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ABSTRACT 
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KLACIE NORRIS 

AUGUST 2015 

 

 Postmenopausal women are at an increased risk for chronic diseases, including 

cardiovascular disease, cancer, diabetes, and osteoporosis.  Metabolic changes that occur 

after menopause contribute to an increase in fat mass, increased abdominal obesity, and 

increased serum inflammatory and oxidative biomarkers.  Blueberries are rich in 

polyphenols and may aid in disease prevention after menopause.  The purpose of this 

study was to examine the effect of daily blueberry consumption on body composition, 

physical activity, inflammation, and oxidative stress in postmenopausal women with 

osteopenia.  A total of 40 women were recruited and randomized into two groups for 12 

weeks, or 90 days. Group 1 (n=20) served as the intervention group and consumed 40 

grams of lypholyzed blueberry powder each day. Group 2 (n=20) served as the control 

group and received a placebo mixture consisting of an equal ratio of fructose and 

dextrose equivalent to the lypholyzed blueberry powder in appearance and calorie 

content.  DEXA scans were performed at baseline and final assessments to evaluate body 
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composition and body weight. Serum specimens and self-reported physical activity 

questionnaires were collected at baseline, midpoint, and final assessments.  At the end of 

the 90-day study, both the blueberry and placebo group experienced a decline in body 

weight and BMI, with the decrease in the intervention group being significant in 

comparison to baseline. There was a slight reduction in abdominal fat mass in the 

blueberry group, whereas the placebo group had a slight increase, although neither group 

had significant changes. Both groups experienced a decline in whole body fat, with a 

greater decrease in the blueberry group. However, this change did not reach a level of 

significance.  There were no significant changes seen in plasma levels of TBARS, CRP, 

or IL-6 in the intervention group. The placebo group, however, had a significant increase 

in IL-6 concentrations between the midpoint and final assessments. There were no 

significant differences found between baseline, midpoint, and final of physical activity 

and sleep patterns in either the placebo or blueberry group.  This study indicates that 

regular blueberry consumption may have a positive effect on body weight, and therefore, 

positively influence disease risk and prevent inflammation over time.  
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CHAPTER I 

INTRODUCTION 

Menopause is characterized by the natural cessation of menstruation and fertility 

in aging women.  While transitioning through menopause, many women experience 

physical symptoms, which may include hot flashes, sleep disturbances, and anxiety 

(Mayo Clinic, 2013; Martin, 2015).   Aging, along with hormonal changes, decreased 

energy, and metabolic changes may negatively influence disease risk.  Body composition 

shifts toward an increase in fat mass, with the most fat accumulating in the abdomen 

(Medical News, 2013; Basu, 2010).  There is also an increase in inflammatory and 

oxidative stress biomarkers, which may be related to increased body weight, decreased 

mobility, or dietary choices (Greenberg and Obin, 2009; Stull, 2010).  Postmenopausal 

women are at a higher risk for heart disease, the leading cause of death in women, cancer, 

cardiovascular disease, diabetes, and osteoporosis (Mayo Clinic 2013; Devareddy, 2008; 

NCI, 2014; Tucker, 2012).  Prior to menopause, elevated estrogen levels provide 

cardioprotective benefits by keeping blood vessels flexible (Devareddy, 2008), and 

prevents cancer, as well as osteoporosis, by acting as an antioxidant (Zhang, 2013; NCI, 

2014).  The risk for cardiovascular disease and type 2 diabetes is also increased due to the 

increase in fat mass and abdominal fat associated with menopause (Devareddy 2008; 

Tucker, 2012).  Diet may play a significant role in counteracting the health risks 

associated with aging and menopause.  Research has shown that the phytonutrients 



 

	   2	  

present in a wide variety of fruits and vegetables may reduce disease risk, and even 

alleviate physical sympoms of menopause (Nathan-Garner,2012; Fung 2013; USDA 

2005).  Blueberries are an easily accessible and popular fruit in the United States (US 

High Blueberry Council, 2013; Lau, 2009).  Research has shown that regular blueberry 

consumption may have a positive effect on postmenopausal body weight (Seymour, 

2010; Moghe, 2012), and reduce the risk for cardiovascular disease, cancer, diabetes, and 

osteoporosis (Basu, 2010; Fung, 2013; Santosa and Jensen, 2012; Lau, 2009). More 

research is needed to determine the threshold of blueberry intake and the potential degree 

of health improvement in humans.  This study will examine the effect of blueberry 

consumption on biomarkers of inflammation and oxidation, physical activity patterns, 

and body composition in postmenopausal, osteopenic women.  

Hypothesis and Specific Aims 

Hypothesis 

The daily inclusion of blueberry powder will have favorable effects on body 

composition, physical activity, and biomarkers of oxidative stress and inflammation in 

postmenopausal women who are osteopenic (mild to moderate bone loss) and not on 

hormone or bone therapy.  

Specific Aims 

Aim 1. To evaluate whether daily intake of whole blueberry powder, in 

comparison to placebo powder, will have favorable effects on body composition (increase 

in lean mass, reduction in fat mass, and improved body fat distribution) in 

postmenopausal women with mild to moderate bone loss.  
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Aim 2. To demonstrate if daily intake of 40 grams of whole blueberry powder, 

compared to placebo powder, will have favorable effects on biomarkers of inflammation 

and oxidation in postmenopausal women.  

Aim 3. To determine whether daily inclusion of whole blueberry powder, in 

comparison to placebo powder, will improve physical activity and activity patterns 

associated with daily living in postmenopausal women. 
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CHAPTER II 

REVIEW OF LITERATURE 

Menopause: The Significance of the Problem 

Menopause is characterized by the natural cessation of menstruation and fertility 

in aging women.  Perimenopause, a period of transition, includes the months or years 

leading up to menopause.  During this time, women may experience irregular periods, hot 

flashes, sleep disturbances, slowed metabolism, thinning hair, dry skin, and vaginal 

dryness.  A woman is considered to be post-menopausal 12 months after her last 

menstrual cycle.  The physical symptoms, decreased energy, and hormonal changes may 

negatively influence disease risk due to the changes in body composition, physical 

activity, and metabolism (Mayo Clinic, 2013).  

Hormone Replacement Therapy 

Some women opt to use hormone replacement therapy as a means to relieve 

symptoms of menopause by avoiding the sudden decline in estrogen (Lamy, 2003). 

Hormone replacement therapy (HRT) may be used as systemic hormone therapy, or low-

dose vaginal therapy. Systemic hormone treatment is a pill, patch, gel, cream, or spray 

that contains estrogen and relieves hot flashes, night sweats, vaginal dryness, and 

discomfort with intercourse (May Clinic, 2012). Estrogen therapy is also approved as a 

means to prevent osteoporosis after menopause. Low-dose vaginal therapies are creams, 

tablets, or rings that are minimally absorbed into the body. These preparations are most 
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effective at treating vaginal symptoms, and do not prevent systemic symptoms (Mayo 

Clinic, 2012; Lamy, 2003). The cost of combination hormone therapy in the United 

States in 2009 was estimated at $645 per year, and estrogen therapy at $132 per year, 

including drug costs and practitioner consultations (Lekander, 2009).    

Initially, HRT was thought to have long-term benefits by preventing common 

chronic diseases associated with menopause, including osteoporosis and heart disease 

(Martin, 2015). However, upon further investigation, it has been determined that HRT 

may increase disease risks, including heart disease, stroke, blood clots, and breast cancer. 

HRT is no longer recommended for all postmenopausal women, but may benefit women 

who experience menopause as early as age 40 (Mayo Clinic, 2012). Women with 

premature menopause have an increased risk for osteoporosis, heart disease, dementia, 

anxiety, and depression. Estrogen therapy may reduce these risks if utilized before age 

45.  Researchers are now recommending that each patient should be evaluated on a case-

by-case basis to determine if the benefit of hormone replacement therapy outweighs the 

health risk and economic burden (Martin, 2015; Mayo Clinic, 2012; Lekander, 2009).  

