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ABSTRACT 

REBECCA M. SMALL BA, RDN, LD 

AGE-ASSOCIATED EFFECT OF FREEZE-DRIED GRAPE POWDER ON 
INFLAMMATORY MARKERS AND PHYSICAL ACTIVITY IN ADULTS 

WITH KNEE OSTEOARTHRITIS 

MAY 2014 

Osteoarthritis (OA) is the most common joint disease among US adults, leading to pain 

and disability. Treatment of OA is focused on symptom management since no cure has 

been found, and may involve expensive procedures including joint replacement and may 

lead many to seek natural dietary approaches. Grapes, rich in anti-inflammatory 

polyphenols may aid in management of OA symptoms. The purpose of this study was to 

assess the effect of daily consumption of freeze-dried grape powder on physical activity, 

and biochemical markers of inflammation and cartilage metabolism in individuals with 

self-reported knee osteoarthritis. A total of 72 men and women with knee OA were 

recruited and randomized into 2 groups. Group 1 (n=28, 21 female and 7 males) 

consumed 47 grams of freeze-dried grape powder (FDGP) daily for four months. Group 2 

(n=28, 21 female and 7 males) consumed 47 grams of a comparable placebo. Serum 

specimens and self-reported physical activity were obtained at baseline and at four 

months. There was a significant decrease in very hard activity in the placebo group. 

However, an increase in moderate activity was seen for those <64 yr. in the placebo 

group. Participants >65 yr. reported a significant decline in moderate and hard activities 
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(P<.05) in both groups from baseline to final. A statistically significant increase in 

interleukin 1-beta (IL-1β) was observed in both groups, males greater than females. A 

greater increase occurred in the placebo group (637.33%) vs. FDGP (194.64%). Levels of 

IL-1β and cartilage oligomeric protein (COMP) increased more in those 65 years and 

older across both genders. In regards to cartilage turnover, both groups had a statistically 

significant increase in COMP (154.2% FDGP vs. 172.27% placebo). We showed that age 

has a significant impact on physical activity levels, inflammation, and cartilage 

metabolism in people with knee OA. FDGP supplementation may decrease age-related 

inflammation, decline in physical activity and cartilage matrix breakdown in those with 

OA.  
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CHAPTER I 

The Effect of Freeze-Dried Grape Powder on Inflammatory Markers and 

Physical Activity in Adults with Self-Reported Knee Osteoarthritis 

Osteoarthritis (OA) is the most common joint disease occurring among one-in-

five US adults and can be debilitating as a result of joint disfiguration and pain (CDC, 

2010). One-third of US adults do not meet the 2008 Physical Activity Guidelines for 

American’s recommendations for aerobic physical activity, which may partially be a 

result of increasing prevalence of OA (CDC, 2010; Dunlop et al., 2011; White et al., 

2013). OA is among the leading causes of disability among US adults and leads to 

decreased health-related quality of life as well as increased mortality rates (CDC, 2010; 

Hochberg, 2008; Hoogeboom, 2013; Nguyen, 2011; Murphy, 2012).  

Current treatment is aimed at symptom management, as a cure for OA is still to be 

discovered, leading many to resort to surgery to replace the affected joint(s) (Jordan et 

al., 2003; Ringdahl, 2011; Sinusas, 2012). Treatment of arthritis costs about 128 billion 

dollars annually, 4,741 dollars per patient, with 5 percent of healthcare costs incurred by 

joint-replacements (CDC, 2010; Helmick et al, 2008, London et al, 2010). Non-

pharmacologic treatment options may include: physical therapy, weight loss, walking 

aids, and insoles (Conaghan et al. 2008; Jordan et al, 2003; Sinusas, 2012). Medications 

used to reduce inflammation and pain includes: Glucosamine and Chondroitin 

supplementation, non-steroidal anti-inflammatory (NSAIDs) medications (including 

COX-2 inhibitors) hyaluronic acid injections, and analgesics such as capsaicin cream and 
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opiates (Jordan et al, 2003; Sinusas, 2012). These medications, however, have negative 

side effects on the kidneys, gastrointestinal tract, and platelet aggregation, and have been 

shown to increase inflammatory cytokines in those with OA (Conaghan et al., 2008; 

Renda et al., 2006; Schumacher et al., 1996).  

Inflammation is thought to play an integral a role in OA progression. The 

cyclooxygenase-2 (COX-2) pathway, part of the OA inflammatory process, has become a 

target of many drug therapies (Conaghan et al., 2008; Ou et al., 2012). Researchers have 

observed elevated serum levels of inflammatory cytokines and proteins including: 

interleukin 1- beta (IL1-β) and cartilage oligomeric matrix protein (COMP) among those 

with OA and are also involved in activation of the COX-2 pathway (Atkas et al., 2012; 

Blom et al., 2007; Denoble et al., 2010; Li et al., 2011; Marcu et al., 2010; Sun et al., 

2011; Shahi et al., 2012; Verma & Dalal 2013; Zivanovic et al., 2011). Andriacchi et al. 

describe OA pathology in two phases, an initiation phase, stimulated by mechanical 

changes in the joint causing a shift in loading to an area of the joint not fit to bear that 

load, followed by the progression phase, in which metabolic pathways induce an 

inflammatory response, favoring catabolism of the extracellular matrix and adaptation of 

the subchondral bone (osteophyte formation) (Andriacchi et al. 2004; Goldring et al., 

2010; Heijink et al., 2012).   

Red grapes contain plant compounds known as polyphenols shown to reduce 

inflammation in OA and in other chronic diseases (Kovacic and Somanathan, 2010; Wu 

et al., 2006; Zhou and Raffoul, 2012). Resveratrol, one compound found in red grapes, 
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has been shown to reduce reactive oxygen species (ROS) during inflammation and can 

inhibit the activity of COX-1 and COX-2 enzymes, cytochrome P450 complex, and 

quinone reductase protecting cells from destruction by stress, infection, and 

environmental toxins (Gusman et al., 2001, Korolkiewicz RP et al., 2003, Liu et al., 

2010; Mobasheri et al., 2012). In several animal studies, resveratrol was shown to protect 

knee cartilage from inflammatory cytokines known to promote OA progression including 

IL-1β induced pathways (Liu et al., 2010; Shakibaei et al., 2007; Shakibaei et al., 2008; 

Shen et al., 2012; Wang, et al., 2012). Delphinidin reduced PGE production in human 

chondrocytes by inhibiting IL-1β induced COX-2 expression (Hasseb et al., 2013). 

Studies using antioxidants extracted from grape skin and pomace have shown no 

reduction in oxidative stress in obese mice (Zhou and Raffoul, 2012), suggesting a role 

for the use of whole grapes in anti-inflammatory treatment. Few studies to date have 

examined the effect of whole grape on osteoarthritis in humans in vivo. 

Seventy male and female adults between the age of 45 and 75 with self-reported 

knee osteoarthritis were recruited for this randomized controlled double blinded placebo 

study. Participants were randomized into two groups. The treatment group received 45 

grams freeze-dried grape powder and the second group to receive 45 grams placebo daily 

for four months. Self-reported physical activity and blood serum samples were measured 

at baseline and at four months to determine changes in physical activity as well as in 

serum IL1-β and COMP to determine if red grapes have an effect on inflammation 

among those with knee pain. 
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Central Hypothesis 

Inclusion of whole grapes, which contain polyphenols, in the diet will reduce 

inflammatory markers associated with knee OA resulting in reduced pain, improved 

mobility, and a higher level of physical activity.  

Specific Aims 

Aim 1. To examine the effects of freeze-dried grape powder in comparison to a 

placebo treatment on mobility in adults with self-reported knee OA. Primary measures 

will include assessing changes in subjective physical activity levels and mobility before 

and after four months of treatment. 

Aim 2. To evaluate the effects of freeze-dried grape powder in comparison with a 

placebo treatment on selective serum biomarkers of inflammation in adults with self-

reported knee OA before and after treatment. Primary measures will include assessing 

changes in levels of serum COMP and IL-1β in blood before and four months after 

treatment.  
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CHAPTER II 

Review of Literature 

Significance of the Problem 

Among U.S. Adults, 7 in 10 die as a result of chronic disease every year (CDC, 

2010). One modifiable behavior to reduce risk of developing chronic disease is physical 

activity (CDC, 2010). However, one-third of US adults do not meet the 2008 Physical 

Activity Guidelines for American’s recommendations for aerobic physical activity, which 

may partially be a result of increasing prevalence of Osteoarthritis (OA) (CDC, 2010). As 

the most common joint disorder, OA is among the leading causes of disability among 

adults in the United States affecting individuals as early as 25 years of age most often 

after the age of 40 and leads to decreased health-related quality of life and increased 

mortality rates (CDC, 2010; Hochberg, 2008; Hoogeboom, 2013; Nguyen, 2011; 

Murphy, 2012). White et al. conducted a study to determine if adults with knee OA were 

able to meet the 2008 Physical Activity guidelines and determined that only 6 percent of 

men and 5 percent of the women met these guidelines, not far from the 12.9 percent of 

men and 7.7 percent of women with OA found to meet these same guidelines by the 

Osteoarthritis Initiative (Dunlop et al., 2011; White et al., 2013).  

Osteoarthritis is a degenerative disease of the joints involving a progressive 

wearing away of articular cartilage with increased friction between joint forming bones 

resulting in pain, stiffness, asymmetric inflammation and osteophytes or bone spurs and 

reduced range of motion (Escott-Stump, 2008). This usually occurs in weight-bearing 
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joints (knees, hip, spine, and distal phalanges) and can lead to a reduced range of motion 

in the affected joints and overall mobility in those affected (CDC, 2010; Murphy, 2012; 

Escott-Stump, 2008).   

