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ABSTRACT

Cardiovascular disease (CVD) continues to be the leading cause of death in the
United States. It was estimated that 80% of people who died of CVD were age 65 or
older. Hypertension and dyslipidemia are major risk factors for CVD. Common
treatments for high blood pressure (BP) and dyslipidemia include medications, but
there is question as to whether natural sources may be adequate to improve CVD risk
factors. Studies have suggested age-associated related cardiovascular conditions may
be ameliorated by the antioxidants in tart cherry. Hence, a randomized intervention
trial was conducted evaluating whether participants consuming 16 fluid ounces (fl.
0z.) of tart cherry juice daily would reduce CVD risk factors including total
cholesterol, low-density protein cholesterol, high-density lipoprotein cholesterol,
triglycerides, atherogenic risk ratios, and systolic and diastolic BP when compared to a
placebo group consuming 16 fl. oz. of placebo daily for 12 weeks. Participants
consisted of 37 generally healthy older adults between the ages of 65-80 years.
Participants were randomly assigned to the tart cherry group or placebo group and
were blinded to their group assignment. Overnight fasting blood samples and BP were
collected at baseline and final. Dietary intake and physical activity were also assessed.
The baseline characteristics of participants in both groups were similar, with the
exception of physical activity, which was significantly greater in the tart cherry group.
Results of 2x2 ANOVA show a significant difference between groups in change in
systolic BP from baseline to final. In the tart cherry group, systolic BP decreased by

5.7mmHg (4.0%) and in the placebo group systolic BP increased by 5.4mmHg (p
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value 0.0188). There were no significant changes in any of the other variables. The
present finding also indicated that an additional 236 kilocalorie intake daily from juice
did not significantly increase body weight. In conclusion, daily incorporation of tart
cherry juice into diet reduced systolic BP in older adults and could be a plausible

intervention for improved cardiovascular health in older adults.
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Chapter 1

INTRODUCTION

The risk of cardiovascular disease (CVD) increases as adults age and is the
leading cause of death in adults over the age of 65. ' The two most common types of
CVD include coronary heart disease and stroke, and the process of atherosclerosis
plays a large role in the development of these types of CVD. ** Risk factors for the
development of atherosclerosis and CVD can be classified as modifiable, including
obesity, dyslipidemia, hypertension, physical inactivity, and smoking, or non-
modifiable, including age, sex and family history. > Treatment and prevention of CVD
focuses around the modifiable risk factors.

Consumption of a healthful diet high in fruit and vegetables has been
associated with a decreased prevalence of cardiovascular disease. > In addition,
consumption of fruits containing various vitamins and polyphenolic compounds may
also decrease CVD prevalence. Tart cherries are high in polyphenolic compounds that
have antioxidant and anti-inflammatory properties. ® Health benefits associated with
the consumption of tart cherries may include decreased muscle damage following
strenuous exercise, improved sleep and circulating melatonin concentrations,
reduction of colonic tumor development, and a decrease in CVD risk factors. **'
Various in vitro, animal and human studies have investigated the effects of tart
cherries on numerous measures of cardiovascular health and disease prevalence. '>**!
Results are fairly consistent in suggesting the cardioprotective effects associated with

tart cherry consumption. However, it is not clear as to how long a tart cherry juice



intervention must be to obtain cardiovascular health benefits. Therefore, further
research needs to be completed investigating different supplementation periods in an

older adult population between the ages of 65-80.



Chapter 2

LITERATURE REVIEW

2.1 Definition and Prevalence of Cardiovascular Disease in the U.S.

According to the World Heart Federation, CVD can be defined as a “broad
term for a range of diseases affecting the heart and blood vessels.” ** Specifically, the
most common types of CVD include coronary heart disease (CHD) and stroke. ' In the
year 2013, it was estimated that over 800 thousand people died from CVD, making
CVD the leading cause of death in the U.S. In addition, this disease costs the U.S.
billions of dollars every year. It is projected that the total cost of all types of CVD in
2015 will cost 656 billion dollars and this figure is expected to nearly double, reaching
1208 billion by the year 2030.'

The risk for developing CVD increases with age, and adults at and above the
age of 65 make up over 80% of deaths attributable to CVD. In addition, it is estimated
that approximately 68.5% of adults over the age of 60 and 85.3% of adults over the
age of 80 currently have CVD. ' Since the number of adults at or above the age of 65
is rapidly increasing and projected to exceed 82 million by the year 2040, CVD can be

considered a major health threat. >

2.2 Atherosclerosis
The process of atherosclerosis, or the hardening of the arteries, is thought to
play a large role in the development of CVD, specifically CHD and stroke. **

Atherosclerosis occurs in the innermost arterial wall, called the intima. The intima is



comprised of smooth muscle cells lined by endothelial cells. > Under normal vascular
conditions, monocytes circulate in the blood stream and respond to injury on the
arterial wall. In the presence of low-density lipoprotein (LDL), the monocytes will slip
under blood vessel cells and engulf the LDL molecule, becoming foam cells. The
foam cells will develop into thin layers lining the arterial walls, forming fatty streaks.
Over time, these fatty streaks will continue to build up and will eventually harden and
calcify into atherosclerotic plaque.’ This plaque will be covered by a thin fibrous
coating and embedded smooth muscle cells. As the plaque builds up, blood flow will
be blocked, leading to a higher BP. As BP increases, it is possible for the fibrous
capping on the plaque to rupture, releasing dangerous thrombus into the blood stream.
* In addition, as the atherosclerosis process continues and plaque builds up, the arterial
lumen will eventually be blocked, leading to ischemic conditions and cardiovascular
event, such as CHD or stroke.

It is known that inflammation may also contribute to the atherosclerosis
process. >* The majority of cells present at the site of plaque rupture are macrophages,
T cells, and mast cells, all of which are inflammatory mediators. The macrophages
contain metalloproteinases, which break down collagen within the fibrous cap, leaving
it more prone to rupture. In addition, the activation of smooth muscle cells present in
the fibrous cap will secrete factors that will attract additional monocytes, therefore
increasing the inflammatory response and promoting a local pro-coagulant effect,
mainly due to the action of interleukin-6 (IL-6). Furthermore, C-reactive protein
(CRP), which is increased in the presence of IL-6, may have an affect on nitric oxide
(NO). CRP may reduce the production and bioavailability of NO, leading to a

reduction in NO at the site of atherosclerosis. NO is a peptide that inhibits platelet



adherence and aggregation and suppresses vasoconstriction. A reduction in NO will

further contribute to the inflammatory and atherogenic processes. >*

2.3 Cardiovascular Disease Risk Factors

Risk factors for atherosclerosis and CVD include, but are not limited to, family
history, age, sex, obesity, dyslipidemia, hypertension, diabetes, physical inactivity, and
cigarette smoking. A poor diet, or one that is low in fruits, vegetables, whole grains,
and high in fat and processed meats has also been associated with CVD. > Having one
or more of the above risk factors increases one’s risk for developing atherosclerosis,
and subsequently, CVD.? Risk factors can be classified as modifiable or non-
modifiable. Non-modifiable risk factors include family history, age, sex and diabetes.
Therefore, modifiable risk factors include obesity, dyslipidemia, hypertension,

physical inactivity, and cigarette smoking.’