Postmenopausal Disease Risk and Economic Burden 
 

The estrogen deficiencies that occur after menopause contribute to changes in 

body composition, body fat distribution, bone health, and physical activity patterns, 

which may all have possible health implications for aging women (Mayo Clinic, 2014).  
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Heart Disease  

After menopause, women may have increased risk for chronic diseases, the most 

common being cardiovascular disease, cancer, and diabetes (Mayo Clinic, 2013).  Heart 

disease is the leading cause of death in women, with a significant increase in 

cardiovascular instances about ten years after menopause (Devareddy, 2008).  It is 

estimated that 17% of total medical expenses in the United States are spent treating heart 

disease, with an estimated $172 billion spent in 2010.  This is expected to rise due to the 

increasing prevalence of disease. By 2030, it is estimated that 41% of the US population 

will have some type of cardiovascular disease, leading to an anticipated medical cost of 

$276 billion per year (Hendenreich, 2011). 

Before menopause, estrogen provides cardioprotective benefits by keeping blood 

vessels flexible and allowing adequate blood flow through the vessels.  After menopause, 

most women are at increased risk for cardiovascular disease due to increased blood 

pressure, LDL, and triglyceride levels (Devareddy, 2008). 

Cancer 

Cancer is the second leading cause of death in women, with breast cancer being 

the most common.  There were an estimated 232,670 new cases of breast cancer and 

40,000 breast cancer related deaths in 2014.  About 67% of women diagnosed with breast 

cancer are postmenopausal, with the median age at diagnosis being 61 (National Cancer 

Institute, 2014).  Direct cost of treating breast cancer in the United States is estimated at 

$4.2 billion dollars per year (Nathan-Garner, 2012).  
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Women who begin menopause at a later age, after 55, have extended exposure to 

estrogen, and have been shown to be at a higher risk for breast and ovarian cancer. In 

addition, the risk for developing cancer increases with age and, therefore, places 

postmenopausal women at a higher risk.   (Nathan-Garner, 2012).   

Diabetes  

Diabetes Mellitus is an increasingly common chronic disease in the United States.  

A large prospective study has determined that there is a higher prevalence of type 2 

diabetes in postmenopausal women, with an even higher risk for those who begin 

menopause early (Tucker, 2012).  The rise in diabetes risk may be associated with the 

increase in body weight, along with the decrease in physical activity, associated with 

aging in women.  Overweight, sedentary individuals are at a higher risk for developing 

insulin resistance, which prevents glucose absorption and eventually leads to type 2 

diabetes (Tucker, 2012).  The American Diabetes Association estimates that the total 

economic burden of diabetes treatment in the United States is $245 billion dollars, with 

$176 billion from medical costs, which has increased by 41% since 2007.  It is also 

estimated that individuals with a diabetes diagnosis have medical costs that are 2.3 times 

higher than costs would be without diabetes (American Diabetes Association, 2013).  

Osteoporosis 

The deficiency of estrogen also plays a role in the development of osteoporosis. 

Estrogen protects bone by acting as an antioxidant, which neutralizes free radicals and 

prevents bone damage (Zhang, 2013).   The sudden decline in estrogen after menopause 

causes an imbalance between bone resorption and bone mineralization, leading to bone 
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loss in postmenopausal women (Zhang, 2013). Osteoporosis is the leading cause of age-

related bone loss, and often leads to a reduction in quality of life, as well as an economic 

burden.  After diagnosis, many individuals are unable to perform daily activities without 

assistance, and it was estimated in 2005 that $19 billion dollars were spent because of 

fracture-related incidences (King, 2009). 

Metabolic Changes Associated with Menopause 
 
Body Composition 
 

After menopause, body composition tends to shift toward an increase in fat mass 

and a decrease in lean body mass due to decreased physical activity with age, metabolic 

changes, and hormonal changes associated with menopause.  There is also a shift in body 

fat distribution after menopause.  Estrogen promotes the accumulation of body fat in the 

lower abdomen and legs.  This is known as gynecoid obesity and is commonly seen in 

women that are of childbearing age.  Men tend to accumulate fat in the waist and upper 

abdomen, known as android obesity (Medical News, 2013).  When women become post-

menopausal and estrogen deficient, there is a shift from gynecoid to android fat 

accumulation.  Gynecoid obesity is not associated with a higher risk for disease, however, 

abdominal obesity is an independent risk factor for the development of heart disease, type 

2 diabetes, stroke, and cancer (Medical News, 2013; Basu, 2010). 

A study comparing premenopausal women and postmenopausal women who were 

similar in age and body composition confirmed that decreased estrogen production has an 

effect on fat storage and lipoprotein lipase (LPL) activity. LPL is the enzyme that 

liberates fatty acid from the glycerol backbone in triglycerides in the heart, muscle, and 
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adipose tissue.  Posmenopausal women were found to have higher LPL activity in the 

abdominal and femoral adipose tissue when in the fed state.  This indicates that LPL 

activity in postmenopausal women no longer regulates dietary fatty acid storage.  This 

study also found that rates of fatty acid storage were higher in postmenopausal women 

than premenopausal women, facilitating greater adipose tissue storage and leading to 

excess body fat (Santosa and Jensen, 2012). 

Inflammation 
 

After menopause, there is an increase in inflammation that may be related to the 

increase in fat mass and abdominal obesity caused by estrogen deficiency (Greenberg and 

Obin, 2009).  In obese individuals, adipocytes act as endocrine organs and regulate 

metabolic functions, energy intake, and fat storage. Adiponectin and leptin are hormones 

that are expressed in adipose tissue.  Adiponectin enhances insulin sensitivity in the 

muscle and liver, increases fatty acid oxidation, and decreases serum glucose, 

triglycerides, and fatty acid concentrations in lean individuals.  However, with obesity, 

adiponectin levels decrease and are associated with insulin resistance and increased risk 

of type 2 diabetes.  Leptin directly affects the hypothalamus to regulate food intake.  

However, as body weight increases target cells may become resistant to the action of 

leptin, leading to an increase in appetite and body weight.  Proinflammatory factors are 

also produced once adipocytes become englarged due to the increase in macrophages in 

adipose tissue (Greenberg and Obin 2006, Gropper, 2009).  

Tumer necrosis factor (TNF-alpha), c-reactive protein (CRP), and interleukin-6 

(IL-6) are proinflammatory proteins produced by macrophages that lead to systemic 
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inflammation and increased disease risk in obese individuals.  Increased TNF-alpha in 

adipocytes increases lipolysis, promoting the release of free fatty acids and increasing 

insulin resistance. Interleukin-6 plasma concentrations increase with obesity.  Adipose 

tissue may contribute up to 30% of plasma IL-6 concentration. IL-6 increases lipolysis, 

fatty acid oxidation, and insulin resistance in obese individuals and is associated with an 

increased risk of type 2 diabetes and cardiovascular disease (Greenberg and Obin, 2006). 

C-reactive protein is another biomarker of inflammation that is associated with 

obesity. When comparing obese individuals to normal weight individuals, those with 

obesity are more likely to have elevated CRP levels. Obesity appears to be the major 

factor associated with chronically elevated CRP (Aronson, 2004). CRP levels in 

postmenopausal women tend to increase as body fat increases. A study examining CRP 

levels in obese post-menopausal women measured the effect of weight loss on CRP 

concentrations. Calorie restriction and weight loss were found to have a positive effect on 

elevated CRP concentrations, indicating that weight loss in postmenopausal women may 

reduce inflammation (Tchernof, 2002).  

Systemic inflammation may exacerbate increases in fat mass and loss of lean 

body mass because of the promotion of catabolism (Phytonutrient, 2013). Along with 

catabolism, physical activity tolerance decreases in individuals with chronic 

inflammation (Phytonutrient, 2013, Hardy, 2009). A lack of physical activity and 

continued increase in fat mass, symptoms of inflammation will not subside.  Chronic 

inflammation will continue to promote catabolism and make it difficult to improve body 

composition and body weight (USDA, 2013, Hardy, 2009).  
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Oxidative Stress 
 

Free radicals are molecules that contain unpaired electrons that result from 

metabolic and immune system functions, as well as digestion of medications and food.  

Fried food, tobacco, alcohol, and pesticides are a few substances that may increase free 

radicals in the body.  The unpaired electrons in free radicals are highly reactive with other 

cells, and lead to cellular damage and development of chronic diseases (Stull, 2010).  