     Osteoarthritis quite prevalent as it is diagnosed in 1 in 5 U.S. adults; in 2010 this 

included 49.9 million people (CDC, 2010). Although the etiology of OA is unknown 

several factors have been found to increase risk of OA including: obesity, aging, 

increased repetitive load on the joints, estrogen deficiency, osteoporosis, inflammation, 

elevated C-reactive protein (CRP), genetic factors, gender (women have higher risk than 

men), or trauma/injury to the joints (CDC, 2010; Elbaz et. al, 2011; Kulcu, DG, et al, 

2010; Muthuri et al., 2011; Yusuf et al, 2011).   

Economic Burden 

As a leading cause of disability among U.S. adults, costs include symptomatic 

treatment, lost workdays due to disability, and surgical intervention as well as additional 

emergency room visits. Treatment of arthritis costs about 128 billion dollars annually, 

4,741 dollars per patient, with 5 percent of healthcare costs incurred by joint-

replacements (CDC, 2010; Helmick et al, 2008, London et al, 2010). Hospital stays 

associated with a primary diagnosis of OA in 2009 cost 45,443 dollars per stay with an 

average out-of-pocket expense per person of 2,600 dollars every year (CDC, 2011; 

Murphy, 2011). Musculoskeletal conditions greatly impacted the economy in 1992 with 

expenses reaching 2.5 percent of the gross national product in the U.S. (March, 1997; 

Brown et al., 2006).  
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Surgical and Non-Surgical Therapies 

As no cure has been found at this time for OA, treatment is focused on pain and 

symptom management (CDC, 2010). Treatment of OA is based off of severity of the 

disease with degrees ranging from mild to severe OA (Sinusas, 2012).  Treatment is 

recommended to begin with non-pharmacologic treatments including: physical therapy, 

regular exercise, patient education, insoles, weight loss, or mobility aids such as walkers 

or canes (Conaghan et al. 2008; Jordan et al, 2003; Sinusas, 2012). If pain persists 

pharmacologic therapies are then considered beginning with analgesics (i.e. 

acetaminophen) (Sinusas, 2012). 

Non-steroidal anti-inflammatory medication is used to reduce inflammation – 

these include: ibuprofen and naproxen (Jordan et al, 2003; Sinusas, 2012). Selective 

cyclooxygenase-2 (COX-2) inhibitors, celecoxib and rofecoxib, are the most common 

anti-inflammatory medications used in the treatment of OA. COX-2 inhibitors have been 

shown to effectively decrease chondrocyte apoptosis in the articular cartilage as well as 

reduce prostaglandin production and associated pain and inflammation (Ehrich et al., 

1999; Hawkey et al., 1999; Conaghan et al., 2008; Ou et al, 2012; Simon et al., 1998; 

Renda et al, 2006). Glucosamine sulfate and Chondroitin supplementation have been 

found to modify the structure of affected joints (Sinusas, 2012). Topical creams for pain 

relief may include capsaicin or Lidocaine creams (Jordan et al, 2003). 

 

 



8 
 

If the previously mentioned medications are ineffective, opiods are considered 

under careful surveillance and Tramadol is discouraged if possible due to its negative 

side effects (Ringdahl, 2011; Sinusas, 2012). When immediate pain relief is needed, 

corticosteroid injections are often used as a short-term analgesic, one to two weeks (Reid 

et al, 2012). Hyaluronic acid, a glycosaminoglycan that makes up part of healthy synovial 

fluid, can be injected into the joint (i.e. Orthovisc, Symvisc) acting as a replacement for 

lost synovial fluid (Jordan et al., 2003; Ringdahl, 2011; Sinusas, 2012). Hyaluronic acid 

injections offer pain relief for an average of 6 months, however may cost up to 880 

dollars per injection without insurance as compared to 17 dollars for the steroid injection 

and are used as a last resort before surgical intervention is considered (Ringdahl, 2011; 

Sinusas, 2012). 

Prolonged use of OA medications may result in: nausea, diarrhea, constipation, 

abdominal pain, vomiting, heartburn, myocardial infarction, liver and renal failure 

(Escott-Stump, 2008; Jordan et al, 2003; Reid et al, 2012; Sinusas, 2012). Use of 

NSAIDs for only two weeks were shown to increase tumor necrosis factor (TNF) levels 

in synovial fluid of osteoarthritic patients (Schumacher et al., 1996). In the case of 

opiods, close monitoring by a physician is required as addiction or abuse may occur with 

extended use (Sinusas, 2012). Although COX-2 inhibitors have no known gastrointestinal 

side- effects or negative effects on platelet aggregation, adverse effects on the renal 

system have not been excluded (Simon et al., 1998; Ehrich et al., 1999; Hawkey et al., 

Laine et al. 1999; Simon et al., 1999; Renda et al., 2006). A meta-analysis conducted in 
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the UK found that prolonged use of COX-2 inhibitors and NSAIDS increased risk of 

gastrointestinal ulcers, which were reduced when patients received proton-pump 

inhibitors in addition to these medications (Conaghan et al., 2008). Increase in 

myocardial infarctions among those taking COX-2 inhibitors has been found as a result 

of changes in pro-/anti- thrombotic mediators (Conaghan et al., 2008). 

If the patient does not respond well to pharmacologic or non-pharmacologic 

therapies, surgery is recommended (Jordan et al., 2003; Ringdahl, 2011; Sinusas, 2012). 

Types of surgical interventions for OA include: lavage, arthroplasty, arthroscopic 

debridement, or joint replacement with prosthetic devices (Altman, 2010; Jordan et al, 

2003; Sinusas, 2012). Surgical intervention, though effective in reducing joint pain and 

improving quality of life involves risks associated with surgery, may reduce life 

expectancy, is costly, and often needs to be repeated as prosthetics are expected to 

function for 15 to 20 years on average before needing to be replaced (Ringdahl et al., 

2011). 

Unfortunately, a study by London et al, determined that 3.6 million U.S. adults 

live with pain from OA, including those who do not wish to have surgery but have tried 

other conventional treatments with no long-term relief (London et al., 2010). Those 

within this gap may live with untreated pain for an average of 20 years (London et al., 

2010). Other cost-effective therapies are needed to aid patients that fall within this gap. 
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In response to this increasing gap, investigation of alternative and complementary 

therapies is growing among researchers. Therapies may include acupuncture to relieve 

pain and Yoga or Tai Chi to balance and protect bones. Dietary interventions such as 

omega-3 fatty acid supplementation, S-adenosylmethionine (SAM-e) supplementation, 

and the intake of various fruits, vegetables, herbs, and spices (i.e. ginger, turmeric, acai 

berry, grapes, capsaicin) have become an interest for numerous researchers and patients 

suffering from OA for their phytochemical properties, shown to reduce inflammation 

particularly in arthritis (Fouladbakhsh 2012; Jordan et al, 2003; Mendez C, VJ et al, 

2005; Ringdahl et al., 2011; Sinusas, 2012).  

Osteoarthritis: Pathology and Inflammation 

Osteoarthritis is a multi-factoral disease involving biomechanical and metabolic 

pathways, including epigenetic modifications. Although a specific cause has still to be 

isolated, inflammation is thought to play an important role in OA pathology (Blom et al., 

2007; Goldring et al., 2010; Sun et al., 2011). Andriacchi et al. describe OA pathology in 

two phases, an initiation phase, stimulated by mechanical changes in the joint causing a 

shift in loading to an area of the joint not fit to bear that load, followed by the progression 

phase, in which metabolic pathways induce an inflammatory response which favors 

catabolism of the extracellular matrix and adaptation of the subchondral bone (osteophyte 

formation) (Andriacchi et al., 2004; Goldring et al., 2010; Heijink et al., 2012).  
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In normal healthy joints, articular bones are separated by cartilage made up of an 

elastic extracellular matrix containing synovial fluid, macromolecules (proteoglycans, 

glycoproteins, matrix proteases, aggrecan, type II, XI, IX, and IV collagen fibers, and 

non-collagenous proteins), and chondrocytes responsible for maintaining balance of 

breakdown and repair of tissue within the joint such as release of lubricin (Andriacchi et 

al. 2004; Goldring et al., 2010; Heijink et al., 2012; Ou et al., 2012). When in balance, 

chondrocytes secrete matrix proteases as well as growth factors to breakdown and repair 

cartilage tissues as well as stimulate synthesis of lubricating factors for synovial fluid 

maintenance (i.e. aggrecan which holds fluid within the cartilage tissue) (Calich et al, 

2010; Loeuille, 2005; Ou et al., 2012; Pelletier et al 2001).  

This network is elastic, maintains high tensile strength, has low metabolic activity 

and vascularity to absorb compression and provide lubrication between bones during 

times of high mechanical loading (Ou et al., 2012; Heijink et al., 2012).  In the knee, the 

central pressure is placed on the medial side of the tibiofemoral portion of the joint, and 

is able to bear up to three times a person’s body weight while walking and six times body 

weight during stair climbing (Heijink et al., 2012). In OA an increase in shear stress, 

friction, weakened fibril network and breakage, as well as loss of proteoglycans reducing 

protection between subchondral bone and can cause articular surface damage (Andriacchi 

et al., 2004; Heijink et al., 2012). Reduced motion of the joint, malalignment from injury 

or trauma to the joint (i.e. meniscus or ACL tear), chronic stress from overuse of the joint 

as in exercise, aging, metabolic syndrome, and hormone imbalance (i.e. chronic 
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inflammation and oxidative stress) may be compounding factors during this first phase of 

OA (Andriacchi et al., 2004; Gkretsi et al., 2010; Goldring et al., 2010; Heijink et al., 

2012; Helmark et al., 2012). Altered lipid profiles have been suggested to be correlated 

with OA progression and severity as elevated leptin levels and central adipose tissue have 

been correlated with risk of OA and cartilage loss (Gkretsi et al., 2011).  

During the progression phase of OA mechanical stress and friction increases 

between articular bone surfaces as shear stress shifts to an area not normally equipped to 

bear additional force. Articular chondrocytes initiate an immune response in order to 

adapt to changes within the joint leading to disruption in the equilibrium normally kept 

by these cells. Research has found increased production of cytokines during OA leading 

to chondrocyte apoptosis, decreased synthesis of type II collagen, decrease in collagen 

thickness, and increase in secretion of growth factors involved in osteophyte formation 

(Andriacchi et al., 2004; Goldring et al., 2010; Heijink et al., 2012; Ou et al. 2012; Sun et 

al., 2011).  

