the purpose of 

all blood measurements. The detailed health and medical histories were obtained at the first visit. The 

food frequency questionnaire (FFQ) and physical activity form were completed at baseline, 3-, 6-, and 

12-month to detect any significant changes in their eating or exercising patterns as these patterns may 

influence lipid metabolism. To determine the extent to which dried apple favorably alters lipid profiles, 

serum TC, LDL-C, TG, and HDL-C were analyzed. Additionally, atherogenic risk ratios and CRP, a 

marker of inflammation was assessed. Serum assays reflective of antioxidant properties and oxidative 

stress including SOD, LPO and 8-isoprostane were measured. 

 

Dietary Regimens, Distribution and Consumption 

The dried apples and dried plums utilized in this study were either purchased or donated by 

Atwater Foods LLC (Lyndonville, NY) and California Dried Plum Board (Sacramento, CA), and 

distributed to participants on a monthly basis. Table 1 represents the nutritional compositions of both 

dried apples and dried plums. 

 

Table 1. Nutrient concentration of dried apple and dried plum obtained by both calculation and actual analyses 

 Dried Apple (per 75 g) Dried Plum (Per 100 g) 

Calculated
a 

Actual
b 

Calculated
a 

Actual
b 

Energy (Kcal) 240 219 239 220 

Fat (g) 0.43 0.37 0.52 0.23 

Total Carbohydrates (g) 58.5 70.5 62.7 63.4 

Fiber (g) 6 Not assessed 7.10 Not assessed  

Protein (g) 1.5 0.83 2.61 2.24 

Calcium (mg) 11.25 15.0 51.0 30.0 

Phosphorus (mg) 14.2 30.6 79 50.0 

aResults obtained from Food Processor version 7.50 (ESHA Research, Salem, OR). 
bGross energy analyzed by bomb calorimetry (Parr 1261 Calorimeter, Parr Inst. Co., Moline, IL), crude protein by the AOAC 
Kjeldahl method, fat by either extraction, and calcium and phosphorus content by atomic absorption spectrophotometer 
(Perkin-Elmer Atomic Absorption Spectrophotometer, model 5100PC, Perkin-Elmer, Norwalk, CT). 
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Health and Medical History 

A detailed health and medical history were obtained at the first visit from all participants. The 

purpose of collecting these health and medical history data was to rule out participants with chronic or 

acute conditions or diseases. In addition, the information collected also included the use of medications. 

 

Dietary Assessment, Anthropometric Measurement and Physical Activity 

A seven day FFQ was collected from all participants at baseline, 3-, 6-, and 12-month. This was 

for the purpose of determining whether drastic changes occurred during the intervention period that may 

affect lipid metabolism. Collected FFQ were analyzed using Food Processor SQL Nutrition and Fitness 

Program (ESHA Research, Salem, OR). This food database is very comprehensive, containing over 

32,000 foods and recipes from various sources. 

With the exception of height measured at baseline, body weights were repeatedly measured at 

baseline, 3-, 6-, and 12-month. This anthropometric measurement would allow determining if changes 

occurred during the intervention period that may affect primary outcomes. 

 Another confounding factor, physical activity that has been known to influence lipid metabolism 

was assessed using the Five-City Project Physical Activity Recall. The Five-City Project Activity Recall 

is designed to elicit information on current sleep and activity patterns (119). It assesses leisure, 

occupational, and home activities and classifies them as moderate, hard, and very hard. This seven-day 

activity recall has been used in cross-sectional designs and community health surveys (120) and has 

been validated by Taylor et al. (121) and Elmore (122). The physical activity assessment was collected 

at baseline, 3-, 6-, and 12-month. Participants were asked to report any deviations from the usual 

physical activity patterns. 

 

Blood Collection and Processing 

Fasting venous blood for plasma and serum was collected between 8:00-10:00 A.M. on a 

designated date from each participant in vacutainers with appropriate anticoagulants at baseline, 3-, 6-, 

and 12-month. Serum and plasma were separated by centrifuging at 4000 rpm for 15 minutes at 4C 

within 2 hours of collection using an IEC CL31R multi speed centrifuge (Thermo Electron Corporation, 

Waltham, MA). Samples were then aliquotted and stored at -80C until analyses. 
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Lipid Profiles Analysis and Atherogenic Risk Ratios 

Serum was analyzed for TC, HDL-C, and TG in duplicate at baseline, 3-, 6- and 12-month using 

enzymatic method and trinder color system. The intensity of the color mixture produced that read at 

500nm using Ultrospec 2100 Pro UV/Visible Spectrophotometer (GE Healthcare Life Sciences, 

Picataway, NJ). The intensity was directly proportional to the lipid concentration in the sample. All lipid 

reagents including TC, HDL-C and TG were purchased from Pointe Scientific, Inc (Canton, MI).  

Determination of serum TC was performed according to the enzymatic method and trinders color 

system developed by Allain (123), Roeschlau (124), and Trinder (125). Briefly, cholesterol esters were 

hydrolyzed by cholesterol esterase to cholesterol and fatty acids. Free cholesterol was then oxidized by 

cholesterol oxidase to cholesterol-3-one and hydrogen peroxide. The hydrogen peroxide was then 

combined with 4-aminoantipyrine and phenol to form a quinoneimine (red dye).  

For the determination of HDL-C, serum was mixed with the polyethylene glycerol reagent which 

allows all beta-lipoprotein (LDL-C and VLDL-C) to be precipitated. The HDL fraction (alpha fraction) 

in the supernatant was then treated as a sample and assayed for cholesterol using an enzymatic method 

(126;127) as described above for serum TC.   

The principle for assaying serum TG was described by Fossati (128) and Trinder (125).  This 

procedure quantifies the total glycerides in serum including the mono and diglycerides, and the free 

glycerol fractions. Briefly, TGs were hydrolyzed to glycerol and fatty acids by lipase. The glycerol is 

then converted to glycerol-1-phosphate with the presence of glycerol kinase and adenosine triphosphate 

and later oxidized by glycerol phosphate oxidase and hydrogen peroxide. The hydrogen peroxide 

combines with 4-aminoantipyrine and 4-chlorophenol to form a quinoneimine that appears red. 

After determining serum TC, HDL-C and TG, serum LDL-C was calculated using the 

Friedewald equation (129): LDL-C = TC – HDL cholesterol – (0.20 × triglycerides). The atherogenic 

risk ratios were calculated as follow: 1) TC/HDL-C, 2) LDL-C/HDL-C, and 3) HDL/LDL-C. 

 

Measurement of Antioxidant Properties, Oxidative Status and Inflammatory Marker 

Serum 8-isoprostane was assessed at baseline, 3-, 6- and 12-month by a highly specific and 

validated commercially available enzyme radioimmunoassay (Cayman Chemicals, Ann Arbor, 

Michigan, USA). After preparation of serum samples, aliquots were added to the 96-well plate pre-

coated with mouse anti-rabbit IgG and incubated for 18 hours at 4C. After 18 hours of incubation, plate 

was washed five times with wash buffer in order to remove all unbound reagents. Then, the samples 
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were developed with Ellman’s Reagent and incubated for 90 minutes before reading by plate reader at 

405-420nm.  