Isoprostanes are useful biomarkers of oxidative stress in humans.  Isoprostanes 

are synthesized through reactions that are catalyzed by free radicals, which requires an 

imbalance between pro-oxidants and antioxidants.  The higher the concentration of 

isoprostane, the higher the oxidative stress in the body (Christie, 2014).  The cellular 

damage that results from free radicals is known as lipid peroxidation. This can be 

measured by using the tiobarbituic acid assay, which reacts with malondialdehyde to test 

the level of lipid peroxidation in the body (Jenero, 1990; Zhang, 2013). 

Antioxidents are able to neutralize free radicals by donating an electron to 

stabilize them and prevent oxidative damage to the cells. Fruits and vegetables are rich in 

antioxidants. When included into the diet regularly, they may reduce oxidative stress. In 

addition, some antioxidants, such as superoxide dismutase, catalase, and peroxidase are 

synthesized endogenously (Devareddy, 2008). Estrogen acts as an antioxidant, preventing 

damage to proteins, DNA, and cell membranes.  After menopause, an imbalance between 

pro-oxidants and antioxidants may occur due to a sudden decline in estrogen production.  

This may increase oxidative stress and lead to cell injury and an increased risk for disease 

(Devareddy, 2008).  
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Physical Activity and Postmenopausal Health 
 

Physical activity may have a profound effect on health in postmenopausal women.  

A healthful diet that includes a variety of foods, along with physical activity, may 

significantly reduce the risk of obesity-related illnesses (National Cancer Institute, 2009)  

Beginning in early twenties, physical activity tends to decline. With age, 

postmenopausal women may become less tolerant to exercise due to chronic disease or 

pain.  Engaging in regular physical activity throughout the aging process will improve 

energy balance, body weight, and body composition. According to the CDC, adults 

should be engaging in physical activity for at least 30 minutes for five days per week if 

performing moderate exercise, or 20 minutes for three days per week if performing 

vigorous exercise (National Cancer Institute, 2009).  

Inactivity puts older women at risk for many chronic diseases and metabolic 

disorders.  These concerns include dyslipidemia, hypertension, insulin resistance, 

abdominal obesity, or other inflammatory conditions (Greenberg and Obin, 2006).  

Preventing excess weight gain through a low fat diet and physical activity reduces the 

risk of cancer (Evert, 2013). In addition, postmenopausal women who increase physical 

activity after menopause are at a reduced risk for breast cancer compared to those who do 

not engage in physical activity (National Cancer Institute, 2009).  Insulin resistance is 

associated with obesity and physical inactivity, and is a risk factor for type 2 diabetes.  

One session of physical activity may improve glucose uptake by the cells for up to 16 

hours after exercise, reducing serum glucose levels and improving insulin sensitivity. 

Regular physical activity and maintenance of a healthy body weight reduce the risk of 
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developing type 2 diabetes in postmenopausal women (Struttgart, 2009). Postmenopausal 

women who do not perform regular physical activity have been shown to have lower 

bone mineral density, placing them at a higher risk for osteoporosis (Sinaki, 1988).  

Maintaining a moderate level of physical activity and lean body mass may have favorable 

effects on inflammatory markers, as well as symptoms of hypertension, insulin resistance, 

and bone loss (Sinaki, 1988).   

Diet and Postmenopausal Health 

 In addition to physical activity, diet may alleviate some of the negative effects 

associated with menopause.  Having a healthy diet and maintaining a normal body weight 

can not only decrease risk for disease, but also relieve physical symptoms of estrogen 

deficiency (Nathan-Garner, 2012). 

 Fourty-eight percent of the American population eat less than one serving 

of fruit per day, and only about 24% are meeting their daily requirements (Hardy, 2009).  

Increased intake of fruits and vegetables has been associated with a decreased risk for 

cancer and chronic disease, as well as protection against oxidative stress and 

inflammation (Fung, 2013; Hardy, 2009). Postmenopausal women who consume high 

intakes of fruits and vegetables tend to also engage in regular physical activity, consume 

more fiber and folate, consume less alcohol and be nonsmokers (Fung, 2013). The role of 

the diet may have a positive effect on other lifestyle factors and be crucial in preventing 

chronic disease; especially with age and increased disease risk (Fung, 2013; Nathan-

Garner, 2012; Hardy, 2009).  
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The benefits associated with fruit and vegetable intake are due to the antioxidants 

and phytonutrients that are present in a wide variety of fruits and vegetables.  

Phytonutrients are defined as “bioactive plant-derived compounds that are associated 

with positive health effects (Hardy, 2009).”  The most common phytonutrients include 

carotenoids, ascorbic acid, folic acid, and vitamin C. It is important to include a various 

fruits, vegetables, legumes, and grains in the diet, as each food has a unique composition 

of phytonutrients and protective benefits.  Few phytonutrients have been studied in detail, 

and further research is needed to determine the mechanisms at which polyphenols may 

reduce disease risk (USDA, 2005).  

Each fruit and vegetable contains a set of phytonutrients that may have a 

particular effect on metabolism and disease risk.  Grape seeds have been shown to reduce 

blood pressure, improve symptoms of anxiety and depression, and increase muscle mass 

in postmenopausal women when supplemented with 100mg-200mg per day of grape seed 

extract for 8 weeks.   In addition, phytonutrients may help alleviate physical symptoms of 

menopause.  Hot flashes, and insomnia were also improved with 200 mg/day of grape 

seed extract for 8 weeks (Terauchi, 2014).  In a similar study, pomegranate seed oil 

showed a slight reduction in hot flashes when treated with 30 mg per day for 12 weeks 

(Aurbach, 2012).  More research is needed to further examine the impact of 

phytonutrients on postmenopausal disease risk and the physical symptoms of menopause 

(Terauchi, 2014; Arubach, 2012). 
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Blueberry 
 

Blueberries are an easily accessible fruit that is vibrant in color, ranging from 

deep purple to dark blue.  The blueberries found in grocery stores grow on bushes that 

may grow up to 12 feet tall.  In the spring, white blooms develop on the plant, and each 

bloom eventually becomes one blueberry (US High Blueberry Council, 2013).  The 

blueberries are hard and green when they first develop, then become reddish-purple, and 

eventually blue when they are ready to be picked.  Fresh blueberries are available for 

purchase year-round.  North American blueberries are available from April through 

October, and South American berries are available from November to March.  

Blueberries have about 80 calories in one cup, and are fat free and low in sodium. One 

serving of blueberries also contains 14 mg of vitamin C, which meets 25% of the RDA, 

and satisfies the recommended daily fiber requirement.  Blueberries are also a good 

source of manganese, which aids in the metabolism of cholesterol, carbohydrates, and 

protein (US High Blueberry Council, 2013). The flavonoids and phenolic compounds 

found in blueberries, such as catechin, quercitin, epicatechin, gallic and caffeic acid have 

been shown to be superior antioxidants and have anti-inflammatory effects and act as an 

antioxidant (Lau, 2009; Basu, 2010). Blueberry consumption in the United States has 

increased from 305 million pounds in 2005 to 508 million pounds in 2010 (Lau, 2009; 

US High Blueberry Council, 2013), and has been ranked in the top four contributors of 

dietary antioxidants (Basu, 2010).    
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Blueberry and Body Weight  
 

A study examined the effect of blueberry on both obese and lean rats, comparing 

those receiving a 45% fat diet and those receiving a 15% fat diet. Meals were prepared 

with 2% blueberry powder as supplement, or 2% additional carbohydrate as the control. 

Zucker Fatty rats have a mutation in the leptin receptor that leads to obesity, 

hyperlipidemia, insulin resistance, and systemic inflammation. These rats were shown to 

have reduced abdominal fat, reduced serum triglycerides, and improved insulin resistance 

with the supplementation of blueberry with a high fat diet.  However, blueberry 

supplements did not significantly reduce total body weight or fat mass, and did not 

impact biomarkers of inflammation.  Obese rats fed a low fat diet with blueberry 

supplements had reduced abdominal fat, reduced serum triglycerides, and improved 

insulin resistance, along with reduced total fat mass, liver mass, and free fatty acids.  

When compared to lean rats, blueberry supplements with a high fat diet showed increased 

body weight with reduced serum triglycerides.  Lean rats fed a low fat diet with blueberry 

supplements showed no impact on any parameters.  This study indicates that the best 

method for weight loss and reduced risk of disease in obese rats is a low fat diet along 

with regular consumption of blueberry (Seymour, 2010). 