Several pathways have been proposed to be involved in the stress response of 

chondrocytes to OA progression. Attur et al. showed that under stress, as in the 

progression phase of OA, chondrocytes express elevated levels of prostaglandin E2 

(PGE2) and LTB4, end products of the COX-2 and LOX pathways, as compared to 

normal human cartilage (Attur et al., 2012; Goldring et al., 2012; Sun et al., 2011). 

Phospholipase A2 (PLA2) is the enzyme responsible for the release of arachidonic acid 

(AA) from synovial cell membranes, a free fatty acid oxidized by COX-2 to synthesize 
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PGE2 (Berenbown et al., 1996). In a study of microsomal prostaglandin E synthase-1 

(mPGEs-1) knockout mice, Kamei et al. concluded that, PGE2 increases neural sensitivity 

in those suffering from OA and is associated with the pain experienced by this population 

(Kamei et al., 2004). As a result of these findings, inhibiting the COX-2 pathway has 

become a target for drug and nutraceutical therapy to reduce the pain and inflammation 

associated with OA related to PGE2 synthesis (Conaghan et al., 2008; Ou et al., 2012).  

Interleukin-1 (IL-1) an inflammatory cytokine expressed primarily by 

macrophages activated by an inflammatory response and induce the expression of various 

catabolic and anabolic enzymes and proteins (Sun et al., 2011). IL-1 is not normally 

detected in synovial fluid, however, has been found to be mildly elevated in OA. 

Specifically, IL-1β has been seen to promote synthesis of COX-2 and proteases, which 

degrade extracellular matrix of the joint, including: MMPs (MMP-1, MMP-3, MMP-9, 

MMP-13, MMP-14) and aggrecanases (ADAMTS5, ADAMTS4, ADAMTS9). Inducible 

nitric oxide synthase (iNOS) and mPGEs-1 required for PGE2 synthesis by COX-2 and 

nitric oxide (NO) release are also up regulated (Alvarez-Soria et al., 2008; Atkas et al., 

2012; Blom et al., 2007; Denoble et al., 2010; Goldring et al., 2010; Marcu et al., 2010; 

Sun et al., 2011; Tanimoto et al., 2011).  

Chowdhury et al., determined that the increase of NO and PGE2 among 

chondrocytes induced by IL-1β is due to stimulation of the genetic transcription pathways 

of: mitogen-activated protein kinase (MAPK), activator protein-1 (AP-1), and nuclear 

factor kappa B (NF-kB) (Chowdhury et al., 2008; Marcu et al., 2010). In initiating these 
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pathways, IL-1β is involved in decreasing proteoglycan synthesis, elevating the release of 

PGE2 and nitric oxide (NO) (Chowdhury et al., 2008). NO, though protective in some 

manner within the joint, also activates MMPs, increasing apoptosis of chondrocytes, and 

reduces aggrecan release thereby inhibiting synthesis of new collagen (Sun et al., 2011). 

Other transcription factors induced by localized inflammation of the joint include: Sox9, 

Runx2, ELF3 and the Wnt-signaling pathway (Attur et al., 2012; Loeser et al., 2013; 

Goldring et al., 2010).  

Tumor necrosis factor (TNF-α), another cytokine upregulated in OA, works 

synergistically with IL-1β elevating its effects within cartilage and together are correlated 

with joint space narrowing and OA severity (Alvarez-Soria et al., 2008; Berenbrown et 

al., 1996; Denoble et al., 2010).  Berenbrown et al, suggested that the mechanism of this 

synergistic action may involve increased release of AA from cell membranes by PLA2 

induced by of IL-1β and TNF-α. However, though Berenbrown et al. found and increase 

in PGE2 synthesis in rabbit articular chondrocytes in the presence of IL-1β and TNF-α, 

no increase in AA release from cells was seen (Berenbrown et al., 1996).  

Increased expression of catabolic proteins during OA progression in addition to 

IL-1 and TNF-α include: IL-17, IL-18, and oncostatin M (OSM) and have been linked to 

increased protease synthesis and expression as well as continuing to stimulate 

inflammatory response (Goldring et al., 2010; Blom 2007). Regulators of inflammation, 

which work to reverse or reduce the effects of catabolic cytokines by increasing growth 

factors and inhibiting inflammatory responses, include: IL-4, IL-6, IL-10, and IL-13 
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(Blom et al., 2007; Sun et al., 2011). Matrix proteins elevated during OA include: 

cartilage oligomeric matrix protein (COMP), collagens type II and X, aggrecan, link 

protein, osteopontin, and tenascin and may be used as markers of inflammation within the 

joint (Andriacchi et al., 2004; Denoble et al., 2010; Goldring et al., 2010).  

Cartilage oligomeric matrix protein (COMP) or thrombospondin (TSP-5) is a non-

collagen protein normally found in articular cartilage. COMP functions to maintain ECM 

stability by promoting connections between protein and collagen by binding to 

transforming growth factor (TGF-β) and bone morphogenetic protein-2 (BMP-2) 

promoting osteogenesis within cartilage (Haudenschild et al., 2011; Ishida et al., 2013; Li 

et al., 2011; Zivanovic et al., 2011). TGF-β also stimulates COMP synthesis by 

upregulating COMP mRNA to counter the effects of IL-1 (Li et al., 2011; Blom et al., 

2007). As a mechano-stimulated gene, COMP is released from the ECM during 

inflammatory conditions as well as tissue damage. Elevated COMP levels in serum are 

positively correlated with IL-1β and under comparison with radiographical studies is 

elevated proportionate to severity of progression in knee OA (Li et al., 2011; Shahi et al., 

2012; Verma & Dalal 2013; Zivanovic et al., 2011).  

Anabolic growth factors such as TGFβ, BMP-2, -4, -7/OP-1, CTGF, and BFGF, 

have been shown to reduce inflammation by promoting synovial proliferation (Blom et 

al., 2007; Haudenschild et al., Ishida et al., 2013). However, these factors also increase 

the deposition of bone in the new areas of mechanical force within the joint leading to 

osteophyte formation commonly seen in weight-bearing OA joints (Blom et al., 2007).  
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Since elevated levels of COMP and IL-1β may be indicative of cartilage 

degradation as seen in OA pathogenesis, they were chosen for this study to measure 

inflammation of the knee before and after treatment versus placebo (Calich et al, 2010; 

Spector et al, 1997; Hunter et al, 2007; Daheshia, 2008). Inhibiting the induction of an 

inflammatory response by chondrocytes is a goal of drug and nutraceutical therapies for 

OA. Targeting these metabolic pathways is the beginning to decreasing pain and slowing 

progression of OA and eventually may prevent or reverse its occurrence at all. 

Influence of Diet and Body Weight 

Symptoms and occurrence of OA increase significantly with BMI and metabolic 

syndrome (CDC, 2010; Dunlop, 2010; Elbaz, 2011; Engstrom et al., 2009). The overall 

lifetime risk of symptomatic knee OA increases to two in three in among adults who are 

obese compared to those who are of normal weight (Murphy, 2012; Yusuf, 2011). A 

meta-analysis by Lee and Kean found a 7-fold increase in risk for knee OA if a person’s 

BMI was greater than 30 kg/m2 (classified as obese) (Lee and Kean, 2012). Among adults 

diagnosed with OA, 46.7 percent were obese and 52.9 percent were morbidly obese 

between 2007 and 2009 (CDC, 2010). Weight loss of 10 percent or more has been shown 

to improve symptoms among those with OA (Gudbergsen et al., 2012). Overweight and 

obesity are thought to increase cartilage damage and misalignment of the knee joint as a 

result of increasing mechanical load on the knees as well as inflammation caused by 

adipose tissue (Gkretsi et al., 2011; Pottie, 2006; deBoer et al., 2012).  
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Increased adipose tissue, especially in the central region of the body, has been 

associated with knee and hip OA as well as increased loss of cartilage (Gkretsi et al., 

2011). Adipose, a metabolic tissue that also stores fat, secretes adipokines such as 

adiponectin, resistin, leptin and may be responsible for the elevated expression of genes 

for IL-1β, and TNF-α, which have been observed in those with OA and those with an 

increased BMI (deBoer et al., 2012; Gkretsi et al., 2011; Hotamisligil et al., 2006; Iwata 

et al., 2013). Elevated adipokines have been correlated with damage of cartilage matrix as 

well as inflammation of the synovium (Gkretsi et al., 2011; deBoer et al., 2012). 

A high fat diet (60 percent of total calories) was shown to increase occurrence of 

OA when compared to a low fat (10 percent of total calories) diet in type 2 diabetic mice 

without contribution of weight gain (Mooney et al, 2011). Further, Iwata et al., reported 

elevated levels of TNF-α, VEGF and TGF-β levels in the articular tissues of OA induced 

mice fed a high fat diet (32 percent fat versus 4.8 percent fat in the control diet) for 8 to 

12 weeks (Iwata et al., 2013). Increased osteophyte size, adipocytes (ie. leptin), synovial 

cells, and vascularization were also seen in the tissue (Iwata et al., 2013).  

Concern of a fat-based diet leading to OA and prostaglandin synthesis is derived 

from the knowledge that stimulation of the COX-2 pathway increases PGE2 via oxidation 

of fatty acids, namely eicosanoids into arachadonic acid (Knott et al., 2011). Also 

elevated oxidized low-density lipoproteins (LDL) were found in OA patients, suggesting 

increased risk of LDL oxidation for stimulation of COX-2 pathway (Gkretsi et al., 2011). 

