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Abstract: Osteoarthritis (OA) is a degenerative joint disease that affects the cartilage,
subchondral bone, and synovial fluid. Risk factors for knee OA include increase
adiposity, where excess adipose tissue release pro-inflammatory cytokines and
adipokines, creating a state of chronic inflammation, and leading to the activation of
matrix metalloproteinases, which facilitate cartilage breakdown. Individuals with knee
OA experience pain upon walking or standing, decreased range of motion, and loss of
function in the affected joint. The purpose of this study is to: (1) evaluate the relationship
of dietary nutrient intakes with quality of life indicators, pain scores, and serum
biomarkers of inflammation and cartilage degradation in participants with symptomatic
knee OA (observational) and (2) evaluate the effects of freeze-dried strawberries on
serum biomarkers of cartilage degradation in participants with symptomatic knee OA
(intervention). Study participants (n=17) with abdominal obesity and symptomatic knee
OA completed baseline self-reported dietary records, VAS and ICOAP pain score
evaluations, HAQ-DI quality of life indicator assessments, and serum blood draws to
assess biomarkers of inflammation and cartilage degradation. Subjects were then
randomly assigned to consume 50g of freeze-dried strawberry powder each day or 509 of
placebo powder in this 26-week, randomized, double-blind, placebo controlled, cross-
over intervention trial. Results of the observational data showed significant inverse
correlations of soluble fiber with serum MMP-3, total sugar with MMP-8, saturated fat
with MMP-3, vitamin C with MMP-8, and copper with IL-6. Results from our 26-week
cross-over intervention showed freeze-dried strawberry supplementation significantly
reduced serum concentrations of MMP-3 compared to the placebo. Our study identifies
intriguing relationships between dietary nutrient intakes and biomarkers of inflammation
and cartilage degradation by suggesting that a well-balanced diet, with adequate intakes
of saturated fat, sugar, vitamin C, soluble fiber, and copper, may have a protective role
against the activation of cartilage degrading enzymes in knee OA. Additionally,
strawberry supplementation decreased serum MMP-3 concentrations suggesting that
well-balanced eating habits should also incorporate an array of antioxidant rich foods,
including the bioactive strawberry, as an adjunct therapy in knee OA.
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CHAPTER I

INTRODUCTION

Osteoarthritis (OA) is a degenerative joint disease that affects the articular cartilage,
subchondral bone, and synovial fluid of weight bearing joints such as the hips, knee, spine, or
feet. OA causes pain, stiffness in joints, loss of motion, and is classified by the loss of articular
cartilage.° OA affects more than 27 million individuals in the United States.*® Recently, it has
been estimated that over 14 million Americans have symptomatic knee OA.% Over the past
several decades, epidemiological data has associated knee OA with older age, obesity, the female
population, metabolic syndrome, inflammation, and elevated serum levels of cartilage degrading
enzymes. 136369748889 The pathological mechanism by which OA develops is both mechanical and
metabolic. Metabolically, excess adipose tissue releases adipokines and pro-inflammatory
cytokines that lead to the onset and progression of the disease by creating a state of chronic
inflammation and activating matrix metalloproteinases (MMP’s) that facilitate cartilage
breakdown.1#152756 For this reason, one of the biggest contributing factors to knee OA is
increased adiposity and metabolic syndrome.®¢ Mechanically, excess weight increases force and
loading of joints which results in a breakdown of articular cartilage, ligaments, and other
supporting structures.'? As a result, individuals with knee OA experience pain upon walking or

standing, as well as loss of motion and function in the affected joint.

Although previous observational studies have attempted to identify the relationship

between food and pain, little is known about the correlations that exists between dietary nutrient



intakes with pain scores, quality of life assessments, and biological parameters, such as
inflammation and cartilage degradation, in diagnosed knee OA.1? Epidemiological data from the
Framingham Study and the Osteoarthritis Initiative suggest that both prevalence of knee OA and
the pain associated with the condition, are influenced by diet; specifically the intake of total fiber,
omega-3 polyunsaturated fatty acids (PUFA), and vitamin C.111® However, it is unclear as to
what relationships exist between dietary nutrient intakes (macronutrients, micronutrients,
antioxidants, phytochemicals) and both symptoms and metabolic dysregulation associated with

this condition.

Currently, there is no cure for osteoarthritis. Many of the treatment strategies focus on
alleviating pain with the use of pharmaceuticals or non-steroidal anti-inflammatory drugs
(NSAIDS). In addition, weight loss is also commonly recommended as a treatment strategy to
relieve pain and improve joint function.® Many studies have evaluated the role of dietary
polyphenols and their ability to improve endogenous enzyme systems and reduce pain,
inflammation, and oxidative stress damage in individuals with symptomatic knee OA.”>% In
addition, other nutraceuticals such as ginger powder, avocado/ soybean extracts, and omega-3
fatty acids have also been shown to reduce pain and pro-inflammatory biomarkers associated with

knee OA 678283

Strawberries, a popularly consumed berry fruit, are a rich source of soluble fiber, vitamin
C, folate, tocopherols, carotenoids, and polyphenols.®® The strawberry polyphenolic composition
has shown to have anti-inflammatory and antioxidant capacities in individuals with diabetes,
cardiovascular disease, and hypertension. In modulating cardiovascular disease (CVD) risks,
strawberries reduced low-density lipoprotein (LDL) cholesterol, circulating adhesion molecules,
and lipid peroxidation in the form of malondialdehyde (MDA). 4349.100.101L.110 However, to date,
there has not been a preclinical or a clinical study to evaluate the effects of strawberry

polyphenols on inflammation and cartilage degradation associated with symptomatic knee OA,



especially in individuals with characteristic of metabolic syndrome. Thus, this study aims to
examine the hypothesis that strawberry supplementation will lower serum biomarkers of cartilage

degradation in participants with knee OA.

The goal of this study is to identify the relationship of dietary nutrient intakes with pain
scores, quality of life indicators, and biochemical parameters in participants with symptomatic
knee OA using a cross-sectional approach with baseline data. Additionally, this study will also
investigate the relationship of pain scores and quality of life indicators with biochemical
parameters in our participants. Finally, this study will attempt to identify strawberries as a
potential alternative treatment method for decreasing serum biomarkers of cartilage degradation

in participants with symptomatic knee OA.

The specific aims are to:

Observational

1. To examine whether dietary nutrient intakes at baseline are in any way correlated with
biomarkers of inflammation, biomarkers of cartilage degradation, pain scores, and quality
of life indicators in participants with symptomatic knee OA

2. To examine whether biomarkers of inflammation and cartilage degradation at baseline
are in any way correlated with pain scores and quality of life indicators in participants

with symptomatic knee OA

Intervention

3. To examine the effects of strawberry intervention on biomarkers of cartilage degradation
by assessing serum levels of nitrite, MMP-3, and MMP-8 in participants with

symptomatic knee OA

For the present study, we hypothesize that:



Total fat and total carbohydrate intakes will be positively correlated with pain scores,
circulating biomarkers of inflammation, and circulating biomarkers of cartilage
degradation in subjects with symptomatic knee OA

Total fat and total carbohydrate intakes will be inversely correlated with quality of life
indicators in subjects with symptomatic knee OA

Micronutrient and antioxidant intakes will be inversely correlated with pain scores,
circulating biomarkers of inflammation, and circulating biomarkers of cartilage
degradation in subjects with symptomatic knee OA

Micronutrient and antioxidant intakes will be positively correlated with quality of life
indicators in subjects with symptomatic knee OA

Pain scores will be positively correlated with circulating biomarkers of inflammation and
cartilage degradation in subjects with symptomatic knee OA

Quality of life indicators will be inversely correlated with circulating biomarkers of
inflammation and cartilage degradation in subjects with symptomatic knee OA
Strawberry supplementation will significantly decrease serum concentrations of nitrite,

MMP-3, and MMP-8 in subjects with symptomatic knee OA



CHAPTER II

REVIEW OF LITERATURE

OA is a degenerative joint disease that affects the cartilage, subchondral bone, and
synovial fluid. OA generally involves weight bearing joints such as the hips, knee, spine, and
feet.! OA causes pain, stiffness in joints, and loss of motion which can be debilitating to those
who suffer from this chronic condition.? The pathological mechanism in which OA develops
focuses on the relationship between cartilage, the synovium, and subchondral bone. OA is
classified by the degradation of articular cartilage found in joints. Previous findings indicated that
OA results from injury or excessive loading of weight to a joint as the main cause of cartilage
degradation. However, new research suggests that systemic inflammation and the release of
cytokines and matrix metalloproteinases may be equally responsible for cartilage degradation.* In
addition, evidence has shown that inflammation of the synovium (synovitis) may also contribute

to the progression of OA .2

Among the more than 200 arthritic conditions, OA is the most commonly treated.® OA
affects more than 27 million individuals in the United States.*® Recently, it has been estimated
that over 14 million Americans have symptomatic knee OA.% Over the last several decades,
epidemiological data has associated knee OA with older age, obesity, the female population,
metabolic syndrome, inflammation, and elevated serum levels of cartilage degrading enzymes (
Table 1). In addition, family predisposition, potential for injury, and lifestyle also contribute to

the incidence of OA.™ Likely one of the most significant contributing factors in knee OA is



excess weight.®® The mechanism that relates obesity to OA is both mechanical and metabolic.
Mechanically, excess weight increases the forces and loading of joints which results in a
breakdown of articular cartilage, ligaments, and other supporting structures. In addition,
decreased muscle strength can also contribute to the degradation of articular cartilage by altering
the load placed on the joint. Therefore, weak muscles associated with joints can put increased
stressed on an already compromised joint.'? Metabolically, adipose tissue or fat stores, release a
number of different molecules such as adipokines (leptin, adiponectin, visfatin, resistin) and
cytokines interleukin-1 (IL-1p) and tumor necrosis factor-o (TNF-a). In OA, these proteins
appear to have pro-inflammatory effects and may contribute to both inflammation and the
progression of the disease. 1% Age is attributed as a contributory factor in the development of
OA due to the decrease in cartilage homeostasis. Over time, chondrocytes do not respond to
growth factor stimulation which results in a pathological change to the cartilage.'® However,
given the obesity epidemic in the United States, more individuals under the age of 65 are
presenting with symptomatic knee OA due to the metabolic contribution.® For this reason, OA
warrants future research efforts to identify strategies for prevention and treatment of this chronic

condition.

I. Obesity, Metabolic Syndrome, and OA

When assessing the prevalence of OA, it is important to consider two conditions that
contribute greatly to the onset and progression of this debilitating disease; obesity and metabolic
syndrome. Overweight and obesity are identified by calculating body mass index (BMI) where a
person’s weight in kilograms is divided by height in meters squared. A BMI between 25.0 and

29.9 kg/m? is classified as overweight and a BMI greater than 30.0 kg/m? is considered obese.* As



stated, obesity relates to OA not only due to increased mechanical loading on the knee, but also

excess adipose tissue and the release of adipokines.

According to the National Institutes of Health (NIH), metabolic syndrome is a group of
biochemical and physiological conditions that significantly increase an individual’s risk for heart
disease and other chronic illnesses such as diabetes, stroke, and cancer.® To obtain a diagnosis of
metabolic syndrome, one must present with at least three of five following conditions: (1)
waistline measuring greater than 35 inches for women and greater than 40 inches for men, (2)
blood triglycerides greater than or equal to 150 mg/dL, (3) high-density lipoprotein (HDL)
cholesterol lower than 40 mg/dL for men and lower than 50 mg/dL for women, (4) blood pressure
measuring equal to or greater than 130/85 mmHg, (5) insulin resistance measured by a fasting
plasma glucose of greater than or equal to 100 mg/dL.* &7 Of these factors, insulin resistance or
an impaired response to insulin in cells, appears to be the most significant cause of metabolic
syndrome.® Insulin is important not only in glucose homeostasis, but also in the regulation of pro-
inflammatory cytokines. In a study by Jeschke, et al., insulin showed to reduce the plasma
concentrations of pro-inflammatory cytokines such as interleukin-6 (IL-6), IL-1p, macrophage

migration inhibition factor (MIF), and TNF-a.°

The main concept linking metabolic syndrome to OA is insulin resistance, increased
adiposity, and the presence of inflammation or pro-inflammatory cytokines which upregulate
inflammation.®*® In a review conducted by Wang et al., the researchers propose a cluster of
metabolic abnormalities that relate metabolic syndrome and inflammation to OA: (1)
dysregulated metabolites, (2) abnormal body composition, (3) presence of inflammatory

cytokines and acute-phase proteins, and (4) presence of inflammatory adipokines.’

I1. Inflammation and OA



Dysregulated nutrient metabolism, such as altered lipid profiles, have been associated
with cartilage degradation in OA patients.’®1° As lipid and glucose metabolism become
dysregulated, an individual’s body composition changes, which may result in an increased
amount of adipose tissue. As stated previously, adipose tissue acts as an endocrine organ by
releasing adipokines. Therefore, when more adipose tissue is present, adipocytes release an
excess of adipokines such as leptin, resistin, visfatin, and adiponectin.®® These adipokines are

strongly correlated with inflammation in knee OA by activating pro-inflammatory cytokines.?%%

Likely the most significant relation between metabolic syndrome and OA is the presence
of pro-inflammatory cytokines. The three pro-inflammatory cytokines associated with the
pathogenesis of OA appear to be IL-6, IL-1pB, and TNF-0."® IL-6 is a cytokine produced by cells
such as T cells, B cells, monocytes, fibroblasts, osteoblasts, keratinocytes, endothelial cells,
mesangial cells, and tumor cells.?? The inflammatory response and the release of IL-6 is not only
seen in low grade inflammation, but also in the development of atherosclerosis.?® In addition,
there is also a strong correlation between inflammatory markers such as highly sensitive C-
reactive protein (hs-CRP), an acute phase protein produced by the liver in response to
inflammation, and IL-6 in individuals with metabolic syndrome.?® In terms of knee OA, IL-6, has
been shown to be elevated in both the synovial tissue and chondrocytes, contributing to the onset

and progression of the disease.?%

IL-1B and TNF-a are also two important pro-inflammatory cytokines associated with OA.
Both IL-1p and TNF-a are produced within the synovium, including the synovial fluid and
membrane; as well as in chondrocytes, osteoblasts, and mononuclear cells. IL-1 and TNF-o can
stimulate the production of IL-6, thus contributing to the pro-inflammatory cascade associated
with these cytokines in OA.?*In addition, IL-1B and TNF-o appear to have a major impact on
cartilage degradation by stimulating the release a matrix metalloproteinases, enzymes responsible

for the breakdown of the cartilage matrix.?’