2.3.1 Hypertension

Hypertension, or high BP, is the biggest risk factor for stroke, and BP
regulation plays a large role in the prevention of heart attacks. An untreated BP below
120/80mmHg has been recommended for cardiovascular health. ' According to data
from the National Health and Nutrition Examination Survey (NHANES), prevalence
of hypertension increases as adults age, and 62% of males and 67.8% of females
between the ages of 65-74 have hypertension, while 76.4% of males and 79.9% of
females over the age of 74 have hypertension. ' Out of all the older adults with
hypertension, 81.7% are taking medication for it, yet only 54.1% of individuals have
successfully controlled their BP. Prevalence of hypertension in this population can be

very life altering. Hypertension has been shown to shorten overall life expectancy, as



well as life expectancy without CVD. A variety of factors can contribute to prevalence
and severity of hypertension, such as genetic factors, age, ethnicity, physical activity
and dietary factors. '

The Framingham Heart Study monitored borderline isolated systolic
hypertension (systolic BP=140-159mmHg; diastolic BP<90mmHg) and examined that
prevalence of isolated systolic hypertension increased in both sexes from ages 30-70.
%> Throughout the course of the observation period, over 80% of individuals with
isolated systolic hypertension progressed to full blown hypertension (systolic
BP>140mmHg; diastolic BP>90mmHg). It is important to note that the based on
current recommendations, this definition of borderline isolated systolic hypertension
would be classified as full hypertension. When compared to normotensive individuals,
those with borderline isolated systolic hypertension were 1.5 times more likely to have
CVD and 1.6 times more likely to die from CVD complications over a long-term
observation period. In another observational study, men over the age of 60 who had
systolic BP measurements >130mmHg or diastolic BP measurements >8 1l mmHg were
2.2 times more likely to have CVD compared to men with systolic BP measurements
<116mmHg or diastolic BP measurements <44mmHg.*®

Several age-related changes are thought to play a role in the development of
hypertension in the older adult population. >’ These changes include an altered
regulation of vascular tone, leading to an increase in vascular stiffness. These changes
in vascular tone include the build-up of collagen and alterations in elastin content,
including decreased elastin and increases in both elastin fractures and calcification.
These changes lead to an increase in vascular stiffness, which can be measured by

pulse wave velocity. This measure is consistently increased in adults over the age of



50 when compared to younger adults. Consequently, both of these changes also
increase the presence and development of atherosclerosis. >’ Another difference that
may be seen with age is the increase in the thickness of the intima. This increase has
been associated with an increased risk of myocardial infarction and stroke following a

6-year follow up in subjects over the age of 65.%°

2.3.2 Dyslipidemia

Dyslipidemia has also been related to prevalence and severity of
atherosclerosis and CVD. ' Dyslipidemia can be defined as altered blood lipid levels,
including high levels of total cholesterol (TC), LDL, and triglycerides (TG), and low
levels of high-density lipoprotein cholesterol (HDL). The American Heart Association
defines an ideal lipid profile as follows: TC<200mg/dL, LDL<140mg/dL,
HDL>40mg/dL and TG <150mg/dL. "’ In regards to TC, 55.9% of adults in the U.S.
have TC levels that are not ideal, meaning levels are high (>240mg/dL) or borderline-
high (between 200-240mg/dL). ! In addition, 31.7%, 19.9%, and 25.1%, of individuals
do not have LDL, HDL, and TG levels, respectively, within the recommendations. !
Recently, the number of individuals with unfavorable lipid levels has been declining,
but this decline is thought to be related to an increase in use of cholesterol-lowering

130 The American Heart

medications rather than changes in diet and lifestyle.
Association proposes that older adults may have suboptimal lipid levels due to
continued exposure to cholesterol from the diet as well as changes in
pathophysiological disease mechanisms, leading to alterations in cholesterol synthesis
and metabolism.*’

The Framingham Heart Study compared lipid levels at an initial observation

period and again following an 8-year follow up. Results were consistent in that there



was an inverse association with HDL and prevalence of CVD and a direct relationship
with TC and prevalence of CVD in men and women over the age of 49. Individuals
with the highest levels of HDL (80" percentile) had two times less risk of developing
CHD when compared to those with the lowest levels of HDL o™ percentile). > This
risk was also confirmed in an additional observational study of individuals over the
age of 71. Results showed a consistent relationship of HDL with CHD, where
individuals with low HDL (<35mg/dL) were 2.5 times more likely to die from CHD
than individuals with high HDL (>60mg/dL). There was also a significant association
seen with TC and CHD, as individuals with high levels of TC (240mg/dL) were 1.8
times more likely to die from CHD than individuals with low levels of TC (160-

199mg/dL), but this relationship was only observed in women.

2.3.3 Atherogenic Risk Ratio

While the entire lipid profile can be viewed as a marker of cardiovascular
health, recent evidence is suggesting that the use of atherogenic risk ratios may be
more valid in determining cardiovascular health and CVD risk. > Atherogenic risk
ratios can be defined as TC/HDL and LDL/HDL. When comparing healthy individuals
and those who have suffered from a heart attack, the TC/HDL ratio rather than
absolute values of TC and HDL has been shown to have a higher predictive capability
in regards to CHD. The LDL/HDL ratio has also been shown to be significant, as well
as similar to the TC/HDL ratio.

An optimal TC/HDL ratio can be defined as <4.5 for men and <4.0 for women.
A TC/HDL ratio above 5.0 for men and 4.5 for women is considered to be at risk for

CVD. An optimal LDL/HDL ratio can be defined as <3.0 for men and <2.5 for



women. An LDL/HDL ratio above 3.5 for men and above 3.0 for women is considered

to be at risk. >

2.4 Medications Used for the Treatment of Cardiovascular Disease

Currently, many individuals rely on medication for the treatment or
management of risk factors for CVD and atherosclerosis, such as dyslipidemia and
hypertension. ** Common medications include ACE inhibitors, beta-blockers, calcium
antagonists, and diuretics. ACE inhibitors may reduce the risk of stroke, CHD, and
major cardiovascular events by 20-30%. Furthermore, calcium-antagonists may reduce
the risk of stroke by up to 30-40%, but they do not decrease the risk of CHD. Diuretics
and beta-blockers may reduce risk of stroke by up to 38%, and they may reduce the
risk of CHD by up to 16%.>*

While these medications have been shown to be effective in the treatment and
prevention of CVD, taking these medications regularly may cause negative side
effects. Possible side effects include dry cough, dizziness, bradycardia, peripheral
edema and insomnia. These side effects paired with the fact that 84% of adults over
the age of 57 are already taking at least one prescription medication per day, warrant

the need for a natural remedy to the problem of CVD.”

2.5 Diet and Cardiovascular Disease

Recently, many research studies have focused on different diets when it comes
to the prevention and treatment of CVD. >~**" Diets associated with a high intake of
fruits, vegetables, legumes, whole grains and fish have been shown to be inversely
associated with the prevalence of CVD. > Epidemiological studies also support the

existence of an inverse association between a fruit and vegetable-rich diet and CVD,



in part, due to their antioxidant content. According to NHANES data, the cumulative
mortality from stroke and CVD decreased as fruit and vegetable consumption
increased. Those who consumed the lowest amount of fruits and vegetables had a
mortality risk of 14.5%, and those who had the highest consumption rate had a
mortality risk of just 6.1%.>® This difference may be due to certain nutrients found in
fruits and vegetables, such as potassium, antioxidants, folic acid, and fiber. 3839 1t has
been shown that the risk of CHD decreases by 7% for each standard portion of fruit
consumed per day. >’ The decreased risk for CVD associated with fruit consumption
may be attributed to the polyphenolic compounds found in many fruits. * Research
has shown that polyphenolic compounds may act as antioxidants and interfere with the
development of CVD, leading to an inverse relationship between plasma antioxidants

and CVD. "

2.6 Antioxidant Content of Tart Cherries

Tart cherries are a rich source of polyphenolic compounds, especially
proanthocyanins, anthocyanins, and flavonols, all of which are strong antioxidants. ®
Tart cherries are a particularly rich source of anthocyanins, specifically cyanidin-3-
glucosylrutinoside, cyanidin-3-rutinoside, cyanindin-3-glucoside, and their agylcone,
cyanidin. ** The anthocyanin compounds found in the tart cherry are responsible for
the dark red color of the skin, which is where the majority of the anthocyanin
compounds are contained. ** Common flavonoids in tart cherries include isorhamnetin
rutinoside, kaempferol, quercetin and melatonin, an antioxidant involved in the
regulation of sleep and wake cycles. ** This specific antioxidant detoxifies the

hydroxyl radical, the peroxynitrite anion, singlet oxygen and NO. **
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Compared to Bing cherries, which are sweeter and more commonly consumed
in the U.S., Montmorency tart cherries have higher total antioxidant activity, as well as
a greater content of total phenolic compounds. Bing cherries contain
1.85milligrams/Gallic Acid Equivalents/gram fresh weight (mg/GAE/g/fw) of
phenolic compounds and Montmorency tart cherries contain 4.07mg/GAE/g fw. ¥
Total antioxidant activity can be measured via oxygen radical absorbance capacity
(ORAC) and ferric reducing antioxidant power (FRAP). According to those measures,
Bing sweet cherries have an ORAC value of 14.94pmoles Trolox Equivalents
(TE)/g/tw, and a FRAP value of 15.90umolesTE/g/fw. Tart cherries have an ORAC
value of 27.57umoles TE/g/fw and a FRAP value more than two times greater than
Bing cherries, at 37.56pmoles TE/g/fw. The level of antioxidant activity seen in tart
cherries is similar to other fruits commonly known as being high in antioxidants such
as blueberries, strawberries and pomegranates. ** In addition, tart cherries have higher
amounts of antioxidants per portion size than red wine, dark chocolate, and orange
juice, placing them as number 14 out of the top 50 highest antioxidant containing
foods."

