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ABSTRACT 
 
 

 
Previous studies from our lab suggest that dried plum may exert positive effects on biomarkers 

of bone turnover in animal studies and a short-term clinical trial. Dried plum is not only a rich 

source of vitamins, minerals and polyphenols, but has been reported as having high antioxidant 

properties that may be responsible in prevention of bone loss. The purpose of this study was to 

examine the effect of three-month dried plum consumption on the biomarkers of bone turnover 

in postmenopausal women. A total of 123 postmenopausal women experiencing mild bone loss 

and who were free of hormone replacement therapy were randomly assigned to consume either 

100 grams of dried plum or a nutritional equivalence of dried apple for three consecutive months. 

Bone-specific alkaline phosphatase (B-SAP), osteocalcin (OC), tartrate-resistant acid 

phosphatase-5b (TRAP5b), and deoxypyridinoline (Dpd) were analyzed at baseline and after 

three months to test the effect of daily consumption of dried plum on bone turnover markers. 

Repeated measures (RM) multiple analysis of variance (ANOVA) followed by RM ANOVA 

were conducted to analyze the results.  Findings of this study indicated no significant differences 

between the dried plum and dried apple groups when the data were analyzed considering 

treatment by time interaction. However, treatment by dried plum increased Dpd, while time 

decreased TRAP5b and increased OC in the dried plum group. The inconsistency between 

markers of resorption, Dpd and TRAP5b, as well as discrepancies between our findings and 

previous studies suggests that blood and serum markers cannot be used to predict the effect of 

dried plum on bone density unless bone mineral density (BMD) is measured as the end point 

variable that would require study duration of at least six months and preferably longer. 
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CHAPTER 1 
 

INTRODUCTION 
 
 
 

Osteoporosis is a silent condition characterized by porous and brittle bones, which are 

more susceptible to fractures (DHHS, 2002; Campbell and Auinger, 2007; Cao, 2007). 

Approximately, ten million Americans suffer from osteoporosis and 80 percent are women 

(Hellekson, 2002; NOF, 2009). Additionally, a minimum of 34 million Americans fall into a 

high risk category due to low bone mass (USDHHS, 2004; NOF, 2009). Reports have indicated 

that in 2001, an estimated 315,000 Americans were hospitalized due to hip fractures (NIAMS, 

2006; NOF, 2009) and studies have shown that one in every two women over the age of 50 will 

experience a fracture due to age-related estrogen deficiency (Schousboe et al., 2006, NIAMS, 

2006; Gallagher, 2007; NOF, 2009). As the aging population increases, it has been estimated that 

by the year 2010, over 52 million Americans will fall into the high fracture risk category (DHHS, 

2002). If this trend continues, by 2020 more than 61 million Americans could suffer from 

osteoporosis (USDHHS, 2004). Furthermore, costs associated with osteoporotic fractures were 

approximately $19 billion in 2005 but experts predict a rise to approximately $25.3 billion by 

2025; a 33 percent increase within 20 years (NOF, 2009). Given these facts, it is evident that 

osteoporosis is a major public health concern in America. 

Osteoporosis risk factors can be non-modifiable such as gender, family history or genetic 

predispositions, or modifiable, e.g. lack of adequate and proper nutrients during growth spurt, 

low body weight, prolong use of certain medications including glucocorticoids, smoking, and 

excessive alcohol consumption. Furthermore, estrogen deficiency whether natural (menopause) 

or surgical (hysterectomy) drastically increases the risk of osteoporosis in women by causing 

rapid bone loss that can continue for a period of 4 to 7 years after menopause (Schousboe et al., 

2006; Borges et al., 2006; Gallagher, 2007). 

Currently, various preventative measures and treatments are available on the market. 

Only a few have been approved by the Food and Drug Administration (FDA). These include 

bisphosphonates, selective estrogen receptor modulators (SERMs), and hormone replacement 

therapy (HRT) consisting of estrogen therapy or a combination of estrogen with progesterone 
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therapy (Scheidt-Nave et al., 2001; NOF, 2009). Despite the positive bone promoting effects that 

these drugs may have, they are not free from side effects such as nausea, dizziness, 

gastrointestinal discomforts, body cramps, or moodiness (NOF, 2009). The use of HRT has been 

associated with cardiovascular disease and breast cancer, while Fosamax, a bisphosphonate, has 

been associated with osteonecrosis of the jaw (Riggs and Hartmann, 2003; Archer, 2007; Ma, 

2008; NOF, 2009). The willingness of eligible women to be placed on pharmacological 

treatments is less than 20 percent due to the risk of certain cancers. 

Due to such side effects and diseases associated with current treatments, an alternative 

therapy promoting the incorporation of functional foods into the diet could be a desirable option 

for both the prevention and treatment of osteoporosis. Previous studies indicate dried plum, also 

known as prune, to be a rich source of phenolic compounds and antioxidant properties that 

promote bone health (Arjmandi, 2001; Arjmandi et al., 2002; Deyhim et al., 2005). Investigating 

the effects of dried plum on bone in postmenopausal women can provide an alternative approach 

towards improving bone health and potential prevention of osteoporosis.  

Bone turnover biomarkers are effective measures for short-term treatment monitoring. 

Bone formation can be assessed through measurements of bone-specific alkaline phosphatase (B-

SAP) and osteocalcin (OC) which are measured in blood serum. Biomarkers such as tartrate-

resistant acid phosphatase 5b (TRAP5b), a serum marker, and deoxypyridinoline (Dpd), a 

urinary marker, can be measured to assess bone resorption. These biomarkers are sensitive to 

changes in turnover and can be used to monitor short-term interventions.  

The central hypothesis of this study is that the daily consumption of dried plum, for three 

consecutive months, will favorably modulate the biochemical markers of bone turnover in 

postmenopausal women with a mild degree of bone loss. The rationale for conducting this study 

was to confirm our earlier findings in a powered study. The specific aims for testing this 

hypothesis are as follows: 

Specific Aim 1: To determine the bone forming abilities of dried plum by measuring 

markers of bone formation including serum B-SAP and OC. 

Specific Aim 2: To examine the bone antiresorptive properties of dried plum by 

measuring markers of bone resorption including serum TRAP5b and urinary Dpd. 
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CHAPTER 2 
 

REVIEW OF LITERATURE 
 
 
 

PREVALENCE AND INCIDENCES OF FEMALE OSTEOPOROSIS 

Osteoporosis is a public health threat in the United States and currently more than ten 

million Americans suffer from osteoporosis in which eight out of these ten million individuals 

are women (Hellekson, 2002; NOF, 2009). According to the Center for Disease Control (CDC) 

the direct cost of osteoporosis care expenditure was estimated at $18 billion in 2002 (DHHS, 

2002). Both the financial cost and the drastic increase in the number of individuals affected, such 

as the 315,000 hospitalized in 2001 and the projected 61 million Americans that will suffer from 

osteoporosis by 2020, it is evident that this problem is growing and becoming a severe condition. 

In 2001, 315,000 Americans were hospitalized due to hip fractures (NIAMS, 2006). Death-

related fractures in 2004 were estimated at 1,697 according to CDC. As the aging population 

increases, it is estimated that by 2010, over 52 million Americans will fall into the high fracture 

risk category (DHHS, 2002). Furthermore, if this trend continues by 2020 it is projected that 

more than 61 million Americans could suffer from osteoporosis (USDHHS, 2004).  

Osteoporosis is more common in non-Hispanic white women; nonetheless, minority 

groups are also affected (Looker et al., 1997). As reported from the third National Health and 

Nutrition Examination Survey 1988-1994 (NHANES III), the overall prevalence of osteoporosis 

in women age 50 and over was approximately 16% (DHHS, 2002), with a 13-17% prevalence in 

non-Hispanic white, 7-8% in Mexican American, and 4-6% in non-Hispanic black women 

(Looker et al., 1997). According to more recent data provided by the National Osteoporosis 

Foundation (NOF), the prevalence of female osteoporosis is reported as 20% in non-Hispanic 

white, 20% in Asian, 10% in Hispanic, and 5% in non-Hispanic black women over 50 years of 

age (NOF, 2009). Kanis and colleagues (2000) evaluated NHANES III to report the prevalence 

of osteoporosis in women at age 50 to be approximately 5.4% compared to prevalence of women 

between 20-29 years old. As age increases every 10 years to 60, 70, and 80 years, the prevalence 

of osteoporosis also increases to 12.3%, 24.5%, and 43.3%, respectively (Kanis et al., 2000).  
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The NHANES III also evaluated osteopenia, low bone mass, prevalence in women over 

50 years of age and reported 40% to fall into this category (DHHS, 2002). From this 40% 

demographic, the prevalence of osteopenia was estimated as 42% in non-Hispanic whites, 37% 

in Mexican Americans, and 28% in non-Hispanic blacks (DHHS, 2002). Similarly, Looker and 

colleagues (1997) reported osteopenia prevalence from NHANES III data estimating 40% in 

non-Hispanic whites, 33% in Mexican Americans, and 25% in non-Hispanic blacks. The NOF 

has reported the prevalence of osteopenia as 52% in non-Hispanic white, 52% in Asian, 49% in 

Hispanic, and 35% in non-Hispanic black women over 50 years of age (NOF, 2009). Kanis and 

colleagues (2000) evaluated NHANES III to report the prevalence of osteopenia in women 50 

years of age to be approximately 40.9%. As the age of the women increased to 60, 70, and 80 

years old, the prevalence of osteopenia also increases to 61.5%, 80.1% and 92.8%, respectively 

(Kanis et al., 2000). Based on these reports it is evident that osteoporosis and osteopenia are a 

major public threat that need to be address in America.  

 

RISK FACTORS FOR FEMALE OSTEOPOROSIS 

Risk factors of osteoporosis can be divided into two categories, non-modifiable and 

modifiable. Non-modifiable risk factors include gender, age, genetic predispositions such as 

ethnicity and family history, and history of fracture (Bryant et al., 2003, Runyan et al., 2003, 

NIAMS, 2006). Modifiable risk factors include nutrition, extremely low or high body weight, 

physical inactivity, certain medications, smoking, and excessive alcohol consumption (Hansen, 

1994, Wallace and Ballard, 2002, Asomaning et al., 2006, NIAMS, 2006).  

Being female drastically increases the risk of osteoporosis. Of the ten million Americans 

who have osteoporosis, eight million are women. In addition, the age related decrease in 

hormone production related to menopause leads to an increased risk of osteoporosis (Gallagher, 

2007; Schousboe et al., 2006). With the average age of menopause occurring around 50 years of 

age, a 5.4% prevalence of osteoporosis is associated that increases to approximately 24.5% at 70 

years of age (Kanis et al., 2000). Additionally, aging increases the risk of developing 

osteoporosis (Center et al., 2007) when peak bone mass is lower than optimal between 20-30 

years of age (Kanis et al., 2000).  