Triantaphyllidou et al., used apolipoprotein A-I and high-density lipoprotein (HDL) 
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knockout mice to determine if HDL was important in the prevention or development of 

OA. The researchers found that in those mice that did not have HDL and were on a 

western type diet of 42 percent energy from fat were more prone to obesity and 

development of OA than the control group suggesting a pro-inflammatory role of the 

western type diet as well as a protective role of HDL  (Triantaphyllidou et al., 2013). 

However, these studies on a high fat diet did not take into account the 

composition of the fat within the diet. The high fat diet pellets used by Mooney et al., 

consisted mainly of lard (90 percent), primarily composed of saturated fat, and a smaller 

proportion of soybean oil (10 percent), primarily composed of mono- and poly- 

unsaturated fat (Mooney et al., 2011; Ulman, 2011). The low fat diet pellets were 

primarily soybean oil (55 percent) with 45 percent of the fat content from lard (Mooney 

et al., 2011; SoyConnection, 2013; Ulman, 2011). Dean and Hansen, suggest after a 

review of the literature on diet and OA, that those who follow a western style diet are 

more prone to chronic inflammation and development of OA versus those that follow a 

plant-based diet. An example of the plant-based diet found to be ant-inflammatory is the 

Mediterranean diet is higher in polyunsaturated fats including foods such as: olives, fish, 

vegetables, nuts, and fruits (Dean and Hansen, 2012).  

Polyunsaturated fats, specifically, omega-3 fatty acids (found in fish, olives, flax, 

algae and chia) have shown beneficial effects for those with OA especially when taken in 

combination with glucosamine and chondroitin supplementation (Knott et al., 2011; 

Hurst et al., 2010; Kantor et al., 2012). Kantor et al., found that this combination reduced 
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high sensitivity serum C-RP levels based on data from the National Health and Nutrition 

Examination Survey between 1999 and 2000 (Kantor et al., 2012). Supplementation of 

omega-3 fatty acids was found to decrease joint pain in a Cochrane Review meta-

analysis, especially eicosapentaenoic acid (EPA) (Goldberg and Katz, 2007; Hurst et al., 

2010). 

In addition the fat soluble-vitamin, 25-hydroxyvitamin D (25-(OH) D), may also 

be involved in the structural health of cartilage as decreased serum levels are associated 

with increased OA progression especially with loss of cartilage volume (Cao et al., 2013). 

Salmon calcitonin also prevents type II collagen loss (Nielsen et al., 2011). Lactobacillus 

casei (L. casei), a probiotic, was given orally with type II collagen and glucosamine and 

was found to reduce pain, cartilage loss, and lymphocyte levels as well as several 

inflammatory cytokines including: IL-1β, IL-2, -6, -12, -17, and TNF-α, MMP-1, 3, -and 

-13, and IFN-y as well as movement of NF-kB into the nucleus of chondrocytes (So et 

al., 2011). L. casei also increased IL-4 and IL-10, promoting collagen deposition (So et 

al., 2011). 

Foods such as ginger, curcumin, olives, acai, and whole grapes, which contain 

compounds known as phenol compounds (phenolic antioxidants and flavonoids) are 

shown to have anti-inflammatory properties (Bhatt K.P and Pezzuto J.M., 2002; Dean 

and Hansen, 2012; Zhou and Raffoul, 2012; Jensen et al., 2011) and may benefit cartilage 

health (Dean and Hansen, 2012). Vitamin C, also in ginger, acai, whole grapes and other 

citrus containing foods, is associated with prevention of knee OA (Peregoy et al., 2011). 
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However, it is the polyphenols, which are of interest in reducing inflammation and 

cartilage destruction in OA. Resveratrol, for example, is a natural bioflavonoid in the skin 

of most grape varieties has been studied for its many pharmacological properties in 

cardio-protection and chemoprevention in cancer (Gusman J et al., 2001; Zern et al., 

2005; Bhatt, K.P and Pezzuto JM, 2002; Demas et al., 2005, Stocco et al., 2012). 

Grapes and Inflammation 

As mentioned previously, red grapes are one of the many whole foods, which 

contain a variety of anti-inflammatory compounds, polyphenols and flavonoids, primarily 

located in the grape seed and skin. In addition to glucose and fructose, red grapes have 

been found to contain the anthocyanins (delphinidin, cyanidin, petunidin, peonidin, and 

malvidin), which are responsible for the pigment of the fruit (Wu et al., 2006). Other 

components of grapes include catechin, epicatechin, quercetin, myricetin, cinnamates, 

tyrosol, tannins, resveratrol, gallic acid, caffeic acid, syringic acid, p-coumaric acid, and 

gerulic acid (Zhou and Raffoul, 2012).  

Resveratrol (3,4’, 5-trihydoxystilbene), found in grape skin and peanuts, has been 

demonstrated to be protective against cartilage damage, cancer, cardiovascular disease, 

and other inflammatory diseases (Kovacic and Somanathan, 2010; Zhou and Raffoul, 

2012). Cartilage is an estrogen receptor (ER) positive tissue allowing resveratrol, which 

is similar in structure to estrogen, to target cartilage by binding to and activating ERα and 

ERβ (Delmas et al., 2005; Ghem et al, 1997; Gusman J et al., 2001; Zhou and Raffoul, 

2012). Resveratrol, touted as an anti-oxidant and anti-inflammatory has been shown to 
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reduce reactive oxygen species (ROS) during inflammation and can inhibit the activity of 

COX-1 and COX-2 enzymes, cytochrome P450 complex, and quinone reductase 

protecting cells from destruction by stress, infection, and environmental toxins (Gusman 

et al., 2001, Korolkiewicz RP et al., 2003, Liu et al., 2010; Mobasheri et al., 2012). 

In addition to inhibiting the expression of COX-2, resveratrol also inhibited the 

expression of iNOS in various animal studies and subsequent synthesis of NO and PGE2 

in articular chondrocytes via the inhibition of NF-kB by activating the silent information 

regulator, SIRT1 even in the presence of IL-1β (Liu et al., 2010; Ming et al., 2013; Wang 

et al., 2012). In a study of rabbits induced with OA, resveratrol protected knee cartilage 

from destruction by reducing apoptosis rates and synthesis of NO and proteoglycan in the 

cartilage in a dose dependent manner (Wang, et al., 2012).  Liu et al. showed additional 

reduction in MMP-13 activity and protection of type II collagen by resveratrol from 

advance glyocogen end products (AGEs) (Liu et al., 2010). 

Various in vitro studies of the response of human articular chondrocytes to 

resveratrol (dosages ranging between 10 to100 µM) resulted in decreased IL-1β induced 

pathways including: caspase-3 activation, COX-2 expression, apoptosis, MMP-3, MMP-

9, MMP-13 expression, ROS production, p53, and decrease in type II collagen and 

aggrecan synthesis (Shakibaei et al., 2007; Shakibaei et al., 2008; Shen et al., 2012). In 

vivo, resveratrol appears to inhibit inflammation in human articular chondrocytes by 

inhibiting the NF-kB activation and translocation of NF-kB to the nucleus, both of which 
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are stimulated by IL-1β and TNF-α (Kovacic and Somanathan, 2010; Shakibaei et al., 

2008; Shen et al., 2012).  

Grapes also contain tannins, which may aid in free radical scavenging via 

linkages between (+) catechin and (-) epicatachin monomers, which are found primarily 

in grape seeds (Basly et al., 2000; Castillo et al., 2000; Zhou and Raffoul, 2012). Grape 

seed proanthocyanidin extract given to rats induced with knee OA reduced MMP13 and 

IL-1β as well as destruction to the bone and osteophyte formation (Woo et al., 2011).      

Delphinidin is also found in bilberry, blueberries, black current, eggplant, and black 

beans among other foods (Wu et al., 2006). Haseeb et al. showed that delphinidin reduced 

PGE production in human chondrocytes by inhibiting IL-1β induced COX-2 expression, 

and phosphorylation of IL-1 receptor associated kinase-1, and inhibited translocation of 

NF-kB/p65 into the nucleus (Hasseb et al., 2013). Malvidin was administered in the form 

of Malvidin-3-O-β glucoside to human peripheral blood mononuclear cells (PBMC) and 

rats with chronic adjuvant induced arthritis and was found to inhibit synthesis of TNFα, 

IL1, IL-6, and NO in human cells and reduced NO in the rat cells (Decendit et al., 2013). 

Studies using antioxidants extracted from grape skin and pomace did not reduce 

oxidative stress in obese mice (Zhou and Raffoul, 2012), suggesting a role for the use of 

whole grapes in anti-inflammatory treatment. Few studies to date have examined the 

effect of whole grape on osteoarthritis in humans in vivo. 

 

 



23 
 

Joint Mobility and Impact of Physical Activity 

Osteoarthritis is found to limit activity such as: bending, standing, and walking in 

42.4 percent of those diagnosed with arthritis and is accelerated by chronic disease, such 

as obesity and heart disease (CDC, 2010; Ettinger et al., 1994). OA is not caused or 

accelerated by regular moderate physical activity, determined by numerous animal and 

human studies (Buckwalter and Lane, 1996; Helmark et al., 2012). Rather, moderate 

exercise has been shown to be an effective preventive and therapeutic strategy for 

increasing flexibility and reducing pain in those suffering from OA (Deyle et al, 2000; 

Dunlop et al, 2010; Helmark et al., 2012; Jordan et al, 2003). Strenuous activity may 

promote joint inflammation, however, as reported by Neidhardt et al., in a study of 

marathon runners showing an elevation of serum COMP levels following the marathon 

(Neidhardt et al., 2000).  

Cartilage matrix synthesis is stimulated by regular use of or loading of a joint but 

a sedentary lifestyle or static joint loading may lead to degradation of the matrix and joint 

and increased symptoms (Helmark et al., 2012; Holla et al., 2012; Goldring, 2006; Lane, 

1995; Verwij et al., 2009). In adults with knee OA, only thirty minutes of single loading 

of the knee decreased synovial fluid COMP levels, but not serum levels (Helmark et al., 

2012). It should be noted that this study looked at acute changes in serum levels directly 

after exercise (Helmark et al., 2012). After eleven weeks of structured exercise 

intervention, however, reduced serum COMP levels were observed in knee OA 
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participants as compared to a control group, who did not exercise and experienced an 

increase in serum COMP levels (Hunt et al., 2013).  