MMP’s are a family of proteolytic enzymes found throughout the human body and
facilitate the breakdown of extracellular matricies.®® In knee OA, several MMP’s, such as MMP-
1, MMP-3, MMP-8, and MMP-13, have been identified as having a significant influence in the
degradation of articular cartilage in the knee. In particular, MMP-3 or stromelysin-1, is produced
by chondrocytes and appears to be directly correlated to the disruption of cartilage homeostasis in
knee OA. MMP-3 facilitates the breakdown of articular cartilage in the knee, which leads to joint-
space narrowing and pain in the affected joint.>® However, MMP’s are not solely responsible for
the progression of OA, and are greatly influenced by inflammatory cytokines.?"% There is also
evidence which suggests that the adipokine leptin may upregulate the expression and amplify the
production of MMP-3 in chondrocytes.® Clinical studies have also shown a significant increase in
IL-1B, MMP-1 and MMP-3 in the synovial fluid of osteoarthritic knees compared to healthy
controls.>” Therefore, in the presence of adipokines and inflammatory cytokines, there is an
increased risk for the activation of these cartilage degrading enzymes.

Similarly, the combination of leptin and pro-inflammatory cytokines, such as IL-1p, is
capable of producing reactive oxygen species (ROS) and reactive nitrogen species (RNS) which
further contributes to the progression of OA.%?" Nitric oxide (NOX) is a RNS produced via
inducible nitric oxide synthase (iNOS) from the amino acid L-arginine.®® When converted into its
active form, NOx can trigger inflammation, tissue destruction, and apoptosis.®® NOx has the
ability to enhance the activity and synthesis of MMP’s as well as inhibit the synthesis of collagen
and proteoglycans.5%6! In addition, the relationship between NOx, iNOS, and certain pro-
inflammatory cytokines appears to be synergistic. NOx appears to be activated by IL-1p and
TNF-a via iNOS. In the presence of these inflammatory cytokines, the enzyme iNOS is
significantly upregulated leading to the increased production of NOx.?2% Moreover, NOx appears
to significantly increased in both serum and synovial fluid in individuals with primary knee OA

compared to healthy controls.®



I11. Pain and Knee OA

Pain is a commonly assessed and monitored clinical outcome in the pathogenesis and
management of OA. Pain is the most common symptom associated with knee OA and the focus
of many treatment remedies.?? There are a number of ways to assess pain level associated with
knee OA: (1) Visual Analog Scale (VAS) for pain, (2) Short-form McGill Pain Questionnaire
(SF-MPQ), (3) Measure of Intermittent and Constant Osteoarthritis Pain (ICOAP), and (4)
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC).1%21% Additionally,
to understand disease state, the Health Assessment Questionnaire Disability Index (HAQ-DI) is
often used combination with pain score to evaluate the overall functional status of each patient.1%*
Epidemiological research studies have suggest a positive correlation of inflammatory biomarkers,
such as hs-CRP, IL-1pB, and TNF-q, with increased pain.1®% However, to our knowledge, there
have not been an observational study which evaluates the relationships of pain with biomarkers of

cartilage degradation, such as serum levels of MMP-3 and MMP-8 in knee OA.

ICOAP is a series of questions which are divided into two sections and assess intermittent
pain or pain that comes and goes, and constant pain or pain that is always present. The scale
quantifies the patient response to each question providing a score from 0 to 4; (0) ‘not at all’ and
(4) ‘extremely’.2” The VAS pain scale is used to quantify a visual and verbal representation of
pain by the use of a horizontal or vertical line ruler which is 100mm in length. This self-reported
pain method allows a participants to rank their pain from 0 (no pain) to 10 (worst pain
imaginable) and to place a marker perpendicular to the VAS indicator. The pain score is
guantified by measuring the distance from 0 (no pain) to the marker indicated by the
participant.%® In addition to assessing pain, it is also important to understand how this condition
impacts an individual’s quality of life. HAQ-DI is a questionnaire which aims to understand the

burden of a chronic condition, such as knee OA, on daily activities such as dressing, eating, and

10



walking.1%* Utilization of ICOAP, VAS, and HAQ-DI allows a more in-depth understanding into

how knee OA impacts the individuals suffering from this condition.

IV. Diet and Knee OA

According to the Arthritis Foundation, some of the most common treatments for knee OA
involve physical activity, weight loss, pharmacological treatment, surgery, and the use of knee
braces or sleeves.?® One factor that must be considered in both onset and progression of OA is
nutrient intake. Although a well-balanced, nutrient rich diet is a staple for maintaining a healthy
lifestyle, it is important to consider the role of dietary nutrient composition and dietary intakes of
naturally occurring phytochemicals, in the prevention and management of chronic conditions

such as OA.

A. Dietary Risk Factors

Over the past several decades, there have been a number of epidemiological studies
conducted to identify dietary risk factors for the development of knee OA. Nutrient risk factors
for knee OA were identified in the early 1990°s with data from the Framingham Study. The
results from this large cohort study suggests that lower dietary intake of certain micronutrients,
such as vitamin C, vitamin E, and -carotene, are positively associated with risk of developing
knee OA.%116 | ower intakes of vitamin C and vitamin D have been shown to be more common
among individuals with knee OA compared to health controls, and associated with increased risk
of knee OA.1" Similarly, Wang et. al suggest that high consumption of vitamin C-rich fruits is
associated with a reduction of bone marrow lesions (BML) development in healthy individuals,
suggesting a potential protective role in the development of knee OA.1!2 In addition, previous

research has also found associations between vitamin K intake and knee OA. Lower dietary

11



intakes and serum levels of phylloguinone (vitamin K) have shown a positive association with

both the development and progression of knee OA.53 119

Macronutrient intakes, specifically fat and carbohydrate intake, have also been studied
for their role in the risk of knee OA. Higher intakes of total energy, carbohydrates, and sugar have
shown a positive association with the development of BML’s in knee OA.%" Data from the
Osteoarthritis Initiative identified that an increase in total fat intake resulted in a decrease in joint
space narrowing after 48 month follow-up. This study also showed an inverse association
between PUFA intake and joint space narrowing and concluded that there was a significant risk
of knee OA progression with an increased intake of saturated fats, and a reduced risk among
those with higher intakes of PUFA and MUFA 118 Additional data analyzed from the
Osteoarthritis Initiative suggest the prevalence of knee OA is lower among individuals with
dietary patterns consistent with a Mediterranean diet. The findings of this study suggests that
diets higher in whole grains, legumes, fruits, vegetables, olive oils, and lean proteins may have a
protective role against knee OA.1* These studies suggest that dietary nutrient quality may have a
strong influence on the pathogenesis of knee OA and may have a role in the prevention of this
chronic condition.

B. Dietary Nutrient Intakes on Knee OA Symptoms

Although dietary risk factors have been widely studied in knee OA, very little is known
about the relationship of normal dietary intakes with symptoms of knee OA, such as pain,
mobility, and quality of life. Choi et al. conducted a cross-sectional observational study to
identify the relationship between momentary knee pain and dietary intakes. The results of this
study indicated that as participants pain increased, so did their energy consumption, specifically
in total fat and total sugar. This study suggests that as calorie intake increases, pain increases,
thus contributing to obesity and the progression of knee OA symptoms.**? In a clinical trial

conducted by Clinton et. al, a whole-food, plant-based diet rich in phytochemicals and low in

12



animal products revealed an improvement in VAS pain scores among individuals with OA
compared to participants that continued a normal Western diet. The researchers suspect the
decrease in pain may be due to the nutrient quality of the (whole-food, plant-based) diet which is
rich in omega-3 fatty acids and fiber.%® Further findings from the Osteoarthritis Initiative, suggest
that higher fiber intake (approximately 25g each day), was associated with a decrease in
WOMAC pain score over an 8 year period.!*® Although these studies provide some insight to the
relationship between diet and pain, a gap in the research still exists when evaluating the

relationship of common dietary nutrient intakes with pain and quality of life indicators.

C. Polyphenols

Polyphenols are naturally occurring compounds or phytochemicals found in an array of
foods such as fruits, vegetables, spices, nuts, tea and cocoa. As a non-pharmacologic therapy for
knee OA, a number of polyphenolic compounds have been studied in clinical trials (Table 2).
Curcumin, the polyphenol derived from the spice turmeric, has been studied in clinical trials, in-
vitro, and in-vivo. For decades, curcumin has been studied for its anti-inflammatory and
antioxidant capabilities related to prevention and treatment of chronic diseases.** In OA,
curcumin has shown to reduce expression of inflammatory cytokines, MMP’s, and NOX in-vitro
and in-vivo.***5% Additionally, curcumin has also been shown to reduce NSAID use by

approximately 55%, as well as improve VAS pain score in human subjects.’®

In overweight and obese humans with clinically diagnosed OA, polyphenols found in
pomegranate juice, passion fruit extract, tart cherry juice, and rosmarinic spearmint tea have
shown to significantly reduce WOMAC pain scores by an average of 30%, as well as reduce
inflammation by 15% (measured by hs-CRP) and MMP-13 by 19%.5788 In-vitro studies have
concluded that polyphenolic compounds such as resveratrol have the ability to inhibit the

production of inflammatory cytokines and have also been shown to decrease the production of

13



ROS by more than 75%. Similarly, green tea catechins decrease the expression of
cyclooxygenase-2 (COX-2) and iNOS in IL-1f stimulated chondrocytes by 64% and 94%,
respectively.®” In-vivo, epigallocatechin gallate (EGCG) has demonstrated the ability to reduce
the expression of the cartilage degrading enzymes MMP-1, MMP-3, MMP-8, and MMP-13, as

well as the proinflammatory cytokines IL-1B and TNF-a in osteoarthritic mice.®! (Table 4)

D. Nutraceuticals

An emerging area of research in the field of nutrition and the fight against chronic disease
is the use of nutraceuticals. In 1989, Dr. Stephen DeFelice coined the term “Nutraceutical” and
defined it as, “a food (or part of a food) that provides medical or health benefits, including the
prevention and/or treatment of a disease.? Many clinical and in-vitro studies have been conducted
to show the efficacy of nutraceuticals as a treatment option for knee OA (Table 3 and Table 4).
Ginger has been widely studied for its ability to act as an anti-inflammatory agent by suppressing
nuclear factor kappa B (NF-KB) and inhibiting iNOS, TNF-a, and IL-1B.% In overweight and
obese humans, ginger and burdock root tea have had promising outcomes in treating
inflammation associated with knee OA by significantly reducing serum levels of CRP, NOx, and
IL-6.578! Other nutraceuticals such as avocado/soybean unsaponifiables (ASU) and omega-3
PUFA have also shown to significantly improve VAS and WOMAC pain scores, as well as

reduce NSAID use associated with knee OA 8283

ASU’s are vegetables extracts that do not form into soaps after saponification. The
remaining oil is highly concentrated containing one part avocado oil and two parts soybean oil.
ASU consists of phytosterols, fatty acids, fat-soluble vitamins, and alcohols. In-vitro studies
have demonstrated an average decrease of 65% in the I1L-6 and prostaglandin E, (PGE>)
production among chondrocytes treated with an ASU ratio of 1 part avocado and 2 parts soybean

(A1S2) (Table 4).4%41 Next, omega-3 fatty acids are linked to inflammation because of their
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ability to produce eicosanoids, molecules that regulate inflammation. For example, it is thought
that high levels of arachidonic acid, an omega-6 PUFA, may translate to cells within the body and
increase the production of inflammatory eicosanoids, thus increasing inflammation.®® Conversely,
omega-3 fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic (DHA), produce
eicosanoids with anti-inflammatory properties and may act to inhibit the metabolism of
arachidonic acid, thus lowering inflammation.* Studies have shown how supplementation of

omega-3 fatty acids reduces both inflammation and pain in knee OA.36:37:83

E. Weight Loss

Diet and weight loss may be an effective approach in reducing both pain and
inflammation associated with OA. In obese individuals with clinically diagnosed knee OA, a low
calorie diet, approximately 800-1,000 kcal/day, comprising of 15-20% protein, 45-60%
carbohydrate, and less than 30% fat, showed a significant improvement in WOMAC pain and
function scores. When combined with 1 hour of exercise, 3 days a week, results showed a 45%

improvement in WOMAC pain and a 15% reduction in serum IL-6 levels.® (Table3)

F. Supplements and NSAID’s

In order to treat pain associated with knee OA, the most common initial treatment option
is the use of pharmaceuticals such as Paracetamol (Tylenol) and NSAIDS.? However,
pharmacological therapy only temporarily reduces inflammation associated with pain and does
not address the underline cause of OA. Two of the most well-known supplements associated with
the treatment of arthritis are glucosamine and chondroitin. Both glucosamine and chondroitin
sulfate are naturally formed elements of cartilage and synovial fluid.3! Because these elements
can be consumed via the diet, they have received much attention as a treatment option for OA.3*

34,8486 However, supplementation with these compounds has only been evaluated for pain and
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joint narrowing. There is insufficient evidence to suggest that glucosamine and chondroitin treat

the inflammation cascade associated with knee OA.