An analysis of Montmorency tart cherry’s polyphenolic content was conducted
by Ou et al. *° They compared various processing methods, including tart cherry juice
concentrate, as well as dried, frozen and canned tart cherries, as it is unknown how
processing may affect the polyphenolic and antioxidant properties of the fruit. The
polyphenolic content of the frozen cherries, 4.18mg/GAE/g/fw, was similar to the

value gathered by Chaovanalikit et. al, as mentioned above. **°

However, in nearly all
measures of antioxidant activity, including ORAC and several other measures

including hydroxyl, peroxyl, and super oxide radical absorbance capacities, tart cherry
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juice concentrate had higher values than the other processed cherries, with the
exception of super oxide radical absorbance capacity, which had a value that was
slightly less than that of dried cherries. According to this analysis, one gram of tart
cherry juice concentrate contains approximately 264.9mg/GAE of phenolic

compounds, which is also higher than the other processed tart cherries. *°

2.7 Health Benefits of Tart Cherries

The health benefits associated with consumption of tart cherries have been
studied extensively in various populations. *'*Due to the melatonin content of tart
cherries, research has been investigating the effect of tart cherry juice on sleep and
melatonin levels. Drinking tart cherry juice before bed has been shown to significantly
improve symptoms related to insomnia, including reduced sleep disturbances and

increased urinary melatonin. '>"

Tart cherry consumption has also been studied in
regards to exercise. ' Compared to placebo, athletes consuming tart cherry juice had
significantly less muscle damage, quicker recovery time, and less pain during extreme

bouts of exercise. Finally, tart cherry consumption may significantly reduce colonic

tumor development in rats susceptible to colon cancer.'*

2.7.1 Cardioprotective Effects of Tart Cherry Consumption

Aside from the health benefits mentioned above, tart cherry consumption may
be related to improvements in cardiovascular health and many research studies have
looked at the relationship of tart cherry juice consumption and variables related to
CVD'?!. This beneficial effect may be due to the consumption of polyphenolic
compounds found in tart cherries and their anti-inflammatory and antioxidant

capabilities.*’
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When compared to ibuprofen and the non-steroidal anti-inflammatory drug
(NSAID) naproxen, the aglycone cyanidin from tart cherries showed comparable anti-
inflammatory activities, when comparing cyclooxygenase-I (COX-I) and
cyclooxygenase-II (COX-II) inhibition activities. COX eventually forms a precursor
for prostaglandins, one of the messenger molecules involved in inflammation.
Ibuprofen had COX-I and COX-II inhibition activities of 47.5% and 39.8%,
naproxene had inhibition activities of 54.3% and 39.8%, and cyanidin had inhibition
activities of 38.7 and 46.8, respectively. *” Ou et al. found tart cherry juice concentrate
had higher inhibitory actions than other types of processed tart cherries, but failed to
find any significant inhibitory effects of any type of tart cherry on COX-II. *°
Numerous studies have investigated the anti-inflammatory and antioxidant effects of
tart cherries in relation to health.

A further possible mechanism associated with intake of whole grains and fiber-
containing foods in decreasing serum cholesterol is the binding of bile acids. "> Once
these compounds bind the bile acids, the bile is excreted, which stimulates the
conversion of liver and plasma cholesterol to additional bile acids, therefore lowering
cholesterol. This mechanism has also been observed in relation to cherries, and
analysis showed that cherries can bind bile acids up to 5%, which is a value similar to
the binding capacities of dark leafy vegetables and oat cereals. "> Another study
showed that a cherry extract containing 20uM/GAE of phenolic compounds
completely inhibited LDL oxidation. '® Both of these studies used sweet cherries, and
as it has been shown that tart cherries contain higher levels of polyphenolic
compounds, it can be expected that tart cherries may lead to similar, if not even more

significant results. * These actions of polyphenolic compounds found in tart cherries
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may have a positive effect on cholesterol levels, and furthermore, the development of
CVD.

Keane et al. completed a study looking at the in vitro effects of tart cherry and
phenolic compounds on vascular smooth muscle cells. '’ The proper functioning of
vascular smooth muscle cells (VSMCs) is essential to avoid build up of atherosclerotic
plaques, as VSMCs are responsible for normal, healthy vasculature tone. Authors
hypothesized that Montmorency tart cherries may contain vasoactive compounds that
could modulate VSMC:s in vitro. VSMCs came from 12 healthy non-smoking males.
Participants had blood samples taken upon arrival as well as 1, 2, 3, 4, and 8 hours
post tart cherry juice consumption. Participants were consuming either 30 or 60ml of a
Montmorency tart cherry juice that provided the equivalent of approximately 90 or
180 tart cherries, respectively. Authors were also looking at presence of
protocatechuic acid (PCA), vanillic acid (VA), and chlorogenic acid (CHL), which are
all major metabolites of anthocyanins. Results showed that one-hour following
consumption of both doses of tart cherry juice, PCA levels were significantly higher.
In regards to VA, there were no significant increases following the lower dose but
there were significant increases seen following the higher dose at 1, 5, and 8 hours
following baseline. There were no significant effects on CHL following either dose. In
terms of VSMCs, there was a significant increase in cell migration following baseline,
but no difference in cell proliferation. VSMC migration is protective and increases
stability, therefore reducing risk of atherosclerotic plaque rupture. This study provides
support for the cardioprotective effects of tart cherry juice consumption, but it may not

be directly related to the individual metabolites mentioned above.'’
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In an animal study, Seymour et al. hypothesized that an intake of a diet
supplemented with tart-cherry powder would modify indices of metabolic syndrome
as well as the action of peroxisome-proliferator activated receptor (PPAR). '* PPAR is
a transcription factor in control of certain genes that modify blood lipoprotein
metabolism and tissue lipolysis, therefore altering blood lipids and fat metabolism and
improving insulin resistance. Male Dahl-Salt Sensitive rats were fed a standard diet
supplemented with 1% of a tart cherry powder by weight, or a control diet, for 90
days. The tart cherry powder consisted of freeze-dried Montmorency cherries.
Following consumption of the tart cherry powder, there was a significant decrease in
TC, TG, and glucose. There was also, expectedly, a significant increase in plasma
antioxidant status. '®

Seymour et. al duplicated the methods described above with obesity-prone
(Zucker) rats consuming a higher-fat diet. '° These rats are more prone to obesity,
hyperlipidemia, insulin resistance and systemic inflammation. Rats were randomized
to consume a tart cherry powder as 1% of their total diet by weight or a control diet for
90 days. After 90 days, fasting glucose, TC and TG concentrations were significantly
reduced. Plasma IL-6 and TNF-a were also significantly reduced, by 44% and 40%,
respectively. In accordance with the previous results, PPAR-o mRNA was
significantly increased in the tart cherry group, which supports a possible mechanism
to the change in hyperlipidemia. Results reported in this study are particularly relevant
due to America’s high prevalence of obesity and CVD."