There are two types of genetic predispositions effecting osteoporosis development: 

ethnicity and family history. Non-Hispanic white women are at a higher risk with an 
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osteoporosis prevalence of 17% compared to other ethnicities such as non-Hispanic black 

women with a prevalence of 8% for osteoporosis (DHHS, 2002). Bryant and colleagues found 

black adolescent females to have a greater rate of bone formation compared to white adolescent 

females (Bryant et al., 2003). Family history of osteoporosis is a predisposing factor that can 

affect bone health in later years as well as in younger years. Loud and colleagues (2007) 

investigated the relationship between family history of osteoporosis, osteopenia, and fracture 

incidence in a group of 168 athletic females between the ages of 13-22 suffering from stress 

fracture. The investigators concluded that family history of either osteoporosis or osteopenia was 

independently associated with stress fractures experienced. Runyan and colleagues reported that 

heredity affected BMD and was significantly correlated between generations of daughters, 

mothers, and grandmothers, while body size and lifestyle factors were only partly influential 

(Runyan et al., 2003). Based on the studies ethnicity and family history are genetic 

predisposition risk factors for osteoporosis that are not modifiable. 

The recurrence of fractures increases the risk of osteoporosis (NIAMS, 2006). In a 

longitudinal study in Australia, Center and colleagues looked at initial and recurring fractures in 

a group of 2,245 women between the ages of 60-69, for a period of 16 years (Center et al., 2007). 

Of this group, 905 had experienced an initial low-trauma fracture defined as a fall from less than 

a standing height. From this cohort of women, 253 experienced a subsequent fracture throughout 

the duration of the study. Results indicated that after menopause women who experience a 

fracture had an increased risk of approximately 40-60% of another fracture during the following 

10 years (Center et al., 2007). 

Nutrition intake and food choices are significant modifiable factors for bone health. 

Calcium intake is associated with increasing bone density during adolescences (Wallace and 

Ballard, 2002). The consumption of calcium-rich foods during childhood and teenage years was 

positively related to higher BMD in young women between the ages of 19-25. Additionally, the 

consumption of calcium-rich food and/or supplemental calcium throughout the teenage years 

affects BMD in adulthood (Wallace and Ballard, 2002). Calcium consumption and 

supplementation can assist in the maintenance of BMD in elderly adults (Devine et al., 2004). 

Minerals such as potassium and magnesium assist in the maintenance of BMD in elderly adults. 

Diets rich in fruits and vegetables have been associated with higher BMD (Tucker et al., 1999; 

Tucker et al., 2002).  
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The consumption of functional foods are linked to higher BMD due to increased intake of 

phenolic compounds that have antioxidant properties (Arjmandi, 2001; Arjmandi et al., 2001; 

Arjmandi et al., 2002; Muhlbauer et al., 2003). These phenolic components in food do not have 

nutritional value. For example, the soybean has estrogen-like biological activity that could 

prevent menopausal bone loss (Arjmandi, 2001; Arjmandi et al., 2003). A cross-sectional study 

of postmenopausal Japanese women found high soy diets to be associated with significantly 

higher BMD (Nagata et al., 2002). In contrast, Arjmandi and colleagues (2005) found one-year 

soy consumption to have no significant increase in either BMD or bone mineral content (BMC) 

in postmenopausal women. However, the study did report bone formation markers of B-SAP and 

OC and growth factor insulin-like growth factor-I (IGF-I) to increase significantly (Arjmandi et 

al., 2005). Therefore, long-term dietary factors could have beneficial effects on bone health. 

Body weight and body mass index (BMI) can affect bone health status. Asomaning and 

colleagues (2006) found that women between 50-84 years of age with low BMI, <19 kg/m², had 

an increased risk of osteoporosis compared to women with normal BMI ranging between 19-25 

kg/m². Additionally, for every one-unit increase in BMI a 12% decrease in osteoporosis risk 

factor is observed, indicating an inverse relationship between BMI and osteoporosis risk 

(Asomaning et al., 2006). However, extreme obesity is associated with a decrease in BMD in 

both mice models and postmenopausal women (Núňez et al., 2007). Very obese ovariectomized 

(OVX) mice, determined by a diet providing 5.2 kcal/g body weight, had significantly lower 

BMD than overweight, diet providing 3.8 kcal/ g body weight, and obese, diet providing 4.7 

kcal/g body weight, OVX mice. Similarly, extremely obese postmenopausal women, defined by 

a BMI ≥ 40 kg/m² and adipose tissue greater than 55%, had significantly lower whole body 

BMD compared to women with BMI < 40 kg/m² and adipose tissue less than 54% (Núňez et al., 

2007). The study lacked to mention evidence of physical activity and its relationship to obesity 

as well as osteoporosis. Based on these findings it is evident that increased BMI can be 

associated with higher BMD. However, adipose tissue over 55% can contribute to a lower BMD, 

which is linked to an increase risk of osteoporosis in postmenopausal women. 

Fat tissue mass and lean tissue or muscle mass can independently affect BMD. Rein and 

colleagues (1992) investigated the relationship of both fat tissue mass and lean tissue mass with 

BMD in 68 premenopausal women between the ages of 25-41. They found that body weight, fat 

tissue mass and lean tissue mass were all closely related to BMD, however, lean tissue mass was 
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only related to higher BMD when fat tissue was not included in the total tissue mass (Rein et al., 

1992). Another study by Wang and colleagues (2005) found that lean tissue mass had a 

significant higher contribution to BMD than fat tissue mass in a population of 921 ethnically 

diverse women between 20-25 years of age. Similarly, a study of postmenopausal women found 

lean tissue mass to be a significant predictor of BMD compared to fat tissue mass (Chen et al., 

1997). However, when the same population of women was scanned one year later, it was found 

that changes in regional BMD were more closely correlated to changes in fat tissue mass 

compared to lean tissue mass. The results of these studies suggest BMD to be closely correlated 

to lean tissue mass.  

Physical activity is another modifiable lifestyle factor that can influence the occurrence of 

osteoporosis. Living an active lifestyle with a minimum of one hour of walking per day 

compared to a sedentary lifestyle has been found to increase BMD 3-7% (Hansen, 1994). In 

adolescent females, hip BMD as well as bone strength has been found to increase with physical 

activity including fitness and exercise in comparison to other modifiable factors such as calcium 

consumption (Lloyd et al., 2002). Devin and colleagues (2004) found women between 75-80 

years of age who were physically active to have a significantly greater BMD at the hip than 

women of the same age who were not physically active. Based on this study the authors suggest 

brisk walking or weight-bearing exercise for approximately four or more hours a week will 

increase the BMD of the hip by 3-5%, in turn reducing the risk of hip fractures by 10-17% 

(Devine et al., 2004). 

Corticosteroids, chemotherapy, and anticonvulsants are three medications, among many, 

that have been recognized to increase bone loss. Long-term steroid use in patients who undergo 

vertebroplasty for the treatment of an initial fracture increases the risk of future fractures by 69% 

compared to non-steroid users (Hiwatashi and Westesson, 2007). Diem and colleagues (2007) 

reported that antidepressant medications, categorized as selective serotonin reuptake inhibitors 

(SSRI), are associated with bone loss in postmenopausal women. After one year of SSRI use, 

approximately 0.82% total hip loss was reported compared to the 0.47% total hip loss in non-

antidepressant users (Diem et al., 2007). Tricyclic antidepressants (TCA) showed no significant 

effect in total hip loss between TCA users and non-antidepressant users (Diem et al., 2007). 

Based on these studies it is evident that many medications can have undesirable effects on bone 
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health. As the aging population continues to increase, research on medications will contribute to 

provide a better understanding of the effects on bone health. 

Smoking is a modifiable lifestyle factor that not only affects pulmonary health but also 

can be a risk factor for development of osteoporosis (NAMS, 2006). Rapuri and colleagues 

(2000) reported a decrease of 13% calcium absorption and 12% 25-hydroxyvitamin D in 

smoking postmenopausal women. Total femur, lumbar spine and whole body BMD were 

reported to be slightly lower in smokers than in nonsmokers. As the number of daily cigarettes 

smoked increased, total hip BMD values decreased. Heavy smokers who smoke more than one 

pack per day have a 6% lower BMD than non-smokers (Oncken et al., 2006). Biomarkers of 

bone resorption N-telopeptide were higher with heavy smokers than nonsmokers. This evidence 

suggests that the cessation of smoking could prevent as well as manage osteoporosis (Rapuri et 

al., 2000; NAMS, 2006; Oncken et al., 2006). 

The effect of excessive alcohol consumption on BMD is equivocal. A longitudinal study 

of Danish women, 20-93 years old with mean age of 50, reported that drinking less than six 

servings of alcohol per week resulted in the lowest risk of hip fractures when compared to seven 

or more servings of alcohol per week (Hoidrup et al., 1999). In this study, alcohol consumption 

of 14-27 servings per week was significantly correlated with increased hip fracture incidents. 

However, consumption of greater than 28 weekly standardized servings did not increase risk of 

hip fractures further (Hoidrup et al., 1999). On the other hand, study of Swedish women found an 

inverse relationship between alcohol consumption and hip fracture risk as well as the lack of a 

relationship or trend between the amount of alcohol consumption and the incidence of fracture 

(Baron et al., 2001). Although no significance between BMI and BMD was reported in the 

Swedish population, it was found that taller women had a decreased risk of fracture incidence as 

the number of weekly drinks increased. Red wine consumption in both studies was associated 

with a lower risk of fracture perhaps due two the increased intake of phenolic compounds 

(Hoidrup et al., 1999, Baron et al., 2001). The Swedish study reported higher beer consumption 

amongst women in the lower fracture groups (Baron et al., 2001) while the Danish study 

reported an increased fracture risk as all alcohol consumption increased (Hoidrup et al., 1999). 

Even though these two studies provided contradictory findings it is suggested that alcohol 

consumption greater than 14 servings per week increase the risk of fracture incidence. 
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Postmenopausal women who consume alcohol can modify their intake to one daily serving as 

recommended by the Dietary Guidelines for Americans 2005 to limit their risk of fractures.  

 

PHARMACOLOGICAL TREATMENT OPTIONS FOR OSTEOPOROSIS 

Medications are currently available for the prevention and treatment of osteoporosis. 

Pharmacological treatments approved by the FDA include bisphosphonates, HRT, SERMs, and 

teriparatide. Combination therapies of the various medications lead to increased bone formation 

while inhibiting bone resorption (Cosman et al., 2009). It should be noted that the majority of 

these medications require adequate blood calcium and Vitamin D levels in order to prevent bone 

resorption, or in the case of teriparatide to increase bone formation (Kennel and Drake, 2009; 

Gallagher et al., 2001). Despite the positive effects that these drugs may have, they are not free 

from side effects or detrimental diseases (NOF, 2009; Archer, 2007).  