V. Berries: Strawberries

A. Composition and Active Compounds

Berries, such as strawberries (Fragaria X Ananassa), are a commercially grown fruits
that contains an array of micronutrients and phytochemicals making them highly bioactive.*’
Every 100g of fresh weight strawberries provide a rich source of dietary fiber, vitamin C, and
folate, approximately 2g, 59mg, and 24pg, respectively. Strawberries also contain an adequate
supply of carotenoids, in the form of lutein and zeaxanthin (26mg/ 100g), tocopherols (1mg/
100g), and approximately 40 phenolic compounds such as anthocyanins (27mg/ 100g) and
pelargonidin (25mg/ 100g), providing strawberries with both antioxidant and anti-inflammatory

capacities, %9111

B. Effects on Oxidative Stress and Inflammation

Consumption of berry polyphenols have been evaluated in large-scale epidemiological
studies and shown to have a role in reducing cardiovascular disease risk and incidence of
cardiovascular events.1%% |n humans, strawberries have been studied for their ability to reduce
oxidative stress and improve lipid profiles. Clinical research has shown that strawberries, in the
form of freeze-dried strawberry powder reduces the risk of cardiovascular disease by decreasing
serum levels of total cholesterol including LDL cholesterol and small LDL particles, as well as
circulating vascular adhesion molecules (VCAM). 484910 Moreover, strawberries have the ability
to significantly reduce lipid peroxidation, increase endogenous antioxidant enzymes, and reduce

oxidative byproducts such as MDA and hydroxnonenol (HNE).*100.101 |n addition, strawberries
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have displayed anti-inflammatory properties by reducing pro-inflammatory cytokines such as IL-
1B and IL-6, and increasing the anti-inflammatory cytokine interleukin-10 (IL-10) in peritoneal
macrophages of mice.**%! The available clinical and in-vivo research shows promising effects of
strawberries as a measure to prevent or manage chronic disease. However, to our knowledge,
there has not been a clinical trial to evaluate the effects of strawberries on markers of
inflammation and cartilage degradation associated with knee OA suggesting a window for novel

research in this area.

VI: Summary

This section provides an overview of the pathophysiology and disease state associated
with knee OA. Given the metabolic and mechanical attributes of knee OA, successful
management of OA symptoms, such as pain, should aim to address the metabolic dysregulation,
such as chronic inflammation and activation of cartilage degrading enzymes. This review outlines
the dietary risk factors associated with the onset and progression of knee OA, and clearly
identifies a lack of evidence on the relationships of normal dietary intakes with biomarkers of
inflammation, biomarkers of cartilage degradation, pain scores, and quality of life indicators. This
review also highlights the previous research efforts, which focus on potential dietary and nutrient
approaches to treating knee OA. Polyphenolic compounds from sources such as pomegranate,
passion fruit, cherry, and rosmarinic spearmint tea have shown promising results in clinical
studies at reducing pain and inflammation associated with knee OA. However, to our knowledge,
there has not been a clinical study to evaluate the effects of strawberries on serum biomarkers of
cartilage degradation in individuals with symptomatic knee OA. The high polyphenolic

composition of strawberries have promising effects on lowering inflammation, adhesion
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molecules, and oxidative stress, and deserves further attention as for other chronic conditions

such as OA.
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Table 1. Summary of Epidemiological Studies Relating Obesity, Metabolic Syndrome,

and Inflammation to Knee OA

Study Design | Sample Size | Population Characteristics Significant Findings Ref
Retrospective | n=1420 Men and women, with or Risk of developing knee OA [13]
Cohort without elevated weight, and associated with overweight
high or low physical activity and obesity
Cross- n=1808 Men and women over 18 Knee OA associated with old [69]
Sectional years of age with knee and/or | age, the female population,
hip OA and obesity
BMI = 28.3 + 6.0 kg/m?
Prospective n=142 Women without clinically Knee OA associated with [70]
Cohort diagnosed knee OA or knee increased weight results in
injury elevated bone marrow lesions,
BMI (Baseline) = 25.0 £5.0 and tibiofemoral cartilage
kg/m? defects
Prospective n=1,764,061 | Men and women > 40 years Knee OA associated with [71]
Cohort of age without history of overweight and obesity
diagnosed OA
Prospective n=908 Caucasian women aged Knee OA associated with [74]
Cohort between the ages of 45 and 64 | increased BMI and higher
levels of IL-6!
Prospective n=403 Men and women aged 45 to Cartilage degradation in knee | [72]
Cohort 60 years old with OA associated with metabolic
asymptomatic diagnosed knee | risk factors such as diabetes
OA, who had not previously mellitus, high blood pressure,
had surgery and high abdominal
BMI =28.5 + 4.9 kg/m?
Prospective n=1202 Participants age 27 to 75 with | Knee OA associated with [89]
Cohort diagnosed knee OA, known multiple metabolic syndrome
anthropometric measurements | risk factors including central
(blood pressure and serum obesity and hypertension
lipid levels), and did not have
diabetes or known elevated
fasting plasma glucose
BMI =29.7 + 5.3 kg/m?
Prospective n=1384 Men and women with or Incidence of knee OA is [73]
Cohort without diagnosed knee OA influenced by glucose
Average BMI (Baseline) = intolerance and hypertension
23.1 + 3.4 kg/m? Progression of knee OA is
associated with
overweight/obese and
hypertension
Cross- n=105 Men and women age 45 to 70 | Knee OA associated with [63]
Sectional with symptomatic knee OA increased levels of MMP-32,
MMP-93, and NO*
Prospective n=3465 Men and women with Knee OA associated with [88]

Cohort

clinically diagnosed knee OA
and available serum
biomarkers of atherosclerosis
BMI = 26.8 + 4.0 kg/m?

elevated levels of VCAM-1°
and CD40L® among women

L1L-6 = Interleukin-6, 2 MMP-3 = Matrix Metalloproteinase-3 (Stromlysin-1), 3 MMP-9 = Matrix

Metalloproteinase-9 (gelatinase-B), * NO = Nitric Oxide (RNS), > VCAM-1 = Vascular Cell Adhesion
Molecule-1 , ®CD40L = CD40 Ligand
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Table 2. Summary of Clinical Studies with Polyphenols and Clinically Diagnosed Knee OA

Intervention & Daily Dose Study Design & Duration | Effects of polyphenol Ref
Sample Size vs. control
Pomegranate Juice Randomized control 6 weeks | Decrease in WOMAC! [75]
trial pain score and serum
Pomegranate Juice (200mL) vs. | (n=38) MMP-133
no intervention
Increase in serum GPx*
Passion Fruit Extract Randomized, double- | 60 days Decrease in WOMAC [80]
blind control trial pain and physical
Extract (150mg) vs. Placebo (n=33) function scores
(150mg)
Tart Cherry Juice Randomized, double- | 6 weeks | Decrease in WOMAC [79]
blind cross-over trial pain and physical
Cherry Juice (160z.) vs. Control | (n = 46) function scores, decrease
(160z.) in serum hs-CRP® levels
Curcumin Randomized, double- | 8 weeks Decrease in VAS® pain [76]
(Theracurmin ©) blind control trial score and overall
(n=50) NSAID’ use
Theracumin (180mg) vs.
Placebo (180mg)
Curcumin Randomized, double- | 6 weeks Decrease serum MDA?E, [77]
(C3 Complex®) blind control trial Increase in serum SOD?®
(n = 40) and GSH?°
C3 Complex (1500mg) vs.
Placebo (1500mg)
Rosmarinic Acid Tea Randomized, double- | 16 weeks | Increase in QoL!! score, | [78]
blind control trial decrease in WOMAC
Rosmarinic Spearmint Tea (n = 46) pain score
(280mg/ 600mL) vs. Control
(26mg/ 600mL)

!WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index, 2MMP-1 = Matrix
Metalloproteinase-1, * MMP-13 = Matrix Metalloproteinase-13, * GPx = Glutathione Peroxidase, ° hs-CRP
= highly sensitive C-Reactive Protein, 8 VAS = Knee Pain Visual Analog Scale, ” Non-Steroidal Anti-
Inflammatory Drugs, 8 MDA = Malonedialdehyde, ® SOD = Superoxide Dismutase, * GSH = Glutathione,
1 QoL = Quality of Life
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Table 3. Summary of Clinical Studies with Nutraceuticals and Dietary Approaches in

Clinically Diagnosed Knee OA

Intervention & Daily Dose Study Design & Duration | Effects of Active Agent Ref
Sample Size vs. Placebo/Control

Ginger Powder Randomized, double- | 3 months | Decrease in serum hs- [67]
blind control trial CRP! and NO?

Ginger Powder (1,000mg) vs. (n=100)

Placebo (1,000mg)

Burdock root tea Randomized, control | 6 weeks Decrease in serum MDAS3, | [81]
trial hs-CRP, and IL-64,

Burdock Tea (6g/ 450mL) vs. (n=36) increases in TAC® and

Control (150 cc Boiled Water) SOD*®

Avocado/ soybean Randomized, 90 days Decrease in NSAID’ [82]

unsaponifiables (ASU) multicenter, double- intake and VAS® pain
blind randomized score

ASU (300mg or 600mg) vs. control trial

Placebo (n=206)

Omega-3 Supplement Randomized, double- | 3 months | Decrease in WOMAC?® [83]

(Phytalgic ©) blind, parallel groups pain score and NSAID
control trial use

Phytalgic vs. Placebo (n=81)

Glucosamine Sulfate Randomized, double- | 3 years No changes in joint-space | [84]
blind, control trial width

Glucosamine Sulfate (1500mg) | (n=139) Decrease in WOMAC

vs. Placebo (1500mg) pain scores

Chondroitin Sulfate Randomized, 1 year No changes in joint-space | [85]

(Condrosulf®) multicenter, double- width
blind control trial Decrease in AFI® and

Condrosulf (800mg) vs. (n=110) VAS scores

Placebo (800mg)

Glucosamine and/or Randomized, double- | 24 months | Glucosamine alone had [86]

Chondroitin Sulfate blind control trial lowest loss in joint-space
(n=357) width compared to

Glucosamine (1500mg) vs. chondroitin alone

Chondroitin (1200mg) vs.

Combination (2700mg) vs.

Celexicob (200mg) vs. Placebo

Diet and Exercise Randomized, single 18 months | Decrease in weight and [30]
center, double-blind serum IL-6 among diet

Diet Only (800 to control trial only and diet & exercise

1,000kcal/day) vs. Diet & (n=399) group

Exercise (800 to 1000 kcal/day Decrease in WOMAC

and 3 hours/week of physical pain score among diet &

activity) vs. Exercise Only (3 exercise group

hours/week of physical activity)

'hs-CRP = highly sensitive C-Reactive Protein,2 NO = Nitric Oxide, 3 MDA = Malonedialdehyde, 4 IL-6 =

Interleukin-6,° TAC = Total Antioxidant Capacity, ® SOD = Superoxide Dismutase, " NSAID = Non-
Steroidal Anti-Inflammatory Drugs, 8 VAS = Knee Pain Visual Analog Scale, ° WOMAC = Western

Ontario and McMaster Universities Osteoarthritis Index, 1° AFI = Lequesne’s Algo-function Index
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Table 4. Summary of in-vitro and Animal Studies with Nutraceuticals and Knee OA

Nutraceutical & Dose Cell/ Animal Effects of Active Agent vs. Control/ | Ref
Model Vehicle
Curcumin Human Reduced production of NO?, 1L-62, [44]
chondrocytes and MMP-3% in IL-1B* induced
5UM vs. 10uM vs. 15uM vs. 20uM chondrocytes
Resveratrol Human Reduced IL-1p expression and IL-1pB [46]
chondrocytes produced ROS®
100mg/mL
Omega-3 Fatty Acids Bovine Reduced mRNA expression of Agg- [36]
chondrocytes 1%, Agg-27, IL-1a8, and TNF-a® in
10 to 100pug/ mL of Omega-3 and bovine chondrocytes
fatty acid blend
Avocado/Soybean Unsaponifiables Human Reduction in IL-6, NO, and MMP-3 [41]
(ASU) chondrocytes production (with and without IL-1
stimulation)
Avocado Only-(3.3 and 10ug/ mL) vs.
Soybean Only-(6.6 and 10pug/ mL) vs.
1 part Avocado, 2 part Soybean-
(10ug/ mL)
Green Tea Human Reduction in the activity of iNOS™ [87]
chondrocytes and COX-2%2, reduction in the
IL-1B (5ng/mL) and 100 pg/ mL of production of NO and PGE,™
EGCG™¥ vs. IL-1B (5ng/mL) and 200
pg/ mL of EGCG vs. 200 pg/ mL of
EGCG Only
Curcumin C57BL/6 Mice | Suppression of mRNA expression of | [90]
IL-1B, TNF-a, MMP-1%**, MMP-3, and
Oral Curcumin (50mg/kg) vs. Topical MMP-131%
Curcumin Nanoparticles (0.07mg of Oral administration decreased OA
10pg curcumin/ 1mg nanoparticles) disease progression
vs. Vehicle Control (Coconut Oil) Topical nanoparticles decreased
synovitis and subchondral plate
thickness, decreased expression of
adipokines and pro-inflammatory
mediators in IPFP, and decreased pain
Green Tea C57BL/6 Mice | Reduced levels of MMP-1, MMP-3, [91]

Intraperitoneal injection of EGCG
(25mg/kg) vs. control vehicle

MMP-13, IL-1B, and TNF-a in
articular cartilage

1 NO = Nitric Oxide, 2 IL-6 = Interleukin-6,* MMP-3 = Matrix Metalloproteinase-3 (Stromylsin-1), * IL-
1B = Interleukin-1-beta, ® ROS = Reactive Oxygen Species, ® Agg-1 = Aggrecanase-1,” Agg-2 =

Aggrecanase-2, 8 IL-1a = Interleukin-1-alpha, ® TNF-a = Tumor Necrosis Factor-alpha, °°EGCG =
Epigallocatechin-3-gallate, ' iNOS = inducible Nitric Oxide Synthase, > COX-2 = Cyclooxygenase-2, *3
PGE: = Prostaglandin-E2, ** MMP-1 = Matrix Metalloproteinase-1, ** MMP-13
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CHAPTER IlI

METHODOLOGY

Participants

Approval from Oklahoma State University’s International Review Board (IRB) was
obtained prior to recruitment for this study. Investigators and research assistants involved in this
study completed training through the Collaborative Institutional Training Initiative (CITI).

Additionally, all participants provided written consent to the study prior to being enrolled.