A review of various exercise regimens by Brakke et al. found that strength 

training, aquatics, balance and perturbation therapies under close supervision of a 

personal trainer/therapist are most beneficial to those with OA (Brakke et al, 2012). Other 

studies have concluded that both structured regimens, including aerobic and resistance 

training, as well as lifestyle activities such as walking, bending up and down, etc. are 

beneficial to improved outcomes in those with knee OA. (Deyle et al., 2000; Dunlop et 

al, 2010; Rutjes et al, 2010, Ritjes et al, 2009; van Baar et al, 2001). However, lack of 

mobility as a result of pain from OA or lack of muscle strength associated with aging can 

make this a daunting task and may increase OA progression (Andriacchi et al., 2004; 

Holla et al., 2012).  

Although exercise is encouraged in the management of OA symptoms, several 

Cochrane Reviews have found the effects of exercise to be short-lived (van Baar et al, 

2001; Rutjes et al, 2010; Ritjes et al, 2009). In women with knee OA, acute isokintetic 

exercise produced mild inflammation (Germanou et al., 2012) and after a six month trial 

of high-intensity resistance training symptoms of OA were reduced in women, but not 

first peak knee or hip adduction compared to placebo (Foroughi et al., 2011). Though 

exercise is still considered beneficial and recommended as a preventive and first-line 

treatment for OA, additional strategies, such as dietary supplementation, which may 

manage inflammation in OA may be indicated. 
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CHAPTER III 

Methodology 

Study Design 

A randomized double-blinded placebo controlled clinical trial was conducted over 

a four month time period. A total of 72 mobile adult volunteers, between the ages of 45 

and 79, with self-reported mild to moderate degree of knee OA who met the inclusion 

criteria and provided consent to participate were included. Participants were randomly 

divided into two treatment groups. Group 1 (n=35) was given 47 g freeze-dried grape 

powder (FDGP) made from whole grapes and Group A (n=37) was given 47 g of a 

placebo treatment, as a control. The placebo powder consisted of equal parts fructose and 

dextrose, equivalent to FDGP in appearance and calorie content. Each group was 

informed to take 1 package of the treatment or placebo powder orally mixed with water 

or other liquid daily for 4 months.  

Participants were asked to report physical activity levels at baseline and final 

visits (4 months). Serum samples were taken and bilateral knee range of motion was 

measured at baseline and final visits (4 months) as well. Participants were given a 

calendar on which to report missed days of treatment as well as days during which a pain 

reliever was taken. Serum samples were then analyzed for levels of IL-1β and COMP. 
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Participant Recruitment for Study 

Participants were recruited through Texas Woman’s University and orthopedic 

practices and clinics in Denton and the Dallas-Fort Worth Metroplex and community at 

large (Appendix B). To be included in the study participant were between the ages of 45 

and 79 with self-reported mild to moderate knee OA. Exclusion criteria included: past 

medical history of severe liver, kidney, or other chronic or acute disease that affected 

their conditions and ability participate in this study. Ethnicity, gender, and race were not 

included in exclusion criteria. 

The participants agreed to abstain from initiation of new medications known to 

influence OA and were not on prescribed medications classified as COX-2 inhibitors. 

Participants also agreed to avoid taking supplements including: chondroitin sulfate, 

glucosamine sulfate, glucosamine hydrochloride powder, grape powder or grape seed 

extracts. Subjects who wished to participate and reported taking these supplements were 

required to discontinue the supplements and undergo a one-month washout period prior 

to beginning this study.  The Institutional Review Board at Texas Woman’s University 

approved this study (Appendix A). 

Treatment 

The treatment group received 47 grams of freeze-dried grape powder (FDGP) 

(equal to 2 cups of whole grapes) to be consumed by mouth daily for 4 months (provided 

and by the California Table Grape Commission). Each package of FDGP contained 

approximately 70 µg of resveratrol, also determined to be in 2 cups of whole grapes. The 
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control group received a 47 g of a placebo containing an equal ratio of fructose and 

dextrose, which has a similar weight, appearance and energy content as FDGP (provided 

and by the California Table Grape Commission). The placebo was also to be consumed 

by mouth daily four 4 months. The phenolic and nutrient contents of the FDGP and 

placebo were standardized by the California Table Grape Commission. Each group was 

given enough treatment or placebo to consume 1 package orally, mixed with water or 

other liquid, daily for up to 4 months. Participants were instructed to store treatment and 

placebo powders in the freezer until use to retain patency of the powders. 

Physical Activity Assessment 

Physical activity levels were assessed for both groups by comparing participant 

responses to a physical activity questionnaire at baseline to responses at the final visit (4 

months). The physical activity questionnaire (Appendix C) used in our study was 

modified from the Five City Project (Sallis, et al. 1985). This tool has been validated for 

assessment of participant self-reported level of physical activity (Blair, et al, 1985) and 

was used to evaluate whether the level of physical activity was positively impacted by the 

FDGP in comparison to placebo.  
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Blood Collection and Analysis of Inflammatory Markers 

Fasting venous blood was taken from each participant once at baseline and once 

at the end of the treatment period (4 months) by a certified phlebotomist. Each participant 

was asked to fast for at least 8 hours prior to the blood draw. Blood specimens were 

centrifuged at 1500x g for 15 minutes, serum was aliquoted within 2 hours of collection 

and stored at -70°C until analysis.  

Serum levels for each of the inflammatory and specific cartilage biomarkers (IL-

1β and COMP) were compared between baseline and final visits to evaluate change for 

each participant. Degree of change in the levels of IL-1β and COMP for participants was 

also compared between placebo and treatment group. Enzyme-linked immunosorbant 

assay (ELISA) kits were used to measure levels of inflammatory markers in collected 

serum samples from participants at baseline and final visits. Human recombinant IL-1β 

ELISA kits were sourced from RayBio Tech (Norcross, GA) and the human COMP 

ELISA Kit from BioVendor (Chandler, NC). The rationale for using IL-1β as a marker of 

inflammation is in its perceived involvement in OA pathology, increased serum levels 

suggest increased inflammation in the body. In order to locate the source of 

inflammation, serum COMP was measured as this cartilage protein is released into the 

blood after mechanical or chronic inflammatory insult to the cartilage of joints occurs 

(Calich et al, 2010; Dahesia et al., 2008; Goldring, 2010; Haudenschild et al., 2011). 
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Statistical Analysis 

The sample size used in this study (72 adults) was adequate to permit detection of 

a difference between the treatment groups related to mobility with 0.87 power at 

significance level (alpha) = 0.05, allowing for 12-15% attrition rate over a 4 month 

treatment period for detecting changes in mobility.  

  Prior to conducting analyses, missing data points were computed utilizing an 

intent to treat (ITT) maximum likelihood estimation.  Missing data points were only 

replaced if the majority of baseline measures were obtained for a given set of 

variables.   All analyses were tested on both the raw data and the ITT data set. 

In order to test for the main effect of time, group, gender, and age, a series of 

repeated measures analysis of variance (ANOVA) tests were conducted.  

Furthermore, in order to test the interaction effects of said independent variables, a 

series of factorial repeated measures ANOVAs were calculated.  In order to detect 

where significant differences were, data was split by key variable combinations, and 

further ANOVAs were conducted (i.e., intervention group by gender, age by gender, 

etc.).  Lastly, due to limited sample size and slight violations of normality, all 

analyses were confirmed using non‐parametric equivalencies (i.e., Kruskal‐Wallis 

and Wilcoxon’s sign rank tests).  All analyses were conducted using SPSS v. 19, data 

was reported as mean + standard deviation, and significance was at the .05 level. 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Outcome Measurements 

Outcome Measure 1. Changes in physical activity levels and mobility between 

FDGP and placebo groups were assessed by comparing levels of self-reported physical 

activity at baseline and at the end of the study (4 months) on the modified Five-City 

Project physical activity assessment questionnaire.  

Outcome Measure 2. Fasting venous blood was collected at baseline and at the 

end of the study to assess changes in levels of IL-1β and COMP levels in the blood at 

baseline and at 4 months between FDGP and placebo groups.   
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Abstract 

 
Osteoarthritis (OA) is the most common joint disease among US adults, leading to pain 

and disability. Treatment of OA is focused on symptom management since no cure has 

been found, and may involve expensive procedures including joint replacement and may 

lead many to seek natural dietary approaches. Grapes, rich in anti-inflammatory 

polyphenols may aid in management of OA symptoms. The purpose of this study was to 

assess the effect of daily consumption of freeze-dried grape powder on physical activity, 

and biochemical markers of inflammation and cartilage metabolism in individuals with 

self-reported knee osteoarthritis. A total of 72 men and women with knee OA were 

recruited and randomized into 2 groups. Group 1 (n=28, 21 female and 7 males) 

consumed 47 grams of freeze-dried grape powder (FDGP) daily for four months. Group 2 

(n=28, 21 female and 7 males) consumed 47 grams of a comparable placebo. Serum 

specimens and self-reported physical activity were obtained at baseline and at four 

months. There was a significant decrease in very hard activity in the placebo group. 
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However, an increase in moderate activity was seen for those <64 yr. in the placebo 

group. Participants >65 yr. reported a significant decline in moderate and hard activities 

(P<.05) in both groups from baseline to final. A statistically significant increase in 

interleukin 1-beta (IL-1β) was observed in both groups, males greater than females. A 

greater increase occurred in the placebo group (637.33%) vs. FDGP (194.64%). Levels of 

IL-1β and cartilage oligomeric protein (COMP) increased more in those 65 years and 

older across both genders. In regards to cartilage turnover, both groups had a statistically 

significant increase in COMP (154.2% FDGP vs. 172.27% placebo). We showed that age 

has a significant impact on physical activity levels, inflammation, and cartilage 

metabolism in people with knee OA. FDGP supplementation may decrease age-related 

inflammation, decline in physical activity and cartilage matrix breakdown in those with 

OA.  