Serum levels of SOD were assessed at baseline, 3-, 6-, and 12-month using colorimetric methods 

(Cayman Chemicals, Ann Arbor, Michigan, USA) to determine oxidative status. This SOD assay 

measures three types of SOD including copper/zinc, manganese, and iron. The principle for assaying 

serum SOD utilizes a tetrazolium salt for detection of superoxide radicals generated by xanthine oxidase 

and hypoxanthine. Briefly, serum samples were added to radical detector reagent and reaction was 

initiated by adding xanthine oxidase as quickly as possible. All samples were incubated on a shaker for 

20 minutes at room temperature. The samples were then read by a plate reader at 440-460nm.       

Serum levels of LPO were also assessed at baseline, 3-, 6-, and 12-month using colorimetric 

methods (Cayman Chemicals, Ann Arbor, Michigan, USA). This LPO measures the hydroperoxides 

using the redox reactions where hydroperoxides react with ferrous ions to produce ferric ions. Before 

performing the assay, serum samples were extracted in chloroform in order to prevent the presence of 

hydrogen peroxide that were found in many biological samples which readily reacts with ferrous ions 

causing an overestimation of LPO. Chloroform extract of serum samples were added to chloroform-

methanol solvent and then mixed well with freshly prepared Chromogen reagent. After incubating for 

five minutes at room temperatures, samples were read at 500nm. C-reactive protein, a marker of 

inflammation was assessed at baseline, 3-, 6- and 12-month using the SIRRUS Clinical Chemistry 

(Stanbio, Laboratory, Boerne, TX). 

 

Statistical Analysis 

Statistical analysis was performed using analysis of variance methods with PROC MIXED in PC 

SAS (Version 9.1, SAS Institute, Cary, NC) to determine the main and interaction effects of intervention 

(dried apple or dried plum), and time (baseline, 3-, 6- and 12-month). Considering that there were two 

interventions with several time intervals, a split plot model of repeated measures was a preferred method 

of statistical analysis. The mean changes in outcome variables during the intervention periods were 

compared by analyzing interaction effects of intervention and time, using the SLICE option in an 

LSMEANS statement. Data are reported as least square mean ± standard error (SE). In all statistical 

comparisons, differences with P ≤ 0.05 were considered significant. 
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CHAPTER 4 

RESULTS 

Baseline Characteristic, Anthropometric Measurements, Dietary Intake and Physical Activity 

Assessments 

Flow chart of the study participants is presented in Figure 1. A total of 160 participants who met 

the inclusion criteria were randomly assigned to consume either 75 g dried apple or 100 g dried plum 

(control) daily (72 participants on dried apple group and 88 participants on dried plum group). By the 

end of the study, the attrition rate was 37.5% (see Figure 1 for details). The common reasons that 

participants were unable to finish the study included non-compliance with the study protocol, claims of 

medical and health related conditions and personal reasons. 

A summary of participant characteristics is presented in Table 2. Baseline characteristics of 

participants including age, time since menopause and BMI did not differ between the two groups. The 

mean body weights of the participants in both groups were similar at baseline, 3-month, 6-month, and 

12-month. Because the dietary intake and physical activity may affect lipid metabolism, the dietary food 

intake and physical activity were examined. The findings indicated that the participant’s food intakes 

(Table 3) and physical activity levels (Table 4) were not significantly different from their corresponding 

baseline values in either group.  

 

Table 2: Characteristics of study participants  

 Dried Apple Dried Plum 

Measures Baseline 3-month 6-month 12-month Baseline 3-month 6-month 12-month 

Age (yrs) 55.6±5.0 --- --- --- 57.5±4.01 --- --- --- 

Time since 
menopause (yrs) 

6.09±4.0 --- --- --- 6.12±3.45 ---- --- --- 

Weight (kg) 68.3±12.0 69.4±13.1 67.6±11.7 66.8±12.3 66.3±12.2 67.7±12.6 66.2±11.4 66.8±13.2 

Height (cm) 165.9±5.3 --- --- 165.8±5.2 163.1±5.4 --- --- 163.1±5.5 

BMI (kg/m²)a 24.8±4.1 --- --- 24.2±4.0 24.9±4.6 --- --- 25.2±4.8 

Values are means ± standard error of the mean. aBody mass index (BMI) 
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Figure 1: Flow chart of the study design and subject participation, GI; gastrointestinal; HRT; hormone replacement therapy. 
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Table 3. Daily nutrient intake calculated from 7-day food frequency questionnaire of women at baseline, 3-, 6- , and 12-month supplementation with 75 g dried 
apple or 100 g dried plum daily. 

 Dried Apple Dried Plum 

Daily intake Baseline 3-month 6-month 12-month Baseline 3-month 6-month 12-month 

Total energy (kcal) 1680±56 1747±73 1707±81 1805±64 1645±69 1791±61 1833±85 1847±77 

Macronutrients         

   Protein (g) 72.5±3.0 66.7±2.7 67.2±3.5 73.6±2.8 67.0±2.7 72.8±2.8 68.8±2.6 72.5±3.2 

   Carbohydrate (g) 212±8 236±10 227±9 231±9 205±10 233±9 256±17 233±10 

   Dietary Fiber (g) 21.2±1.2 24.5±1.1 22.7±1.2 25.0±1.4 21.2±1.1 24.4±1.3 26.6±1.8 26.2±1.7 
   Total Fat (g) 61.1±3.2 60.9±4.8 60.9±4.6 67.1±3.9 62.3±3.1 63.8±3.1 60.5±2.7 70.7±4.6 

   Saturated Fat (g) 18.8±1.0 20.6±2.5 19.8±1.7 21.0±1.2 19.2±1.3 19.7±1.1 19.2±1.0 21.7±1.4 

   Mono Fat (g) 21.4±1.5 19.4±1.4 20.6±1.8 22.8±1.8 21.8±1.2 21.3±1.2 20.5±1.1 23.4±1.8 

   Poly Fat (g) 11.6±0.9 11.0±0.8 11.1±0.9 12.7±1.1 11.6±0.6 11.7±0.7 11.2±0.7 13.9±1.1 

   Tran Fat (g) 0.5±0.1 0.4±0.1 0.4±0.1 0.8±0.1 0.4±0.1 0.8±0.2 0.7±0.1 0.8±0.2 

   Total Cholesterol (mg) 196.5±14.5 195.9±15.8 227.2±18.0 221.4±14.0 202.5±12.5 224.8±13.3 223.9±12.3 249.1±17.4 

Vitamins         

   Vitamin A (IU) 11533±876 8954±720 9129±959 11354±1218 10712±923 11526±992 10137±816 12926±1410 

   Vitamin C (mg) 107±8 93±8 82±8 93±7 93±8 95±11 98±12 99±68 

   Vitamin D (IU) 103±11 107±11 101±10 105±12 97±12 100±11 96±10 233±101 

   Vitamin E (IU) 5.6±0.5 6.7±0.5 6.0±0.6 7.5±0.8 8.6±1.8 7.4±0.7 7.2±0.6 8.9±1.3 

   Vitamin K (µg) 115.6±11.6 168.0±16.8 135.0±27.3 174.5±30.5 209.2±21.6 170.4±17.3 178.0±16.6 198.4±21.8 

Minerals (mg)           

    Calcium 808±47 896±52 806±57 861±54 927±142 779±62 762±42 885±63 

     Iron 14.7±1.2 14.4±0.9 13.5±0.7 14.9±0.9 16.8±2.5 15.0±1.0 15.0±0.9 15.7±1.2 

    Magnesium 245±10 288±12 263±16 301±17 296±13 285±14 310±19 321±21 

    Phosphorus 997±42 1172±53 1048±63 1155±49 1120±50 1079±51 1087±44 1161±64 

    Potassium 2661±97 2810±115 2643±129 2916±121 2957±131 2687±144 3030±147 3025±149 

    Zinc 7.1±0.3 8.2±0.4 7.4±0.4 8.6±0.4 10.1±2.0 7.5±0.3 8.2±0.5 8.1±0.4 

Values are means ± standard error of the mean. n=45 in dried apple regimens and 55 in dried plum regimens. Analyses do not include nutrients, calcium and 
vitamin D from the supplements used by participants. There were no statistical significant differences observed between baseline values of two treatment groups 
and between baseline, 3-, 6-, and 12- months corresponding values.  
 