Previous studies have indicated that supplementation of blueberry polyphenols 

may have a positive effect on body composition in overweight individuals.  

An in vitro study was conducted to examine the effect of lypholyzed blueberry extract on 

adipogenesis.  Preadipocyte cells were cultured and placed in a medium with varying 

concentrations of blueberry, including 150, 200, and 250 lg/mL of blueberry polyphenol, 
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or control.  The medium was changed every 48 hours, until day 8 of differentiation. The 

cells treated with blueberry polyphenol showed a dose dependent reduction in 

intracellular lipid accumulation, inhibiting preadipocyte differentiation (Moghe, 2012).   

In humans, weight reduction through regular inclusion of blueberry in the diet 

may encourage increased physical activity, and improved physical activity patterns in 

postmenopausal women (Greenberg and Obin, 2006).   

Blueberry and Inflammation and Oxidative Stress 

Blueberries are most commonly known for their antioxidant and anti-

inflammatory properties that originate from the phytonutrients present in the fruit (Lau, 

2009).   Blueberries also act as antioxidants. With increased intake after menopause, 

blueberries may help to restore balance between pro-oxidants and antioxidants in the 

body when estrogen production decreases (Lau, 2009).  

NF-kB activation is stimulated by lipopolysaccharide (LPS) and is associated with 

CNS inflammation by increasing COX2 and iNOS.  This mediates the inflammatory 

response and the production of NO, ROS, and TNF-alpha.  In an in vitro study, the effect 

of treatment with blueberry on the LPS-induced activation of proinflammatory mediators.  

Previous studies have shown decreased inflammation with blueberry supplementation, 

but this study examined the mechanisms that lead to reduced inflammation.  Cells treated 

with blueberry, followed by activation with LPS, showed reduced COX2 and iNOS 

expression, compared to cells activated with LPS alone, in a dose dependent manner.  

The results suggested that the inhibition occurs at the transcriptional level, and that 
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blueberry inhibits LPS-mediated activation by inhibiting the translocation of NF-kB 

(Lau, 2009).  

A human study conducted by Oklahoma State University further examined the 

antioxidant and anti-inflammatory properties of blueberry consumption in humans.  The 

participants included 66 obese men and women with three features of the metabolic 

syndrome, and were excluded if they were younger than 21, taking medication for 

chronic disease, had renal, liver, or thyroid disorders, regular smokers, consuming excess 

alcohol, pregnant or lactating, and if they consumed antioxidants or fish oil supplements 

regularly.  After consuming 50g of dried blueberries daily for 8 weeks, participants had a 

significant decrease in oxidative stress, measured using oxidized LDL, MPO, MDA and 

HNE biomarkers.  However, there were no significant differences in inflammation, body 

weight, waist circumference, lipid profiles, or glucose concentrations in this study 

(Greenberg and Obin, 2006).  

Blueberry and Cardiovascular disease, Cancer, Diabetes, and Osteoporosis 
 

The effect of supplementing blueberry polyphenols on the development of 

cardiovascular disease, cancer, and osteoporosis has been studied with positive results. 

Blueberries have also been shown to improve cognitive function and have anti-diabetic 

effects (Stull, 2010). 

A study including obese men and women with metabolic syndrome were given 50 

grams of blueberry in the form of a freeze-dried beverage for 8 weeks.  The control group 

was given equivalent amounts of water, but did not add equivalent amounts of sugar or 

fiber.  At the end of the study, the group receiving blueberry supplements showed a 
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significant decrease in blood pressure, reducing their risk for CVD development.  

However, this study did not show a positive response in body weight, waist 

circumference, or biomarkers of inflammation (Basu, 2010).  

 Blueberries are known antioxidants, and therefore reduce the risk of cancer 

development.  More than 75,000 postmenopausal women were followed for up to 24 

years, with dietary data collected every 7 years to examine the relationship between 

certain fruits and vegetables and the risk of breast cancer development.  Women who 

consumed at least one serving of blueberries per week were found to have a decreased 

risk of breast cancer incidence compared to women who did not consume blueberries 

regularly over the 24 year period (Fung, 2013). 

 Blueberries may also play a role in the prevention of insulin resistance. To 

examine the effect of blueberries on the development of diabetes, participants consumed 

45 grams of blueberry smoothie, or a smoothie with identical nutritional value as control, 

for 6 weeks.  Insulin sensitivity, inflammation, and adiposity were measured at baseline 

and at the end of the study.  After 6 weeks, insulin sensitivity improved significantly in 

the group receiving blueberry supplements, with no change in inflammation or adipocity 

(Santosa and Jensen, 2012). 

 In an animal model, blueberry has been shown to prevent bone loss in 

postmenopausal rat models. For 100 days, ovariectomized rats were fed a 5% blueberry 

diet or control, with food intake and weights monitored every three days. There was a 

significant reduction in bone mineral density after the rats were ovariectomized in those 

receiving the control diet.  This reduction was prevented in the rats receiving 5% 
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blueberry diet, indicating that blueberry supplement reduces bone loss by suppressing 

bone turnover.  No human studies have been done to observe the effect of blueberry 

supplements on bone loss in postmenopausal women, and more research is needed to 

determine if blueberry aids in bone density maintenance in postmenopausal women (Lau, 

2009).    

Blueberries are a rich source of polyphenols, and function as an antioxidant, anti-

carcinogenic, and an anti-inflammatory (Stull, 2010; Lau, 2009; Fung, 2013).  This study 

will show the effect of whole blueberries on body composition, body fat distribution, 

physical activity, and biomarkers of inflammation and oxidation.  We have seen that 

blueberry polyphenols may have a varying effect on many aspects of metabolism and the 

development of chronic diseases.  More research is needed to determine the threshold of 

blueberry intake and the potential degree of health improvement in humans.   
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CHAPTER III 

METHODOLOGY 

Study Design and Subject Recruitment 

A total of 40 postmenopausal (within 1-10 years of menopause) women, ranging 

in age from 45 to 70, with mild to moderate degree of bone loss who were not taking 

hormone or bone therapies were recruited through private clinical practices and the local 

community from the Denton area and the Dallas/Fort Worth Metroplex. Using a double 

blind, randomized placebo controlled design, participants were placed into two treatment 

groups (n=20). Group 1 consumed 40 grams lyophilized blueberry powder daily for 12 

weeks. Group 2 served as the control and received 40 grams of a maltodextrin powder 

that is equivalent to the lyophilized blueberry powder for a 12-week period.  

Inclusion and Exclusion Criteria 

Participants were not receiving bone related therapies or hormone treatment for at 

least 6 months prior to study initiation, and must have agreed to not initiate any new 

related treatments for the duration of the study. Subjects who met the criterion were 

considered regardless of ethnicity and race. Subjects were excluded from the study if they 

were receiving endocrine or neuroactive drugs, or any drugs known to influence bone and 

calcium metabolism. Subjects receiving pharmacological doses of calcitonin, 

bisphosphates sodium fluoride, parathyroid hormone, or anabolic steroids up to 6 months 

prior to study initiation were excluded. Subjects were also excluded if they are heavy 



 

	   22	  

smokers (no more than 20 cigarettes per day). Subjects must have also been without 

history of diabetes, hypothyroidism, hyperthyroidism, liver disease, and kidney disease.  

Body Composition Assessment 

Participants had body composition assessments performed by a certified 

technician using dual-energy x-ray absorptiometry at first and twelve week visits. The 

analysis included body mass index classification, android:gynoid fat ratio, total body fat, 

and lean body mass. In 1990, The American Society for Clinical Nutrition examined the 

accuracy of dual-energy xray absorptiometry. They determined that DEXA scans serve as 

a precise measurement of body composition, with low radiation exposure to the 

participant (Mazess, 1990).   

Physical Activity and Diet Assessment 

Physical activity and food frequency questionnaires were completed at baseline, 

midline, and final appointments. The physical activity questionnaire recalls the amount of 

activity in the last seven days, as well as activity patterns. We will assessed participants 

sleep habits, exercise patterns, and type of physical activity performed in the seven days 

prior to appointments. This questionnaire was originally used in the Five City Project, 

and has been studied for validity and effectiveness. This was done by comparing the 

answers given on the 7-day recall to the results of doubly labeled water, a common 

method to assess energy expenditure. This study concluded that there were no significant 

differences between the results of doubly labeled water and the questionnaire, indicating 

that it is an appropriate representation of total and physical activity energy expenditure 

(Washburn, 2003). The food frequency questionnaire asked the participants how often 
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they have eaten a variety of foods in each food group, and indicated their regular dietary 

patterns. Participants were asked to keep a calendar between visits to track their 

consumption of blueberry powder to assess compliance.  