The prevalence of CVD has also been thought to be related to oxidative stress.
Traustidottir et al. investigated this relationship in older adults. ** Oxidative stress is

considered an “imbalance between the rate of formation and the rate of clearance of
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reactive oxygen and nitrogen species (RONS)” and may play a key role in the
development of atherosclerosis. 2 Consumption of antioxidants, such as those in tart
cherries, may decrease oxidative stress. Authors hypothesized that consumption of a
tart cherry juice may decrease oxidative stress following an acute stress. Participants
were 12 healthy older adults between the ages of 61-75. At baseline, ischemic
reperfusion (IR) occurred and participants were randomized to consume 240ml of a
tart cherry or placebo juice twice daily for 14 days. IR was repeated once again at the
final visit. After a 14-day washout period participants completed the opposite arm of
the study. Results showed that as expected, after all four trials, isoprostanes, a marker
of acute oxidative damage, increased, but there were no differences before the IR trial.
Participants consuming the tart cherry juice had a reduced response to the IR trial, as
well as significant decreases in 8-OHdG and 8-oxo0-G, long-lived markers of oxidative
damage, compared to the placebo trial. Results from this study suggest that tart cherry
juice consumption may reduce markers of oxidative stress, but only following an IR
trial. >’

Lynn et al. conducted a 6-week open label trial where 47 healthy participants
between the ages of 30-50 consumed 30ml of a Montmorency tart cherry concentrate
or a lemonade placebo beverage. >' The placebo beverage was chosen because the
energy and macronutrient content was similar to the tart cherry juice, while being
devoid of plant compounds, antioxidants and vitamins. Participants consumed the tart
cherry concentrate or placebo beverage once daily for six weeks. The primary
outcome variable was pulse wave velocity (PWV) and the secondary outcome variable
was change in CRP. Change in BP, TC, HDL and body weight was also assessed.

Measurements were taken twice, at baseline and again at final. Throughout the six-
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week intervention period, there was one dropout, due to dislike of the taste of the
cherry juice. There were no dropouts related to any adverse side effects. Results
showed no significant effects of the tart cherry juice in changes of PWV, CRP, BP,
TC, HDL or body weight. While there were no significant changes, it needs to be
noted that this intervention was only 6 weeks and there may need to be a longer

. . . . . . 21
intervention period to notice significant differences.
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Chapter 3

SPECIFIC AIMS

Aim 1: Determine the difference at baseline and post-intervention in serum TC, LDL,
HDL and TG concentrations between the tart cherry group consuming 16 fl. oz. of tart
cherry juice daily and the placebo group consuming 16 fl. oz. of placebo juice daily

for 12 weeks.

Aim 2: Determine the difference at baseline and post-intervention in atherogenic risk
ratios between the tart cherry group consuming 16 fl. oz. of tart cherry juice daily and
the placebo group consuming 16 fl. oz. of placebo juice daily for 12 weeks. The

atherogenic risk ratios were defined as TC/HDL and LDL/HDL.

Aim 3: Determine the difference at baseline and post-intervention in systolic BP and

diastolic BP in the tart cherry group consuming 16 fl. oz. of tart cherry juice daily and

the placebo group consuming 16 fl. oz. of placebo juice daily for 12 weeks.
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Chapter 4

METHODS

4.1 Subject Recruitment, Inclusion and Exclusion Criteria

Men and women of diverse race and ethnicities who live in Newark, Delaware
and the surrounding areas were recruited and screened. Recruiting materials were
placed in 55+ communities, nursing homes, event halls, churches, and public bulletin
boards. Advertisements were also placed in the Delaware News Journal.

Inclusion criteria included men and women between the ages of 65-80 who
consumed <5 servings of fruits and vegetables per day. Individuals taking any
medications that may influence brain function or have had any prior diagnosis or
history of central nervous system or psychiatric disorders, traumatic brain injury,
stroke, impaired cognitive function, or any uncontrolled disease or disorder such as
diabetes, gastrointestinal disease, cancer or chronic disease were excluded.
Additionally, heavy smokers (>20 cigarettes/day) or individuals allergic to tart cherry
were excluded from this study.

A flow chart of participants is presented in Figure 1. A total of 378 individuals
displayed interest in the study and 284 were screened over the phone. Following the
initial phone screening, 129 potential participants were invited to the study site to
complete a screening visit. Based on inclusion and exclusion criteria, a total of 37
participants were enrolled in the study and randomized to intervention. There is final

data for 34 participants, and reasons for drop out included juice intolerability, loss of
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interest, and an unrelated medical condition. Juice compliance for the 12-week

intervention was 94.2%.

4.2 Study Design

The present study was a 12-week, randomized, placebo controlled trial. Thirty-
seven (37) eligible participants were randomly assigned to consume either 16 fl. oz.
tart cherry juice or placebo juice daily for 12 weeks. Participants were blinded to
which group they were in until the study was closed. Both tart cherry and placebo
juices were isocaloric with similar color, sugar content and flavor. Placebo juice was
devoid of tart cherry and its polyphenols. All juice was prepared specifically according
to the Cherry Marketing Institute directions and properly stored until consumption. All
procedures and protocol were approved by the Institutional Review Board at the

University of Delaware.

4.3 Procedures

4.3.1 Phone Screening

Upon initial interest, participants completed a pre-phone screening.
Information obtained from the phone screening included name, sex, age, date of birth,
contact information and presence of any chronic conditions outlined in the exclusion
criteria. Following the phone screening individuals were given more information about

the study and qualified participants were scheduled for a screening visit.

4.3.2 Study Visits
All visits took place at the University of Delaware’s Nurse Managed Health

Center at the STAR campus. All procedures are outlined in Figure 2. Upon arrival for
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the screening visit, participants read and signed informed consent. Following
informed consent, anthropometric measurements, including weight, height, and hip
and waist circumferences, and BP were taken. Participants then filled out
questionnaires regarding demographic, medical history and physical activity
information as well as a food frequency questionnaire (FFQ) while aided by research
personnel. The Montreal Cognitive Assessment (MoCA) was administered to assess
cognitive status (Appendix C.3). Finally, participants were provided with instructions
to complete a three-day food record and physical activity questionnaire prior to the
next study visit if they were deemed eligible for the study. At this visit participants
received $20 compensation.

Following the screening visit, eligibility was assessed and participants were

notified of their eligibility and the remaining study visits were scheduled.

4.3.3 Baseline (Visit 2) and Final (Visit 5)

Eligible participants were scheduled for visits 2, 3, 4 and 5. At visits 2 and 5,
participants completed all baseline and final measurements. These visits were
completed following a 10-12 hour fast and blood samples were collected upon arrival.
Anthropometric measurements, including weight and hip and waist circumferences,
and BP were taken. Participants reviewed their completed three-day food record and
physical activity questionnaire with research personnel for completion and accuracy.

Participants were given their assigned juice and instructions regarding
consumption and storage. Participants were instructed to consume 16 fl. oz. of the
juice per day, 8 fl. oz. in the morning and 8 fl. oz. in the evening (6-8 hours later) for
the entirety of the 12—week intervention (Appendix C.6). At this time participants

were provided with four bottles of juice, with one bottle being enough for one week.
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They were instructed to keep the one bottle they are drinking in the fridge, and the
remainder in the freezer. At each relevant study visit, participants were provided with
a calendar (Appendix C.7). This calendar has designated spaces for each day and each
serving of juice. Participants were instructed to mark the space for each serving of
juice consumed.

Participants received $20 compensation for the completion of Visit 2, and $60

compensation for the completion of Visit 5.

4.3.4 Juice Pick-Up (Visits 3 and 4)

At weeks four and eight, participants returned to the study center for visits 3
and 4, where they picked up a refill of juice. At this time participants also returned any
unused juice and the calendar they had been filling out. They again received enough

for four weeks. At each of these visits, the participants received $10 compensation.