Participants were recruited from the Oklahoma Medical Research Foundation (OMRF)
patient registry through recruitment flyers/emails, as well as referrals from the Oklahoma
University Health Science Center (OUHSC). Subjects included in the study were ambulatory men
and women (over the age of 18) with an enlarged waist circumference (women >35 inches, men
>40 inches) and knee pain due to age-related degenerative knee OA (based on medical history
and baseline questionnaire). Participants stable on hypolipidemic, hyperglycemic, and/or anti-
hypertensive medications were also included in the study. Individuals were excluded from the
study if they had any type of pre-existing disease such as cancer, coronary heart disease, liver
failure, or renal disorders. Additionally, participants were also excluded if they were pregnant or
lactating, had knee surgery, a traumatic knee injury, allergic to strawberries, taking mega doses
(greater than 1,000mg) or antioxidants or fish oil supplements, recent participation in a weight
loss program, or those who smoke. After recruitement, 17 subjects were enrolled and completed

the entire 26-week, cross-over trial as shown in Figure 1.
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Study Design

In a 26-week randomized placebo-controlled crossover trial, participants were
randomized to either the intervention or placebo group. The intervention group consumed 50
gram of freeze-dried strawberry powder reconstituted in water each day divided into two doses.
The placebo group followed an identical protocol consuming 50 grams of placebo powder each
day divided into two doses. Participants spent 12 weeks in the intervention or placebo arm of the
study, completed a 2-week washout period, and then crossed over to the opposite arm. The
freeze-dried strawberry and placebo powder were provided to study participants in vacuum-

sealed packs with storage instructions.

Blood draws and laboratory tests

Fasting blood samples were collected at baseline, end of week 12 (end of phase 1), week
14 (end of wash-out), and week 26 (end of phase 2). All patients were seen at the Oklahoma
Clinical and Translational Science Institute (OCTSI) or at OUHSC, and blood samples were sent
to OU Medical Center for analyses of glucose, HbAlc, lipid profiles, and hs-CRP. Serum
collected was separated and stored at -80 C until analyzed. Serum nitrite levels were assessed
using Promega Griess Reagent System (Promega Madison, WI) and serum levels of MMP-3,
MMP-8, IL-6, and IL-1P were assessed using the R&D Human Quantkine ELISA (R&D

Systems, Minneapolis, MN) immunoassay system.

Dietary Intakes

All study participants were asked to maintain their usual dietary habits throughout the

duration of the study. Participants were required to complete a three-day food record to assess
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normal or common dietary intakes. Dietary intakes were provided by the subjects at baseline, end
of week 12 (end of phase 1), week 14 (end of wash-out), and week 26 (end of phase 2). Nutrient

composition was analyzed using Nutritionist Pro Software (Axxya Systems, Redmond, WA).

Pain and Quality of Life Assessments

Pain scores and quality of life assessments were obtained at baseline, end of week 12
(end of phase 1), week 14 (end of wash-out), and week 26 (end of phase 2). Knee pain analysis
was assessed using ICOAP and VAS pain scales. ICOAP is a series of questions which are
divided into two sections and assess intermittent pain or pain that comes and goes, and constant
pain or pain that is always present. The scale quantifies the patient response to each question
providing a score from 0 to 4; (0) ‘not at all’ and (4) ‘extremely’.1% Scores were then normalized
between 0 (no pain) and 100 (extreme pain). The scores for constant pain (five questions) were
scored out of 20, while scores for intermittent pain (Six questions) were scored out of 24.

Percentages were then calculated for each participant.

The VAS pain scale is used to quantify a visual and verbal representation of pain by the
use of a horizontal or vertical line ruler which is 100mm in length. This self-reported pain method
allows a participants to rank their pain from 0 (no pain) to 10 (worst pain imaginable) and to
place a marker perpendicular to the VAS indicator. The pain score is quantified by measuring the
distance from 0 (no pain) to the marker indicated by the participant.’®® Scores were categorized as
follows: 0-4 (no pain), 5-44 (mild pain), 45-75 (moderate pain), 76-100 (extreme pain). Scores
were then translated to represent a score between 0 and 3, where 0 indicated no pain and

increasing scores indicated worsening pain.

In combination with ICOAP and VAS, HAQ-DI was also utilized to evaluate the health
state of the participants. HAQ-DI is a questionnaire which aims to understand the burden of a
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chronic condition, such as knee OA, on daily activities such as dressing, eating, and walking.1%
HAQ-DI guestionnaires assess eight domains, allowing a score of 0 (indicating ease with
performing the task) and 3 (indicating difficulty or inability to perform the task). Total scores are
calculated into a percentage out of a total possible score of 24. Scores were then normalized
between 0 (indicating no difficulty with a task) and 100 (indicating severe difficulty or inability
to perform a task). All non-invasive indicators will contribute to pain score evaluations and the

association to dietary intakes at baseline.

Statistical analyses

Observational Study — Baseline Data

Demographic data, disease characteristics, dietary intakes, serum biochemical markers,
pain scores, and quality of life assessments were summarized for all study participants at baseline
and expressed in mean and standard error of the mean. Frequencies were identified from baseline
data and correlations were expressed using Pearson correlation coefficient. A second model was
generated to adjusted for total energy intakes with the highest and lowest calories dropped from

the correlation analysis.

1. Correlations of dietary nutrient intakes (macronutrient, micronutrient) vs. serum markers

of inflammation and cartilage degradation (hs-CRP, IL-1p, IL-6, NOx, MMP-3, MMP-8),

pain scores (ICOAP, VAS), and quality of life indicators (HAQ-DI)

2. Correlation of serum biomarkers of inflammation and cartilage degradation (hs-CRP, IL-

1B, IL-6, NOx, MMP-3, MMP-8) vs. pain scores (ICOAP, VAS) and quality of life

indicators (HAQ-DI)
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Intervention

Demographic data, disease characteristics, dietary intakes, serum inflammatory markers,
pain scores, and quality of life assessments were summarized for all study participants at baseline
and expressed in mean and standard error of the mean. Change in serum biomarkers of cartilage
degradation were compared at different time points between the strawberry intervention and
placebo groups using a PROC MIXED analysis adjusting for baseline measure as a covariate.
Data was collected at the end of the washout phase; however, since no carryover effects were
noted, baseline data was used to adjust in the final model. All analyses were conducted using
Statistical Analysis Software version 9.2 (SAS Institute, Cary, NC). A two sided p-value of less

than 0.05 was considered statistically significant.
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Figure 1. Participant Allocation

Assessed for Eligibility (n=17)
Subjects identified with knee OA and abdominal
obesity

Excluded (n=0)

Baseline Evaluation:

Enrolled in Study (n=17)
Subjects identified with knee OA and abdominal obesity

Blood Draws, Three Day Food Records, Pain Score
Assessments, Quality of Life Indicators

Subjects randomly assigned to crossover study

Intervention — 12 weeks

Powder Daily

Placebo — 12 weeks

50g of Freeze-Dried Strawberry 50g of Placebo Powder Daily

~N

2 week wash-out period

Placebo — 12 weeks

Intervention — 12 weeks

50g of Placebo Powder Daily 50g of Freeze-Dried

Strawberry Powder Daily

Analyzed (n=17)
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CHAPTER IV

FINDINGS

Nutrient Composition of Freeze-Dried Strawberry Powder

A nutrient analysis was completed by the California Strawberry Commission to
determine the macronutrient composition of the freeze-dried strawberry powder and the placebo
(Table 5). Freeze-dried strawberry powder (50g) used in our study is equivalent to approximately
500 grams of fresh weight strawberries (1.10 Ib). The analysis indicated that 50 grams of freeze-
dried strawberry powder or placebo powder provided approximately 150 and 180 calories,
respectively, to each participant’s daily dietary intakes. The overall calorie contribution for each
macronutrient of the freeze-dried strawberry powder was 88% carbohydrate, 9.3% protein, and
6% fat. The freeze-dried strawberry powder provided significant amounts of polyphenols and

anthocyanins, while these phytochemicals were not detectable in the placebo powder.

Baseline Characteristics

Anthropometrics, Blood Pressure, Lipid Profiles, Medications

The baseline characteristics are summarized in Table 6. Among the 17 participants
recruited for this pilot study, 4 were male and 13 were female. The age of the participants ranged
from 45 to 75 years of age, with the mean age being 56.5 years (+ 1.7). Additionally, 16 of the 17

participants were classified as obese, having a BMI greater than 30.0 kg/m?. Each participant
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presented with an enlarged waist circumference (greater than 35 inches of females and 40 inches
for males) with the mean size being 46.9 inches (x 1.1). The average blood pressure for all
participants can be considered normal (<130/85 mm/Hg), however, of our 17 participants, 11
were taking blood pressure medications at baseline. Other metabolic factors indicated that on
average, participants had an elevated fasting blood glucose (> 100mg/dL), with 2 participants

diagnosed with diabetes, and 6 participants being on lipid lowering medications.

Pain Scores, Quality of Life Indicators, Biochemical Parameters

At baseline, study participants, on average, reported mild to moderate pain based on
ICOAP and VAS scores. ICOAP scores for intermittent pain ranged from 2 to 15 out of a possible
score of 24, with an average score of 9.2 out of 24 or 38.5%. Constant pain scores ranged from 0
to 11 out of a possible 20, with an average score of 6.4 or 31.8%. Overall, total ICOAP pain
ranged from 4 to 26 out of a possible 44, with an average score of 15.6 or 35.4%. VAS pain
scores varied from 0.3 (indicating no or little pain) to 2.8 (indicating extreme pain), with an
average of 1.4 (indicating moderate pain). Finally, HAQ-DI scores reported by the participants
indicated mild to moderate difficulty performing daily tasks. Scores ranged from 0 to 1.0 with an

average score of 0.62.

Biochemical data also varied among participants. At baseline CRP ranged from 1.5 to
20.6 mg/L. In addition, a large variation was seen among IL-1, ranging from 3.1 to 52.4 pg/mL.
Less variation was seen among IL-6, nitrite, MMP-3, and MMP-8 with serum levels ranging from

5.3t011.8 pg/mL, 3.7 to 11.4 uM, 2.1 to 10.4 ng/mL, and 0.8 to 5.3 ng/mL, respectively.

Dietary Intakes

All dietary data was summarized based on three-day food records provided by the
participants at baseline. Total calorie intake varied dramatically ranging from 767 kcals per day to
4,316 kcals per day. Based on calorie contribution for each macronutrient, diets consisted of

30



approximately 42% carbohydrate, 40% fat, and 18% protein, with saturated fat intake accounting
for 13% of total calories. Participants were consuming a daily average of 67 grams or 5.5
tablespoons sugar. The average daily fiber intake was 17.7 grams which falls well below the daily
recommendation of 25 grams per day for women, and 38 grams per day for men.*? In addition,
dietary intakes among study participants fell short of the Recommended Daily Allowance (RDA)
for vitamin C (44.7 mg/day compared to the RDA of 75 mg/day), vitamin D (55 1U/day compared
to the RDA 600 1U/day), vitamin E (4.6 mg/day compared to the RDA 15 mg/day). Finally,
although there is no set RDA for omega-3 PUFA intake, the designated Adequate Intake (Al) was

also not met on average by study participants.5?

Observational Findings: Correlation Analyses Among Dietary Nutrient Intakes and

Biomarkers of Pain, Inflammation, and Cartilage Degradation

Correlations between variables were identified using baseline data (Table 8, 9, 10) and
expressed in r-values. Assessment of macronutrient intakes revealed a statistically significant
moderate inverse relationship of soluble fiber with serum MMP-3 concentrations, total sugar with
MMP-8, and saturated fat with MMP-3. Upon assessment of micronutrient intakes, a significant
moderate inverse relationship was identified between vitamin C and MMP-8, as well as between

copper and IL-6 (p<0.05).

Although not statistically significant, there were several trends identified in our data
worth mentioning. First, VAS pain trended toward a positive relationship with serum IL-18
concentrations (p=0.086). Additionally, there was a trend toward an inverse relationship of total
carotenoids (RE), B-carotene, and vitamin C with serum MMP-3 concentrations (p=0.055, 0.097,

0.093, respectively).
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Due to the variation in participant calorie intake, correlations were also analyzed with all
nutrients adjusted to 1,000 calories with the highest and lowest total calories excluded from the
analyzed data (n=15). The results showed a statistically significant inverse correlation between
HAQ-DI scores and total cholesterol (p=0.024). Additionally, there was a significant positive
correlation between ICOAP constant pain and total carbohydrate intake (p=0.022). Adjusted
correlations between nutrients and serum biomarkers revealed inverse relationship of soluble

fiber with MMP-8 (p=0.030), vitamin C with MMP-8 (p=0.034), and copper with IL-6 (p=0.040).

Intervention Findings: Effects of Freeze-Dried Strawberries on Biomarkers of Cartilage

Degradation

Three parameters were used to assess cartilage degradation and inflammation in the study
participants (Table 11). After the 12 week strawberry intervention, serum concentrations of the
cartilage degrading enzyme, MMP-3, was significantly reduced by 18.8% (p<0.05). MMP-8 and

serum nitrite levels showed no significant changes after strawberry intervention.
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Table 5. Strawberry Beverage Composition

Strawberry Placebo

Serving Size (Q) 50.0 50.0
Calories (kcal) 150.0 180.0
Fat (g) 1.0 1.0
Protein () 3.5 0.2
Carbohydrates (g) 33 43.9
Total Polyphenols (mg) 2006.0 n.d
Total Anthocyanin (mg) 154.0 n.d
Phytosterols (mg) 50.0 n.d
Total dietary fiber (g) 4.0 5.2

Strawberry powder was obtained through the California Strawberry Commission. (g) = grams;
(mg) = milligrams; (kcal) = kilocalories
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Table 6. Participant Baseline Characteristics®

(n=17)

Age (yrs) 56.5+1.7
Gender (m/f) 4/13
Height (cm) 169.4+ 2.8
Weight (Ibs) 2449+7.2
BMI (kg/m?) 39.3+1.6
Waist Circumference (inches) 469+1.1
Systolic BP (mm/Hg) 126.8+ 2.0
Diastolic BP (mm/Hg) 81.7+1.3
Triglycerides (mg/dL) 130.3+ 134
Total Cholesterol (mg/dL) 187.6 £ 8.9
HDL (mg/dL) 54.3+3.5
LDL (mg/dL) 1055+7.9
Fasting Glucose (mg/dL) 112.3+5.3
HbAc (%) 6.1£0.2
Blood Pressure Medication (n) 11/17
Lipid Medication (n) 6/17
Diagnosed w/Diabetes (n) 2/17
Vitamin Supplement Use (n) 11/17
HAQ-DI 06+0.1
VAS : Pain 1.4+0.2
VAS : Health 0.7+£0.1
ICOAP : Constant Pain Subscale % 31.8+3.5
ICOAP : Intermittent Pain Subscale % 385+34
ICOAP : Total Pain Score % 354+3.1
C-Reactive Protein (mg/L) 575+1.2
Interleukin-6 (pg/mL) 8.85+04
Interleukin-1p (pg/mL) 18.65+4.0
Serum Nitrite (UM) 6.45+0.8
MMP-3 (ng/mL) 7.0+0.6
MMP-8 (ng/mL) 1.85+0.3
! values expressed in mean * standard error

(BMI) = Body Mass Index; (m) = Male; (f) = Female; (cm) = Centimeter; (Ibs) = Pounds; (kg) =
Kilogram; (m?) = Meters squared; (yrs) = Years; (mm/Hg) = Millimeters of Mercury; (mg/dL) =
milligrams per deciliter; (n) = numerical value; (HAQ-DI) = Health assessment questionnaire
disability index; (ICOAP) = Measure of intermittent and constant osteoarthritis pain; (VAS) =
Visual analog scale; (mg/L) = milligrams per liter; (pg/mL) = pictograms per milliliter; (ng/mL) =
nanograms per milliliter; (uM) = micromolar; (MMP) = Matrix Metalloproteinase
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Table 7. Baseline Total Dietary Nutrient Intakes!