Blood Collection 

Fasting blood and urine samples were collected at baseline, six week, and twelve 

week appointments. Blood samples were centrifuged at 1500x g for ten minutes within 

two hours of collection. Serum was separated and aliquoted for storage at -70° C for 

analyses. To assess markers of inflammation, C-Reactive protein and Interleukin-6 will 

be evaluated using Ostase ELISA kits from ImmunodiagnosticSystems. Thisbarbaturic 

Acid and Isoprostane were used to assess markers of oxidative stress using Cayman 

Chemical kits.  

Statistical Analysis 

The minimum sample size to conduct analysis is 32 participants, with alpha=.05, 

power=.80 and a moderate effect size (47,48). Descriptive statistics were calculated for 

all variables, comprising means, standard deviations, medians, minima and maxima for 

continuous variables, while frequencies and percentages, were calculated for all 

categorical demographic variables. For data that was not normally distributed, 

adjustments were made through either transformed data or nonparametric tests. Outliers 

were investigated to determine as technical or clerical errors. The data was analyzed 

using SPSS v. 19.0. Sample t tests was used to test for potential baseline differences in 

body composition, physical activity and biomarkers of inflammation and oxidation 

biomarkers between the blueberry and placebo groups. Baseline differences were 
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controlled through covariate analysis, including ANOVA and regression. Potential 

covariates found in preliminary analyses, such as time from menopause, body weight and 

baseline characteristic, were be in included in the regression analyses.  

Outcome Measures 
Outcome 1 

 Changes in body weight and body composition between blueberry intervention 

and placebo groups were assessed by comparing weight and DEXA scans at baseline and 

at the end of the study (90 days).  

Outcome 2 

 Physical activity between blueberry intervention and placebo groups were 

assessed by comparing self-reported physical activity levels at baseline, midpoint, and 

final evaluations through a physical activity questionnaire.  

Outcome 3  

 Changes in serum inflammation and oxidative biomarkers between blueberry 

intervention and placebo groups were assessed by collecting fasting venous blood at 

baseline, midpoint, and final evaluations to assess changes in levels of IL-6, CRP, 

TBARS, and Isoprostane.  
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Abstract 

 Postmenopausal women are at an increased risk for chronic disease, including 

cardiovascular disease, cancer, diabetes, and osteoporosis.  Metabolic changes after 

menopause contribute to an increase in fat mass, increased abdominal obesity, and 

increased serum inflammatory and oxidative biomarkers.  Blueberries are rich in 

polyphenols and may aid in disease prevention in after menopause.  The purpose of this 

study was to examine the effect of daily blueberry consumption on body composition, 

physical activity, inflammation, and oxidative stress in postmenopausal women with 

osteopenia.  A total of 40 women were recruited and randomized into two groups for 12 

weeks. Group 1 (n=20) served as the intervention group and consumed 40 grams of 

lypholyzed blueberry powder each day. Group 2 (n=20) served as the control group and 

received a placebo mixture consisting of an equal ratio of fructose and dextrose 
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equivalent to the lypholyzed blueberry powder in appearance and calorie content.  DEXA 

scans were performed at baseline and final assessments to evaluate body composition and 

body weight. Serum specimens and self-reported physical activity were collected at 

baseline, midpoint, and final assessments.  At the end of the 90 day study, Both the 

blueberry and placebo group experienced a decline in body weight and BMI, with the 

decrease in the intervention group being significant in comparison to baseline. There was 

a slight reduction in abdominal fat mass in the blueberry group, whereas the placebo 

group had a slight increase, although neither group had significant changes. Both groups 

experienced a decline in whole body fat, with a greater decrease in the blueberry group. 

However, this change did not reach a level of significance.  There were no significant 

changes seen in plasma levels of TBARS, CRP, or IL-6 in the intervention group. The 

placebo group, however, had a significant increase in IL-6 concentrations between the 

midpoint and final assessments. There were no significant differences found between 

baseline, midpoint, and final of physical activity and sleep patterns in either the placebo 

or blueberry group.  This study indicates that regular blueberry consumption may have a 

positive effect on body weight, and therefore, positively influence disease risk and 

prevent inflammation over time.  

Introduction 

Menopause is characterized by the natural cessation of menstruation and fertility 

in aging women.  While transitioning through menopause, many women experience 

symptoms that include hot flashes, sleep disturbances, and anxiety (Mayo Clinic, 2013; 

Martin, 2015).   Aging, along with hormonal changes, decreased energy, and metabolic 
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changes may negatively influence disease risk.  Body composition shifts toward an 

increase in fat mass, with the most fat accumulation occurring in the abdomen (Medical 

News, 2013; Basu, 2010).  There is also an increase in inflammatory and oxidative stress 

biomarkers, which may be related to the increase in body fat, decreased mobility, and 

dietary choices (Greenberg and Obin, 2009; Stull, 2010).  Postmenopausal women are at 

a higher risk for heart disease, the leading cause of death in women, cancer, 

cardiovascular disease, diabetes, and osteoporosis (Mayo Clinic 2013; Devareddy, 2008; 

NCI, 2014; Tucker, 2012).  Prior to menopause, elevated estrogen levels provide 

cardioprotective benefits by keeping blood vessels flexible (Devareddy, 2008), and 

prevents cancer and osteoporosis by acting as an antioxidant (Zhang, 2013; NCI, 2014).  

The risk for cardiovascular disease and type 2 diabetes is also increased due to the 

increase in fat mass, especially abdominal fat, associated with menopause (Devareddy 

2008; Tucker, 2012).  Diet may play a significant role in counteracting the health risks 

associated with aging and menopause.  Research has shown that the phytonutrients 

present in a wide variety of fruits and vegetables may alleviate physical symptoms of 

menopause, and reduce disease risk in aging women (Nathan-Garner,2012; Fung 2013; 

USDA 2005).  Blueberries are an easily accessible and popular fruit in the United States 

(US High Blueberry Council, 2013; Lau, 2009).  Research has shown that regular 

blueberry consumption may have a positive effect on postmenopausal body weight 

(Seymour, 2010; Moghe, 2012), and reduce the risk for cardiovascular disease, cancer, 

diabetes, and osteoporosis (Basu, 2010; Fung, 2013; Santosa and Jensen, 2012; Lau, 

2009). More research is needed to determine the threshold of blueberry intake and the 
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potential degree of health improvement in humans.  This study will examine the effect of 

blueberry consumption on biomarkers of inflammation and oxidation, physical activity 

patterns, and body composition in postmenopausal, osteopenic women.  

Methodology 

Study Design and Subject Recruitment  

A total of 40 postmenopausal (within 1-10 years of menopause) women, ranging 

in age from 45 to 70, with mild to moderate degree of bone loss who were not taking 

hormone or bone therapies were recruited through private clinical practices and the local 

community from the Denton area and the Dallas/Fort Worth Metroplex.  Using a double 

blind, randomized placebo controlled design, participants were placed into two treatment 

groups (n=20). Group 1 consumed 40 grams lyophilized blueberry powder daily for 12 

weeks. Group 2 served as the control and received 40 grams of a maltodextrin powder 

that is equivalent to the lyophilized blueberry powder for a 12-week period.  

Inclusion and Exclusion Criteria 

Participants were not receiving bone related therapies or hormone treatment for at 

least 6 months prior to study initiation, and must have agreed to not initiate any new 

related treatments for the duration of the study. Subjects who met the criterion were 

considered regardless of ethnicity and race.  Subjects were excluded from the study if 

they were receiving endocrine or neuroactive drugs, or any drugs known to influence 

bone and calcium metabolism. Subjects receiving pharmacological doses of calcitonin, 

bisphosphates sodium fluoride, parathyroid hormone, or anabolic steroids up to 6 months 

prior to study initiation were excluded.  Subjects were also excluded if they are heavy 
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smokers (no more than 20 cigarettes per day).  Subjects must also have been without 

history of diabetes, hypothyroidism, hyperthyroidism, liver disease, and kidney disease.  