4.4 Description of Instruments
Blood Draw

Fasting venous blood was collected at baseline and final visits following a 10-
12 hour fast. Blood samples were collected in the appropriate vacutainers and
centrifuged within one hour of collection. Serum and plasma were separated by
centrifuging at 3500rpm for 15 minutes at 4°C using a Beckman Allegra 6KR
centrifuge.
Lipid Profile

Serum was analyzed for TC, HDL, LDL and TG using a Genesys 10S UV-Vis
Spectrophotometer. All reagents and standards were from Pointe Scientific.

Blood Pressure
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An Omron Digital Blood Pressure monitor HEM-907XL Intelli Sense
sphygmomanometer was used for measuring BP. Two successive measurements were
taken after the participant had sat in a quiet room with their feet placed on the ground
for five minutes. Results were recorded as the average of the two measurements.

Anthropometrics

A stadiometer was used to measure height. Participants stood barefoot with
their back against the wall and their head in the Frankfort horizontal plane. Height was
measured in centimeters, as well as feet and inches. Weight was measured in
kilograms and pounds with minimal clothing on a digital scale. Hip and waist
circumference were measured in centimeters using a non-stretchable measuring tape.
Hip circumference was measured as the participant was standing, with the researcher
standing at eye level at the widest point of the hips. Waist circumference was
148

measured according to NHANES protoco

Medical History Questionnaire

At visit 1 (screening), participants filled out a medical history questionnaire
(example shown in Appendix C.2). This questionnaire covers family history, as well
as the participant’s medical history and regular medications. This questionnaire is used
to rule out any participants with any chronic or acute disease that fall under exclusion
criteria.

Physical Activity Questionnaire

The questionnaire used to assess physical activity was the Physical Activity
Scale for the Elderly (PASE) (example shown in Appendix C.4). The PASE gathers
information about the participant’s physical activity over the past seven days,

including walking, light, moderate and vigorous physical activity, housework, and
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physical activity completed at volunteer activities or paid work. This questionnaire has
been proven to be reliable and valid for the assessment of physical activity in
community-dwelling older adults. *

Food Frequency Questionnaire

The Nutrition Quest Block Food Frequency Questionnaire (FFQ) was used to
assess participant’s average dietary intake (sample questions shown in Appendix C.5).
*% The purpose of this questionnaire is to quantify daily consumption of fruits and
vegetables for each participant. This questionnaire has been proven to be both reliable
and valid when compared to nutrient intakes as measured by four 2-day diet records
from middle aged and older adults. >'

Food Diary and Nutrition Data System for Research

The week prior to the baseline and final visits, participants completed a three-
day food record, where they wrote down everything they eat and drank for two
weekdays and one weekend day prior to the scheduled visit (Appendix C.8).
Participants were given instructions regarding estimation of portion sizes and
directions on how to record various foods or recipes. Participants reviewed their
completed food diary with research personnel for completion and accuracy. Diet
information was analyzed using the Nutrition Data System for Research (NDSR)
(University of Minnesota, 2014). This database was developed specifically for the

.. . 52
analyses of 24-hour recalls, food diaries, menus and recipes.

4.5 Statistical Analysis
All statistical analysis was performed using a program from the Statistical
Analysis System, John’s Manufacturing Program (JMP) 2016. Descriptive statistics

were used to describe all data in the form of means, standard errors and frequencies.
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Comparisons for baseline sociodemographic characteristics, including sex and age,
were performed. Additionally, comparisons of anthropometric, biochemical and
dietary variables, namely weight, BMI, TC, LDL, HDL, TG, systolic BP and diastolic
BP, atherogenic risk ratios, PASE score, and selected nutrient intakes, were

performed. A p value <0.05 was used to denote statistical significance.

Aim 1: Determine the difference at baseline and post-intervention in serum TC, LDL,
HDL and TG concentrations between the tart cherry group consuming 16 fl. oz. of tart
cherry juice daily and the placebo group consuming 16 fl. oz. of placebo juice daily
for 12 weeks.

To assess Aim 1, means and standard errors were calculated at baseline and
post-intervention. A 2x2 ANOVA was used to compare the differences in serum TC,

LDL, HDL and TG concentrations between groups.

Aim 2: Determine the difference at baseline and post-intervention in atherogenic risk
ratios between the tart cherry group consuming 16 fl. oz. of tart cherry juice daily and
the placebo group consuming 16 fl. oz. of placebo juice daily for 12 weeks. The
atherogenic risk ratios were defined as TC/HDL and LDL/HDL.

To assess Aim 2, means and standard errors were calculated at baseline and
post-intervention. A 2x2 ANOVA was used to compare the differences in atherogenic

risk ratios between groups.
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Aim 3: Determine the difference at baseline and post-intervention in systolic BP and
diastolic BP in the tart cherry group consuming 16 fl. oz. of tart cherry juice daily and
the placebo group consuming 16 fl. oz. of placebo juice daily for 12 weeks.

To assess Aim 3, means and standard errors were calculated at baseline and
post-intervention. A 2x2 ANOVA was used to compare the differences in systolic BP

and diastolic BP between groups.

Participants with missing baseline or final values for any variable were

excluded from the 2x2 ANOVA for that particular variable.
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Chapter 5

RESULTS

5.1 Demographic Information and Baseline Characteristics

Demographic characteristics of the population are presented in Table 1. Mean
age was 70+0.8, and 69.5+1.0, in the tart cherry and placebo groups respectively and
was not significantly different. The majority of the sample had at least a 4-year college
degree, was white and married. In the tart cherry group, half of the participants were
working while half were retired and in the placebo group, the majority of participants
were retired.

There were no significant differences at baseline in any variables other than
PASE (Tables 2 and 3). PASE was significantly higher in the tart cherry group than in
the placebo group at baseline (222.5+7.7; 135.8+7.5;p value 0.0052).

5.2 Lipid Profile and Atherogenic Risk Ratios

There were no significant changes in TC, LDL, HDL, or TG when comparing
baseline and final values in the tart cherry and placebo groups (Table 2). Although not
significant, TC increased by 1.9% and 10.8% in the tart cherry and placebo groups
respectively, and LDL decreased by 2.5% in the tart cherry group and increased by
14.4% in the placebo group. HDL increased by 1.6% and 9.7%, and TG increased by
6.0% and 1.8% from baseline to final in the tart cherry and placebo groups,
respectively. There no significant changes in either TC/HDL or LDL/HDL from

baseline to final in either group.
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5.3 Blood Pressure

Between the groups, there were significant changes in systolic BP following 12
weeks of tart cherry juice consumption (p value 0.0188; f value 6.1215) (Table 2). In
the tart cherry group, systolic BP decreased by 4.0% and in the placebo group systolic
BP increased by 4.0%. Diastolic BP remained relatively unchanged and there were no

significant differences.

5.4 Anthropometric Measurements, Dietary Intake, and Physical Activity
Weight and BMI at baseline and final were not significantly different between
groups. Due to the potential effects of dietary intake and physical activity on
cardiovascular health, measurements of dietary intake and physical activity were
collected and assessed. Intake of dietary components including total energy, protein,
carbohydrates, fat, cholesterol and fiber were not significantly different between the
two groups. There were no significant differences when comparing change between

baseline and final PASE scores in either group.
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Chapter 6

DISCUSSION

Various studies have reported the cardiovascular health benefits of tart cherry

juice consumption in animals and humans. '>**!

It has been proposed the mechanism
behind tart cherry’s health benefits is related to the bioactive compounds present in
tart cherries, including various polyphenolic compounds and vitamins that act as
antioxidants. However, it is important to continue research in this area due to the
staggering impact CVD has in the aging population and to also investigate different
intervention time periods and mechanisms.

The present study, examining a 12-week tart cherry juice intervention, did
report improvements in cardiovascular health via a 4.0% reduction of systolic BP. To
date, the present study is the first to note a significant change in systolic BP following
an intervention of tart cherry juice. Diebolt et al. reported a significant reduction in
systolic BP following a short-term oral administration of polyphenolic compounds in
rats. > Changes in BP could be related to observed changes in vascular reactivity of
the thoracic aorta leading to enhanced endothelium relaxation, therefore leading to
reduced BP. When adults consumed ~100g per day of a drink containing various
berries, systolic BP and diastolic BP were significantly reduced following eight weeks.
>* This reduction could be attributable to action of polyphenolic compounds as
determined by bioavailability analysis. Tart cherries are rich sources of polyphenolic
compounds, and thus it can be reasoned that the 4.0% reduction in systolic BP seen in

the present study was due to the presence of polyphenolic compounds in the tart
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cherry juice. Future studies should focus on the polyphenolic compounds present in
tart cherry juice specifically. Bioavailability analysis of the tart cherry juice provided
in the study should be completed to quantify the total amount of polyphenolic
compounds contained in the juice.