Medications such as alendronate, ibandronate, and risedronate, known by their common 

names as Fosamax, Boniva, and Actonel, are classified as bisphosphonates. As osteoporotic 

prevention medications, bisphosphonates prevent bone loss by inhibiting the activity of 

osteoclast and inducing apoptosis resulting in a reduction in bone resorption (Anastasilakis et al., 

2008). Bisphosphonates have an affinity for the hydroxyapatite environment of the bone and will 

become incorporate in high concentrations in the active sites of bone resorption, decreasing 

osteoclast activity (Kennel and Drake, 2009). The reduction in biochemical markers of bone 

resorption are observed within three months of bisphosphonate treatment. Interestingly, 

bisphosphonates are most effective at preventing fracture risk with long-term usage and in 

conjunction with calcium and Vitamin D supplements (Kennel and Drake, 2009). Other than the 

risk factors, such as osteonecrosis of the jaw related to Fosamax usage, the optimal dose and 

duration of treatment is questionable due to a lack of evidence comparing dose dependent effects 

to placebo in controlled clinical trials longer than 10 years (Kennel and Drake, 2009).  

Estrogen is a key factor in maintaining a balance between bone resorption and formation. 

As interleukin-1, a promoter of bone resorption, increases with the onset of menopause, estrogen 

is able to inhibit the effects of interleukin-1. Growth factors such as tumor growth factor-β, TGF-

β, are stimulated by estrogen to promote osteoblastogenesis while inhibiting excessive formation 

of osteoclasts through the action of osteoprotogerin, OPG, on receptor activator nuclear factor  

β ligand, RANKL, (Weitzmann et al., 2006). The drastic decline in estrogen production 
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experienced with postmenopause causes an imbalance in bone metabolism that leads to an 

increase in bone resorption and decrease in bone formation resulting in decreased BMD 

(Weitzmann et al., 2006). Use of estrogen or HRT can reduce the risk of osteoporosis 

experienced by postmenopausal women. Gallagher and colleagues (2001) found estrogen and 

HRT to significantly increase BMD of the femoral neck and spine in these patients by 2.98% and 

4.36%, respectively. The addition of active vitamin D to HRT treatment increased BMD of the 

femoral neck and spine in senile osteoporotic patients by 3.80% and 4.91%, respectively 

(Gallagher et al., 2001). Combination therapy of estrogen and Vitamin D assist with calcium 

absorption that can be beneficial to osteoporosis prevention as well as treatment. Transdermal 

estrogen has been found as a potential prevention therapy for postmenopausal osteoporosis by 

increasing circulating estradiol concentrations (Valimäki et al, 2003). Valimäki and colleagues 

(2003) reported that 1.5 mg of daily transdermal estrogen therapy increased BMD of the femoral 

neck in non-smokers by 2.2% more effectively than 1.0 mg orally administered estrogen after 

two years of treatment. Side effects of estrogen and HRT include breast cancer, uterine bleeding, 

endometrial cancer, and venous thrombosis (Riggs and Hartmann, 2003). Even though HRT 

protects against fractures, decreases hot flashes, and may result in favorable lipid profiles, it 

increases the risk for cancer. This then raises the question of whether treatment benefits out 

weigh the costs. Reduction of fractures using HRT have been found to improve quality of life, 

which in itself, is believed to out weigh medication cost (Schousboe et al., 2006). However, the 

development of cancer while trying to improve quality of life by preventing the risk of fracture 

would not be considered a reasonable alternative.  

Selective estrogen receptor modulators, as the name suggests, are chemical agents that 

bind to estrogen receptors and act as agonists or antagonists in selective tissues (Riggs and 

Hartmann, 2003). Tamoxifen and raloxifene, also known as Evista, are both estrogen receptor 

antagonists in mammary cells. Tamoxifen is an estrogen antagonist in the endometrium while 

raloxifene has no such effect in endometrial cells (Riggs and Hartmann, 2003). Raloxifene does, 

however, have an estrogen agonist effect in bone (Riggs and Melton, 2002). The Multiple 

Outcome of Raloxifene Evaluation (MORE) trial placed 7705 postmenopausal osteoporotic 

women on raloxifene doses of 60 mg, 120 mg, or placebo daily and reported that BMD 

percentage change after three years of treatment to be a poor predictor of fracture risk (Sarkar et 

al., 2002). Raloxifene increased lumbar spine and femoral neck by 2.7% and 2.2%, respectively, 
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while risk of vertebral fracture decreased by 40% (Sarkar et al., 2002). The MORE trial did not 

find a reduction in the risk of hip and non-vertebral fractures (Riggs and Melton, 2002). 

Nevertheless, SERMs are not completely free from side effects such as venous thrombosis and 

have not been found to alleviate women from hot flashes, although tamoxifen is used as a 

medication for breast cancer prevention (Riggs and Hartmann, 2003). 

Teriparatide, Forteo, is the first anabolic pharmacological treatment for postmenopausal 

osteoporosis. Naturally, the parathyroid glands produce parathyroid hormone that regulates 

circulatory calcium levels by increasing absorption from the diet, resorption in the kidneys, and 

storage in the bone (Pleiner-Duxeuner et al., 2009). Teriparatide is a recombinant human PTH 

that when administered at a dose of 20 g/day subcutaneous has been shown to increase 

trabecular bone (Reeve et al., 1980). A study in orchidectomized, Orx, rats found PTH to prevent 

bone loss as well as restore both BMD and BMC (Bu et al., 2007). Participants who switched 

from either alendronate or raloxifene to teriparatide have increased overall bone turnover while 

combination treatments resulted in a greater BMD increase in postmenopausal osteoporotic 

women (Cosman et al., 2009). Use of Forteo is not recommended for more than two years and 

common side effects reported by the manufacturer include nausea, joint aches, pain, 

hypercalcemia and increased risk of osteosarcoma on rare occasions. 

Medications have been approved for the prevention of bone loss and promotion of BMD 

for osteoporotic patients. However, advert side effects have been associated that to some degree 

may have more detrimental effects on general health than benefits related to bone.  

 

FUNCTIONAL FOODS AND OSTEOPOROSIS 

Functional foods are whole foods, which have health benefits beyond the nutritional 

value of the food. The high consumption of fruits and vegetables, rich sources of vitamins and 

minerals, are associated with higher bone density in adults (Tucker et al., 1999; Tucker et al., 

2002). Other than vitamins and minerals, the phytochemicals present in fruits and vegetables can 

be beneficial to bone health (Arjmandi et al., 2002; Deyhim et al., 2005). Previous reports found 

soy isoflavones to have estrogen-like activity preventing bone loss due to ovarian hormone 

deficiency (Arjmandi, 2001; Arjmandi et al., 2003). Diets rich in supplemental calcium or 

calcium rich foods such as milk, cheese and yogurt have been found to result in higher BMD and 

to reduce of risk of osteoporotic fractures (Wallace and Ballard, 2002; Devine et al., 2004). 
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POTENTIAL BIOACTIVE COMPONENTS OF DRIED PLUM 

Dried plum has been found to be rich in phenolic compounds such as chlorogenic and 

neochlorogenic acid (Fang et al., 2002; Stacewicz-Sapuntzakis et al., 2001; Donovan et al., 

1998). These phenolic components of dried plum constitute approximately 98% of the total 

phenolic composition (Donovan et al., 1998). Variations in the amount of the phenolic 

compounds is dependent upon the type of dried plum such as the pitted and extra large unpitted 

dried plums contain similar amounts (Donovan et al., 1998). Donovan and colleagues (1998) 

found the antioxidant property of dried plums and prune juice to inhibit lipid oxidation in 

humans. Johnston and colleagues (2003) reported the chlorogenic acid to be associated with 

lowering blood glucose levels after a meal. Both chlorogenic and neochlorogenic acids 

antioxidant activity could contribute to the health related benefits of dried plum (Arjmandi, 2001; 

Fang et al., 2002).  

Chlorogenic acid has been reported to inhibit RANKL expression by osteoblasts causing 

an indirect decrease in differentiation of osteoclasts and their activity that results in decreased 

bone resorption (Franklin et al., 2006). Bu and colleagues (2008) found dried plum polyphenols 

to suppress osteoclastic differentiation and bone resorption in vitro. This inhibition of osteoclast 

differentiation as well as the suppression of inflammatory mediators such as nitric oxide and 

tumor necrosis factor-α (TNF-α) occurred, irrespective of the presence of RANKL, which under 

normal, oxidative stress, and inflammatory conditions cause an increase in osteoclastic 

differentiation and activity (Bu et al., 2008). Furthermore, levels of TRAP5B, a marker of bone 

resorption also decreased as the concentration of dried plum polyphenol increased in a dose-

dependent manner (Bu et al., 2008). Based on these findings it can be concluded that dried plum 

polyphenols have antiresorptive properties that are evident in mediating osteoclast differentiation 

and does-dependently decreasing TRAP5B (Bu et al., 2008). 

A comparison of antioxidant property between fresh and dried plum found no significant 

difference between the two forms (Vinson et al., 2005). However, Vinson and colleagues (2005) 

reported that dried plum had the highest antioxidant capacity compared to the other fruits, such 

as cranberries and grapes compared to fresh plums. Dried plum was also shown to have greater 

nutritional value in terms of total fiber, potassium, calcium and iron (Vinson et al., 2005). The 

effects of processing increased the half maximal inhibitory concentration (IC50) for the phenolic 

composition by over 300% in the dried plum compared to the fresh plum (Vinson et al., 2005).  
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It has also been found that dried plums are a very good source of many micronutrients 

essential to health. Compared to fresh plums, dried plums contain higher quantity of both 

vitamins and minerals (Stacewicz-Sapuntzakis et al., 2001). According to the European Food 

Composition Tables, the mineral content of dried plum compared to fresh plum for iron is 6 

times greater, calcium is 3.6 times greater, magnesium is 3.5 times greater, phosphorus is 4.4 

times greater, and potassium is 3.4 times greater, similar to the USDA Food Composition of 100 

grams of the dried plum (Stacewicz-Sapuntzakis et al., 2001). A serving of 100 g of dried plum 

provides 100% of the reference daily intake (RDI) of boron containing 2.2 mg per 100 g with the 

RDI for boron being 2-3 mg a day (Stacewicz-Sapuntzakis et al., 2001). The vitamin content of 

dried plum is also increased in almost all the vitamins except for C and A which are due to the 

effects of dehydration (Stacewicz-Sapuntzakis et al., 2001).  

Vitamins C and E are antioxidants in vivo. Fresh plums contain about 9.5 mg of vitamin 

C while the dried plum only contains 3.3 mg vitamin C per 100 grams (Stacewicz-Sapuntzakis et 

al., 2001). Vinson and colleagues (2005) reported the IC50 antioxidant capacity of dried plum to 

be higher than either vitamin C or E with values of 4.38, 0.68 and 0.42, respectively. These 

results suggest that the action of dried plum in vivo could be attributed to the effect of the 

phenolic compounds and the antioxidative properties that they possess (Vinson et al., 2005). 