(n=17)

Calories (kcal) 2,026.5 £ 182.7
Fat Calories (kcal) 807.2+107.4
Saturated Calories (kcal) 269.8 + 34.2
Protein (Q) 02.3+11.2
Carbohydrate (g) 2146 +19.5
Fiber (g) 17.7+1.9
Soluble Fiber (g) 0.9+0.2
Sugar (g) 66.74 £5.8
Fat (g) 89.8£12.0
Saturated Fat (g) 30.0+ 3.8
Monounsaturated Fat (g) 16.9+3.8
Polyunsaturated Fat (g) 7919
Trans-Fat (g) 1.1+£04
Cholesterol (mg) 304.2 £ 53.9
Vitamin A (1U) 4,130.8 +1,134.2
Carotenoids (RE) 127.4 £50.8
B-Carotene (mcg) 584.7 £ 304.1
Vitamin C (mg) 44.7+9.0
Vitamin D (1U) 55.3+14.5
Vitamin E (mg) 46+17
Copper (mg) 0.6+0.1
Iron (mg) 99+12
Zinc (mg) 6.7+£1.0
Omega-3 (9) 0.8+0.3

! values expressed in mean * standard error

(kcal) = kilocalories; (g) = grams; (mg) = milligrams; (IU) = International Units; (RE) = Retinol
Equivalents; (mcg) = micrograms
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Table 8. Pearson’s Correlation®

Dietary Nutrient Intakes vs. Pain Scores and Quality of Life Assessments

(n=17)

HAQ- VAS: VAS: ICOAP: ICOAP: ICOAP:

DI Pain Health | Constant | Intermittent Total

Total Caloies (kcal) -0.030 0.373 -0.008 0.025 0.049 0.043
Protein (g) -0.132 0.275 -0.103 -0.193 -0.102 -0.157
Total Carbohydrate (g) -0.193 0.385 -0.071 -0.141 -0.005 -0.074
Total Fiber (g) -0.114 0.342 0.118 -0.138 0.000 -0.069
Soluble Fiber (g) 0.181 0.332 0.068 0.463 0.276 0.400
Total Sugar (g) 0.138 0.316 -0.099 0.169 -0.212 -0.038
Total Fat (g) -0.262 0.176 0.269 -0.244 -0.303 -0.304
Saturated Fat (g) 0.130 -0.098 0.305 0.178 0.367 0.308
Monounsaturated Fat (g) | -0.132 0.273 -0.102 -0.195 -0.103 -0.159
Polyunsaturated Fat (g) -0.193 0.385 -0.071 -0.141 -0.005 -0.074
Trans Fat (g) -0.290 -0.018 0.033 -0.340 -0.110 -0.238
Cholesterol (mg) -0.307 0.203 -0.062 -0.159 -0.077 -0.126
Vitamin A (1U) 0.058 0.122 0.200 0.359 0.147 0.270
Carotenoids (RE) -0.216 0.120 0.386 0.349 0.357 0.389
B-carotene (mcg) -0.206 0.082 0.404 0.342 0.369 0.392
Vitamin C (mg) -0.255 0.164 0.408 0.128 0.100 0.125
Vitamin D (1U) 0.069 0.055 -0.100 0.028 -0.124 -0.058
Vitamin E (mg) 0.095 -0.095 -0.135 -0.213 -0.306 -0.288
Copper (mg) 0.107 0.078 -0.122 -0.091 -0.268 -0.215
Iron (mQ) 0.169 0.387 -0.036 -0.070 -0.166 -0.133
Zinc (mg) -0.235 0.168 0.109 -0.267 -0.221 -0.239
Omega-3 PUFA (g) -0.205 -0.155 0.048 -0.377 -0.080 -0.239
Omega-6 PUFA (g) -0.339 0.188 -0.118 -0.252 -0.133 -0.207
! Values expressed in r-values

*p<0.05
Bold values indicate possible trends

(kcal) = kilocalories; (g) = grams; (mg) = milligrams; (IU) = International Units; (RE) = Retinol
Equivalents; (mcg) = micrograms; (IL-6) = Interleukin-6, (IL-1B) = Interleukin-1 beta, (MMP-3)
= Matrix Metalloproteinase-3, (MMP-8) = Matrix Metalloproteinase-8
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Table 9. Pearson’s Correlation®

Dietary Nutrient Intakes vs. Biochemical Data

(n=17)

CRP IL-6 IL-1B NOXx MMP-3 | MMP-8
Total Calories (kcal) -0.127 0.201 0.155 0.299 -0.326 -0.041
Protein (g) -0.196 0.237 0.021 0.284 -0.197 0.093
Total Carbohydrate (g) -0.277 0.071 0.043 0.133 -0.228 0.181
Total Fiber (g) -0.201 -0.056 0.107 -0.055 0.061 0.104
Soluble Fiber (g) 0.108 0.148 0.296 -0.055 -0.541* -0.316
Total Sugar (g) 0.150 -0.253 0.160 0.284 -0.141 -0.531*
Total Fat (g) -0.140 0.089 0.093 -0.112 -0.298 -0.264
Saturated Fat (g) 0.279 0.143 0.152 -0.105 -0.509* -0.325
Monounsaturated Fat (g) | -0.195 0.237 0.020 0.284 -0.195 0.092
Polyunsaturated Fat () -0.278 0.071 0.043 0.133 -0.228 0.181
Trans Fat (g) -0.179 0.004 -0.165 0.155 0.225 -0.112
Cholesterol (mg) -0.272 0.032 0.072 0.050 -0.043 -0.053
Vitamin A (1U) -0.070 -0.130 -0.107 -0.177 0.058 -0.042
Carotenoids (RE) 0.137 0.071 -0.164 -0.177 -0.473 -0.300
B-carotene (mcg) 0.086 0.122 -0.178 -0.235 -0.416 -0.224
Vitamin C (mQ) 0.063 0.089 0.004 -0.060 -0.420 -0.490*
Vitamin D (1U) -0.197 0.183 0.455 0.282 0.119 -0.181
Vitamin E (mg) 0.023 -0.357 -0.156 0.003 0.367 -0.285
Copper (mg) 0.203 | -0.492* -0.082 -0.215 0.185 -0.335
Iron (mQ) 0.153 -0.167 0.152 0.227 -0.175 -0.274
Zinc (mg) -0.085 -0.163 0.108 -0.021 0.123 -0.309
Omega-3 PUFA (g) -0.184 0.115 -0.178 0.199 0.346 0.004
Omega-6 PUFA (g) -0.063 -0.058 -0.100 0.127 0.294 0.019

! Values expressed in r-values

*p<0.05

Bold values indicate possible trend

(kcal) = kilocalories; (g) = grams; (mg) = milligrams; (IU) = International Units; (RE) = Retinol
Equivalents; (mcg) = micrograms; (IL-6) = Interleukin-6, (IL-1B) = Interleukin-1 beta, (MMP-3)
= Matrix Metalloproteinase-3, (MMP-8) = Matrix Metalloproteinase-8
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Table 10. Pearson’s Correlation?

Biochemical Data vs. Pain Scores and Quality of Life Assessments

(n=17)
. VAS: ICOAP: ICOAP: ICOAP:
HAQ-DI | VAS: Pain Health Constant | Intermittent Total
CRP (mg/L) 0.316 0.055 -0.315 0.227 0.211 0.240
IL-6 (pg/mL) -0.064 -0.109 0.193 -0.234 -0.096 -0.176
IL-1B (pg/mL) 0.099 0.428 -0.016 0.135 -0.140 -0.013
Nitrite (UM) 0.202 0.176 -0.161 -0.108 -0.364 -0.269
MMP-3 (ng/mL) 0.050 -0.319 -0.140 -0.299 -0.337 -0.352
MMP-8 (ng/mL) 0.129 0.027 0.018 -0.160 0.128 -0.006
! Values expressed in r-values
*p<0.05

Bold values indicate possible trends

(HAQ-DI) = Health assessment questionnaire disability index; (ICOAP) = Measure of
intermittent and constant osteoarthritis pain; (VAS) = Visual analog scale; (mg/L) = milligrams
per liter; (pg/mL) = pictograms per milliliter; (ng/mL) = nanograms per milliliter; (UM) =
micromolar; (MMP) = Matrix Metalloproteinase; (IL-6) = Intereukin-6; (IL-1p) = Interleukin-1
beta; (CRP) = C-reactive protein
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Table 11. Serum Biomarkers of Cartilage Degradation Following Strawberry and Control

Intervention

(n=17)
Baseline Strawberry Washout Control
12wk 2wk 12wk
MMP-3 (ng/mL) 6.9+0.6 5.3%0.5* 7.1+0.6 6.8+0.5
MMP-8 (ng/mL) 1.8+0.3 2.2+0.3 2.4+0.2 2.1+0.2
Nitrite (UM) 6.4+0.7 9.9+2.2 6.4+0.8 7.5+0.8

*p<0.05 vs. control
(MMP) = Matrix Metalloproteinase; (ng/mL) = nanogram per milliliter; (LM) = micromolar
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CHAPTER V

CONCLUSIONS

Overall, our study identified several important relationships of dietary nutrient intakes
with serum markers of inflammation and cartilage degradation in participants with symptomatic
knee OA. Using baseline data, we identified inverse relationships of macro and micronutrients,
such as fiber, saturated fat, total sugar, vitamin C, and copper with biomarkers of inflammation
and cartilage degradation such as MMP-3, MMP-8, and IL-6. As part of our strawberry
intervention, we found that daily consumption of 509 of freeze-dried strawberries significantly

decreased serum concentration of MMP-3 in participants with symptomatic knee OA.

Observational: Correlation Analyses Among Dietary Nutrient Intakes and Biomarkers of

Pain, Inflammation, and Cartilage Degradation

To our knowledge, this is the first study to identify correlations between normal dietary
intakes and serum concentrations of the cartilage degrading enzymes, MMP-3 and MMP-8.
MMP’s are a family of cartilage degrading enzymes and can be detected at the systemic level. In
knee OA, MMP’s, specifically MMP-3, facilitates the breakdown of articular cartilage, which
contributes to joint space narrowing in the affected joint.>® Our study revealed that higher intakes
of soluble fiber and saturated fat were correlated with lower serum concentrations of MMP-3.
Additionally, our data also showed higher total sugar and vitamin C intakes were correlated with

lower serum concentrations of MMP-8.
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The relationship of dietary macronutrient intakes with pain and loss of articular cartilage
has been previously studied in both the development and progression of knee OA.12118 However,
studies to evaluate relationships between dietary macronutrient intakes and serum biomarkers of
inflammation and cartilage degradation in knee OA is lacking. Our findings suggest that lower
serum concentrations of MMP-3 were correlated with higher saturated fat intake. However, these
findings are not consistent with previous research efforts. Lu et al. identified a positive
relationship between saturated fat intake and joint space narrowing.!*® These findings suggest that
the degradation of articular cartilage, which is facilitated by MMP’s, is seen among individuals
with higher saturated fat intake. However, this particular study did not directly evaluate serum
markers of cartilage degradation, specifically MMP’s, nor did it identify the sources of saturated
fat. In our study, participants consumed approximately 13% of calories from saturated fat which
is slightly greater than the recommended daily intake set by 2015-2020 Dietary Guidelines for
Americans (recommending less than 10% of total calories).*?* Although most of the research on
saturated fat intake has been largely related to risk for cardiovascular disease, there appears to be
no clear consensus on how different sources of saturated fat contribute to disease risk. Otto et al.
revealed that saturated fat coming from dairy products was associated with lower CVD risk,
whereas saturated fat coming from animal meat was positively associated with CVD risk.?® In
contrast, the most recent review from the American Heart Association Presidential Advisory,

identifies dairy saturated fat as a contributing factor to CVD.1%®

Since our study focuses on the relationships of nutrients with pain scores and biological
parameters as they relate to OA and not CVD, we must consider how each source of saturated fat
(i.e. milk products, animal meat) provide other micro and phytonutrients. For example, along with
saturated fat, 1% milk provides other nutrients such as protein, calcium, phosphorus, potassium,
folate, vitamin A, and vitamin D.%® Animal meat, such as top sirloin, provides potassium, zinc,

niacin, folate, and mono/polyunsaturated fatty acids.®® Our study did not evaluate food group
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composition, therefore we are unable to identify the sources of saturated fat. However, it is
possible the inverse correlation seen between saturated fat and MMP-3 is related to the added
nutrients found dairy and animal meats versus processed foods which provide little or no
nutritional value. We must also consider the fact that dietary nutrient intakes and serum
concentrations of MMP’s has not been previously researched; therefore, this relationship may be

a new finding in metabolic knee OA.