The present study failed to find any significant changes in TC, LDL, HDL, TG,
or either of the atherogenic risk ratios using 2X2 ANOVA. It is plausible that more
participants need to complete the analysis to detect changes in these parameters. A
total of three participants withdrew from the intervention, therefore reducing the
power to detect changes. However, Seymour et al found significant reductions in both
TC and TG after rats were fed a standard diet supplemented with 1% tart cherry
powder for 90 days. '® Furthermore, there were significant increases in peroxisome
proliferator activated receptor-a (PPAR-a) transcript level, PPAR-a target acyl co-
enzyme A oxidase (ACO) mRNA, and ACO activity. PPAR-a target ACO mRNA is a
marker of PPAR-a activation, and PPAR-a action reduces TC and TG. PPAR-a also
regulates ACO activity, which decreases fat storage and increases fat oxidation.
Therefore, the mechanism behind the reduction in TC and TG could partly be
explained by the action of ACO. This mechanism also suggests that a longer
intervention period may lead to changes in lipid profile.

The goal population for this study was generally healthy older adults. While
the population was free from chronic diseases, the population was overweight
(BMI>25kg/m”), and hypertensive (Systolic BP>140mmHg;Diastolic BP>90mmHg).
Levels of TC, LDL, HDL and TG, as well as the atherogenic risk ratios, did fall within
the recommendations based on cardiovascular health. Due to the inverse relationship

of BP to CVD prevalence and outcomes, results from the present study are
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encouraging. The tart cherry group had a reduction in systolic BP from 141.4mmHg to
135.7mmHg. This reduction of 5.7mmHg resulted in a systolic BP of 135.7mmHg,
which is no longer considered hypertensive. As reported in the Framingham Heart
study, those with hypertension were 1.5 times more likely to have CVD and 1.6 times
more likely to die from CVD complications when compared to normotensive
individuals. > Therefore, this shift from a BP in the hypertension range to the
prehypertension range is important in improving overall cardiovascular health, which
in turn improves longevity and quality of life.

Lynn et al. conducted an open-label, randomized placebo controlled study
investigating the effect of a tart cherry juice on cardiovascular health. *' This study
failed to find any significant differences in any measure of cardiovascular health
following tart cherry juice intervention, but this intervention period was only six
weeks. Due to the significant decrease in systolic BP found in the present study, it is
likely that a longer intervention period is necessary for cardiovascular health,
compared to just six weeks. It is also important to note that the intervention used by
Lynn et al. was an open-label trial, meaning participants knew whether they were
consuming tart cherry juice or placebo juice. This is not an ideal study design
compared to the single-blind study design used in the present study.

Despite the addition of 236 kcal per day to normal dietary intake, there was no
significant change in weight. According to NHANES data, adults are consuming
approximately 209 kcal per day from fruit drinks. > Therefore, it is plausible that the
participants in the present study replaced their average daily fruit drink with the tart
cherry or placebo juice. Therefore, there was no overall increase in energy intake and

no significant increase in weight.
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The purpose of the present analysis was to compare changes before and after
the intervention between the tart cherry and placebo groups. This comparison was
accomplished by running 2x2 ANOVA. However, with this analysis, means across
groups and time points cannot be compared individually. In order to complete these
comparisons, repeated measures ANOVA would have to be run.

A limitation of the present study includes differences in physical activity at
baseline between groups. The placebo group had significantly less physical activity at
baseline compared to the tart cherry group. As it was not directly associated with any
variables of interest, it was inappropriate to treat physical activity as a covariate. It
was expected that physical activity would increase from baseline to final, as most
baseline visits were completed during colder months and the majority of final visits
were completed during spring or summer. However not significant, there was a
decrease in physical activity levels seen from baseline to final in both groups. An
additional limitation is the possibility of under or over reporting in dietary intake.
Participants may be conscious of recording their intake for three days and therefore
may stray from their usual diet. However, all food records were reviewed with
participants for completion and accuracy. Finally, the majority of the research
population was white, married and earned >$75,000 per year. The results may not be
generalizable to populations that do not share those characteristics. Finally, exclusion
of missing data may limit the power of the study.

Strengths include the randomized control trial study design. Participants were
blinded to which group they were in and juices were identical in color and taste. The
inclusion of the atherogenic risk ratios is also a strength. The atherogenic risk ratios

encompass a wider span of cardiovascular health and may be more sensitive indicators
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of cardiovascular health rather than the individual cholesterol levels. Finally, another
strength of the present study includes the analysis of possible confounding variables
including dietary intake. It is important to recognize that dietary intake varies between
season, and the three-day food records were able to take that into consideration.

Future studies in this area could consider different study designs. To avoid the
possibility of significant differences between groups at baseline, a crossover method
could be used. In addition, a longer time period and a consumption exceeding 16 fl.
oz. per day should be contemplated. It is possible that 16 fl. oz. daily for 12 weeks was
not long enough for the beneficial components present in tart cherry juice to

accumulate and reach their full action.
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Chapter 7

CONCLUSION

In conclusion, the present study found a significant difference in systolic BP in
older adults consuming 16 fl. oz. of tart cherry juice per day when compared to a
placebo group. This reduction in systolic BP moved participants from hypertensive to
prehypertension, therefore improving overall cardiovascular health, as well as
longevity and quality of life. This difference suggests the consumption of a tart cherry
juice, which is high in polyphenolic compounds, may be beneficial for cardiovascular
health in older adults. Results are encouraging, as the astounding prevalence of CVD
in the aging population is increasing medication use, and therefore health-expenditure
related to CVD. A natural solution to the pressing issue of CVD is necessary. It is
important to continue studying consumption of tart cherry juice over longer time
periods to determine if there may be a more significant effect on cardiovascular health
including beneficial changes in lipid profiles, atherogenic risk ratios and BP. Future
research should also investigate the effects of an intervention of tart cherry juice on
vascular function and possible mechanisms of how tart cherry juice reduces systolic

BP specifically.
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Appendix A

TABLES AND FIGURES

| Displayed interest (n=378)

Ineligible (n=52)

A 4

h 4

Not interested (n=42)

Completed phone

screening (n=284)

N

Withdrew interest (n=25)

Ineligible (n=130)
Stroke/aneurysm (n=6)
Hypo/hyperthyroid (n=3)
Bowel issues (n=8)
Restrictive diet (n=3)

> Cancer history (n=32)

Not in age range (n=6)
Diabetes(n=32)
Medication (n=30)
Other (n=10)

Completed in-person

screening visit (n=129)

N

h 4

Withdrew interest (n=4)
Ineligible (n=79)
F/V>5 servings/day (n=40)
MoCA<I18 (n=2)
BMI <18/>35 (n=12)
Trying to lose weight (n=2)
Medication (n=6)
Other (n=17)

Eligible for randomization (n=46)

N

Medical issue (n=1)
Conflicting availability (n=5)
Unable to make commitment
(n=2)

Withdrew interest (n=1)

Randomized (n=37)

| Tart cherry juice (n=20)

Withdraw (n=3)

v

| Completed intervention (n=17)

Placebo (n=17)

v

Completed intervention (n=17)
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Figure A.1. Flow of study participants.

Screening | Baseline PU#1 & 2 Final
Week 0 | Weeks 4 & 8 | Week 12

Informed consent v

Anthropometric measurements v v v
Demographic Questionnaire v

Medical History Questionnaire v

MoCA v

PASE v v v
FFQ v

Blood draw v v
Receive juice v v

Return juice v v
Review 3-day record v v

Figure A.2. Overview of study visit procedures.
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Table A.1. Participant characteristics at baseline.