 

PREVIOUS STUDIES OF PLUM PREVENTS AND REVERSES BONE LOSS 

Arjmandi and colleagues investigated the effectiveness of dried plum in the prevention of 

bone loss in 90-day-old ovariectomized, OVX, rats (Arjmandi et al., 2001). Forty-eight rats were 

placed into one of four groups: sham-operated, OVX, OVX and a 5% low dried plum dose, or 

OVX and a 25% high dried plum dose. After 45 days of treatment, the rats were euthanized and 

samples collected for analysis. Results found that OVX rats feed diets with 25% dried plum had 

increased levels of insulin-like growth factor-I (IGF-I) which was able to increase bone 

formation and prevent bone loss experienced due to OVX.  

In a dose-depended study of dried plum, Deyhim et al. (2005) investigated the ability of 

dried plum in restoring bone mass in osteopenic ovariectomized rats. The rats were placed into 

one of five treatment groups: sham, OVX control, OVX + 17β-estradiol, OVX + 5% dried plum 

(low dose), OVX + 15% dried plum (medium dose), and OVX + 25% dried plum (high dose) for 

60 days. In all three treatment groups, IGF-I and alkaline phosphatase (ALP) increased, while 
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TRAP5b decreased (Deyhim et al., 2005). A statistically significant increase in BMD was 

reported in the lumbar spine of rats fed the high dose dried plum diet. However, even at a low 

dose, increased BMD was reported in the femur and tibia. Bone density increased from the low 

to the high dose treatment suggesting a dose dependent response to dried plum consumption. The 

authors speculated that the low dose could take longer to return BMD to its original state 

(Deyhim et al., 2005). Nevertheless, the effect of even a low dose of dried plum can be beneficial 

in restoring bone in osteopenic ovariectomized rats and enhance bone strength. Similarly, 

Johnson and colleagues (2008) found that a combined dietary regimen of dried plum, soy, and 

fructooligosaccharides restored ovariectomized induced bone loss in rats. 

The effect of dried plum in the regulation of biomarkers of bone metabolism was 

investigated in a clinical trial with 58 postmenopausal women (Arjmandi et al., 2002). 

Participants were randomly assigned to one of two treatments and asked to consume 100 grams 

of dried plum or a caloric equivalent of placebo everyday for three months. Results indicated a 

significant increase in serum IGF-I in the dried plum treatment group (Arjmandi et al., 2002). 

Even though both groups had an increase in ALP activity, the dried plum group had significantly 

higher serum B-SAP activity that is indicative of increased bone formation (Arjmandi et al., 

2002). The findings of this study suggest further research into the mechanism of dried plum and 

its influences on skeletal health. 

 

PHYSIOLOGY OF BONE REMODELING 

Bone remodeling is an ongoing process where bone is constantly resorbed and reformed 

throughout the lifespan. One reason for remodeling is in response to the mechanical loading of 

the skeleton by removing old bone and replacing it with new bone. Osteoclasts are the bone cells 

responsible for resorption and osteoblasts are responsible for bone formation. As serum calcium 

levels decrease, PTH is released into the blood stream, activating vitamin D and together, 

through the action of osteoblasts, stimulate bone resorption. Remodeling begins as pre-osteoclast 

cells are activated by cytokines released from bone lining cells. Furthermore, osteoblasts respond 

to high levels of PTH by producing interleukin-6 (IL-6) and TGF-β to stimulate osteoclast 

recruitment and activity. The pre-osteoclastic cells move to the surfaces of the bone and 

differentiated into the mature osteoclasts by the action of RANKL binding to the RANK receptor 

located on the surface of immature cells (Lacey et al., 1998). Mature osteoclasts cover the 
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surface area of the bone and create a compartment for resorption. Osteoclasts then transfer 

protons and hydrochloric acid to the surface of the bone to lower the pH, thus creating an acidic 

environment. Enzymes such as TRAP5b are released by the osteoclast to dissolve the bone 

matrix, therefore resulting in small cavities on the surface of the bone (Habermann et al., 2007). 

This process is rapid and can be done within a few days. The break down of the organic matrix 

results in release of Dpd, a small cross-linking peptide of type I collagen, into the circulatory 

system that can be excreted in urine and measured for bone resorption (Ma et al., 2008). 

Estrogen blocks the production of PTH-stimulated IL-6 to reduce osteoclast activation and 

prevent bone resorption. Nevertheless, once the cavity is formed, osteoclast activity is ended 

resulting in apoptosis.  

Reversal is the next phase of remodeling where the cavity is populated by monocytes, 

osteocytes liberated from the resorbed matrix, and recruited pre-osteoblasts. Coupling signals are 

sent out to attract osteoblasts to the sight of the cavity. The formation stage involves the 

secretion of type 1 collagen by the osteoblasts. The collagen forms the fibrous foundation of 

bone and allows calcium and phosphorus salts to precipitate onto the fibers and build the 

hydroxyapatite matrix of bone. The enzyme B-SAP, a non-collagen protein, is produced by 

osteoblasts (Ma et al., 2008; Weisman and Matkovic, 2005). Osteocalcin is one of the bone 

matrix proteins associated with bone formation (Weisman and Matkovic, 2005). The osteoblast 

can integrate into the bone, becoming a part of the matrix which is then referred to as osteocyte. 

The osteocytes maintain close contact with each other and sense the changes in mechanical 

properties of the surrounding bone. This also allows them to transmit information to the surface 

bone cells and regulate bone remodeling. Formation stage can take 3-6 months or longer in the 

elderly. In postmenopausal women, the process of turnover is an uncoupled reaction with more 

bone resorption compared to formation resulting in less dense and more fragile bone that 

becomes susceptible to fractures.  

 

THE USEFULLNESS OF BIOMARKERS IN PREDICTING FRACTURE RISK AND/ OR 

MONITORING TREATMENT EFFECT 

 Biomarkers of bone turnover are used for the efficacy of short-term intervention. Dual x-

ray absorptiometry, DXA, can be used to determine long-term interventions, which causes a 

major limitation in monitoring treatment by BMD quantification (Anastasilakis et al., 2008). 
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Furthermore, it has been suggested that early detection of osteoporosis might be detected by 

measuring bone biomarkers such as OC, B-SAP, TRAP5b, and Dpd (Weisman and Matkovic, 

2005). These biomarkers are the products of osteoblast or osteoclast function that can be 

measured in serum or urinary specimen. Markers of bone turnover represented by osteoblast 

activity include OC and B-SAP, while growth hormone IGF-I is associated with increased 

osteoblast activity. Osteoclast activity can be measured by biomarkers of TRAP5b, Dpd, cross 

linked telopeptides, N-telopeptide, and helical peptide (HP).  

 

BIOLOGICAL MARKERS ASSOCIATED WITH BONE 

 Osteocalcin is a bone matrix protein found within the hydroxyapatite produced by 

osteoblasts that is associated with BMD (Cao et al., 2007). Young 6-week old mice express more 

OC in response to IGF-I than 24-month old mice exposed to the same dose of IGF-I (Cao et al., 

2007). Weisman and colleagues (2005) suggest OC to be monitored for efficacy of osteoporosis 

related treatment since slight changes in this biomarker can be seen within a few weeks of 

treatment. Furthermore, early monitoring of OC can be beneficial to fracture risk determination 

(Weisman and Matkovic, 2005). 

Bone-specific alkaline phosphatase is another specific marker of bone formation that is 

produced by osteoblast cells (Ma, 2008). Low levels of circulating B-SAP are predictive of 

vertebral fracture as well as osteoporotic fractures (Scheidt-Nave et al., 2001). As a predictor of 

bone loss, B-SAP has been shown to account for 5% of hip and 8% of lumber spine bone loss 

respectively (Scheidt-Nave et al., 2001). Similar to OC, B-SAP concentrations can be monitored 

to detect the effects of treatment on bone formation. The activity level of this marker is measured 

by method of immunoassay. 

Insulin-like growth factor-I is an anabolic growth factor associated with various roles in 

the body; one role an increase in bone formation. Studies have found positive correlations 

between IGF-I levels and BMD (Cao et al., 2007; Arjmandi et al., 2002). The IGF-I receptor has 

been found to decrease with age; therefore the anabolic response of IGF-I to the receptor 

becomes weak and requires a higher dose in order to elicit a response (Cao et al., 2007). 

Osteoblast cells in mice were found to decrease from the six-week old mice to the 24-month-old 

mice by 65%. In vivo administration of IGF-I increased osteoblast activity in the six-month adult 

mice 3-fold while the 24-month-old mice increased only 1.9-fold. Similarly, in vitro of the same 
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young, adult, and old mice reported proliferation to increase in all groups with blunted results for 

old age mice (Cao et al., 2007). Apoptosis of osteoblasts were also decreased across the various 

groups with blunted results in the old mice group. The proliferation and apoptosis of osteoblast 

cells are therefore affected by IGF-I; however, the older the age of the mice, the less the response 

elicited (Cao et al., 2007). Serum levels of IFG-I can be measured by either radioimmunoassay 

or by enzyme-linked immunosorbent assay (ELISA).  

Osteoprotegerin is produced due to estrogen favoring bone formation through the action 

of OPG on osteoclast differentiation. The decoy receptor OPG binds to RANKL and prevents 

binding to the RANK receptor located on the surface of osteoclasts. This inhibits osteoclast 

differentiation and bone resorption without affecting osteoblastic cells (Lacey et al., 1998). 

Therefore, OPG decreases the activity of mature osteoclasts and induces osteoclastic apoptosis 

(Samelson et al., 2008). Samelson and colleagues (2008) found a positive association between 

OPG concentrations and BMD in postmenopausal women. This clinical trial also found an 

increase in the geometric thickness of the femoral neck in male participants (Samelson et al., 

2008). Marini and colleagues (2008) found that genistein treatments significantly increased OPG 

production by 3.712 pg/mL in the first year of treatment and 4.762 pg/mL in the second year of 

treatment when compared to baseline values. Total OPG concentrations can be determined by 

ELISA. 

Receptor activator of nuclear factor-  B and RANKL are important factors for 

osteoclastogenesis. Osteoblasts produce RANKL that bind and activate RANK on the surface of 

osteoclasts. This activation induces osteoclast differentiation, producing more osteoclast cells 

and thus increasing bone resorption (Marini et al., 2008). Serum levels of RANKL are measured 

to detect unbound RANKL by method of ELISA. 

Tartrate-resistant acid phosphatase is a nonspecific marker of bone resorption that is 

expressed by both osteoclasts and activated macrophages. Specifically, TRAP5b can be 

measured to determine osteoclast activity directly (Habermann et al., 2007). Increased levels of 

TRAP5b occur during bone resorption. It is a useful indicator of antiresorptive treatment for 

osteoporosis as well as an early detection marker for risk of osteoporosis (Habermann et al., 

2007). The concentration of this TRAP5b can be detected in serum by method of ELISA. 