Table 4: Physical activity patterns assessed at baseline, 3-, 6-, and 12-month. 

 Dried apple Dried plum 

Measures Baseline 3-month 6-month 12-month Baseline 3-month 6-month 12-month 

Physical activity 
(Kcal/d) 

919.5±52.5 958±57.1 896.2±52.8 829.4±60.5 795.1±38.7 826.1±35.8 821.3±43.6 851.1±56.6 

Values are mean± standard error, n=45 in dried apple regimens and 55 in dried plum regimens. The Five-City Project Physical Activity Recall was used to assess 
current physical activity, sleep, and activity pattern including leisure, occupational, and home activities. There were no statistical significant differences observed 
between baseline values of two treatment groups and between baseline, 3-, 6-, and 12- months corresponding values.  
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Lipid Profiles 

 Three months consumption of dried apple significantly reduced serum TC and LDL-C by 9% 

and 16%, respectively and the levels of serum TC and LDL-C remained the same at 6-month and 12-

month (Figure 2 and Figure 3). In terms of percent changes (Figure 6) in serum TC and LDL-C, 12 

months consumption of dried apple reduced serum TC and LDL-C by 14% and 23%, respectively albeit 

not statistically different from 3-month time point. Although dried plum consumption did not 

significantly reduced serum LDL-D and TC, it decreased their levels numerically by 8% and 3.5%, 

respectively at 12-month compared to baseline. Both dried apple and dried plum regimens had no 

significant effects on serum HDL-C and TG, but serum HDL-C increased by 3% and TG decreased 

numerically by 9% after 12 months consumption of dried apple in postmenopausal women. These 

alterations in HDL-C and TG though not statistically significant they are of clinical relevance. Serum 

TC levels were significantly lower in dried apple group compared to dried plum group at 6 months. 

 

 

 

Figure 2: Mean serum TC at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control (dried plum) or 
dried apple. Bar represents mean ± standard error of the mean; *Denotes a significant difference at P<0.05 in comparison 
with baseline dried apple; **Denotes a significant difference at P<0.05 in comparison with intervention groups at 6-month. 
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Figure 3: Mean serum LDL-C at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control (dried plum) 
or dried apple. Bar represents mean ± standard error of the mean; *Denotes a significant difference at P<0.05 in comparison 
with baseline dried apple. 

 

 

 

Figure 4: Mean serum HDL-C at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control (dried plum) 
or dried apple. Bar represents mean ± standard error of the mean.  
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Figure 5: Mean serum TG at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control (dried plum) or 
dried apple. Bar represents mean ± standard error of the mean.  

 

 

 

Figure 6: Percent (%) changes from baseline of serum LDL-C, TC, TG, and HDL-C at 3-, 6-, and 12-month in 
postmenopausal women consuming dried apple. Bar represents mean ± standard error of the mean; *Denotes a significant 
difference at P<0.05 in comparison with baseline dried apple. 
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Atherogenic Risk Ratios 

 Atherogenic risk ratios including ratios of TC/HDL and LDL-C/HDL-C significantly decreased 

by 3 months consumption of dried apple and both of these ratios remained thereafter (Figure 7 and 

Figure 8). Daily consumption of dried apple also tended to increase ratio of HDL-C/LDL-C with P-

value of 0.0780 (Figure 9). There were no significant changes in atherogenic risk ratios of TC/HDL, 

LDL-C/HDL-C, and HDL-C/LDL-C as a result of dried plum consumption. 

 

Figure 7: Mean ratio of TC/HDL-C at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control (dried 
plum) or dried apple. Bar represents mean ± standard error of the mean; *Denotes a significant difference at P<0.05 in 
comparison with baseline dried apple; **Denotes a significant difference at P<0.05 in comparison with intervention groups at 
baseline. 

 

 

Figure 8: Mean ratio of LDL-C/HDL-C at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control 
(dried plum) or dried apple. Bar represents mean ± standard error of the mean; *Denotes a significant difference at P<0.05 in 
comparison with baseline dried apple; **Denotes a significant difference at P<0.05 in comparison with intervention groups at 
baseline. 
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Figure 9: Mean ratio of HDL-C/LDL-C at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control 
(dried plum) or dried apple. Bar represents mean ± standard error of the mean. 

 

C-reactive Protein 

Serum CRP levels began to noticeably decrease by 32% after 6 months apple consumption. On 

the other hand, serum CRP levels decreased in the dried plum intervention group after 3 months and 

remained the same therefater. Serum CRP levels were significantly lower in dried plum group compared 

to dried apple group at 3 months (Figure 10).  

 

 

Figure 10: Mean serum C-reactive protein at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control 
(dried plum) or dried apple. Bar represents mean ± standard error of the mean; **Denotes a significant difference at P<0.05 
in comparion with intervention groups at 3-month. 
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Oxidative Status 

Twelve months consumption of either dried apple or dried plum regimen reduced serum level of 

lipid hydroperoxide by 33% and 38%, respectively in postmenopausal women. However, 8-isoprostane 

and SOD, markers of oxidative stress were not affected by consumption of either dried apple or dried 

plum.  

 

 
Figure 11: Mean plasma lipid hydroperoxide at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control 
(dried plum) or dried apple. Bar represents mean ± standard error of the mean; Bars that do not share the same letters (a, b, c) 
are significantly (P<0.05) different from its group. 

 
 
 
 

 
Figure 12: Mean plasma superoxide dismutase at baseline, 3-, 6-, and 12-month in postmenopausal women consuming 
control (dried plum) or dried apple. Bar represents mean ± standard error of the mean. 
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Figure 13: Mean plasma 8-isoprostane at baseline, 3-, 6-, and 12-month in postmenopausal women consuming control (dried 
plum) or dried apple. Bar represents mean ± standard error of the mean. 
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CHAPTER 5 

DISCUSSION 

Reports from various research groups have demonstrated that apple consumption including fresh 

apple (114;116;118), apple juice (98;99;117), apple extracts (82), apple polyphenols 

(101;102;103;105;106;115), or apple pectin (16;17;104) exerts cardioprotective effects in various animal 

models. Most of these studies have concluded that the health benefits of apple consumption may be 

related to any one of its components including fiber, antioxidant capacity or its phytochemicals. 