Body Composition Assessment 

Participants had body composition assessments performed by a certified 

technician using dual-energy x-ray absorptiometry at first and twelve week visits.  The 

analysis included body mass index classification, android:gynoid fat ratio, total body fat, 

and lean body mass.  In 1990, The American Society for Clinical Nutrition examined the 

accuracy of dual-energy xray absorptiometry.  They determined that DEXA scans serve 

as a precise measurement of body composition, with low radiation exposure to the 

participant (Mazess, 1990).   

Physical Activity and Diet Assessment 

Physical activity and food frequency questionnaires were completed at baseline, 

midline, and final appointments.  The physical activity questionnaire recalls the amount 

of activity in the last seven days, as well as activity patterns.  We will assessed 

participants sleep habits, exercise patterns, and type of physical activity performed in the 

seven days prior to appointments.  This questionnaire was originally used in the Five City 

Project, and has been studied for validity and effectiveness.  This was done by comparing 

the answers given on the 7-day recall to the results of doubly labeled water, a common 

method to assess energy expenditure.  This study concluded that there were no significant 

differences between the results of doubly labeled water and the questionnaire, indicating 

that it is an appropriate representation of total and physical activity energy expenditure 

(Washburn, 2003).  The food frequency questionnaire asked the participants how often 
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they have eaten a variety of foods in each food group, and indicated their regular dietary 

patterns.  Participants were asked to keep a calendar between visits to track their 

consumption of blueberry powder to asses compliance.  

Blood Collection 

Fasting blood and urine samples were collected at baseline, six week, and twelve 

week appointments.  Blood samples were centrifuged at 1500x g for ten minutes within 

two hours of collection.  Serum was separated and aliquoted for storage at -70° C for 

analyses. To assess markers of inflammation, C-Reactive protein and Interleukin-6 will 

be evaluated using Ostase ELISA kits from ImmunodiagnosticSystems.  Thisbarbaturic 

Acid and Isoprostane were used to assess markers of oxidative stress using Cayman 

Chemical kits.  

Statistical Analysis 

The minimum sample size to conduct analysis is 32 participants, with alpha=.05, 

power=.80 and a moderate effect size (47,48).  Descriptive statistics were calculated for 

all variables, comprising means, standard deviations, medians, minima and maxima for 

continuous variables, while frequencies and percentages, were calculated for all 

categorical demographic variables.  For data that was not normally distributed, 

adjustments were made through either transformed data or nonparametric tests.  Outliers 

were investigated to determine as technical or clerical errors.  The data was analyzed 

using SPSS v. 19.0. Sample t tests was used to test for potential baseline differences in 

body composition, physical activity and biomarkers of inflammation and oxidation 

biomarkers between the blueberry and placebo groups. Baseline differences were 
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controlled through covariate analysis, including ANCOVA and regression.  Potential 

covariates found in preliminary analyses, such as time from menopause, body weight and 

baseline characteristic, were be in included in the regression analyses.  

Results 

 There were 98 postmenopausal women who were initially screened to participate 

in the study, and 59 met criteria for the first study visit. Of the 59 potential participants 

who meet the inclusion criteria in the screening process, 40 of those individuals qualified 

to initiate either blueberry or placebo treatment based on the criteria of bone loss.  There 

were eight participants who chose to withdraw from the study due to the taste and 

palatability of the treatment, mild to moderate GI discomfort such as bloating, gas, and 

diarrhea, lack of interest, or conflicts in scheduling.  The demographic data of the study 

participants is listed below.  

Participants 
Screened 

Bone 
Density 

Assessment 

Qualified 
and Initiated 
Treatment 

Completed 
Treatment 

Participant 
Dropout 

Dropout 
Rate 

98 59 40 32 8 20% 
Table 1.1 Study Participant Screening and Dropout Rate 

Study Participant Demographics 
 

 Baseline 
(n) 

Midpoint 
(n) 

Final 
(n)  

Age 
Range 

Average 
Age 

Drop Rate 
(midpoint) 

Drop 
Rate 
(overall) 

Placebo 20 18 16 53-69 59.8 9% 20% 
Blueberry 20 16 16 47-71 57.3 20% 20% 
Total 40 34 32 47-71 58.5 15% 20% 
Table 1.2 Study Participant Demographics   
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Body Composition and Body Weight 

 Baseline data for body weight and body mass index (BMI) did not differ between 

the blueberry and placebo group.  Both groups experienced a decline in both body weight 

and BMI after the 90-day treatment. While the reduction was not significant in the 

placebo group, the blueberry group had a significant decrease compared to baseline.   

Distribution of fat was evaluated by measuring android fat, gynoid fat, and the android to 

gynoid ratio. After the 90-day treatment, there was a slight reduction in android, or 

abdominal, fat in the blueberry group, and a slight increase in the placebo group.  

Although, neither of these changes were significant compared to baseline.  There was a 

slight, nonsignificant, decrease in gynoid fat in both groups, and no change in the android 

to gynoid ratio in both groups.  Both the blueberry and placbo groups had a decrease in 

whole body % fat.  This change was not significant, however, it was more pronounced in 

the blueberry group.   
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Figure 1.1 Body weight Mean±SD. n= 16 per treatment group, asterisk denotes 
significantly different (p≤0.5) from baseline 
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Figure 1.2 Body mass index Mean±SD. n= 16 per treatment group, asterisk denotes 
significantly different (p≤0.5) from baseline 
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Figure 1.3 Percent body fat Mean±SD. n= 16 per treatment group, asterisk denotes 
significantly different (p≤0.5) from baseline 

Inflammation and Oxidative Stress 

 Plasma levels of c-reactive protein (CRP), thiobarbituric acid reactive substances 

(TBARS), and interleukin-6 (IL-6), had no changes from baseline to final in the 

blueberry group.  However, there was a significant increase in plasma IL-6 at 90 days 

compared to midpoint values in the placebo group.  
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Figure 2.1 Plasma IL-6 Mean±SD. n= 16 per treatment group, asterisk denotes 
significantly different (p≤0.5) from midpoint 
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CRP, TBARS, and Isoprostane Biomarkers 

 
 Blueberry Placebo 
 Mean SD Mean SD 
CRP     

Baseline 1.54 1.56 1.32 1.78 
Midpoint 1.48 1.87 1.42 1.88 

Final 1.14 1.42 1.11 1.22 
TBARS     

Baseline 2.61 1.54 3.06 1.79 
Midpoint 3.13 1.75 3.22 1.15 

Final 3.00 1.95 3.04 1.53 
Isoprostane     

Baseline 1.64 0.19 1.7 0.25 
Midpoint 1.61 0.31 1.69 0.24 

Final 1.72 0.25 1.66 0.14 
Table 2.1 CRP and TBARS Mean±SD. n= 16 per treatment group 

Physical Activity 

 Physical activity was measured using physical activity questionnaires at baseline, 

midpoint, and final visits.  There were no predicted significant changes in physical 

activity patterns, or significant changes in sleep patterns.  There was a slight increase in 

very hard activities between midpoint and final for the placebo group, slight increase in 

moderate activity for blueberry group between baseline and midpoint, and a significant 

decrease in the number of walking days per week for the blueberry group.  

Discussion 

 Posmenopausal women experience physical symptoms, decreased energy, and 

hormonal changes that negatively impact disease risk, body composition, physical 

activity patterns, and metabolism (Mayo Clinic, 2013).  Fruits and vegetables with 

specific phytonutrients have been found to decrease disease risk, and relieve some of the 
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physical symptoms of menopause (Nathan-Garner, 2012; Terauchi, 2014; Auerbach, 

2012).  Blueberries are an easily accessible fruit that is low in calories, fat, and sodium, 

and rich in fiber, vitamin C, and manganese (US High Blueberry Council, 2013).   

Blueberries have been examined in in vitro, in vivo, and in human studies to 

research the effect on body weight, inflammation and oxidation, and disease risk.  

Blueberry supplements have been shown to reduce abdominal fat, serum triglycerides, 

total fat mass, liver mass, and free fatty acids, and improve insulin resistance when paired 

with a low fat diet (Seymour, 2010).  Previous cell studies have indicated that 

supplementation of blueberry polyphenols may have a positive effect on body 

composition in overweight individuals (Moghe, 2012).  This study showed a significant 

reduction in total body weight and BMI after 12 weeks of daily blueberry consumption.  