Tart Cherry Group | Placebo Group
n=20 n=17

Sex, female 12 8
Age, yrs 70+0.8 69.5+1.0
Height, cm 165.5+1.5 169.6+1.9
Weight, Ib 172.2+0.5 173.1+0.5
BMI 28.5+0.1 27.3+0.1
Education Level

Completed high school 5(25%) 5(29%)

2-year college degree 4 (20%) 1 (6%)

4-year college degree 7 (35%) 6 (36%)

Higher education 4 (20%) 5 (29%)
Income

Under 25,000 3(15%) 0 (0%)

25,000-49,999 0 (0%) 1 (6%)

50,000-74,999 8 (40%) 2 (12%)

75,000-99,999 0 (0%) 3 (18%)

Over 100,000 5(25%) 8 (46%)

Prefer not to say 4 (20%) 3(18%)
Race

Asian 2 (10%) 0 (0%)

Black or African American 1(5%) 2 (12%)

White 16 (80%) 15 (88%)

Prefer not to say 1(5%) 0 (0%)
Marital Status

Single never married 2 (10%) 1 (6%)

Separated/Divorced 4 (20%) 3(18%)

Married 14 (70%,) 13 (76%)
Employment Status

Retired 10 (50%) 15 (88%)

Working 10 (50%) 2 (12%)

Values for age, height, weight and BMI are reported as means=+ standard error of the

mean. All other values are frequencies.
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Table A.2. Results of 2x2 ANOVA comparing change in biochemical parameters from
baseline to final in tart cherry and placebo groups.

Tart Cherry Group Placebo Group F Value P value
Pre Post Pre Post
Anthropometric
Parameters
Weight, 1b 172.2+0.5 172.7£0.5 173.1+0.5 174.2+0.5 0.2313 0.6338
BMI, kg/m2 28.5+0.1 28.5+0.1 27.340.1 27.5£0.1 0.1772 0.6766
Biochemical
Parameters
TC, mg/dL 150.4+4.5 153.244.5 156.1+4.5 172.9+4.5 2.3838 0.1324
LDL, mg/dL 64.7+4.8 63.1+4.8 72.8+4.7 83.3+4.7 1.6431 0.2103
HDL, mg/dL 62.6+1.9 63.6+1.9 58.9+2.0 64.6+2.0 1.4899 0.2314
TG, mg/dL 124.7+7.3  132.247.2 120.9+6.8 123.1+6.8 0.1464 0.7047
Atherogenic RR
TC/HDL 2.7+0.1 2.6+0.1 2.8+0.1 2.8+0.1 0.0182 0.8936
LDL/HDL 1.2+0.1 1.1£0.1 1.3+0.1 1.4+0.1 0.2369 0.6301
Blood Pressure
Systolic 141.4+2.3 135.7£2.3 133.44+2.3 138.8+2.3 6.1215 0.0188*
Diastolic 79.7+1.4 78.8+1.4 78.1+1.4 77.8+1.4 0.0382 0.8463

Values are means+standard error of the mean. BMI, body mass index. TC, total
cholesterol. LDL, low-density lipoprotein. HDL, high-density lipoprotein. TG,
triglycerides.

P and F value represent the comparison of the difference from pre to post in the tart
cherry group compared to the difference from pre to post in the placebo group.

*P values <0.05 indicates a statistically significant difference from baseline to final
between groups.
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Table A.3. Results of 2x2 ANOVA comparing change in dietary and physical activity
variables from baseline to final in tart cherry and placebo groups.

Tart Cherry Group Placebo Group FVal. PVal
Pre Post Pre Post
Dietary Intake
Energy, kcal 1709.4495.1 | 1716.9495.1 | 2008.7£92.3 | 1879.5492.3 | 0.5325 | 0.4710
Protein, g 75.5+5.2 74.1£5.2 86.3+5.1 75.1£5.1 0.9222 | 0.3443
% total energy 17.6 17.3 17.2 16.0
Carbohydrate, g 195.9+10.0 181.8+10.0 234.1+£9.7 221.3+£9.7 0.0050 | 0.9439
% total energy 45.8 424 48.4 47.1
Fat, g 67.4+5.6 75.7+5.6 75.0+5.5 76.2+5.5 0.4058 | 0.5288
% total energy 35.5 40.0 33.6 36.5
Cholesterol, mg 203.0+£38.2 | 294.5£38.2 | 262.0+37.1 333.9+37.1 | 0.0669 | 0.7976
Fiber, g 20.7£1.0 16.5+1.0 21.4+1.0 20.0+1.0 2.0276 | 0.1645
Physical Activity
PASE, score | 2225+7.7* | 190.6£7.7° | 135.8+7.5 | 126.3+7.5 | 2.5635 | 0.1195

Values are means +standard error of the mean. PASE, physical activity scale for the
elderly.

P and F value represent the comparison of the difference from pre to post in the tart
cherry group compared to the difference from pre to post in the placebo group.
Values with same superscript are significantly different at baseline with p<0.05.
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Appendix B

IRB APPROVAL LETTER

“

IVERSITY o
™ P )eaw

Researcu OFricE 210 Halts

PA:OVUKI-21 S
Far JO2/831 2828
DATE: December 2, 2015
TO: Sheau Ching Chai, PhD, RD
FROM: University of Delaware IRB
STUDY TITLE: [681018-6] Effects of tart cherry juice on cognitive function and cardiovascular

disease risk factors in clder adulls

SUBMISSION TYPE:  Continuing Review/Progress Report

ACTION APPROVED
APPROVAL DATE: December 2, 2015
EXPIRATION DATE: December 16, 2016
REVIEW TYPE: Expedited Review

REVIEW CATEGORY. Expedited review calegory ¥ (8)
* Closed 1o New Enrollment

Thank you for your submission of Continuing Review/Progress Reporn materials for this research
stugy. The University of Delaware IRB has APPROVED your submission. This approval is based on an
appropriate riskubenelit ratio and a study cesign wherein the risks have been minimized. All research
must be conducted in accorcance with this approved submission.

This submission has receives Expeditec Review based on the applicable federal regulation.

Please remember that jniormad consent is a procass beginning with a description of the study and
insurance of participant understancing followed by a signed consent form. Informed consant must
continue throughout the study via a dialogue between the researcher and research participant. Federal
regulations require each participant receive a copy of the signed consent document.

Please note that any revision to previously approvec matenals must be approved by this office peior to
initiation. Please use the appropriate revision forms for this procedure.

All SERIOUS and UNEXPECTED acverse events must be reported to this office. Please use the
appropriate adverse event forms for this procedure. Al sponsor reporting requirements should also be
followed.

Please report al NON-COMPLIANCE issues or COMPLAINTS regarding this study 10 this office.

Please note that all research records must be retained for a minimum of three years.
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Based on the risks, this project requires Continuing Review by this office on an annual basis. Please use
the appropriate renewal forms for this procadure.