Nonetheless, findings from animal studies cannot be directly extrapolated to humans. Clinical trials 

examining the health benefits of apple consumption are necessary to confirm that people with a higher 

intake of apples experience a reduced risk of CVD. Hence, to our knowledge the current study is the first 

clinical trial that investigated the effects of one-year apple consumption in a dried form in improving 

cardiovascular health in postmenopausal women. The present study evaluated the extent to which 

regular consumption of apple modulates CVD risk factors such as lipid profiles, atherogenic risk ratios, 

body weight, inflammatory and oxidative stress markers. 

The present study began with 160 participants and by the end of the study, 100 participants 

successfully completed the intervention of consuming either dried apple or dried plum daily for 12 

months. Overall, the subjects who participated in this study maintained a high degree of compliance 

which was ~75% on average for each group. This indicated that daily intake of dried fruits were well 

tolerated in postmenopausal women. The findings of this study suggest that daily incorporation of dried 

fruits into diet without intentional dietary modifications during the study does not affect the total energy 

intake and physical activity pattern. More importantly, the additional 240 daily caloric intake that came 

from dried apple not only did not increase body weight but decreased it by 1.5 kg compared to baseline. 

Apples are soluble fiber, pectin, known to suppress food intake and body weight. Therefore, decreased 

body weight in the face of energy excess observed in this study may partially be related to apple’s fiber. 

Soluble fibers are known to alter transit time and lower fat and protein absorption (130). There is a 

reported by de Oliveira et al. (114;131) that daily incorporation of apple into a weight loss diet (1 

kg/month) enhanced weight loss in hypercholesterolemic overweight women. The findings of that study 

showed that subjects who consumed three apples daily for 12 weeks had significantly lost weight, 1.22 

kg body weight, whereas the subjects who consumed oat cookies also rich in soluble fiber the weight 

loss was not as pronounced as those who consumed apple (0.88 kg). This higher degree of weight loss in 



 
 

 
 

36 

part had to do with lower energy intake (-22.50 kcal) in apple group compared to the oat cookie group 

(+0.93 kcal). The authors concluded that the beneficial effect of apple in reducing body weight was due 

to lower energy density and satiety property of apple compared to oat cookie, independent of fiber 

contents (both contained ~6 g of fibers). This speculation is also supported by several researchers that 

consumption of carbohydrate low in glycemic index (132) and energy density (133;134) such as fruits 

and vegetables may decrease hunger resulting in reduced energy intake and body weight. The increased 

risk of CVD after menopause is believed to be mainly mediated by an increase in body fat and intra-

abdominal adiposity (41). Although we have not analyzed the data from the present study to support if 

long-term apple consumption influences fat mass more so than lean mass, a study by Nagasako-

Akazome et al. (115) has shown that supplementing apple polyphenol extracts for 12 weeks tends 

(P<0.1) to lower total abdominal mass fat, visceral fat mass as well as subcutaneous fat mass in 71 men 

and women with BMI ranging from 23 to 30 compared to placebo. Based on our findings and those of 

others (114;131) in context of body weight, regular apple intake may suppress hunger in overweight 

individuals and reduce or maintain total energy intake in healthy individuals.  

 There is evidence that increased levels of LDL-C and higher atherogenic risk ratios including 

TC/HDL-C and LDL-C/HDL-C are associated with an increased risk of CVD events and atherosclerosis 

(135-137). High LDL-C/HDL-C ratio is associated with the initiation of atherosclerosis through 

influencing lipid accumulation in the arterial wall and the severity of atherosclerotic intimal changes. 

Hence, clinicians’ primary aim is to reduce this ratio in order to lower the risk of CVD. The findings of 

the present study showed that 12 months consumption of dried apple significantly reduced serum TC 

and LDL-C by 14% and 23%, respectively compared to baseline. Serum TC and LDL-C began to 

decrease after three months of dried apple consumption by 9% and 16%, respectively. Although we 

speculated that dried apple, a rich source of pectin, may significantly increase serum HDL-C levels, we 

found that serum HDL-C increased numerically by 3% and TG decreased numerically by 9% after 12 

months consumption of dried apple. Although there were no significant changes in HDL-C, the 

atherosclerosis risk ratios of TC/HDL-C and LDL-C/HDL-C significantly decreased by 15% and 21%, 

respectively in postmenopausal women who consumed dried apple. The decreased in atherosclerosis risk 

ratios were due to the effects of dried apple in lowering TC and LDL-C. Lipid-lowering effects of apples 

were consistent with previous reports (114;115). For instance, Nagasako-Akazome et al. (115) have 

shown that ingestion of AP for 12 weeks significantly lowered serum TC and LDL-C. de Oliveira et al. 

(114) also demonstrated that 12 weeks consumption of whole apple significantly decreased TG levels 
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and numerically reduced TC and LDL-C. Both studies (114;115) observed no significant changes in 

HDL-C and these observations are in agreement with our findings. One explanation for potent 

cholesterol lowering properties of apples may be apples’ high pectin content which is able to enhance 

synthesis of bile acids and their fecal excretion (11;12). The fecal loss of cholesterol due to pectin 

feeding may be so high that animal’s body in order to maintain sterol homeostasis enhances de novo 

cholesterol synthesis. In support of this notion, Illman and Topping (138) proposed that soluble fibers 

enhance the hepatic and intestinal rates of sterol synthesis in order to compensate for the fecal loss of 

sterols and bile acids. However, the fecal losses of sterols must be greater than the enhanced 

compensatory synthesis of sterols, resulting in a net sterol loss reflected in lower serum cholesterol 

concentrations. Although cholesterol-lowering drugs such as statins are often used to lower TC and 

LDL-C, the use of these drugs should be questioned due seriousness of their side effects and the 

exaggerated health benefits. For instance, several large cholesterol-lowering drug trials (139-147) have 

shown the inability of statins in decreasing morbidity and mortality in individuals with or without CHD. 

Except JUPITER trial (Justification for the Use of Statins in Primary Prevention) (148) that shown clear 

beneficial effects of statins in lowering CVD risk factors, the findings of other studies are inconsistent. 

Although the JUPITER trial supports the long-term used of statins de Lorgeril et al. 2010 (149) has 

pointed out a number of flaws in the JUPITER trial including the methodologies, inconsistency of 

reported results, conflict of interest between the authors and the sponsor, and the use healthy volunteers 

without CVD history or established CHD and with normal and even low serum cholesterol levels. Our 

present findings indicate that apple consumption is effective in reducing LDL-C and TC levels as well as 

atherogenic risk ratios compared to medications that are costly and may have possible side effects. In 

addition, among other functional foods including fibers, soy protein, plant sterols, and nuts that have 

been reported to lower serum cholesterols, the ability to lower cholesterols by apple is more pronounced.  

Elevated levels of CRP have been implicated to be the culprit of many chronic diseases including 

CVD. More recently, CRP has been identified as a major contributor and predictor of the formation of 

atherosclerosis, CVD complications and diabetes. Our findings indicated that serum CRP levels began to 

decrease after 6 months apple consumption and thereafter continued to decrease numerically. Twelve 

months consumption of apple was able to reduce CRP levels by 32% compared to baseline which is 

clinically relevant. Based on the findings of the present study one can recommend the regular 

consumption of apple in promoting human health including cardiovascular health.   
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Cardiovascular health also, in part, depends on oxidative status. Oxidized lipids may be 

important mediators of lipid peroxidation and are known to initiate foam cell formation and accelerating 

plaque formation (150;151). During the early stages of lipid peroxidation, LPO are formed as a result of 

fatty acid oxidation to form a carbon-centered radical that reacts with oxygen to form the lipid peroxide. 