We also identified a moderate inverse relationship of total sugar intake with serum
concentrations of MMP-8. This finding suggests that higher total sugar intake is correlated with
lower MMP-8 concentrations. This finding of total sugar intake, which includes both added
sugars and natural sugars found in products such as fruits, vegetables, and grains. Among study
participants, total sugar accounted for approximately 31% of total carbohydrates and 13% of total
calories. Much of the literature suggest that adverse health conditions such as obesity, diabetes,
and heart disease are associated with excessive intakes of added sugars.'®! As discussed with
saturated fat, it is important to understand the food source in which the sugar is coming from. For
example, sugar sweetened beverages, such as soda, provide absolutely no nutrients beneficial to
human health. Fruit, such as strawberries, provide fiber, vitamin C, folate, carotenoids, and
phytochemicals, such as polyphenols.?®%1! Given that individual food items were not
specifically analyzed for each participant, we are unable to speculate as to whether total sugars
accounted for added or natural sugar. It is possible that the inverse correlation seen between total
sugar and serum concentrations of MMP-8 is related to the added nutrients found in fruits,
vegetables, and whole grains versus added sugars. Finally, as stated with saturated fat intake, we
must consider the fact that since these relationships have not been previously researched; this

relationship may be a new finding in metabolic knee OA.
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In addition to macronutrient consumption, micronutrient consumption has also been well
studied in knee OA. One of the earliest epidemiological studies in knee OA identified the
relationship between knee OA risk and dietary intakes of vitamin C, vitamin E, and B-carotene,
suggesting lower consumption of these vitamins was associated with an increased risk of
developing knee OA.%16 |n our study, there was a statistically significant moderate inverse
correlation of vitamin C intake with MMP-8. In addition, our adjusted model (n=15) also showed
statistical trends which suggest higher intakes of vitamin C, total carotenoids, and B-carotene are
associated with lower MMP-3 concentrations. Vitamin C and carotenoids (including [3-carotene)
are potent antioxidants found naturally in fruits and vegetables. Vitamin C is necessary for the
homeostatic mechanism in the glutathione peroxidase cycle, which is responsible for scavenging
lipid radicals. In addition, carotenoids, such as B-carotene, are also necessary for scavenging free
radicals and maintaining the redox balance in the body. The disruption in the redox balance
results from over-production of ROS and RNS and can occur in the serum and synovial fluid in
knee OA. ROS have the ability to independently upregulate the gene expression and production
of MMP’s.122 Therefore, it is very possible that higher consumption of these vitamins may have a
possible mechanism which involves reducing oxidative stress to decrease the activation of both

MMP-3 and MMP-8.

Next, the moderate inverse relationship seen between soluble fiber intake and serum
MMP-3 suggest that MMP-3 concentrations tend to be lower individuals with higher soluble fiber
intake. However, it is important to understand this correlation was only seen among soluble fiber,
not total fiber. Additionally, in our study, soluble fiber accounted for approximately 5% of the
total fiber among the participants, with the average total fiber intake being approximately 17
grams per day. Human studies have identified the beneficial role of soluble fiber and its ability to
improve lipid profiles, reduce risk of CVD, improve glycemic control, and aid in weight loss. In

addition, Ma et al. conducted a long-term epidemiological study and identified an inverse
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relationship between soluble fiber and serum CRP.12° These associations were not seen in our
study which may be due to the difference in baseline data for both total soluble fiber intake and
serum CRP. It is possible that if soluble fiber intake had been higher among our study
participants, we may have not only seen an inverse relationship among CRP, but also with other
inflammatory biomarkers. It is possible soluble fiber, with many benefits to human health, may
have the ability to reduce the overall inflammatory burden, thus resulting in lower production of

MMP’s.

Finally, we identified an inverse correlation between dietary copper intake and serum
concentrations of IL-6. Copper is an essential co-factor needed for many important enzymes
systems such as ceruloplasmin, superoxide dismutase (SOD), cytochrome oxidase.!*2 However,
evidence to support the relationship of dietary copper intakes with biomarkers of inflammation
and oxidative stress is lacking. Much of the literature identifies the impact of serum copper
concentrations and the clinical implications associated with deficiency and toxicity. It has been
speculated that copper has both antioxidant and pro-oxidant capabilities which are largely related
to the production of ROS due to decreased SOD activity (copper deficiency) and increased
Fenton reactions (copper toxicity).1*#133 Bo et al. identified higher serum hs-CRP concentrations
among participants with higher dietary copper intakes. Although this study did not directly
evaluate serum IL-6 concentrations, they hypothesize that higher inflammation may be a result of
higher dietary copper intakes, higher serum copper concentrations, and increased oxidative
stress.®* In our study, average dietary intake of copper among participants fell well short of the
RDA and that of the previously mentioned study (1.5mg/day, Bo et al.).>2*** Since our study did
not evaluate serum copper concentrations, it would be difficult to speculate the specific
mechanism behind the inverse relationship of copper with IL-6. It is possible this is a new finding

in metabolic knee OA. However, future studies would need to be conducted to determine the
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influence of dietary copper intakes with both serum copper concentrations and IL-6

concentrations in participants with knee OA.

It is important to address why there were no statistically significant correlations identified
among dietary nutrient intakes with pain scores and quality of life indicators; as well as among all
biochemical parameters with pain scores and quality of life indicators. In 2014, Choi et al.
conducted an ecological momentary study to evaluate the relationship between pain and eating
among individuals with symptomatic knee OA. The researchers concluded the relationship
between dietary intakes and pain is cyclic; where higher pain yields higher energy intakes
(specifically in the form of total fat and total sugar), and higher energy intakes, further perpetuate
pain in knee OA.1? Additionally, other studies have identified that higher energy intakes, total
carbohydrate intakes, and total sugar intakes are positively correlated with the development of
BML’s in knee OA.%" The development of BML’s have also been associated with higher pain
levels among individuals with symptomatic knee OA.1® The findings from these previous studies
lead us to hypothesize that higher dietary intakes of total fat and total carbohydrate would be
positively correlated with pain scores and biochemical parameters, and inversely correlated with
quality of life indicators. These findings were not identified in our unadjusted analysis (n=17).
However, we did identify several statistically significant correlations in our adjusted model
(n=15), suggesting an inverse correlation of total cholesterol intake with HAQ-DI and total
carbohydrate intake with ICOAP: constant pain. At baseline, participants reported having only
mild to moderate pain, as indicated in VAS and ICOAP questionnaires; as well as only mild to
moderate difficulty performing daily tasked, indicated by HAQ-DI questionnaires. Had our
participants reported moderate to severe pain, moderate to severe difficulty with daily tasks, or
had different dietary patterns, we may have identified statistically significant correlations among
these variables in our unadjusted model. The fact that we did identify two statistically significant

correlations in our adjusted model, leads us to suspect that there is an important relationship that
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exists between dietary nutrient intakes and pain scores or quality of life indicators, which should

be confirmed in a fully powered study.

Although not statistically significant, we did identify one trend in our unadjusted model
suggesting a possible positive correlation of soluble fiber intake with ICOAP: constant pain
percent. This suggests that higher soluble fiber intakes trended toward being positively
correlation with higher pain scores for this assessment. This trend is contrary to previous research
conducted by Dai et al. who identified that higher total fiber intakes (amounts equal to 25¢g per
day), was associated with lower WOMAC pain scores among participants with symptomatic knee
OA.11> Based on these findings we anticipated an inverse correlation of total fiber intake with
pain scores and a positive correlation with quality of life assessments. However, these
expectations were not met. As stated previously, participant’s total fiber intake fell well short of
the recommended 25g for women and 38g for men.>? Therefore, it is possible we did not identify
the anticipated correlations due to low fiber intake among our study participants, or due to our
participants reporting having only mild to moderate pain, and mild to moderate difficulty with

daily tasks.

Lastly, our findings did not reveal any statistically significant correlations of biochemical
parameters (serum concentrations of CRP, IL-6, IL-1p, nitrite, MMP-3, and MMP-8) with pain
scores or quality of life assessments among study participants at baseline in our unadjusted
model. We hypothesized that higher serum concentrations of these biomarkers would be
positively correlated with pain scores, and inversely correlated with quality of life indicators.
Two studies have identified a positive relationship between serum concentrations of
inflammatory biomarkers and OA pain. Strurmer et al. found that participants with symptomatic
hip or knee OA, had a 5.7% increase in serum hs-CRP concentrations for every 10mm increase in
VAS pain scores.'® Similarly, Stannus et al. also identified positive associations of hs-CRP,

TNF-0, and IL-6 with WOMAC pain scores at baseline or after a 2.7 year follow-up.1® The
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findings from these previous studies were not confirmed in our study participants. Comparatively,
our participants reported having less pain and presented with much higher baseline concentrations
of hs-CRP and IL-6. However, although not statistically significant, we did identify a positive
trend among IL-1p and VAS pain scores in our unadjusted model. This trend suggested that
higher IL-1B concentrations may be positively correlated with higher VAS pain scores. Although
the overall findings among these particular variables was not as expected, this trend proposes
there may be some sort of positive relationship between inflammatory biomarkers and pain scores

and should be confirmed in a full powered study.

Intervention: Effects of Freeze-Dried Strawberries on Biomarkers of Cartilage

Degradation

To our knowledge, this is the first human study to report the impact of the polyphenol-
rich strawberry supplementation on biomarkers of cartilage degradation in knee OA. Most of the
current research investigating the impact of phytochemicals on MMP-3 concentrations have been
conducted in cell and animal studies. Curcumin has been widely studied in OA and has shown to
decrease in IL-1P stimulated human chondrocytes, and reduce the mRNA expression of MMP-3
in C57BL/6 mice.*** In addition, in-vitro studies evaluating ASU have also seen a decrease in
MMP-3 with and without IL-1B stimulation.** Lastly, green tea catechins have also shown to
reduce MMP-3 in the articular cartilage of C57BL/6 mice.®* However, very few studies have
evaluated the effects of polyphenols and nutraceuticals on serum levels of MMP’s in humans.
Mirtaheri et al. evaluated the effects of alpha-lipoic acid on serum concentrations of MMP-3 in
participants with rheumatoid arthritis, but found no significant changes after an 8 week
intervention.>* Additionally, Goochani et al. showed that the polyphenolic rich pomegranate was
capable of reducing serum levels of MMP-13, another cartilage degrading enzyme studied in knee

OA."®
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One important mechanism to consider when evaluating the results of our study is the
impact the strawberry intervention had on biomarkers of inflammation. MMP-3 is greatly
influenced by inflammatory cytokines such as IL-1B.2"%Although beyond the scope of this paper,
our study also measured serum levels of IL-6 and IL-1pB, which significantly decreased after
strawberry intervention.? It is important to consider that this decrease in MMP-3 may also be a
result of the reduction in these pro-inflammatory cytokines. Other clinical studies examining the
effects of strawberries have identified their ability to significantly reduce lipid peroxidation,
increase endogenous antioxidant enzymes, and reduce oxidative bi-products such as MDA and
hydroxnonenol (HNE).*%100101 Therefore, one proposed mechanism of action, could be that
strawberries reduce overall oxidative stress and decreasing the inflammatory burden, thus

reducing the activation of cartilage degrading enzymes, such as MMP-3.

It is also important to address why similar effects were not seen for serum nitrite and
MMP-8. Nitrite is a byproduct of the effector molecule NOx which spontaneously breakdowns
down into nitrate and nitrite.!>* The production of NOXx is facilitated by three forms on nitric
oxide synthase; eNOS, which is important in endothelial vasodilation, iINOS, which can trigger
inflammation and tissue destruction, and nNOS, which is important in cell signaling.>*?®> Our
study showed a small but insignificant increase in serum nitrite levels after strawberry
supplementation. Although nitric oxide synthase gene expression was not assessed in this study, it
is possible that the polyphenol rich berry had an effect on increasing gene expression of eNOS
resulting in an increase in NOx production. This proposed mechanism has been addressed in-vitro
by Lazzé et al. and Xu et al. who have shown the ability of anthocynains to upregulate gene
expression of eNOS in human and bovine endothelial cells.?5127 In addition to serum nitrite, the
null effects of strawberry intervention on serum concentrations of MMP-8 were also observed in
our study. Although MMP-8 has been identified as a culprit in human articular cartilage

degradation in-vitro, to date, no study has been reported on the effects of polyphenol intervention
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on serum concentrations of this enzyme in humans with OA.! It is possible that in metabolic
OA, serum concentrations of MMP-8 may not be modulated by polyphenols. It is also possible
the dose of strawberries was not large enough to modulate a response, or that our sample size was
simply too small to identify changes in MMP-8 after strawberry intervention. Future research
should be conducted in larger clinical trials to identify if polyphenol intervention has an effect on

serum concentration of MMP-8 in participants with knee OA..

Strengths, Limitations, and Future Research

The most significant limitation to our study is the small sample size of our pilot study
(n=17). Therefore, it may be difficult to generalize the findings presented in this study to a larger
population. Future research efforts should attempt to perform a fully powered study with a large
sample size to confirm and strengthen our findings. Another limitation to this study is the cross-
sectional design, which only evaluates participants with a previously diagnosed knee OA.
Although the study provided us with valuable insight into the relationship between dietary habits,
pain, and inflammation, future research should include longitudinal epidemiological data to
assess how dietary intake impact the development of this chronic condition. Additionally, future
observational studies may want to assess food group composition to better understand sources of
nutrients. In doing so, this may provide further insight into protective dietary patterns in knee OA.
Another potential limitation is the study lacks a dose-response design to evaluate the optimal
serving of strawberries that have an effect on serum biomarkers of inflammation and cartilage
degradation. Our participants consumed 50 grams per day of freeze-dried strawberries and
placebo powder each for 12 weeks. It is possible that alternative dosages, whether smaller or

larger, may modulate a more desirable outcome and better reflect common eating patterns.

Our study does have several strengths as well. First, by using three-day food records

collected at baseline, we were able to get a better understanding of each participant’s common
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dietary patterns. Compared to 24-hour recalls, three-day food records allowed us to take an
average of macro and micronutrients over several days which is more likely to reflect their
normal diet. Next, by collecting three-day food records at each visit (baseline, end of phase 1, end
of washout, and end of phase 2), we were able to confirm that participants did not change dietary
habits throughout the duration of the study. Therefore, we believe the changes in these
biochemical parameters were a result of the strawberry intervention rather than habitual dietary
changes. Finally, the cross-over design of our intervention phase allowed each participant to serve
as his or her own control, eliminating confounding variables. Additionally, each arm of the study
accounted for a substantial amount of time in either the intervention or treatment group (12 weeks
in each, 24 weeks total), allowing ample time for the bioactive components to facilitate a desired

effect, with the two-week wash out period minimizing the potential for a carry-over effect.