Cross linked telopeptides of type I collagen are proteins found in both serum and urinary 

specimens that indicate bone resorption due to collagen degradation. Type I collagen is an 
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important component of bone and that attributes to bone elasticity and resistance to fracture. As 

bone is resorbed, cross linked telopeptides of type I collagen such as amino terminal cross linked 

telopeptide, detectable in urine, and carboxy terminal cross linked telopeptide, found in both 

urine and serum, are released. Garnero and Delmas (2003) suggest HP, which are bone 

resorption peptides cleaved at the helicoidal region of type-I collagen, to potentially be better 

determinants of osteoporotic treatments. These peptides can be measured by ELISA method.  

Deoxypyridinoline is another type I collagen degradation product and is a consistent 

marker of bone resorption. Unlike TRAP5b that is a direct product of osteoclast activity, Dpd is 

the byproduct of collagen degradation excreted through urine during bone remodeling (Ma, 

2008; Weisman and Matkovic, 2005). Several fractures including the hip have been linked to 

increased urinary Dpd levels (Weisman and Matkovic, 2005). As a reliable marker of bone 

resorption, urinary Dpd can be measured by ELISA method.  

As the number of Americans who suffer from osteoporosis increase and the willingness 

of eligible women to be placed on medications decreases, there is an increased need to further 

investigate the naturally occurring compounds of whole food. Bioactive components within these 

whole foods also need to be examination for bone protective properties that aide in the 

prevention of bone loss and/or restoration of bone mass. These effects can be investigated 

through biomarkers of bone turnover. 
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CHAPTER 3 
 

MATERIALS AND METHODS 
 
 
 

SUBJECT RECRUITMENT 

Participant recruitment followed the approval of the study protocol by the Institutional 

Review Board (IRB) of The Florida State University. A total of 236 postmenopausal women 

were recruited and screened from the Tallahassee area through radio, newspaper advertisements, 

and brochures. Inclusion criteria for participants included: 1 to 10 years postmenopausal as 

determined by at least 1 year of amenorrhea; not taking any type of hormone replacement 

therapy nor osteoporotic medications for three months prior to the first appointment; mild bone 

loss as characterized by a t-score between -0.05 and -2.5 at the lumbar spine, hip, or non-

dominant forearm. The rationale of using these specific sites is due to the high rates of bone loss 

typical in areas of high trabecular bone content with many metabolically active surfaces. Whole 

body BMD was also evaluated and recorded for demographic statistics. Women were excluded 

who had osteoporosis at any of these sights as determined by a t-score ≥ -2.5. Other exclusion 

criteria included full hysterectomy, cancer, smoking, replaced joints, or women who consumed 

dried plum or dried apple as part of their regular diet. Based on the previous criteria a total of 

123 women qualified and participated in the study. Bone mineral density status was determined 

by DXA (Lunar  iDXA, GE Healthcare, Madison, WI), the gold standard for bone density 

measurement and osteoporosis assessment, at the time of the initial visit. A written and oral 

explanation of the study protocol was provided for each participant after which participant was 

asked to sign the consent form with one copy kept on record and one copy given to the 

participant. 

 

EXPERIMENTAL DESIGN 

 Participants were randomly assigned to one of two dietary treatment groups; n= 60 in the 

apple treatment and n= 63 in the dried plum treatment. After the first visit, random assignment to 

treatment was conducted by a letter drawn from a collection of the two treatment groups where 

participants in group “A” were assigned to dried apple while participants in group “B” were 
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assigned to dried plum. Dietary treatments consisted of 100 grams dried plum or a caloric 

equivalence of 75 grams dried apple. Participants were asked to consume the fruit as part of their 

daily dietary regimen for the duration of three months. Suggestions were provided to participants 

about ways to incorporate the fruit into the diet. To provide protection against rapid bone loss, 

participants were also provided with 500 mg calcium citrate plus 400 IU vitamin D supplements. 

To monitor compliance calendars were given to participants to log when they consumed the fruit 

and how much was consumed of both the fruit and the calcium. Uneaten fruit and supplements 

were asked to be returned to the study site. Monthly shipments of packaged fruit, calcium, and 

calendar were provided. All calendars and questionnaires were to be brought in at the time of the 

participant’s three month visit. 

 

DIETARY ASSESSMENT 

 A seven-day food frequency questionnaire was administered at baseline and at the three 

month visit. Participants and interviewer used food portion models in order to estimate serving 

sizes. Common portion models used included the length of the thumb representing 

approximately one ounce of cheese or nuts and the palm of the hand representing three ounces of 

meat, chicken, or fish. Other common portion sizes included an eight-ounce cup. Nutrient 

analysis was performed using Food Processor SQL, food analysis software (ESHA Research, 

Salem, OR). 

 Nutrition history questionnaire was administered only at the beginning of the study. 

Participants answered the questionnaire based on generally consumed foods and modifications in 

food intake throughout the lifetime. Changes in diet or appetite that had taken place over the last 

three months were recorded for further evaluation.  

 

ANTHROPOMETRIC MEASUREMENTS 

 Baseline height and weight were assessed as well as three month weight measurements. 

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

Hanover, MD). Weight was measured to the nearest 0.1 kg using a Seca Digital scale (Seca, 

Hanover, MD). Measurements were used to calculate BMI as weight [kg]/height [m2]. Baseline 

BMD was measured by DXA (Lunar iDXA, GE Healthcare, Madison, WI) as a calculation of 

bone mineral content divided by the area measured and reported in g/cm2. Participants were 
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asked to remove headgear, shoes, bulky clothing, and all metal accessories that could affect 

measurements. Scrubs were also made available for participants to wear for DXA scan to limit 

BMD error due to zippers, belts, or other metallic accessories on clothing. Scans performed by 

DXA were analyzed using Lunar iDXA software (GE Healthcare, Madison, WI). 

 

BLOOD COLLECTION AND PROCESSING 

 Fasting blood samples were collected prior to beginning treatment regimen and at the 

three month visit. Participants were asked to fast for eight hours prior to visit which consisted of 

abstaining from all food and beverages. Water was the only acceptable liquid. Blood samples 

were kept in refrigeration after the draw and centrifuged at 4000 RPM for 15 minutes at 4˚C 

using a IEC CL31R multi speed centrifuge (Thermo Electron Corporation, Waltham, MA). 

Serum and plasma were aliquot into 0.5 mL samples and stored at -80ºC until analysis. All 

samples were analyzed in duplicate and mean results analyzed.   

 

URINE COLLECTION AND PROCESSING 

 Twenty-four hour urine samples were collected by participants prior to beginning the 

treatment regimen and at the three month visit in a urine collection container that was provided 

to them. Urinary volume was measured and recorded in milliliters. Samples were aliquot into 1.0 

mL samples using 1.5 mL microcentrifuge tubes and stored at -80ºC until analysis. All samples 

were analyzed in duplicate and mean results analyzed. 

 

SERUM ANALYSIS 

 Serum aliquots were analyzed for B-SAP, OC, and TRAP5b. Biochemical markers were 

done via an enzyme-linked immunosorbent assay (ELISA). The ELISA is a technique that 

detects the presence on an antibody or antigen in a given sample. Blood samples are placed into 

microwell plates coats with specific antibodies able to recognize the molecule that is being 

measured. A secondary antibody is then added that binds to the antibody-antigen complex, 

therefore, catalyzing a reaction and yielding a specific color. Then, the optical density of the 

color can be read using a spectrophotometer.  

Serum B-SAP was determined using the MicroVue BAP EIA kit (Quidel, San Diego, 

CA). The kit is designed to measure human levels of B-SAP. Intra-assay coefficients of 
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variations (CV) should have a mean between 4-6% and a between-run CV of 5-8%. The limit of 

detection is 0.7 U/L with a dynamic range of 2 - 140 U/L. Based on this assay the expected 

values for postmenopausal females are between 14.2 - 42.7 U/L.  

Serum OC was determined using the MicroVue Osteocalcin kit (Quidel, San Diego, CA). 

The kit is designed to measure human levels of intact OC. Both the intra-assay and between-run 

CVs should have a mean range between 5-10%. The limit of detection is 0.45 ng/mL with a 

range of 2 – 32 ng/mL. Expected values for OC based on this assay for adults is between 3.7-10 

ng/mL. 

Serum TRAP5b was determined using the MicroVue TRAP5b kit (Quidel, San Diego, 

CA). The kit is designed to detect and measure human levels of bound TRAP5b. Intra-assay CVs 

of test should have a mean between 3-8% and between-run CVs of 4-8%. The sensitivity of the 

test is at a 0.2 U/L while the assay range is between 0.2 – 15 U/L. Based on this assay a mean of 

4.3 ± 1.5 U/L was calculated in postmenopausal women over 50 years of age.  

Minerals associated with bone such as calcium, potassium, and magnesium were 

measured using the Sirrus clinical analyzer (Stanbio Laboratory, Boerne, TX) and standard 

reagents available from Stanbio Laboratory (Thermo Fisher Scientific Inc., Waltham, MA). All 

measurements were conducted in duplicate and average values were used for calculations.  

 

URINE ANALYSIS 

Urine aliquots were analyzed for Dpd and creatinine. Serum Dpd was determined using a 

MicroVue Dpd EIA kit (Quidel, San Diego, CA). The kit is designed to measure human levels of 

Dpd that are excreted without being metabolizes through the urine and are indicative of bone 

resorption. Intra-assay CV has a mean between 4-8% and a between-run CV of 3-5%. The limit 

of detection is 1.1 nM/L with a dynamic range of 3-300 nM. Expected values for premenopausal 

females between the ages of 25-44 range between 3.0-7.4 nmol Dpd/mmol creatinine.  

Minerals associated with bone such as calcium, potassium, and magnesium as well as 

creatinine was measured using the Sirrus clinical analyzer (Stanbio Laboratory, Boerne, TX) and 

standard reagents available by Stanbio Laboratory (Thermo Fisher Scientific Inc., Waltham, 

MA). Creatinine was measured using the Creatinine LiquiColor reagent for Stanbio Sirrus 

Clinical Chemistry Analyzer (Thermo Fisher Scientific Inc., Waltham, MA). All measurements 

were conducted in duplicate and average values were used for calculations. 
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DATA MANAGEMENT AND STATISTICAL ANALYSIS 

 Statistical analysis was performed using SPSS for Windows, Version 16.0 (SPSS, 

Chicago, IL). Repeated measures (RM) MANOVA (multivariate analysis of variance), followed 

by RM ANOVA (analysis of variance), and LSD post-hoc tests. The significance level was set at 

adjusted p < 0.0125. The effect size was calculated using d = (mi – mj)/SDρ formula where d = 

0.2 is considered small, 0.5 medium, and 0.8 large.  
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CHAPTER 4 
 

RESULTS 
 
 
 

SUBJECT PARTICIPANT CHARACTERISTICS, ANTHROPOMETRIC MEASUREMENTS 

AND DIETARY INTAKE 

 One hundred sixty of the 236 postmenopausal women screened were qualified for the 

study (Figure 4.1). A total of 123 participants completed the three month intervention with 63 

participants on the dried plum regimen and 60 on the apple regimen. Reasons for not 

participating or completing the study include non-qualification due to DXA t-scores greater than 

-0.05 or less than -2.5 at the lumbar spine, hip, or non-dominant forearm (70 women), failure to 

begin treatment regimen (6 women), gastrointestinal problems that caused pain and discomfort 

when consuming the regimen (7 women), general health complications causing difficulty in 

consumption of the dried fruit regimen (5 women), personal reasons for not wanting to be a part 

of the study (1 woman), and a lack of compliance (24 women) to the study protocol. Participants 

consumed the dried fruit regimen and 500 mg calcium citrate plus 400 IU vitamin D supplement 

on a daily base. A monthly calendar was used to monitor compliance. Participants were asked to 

record the amount of dried fruit and calcium supplement consumed. Calendars were returned to 

the study site at the time of the three-month visit. Seven-day food frequency questionnaires 

administered at the three-month visit also indicated the amount of fruit consumed.  