Apples are rich source of polyphenolic compounds that have been shown to reduce lipid peroxides, 

neutralize the lipid peroxil radicals and inhibit the LDL oxidation. In the present study, 12 months 

consumption of dried apple significantly reduced serum level of LPO by 33%. Hence, apples due their 

anti-oxidative properties may also play an important role in protecting our cardiovascular health.  

 

Conclusion 

 Diet and lifestyle changes should always be recommended as the first line of defense in 

preventing most chronic diseases. By comparing all the pros and cons between medications and 

functional foods in the context of cardiovascular health, the present findings indicated that daily 

incorporation of dried fruits into diet did not affect total energy intake throughout the study period. More 

importantly, the additional daily caloric intake of approximately 240 from dried apple not only did not 

increase body weight but lowered it by 1.5 kg compared to baseline body weight. In terms of lipid 

profiles, apple consumption significantly reduced serum levels of TC and LDL-C by 14% and 23%, 

respectively. In addition, atherogenic risk ratios such as TC/HDL-C and LDL-C/HDL-C decreased in 

postmenopausal women that consumed dried apple compared to control. Furthermore, regular apple 

consumption improves other important parameters involved in CVD such as reducing lipid 

hydroperoxide (33%) and CRP (32%) levels. The health benefits of apple are beyond protecting our 

cardiovascular systems and its protective role can be extended to numerous conditions that are affected 

by oxidative stress and inflammation. In particular, the cardioprotective effects of apples may mainly 

due to their pectin and polyphenol contents. Combined findings of the present study and studies by other 

investigators, apples may suppress excessive food intake leading to reduced rate of obesity which also a 

major risk factor for numerous chronic diseases. However, clinical trials are needed to further confirm 

this view. In conclusion, regular apple consumption is encouraged because of its favorable effects on 

lipid profiles, oxidative status, and proinflammatory molecules. 

 



 
 

 
 

39 

APPENDIX A 

 

IRB APPROVAL LETTRES & INFORMED CONSENT FORM 
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APPENDIX B 

 

MEDICAL HISTORY QUESTIONNAIRE 

 
Subject ID:  ____________________ 
Interviewer: ____________________    Date______________ 
 

HEALTH AND MEDICAL HISTORY QUESTIONNAIRE 

 

Age________ Height_______ Weight________ BMI__________ 
 

I.  Medical History 

A.  Skeletal Health 

 
Personal history of skeletal disorders: 

 1.  Not known ___________________ 
 2.  Yes: uncontrolled ________________ 
 3.  Yes: Medications _________________ 
 4.  Yes: Exercise program ___________________ 
 5.  Yes: Modified diet ________________ 
 6.  Yes: Surgery __________ 
 7.  Yes: Combined program __________ 
 Give details _______________________________________________________ 
 Type of Medication(s)_______________________________________________ 
 Current dosage _________________ Years taken _________________________ 
 How does this condition affect your activity?  
 

Family history of skeletal disorders: 
 
 1.  None _____ 
 2.  One parent _____ 
 3.  Both parents _____ 
 4.  One close relative _____ 
 5.  More than one close relative _____ 
 
 Relative(s) _______________________________________________ 
 Comments: ______________________________________________ 
 
B.  Cardiovascular Function 

Personal history of cardiovascular disease: 
 1.  Not known ___________________ 
 2.  Yes: uncontrolled ________________ 
 3.  Yes: Medications _________________ 
 4.  Yes: Exercise program ___________________ 
 5.  Yes: Modified diet ________________ 
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 6.  Yes: Surgery __________ 
 7.  Yes: Combined program __________ 
 Give details _______________________________________________________ 
 Type of Medication(s)_______________________________________________ 
 Current dosage _________________ Years taken _________________________ 
 How does this condition affect your activity?  
 

Family history of cardiovascular disease: 

 1.  None _____ 
 2.  One parent _____ 
 3.  Both parents _____ 
 4.  One close relative _____ 
 5.  More than one close relative _____ 
 
 Relative(s) _______________________________________________ 
 Comments: ______________________________________________ 
 
C.  Hypertension 

 1.  None known ___________________ 
 2.  Yes: uncontrolled ________________ 
 3.  Yes: Medications _________________ 
 4.  Yes: Exercise program ___________________ 
 5.  Yes: Modified diet ________________ 
 6.  Yes: Yes: combined program__________ 
 7.  Most recent blood pressure  __________ 
 Explain_______________________________________________________ 
 Type of Medication(s)_______________________________________________ 
 Current dosage _________________ Years taken _________________________ 
 Ever taken thiazide diuretics? ____________ 
 
D.  Diabetes 
 1.  No record or indication _____ 
 2.  In past, but not now _____ 
 3.  Yes, well controlled _____ 
 4.  Yes, not controlled _____ 
 Explain ____________________________________________________ 
 Type of Medication(s)_________________________________________ 
 Current dosage _____________________Years taken________________ 
 How does this condition affect your activity? _______________________ 
 

E.  Gastrointestinal/Digestive Problems 
 1.  No record or indication _____ 
 2.  In past, but not now _____ 
 3.  Yes, well controlled _____ 
 4.  Yes, not controlled _____ 
 Explain ____________________________________________________ 
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 Type of Medication(s)_________________________________________ 
 Current dosage _____________________Years taken________________ 
 Ever taken steroids (i.e., prednisone)? ______________________ 
 Currently taking antacids? _______________________________ 
 How does this condition affect your activity? ________________ 
 

F.  Liver Disease/ Problems 
 1.  No record or indication _____ 
 2.  In past, but not now _____ 
 3.  Yes, well controlled _____ 
 4.  Yes, not controlled _____ 
 Explain ____________________________________________________ 
 Type of Medication(s)_________________________________________ 
          Current dosage _____________________Years taken________________ 
          How does this condition affect your activity? _______________________ 
 

G.  Respiratory Problems 
 1.  No record or indication _____ 
 2.  In past, but not now _____ 
 3.  Yes, well controlled _____ 
 4.  Yes, not controlled _____ 
 Explain ____________________________________________________ 
 Type of Medication(s)_________________________________________ 
 Current dosage _____________________Years taken________________ 
 How does this condition affect your activity? _______________________ 
 
H.  Thyroid Disorder 
 1.  No record or indication _____ 
 2.  In past, but not now _____ 
 Hyper?  _____  Hypo?  ___ 
 Explain ____________________________________________________ 
 Type of Medication(s)_________________________________________ 
 Ever taken thyroid hormones (i.e., Synthroid)? _____ 
 
I. Reproductive history:  LMP_____________, No. of children______________ 
 

J.  Kidney Diseases 
 1.  No record or indication _____ 
 2.  In past, but not now _____ 
 3.  Yes, well controlled _____ 
 4.  Yes, not controlled _____ 
 Explain ____________________________________________________ 
 Type of Medication(s)_________________________________________ 
 Current dosage _____________________Years taken________________ 
 How does this condition affect your activity? _______________________ 
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K. Cancer 
 1.  No record or indication _____ 
 2.  In past, but not now _____ 
 3.  Yes, well controlled _____ 
 4.  Yes, not controlled _____ 
 Explain ____________________________________________________ 
 Type of Medication(s)_________________________________________ 
 Current dosage _____________________Years taken________________ 
 How does this condition affect your activity? _______________________ 
 