I you have any questions, please contact Nicole Famese-McFarlane at (302) 831-1119 or
nicoleim@@udel edu. Please include your study title and reference number in all correspondance with this
office.
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Appendix C

STUDY VISIT FORMS
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C.1 Demographic Questionnaire

Subject ID: Study #:
Interviewer: Date:
Session #:

Demographic Questionnaire

Gender: () Male [J Female Age:

Highest level of education:

() Less than high school [ High school or equivalent

[) Some college (J 2-year college degree (Associates)

[J 4-year college degree (BS, BA)  [) Master’s degree
[J Doctoral degree [ Professional degree (MD, JD, etc)

Annual household income:
() Under $25,000 (] $25,000 - $49,999 0 $50,000 - $74,999

(1 $75,000 - $99,999 () Over $100,000 () Prefer not to say

Ethnicity and race:
Choose one:
() Hispanic or Latino (J Not Hispanic or Latino [ Prefer not to say

Choose one or more:
[ American Indian/Alaska Native () Asian ) Native Hawaiian or Other Pacific Islander

[ Black or African American 0 White [0 Prefer not to say

Current marital status:
(] Single never married 0 Married

[1Separated/Divorced [0 Widowed (] Living with another
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C.2 Medical History Questionnaire

Subject ID:
Interviewer:
Session #:

FAMILY & PERSONAL HEALTH HISTORY

Has any person, related by blood, had any of the following:

Study #:
Date:

Medical History Questionnaire

Yes

Relationship

High blood pressure

Stroke

Heart attack before age 55

Blood or clotting disorder

Cholesterol or blood fat disorder

Glaucoma

Cancer (type):

Alcohol/drug problems

Psychiatric illness

Suicide

HEIGHT WEIGHT
Have you ever had or have you now: (Please check at right of each item and if yes, indicate year of first
occurrence)
Yes No Year Yes No Year
High blood pressure Hay fever
Rheumatic fever Allergy injection
therapy
Heart trouble Arthritis
Pain or pressure in Concussion

chest

Shortness of breath Frequent or severe
headache

Asthma Dizziness or fainting
spells

Pneumonia Severe head injury

Chronic cough Paralysis

Head or neck
radiation treatments

Disabling depression

Tumor or cancer

Excessive worry or

(specify) anxiety

Malaria Ulcer (duodenal or
stomach)

Thyroid trouble Intestinal trouble

Diabetes Pilonidal cyst

Serious skin disease Frequent vomiting

Mononucleosis Gallbladder trouble or
gallstones

52




C.3 Montreal Cognitive Assessment

NAME :
MONTREAL COGNITIVE ASSESSMENT (MOCA) Education : Date of birth :
Version 7.1 Original Version Sex: DATE :
VISUOSPATIAL / EXECUTIVE Copy Draw CLOCK (Ten past eleven)
cube (3 points)
End 2 .
Begin
[ 1] [ 1] [ ] [ 1] [T |/
Contour Numbers Hands
[] _/3
MEMORY Read list of words, subject must FACE VELVET CHURCH DAISY RED
repeat them. Do 2 trials, even f 1st trial is successful. 1st trial No
Do a recall after 5 minutes. points
2nd trial
ATTENTION Read list of digits (1 digit/ sec.). Subject has to repeat them in the forward order [ 121854
Subject has to repeat them in the backward order [ 1742 _ /2
Read list of letters. The subject must tap with his hand at each letter A. No pointsif 2 2 errors
[ ] FBACMNAAJKLBAFAKDEAAAJAMOFAAB N
Serial 7 subtraction starting at 100 [ 193 [ 186 [ 179 [ 172 [ 165
4 or 5 correct subtractions: 3 pts, 2 or 3 correct: 2 pts, 1 correct: 1 pt, 0 correct: 0 pt _/3
Repeat : | only know that John is the one to help today. [ ]
The cat always hid under the couch when dogs were in the room. [ ] _/2
Fluency / Name maximum number of words in one minute that begin with the letter F [ 1] (N 211 words) _ N
LU X ([0 Similarity between e.g. banana - orange = fruit [ 1] train-bicycle [ 1 watch-ruler /2
DELAYED RECALL Has to recall words FACE VELVET CHURCH | DAISY RED Points for /5
NCUED e
WITH NO CUE [] [] [] [1] [1] cecal only
. Category cue
optlonal Multiple choice cue
ORIENTATION [ ] Date [ 1 Month [ ] Year [ 1Day [ 1Place [ 1city _ /6
© Z.Nasreddine MD www.mocatest.org Normal 226 /30| TOTAL /30
Administered by: Add 1 pointif <12yredu

J
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C.4 Physical Activity Screening for the Elderly (PASE)

'.n

Over the past 7 days, how often did you engage in moderate sport and recreational
activities such as doubles tennis. ballroom dancing. hunting. ice skating, golf without a
cart, softball or other similar activities?

[0.] NEVER [1.] SELDOM [2.] SOMETIMES [3.] OFTEN
¥ (1-2 DAYS) (3-4 DAYS) (5-7 DAYS)
GO TO Q#5 ¥ ¥ v
4a. What were these activities?
4b. On average. how many hours per day did you engage in these

moderate sport and recreational activities?
[1.] LESS THAN 1 HOUR [2.] 1 BUT LESS THAN 2 HOURS

[3] 2-4 HOURS [4.] MORE THAN 4 HOURS

Over the past 7 days. how often did you engage in strenuous sport and recreational
activities such as jogging, swimming, cycling. singles tennis. aerobic dance, skiing
(downhill or cross-country) or other similar activities?

[0.] NEVER [1.] SELDOM [2.] SOMETIMES [3.] OFTEN
L2 (1-2 DAYS) (3-4 DAYS) (5-7 DAYS)
GO TO Q#6 ¥ ¥ ¥
Sa. ‘What were these activities?
5b. On average. how many hours per day did you engage in these

strenuous sport and recreational activities?
' [1.] LESS THAN 1 HOUR [2.] 1 BUT LESS THAN 2 HOURS

[3.] 2-4 HOURS [4.] MORE THAN 4 HOURS

Over the past 7 days. how often did you do any exercises specifically to increase muscle
strength and endurance, such as lifting weights or pushups. etc.?

[0.] NEVER [1.] SELDOM [2.] SOMETIMES [3.] OFTEN
L 2 (1-2 DAYS) (3-4 DAYS) (5-7 DAYS)
GO TO Q7 ¥ & ¥
6a. ‘What were these activities?
6b. On average, how many hours per day did you engage in exercises to

increase muscle strength and endurance?
[1.] LESS THAN 1 HOUR [2.] 1BUT LESS THAN 2 HOURS

[3.] 2-4 HOURS [4] MORE THAN 4 HOURS
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C.5 Food Frequency Quest
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C.6 Juice Instructions

Juice Instructions
The juice we are providing you with is concentrated. When we say you will drink 2 cups
a day of the juice, this includes the juice concentrate and water. Instructions are below.
Please be sure that you are drinking 2 cups a day, and do not share with anyone else. We
are giving you 4 bottles. One bottle is enough for 7 days. Store the extra bottles in the
freezer, and the take out one at a time to defrost in the fridge the day before you need it.
If you have any leftover juice when you come to pick up the refill, please bring the
leftovers with you. Also, please try to keep your diet and physical activity constant
throughout this 12-week period. If you have any questions call us at 831-7218.

Starting today:

You will drink 2 cups a day of this juice.
* One cup in the morning
* 6-8 hours later, you will drink another cup

To make the mixed juice:
1. Shake the bottle of juice concentrate.
2. Using the measuring cup we provided you with, mix:
* 4 ounces of the juice concentrate
* 4 ounces of water
3. Drink and enjoy!

You have enough juice for about 4 weeks. You will come to pick up refills
on:

&

Thank you for participating in our study!
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C.7 Juice Calendar
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C.8 Three-Day Food Record Instructions

Diet Record Instructions

1. The week prior to your visit, choose 3 days to record everything you eat and
drink. Choose two weekdays and one weekend day.

2. On the first day you have chosen, starting when you wake up write down
everything you eat and drink that day. It may be best to carry around the
small diary with you so you can record the food as soon as you have eaten it.

3. Start by writing down the date and time the food was consumed.

4. Include as much detail as possible.

a. Important details to include:
i. Brand (McDonald’s, Sargento, Quaker, etc.)
ii. How prepared (baked or fried?)
iii. Fat-free, low-fat, sugar-free, reduced-sodium, low-sodium, etc.

5. If you added toppings to your food, include that too.

a. Example: Adding Parmesan cheese to spaghetti, adding mayo to a
sandwich.

6. It is also important to include the amount consumed. Refer to the next page
for some helpful hints and examples. Common kitchen measurements
include:

a. Teaspoons and tablespoons
b. Cups
c. Ounces

7. Lastly, during the 3-days chosen, you may consume a homemade recipe. If
possible, include the recipe with the diary and how much the recipe makes.
For example, everyone has a different way to make chili. It would be helpful
to know the specific recipe you use to make your chili. That way, we get the

best idea of what you consumed.
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