 

 

 

 

 

 

 

 

 

Figure 4.1. Participant recruitment and summary of progress through clinical study. 

Screened N = 236 

70 women did not qualified 
based on DXA scan. 

Qualified N = 160 

Completed 3 Month Visit 

Dried Apple (n = 60) 

Completed 3 Month Visit 

Dried Plum (n = 63) 
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Baseline demographic data are presenting in Table 4.1. Variables included in the data are 

age at the beginning of the study, age at menopause, years since menopause, and anthropometric 

measurements of height and weight. Anthropometrical measurements were used to calculate 

BMI as height in kilograms divided by meters squared (kg/m2).  

Daily nutrient intakes of participants are presented in Table 4.2. Variables were 

calculated based on a seven-day food frequency questionnaire conducted at each visit. Means 

and standard deviations for each variable are presented. 

 
 
Table 4.1. Demographic data.  

 
 

Baseline Three Month 

Measure Mean SD Mean SD 

Age (years)         

     Dried Apple 55.7 5.0 - - 

     Dried Plum 57.5 4.0 - - 

Age at Menopause         

     Dried Apple 49.5 4.4 - - 

     Dried Plum 51.4 3.2 - - 

Years since menopause          

     Dried Apple 6.1 4.2 - - 

     Dried Plum 6.1 3.5 - - 

Body Weight (kg)         

     Dried Apple 68.3 12.0 69.4 13.1 

     Dried Plum 66.3 12.2 67.7 12.6 

Body Height (cm)         

     Dried Apple 165.9 5.3 165.9 5.3 

     Dried Plum 163.1 5.4 163.1 5.4 

BMI (kg/m2)         

     Dried Apple 24.8 4.1 25.2 4.8 

     Dried Plum 25.0 4.6 25.4 4.8 

Values presented are divided by treatment group for mean and standard deviation (SD); n = 60 

for dried apple treatment and 63 for dried plum treatment. BMI, body mass intake.
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Table 4.2. Daily nutrient intake of participants.  

 
 
 Dried Apple Dried Plum 

Daily intake Baseline 3 Month Baseline 3 Month 

Total energy (kcal) 1680 ± 56 1747 ± 73 1645 ± 69 1791 ± 61 

Macronutrients     

   Protein (g) 72.5 ± 3.0 66.7 ± 2.7 67.0 ± 2.7 72.8 ± 2.8 

   Carbohydrates (g) 212 ± 8 236 ± 10 205 ± 10 233 ± 9 

   Dietary Fiber (g) 21.2 ± 1.2 24.5 ± 1.1 21.2 ± 1.1 24.4 ± 1.3 

   Total Fat (g) 61.1 ± 3.2 60.9 ± 4.8 62.3 ± 3.1 63.8 ± 3.1 

   Saturated Fat (g) 18.8 ± 1.0 20.6 ± 2.5 19.2 ± 1.3 19.7 ± 1.1 

   Mono Fat (g) 21.4 ± 1.5 19.4 ± 1.4 21.8 ± 1.2 21.3 ± 1.2 

   Poly Fat (g) 11.6 ± 0.9 11.0 ± 0.8 11.6 ± 0.6 11.7 ± 0.7 

   Trans Fat (g) 0.5 ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.8 ± 0.2 

   Total Cholesterol (g) 196.5 ± 14.5 195.9 ± 15.8 202.5 ± 12.5 224.8 ± 13.3 

Vitamins     

   Vitamin A (IU) 11533 ± 876 8954 ± 720 10712 ± 923 11526 ± 992 

   Vitamin C (mg) 107 ± 8 93 ± 8 93 ± 8 95 ± 11 

   Vitamin D (IU) 103 ± 11 107 ± 11 97 ± 12 100 ± 11 

   Vitamin E (IU) 5.6 ± 0.5 6.7 ± 0.5 8.6 ± 1.8 7.4 ± 0.7 

   Vitamin K (µg) 115.6 ± 11.6 168.0 ± 16.8 209.2 ± 21.6 170.4 ± 17.3 

Minerals     

    Calcium (mg) 808 ± 47 896 ± 52 927 ± 142 779 ± 62 

    Iron (mg) 14.7 ± 1.2 14.4 ± 0.9 16.8 ± 2.5 15.0 ± 1.0 

    Magnesium (mg) 245 ± 10 288 ± 12 296 ± 13 285 ± 14 

    Phosphorus (mg) 997 ± 42 1172 ± 53 1120 ± 50 1079 ± 51 

    Potassium (mg) 2661 ± 97 2810 ± 115 2957 ± 131 2687 ± 144 

    Zinc (mg) 7.1 ± 0.3 8.2 ± 0.4 10.1 ± 2.0 7.5 ± 0.3 

Values are mean ± SD; n = 60 for dried apple regimen and 63 for dried plum regimen. 
 

 

SERUM AND URINARY ANALYSIS 

Prior to data analysis, all dependent variables in the study were tested for homogeneity of 

variance. Specifically, skewness and kurtosis were used as two parameters for detecting 

violations from normality. The results of this analysis are presented in Table 4.3. The common 

practice of violating normality is when skewness or kurtosis is greater than the absolute value of 

2.00. More conservative view is when skewness and kurtosis are greater than the absolute value 
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of 1.00. Our data suggests several violations in normality in baseline values of Dpd, serum 

calcium, urinary calcium, urinary phosphorous and urinary magnesium as well as three month 

values of Dpd, ALP, CRP, serum creatinine, and urinary creatinine. Consequently, several 

outliers were detected in the data and examined for reliability. Though found to be true values, 

the outlier values were not included in the ANOVA procedure.  

 
 
Table 4.3. Means, standard deviations, skewness and kurtosis values for the study’s variables.  

 
 

Baseline Three Month 

Variable Mean SD Skewness Kurtosis Mean SD Skewness Kurtosis 

Serum                 

   OC 15.76 4.65 0.67 0.15 16.57 4.71 0.54 -0.08 

   TRAP-5b 3.66 1.34 1.79 1.47 3.41 1.26 0.63 0.18 

   B-SAP 16.73 5.28 0.84 1.23 16.89 5.39 0.68 0.22 

   ALP  81.04 20.07 0.53 0.47 76.85 26.51 1.49 3.89 

   CRP  1.72 1.04 0.78 -0.50 1.55 1.38 1.84 3.86 

   Calcium 10.10 0.43 0.11 2.36 10.02 0.67 -1.10 1.95 

   Creatinine 0.81 0.13 0.33 1.24 0.79 0.19 1.27 4.84 

   Phosphorous 3.99 0.37 0.05 0.03 3.87 0.64 -1.06 1.71 

   Magnesium 2.12 0.42 0.28 -1.40 1.98 0.38 0.83 0.43 

Urine         

   Dpd 7.38 2.76 1.79 4.86 7.61 2.66 1.69 4.65 

   Calcium 10.54 6.39 1.36 2.33 11.96 7.99 1.16 1.32 

   Creatinine 56.10 28.07 1.12 1.60 58.56 32.55 1.97 5.95 

   Phosphorous 33.91 21.02 1.82 4.49 36.68 19.12 1.28 1.64 

   Magnesium 5.72 4.04 1.96 5.05 6.34 4.15 1.28 1.32 

OC, osteocalcin; TRAP-5b, tartrate-resistant acid phosphatase-5b; B-SAP, bone-specific alkaline 

phosphatase; ALP, alkaline phosphatase; CRP, C-reactive protein; Dpd, deoxypyridinoline. 

 

To assume variance equality between the two dietary regimens (dried apple verses dried 

plum), Levene’s test was carried out followed by RM ANOVA for each dependent variable. To 

test the difference between the dried apple and the dried plum groups, RM ANOVA were 

performed where group assignment was the between factor and time, baseline being the pre-
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treatment and three month being the post-treatment, was the within subject factor. Levene’s tests 

pertaining to the four analyses are presented in Table 4.4. The test indicated non-significant 

differences among the variables of the two groups in bone biomarkers of OC, TRAP5b, B-SAP, 

and Dpd. Levene’s tests pertaining to the analysis of the other biomarkers measured are 

presented in Table 4.5. The test indicated non-significant differences among the all the variables 

except urinary creatinine, F (1, 120) = 5.57, p = 0.02, and urinary magnesium, F(1, 121 ) = 

13.84, p <0.001. 

 
 
Table 4.4. Levene’s test for dependent variables OC, TRAP5b, B-SAP and Dpd.  

 
 

Variable F DF p 

Serum      

   OC 0.09 1-115 0.76 

   TRAP-5b 0.53 1-113 0.47 

   B-SAP 0.48 1-115 0.49 

Urine      

   Dpd 3.12 1-120 0.08 

OC, osteocalcin; TRAP-5b, tartrate-resistant acid phosphatase-5b; B-SAP, bone-specific alkaline 

phosphatase; Dpd, deoxypyridinoline. p-value <0.05 considered significant.  

 
 

The descriptive statistics of bone turnover markers are presented in Table 4.6 while 

descriptive statistics of the other markers are presented in Table 4.7. Results of RM ANOVA are 

shown in Table 4.8. Treatment failed to effect three of the study’s variables (e.g. OC, TRAP5b 

and B-SAP) but did affect Dpd, F = 4.28, p = 0.04, η² = 0.04, d = -0.5. Neither of the treatment 

by time effects reached significance (p >0.05). The changes through time found in OC, Wilks' λ = 

0.96, F = 5.15, p = 0.03, η² = 0.04, d = 0.01, and TRAP5b, Wilks' λ = 0.89, F = 13.21, p <0.001, 

η² = 0.11, d = -0.1, are shown in Figure 4.2, A and B. Effect size was calculated for statistically 

significant values to evaluate how large the statistical significance was within-groups. The time 

significance for OC was calculated to have a small effect size, d = 0.01. TRAP5b was also found 

to be significant for time with a small effect size, d = -0.1. Treatment was found significant for 

Dpd with a medium effect size, d = -0.5. 
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Table 4.5. Levene’s test for dependent variables.  