II.  Medication or Drug Use 
A.  Previous or Present Use of Any of the Following (Specify): 

 1.  Anabolic steroids _____________  
 2.  Corticosteroids or glucocorticoids _____prednisone _____ 
 3.  Thiazide diuretics _____ Other diuretics _____ 
 4.  Vitamin D 

5. Medications for bone: 
    Fosamax: ___________________________ 
    Evista (Roloxaphin): ___________________ 
    Miacalcin (Calcitonin): _________________ 
    Teriparatide (Forteo):___________________ 

6. Others: 
  ___________________________________________________  
  ___________________________________________________  
  ___________________________________________________  
 
2. Previous or Present Use of Alcoholic Beverages (Beer, wine, hard liquor). 

 Please indicate: 
 Frequency of intake (Times/week or times/month): _____ 
 Number of servings at a sitting: _____ 
 Number of years of use: _____ 
 
C.  Estrogen or Hormone Replacement (ERT or HRT) 

 1.  Never ___ move along to section D. 
 2.  Yes, in past ___ at what age? ___ & How long _____ 
 
D.  Currently /previously a smoker?______If yes, number of cigarettes per day____________ 
 
III.  Physical Activity 
A.  Occupational Intensity (respond to 1, 2, 3, or 4): 

 1.  Majority of time:  Sitting ___     Standing ___     Walking ___ 
 2.  Equal amount of time: Sitting and Standing ___ 
    Walking and Sitting ___ 
    Standing and Walking ___ 
 3.  Combination: Sitting, Standing, and Walking ___ 
 4.  Much of time: Lifting & Carrying ___ 
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APPENDIX C 

 

NUTRITION HISTORY QUESTIONNAIRE 

 

Subject ID:_________________ 
Interviewer:_________________           
Date:______________________ 
 

NUTRITION HISTORY QUESTIONNAIRE 
 
NUTRITION HISTORY 
 

Modified/Specialized Diet(s) Followed:___________________________________________________ 

Recommended By___________________  Length of time Followed______________________ 

Recent Changes in Appetite?_________________  Due to______________________________ 

Foods Avoided?___________________________  Due to______________________________ 

History of Problems Digesting Milk?________  When?________  How Long?_______________ 

Diagnosis of Lactose Intolerance?__________  When?________  By whom? __________ 

Intake of Milk/Dairy Products & Calcium-Containing Foods (No Times/Day, Wk or Month, Portion 

Size): 

Milk_______________  Yogurt__________________  Frozen Yogurt_____________________ 

Ice Cream/Milk__________  Pudding/Custard__________  Hard Cheese___________________ 

Mixed Dishes with Cheese_________  Soft Cheese__________  Grated Cheese______________ 

Donuts/Cakes/Cookies____________  Eggs______________  Dark Breads_________________ 

How has this intake changed during that past three years? 

Intake of High Fiber Foods (Specify Type, No Times/Day, Week or Month, Portion Size): 

Whole Grain Products:  Breads___________________  Bran (wheat, oat)___________________ 
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Cereals_______________  Crackers___________  Grains (i.e., popcorn)____________ 

Nuts_____________________  Seeds____________________ Fruits____________________ Dried 

Fruits (prunes/dried apples)____________Vegetables__________________________  Beans/Legumes 

(i.e., chili)____________________ 

How has this intake changed during the past three years? 

Nutritional Supplements (Type, Dose, Times/Week, No Years): 

Vitamin Supplements___________________________________________________________ 

Mineral Supplements___________________________________________________________ 

Vitamin/Mineral Supplements____________________________________________________ 

Other Supplements (e.g., cod liver oil, protein powder)__________________________________ 

 

DAILY INTAKE (Typical weekday) 

Time Food/Description        Serving Size Food Code 

Sodium Intake (amount of salt used (tsp)/day): in cooking_________ at the table__________ Estimate 

of Na+ Intake/Day:  Salt Shaker_____________ High Na+ foods:_________________ 

Beverages Consumed (servings per day): 

Coffee:  reg__________  decaf___________  Cocoa:_________  Tea:  reg______  decaf______ 

Soda:  reg (+caf)_________  diet(+caf)_________  reg (caf free)________  diet (caf free)______ 

Milk (oz/day):  reg (3.5%)__________  low fat (2%)___________  skim(1% or1%)__________ 

During what period(s) of life have you been a milk drinker?  As a(n): 

___1.  Child ____2.  Teenager ____3.  Young adult (20-29) ____4.  Adult (30 39) 

___5.  mid-life adult (40-59)   ____6.  Older adult (60+)      ____7.  Never 

If you excluded milk during any part of your life, was (is) this due to digestive problems? 
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(Explain):_______________________________________________________________   

Milk consumed/day:  child_____  teenager_____  young adult (20-29)_____  adult (30-39)_____ mid-

life adult (40-59)_____  older adult (60+)_____Juice (type):  _____________  Calcium fortified Juice:  

_______________  Other:___________ 

Alcoholic Beverages:_________  If yes, please specify: 

Type Times/week or Mo Serving Size No Servings Total/Week or Mo 

Beer: Reg 
 Lite 
 Dark 
 
Wine: White 
 Red 
 Rose 
 (Blush) 
 
Mixed Drink (specify): 
Other (specify):   
 

 

How did your food or beverage intake differ from the above during your younger years (teenager 

and young adulthood)? 
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APPENDIX D 

 

FOOD FREQUENCY QUESTIONNAIRE 

 

Subject Number_________        Date_________ 
 

Vitamin and Mineral Supplement 
 

1.  Do you take any vitamin or mineral supplement(s)? Yes ___No _____ 

2.  If Yes, please, list all names of vitamin or mineral supplements, and how often do you take the 

supplement(s)? 

Name ______________________  How often ____ per day Or ____ per week 
Name ______________________  How often ____ per day Or ____ per week 
Name ______________________  How often ____ per day Or ____ per week 
Name ______________________  How often ____ per day Or ____ per week 
Name ______________________  How often ____ per day Or ____ per week 
 

 

 

Seven Day Food Frequency Questionnaire 

 
This questionnaire asks you about your consumption of foods and beverages over the past week, 

which includes the time from exactly one week ago until the last meal you had before you fill out 

this questionnaire.  The “How Often” columns are for day, week, or rarely/never.  We want you to 
think back over the past week and tell us how many times (per day, if you consume the item every 

day, or per week) you consumed each item.  A medium serving is in parentheses. 

 
 
EXAMPLES: 
Ate ½ grapefruit about twice last week. 

Ate 1 large hamburger four times last week. 

Drank 2 cups of whole milk each day. 