Age-Associated Effect of Freeze-Dried Grape Powder on Inflammatory Markers and 

Physical Activity in Adults with Self-Reported Knee Osteoarthritis 

Osteoarthritis (OA) is the most common joint disease occurring among one-in-

five US adults and may reduce mobility as a result of joint disfiguration and pain (CDC, 

2010). OA is among the leading causes of disability among US adults and leads to 

decreased health-related quality of life as well as increased mortality rates and may play a 

role in reduced physical activity among one-third of US adults (CDC, 2010; Dunlop et 

al., 2011; Hochberg, 2008; Hoogeboom, 2013; Murphy, 2012; White et al., 2013).   
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Current treatment is aimed at symptom management, as a cure for OA is still to be 

discovered, leading many to resort to surgery to replace the affected joint(s). (Ringdahl, 

2011; Sinusas, 2012). Treatment of arthritis costs about 128 billion dollars annually, 

4,741 dollars per patient, with 5 percent of healthcare costs incurred by joint-

replacements (CDC, 2010; Helmick et al, 2008, London et al, 2010). Non-pharmacologic 

treatment options may include: physical therapy, weight loss, walking aids, and insoles 

(Conaghan et al. 2008; Sinusas, 2012). Medications used to reduce inflammation and 

pain in OA include: Glucosamine and Chondroitin supplementation, non-steroidal anti-

inflammatory (NSAIDs) medications (including COX-2 inhibitors) hyaluronic acid 

injections, and analgesics such as capsaicin cream and opiates (Sinusas, 2012). These 

medications, however, have negative side effects on the kidneys, gastrointestinal tract, 

and platelet aggregation, and have been shown to increase inflammatory cytokines in 

those with OA (Conaghan et al., 2008; Renda et al., 2006; Schumacher et al., 1996).  

Symptoms and occurrence of OA increase significantly with BMI and metabolic 

syndrome (CDC, 2010; Dunlop, 2010; Elbaz, 2011; Engstrom et al., 2009). The overall 

lifetime risk of symptomatic knee OA increases to two in three in among adults who are 

obese compared to those who are of normal weight (Murphy, 2012; Yusuf, 2011). 

Overweight and obesity are thought to increase cartilage damage and misalignment of the 

knee joint as a result of increasing mechanical load on the knees as well as inflammation 

caused by adipose tissue (Gkretsi et al., 2011; Pottie, 2006; deBoer et al., 2012). 
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Inflammation is thought to play an integral a role in OA progression. The 

cyclooxygenase-2 (COX-2) pathway, part of the OA inflammatory process, has become a 

target of many drug therapies (Conaghan et al., 2008; Ou et al., 2012). Researchers have 

observed elevated serum levels of inflammatory cytokines and proteins including: 

interleukin -1 beta (IL-1β) and cartilage oligomeric matrix protein (COMP) among those 

with OA and are also involved in activation of the COX-2 pathway (Atkas et al., 2012; 

Denoble et al., 2010; Li et al., 2011; Marcu et al., 2010; Shahi et al., 2012; Sun et al., 

2011; Verma & Dalal 2013; Zivanovic et al., 2011). Andriacchi et al. describe OA 

pathology in two phases, an initiation phase, stimulated by mechanical changes in the 

joint causing a shift in loading to an area of the joint not fit to bear that load. This is 

followed by the progression phase, in which metabolic pathways induce an inflammatory 

response, favoring catabolism of the extracellular matrix and adaptation of the 

subchondral bone (osteophyte formation) (Andriacchi et al. 2004; Goldring et al., 2010; 

Heijink et al., 2012).   

Red grapes contain plant compounds known as polyphenols shown to reduce 

inflammation in OA and in other chronic diseases (Kovacic and Somanathan, 2010; Zhou 

and Raffoul, 2012). Resveratrol, one compound found in red grapes, has been shown to 

reduce reactive oxygen species (ROS) during inflammation and can inhibit the activity of 

COX-1 and COX-2 enzymes, cytochrome P450 complex, and quinone reductase 

protecting cells from destruction by stress, infection, and environmental toxins 

(Korolkiewicz RP et al., 2003, Liu et al., 2010; Mobasheri et al., 2012). In several animal 
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studies, resveratrol was shown to protect knee cartilage from inflammatory cytokines 

known to promote OA progression including IL-1β induced pathways (Liu et al., 2010; 

Shakibaei et al., 2007 & 2008; Shen et al., 2012; Wang, et al., 2012). Delphinidin 

reduced PGE production in human chondrocytes by inhibiting IL-1β induced COX-2 

expression (Hasseb et al., 2013). Studies using antioxidants extracted from grape skin and 

pomace have have not shown a reduction in oxidative stress in obese mice (Zhou and 

Raffoul, 2012), suggesting a role for the use of whole grapes in anti-inflammatory 

treatment. Few studies to date have examined the effect of whole grape on osteoarthritis 

in humans in vivo. 

Osteoarthritis is not caused or accelerated by regular moderate physical activity 

(Helmark et al., 2012). Instead, moderate exercise has been shown to be an effective 

strategy for increasing flexibility and reducing pain in those suffering from OA as regular 

use of a joint stimulates cartilage matrix synthesis. Whereas strenuous activity or a 

sedentary lifestyle may promote joint inflammation, degradation, and increase serum 

COMP levels. (Dunlop et al, 2010; Goldring, 2006; Helmark et al., 2012; Holla et al., 

2012; Verwij et al., 2009). However, lack of mobility as a result of pain from OA or lack 

of muscle strength associated with aging can make exercise a daunting task (Andriacchi 

et al., 2004; Holla et al., 2012). In addition, several Cochrane Reviews have found the 

effects of exercise to be short-lived, indicating a need for additional strategies, such as 

dietary supplementation, to reduce overall inflammation (van Baar et al, 2001; Rutjes et 

al, 2009 & 2010).  
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Inhibiting the inflammatory response and subsequent metabolic pathways induced 

by chondrocytes is a target of drug and nutraceutical therapies for OA. Since elevated 

levels of COMP and IL-1β may be indicative of cartilage degradation as seen in OA, they 

were chosen for this study to measure inflammation of the knee before and after 

treatment versus placebo (Calich et al, 2010; Daheshia, 2008; Hunter et al, 2007). 

Therefore, the purpose of this study was to assess the effect of grape consumption on 

physical activity, biochemical markers of inflammation (IL-1β) and cartilage metabolism 

(COMP) in people with OA. 

Methodology 

Study Design 

A randomized double-blinded placebo controlled clinical trial was conducted over 

a four month time period. A total of 72 mobile adult volunteers with self-reported mild to 

moderate degree of knee OA who met the inclusion criteria and provided consent to 

participate were included. Participants were randomly divided into two treatment groups. 

Group 1 (n=35) was given 47 g freeze-dried grape powder (FDGP) made from whole 

grapes and Group A (n=37) was given 47 g of a placebo treatment, as a control. The 

placebo powder consisted of equal parts fructose and dextrose, equivalent to FDGP in 

appearance and calorie content. Each group was informed to take 1 package of the 

treatment or placebo powder orally mixed with water or other liquid daily for 4 months.  
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Participants were asked to report physical activity levels at baseline and final 

visits (4 months). Serum samples were taken and bilateral knee range of motion was 

measured at baseline and final visits (4 months) as well. Participants were given a 

calendar on which to report missed days of treatment as well as days during which a pain 

reliever was taken. Serum samples were then analyzed for levels of IL-1β and COMP. 

Participant Recruitment for Study 

Participants were recruited through Texas Woman’s University and orthopedic 

practices and clinics in Denton and the Dallas-Fort Worth Metroplex and community at 

large (Appendix B). To be included in the study participant were between the ages of 45 

and 79 with self-reported mild to moderate knee OA. Exclusion criteria included: past 

medical history of severe liver, kidney, or other chronic or acute disease that affected 

their conditions and ability participate in this study. Ethnicity, gender, and race were not 

included in exclusion criteria. 

The participants agreed to abstain from initiation of new medications known to 

influence OA and were not on prescribed medications classified as COX-2 inhibitors. 

Participants also agreed to avoid taking supplements including: chondroitin sulfate, 

glucosamine sulfate, glucosamine hydrochloride powder, grape powder or grape seed 

extracts. Subjects who wished to participate and reported taking these supplements were 

required to discontinue the supplements and undergo a one-month washout period prior 

to beginning this study. The Institutional Review Board at Texas Woman’s University 

approved this study (Appendix A). 
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Treatment 

The treatment group received 47 grams of freeze-dried grape powder (FDGP) 

(equal to 2 cups of whole grapes) to be consumed by mouth daily for 4 months (provided 

and by the California Table Grape Commission). Each package of FDGP contained 

approximately 70 µg of resveratrol, also determined to be in 2 cups of whole grapes. The 

control group received a 47 g of a placebo containing an equal ratio of fructose and 

dextrose, which has a similar weight, appearance and energy content as FDGP (provided 

and by the California Table Grape Commission). The placebo was also to be consumed 

by mouth daily four 4 months. The phenolic and nutrient content of the FDGP and 

placebo were standardized by the California Table Grape Commission. Each group was 

given enough treatment or placebo to consume 1 package orally, mixed with water or 

other liquid, daily for up to 4 months. Participants were instructed to store treatment and 

placebo powders in the freezer until use to retain patency of the powders.  