 
 

ALP, alkaline phosphatase; CRP, C-reactive protein. p-value <0.05 considered significant. 
 
 
 
Table 4.6. Descriptive statistics of bone turnover markers in the dried apple and dried plum 
groups.  
 
 

Baseline Three Month 

Variable Group Mean SD Mean SD 

Serum         

OC (U/L)    Dried Apple (n=57) 15.76 4.54 16.54 4.86 

     Dried Plum (n=58) 15.9 4.81 16.49 4.57 

TRAP-5b (U/L)    Dried Apple (n=54) 3.56 1.27 3.35 1.22 

     Dried Plum (n=58) 3.74 1.44 3.43 1.28 

B-SAP (U/L)    Dried Apple (n=56) 16.19 4.85 16.47 5.23 

     Dried Plum (n=58) 17.26 5.69 17.31 5.66 

Urine         

Dpd (nmol/ mmol Cr)    Dried Apple (n=58) 7.08 2.21 6.96 1.92 

     Dried Plum (n=62) 7.73 3.19 8.03 2.79 

OC, osteocalcin; TRAP-5b, tartrate-resistant acid phosphatase-5b; B-SAP, bone-specific alkaline 

phosphatase; Dpd, deoxypyridinoline. 

 

Variable F DF p 

Serum      

   ALP 0.19 1-115 0.66 

   CRP 2.60 1-112 0.11 

   Calcium 1.09 1-115 0.29 

   Creatinine 0.08 1-113 0.78 

   Phosphorous 1.51 1-115 0.22 

   Magnesium 0.18 1-107 0.68 

Urine      

   Calcium 0.01 1-121 0.93 

   Creatinine 5.57 1-120 0.02 

   Phosphorous 1.76 1-121 0.19 

   Magnesium 13.84 1-121 0.00 
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Table 4.7. Descriptive statistics of all variables in the dried apple and the dried plum groups.  

 
 

Baseline Three Month 

Variable Group Mean SD Mean SD 

Serum         

OC (U/L)    Dried Apple (n=57) 15.76 4.54 16.54 4.86 
     Dried Plum (n=58) 15.90 4.81 16.49 4.57 

TRAP-5b (U/L)    Dried Apple (n=54) 3.56 1.27 3.35 1.22 
     Dried Plum (n=58) 3.74 1.44 3.43 1.28 

B-SAP (U/L)    Dried Apple (n=56) 16.19 4.85 16.47 5.23 
     Dried Plum (n=58) 17.26 5.69 17.31 5.66 

ALP (U/L)    Dried Apple (n=56) 80.09 19.75 73.49 22.51 
     Dried Plum (n=54) 81.58 19.51 78.20 26.41 

CRP (mg/dL)    Dried Apple (n=52) 1.76 1.14 1.60 1.48 
     Dried Plum (n=56) 1.73 0.99 1.41 1.10 

Calcium (mg/dL)    Dried Apple (n=56) 10.07 0.37 9.98 0.70 
     Dried Plum (n=54) 10.16 0.49 10.05 0.66 

Creatinine (mg/dL)    Dried Apple (n=55) 0.81 0.13 0.80 0.19 
     Dried Plum (n=53) 0.82 1.40 0.76 0.19 

Phosphorous (mg/dL)    Dried Apple (n=56) 3.96 0.40 3.82 0.63 
     Dried Plum (n=54) 4.05 0.34 3.89 0.66 

Magnesium (mEq/L)    Dried Apple (n=34) 2.03 0.38 1.99 0.39 
     Dried Plum (n=27) 1.96 0.37 1.99 0.35 

Urine         

Dpd (nmol/ mmol Cr)    Dried Apple (n=58) 7.08 2.21 6.96 1.92 
     Dried Plum (n=62) 7.73 3.19 8.03 2.79 

Calcium (mg/dL)    Dried Apple (n=58) 10.16 6.28 12.38 8.53 
     Dried Plum (n=63) 10.73 6.34 11.57 7.51 

Creatinine (mg/dL)    Dried Apple (n=57) 60.64 29.43 64.29 32.88 
     Dried Plum (n=63) 50.23 24.13 50.75 23.28 

Phosphorous (mg/dL)    Dried Apple (n=58) 37.17 21.68 38.84 19.49 
     Dried Plum (n=63) 30.07 19.66 37.69 18.71 

Magnesium (mEq/L)    Dried Apple (n=58) 6.38 4.78 6.87 4.47 
     Dried Plum (n=63) 4.89 2.74 5.85 3.81 

OC, osteocalcin; TRAP-5b, tartrate-resistant acid phosphatase-5b; B-SAP, bone-specific alkaline 

phosphatase; ALP, alkaline phosphatase; CRP, C-reactive protein; Dpd, deoxypyridinoline. 
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Table 4.8. RM ANOVA for dependent variables OC, TRAP5b, B-SAP and Dpd.   

 
 

Variable Effect Wilks'  F p η² 
OC Treatment - 0.00 0.96 0.00 

  Time 0.96 5.15 0.03 0.04 

  Treatment by Time 0.99 0.10 0.75 0.01 

TRAP5b Treatment - 0.31 0.58 0.01 

  Time 0.89 13.21 0.00 0.11 

  Treatment by Time 0.99 0.39 0.53 0.01 

B-SAP Treatment - 0.96 0.33 0.01 

  Time 0.99 0.38 0.54 0.01 

  Treatment by Time 0.99 0.19 0.66 0.01 

Dpd Treatment - 4.28 0.04 0.04 

  Time 0.99 0.18 0.67 0.01 

  Treatment by Time 0.99 0.88 0.35 0.01 

OC, osteocalcin; TRAP-5b, tartrate-resistant acid phosphatase-5b; B-SAP, bone-specific alkaline 

phosphatase; Dpd, deoxypyridinoline. p-value <0.05 considered significant. 

 

Results of RM ANOVA for the remainder of the variables are shown in Table 4.9. 

Treatment by time failed to effect all variables (e.g. ALP, CRP, blood and urinary calcium, 

creatinine, phosphorous, and magnesium) as evidenced by p values >0.05. Changes through time 

were found in ALP, Wilks' λ = 0.92, F = 9.51, p <0.001, η² =0.08, d = -0.2; CRP, Wilks' λ = 0.96, 

F = 4.67, p = 0.03, η² = 0.04, d = 0.1; blood creatinine, Wilks' λ = 0.97, F = 3.05, p = 0.08, η² = 

0.03, d = 0.2; blood phosphorous, Wilks' λ = 0.94, F = 7.11, p = 0.01, η² = 0.06, d = -0.1, results 

are shown in Figure 4.3, A, B, D, and E. Changes through time were found in urinary calcium, 

Wilks' λ = 0.95, F = 6.38, p = 0.01, η² = 0.05, d = 0.1, and urinary phosphorous, Wilks' λ = 0.97, 

F = 4.18, p = 0.04, η² = 0.03, d = 0.1, results are shown in Figure 4.4, A and C. Treatment alone 

was also found to be significant in urinary phosphorous, F = 2.96, p = 0.09, η² = 0.02, d = 0.1; 

and urinary magnesium, F = 4.99, p = 0.03, η² = 0.04, d = 0.2, results are shown in Figure 4.4, C 

and D.  
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Figure 4.2. Graphs of RM ANOVA for OC, TRAP5b, B-SAP, and Dpd.  
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Figure 4.3. Graphs of RM ANOVA for blood bone biomarkers. 

 

A. ALP concentrations measured in U/L. B. CRP concentrations measured in mg/dL.  

C. Blood calcium concentrations measured 

in mg/dL. 

D. Blood creatinine concentrations 

measured in mg/dL. 

E. Blood phosphorous concentrations 

measured in mg/dL.  

F. Blood magnesium concentrations 

measured in mEq/L.  
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Figure 4.4. Graphs of the RM ANOVA for urinary bone biomarkers. 
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Table 4.9. RM ANOVA for dependent variables.  

 
 

Variable Effect Wilks'  F p η² 
Serum       

  ALP Treatment - 0.63 0.43 0.01 

  Time 0.92 9.51 <0.001 0.08 

  Treatment by Time 0.99 0.99 0.32 0.01 

  CRP Treatment - 0.28 0.59 <0.001 

  Time 0.96 4.67 0.03 0.04 

  Treatment by Time 0.99 0.51 0.48 0.01 

  Calcium Treatment - 0.73 0.39 0.01 

  Time 0.98 2.52 0.12 0.02 

  Treatment by Time 0.99 0.06 0.80 0.01 

  Creatinine Treatment - 0.23 0.63 <0.001 

  Time 0.97 3.05 0.08 0.03 

  Treatment by Time 0.98 2.29 0.13 0.02 

  Phosphorous Treatment - 0.86 0.46 0.01 

  Time 0.94 7.11 0.01 0.06 

  Treatment by Time 1.00 0.01 0.91 0.00 

  Magnesium Treatment - 0.28 0.59 <0.001 

  Time 1.00 0.01 0.94 0.00 

  Treatment by Time 0.99 0.29 0.59 0.01 

Urine       

  Calcium Treatment - 0.01 0.92 <0.001 

  Time 0.95 6.38 0.01 0.05 

  Treatment by Time 0.99 1.30 0.26 0.01 

  Creatinine Treatment - 6.74 0.01 0.05 

  Time 0.99 1.09 0.29 0.01 

  Treatment by Time 0.99 0.61 0.44 0.01 

  Phosphorous Treatment - 2.96 0.09 0.02 

  Time 0.97 4.18 0.04 0.03 

  Treatment by Time 0.99 0.92 0.34 0.01 

  Magnesium Treatment - 4.99 0.03 0.04 

  Time 0.98 2.49 0.12 0.02 

  Treatment by Time 0.99 0.26 0.61 0.01 

ALP, alkaline phosphatase; CRP, C-reactive protein. p-value <0.05 considered significant. 
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CHAPTER 5 

 
DISCUSSION AND CONCLUSION 

 
 
 

It has previously been reported that daily dried plum consumption for three consecutive 

months significantly increases bone formation biomarkers (Arjmandi et al., 2002). Dried plum 

has also been reported not only to prevent bone loss  (Arjmandi et al., 2001) but more 

importantly reverses bone loss (Deyhim et al., 2005) in OVX rats.  Similar observations have 

been made in orchidectomized (Orx) male rats where 15% and 25% dried plum in their diets 

prevented the Orx-induced loss of whole body, femur, and lumbar spine BMDs as well as 

improving biomechanical properties including ultimate load of the cortical bone, compressive 

force and stiffness of the trabecular vertebrae (Franklin et al., 2006). Franklin and colleagues 

(2006) suggested that dried plum could partly contribute to the prevention of osteoporosis by 

decreasing osteoclastogenesis through the down-regulation of RANKL while increasing serum 

IGF-I which contributes to bone formation. After the establishment of bone loss in OVX rats, 

dried plum as low as 5% in the diet was able to increase BMD of the femur and fourth lumbar 

spine to the levels similar to that of intact and estrogen administered rats (Deyhim et al., 2005). 