 

 

Type of Food How Often Size 

(Medium Serving) Day Week Rarely/ 

Never 

S M L 

Grapefruit (1/2)  2   X  

Hamburger, regular (1 patty, 3 oz)  4    X 

Whole milk (1 cup, 8 oz) 2    X  
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Type of Food How Often Size 

(Medium Serving) Day Week Rarely/ 

Never 

S M L 

DAIRY FOODS       

Whole milk (1 cup, 8 oz)       

2% milk (1cup, 8 oz)       

Skim milk (1 cup, 8 oz)       

Cream, whipped (1 Tbsp)       

Sour cream (1 Tbsp)       

Coffee cream (1 Tbsp)       

Ice cream (½ cup)       

Low fat ice cream (½ cup)       

Frozen yogurt (½ cup)       

Yogurt (1 cup)       

Low fat yogurt (1 cup)       

Cottage cheese (½ cup)       

Cream cheese (1 oz)       

Low fat cream cheese (1 oz)       

Other cheese (1 slice or 1 oz)       

Low fat cheese (1 slice or 1 oz)       

Margarine (1 tsp)       

Butter (1 tsp)       

Reduced fat margarine (1 tsp)       

       

FRUITS, FRUIT JUICES       

Raisins (1 oz or 1 sm box)       

Grapes (20)       

Prunes (½ cup)       

Bananas       

Cantaloupe (¼ melon)       

Watermelon (1 slice)       

Apples, applesauce or pears 
(1 fresh, ½ cup) 

      

Dried Apples (1 oz)       

Apple juice (½ cup)       

Oranges       

Orange juice (½ cup)       

Grapefruit (½ cup)       

Grapefruit juice (½ cup)       

Other fruit juices (½ cup)       

Strawberries—fresh, frozen, or canned 
(½ cup) 

      

Blueberries—fresh, frozen, or canned 
(½ cup) 
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Type of Food How Often Size 

(Medium Serving) Day Week Rarely/ 

Never 

S M L 

Peaches (1 fresh, ½ cup canned)       

Apricots (1 fresh, ½ cup canned)       

Plums (1 fresh, ½ cup canned)       

Honeydew melon (¼ melon)       

       

VEGETABLES, 

VEGETABLE JUICE 

      

Tomatoes (1)       

Tomato juice (½ cup)       

Tomato sauce (½ cup)       

Spaghetti sauce (½ cup)       

Red chili sauce, taco sauce, or salsa 
(1 Tbsp) 

      

Tofu or soybeans (3-4 oz)       

String beans, green beans (½ cup)       

Broccoli (½ cup)       

Cabbage (½ cup)       

Cole slaw (½ cup)       

Cauliflower (½ cup)       

Brussels sprouts (½ cup)       

Carrots, raw (½ carrot or 2-4 sticks)       

Carrots, cooked (½ cup)       

Corn (1 ear or ½ cup frozen or canned)       

Peas (½ cup fresh, frozen or canned)       

Lima beans (½ cup frozen, or canned)       

Mixed vegetables (½ cup)       

Beans or lentils, baked or dried (½ cup)       

Summer or yellow squash (½cup)       

Winter squash (½ cup)       

Zucchini (½ cup)       

Yam or sweet potato (½ cup)       

Spinach, (cooked ½ cup, raw 1 cup)       

Iceberg lettuce, romaine or leaf (1 cup)       

Celery (4” stick)       

Beets (½ cup)       

Alfalfa sprouts (½ cup)       

Kale, mustard, or chard greens (½ cup)       

Vegetable, vegetable beef, minestrone 
or tomato soup (1 cup) 
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Type of Food How Often Size 

(Medium Serving) Day Week Rarely/ 

Never 

S M L 

EGGS, MEAT, ETC.       

Eggs (2)       

Chicken or turkey, roasted or broiled 
with skin (3-4 oz) 

      

Chicken or turkey, roasted or broiled 
skinless (3-4 oz) 

      

Chicken, fried with skin (3-4 oz)       

Bacon (2 slices)       

Hot dogs (2)       

Low fat hot dogs (2)       

Sausage (2 patties or 2 links)       

Bologna (1 slice)       

Other processed luncheon meat (1 slice)       

Liver, chicken or beef (3-4 oz)       

Hamburger, regular (1 patty, 3-4 oz)       

Hamburger, lean (1 patty, 3-4 oz)       

Meat loaf (3-4 oz)       

Pork, chops, roasts (3-4 oz)       

Lamb (3-4 oz)       

Beef, roast, steak (3-4 oz)       

Beef stew with vegetables (1 cup)       

Ham (3-4 oz)       

Tuna fish (3-4 oz)       

Tuna salad (½ cup)       

Fish, baked or broiled (3-4 oz)       

Fish, fried or fish sandwich (3-4 oz)       

Shrimp, Lobster, Scallops       

Pizza (2 slices)       

Mixed dishes with cheese (1 cup)       

Lasagna or meat pasta dishes (1 cup)       

 
 

Type of Food How Often Size 

(Medium Serving) Day Week Rarely/ 

Never 

S M L 

BREADS, CEREALS, STARCHES       

Cold breakfast cereal (1 cup)       

Cold breakfast cereal—fortified (1 cup)       

Cooked oatmeal (1 cup)       

Other cooked breakfast cereal (1 cup)       

White bread (1 slice)       
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Pita bread (1 piece)       

Dark bread (1 slice)       

English muffin (1)       

Bagel (1)       

Dinner roll (1)       

Hamburger or hotdog bun (1)       

Muffin (1)       

Biscuit (1)       

Corn bread, corn muffin (1)       

Brown rice (1cup)       

White rice (1cup)       

Spaghetti noodles (1 cup)       

Macaroni noodles (1 cup)       

Other pasta noodles (1 cup)       

Bulgar, kasha, couscous (1 cup)       

Pancakes or waffles (2)       

Potatoes,  rench fries or fried (½ cup)       

Potatoes, baked or boiled (1)       

Mashed potatoes (1 cup)       

Potato chips or corn chips 
(small bag or 1 oz) 

      

Saltine crackers (5)       

Saltine crackers, low sodium (5)       

Saltine crackers, fat free (5)       

Other crackers (5)       

Other crackers, low fat (5)       

 

Type of Food How Often Size 

(Medium Serving) Day Week Rarely/ 

Never 

S M L 

BEVERAGES       

Regular soft drink (1)       

Diet soft drink (1)       

Caffeine free soft drink (1)       

Caffeine free, Diet soft drink (1)       

Lemonade or other non-carbonated drink 
(1 glass, bottle, or can) 

      

Water (1 cup)       

Coffee (1 cup)       

Decaffeinated coffee (1 cup)       

Tea (1 cup)       

Herbal tea (1 cup)       

Beer (1 glass, bottle, or can)       

Red wine (4 oz glass)       
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White wine (4 oz glass)       

Whiskey, gin, or other liquor 
(1 drink or shot) 

      

       

SWEETS, BAKED GOODS, MISC.       

Chocolate (1 small bar or 1 oz)       

Candy bar (1 small bar)       

Candy without chocolate (1 oz)       

Cookies, home baked (2)       

Cookies, readymade (2)       

Brownies (2)       

Doughnuts (2)        

Cake, home baked (1 slice)       

Cake, readymade (1 slice)       

Sweet roll, coffee cake, or other pastry 
readymade (1 serving) 

      

Sweet roll, coffee cake, or other pastry 
home baked (1 serving) 

      

Pie, homemade (1 slice)       

Pie, readymade (1 slice)       

Jam, jelly, preserves, syrup, or Honey (1 
Tbsp) 

      

Peanut butter (1 Tbsp)       

Popcorn (1 cup)       

Popcorn, air popped (1 cup)       
 

Type of Food How Often Size 

(Medium Serving) Day Week Rarely/ 

Never 

S M L 

Nuts (small packet or 1 oz)       

Bran, added to food (1 Tbsp)       

Wheat germ (1 Tbsp)       

Chowder or cream soup (1 cup)       

Oil and vinegar dressing (1 Tbsp)       

Mayonnaise or other creamy salad dressing, 
Regular (1 Tbsp) 

      

Mayonnaise or other creamy salad dressing, 
Low Fat or Reduced Calorie, Lite (1 Tbsp) 

      

Mayonnaise or other creamy salad dressing, 
Fat Free (1 Tbsp) 

      

Mustard, dry or prepared (1 tsp)       

Salt (1 shake)       

Pepper (1 shake)       
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Can you think of any other food or drink that you had in the past week that was not on this form? If so, 
what was it? What was the amount? How many times did you have it this past week? 
 