There was also a slight decrease in abdominal obesity in the intervention group, while the 

placebo group had a slight increase.  However, this change was not significant compared 

to baseline.   

Blueberries are most commonly known for their antioxidant and anti-

inflammatory properties that originate from the phytonutrients present in the fruit (Lau, 

2009).  When included in the diet, blueberries may restore balance between antioxidants 

and pro-oxidants in the body after estrogen production declines (Lau, 2009). Blueberry 

consumption may reduce inflammation by inhibiting the translocation of NF-kB, 

preventing the LPS-mediated inflammatory cascade (Lau, 2009).  Human studies have 

further examined the antioxidant and anti-inflammatory properties of blueberry, and 

shown a significant reduction in oxidative stress, measured using oxidized LDL, MPO, 
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MDA and HNE biomarkers (Greenberg and Obin, 2006).  Our study provided 40g of 

blueberry for 12 weeks, and did not show significant changes in IL-6, CRP, or TBARS.  

However, the placebo group did show a significant increase in IL-6 concentrations at 90 

days compared to midline values, which was prevented in the blueberry group.   

We hypothesized that the anticipated decrease in body mass, improvements in 

body composition, and reduction in inflammation and oxidative stress would promote 

positive changes in physical activity patterns.  After the 90-day study, there were no 

significant changes in physical activity or sleep patterns in the intervention or placebo 

group.   

This study examined the effect of 50g of daily blueberry consumption for 90 days 

on body weight and body composition, inflammation and oxidative stress, and physical 

activity patterns.  Significant change was seen in body weight and BMI of the 

intervention group at the conclusion of the study.  More research is warranted to 

determine the threshold of blueberry intake for health improvements in postmenopausal 

women. Future studies may see significant results through a increasing the duration of the 

study, or increasing the daily dose, to determine the potential effect of long-term 

blueberry consumption.  
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CHAPTER V 

SUMMARY, CONCLUSIONS, AND LIMITATIONS 

 In aging women, the hormonal changes that go along with menopause, as well as 

decreased energy and changes in metabolism, negatively influence disease risk.  The 

phytonutrients in blueberries have been shown to decrease disease risk by influencing 

body composition and inflammatory biomarkers.  More research is needed to determine 

the threshold and the extent of benefits from blueberry consumption.  Therefore, this 

study was used to further examine the effect of blueberry supplementation in 

postmenopausal women.  

 At the end of the 90-day intervention, both groups had a decrease in BMI, with 

the blueberry group having a significant reduction compared to baseline.  There was a 

slight decrease in abdominal fat in those in the blueberry group, while those in the 

placebo group had a slight increase.  However, neither of these changes were significant.  

There was a decrease in body fat percentages in both the blueberry and placebo group.  

Neither group had a significant change, but the intervention group had a more 

pronounced decrease in fat.  There was no significant decrease in inflammatory or 

oxidative stress biomarkers.  However, there was a significant increase in IL-6 in the 

placebo group, which was not observed in the blueberry group.  There were no significant 

changes in the physical activity levels of participants.  
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 This study was designed to recruit and randomize postmenopausal, osteopenic 

women and examine the effect of blueberry consumption on body composition, 

inflammation, oxidative stress, and physical activity.  One limitation with recruitment and 

participation was the lack of body weight or body composition criteria, and inflammatory 

criteria, which made it less likely to achieve significant results.  

 This study was based on participant compliance with consumption of blueberry or 

placebo powder.   For some participants, GI side effects or the palatability of the product 

led some participants to drop out of the study.  In addition, the use of self-reported 

physical activity levels allows for error, and may have resulted in inaccurate 

measurements between baseline, midpoint, and final activity levels.   

 Future studies with participants that have baseline elevated inflammatory markers 

and obesity may be more beneficial in determining the effect of blueberry consumption 

on these markers.  In addition, extending the study for a longer period of time may give a 

better indication of how long-term blueberry intake may affect postmenopausal health.   
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Need Research Volunteers 

 
• Are you between  45 – 70 years old 
• Do you feel that your bones are getting weak  
• Do you experience pain in your back 
• Are you otherwise healthy and mobile  
• Would you be willing to participate in a study where you may be asked to consume 

whole blueberry powder daily for 3 months  
 
If you have answered YES to all of the above, then you may be eligible to participate in a 
4 month research study to look at the beneficial effect of blueberries on bone density and 
bone status.  
 
Criteria include meeting the requirements listed above and willing to consume either 
blueberry powder or a similar powder without blueberries for a period of 3 months. There 
will be one blood draw at the start, midpoint, and at the end of the study. You will also 
provide urine specimen at the start, midpoint, and at the end of the study. Bone density of 
your spine and whole body will be measured at the start and the end of the study. The 
total time you need to spend for the study is 3 hours and 15 minutes over 3 months 
involving 4 visits. 
 
Benefits include: promotion of bone health, measurement of bone density and blood 
measures associated with bone status. Upon completion, you will receive a compensation 
of $75 for your time in partial payments of $25 at the midpoint and $50 at the final 
follow-up visits.  
 
If interested, please email or call for more information: 
Dr. Shanil Juma, Department of Nutrition and Food Sciences sjuma@twu.edu; 940-898-
2704 
 
There is a potential risk of loss of confidentiality in all email, downloading, and internet 
transactions.  
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   Screening Questionnaire 
ID:                                                                 Sex:                                      Age: 
Telephone(s):                                                e-mail: 
Do you smoke?: ____ Yes   _____ No                   Cigarettes per day  _____ 
Medical condition you are taking medicine for: 
Hypertension ___ High cholesterol ___ Kidney disease ____ Lung disease ____ 
Diabetes ___    Heart disease ____     Liver disease ___  Thyroid  condition ____ 
Bone Condition  ______ 
List any medications, drugs, prescription drugs, over the counter drugs, vitamins or food 
Supplements you are taking: List amount (mg) and times taken (daily, weekly etc.) 
  
  
  
  
  
  
Are you on a special diet? __No __weight loss __Medical condition __ Vegetarian  
                                             ___ Low salt ____ Low cholesterol ____ Weight gain 
 
Do you have any food allergies? ___ No ___Yes (list them) 
 
 
                                                                                                                                                     
Here is the list of items (drugs/foods) you, as the participant, will be exposed to during 
the study: Blueberry powder or powder without blueberries 
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Texas Woman’s University 
 Consent to Participate in Research 
 
Study Title:   Effect of Whole Blueberry on Bone Biomarkers in Postmenopausal Women 

with Mild-to-Moderate Osteopenia 
 
Investigators:  Shanil Juma, PhD     940-898-2704   sjuma@twu.edu 
  Parakat Vijayagopal, PhD 940-898-2709  pvijayagopal@twu.edu 
   
Explanation and Purpose of Research 
We are asking you to participate in a research study at Texas Woman’s University. The 
purpose of the study is to find out if consumption of whole freeze-dried blueberry powder 
for 3 months will improve bone status in postmenopausal women who have mild-to-
moderate bone loss. We will ask the following questions: 

 
a) Will consuming blueberry powder for 3 months improve bone health? 
b) Will consuming blueberry powder influence serum and urinary markers of bone 
status? 