Bu and colleagues (2007) found that 25% dried plum incorporation into the diets of male Orx 

rats reversed bone loss due to androgen deficiency. The findings of a short-term clinical trial and 

animal studies indicated that dried plum has the potential to modulate BMD and structural 

properties of both long and vertebral bones. These findings serve as a basis for the current study. 

In the present study, daily consumption of dried plum was evaluated for the efficacy of favorably 

modulating bone biomarkers in postmenopausal women with mild degree of bone loss. The 

rationale was to confirm the findings of the earlier study by our laboratory using a larger sample 

size of postmenopausal women. Unlike the previous study by our laboratory (Arjmandi et al., 

2002), the results of the present study demonstrate that the addition of dried plum into the diet 

for a period of three months has no significant effects on bone biomarkers when time by 

treatment  interaction is considered. However, treatment was found effective in modulating Dpd 

whereas TRAP5b and OC were affected by time only. 
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Although Dpd is a urinary marker of bone resorption and its increased level in urine 

normally indicates an increased rate of bone resorption, 4% though statistically significant may 

not be of clinical relevance. This statement can be further supported by our observation that 

blood TRAP5b was not altered by either of the treatments.  Similarly, Johnson and colleagues 

(2008) found that Dpd levels increased in OVX rats after two-month consumption of dried plum, 

while bone density was increased. In contrast, Bu and colleagues (2007) results were inconsistent 

with these studies and reported that three month supplementation of dried plum in male Orx rats 

decrease Dpd levels by 60.8% compared to the control group. Hence, we can conclude that Dpd 

in spite of its promotion as a marker of bone resorption, it is not predictive of the efficacy of the 

treatment.  

TRAP5b, a blood marker of bone resorption not only did not increase but decreased as a 

result of time. This makes sense and agrees with Bu and colleagues (2007) results, because they 

reported decrease in Dpd in rats that were fed dried plum diet. Similar findings by Deyhim et al. 

(2005) reported a dose dependent effect of dried plum in modulating TRAP5b levels which 

resulted in a greater decrease as the level of dried plum increased from 5% to 25% in the diet. 

Urine specimens in rats can tightly be controlled and urine is not affected by variables such as 

drugs, incompliance and so forth. In the current study, a nonsignificant by treatment decrease of 

8.3% in TRAP5b was found in the dried plum group versus the dried apple that only decreased 

by 5.9%. These findings suggest that dried plum could have antiresorptive properties that inhibit 

osteoclastic activity and result in decreased bone loss (Habermann et al., 2007). However, this 

statement is based on a three-month study and dried plum may act differently in a longer 

duration similar to some pharmaceutical agents and calcium. For instance, studies by Heaney and 

colleagues (2001)  as well those by Dawson-Hughes and colleagues (1990) have reported 

calcium  intake to result in gain of BMD up to two to three years and no further gain or even loss 

of BMD have been associated with supplemental doses of calcium.  However, the effect of dried 

plum on bone resorption marker, TRAP5b, at best should be considered inconsistent due to 

unknown factors. For instance, Arjmandi and colleagues (2002) found TRAP5b levels in 

postmenopausal women to increase by 17.6% due to dried plum consumption.  Furthermore, the 

disagreement between the effects of dried plum on urinary Dpd and serum TRAP5b can be 

related to several factors such as collection of urine specimen and kidney function.  
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Biomarkers of bone turnover in general have not been shown to be reliable predictors of 

treatment effects.  In support of this statement, while a meta-analysis  (Weisman and Matkovic, 

2005) evaluating  the effects of calcium supplementation on fracture risk, found Dpd to be a very 

reliable marker for the prediction of  hip fractures, another study by Rogers and colleagues 

(2000) indicated that biomarkers including Dpd are not reliable predictors of fracture risk or the 

efficacy of  treatment .  

Some reports suggest that dried plum lowers the rate of bone resorption while increases 

the rate of bone formation (Arjmandi et al., 2002; Bu et al., 2007; Arjmandi et al., 2001). OC is 

another marker that was measured in the present study and some investigators consider this 

marker as a marker of bone formation. Our findings that dried plum consumption increases OC, 

albeit due to time, and suppresses TRAP5b lend support to the aforementioned statement. The 

change in time alone was found as a significant factor for OC resulting in an increase of about 

3.7% in the dried plum group. This increase in OC was similar to a previous study that suggested 

dried plum to have bone forming properties in male osteopenic rats (Bu et al., 2007). In the 

present study another specific marker of bone formation namely, B-SAP, was not significantly 

affected by dried plum. This observation further confirms the lack of reliability of bone 

biomarkers in monitoring treatment effect. Contrary, to our observations in the present study and 

earlier study from our laboratory (Arjmandi et al. 2002) indicated that postmenopausal women 

who consume dried plum for a period of three months experienced an average of 5.8% increase 

in their serum B-SAP levels.  

Therefore, it can be concluded that blood and urinary markers cannot be used to predict 

the effect of dried plum on bone density unless BMD is measured as end point variable. For this 

to be done, the study duration has to be at least six months and preferably longer. So far the 

animal studies suggest that dried plum has the ability to prevent loss of BMD and/or increase 

BMD. Bu et al. (2007) reported that dried plum has not only the ability to prevent bone loss but 

also prevent deterioration in bone quality due to gonadal hormone deficiency including ultimate 

load of left femurs in male rats. Similarly, Deyhim et al. (2007) found that incorporating dried 

plum into the diet of osteopenic ovariectomized rat as low as 5% can increase the femoral and 

fourth lumbar BMD. 

Both dried apple and dried plum appear to have the ability to modulate bone biomarkers 

as a result of time. Whether this is true about other fruits rich in phenolic contents needs to be 
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investigated.  Nonetheless, Tucker and colleagues (1999) have reported diets rich in fruits and 

vegetables to be associated with higher BMD in elderly adults.  Their results were obtained by 

evaluating their diet history rather than examining individual fruits. Whereas, when specifically, 

Muhlbauer and colleagues (2003) examined the antiresorptive properties of a number of fruits, 

they found that dried plum among all fruits examined had the most potent antiresorptive 

propertied. Items in the BRIFI category were found to inhibit bone resorption in nine-week-old 

rats when it corresponded to 8% of the dietary intake.  

Irrespective of the mode of action of dried plum on preserving bone, the question remain 

as to what components of dried plum are effective in modulating bone metabolism.  One the 

major components in dried plum, polyphenolic component, has been credited.  Compared to 

other fruits and vegetables, dried plum has been found to contain higher quantities of 

polyphenols (Stacewicz-Sapuntzakis et al., 2001). Polyphenols such as neochlorogenic acid and 

chlorogenic acid act as scavengers for free radicals that inhibit bone resorption and stimulate 

bone formation (Hooshmand and Arjmandi, 2009). Dried plum has also been found to have 

antioxidative properties higher than that of other fruits as well as vitamins C and E (Vinson et al., 

2005), which can inhibit bone resorption (Bu et al., 2007). Furthermore, effects of polyphenols 

have been found to stimulate osteoblasts and elicit anabolic response (Bu et al., 2007). Rutin, a 

polyphenol found in dried plums, increases OC in OVX rats. The high levels of potassium in the 

dried plum have been found to inhibit bone resorption through the pH buffering capacity and to 

increase IGF-I in postmenopausal women. Rich sources of potassium are found in fruits and 

vegetables that were associated with the maintenance of BMD in men and women from the 

Framingham Heart Study (Tucker et al., 1999). Vitamin K is also very high in dried plum and 

has been found to also increase OC in children and ALP during space flight (Bu et al., 2007).  

In brief, the goal of any treatment is to increase BMD in order to reduce the risk of 

fractures and the efficacy of treatment may not be reflected by the measurement of bone turnover 

markers. Therefore, longer clinical trials examining the effect of dried plum on BMD and 

biomarkers are needed to examine the efficacy of dried plum on increasing bone density. 
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Effects of Dried Fruits on reversing Bone Loss in Postmenopausal Women 2 

On the second visit, between the hours of 8-10 a.m., you will be asked to come to the 
study center and I) bring in your 24-hour urine sample; 2) provide a fasting blood sample (20 

ml venous blood drawn by a trained personnel which is approximately 4 teaspoons; you will be 

asked not to eat or drink anything other than water for 12 hours before your visit); 3) and 

anthropometric measurements such as your height and weight will be obtained. After you meet 
all the inclusion criteria, you will be assigned to treatment groups by using a pre-generated 
randomization list (a method used to assure that the chance of you receiving either of the 

supplement is I to 2). Finally, your dietary history, physical activity level, and menopausal 
symptoms will be assessed using validated questionnaires (a form containing questions used to 

collect relevant information). 

DESCRIPTION OF THE STUDY 

You will be asked to take IOOg dried fruits, dried plum (100 g; 10-12 nos) or equivalent 

amount of dried apple (75g; 10-12 slices of dried apples), daily for a period of one year . You 
may eat your dried fruit regimens in small portions throughout the day, cooked or uncooked. 
During the course of the study, you will be asked to fill out the diaries provided to you for 
consumption of dried fruit and calcium/vitamin D. You take the study regimens daily and 
return any unused regimens to the study staff on your next scheduled visit to Nutrition, Food & 

Exercise Sciences at FSU in Tallahassee. You will also complete certain questionnaires such as 
food frequency, medical and diet history and physical activity at the beginning of the study, 3-
and 6-months and at the end of the study (one year). Additionally you will give 20 mJ 
(approximately 4 teaspoons of blood) and 24-hr urine four times during the study. 

You agree to answer questions about your medical, menopausal, diet, and physical activity 
histories. Throughout the study you will also be asked about any bad experiences with the study 

regimens. 

You agree to have 20 ml, which is approximately 4 teaspoons of your blood drawn four times 

by trained persorutel. You will give this amount of blood at the beginning, 3- and 6-monlhs and 
at the end of the study. You know that you must not consume food for 12 hours before each 
blood collection, but you may drink water. You will be provided with a light breakfast after 

the blood collection. 

COSTS 
There will be no cost to you for the examinations performed in this research study. Travel and 
transportation ｣ｯｳｴｾ＠ such as hus or taxi fares. gasoline. and mileage to and from the study site 

will be your responsibi.lity. 

If' you develop health problems related to the study, your problems wiU be discussed by Dr. 
Arjmandi with the consulting gynecologist on the study. Dr. Arjmandi will then decide 
whether to exclude you from the study in which case you will be referred to the physician of 
your choice at your own cost, or to continue with the study. It would be your responsibility to 

seek additional health-related advice/follow-up examinations. 

Updated 05/08/07 Patient Initial 
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