Conclusion

Not only are the number of individuals with symptomatic knee OA increasing in the U.S.,
the condition is becoming more prevalent in a younger population given the obesity epidemic.®
The majority of treatment strategies focus on pain management with pharmaceuticals and weight
loss to decrease adiposity and the mechanical loading of the knee joint. The overall goal of any
treatment strategy in knee OA should focus on reducing the chronic inflammatory burden
associated with metabolic knee OA. In doing so, this may aim to not only reduce pain, but
suppress the cartilage degrading enzymes that further contribute to the progression of this

condition.

In our study, lower serum concentrations of cartilage degrading enzymes were seen
among higher intakes of soluble fiber, total sugar, saturated fat, and higher vitamin C. Although
our study does not identify cause and effect, it provides insight into the relationship between food

intake and disease characteristics. We can conclude that a well-balance diet which includes
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adequate intakes of saturated fat, total sugar, soluble fiber, vitamin C, carotenoids, and copper

may be protective against the activation of cartilage degrading enzymes in symptomatic knee OA.

We also showed that freeze-dried strawberry intervention significantly decreased serum
concentrations of MMP-3 compared to the placebo. Based on the findings from our pilot study,
strawberry supplementation as a therapeutic intervention is not recommended. However, as an
adjunct therapy, strawberry supplementation may have an implication in knee OA. Dietary habits
in the management of knee OA symptoms and biological parameters should focus on
incorporating an array of antioxidant-rich fruits and vegetables, including the bioactive

strawberry fruits.
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Appendix B: Informed Consent

Comsews Vrsiow JOVW201S OUHSC IRE No: 495)
Consent Form
University of OMahoma Health Sciences Center [OUMSC)
Oklaboma State University |OSU)

Title: EMocts of Froeze dried Strawberries on Systemic Markers of inflammation and Knee Function in
Participants with Osteoarthritis (OA]

Sponsor: Oklak State University, Depa nt of Nutritional Scences
California Strawberry Growers Association (providing strawberry powder)
Principal Investigator: Robert H. “Hal” Scofield, MD
Co-Principal imvestigator: Arpita Basw, PhD, RD
This & a cleveal trigh{a type of research stody). Cinigal trals includo anly patients who choose 10 take
partin thom, Pipase take wour time to make your decsion. Discuss this with your family and friends

Wiy Hiet | Been Asked To Paeticipate In This Study?
You are being asked ta take paet i tha study because you have documented ostecartheitis |[O&) in the
knee

Why Is This Study Being Done?

The purpose of this study & to find out aboul the effects of Srawbiry intake oo blood markers of
indlameation And ta we whether strawberries can kower these markers and impronee function in the
knee

What |5 the Status of the Drugs [Devices o Procedures) invahmd in this study?

This study invelves the wse of strawberry powder. The strawberry powder & not sppeoved by the FOA
250 “drug”

How Many People Will Take Part in The Study?

We antopale recruiting about 25 poaple with the hope that 20 will go on 10 complete the entire
Study

What Is Involved in The Study?-

Thes is & 26- Wik study that witl be conducted at Okahoma Oinical and Transiational Soence Fsthitute
{GCTSH], locmed i the Haralkd Hamm Drabetes Conter

Yoo wil be randomized 16 recone @ithier strantiorny powder or a control “plcebo” powder (made of
dietary Hiber and sugar). Handomizetion mears that you ore pul in & groug by chance, like a fip of 3
€0in. A Computer prograo will make this random assgnment; you will nok know which group you wit
b About hakeay throcgh the study, you will stop takeg U flirst assigned powdis [oither the
strawberty or the control powder) and you will not take any powder for & touple ol weeks Thea, you
will S1an taking the powder again {egher the placebo or the strawberry powder)

Dunng the study, please 90 ol Consume vy ather berries cther than the strawbemry powder that will
be orovided 1o you.

1y Gk et i D sbuddy, yor will have the lolkowing tests and procedures:
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Screening visit.
Ouring wour first vist we will o soma tests and messarements to detecmion if you qualify for the
study. This wil involve:
+ Reading and sgning the canyert lorm;
¢ Measuring pour beight weight, Bood peissune, and waist size. and,
v Drsweg wbout 3-4 Lablespoons of lashieg biood far measunng your blocd sugar, lipids, and
hlood counts 1o find out how well your cells, liver, and kidoeys are working

If you quathy, we will let you ¥now over the teiephone and ask you to come hack to begin the stody
The stody wsits wil be oppmnmcldy wvery fowr (4) wieks for 4 tomal of ot {R) wasits The tabke
below explaing what study everss will occur:

Visit 3 Visn 2. Viea 3 Wisit 4
: {withm 4 (end of 4 lendof8 | jeadol 1) w}ﬁ@&
staty | UM | lwoasar | weeks +2 | weoks+/2 | weeks 72 ﬁ'&.’;
Irteraentons erewning) deps) dhirys) days weeks)
Wloemed
Conmsent & X
HIFAL
Blootwork - % X
24-hour wine X ¥ H
collection _ =
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bomrkers W . ‘
Vitaly* X X -
fooc Oy | ] B R X—:! X —
Surveys x x e ]
“Dispanse
pomder/ X X x
placeto

“Vitals = BIoad pressaro, heght, werght, waist creuméerance
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[ Stuety [ wkrs | wsite | visit? | wsits
Interentions lend of 13 (endod 18 | {endol 22 | (endol 26
weeky 4/ 2 wreks <2 weeks 42 | wpeks o2

dovgs) days) cdaysh | daysl

| OMP, Heats, |

X X
Upnds, HS (P |
24 hour wine | | | |
X X
calection
e { 4 \
[Scr s for X X
romarkers
[ Vitals* | X ' [ | X
‘ Food Diary | | X | X | % 1
énrw-w. | X | [ X X
O!V'.;:o-nu'- | I X | % |
powder/placeds

sVhals « Biood prossune, heght, v;vuhl. waist chourrderonce

Vo wnl e the strdwberry and Contd powdees with water far consumng. The powders will come in
2% packets and you will take one packet 0 the moming and one o the evening. You will do thrs for
Aot 12 weeds anad Then you will have 3 peniod of Dew where you will not 1ake any powder. This &
caled awashout perod:. After the two week washout perod. your poveders will be seatched and you
wdll g in Taking the artker paadr for an addonal 12 weeks

W will sk wou 1o erep 8 Tood Log far at least thoee Gays a week Toe each bk that you are on the
stucly. You wil onng these food dianes with you 1o each study wisi,

Trere will B hedlth surveys to complete at some of the study visits. These should take about 1525
minules 1o caomplele

Deperding on the Shucy events, e study wsils may Be a6 short as 30 minutes, of a5 long as an how
Wow Lang Wil | fie in The Study?

You wib e n the study for 26 weeks. There may be circumstances untder wich your partic pation may

e stoppad by tho irwestigator wihout /egard 1o your Congent. Thes may accur i you do nat foliow the
studly regrarempnts, such ay beeping the food chaney and kewang your sludy visd sopantments

YO Cars STOR Darac Dating 1o s sty At any tme. Howesor, (F you decide 1 Stogd parlingating e the
suchy, mv oncoursge you (o tak 10 the researcher and your regulae daoctor first
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What Are The Risks of The Study?
Whike oo the study, you are at risk for these side effects. You shouled discuss these with the sessarch
and/or your repaiar doctor. Thive dso may ho other wde effects thal we cannet precict

(o the sk invamed with donking the strawberry o control dirk may rckade stamach
acre, pas, or headache,

Less el the tolor of your stools may change.

There i also 1he rish of pain, bruising and infection with the blood craw. Theee & a sight possbiley yoo
Lo devlop an allegy 1o strambicrnes. Ao aller g reaction may intlude things lke: rash, ilchng, or
dimrhes Typecally, f thear symptoms develop, they wil go sy onoe you stap tabieg The strastery
powder. You wik reman alergc to arawberries in the future though

I a wevrre alergie reaction, you may esperence difficulty breathing or throat swelting. I either of
Ehire symprams deyebops, thise are raedical o gences wnd yi should §o 10 yOur niaest
emergeccy roomor tall 511 lor wmeneckale assrstance

Are There Benelits to Taking Part In The Study?
IF wou agroe Lo take pram o ths Study, thive mMay O may 1ot be direct medica benelil Lo you. We hooe
thot the informaton learned from this study il benehit other people o the future

What Other Options Are There?
You may thoose nol 10 parhicipate w The stutdy. You eney also obtain siresherrios ontside of 1he study
It you choose not to participate

wirat About Confidentiafity?

Erars will e imade 10 kewp your persomal sdomatian conhidential You adll not oe identfabiv by
name or descnipton in ay reports or publcations about this study Al persongt information will e
coded and 48 files wil be keat In ocked cabmets o the offices of the stody researchers at OUHSE and
OS50 Stored dala in the computer will be protected by passwords dnown ondy {0 the study resesrchers
AL infeemation linked to spedific names will bo coded and mames wil bo defoted altir data collection i
coemplete. After that, only numerics codes will be used to eetily the study parbiopants 'We cannot
Ruarantae absolute configentiality, Your persooal infarmation may be disclosed if requved biy law. You
vl e 23ed 10 sy i SOparate Authorgaton foem fon use o sharing of your geotected hoxah
infoe s tion

THofe are o Ean 2abans LAt fray et and/'or Cogry your (950 arch records 10r caality dssurante 4nd
dala anaysn These organaatons indude the US Food £ Orug Adminatration and the OUSST £ Oy
Institutions Roevew Soards, However, all data will be coded and no personaly ident £able informatian
will he shared

What Are the Comts?
The stuay sponsor Wil pay for the laboratocy spedimens and the powders related 10 your participation
ity sty
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Wil | Be Paid For Participating in This Stody?

You wil be seimbursed for your teme and trieel danng the study, You will be reimbursed S10 tor the
wrewring Wist - AL vtudy oty 12, 3,5, 6,and 7, you will ke reimbursed 520 for yoor time and traped
At stuay wishis 8 ana 8, you will be resmbursed 530 for your bme and travel I you complete the entice
studdy, yout 10Ral reanbusemaent would ecuaal $150.

What if 1 am Injured or Becamu Il While Participating in this Study?

In the case of ingury oe diness fesulting Team thiy Slody, emargeecy mdical troatmant < availble. No
tunas have heen 5o ssde by the University of Oblahama Heath Sannces Center ar Oklaboma State
Unmersay to compensate you in {he event of imjury

What Are My Rights As a Particigamt?
Takrg part mhiy studdy S whatary, You may chodse not to participate  Refusal 1o participate wil
Mvoive no penalty o bays of Derefas (o whven you are ofhersise entfed

I you dpree 10 parnopate and then dockde against It you cen wehdraw for any resion and leape the
stothy o1 oy beme Yo myy dsoomtinud your 2artiCeaion at any Lme without penalty o loss of
henelits, to which you are otheruse entaled

Woe wil proeide you with any significant new findings developed during the consesad of P research that
may affect your boah, welfare 0 wilngoris to contine your garicipation n this study.

You hase the rght to access the medal mformation that bas Deen collectod abaut you a5 a part of this
research study. Howuwer, you may not hawe access 10 ths medicol informabon unt i the entre
ressacch stody has completely linished and you corrseest 10 IS Lempordny resrction.

Whom Do f Call of | have Questions or Sroblems?

1F You e uestians ot 1 study af have A resparch-related njury, contact Dr. Hal Scolield, MO at
AR 203 J06T fanytime | or O Arpe Base, PhD at 4057444437 [9AM-SPM, Manday-Frday] ar at
A05 612 2214 fanyrime), or Jarvce Gales, RIC 8 00%) 271-B000, extervon 3ARRT (£ 0041A-500PM)

If you cannot reach the tovestigator or wah to 4peak to iomeore othes than tHo invest gator, tontac!
the QUISE Deettor, Ofhce of terun Resear o Paticipan Protocton at (4063 271. 2045 ar email
IRBSTOUNSC.odu. Or, contact Dr. Sheta Kerrvson, IRB Char at Olahoma State Uruversity, ot 205744
J377 or irhibakst wle edu

3 '7&5 Fagesoln @
KL%
WE 1Y




Comsent Versivn [ e 20)5 OUHSC IRE Nos 2950

Signaturc.

By sgning this form, you ste

descnibed

Hablity tor

Yo v Nt

g 10 participse o the research stuedy undes the conddions

I U vy OF yous gl cghes o refeased any indidual o entty from

ence You have beon gyen an opportumity 10 ast guestions, You mill be pyven a copy

of 1his cansont document

|y o 10 partal ipade o the sty

PARTICIPANT SIGNATURE |ape Proted Naew (raly
(Or Legatly Authonzed Bepyvesentotive)
SIGNATURE OF PERSON Printed Narrw Date

OATAINING CONSENT

Pagebaln o




Volunteers Needed

Fora Study related 10;

The Effects of Strawberries on Knee pain.

Yoo may uialify foe thes stindy of o are o male o feenabe with b Godlowimg

o Awant circumforence of gocater than 40 iowhes in men or 33 iches in women
o b e been shapmooed with Kece pain tefategd e psdgoan fertis
®  Hine a ke vyay

o Nsita physical therapes

Farltom g an meeial 1ckphone quastionnan, chpible participants will be sohoadubal fora
sereeneng visit and 8 follow wp visils

These ss o charge 3o partepane o thie stnly. Stady particnpaess will ecive
conmgerisatioe fon each IR op viset Visits wall isie ploce Towad iy at the Digpartiment of
Nutrtroral Sownees, I07 Human Sciences ot Okiahonsa State Uaiversity, Stllwaee, OK

For mmvore i formation, please comtact D Arpita Bro at arpiia susu ok slide i
A TS 043Y

3715
318 {%
HETSTT |




Appendix C: ICOAP Questionnaire

{merge ID here)

A Measure of Intarmitfent and Constant Osteoarthritie Pain, ICOAP: KMEE Version

People have told o that they cxperience differcat kinds of pain (iaclodi hizg or di fort) in their knce.
To ;ﬂsbeher scasc of the i:f‘ermtvpuofkue 'mnm-:vezyermwc wulll like ¢2 33k you sbzat 22y
“constant pain® {pain yvou have all the time) n_q:utdw from any pain that you may expericnce leas oftcn, that 13,

“psin that comea and goca®. The following queations will 23k yes about the pai= that veu have expericaced in
vour knzc iz the PAST WEEK. Pleasc smwer ALL quutio-.