Physical Activity Assessment 

Physical activity levels were assessed for both groups by comparing participant 

responses to a physical activity questionnaire at baseline to responses at the final visit (4 

months). The physical activity questionnaire (Appendix C) used in our study was 

modified from the Five City Project (Sallis, et al. 1985). This tool has been validated for 

assessment of participant self-reported level of physical activity (Blair, et al, 1985) and 

was used to evaluate whether the level of physical activity was positively impacted by the 

FDGP in comparison to placebo.  
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Blood Collection and Analysis of Inflammatory Markers 

Fasting venous blood was taken from each participant once at baseline and once 

at the end of the treatment period (4 months) by a certified phlebotomist. Each participant 

was asked to fast for at least 8 hours prior to the blood draw. Blood specimens were 

centrifuged at 1500x g for 15 minutes, serum was aliquoted within 2 hours of collection 

and stored at -70°C until analysis.  

Serum levels for each of the inflammatory and specific cartilage biomarkers (IL1-

β and COMP) were compared between baseline and final visits to evaluate change for 

each participant. Degree of change in the levels of IL-1β and COMP for participants was 

also compared between placebo and treatment group. Enzyme-linked immunosorbant 

assay (ELISA) kits were used to measure levels of inflammatory markers in collected 

serum samples from participants at baseline and final visits. Human recombinant IL-1β 

ELISA kits were sourced from RayBio Tech (Norcross, GA) and the human COMP 

ELISA Kit from BioVendor (Chandler, NC). The rationale for using IL-1β as a marker of 

inflammation is in its perceived involvement in OA pathology, increased serum levels 

suggest increased inflammation in the body. In order to locate the source of 

inflammation, serum COMP was measured as this cartilage protein is released into the 

blood after mechanical or chronic inflammatory insult to the cartilage of joints occurs 

(Calich et al, 2010; Dahesia et al., 2008; Goldring, 2010; Haudenschild et al., 2011).  
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Statistical Analysis 

The sample size used in this study (72 adults) was adequate to permit detection of 

a difference between the treatment groups related to mobility with 0.87 power at 

significance level (alpha) = 0.05, allowing for 12-15% attrition rate over a 4 month 

treatment period for detecting changes in mobility.  

  Prior to conducting analyses, missing data points were computed utilizing an 

intent to treat (ITT) maximum likelihood estimation.  Missing data points were only 

replaced if the majority of baseline measures were obtained for a given set of 

variables.   All analyses were tested on both the raw data and the ITT data set. 

In order to test for the main effect of time, group, gender, and age, a series of 

repeated measures analysis of variance (ANOVA) tests were conducted.  

Furthermore, in order to test the interaction effects of said independent variables, a 

series of factorial repeated measures ANOVAs were calculated.  In order to detect 

where significant differences were, data was split by key variable combinations and 

further ANOVAs were conducted (i.e., intervention group by gender, age by gender, 

etc.).  Lastly, due to limited sample size and slight violations of normality, all 

analyses were confirmed using non‐parametric equivalencies (i.e., Kruskal‐Wallis 

and Wilcoxon’s sign rank tests).  All analyses were conducted using SPSS v. 19, data 

was reported as mean + standard deviation, and significance was at the 0.05 level. 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Results 

Demographics of Study Participants 
 

Seventy-two men and women adults (55 female, 17 males) of those recruited for 

this study met the inclusion criteria and consented to participate. Final participation after 

four months was 56 (42 female, and 14 males) with a drop out rate of 22.22 % (Table 

1.1). The average age of participants was 59.8 years and total time treatment/placebo 

consumption averaged 16.7 weeks (Figure 1.1, 1.2). Average body mass index (BMI) of 

the study participants was 30.30 kg/m2 (Table 1.2). Those who dropped out of the study 

reported dislike of taste and texture of product, increase in gas after initiation of study, 

travel/time constraints, knee surgery, or for unspecified reasons. 

Table 1.1  
 
Demographics of the Study Participants 
 

 

Number of 
Participants  
Baseline 

Number of 
Participants 

 Final 
Drop‐out 
Rate 

Average 
Weeks 

Treatment 
Average 
Age 

Placebo  37  28  24.32%  16.8  61.1 
FDGP  35  28  20.00%  16.6  58.5 
Overall  72  56  22.22%  16.7  59.8 

 

 
Figure 1.1. Demographics of the Study Participants. 
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Figure 1.2. Average Age of Study Participants. 
 
 
Table 1.2.  
 
Average Body Mass Index (BMI) in kg/m2 of Study Participants 

 

FDGP & Placebo Combined 
 n M SD 
Baseline 56 30.47 6.88 
Final 56 30.30 6.50 

 

                        FDGP Placebo 
  n M SD n M SD 

Baseline 28 31.62 7.41 28 29.31 6.22 
Final 28 31.11 6.90 28 29.49 6.08 

                       Female Male 
  n M SD n M SD 

Baseline 42 31.58 7.12 14 27.13 4.91 
Final 42 31.40 6.74 14 27.01 4.44 

                      < 64 years > 65 years 
  n M SD n M SD 
Baseline 35 31.61 6.94 21 28.56 6.49 
Final 35 31.82 6.83 21 27.76 5.1 

 
 
 
 
 

61.1 

58.5 

59.8 

57 
58 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60 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62 

Placebo    FDGP    Combined 

Average Age 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Effect of FDGP vs. Placebo Consumption on Physical Activity 

Participants were asked to report the number of hours slept on average per night at 

baseline and final appointments. Both the FDGP and placebo groups reported fewer 

hours of sleep at the end of the study than at baseline; a greater decline occurred in the 

placebo group (Fig. 2.1). Physical activity declined significantly in hard activity for both 

groups (FDGP -55.95%, placebo -52.22%) (Fig. 2.1). Moderate activity increased in the 

placebo group by 75.22% vs. 18.83% decrease in the FDGP group (Fig. 2.1). A decrease 

in very hard activity occurred from baseline to final in both the placebo and FDGP 

groups, with a greater change occurring in the placebo group (Fig. 2.1).         

 
Figure 2.1. Percent Change in Physical Activity and Sleep between Placebo and   
                   FDGP. 

 
 

Males experienced a significant decline in moderate activity from baseline to final 

visits (Fig. 2.2). Both males and females experienced a significant decline in hard activity 

from baseline to final visits; however, males reported a greater decline than females. The 

greatest decline occurred in males in the FDGP group, whereas females in the FDGP 

group experienced the smallest decline (Fig. 2.2). 
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Figure 2.2. Difference in Physical Activity Levels and Sleep between Placebo and   
                   FDGP by Gender. 

 
Participants < 64 years experienced less of a decline in moderate activity (-

0.1944) than those > 65 years of age (-2.5) (Fig. 2.2). Both age groups reported a decline 

in hard activity, with those > 65 years of age experiencing a greater decline (Fig. 2.3).  

Participants <64 yr. in the placebo group showed an increase in moderate activities 

compared to those > 65 yr. in the same group (3.772 vs.-2.25). Whereas, those in both 

age groups in the FDGP group experienced decline in moderate and hard activities (Fig. 

2.3). Those > 65 yr. in the placebo group experienced the greatest decline in hard activity 

(Fig. 2.3). 

 
Figure 2.3. Difference in Physical Activity Levels and Sleep between Placebo and  
                   FDGP by Age. 

‐8 
‐7 
‐6 
‐5 
‐4 
‐3 
‐2 
‐1 
0 
1 
2 

Sleep  Moderate 
Activity 

Hard Activity  Very Hard 
Activity 

FDGP (F)  FDGP (M)  Placebo (F)  Placebo (M) 

‐4 
‐3 
‐2 
‐1 
0 
1 
2 
3 

Sleep  Moderate 
Activity 

Hard Activity  Very Hard 
Activity 

FDGP <65  FDGP 65+  Placebo <65  Placebo 65+ 



45 
 

Participants were asked to report in minutes per day and days per week, how often 

they participated in a variety of activities. After four months the FDGP group reported 

significant increases in power walking but decreased treadmill use. The placebo group 

reported significantly increased walking and weight aerobics in days per week (Fig. 2.4).       

 
Figure 2.4. Difference in Physical Activity Levels (Days/Week) between Placebo and  
                   FDGP     
 

Men reported the greatest decline in reported activities. In the FDGP and placebo 

groups men reported a significant decline in walking but an increase in weight aerobics 

(Fig. 2.5). In the FDGP group, men also reported a significant decrease in bicycling (Fig. 

2.6). Females did not report significant change in these activities from baseline to final 

(Fig. 2.5, 2.6).  

 
Figure 2.5. Difference in Physical Activity Levels (Days/Week) between Placebo and 

FDGP by Gender. 
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Figure 2.6. Difference Physical Activity Levels (Minutes/Day) between Placebo and 

FDGP by Gender.                    
 

     
Participants  < 64 reported a significant increase in aerobics and treadmill use 

from baseline to final (Fig. 2.7). Those in the placebo group < 64 years experienced a 

significant increase in treadmill use, and those in the same group >65 years reported more 

time in aerobics at the end of the study than those in the FDGP group (Fig. 2.7)                                                                                   

 
Figure 2.7. Difference in Physical Activity Levels (Days/Week) between Placebo and     

FDGP by Age.                
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Effect of FDGP vs. Placebo Consumption on Serum IL-1β  

A statistically significant increase in serum IL-1β was observed in both groups 

compared to final visits (Table 2.1, Fig. 3.1). However, the placebo group experienced a 

greater increase in levels than FDGP (637.33% vs. 194.64%) (Table 2.2, Fig. 3.1).  

Table 2.1.  

Overall Average Serum IL-1β (pg/ml) Baseline to Final 

 n M SD 
69 13.12 21.11 Baseline 

Final 69 31.07 55.89 
 

Table 2.2.  

Average Serum IL-1β (pg/ml) Baseline to Final, FDGP and Placebo 

FDGP 
 n M SD 
Baseline 35 11.80 22.44 
Final 35 29.90 43.98 
 Placebo 
Baseline 34 14.49 19.88 
Final 34 32.27 66.63 

 
                                           

 
Figure 3.1. Percent change in Serum IL-1β between Placebo and FDGP.      
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Males and females in both groups experienced a statistically significant increase 

in serum IL-1β compared to final visits. When assessed by gender per group, the greatest 

increase occurred in the placebo group for males (Figure 3.2). Males in the FDGP group 

did not experience a significant change in serum IL-1β compared to placebo (1.5439 vs. 