 

Food_________________________________________________________________________ 

  

Amount_________________, How often per day_____________, per week__________   

 

Food_________________________________________________________________________ 

 

Amount_________________, How often per day_____________, per week__________  

 

  

Food_________________________________________________________________________ 

 

Amount_________________, How often per day_____________, per week__________  

 

Food_________________________________________________________________________ 

  

Amount_________________, How often per day_____________, per week__________ 
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APPENDIX E 

 

PHYSICAL ACTIVITY QUESTIONNAIRE 

 

Subject ID: _________________    Interviewer: ________________ 
Date: ______________________ 
 

Physical Activity Recall Items 
 
First we would like to know about your physical activity during the past 7 days. But first, let me ask you 
about your sleep habits. 
 
1. On the average, how many hours did you sleep each night during the last five weekday nights 

(Sunday-Thursday)?  ______hours 
 
3. On the average, how many hours did you sleep each night last Friday and Saturday nights?  

_____hours 
 
Now I am going to ask you about your physical activity during the past 7 days, that is, the last 5 

weekdays and last weekend, Saturday and Sunday. 
 
We are not going to talk about light activities such as slow walking, light housework, or non-strenuous 

sports such as bowling, archery, or softball. 
 
Please look at this list which shows some examples of what we consider moderate, hard, and very hard 

activities.  (interviewer:  hand subject the following card and allow time for the subject to read it 
over.) 

 
People engage in many other types of activities, and if you are not sure where one of your activities fits, 

please ask me about it. 
 
3. First, let’s consider moderate activities.  What activities did you do and how many total hours did 

you spend during the last 5 weekdays doing these moderate activities or others like them? 
 

Please tell me to the nearest half-hour.  _____hours 
 
4. Last Saturday and Sunday, how many hours did you spend on moderate activities and what did you 

do? 
 
(Probe:  Can you think of any other sports, job, or household activities that would fit into this 
category?) 
_____hours 
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5. Now, let’s look at hard activities.  What activities did you do and how many total hours did you 
spend during the last 5 weekdays doing these hard activities or others like them?   
 
Please tell me to the nearest half-hour. _____hours 

 
6. Last Saturday and Sunday, how many hours did you spend on hard activities and what did you do? 

(Probe:  Can you think of any other sports, job, or household activities that would fit into this 
category?) 
________ hours 
 

 
7. Now, let’s look at very hard activities.  What activities did you do and how many total hours did you 

spend during the last 5 weekdays doing these very hard activities or others like them? 
Please tell me to the nearest half-hour.  
 
(Probe:  Can you think of any other sports, job, or household activities that would fit into this 
category?) 
_________ hours 
 

8. Last Saturday and Sunday, how many hours did you spend on very hard activities and what did you 
do? 
 
(Probe:  Can you think of any other sports, job, or household activities that would fit into this 
category?) 
_________ hours 
 

9. Compared with your physical activity over the past 3 months, was last week’s physical activity 
more, or less, or about the same? 
_____ 1.  More 
_____ 2.  Less 
_____ 3.  About the same 
 

Interviewer:  Please list below any activities reported by the subject, which you don’t know how to 
classify.  Flag this record for review and completion. 

 
Activity(brief description) Hours:  workday Hours:  weekend day 
   
______________________ ______________________ ______________________ 
______________________ ______________________ ______________________ 
______________________ ______________________ ______________________ 
______________________ ______________________ ______________________ 
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EXAMPLES OF ACTIVITIES IN EACH CATEGORY 

Moderate activity (3-5 mets) 

Occupational 

Tasks: 

1) Delivering mail or patrolling on foot 
2) House painting 
3) Truck driving (making deliveries, lifting/carrying light objects 

  
Household 

Activities: 

1) Sweeping, mopping, cleaning windows 
2) Mowing the lawn with a power mower 
3) Raking the lawn and yardwork 
4)  Light carpentry 

  
Sports: 

(actual playing 

time) 

1) Table tennis or Ping-Pong 
2) Softball, baseball 
3) Volleyball 
4) Dancing:  folk, square, aerobics (low impact & intensity) 
5) Brisk walking (3 to 4 mile/hr; 15-20 min/mile) 
6) Bicycling on level ground (10-15 mile/hr) 
7) Golfing (walking and pulling/carrying own clubs) 
Calisthenics exercise and weight lifting 

 HARD ACTIVITY (5.1 – 6.9 METS) 

Occupational 

Tasks: 

1) Heavy carpentry 
2) Construction work 

  
Household 

Tasks: 

1) Scrubbing floors 
2) Shoveling snow 
3) Moving (lifting furniture and boxes) 

  
Sports: 

(actual playing 

time) 

1) Racket Sports:  badminton, paddleball, tennis (double) 
2) Basketball 
3) Rowing or canoeing leisurely 
4) Dancing: disco, jazz, aerobics (medium impact & intensity 
5) Power walking (>mile/hr; <15 min/mile) or hiking 
6) Vigorous bicycling (16 – 20 mile/hr 

7) Jogging (5 mile/hr) 
8) Swimming  
9) Roller or ice skating 
10)  Stationary bicycling 

 VERY HARD ACTIVITY (7.0 METS) 

Occupational 

Tasks: 

1) Digging or chopping with heavy tools 
2) Carrying heavy loads, such as bricks or lumber 

  
Sports 
(actual playing 

time) 

1) Racket Sports:  handball, racketball, squash, tennis (singles) 
2) Soccer 
3) Snow skiing (down hill and cross country) 
4) Dancing: aerobics (high impact & intensity) 
5) Jumping rope 
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6) Vigorous bicycling on hills 

7) Jogging or running (8 mile/hr) 
 

 

PHYSICAL ACTIVITY RECALL 

 

1. ______ HOURS week-day sleep 
                Total (sum of #1 and #2) _____ 
5. ______ HOURS week-end sleep 
 
6. ______ HOURS week-day moderate/5 = _______ 
 
 
7. ______ HOURS week-end moderate/2 = _______ 
 
 
8. ______ HOURS week-day hard/5 = ________ 
 
 
9. ______ HOURS week-end hard/2 = ________ 
 
 
10. ______ HOURS week-day very hard/5 = _______ 
 
 
11. ______ HOURS week-end very hard/2 = _______ 
 
 
12. 1 _____ 2 ______ 3 _____ 

 
 
13. Total sleep hours _____ x 1 = ______ 

 
  
2. Average = hours moderate act.______ x 4 = ______ 
 
 
3. Average = hours hard act. _____x 6 = _______ 
4. Average = hours very hard act. ______ x 10 = ______ 
 
 
5. Sum of hours ______ - 24 _____x 1.5 = ________ 
 

14. Sum of 1,2,3,4, & 5     
 

Average 

Average 

Average 
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