A} CONSTANT FPAIN

Far cach of the fellowiag queatisza, plexne sclect the respome that beat deveribes, on averape, your cowsmans
Euee gy in the PAST WEEK.

1. I= the paat week, how intemc haa vour posgss Buee oy been?

0, s ) b; a; Q4
Not x all! Mildly Moderately Severely Fxtremely
No coastant knee
on

2. I= the paat week, how muchk has vour cowcous bices pade affccted vour alecp?

g, o O: a, Q
Not x alV’ Mildly Modorately Severely Extremely
No coastant kiee
an

3. I= the paat week, bow muck has your cosaous leees pale sffzcted vour overall quality of Efe?

o, 0, b, a, 3 )
Not = all Mildly Modorately Severdly Fxtremely
No coastant knee
om

4. I=the paat week, how frmtrated er annoyed have you Boca by your gossssfare gainl

g, 0, O: a, =1
Not a al Mildly Modorately Severely Extremely
No coastant kuee
an

5. I=the past week, how upsct or werricd have you beea by your consmner Iners pase?

s 0y b: a, Qs
Not it all! Mildly Modoratcly Severely Fxremely
No constant knee
wn

Ve ) Nmebr 191007 I




{merge ID here)
E) PAIN THAT COMES AND GOES

For cach of the fallowizg queatisaa, pleasc sclect the raspomc that beat devcribes vour lwrs pain dhar cowers
aud goey, ow avwrage, in the PAST WEEKL

6. I=the paat week, how intemic hza your meat sovere bess pase dhas comws aed gows Been?

Dy O, s g, oy
Not atallf Mildly Modaady Severely Extremely
No kv paon that

Somes and poes

7. I=the paat week, how frequently has this bess pase shas comusy and goer ccarred?

Gy 1 8 D; D, 0,
Never! Rird Somtime Ofien Very Often
No knev pam that
Comos and pocs

8. I=the paat week, how muchk has your kwsr pein shas cowws sed gows affected vour alecp?

s ¥ o, a. a, oy
Not atallf Mildly Modarady Sevarely Extremely
No kv paomn that

Somes and poes

9. Iathe paat week, how much has vour baer pein dhas cowwrs and goss affected vour everall quality of Efe?

Dy s a; a, =N
Noe at allr Mildly Moderatdy Sevaredy Fxtremely
No kpoe pain thut

comes and poes

10. [Inthe past week, haw frustrated or aameyed Bave vou been by vour ko pais diassomer and goer™

D =]} a; (s o
Nee atallf Mildly Modaratdy Saevarely Extremuly
No ke pain that
cotmes and poes

11. Inthe past week, hew wpact or worricd have vou been by your loser pade ghag comer axd poer?
D¢ 0 a; a» o4
Neg atalls Mildly Modaratdy Severely Extremely
No ke pan that

s and pows

THANK YOLU!

Ve b Ny 192007




{merge ID here}
A Maasure of intermittant and Constant Ostecarthritis Pain, ICOAP: HIP Verslon |

People have todd o that they expericnce different kinds of pain (iacluding achizg or dixcomfort) in thcir kip. Te
get 3 better scmic of the different tvper of kip pain vos may expericacs, we would like 2 3xk you sbaut zay
“constant pain® (pain you have all the timc) scparately from any pain that you may expericncce leas often, that i,
“p=in that comes and goca”. The fallawing queations will 23k vo= about the pain that veu have expericaced in
your hip in the PAST WEEK. Plemc zsawer ALL questiona.

A} CONSTANT PAIN

Far cach of the fallowiag queatisas, pleasc sclect the respomc that beat describes, on average, your conomamr
B pags = the PAST WEEK.
1. I=the paat week, how intems haa vour spagsmns Ry pags Been®

0, =) = o, d.

Not = al/ AMildly Modoatey Severely Fxtremely
No cotetang Dip pein

2. I=the paat week, Row much has vour cowstonr kiy pain affected youor sleep?

0, =) = ) g, a.

Not ot al! AMuldly Modecatey Sevardy Extremely
No cotestang hup pain

3. I=the paat week, how much has your cowstner kiy rain affected your sversll quality of life?
O O O; 0. a:
[ Mildly Modorately Scvaely Fxtremely

No constare hup peon

4. I=the paat week, how frmtrated or annoyed have yos Besn by your sospsus B paial

2 =1 a: a, s ¥
Nt al! Mildly Modoratcly Sevaredy Fatremely
No constare hip pam

5. I=the paat week, how upsct er werricd have you bee= by your sonsmmet kv pain®
Oy a a a, s 7]

a1 3
Not it al! Aildly Moderately Sevady Fxtretmely
No ooustare bip poon

Ve b N (v 2 |




{merge ID here)}

E) PAIN THAT COMES AND COES

Far cach of the fallowiag queatisza, plexse sclect the respomc that beat deseribes your ke pein shas conuy aed
geex o average, i the PAST WEEK

6.

11

I= the paat week, how intenuc haa yoor meat scvere hiy pain dar sowers and gosr beea?
Qy 0, = ) a, s
Not atall Mudly Moderatdy Sevarely Extremely
No hip peom thet

comes and poes

I= the paat week, how frequenthy kas this fup rain diar sowers and goss occurred?
0, a. o, =} =M
Never! Rordy Sometimes Olten Vey Often
No hip pam thert

comos amsd pocs

I= the prat week, how mock has your fup paix har romwrs and goes sffected your alecp?
a. o, 0, a, a.
Not at all Mudly Moderatdy Severely Extremely

No hip peon thet
comes and poes

I= the paat week, how mock has your hup paix har romers and gorr affected your overall qualiey of life®
(s =) a; o, a.
Nogut alll Mildly Moderatdy Severdy Extremely

No hip pam that
comes and poes

In the past wesk, hew frustrated or ammeyed Bave you been by vour &5 page shas ooy sxd goer?
Qe Oy 0; a, s 1
Nee ah allf Mililly Modaratdy Sevardy Extremsly
No lup pan that

cones and gows

In the past week, haw spact or worricd kave ves been by your kip o dhes oonces cnd goer®
s o a; 0 Q.
Nee atalll aldly Moderatdly Severely Extremety
Nolup pam that

cones and poes

THANK YOL:

Y X Naveber 19109




Appendix D: HAQ-DI Questionnaire

HEALTH ASSESSMENT QUESTIONNAIRE pels

16 this soction we e micrestad in beaming how your ilimess affacts your ability so fencoon in duly
wfe Plesac feed (eee 1 add any comments on e hack nf This page

Mease cheek the respumse wisich hest describes your usual abiligies OVER THE PASY WEEK;

Without ANY WithSOME With MUCH UNABLE
Mittoty®  Jifficainy’ Sficelky’  tode’

DRESSING & GROOMING
Ass you able 1o
Dress yoursell, includeg tving
dhoelwcsy and dosg Dattons? O ] O O
~Shampoa yoer booe? O D D C
ARISING
Are yom able 1
-Staad up froen 2 straigiu char? C 0 O O
-Gy anil et of Bod? W 0 (] ]
EATING
Are yoo able wx
~Cur your meat? O 0O (W
<Ll Gl cup o sk o Wour mo N 0 (| (]
Opon » new milk cakon? O (|
WALKING
Axe pou able ne
Walk outdoars tm (sl geoied? () O O O
LNk up Fve steps? O ol () O
Plewse check any AIDS OR DEVICES thit you usually use for amy nf these activities:
[ e I Devices usad for dressimg |butios hook, 2ipy
y loag-tandled shoe hom, cic)
[ waker ] B up <o sgecial wiensils
[ Comches [C] Special ce built op chas
D Whoelchaur D Of ‘er 4,: 4 )

Ploase check amy cutegories for which yeo usually seed HELP FROM ANOTHER PERSON:

Dreceng and Groomnieg Ealing
Arang Walking



HAQ
Page 2

Pleaso check the repones which bes diicnhes your wad abilites OVER THE PAST WEEK:

Without ANY With SOME Wik MLUCT UNABLE
Sy’ Sfficdry' ditlly® 0.do”
HYGIENE
Aue you abie to:
Wash and dey your body? O O
-Trice n tub o O 0
Gt on ed «ff the toiles? O N

HEACH

Ase you shle 10
-Reach and gee dvwn & 5 pound
it {soch s 3 bag of sugar)
Troan jest gbowe your heed?

O
O
0

oOono

O
0

-Bend down 1o pick wp cothing
fevees the Masne?

GRIP
Arr yous sdble L
Open cer doors?

-Open pars Which have been
peevioasly pesed)
“Tum Grsoets cu snd ol

ACTIVIVIES
Ase you wble 100
R errands and shop?

Giet i and out of 2 cor”
JDu choees sech as vaopuiming

o yardweek

OooOo oo O
ooo oo o
ooOo ooOo o
OooOo 00

Plesse cveck sny ATDS OR DEVICES that you osually use for any of Usese activities:
[ Raised toilet sean [ Bansah har
] Bahib st ] Longbastiod spplisnces foc seach
[ Jar cpenectfor arspreviensly [ Long-bandlat ippliances in batheoom
cpened) T

Hlease check any cotegaries for which you usually meed HELP FROM ANOTHER FERSON:

] Eygiene [T Grpping and opening things
[ Reacti ) Brants wd choees



HAQ
Page 3

We aee also interested in Boarsing whether oc not yoa afe affocted by pain decanse of your illness.
How much pain have you had because of your illness IN THE PAST WEEK:

FLACE A VERTICAL () MARK ON THE LENE TO INDICATE THE SEVERITY OF THE PAIN
NO

SEVERE
PAIN PAIN
n 100

We are interested in understanding how your overall health state is today.

To he'p peopa 58y how ood or bad 8 health st i, we Nave drawn 8 scale on whvch the best
state you can imagine Is marked by 0, and e worst stale you can maging & marked by 100.
Plasse indicate on the scale how good of bad your health 15 today by drawing 2 line across the
scale onthe poinlwmmnoodotbld)wwhiswmﬂy

Besst health stale | | Véorst raaith sise
0 190



Appendix E: Food Diary Form

STRAWBERRY & KNEE OA Study

Az 2 pan of s s2ady, 105 will be azked 10 keep a Diary of sranukieg 105 a3t 308 daink for 3 davs. Theze
3 days shoudd inciude 2 weeddays 208 1 wedkesd &, cxawple: Thuesdyy, Friday asd Sanedyy.
Begin with % firs: food or beverage in G morsing aod wrne doma WAR WOU X 33 WOU 50 Trough Ge day.
The Nuwrstionis will review woue completed Food dairy.

YWhen vou come back. please brins in auv bottles packares of dietary or wotritional ments vou

have taken within the past week.
Tais woudd inctode agy pills, powders, capsules, oils, ables or Sguid vaamin misera] supplemests, Barbal
sopplemests, barbal teas or tincwuces of Aoy othar type of dimacy supplemant vou have wken

GENERAL INSTRUCTIONSFOR
RECORDING FOOD INTAKE

1. Pleaze record oo % Food Diasy Form %e place (bome, Some of a friend, =sauas) of exch med
e

2 Record ooe food fem per oe oo e Food Diary Form. Space &5 provided oo both sides of ©e Brm.
Be zure 0 iockode gum, candy aod beveaszes

3. Record foe amouen 308 food fiem oa %e Food Disry Form using commoa bousebold measuremants,
{or example: Tablespoons, cups, packages sizeex.

4. Remeaiber 0 record evesything 1o possidly caa about 2 food. The more detadl you inchude de beses.

3. Whea you record 3o fem, pleaze oote if 7t was Saked, bodled, todled, frind, or roxsied.
Tai & exwemaly impornaay, especially for mems.

5. Racord azy addnions © 3 food 2em This would inchade sozas, relish, masgasios, buneg caxsup,
pEides. mavonnaize, amoacd, gravies, cream, e, which were sarved it e food

7. Whea eating out, record Be meay fem a0d amouet eaten. Rafar 10 Hists for Exting Out

. List e mathod of mixing 3 package mix i 2 & differeat form e directions gen 0o & padkage
Yoo may record fis oo 2 Racipe Form

9. Usze e Racips Form % record agy Somemade fiems you Bave prapased. Measure sach ingredient 30
£acqed Te mathod of pregantion oo Be bomom of tat form.

10, If yos Save agy guestions, please call fazice Gales @ 405-271-3480 (x34881) or e-madl Jasice-
s2lesBonbe: ady, or Arpria Bass a1 405-744-4437 or e-madl amits Dasufioksnte eds



HINTS FOR EATING OUT

1 Racord e came of Be resauaor
2 Qoiz T want saff regacding portion sizes.

3. Record amosats 1o sasdand Souseold meascemens, i wxpoons (B)..35lesponas (Th), cuaces,
SRS e

4. For neans such as bacon, rolls, and cucumbers, racord the aumber of exch femexmen
For example: 3 sonll whie rolls
4 cucumber shices
2 meadiom bacon stices

3. For mea, record e dimeasions of % cookead mex Do oot inchode e booe
For example: 2 sfices of roast beef 4" x 373 447, State Be weizght of te mant f 22 & meationed oo B meon.

6. Rafer 1 %= Food Dezcription Flow Chars 1 descridbe your food

7. For sasiona! fazt food resavnaax, (ie. McDonaldd's, Adn's, Burger King), recosd e came of e
RodTiRBFem vou ae (ie. Big Mac, Whoppas)



Strawberry & Kunee OA Study
Food Diary
Name: IDé - Pratacal Ne:
Dase of Recards, Dy of Weck:

Pleace record svenything you sat ioday. Pisacs indiude decorptione, brand namec, and weighed and
meaacured amountc (Fleace cawe tsdeic) i the firct column undar meal and place, pleace put what mes you

afs and where you afe it You uca the codec af the botiom of the for convenience. Thank
[T Piacc]  imosw x) crage

Nezl Codey.  Becskebae - BR *PiczCeéa. Remx - RO
Meming Semcke-)MS Rasumst = RE(Plens Spocify samc o f Ratusss)
lusck - 1U Focmds -FR
Afcmcca Smck-AS Wesk- W
Sugpe-U

Eveming Semck-ES
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