  
Research Procedures   
For this study, the initial visit will first involve obtaining consent for your participation in 
this study. At this visit, we will do a bone density measurement of your spine and whole 
body to determine if you have mild-to-moderate bone loss and qualify for the study. This 
will be done by a trained and certified technician. Based on the bone density assessment, 
if you qualify and agree to participate, we will schedule a baseline visit. For the baseline 
visit, we will ask you not to eat any food overnight (10 hours), collect and bring a 24 hour 
urine specimen in a container that will be provided to you during the first visit. and to 
appear at a certain place in the university. A trained female personnel will take your 
height and weight measurements. A phlebotomist (person taking the blood) will draw 3 
table spoons of your blood from one of the veins of your arms. We will then provide you 
with a snack and drink (cookies, crackers, and orange juice).. Filtered water and a light 
snack will be available for you at the study site. We will also ask you to complete a food 
frequency and physical activity questionnaire regarding your eating and activity habits 
over the past week. You will be provided a 45 day supply of either the study treatment 
(blueberry powder) or a control (powder without blueberries). At the 45-day visit 
(midpoint), you will again be asked to bring a 24 hour urine collection from the prior day 
and be asked not to eat any food overnight (10 hours). A trained female personnel will 
take your height and weight measurements. A phlebotomist (person taking the blood) will 
draw 3 table spoons of your blood from one of the veins of your arms. We will then 
provide you with a snack and drink (cookies, crackers, and orange juice).. Filtered water 
and a light snack will be available for you at the study site. We will also ask you to 
complete a food frequency and physical activity questionnaire regarding your eating and 
activity habits over the past week. You will be provided a 45 day supply of either the 
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study treatment (blueberry powder) or a control (powder without blueberries).   At the 
end of the study (4 months), you will be asked to come in for your last visit, provide a 24 
hour urine specimen collection during the prior day and not to eat any food overnight (10 
hours) for a blood draw (3 tablespoons of blood will be obtained). You will be provided 
with snacks and filtered water. A trained and certified technician will measure bone 
density of your spine and whole body.  A trained female personnel will measure height 
and weight. We will also ask you to complete a food frequency and physical activity 
questionnaire regarding your eating and activity habits over the past week. 
 
Time Commitment   
The study treatment period is 3 months. The study volunteer time commitment includes 
initial screening questions (~15 minutes), consent form (15 minutes), bone density 
assessment (30 minutes each during baseline and three months), physical activity and food 
frequency questionnaire (30 minutes each during baseline and three months), 
anthropometrics-height and weight (5 minutes each during baseline, midpoint (45 days), 
and 3 months), and blood draw and urine collection (10 minutes each at baseline, midpoint 
(45 days) and final). Total time commitment for each participant is approximately 3 hours 
and 15 minutes.   
                                                                                     
Potential Risks 
A potential risk to you as a participant in this study is release of confidential information. 
Confidentiality will be protected to the extent that is allowed by law. To protect 
confidentiality, you will be given a code number which will be used in all records. Only Dr. 
Juma will know your identity. All records will be stored in a locked filing cabinet in Dr. 
Juma’s office. The records will be shredded within 5 years of completion of the study. 
Your name or any other identifying information will not be included in any publication that 
may result from the study. There is a potential risk of loss of confidentiality in email, 
downloading, and internet transactions. 
 
A second possible risk is that you may not like the whole blueberry powder or powder 
without blueberries. If you do not like the randomized treatment, there is no penalty for not 
consuming it. You are free to quit the study at any time. Whole blueberry powder and 
powder without blueberries is from a whole fruit source or equivalent to the sugar content 
of the whole fruit that has been freeze-dried and packaged. It has been deemed safe for 
consumption and not harmful in any way. 

Another possible risk to you as a participant in this study includes the discomfort of blood 
drawings. Blood draw may cause minor pain, bruising, discomfort, swelling, anxiety, 
infection or fainting. We will use a certified expert for blood draw. This will minimize the 
possibility of pain, bruising, discomfort, swelling, infection, and anxiety. A light snack and 
water will be made available at the draw site to avoid fainting. We will also ask you to 
drink a lot of water before the blood draw.  
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You may be allergic to the latex gloves the phlebotomist wears for blood draw. In that 
case, the phlebotomist will use a different type of gloves.You will receive time to relax 
before and after blood draw. A light snack and water will be available to you. This will 
reduce the possibility of your fainting. If you faint during the blood draw, we will lay you 
down and make you comfortable. We will carefully watch you until you regain 
consciousness and will not make another attempt to draw your blood again that day. 
 
Other possible risks to you are loss of time, fatigue, allergic reaction, and infection. You 
can watch videos or relax while you are waiting. Before we select you for the study, we 
will ask whether you are allergic to the food we use in the study. If you are allergic, we will 
not select you for the study. The phlebotomist will clean your arm with alcohol before 
taking blood and she will use a new needle. This will minimize the possibility of infection.   
 
In addition to the risks above, you may experience anxiety or embarrassment related to 
height, weight and range of motion measurements.  In order to minimize this risk, you will 
be assured of complete confidentiality before taking these measurements.All measurements 
will be taken only by an experienced and trained study personnel in a private room. The 
bone density measurement will be conducted by a trained and certified technician. 
Anthropometrics (height and body weight) measurements will be conducted by a trained 
female personnel. Blood draw will be done by a trained female phlebotomist. 
 
The study treatment consists of freeze dried blueberry powder contains whole blueberry 
and the comparative placebo contains sugar equivalent to the blueberry powder. If 
participants are allergic to blueberries or sugar she may consider not participating in the 
study. If any participant becomes allergic to the powder used in the study, she can 
withdraw from the study at any time. 
 
The researchers will try to prevent any problem that could happen because of this 
research. You should let the researchers know at once if there is a problem and they will 
help you. However, TWU does not provide medical services or financial assistance for 
injuries that might happen because you are taking part in this research. 
                                                                                                                                  
Participation Benefits 
Your participation in this research study is completely voluntary, and you may 
discontinue your participation in the study at any time without penalty. As a participant in 
the study, you will receive the study powder for 4 months. You will also receive a cash 
incentive of $75, of which $25 will be paid at midpoint (45 days) and the remaining $50 
after you complete the study. In addition, at completion of the study a summary of results 
as well as the results of your blood and urine analysis will be mailed to you upon request.  
 
Questions Regarding the Study 
You will be given a copy of this signed and dated consent form to keep. If you have any 
questions about the research study you may ask the researchers; their phone numbers are 
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at the top of this form. If you have questions about your rights as a participant in this 
research or the way this study has been conducted, you may contact the Texas Woman’s 
University Office of Research and Sponsored Programs at 940-898-3378 or via e-mail at 
IRB@twu.edu.  
 
________________________                                         _______________                                                                                               
Signature of Participant                                                      Date 
   
 
 

 
This page will be detached and filled separately. 

 
 
* If you would like to receive a summary of the results of this study, please provide an 
address to which this summary should be sent: 
 
______________________________ 
______________________________ 
______________________________      
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PHYSICAL ACTIVITY QUESTIONNAIRE 
 
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 
 
2. 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 list 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 
 

 
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 
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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 month, 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 

   
______________________ ______________________ ______________________ 

______________________ ______________________ ______________________ 
______________________ ______________________ ______________________ 

______________________ ______________________ ______________________ 
 

10. Are you engaged in any regular exercise? 
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Walk_______________, Minutes per day________, Days per week________________ 

Power Walk__________, Minutes per day________, Days per week_______________ 
Treadmill____________, Minutes per day________, Days per week________________ 

Aerobics_____________, Minutes per day________, Days per week_______________ 
Weight aerobics_______, Minutes per day________, Days per week_______________ 

Bicycling/Stationary bike_______, Minutes per day________, Days per week________ 
Tennis_______________, Minutes per day________, Days per week_______________ 

Other, please specify: 
____________________, Minutes per day________, Days per week________________ 

____________________, Minutes per day________, Days per week________________ 
____________________, Minutes per day________, Days per week________________ 

____________________, Minutes per day________, Days per week________________ 
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Date______________ 
      
Subject ID_________ 
 

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 1/2 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) 

      

Apple juice (½ cup)       
Oranges       
Orange juice (½ cup)       
Grapefruit (½ cup)       
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Grapefruit juice (½ cup)       
Other fruit juices (½ cup)       
Strawberries—fresh, frozen, or canned (½ cup)       
Blueberries—fresh, frozen, or canned (½ cup)       
 
 
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)       
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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) 

      

 
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)       



 

	   65	  

Shrimp, Lobster, Scallops       
Pizza (2 slices)       
Mixed dishes with cheese (1 cup)       
Lasagna or meat pasta dishes (1 cup)       
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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)       
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, french 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)       
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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)       
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, ready made (2)       
Brownies (2)       
Doughnuts (2)        
Cake, home baked (1 slice)       
Cake, ready made (1 slice)       
Sweet roll, coffee cake, or other pastry ready 
made (1 serving) 

      

Sweet roll, coffee cake, or other pastry home 
baked (1 serving) 

      

Pie, homemade (1 slice)       
Pie, ready made (1 slice)       
Jam, jelly, preserves, syrup, or Honey (1 Tbsp)       
Peanut butter (1 Tbsp)       
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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)       
       
       
 
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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