42.8525) (Figure 3.3).  

 
Figure 3.2. Change in Serum IL-1β between Placebo and FDGP by Gender.                                                             

 

 
 

Figure 3.3. Serum IL-1β between Placebo and FDGP by Gender.            
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Participants > 65 years of age had significant increase in serum IL-1β levels at 

final compared to baseline (Fig. 3.4). Those > 65 years of age in both the FDGP and 

placebo groups experienced a significant increase in serum IL-1β at final compared to 

baseline (Fig. 3.4). Participants < 64 years of age in the FDGP group experienced a 

significant increase serum IL-1β from baseline, whereas those in the placebo group did 

not (Fig. 3.4). 

 
 
Figure 3.4. Change in Serum IL-1β between Placebo and FDGP by Age.                                                      

Effect of FDGP vs. Placebo Consumption on Serum COMP 

Serum COMP in the FDGP and placebo groups both increased significantly from 

baseline to final visits (Table 3.1, 3.2, Fig. 4.1).  

Table 3.1.  

Overall Average Serum COMP (ng/ml) Baseline to Final 

 n M SD 
69 825.05 360.84 Baseline 

Final 69 1119.31 494.47 
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Table 3.2.  

Average Serum COMP (ng/ml) Baseline to Final, FDGP and Placebo 

    FDGP 
 n M SD 
Baseline 35 805.72 348.23 
Final 35 1120.03 524.18 

     Placebo 
Baseline 34 844.95 377.57 
Final 34 1118.57 469.82 

 
Males and females in both groups experienced a significant increased in serum 

COMP from baseline to final visits (Figure 4.2). Females in the FDGP group increased 

more than those in the placebo group, but the opposite occurred in males, though not 

statistically significant. 

 

Figure 4.1. Serum COMP between Placebo and FDGP by Gender.                                                                                                               
 

Participants who were < 64 years of age (B: 712.75 vs. F: 822.18 ng/ml) and > 65 

years (B: 860.95 vs. F: 1242.29 ng/ml) had a significant increase in serum COMP from 

baseline to final visits (Fig. 3.3). Levels of serum COMP increased more in those > 65 

years in both groups than those < 64 years (160.99% vs. 137.01%), however, the 

difference was not statistically significant (Fig. 4.3).  

0 

500 

1,000 

1,500 

Baseline  Final 
FDGP (F)  Placebo (F) 

FDGP (M)  Placebo (M) 



51 
 

 
Figure 4.2. Serum COMP between Placebo and FDGP by Age.                                   

 
 

Discussion 

Red grapes contain a variety of anti-inflammatory compounds including 

resveratrol, primarily located in the grape seed and skin (Zhou and Raffoul, 2012). 

Resveratrol, shown to reduce reactive oxygen species (ROS) during inflammation and to 

inhibit COX-1 and COX-2 enzyme activity, may play a role in the protection of cells 

from stress (Korolkiewicz RP et al., 2003, Liu et al., 2010; Mobasheri et al., 2012). The 

dosage (70 µg resveratrol) used in our study was consistent with that used in other studies 

(10 to 100 µg resveratrol) (Shakibaei et al., 2007 & 2008; Shen et al., 2012). 

Moderate exercise has been shown to be an effective strategy for increasing 

flexibility and reducing pain in those suffering from OA, while strenuous activities may 

promote joint inflammation (Dunlop et al, 2010; Helmark et al., 2012). Few studies have 

been performed in humans to observe the effect of whole grape consumption on physical 

activity in adults with osteoarthritis. In our study, physical activity declined in the FDGP 

group from baseline to four months. 
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Due to budget restraints, the method used in our study for retrieving baseline and 

final levels of physical activity depended upon retrospective information provided by 

each participant and may have left room for memory recall error (Ayhan & Isiksal, 2005). 

In future studies, improved accuracy to measure changes in levels of physical activity 

may include a daily activity log, pedometer, or a physical activity test measured at 

baseline and final visits (Dunn-Lewis et al., 2011; Dunlop et al., 2010; Germanou et al., 

2012).  

In a randomized double-blind, placebo-controlled study, women improved in 

balance, while men performed better in a vertical jump and handgrip strength test after a 

28 day crossover trial of a multi-nutrient supplement that included grape (Dunn-Lewis et 

al., 2011). This is consistent with reported increases in weight aerobics in men from both 

groups in our study. Both age and female gender have been associated with decreased 

physical activity as well as increased severity of symptomatic OA (Dunlop et al., 2010; 

Elbaz et al., 2011), and may have played a role in the reduction of activity reported in our 

study by females. Age played a significant role in physical activity changes observed in 

our study. Those who were < 64 years reported increases in several activities regardless 

of treatment group, whereas those > 65 years of age reported decline in most levels of 

physical activity. However, FDGP in those > 65 years appeared to reduce the amount of 

decline in hard activity that was seen in the placebo group.  
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Symptoms and occurrence of OA increase significantly with BMI and metabolic 

syndrome (CDC, 2010; Dunlop, 2010; Elbaz, 2011; Engstrom et al., 2009). As the 

average BMI of the study participants was 30.30 kg/m2 it may be expected that increased 

symptoms and inflammation associated with OA may be observed. Overweight and 

obesity (BMI > 25 kg/m2) are thought to increase cartilage damage and misalignment of 

the knee joint as a result of increasing mechanical load on the knees and inflammation 

(deBoer et al., 2012; Gkretsi et al., 2011; Lee and Kean, 2012; Pottie, 2006). Increased 

adipose tissue, a metabolic tissue that also stores fat, especially in the central region of 

the body, has been associated with knee and hip OA as well as increased loss of joint 

cartilage (Gkretsi et al., 2011). Adipose tissue secretes adipokines such as adiponectin, 

resistin, leptin and may be responsible for the elevated expression of genes for IL-1β and 

TNF-α, inflammation of the synovium and cartilage matrix damage observed in those 

with OA and/or an increased BMI (deBoer et al., 2012; Gkretsi et al., 2011; Hotamisligil 

et al., 2006; Iwata et al., 2013). 

A statistically significant increase in serum IL-1β was observed in both groups 

compared to final visits, however, those in the placebo group experienced a greater 

elevation than those in the FDGP group. In other studies, resveratrol was shown to inhibit 

the expression of COX-2 and the expression of iNOS, another marker of inflammation, in 

various animal studies and subsequent synthesis of NO and PGE2 in articular 

chondrocytes via the inhibition of NF-kB even in the presence of IL-1β (Decendit et al., 

2013; Liu et al., 2010; Ming et al., 2013; Wang et al., 2012). Ten in vitro and two in vivo 
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studies observing the effect of resveratrol on chondrocytes and in rabbits found that NF-

kB activation and translocation, NO chondrocyte apopotosis, and cartilage degeneration 

were reduced as well as IL-1β induced pathways (COX-2 expression, apoptosis, and ROS 

production) (Shakibaei et al., 2007 & 2008; Shen et al., 2012).  

In our study males and females in both groups experienced an increase in serum 

IL-1β compared to final visits (FDGP < placebo). Males in the FDGP group did not 

experience a significant change in serum IL-1β, whereas women in this group did. Our 

findings were consistent with the higher levels of IL-1β seen in women than in men 

reported by Lynch et al. (Lynch et al., 1994).  

Age also appears to influence serum IL-1β as levels have been shown to increase 

with age as a result of increased inflammation from free radical oxidation and reduced T 

cell response (Fagiolo et al., 1993; Murray and Lynch, 1998;Wick et al., 1997). Previous 

increases observed in TNF-α in elderly versus younger people may reflect the elevated 

IL-1β seen in other studies as well as our own (Fagiolo et al., 1993). Participants in our 

study > 65 years of age had significantly higher serum IL-1β levels at final compared to 

those < 64 years regardless of treatment group and experienced a significant increase in 

serum IL-1β at final compared to those < 64 years. However, those < 64 in the FDGP 

group also experienced a significant serum IL-1β increase from baseline.  
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We found that serum COMP in the FDGP and placebo groups increased 

significantly from baseline to final visits. As serum IL-1β is known to mobilize matrix 

metalloproteases, it can be suggested that, in the presence of elevated levels of serum IL-

1β, serum COMP might also be elevated (Shakibaei et al., 2007 & 2008; Shen et al., 

2012). In two studies involving exercise in adults with knee OA synovial fluid COMP 

and serum COMP levels were reduced acutely after exercise (Helmark et al., 2012; 

Andersson et al., 2006). Our study observed long-term changes in physical activity.    

Males and females, in our study, experienced a significant increase in serum 

COMP from baseline to final visits. Females in the FDGP group increased more than 

those in the placebo group, but the opposite occurred in males. Resveratrol, similar in 

structure to estrogen, is able to target cartilage (an estrogen receptor positive tissue) by 

binding to and activating ERα and ERβ. As a result varying levels of estrogen may 

interfere with resveratrol’s ability to impact cartilage tissue directly (Delmas et al., 2005; 

Zhou and Raffoul, 2012). Further, Vilim et al., observed an increased release of COMP 

by osteoblasts in post-menopausal women in whom bone metabolism tends to be 

increased (Vilim et al., 2001). 

Serum COMP increased more in those > 65 years in both groups than those < 64 

years. Our findings were consistent with Clark et al.’s findings that people >65 years had 

significantly elevated serum COMP levels compared with those aged 45-64 (Clark et al., 

1999). Correlation between age, OA severity, progression, and increased serum COMP 

observed in previous studies may result from increased collagen turnover due to elevated 
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oxidative stress observed in elderly adults (Andriacchi et al., 2004; Engelfriet et al., 2013; 

Holla et al., 2012). Among those < 64 years in our study, serum COMP increased more in 

the placebo than in the FDGP group, suggesting a protective role for FDGP in those < 64. 

Additional sites of OA and severity are positively correlated with serum COMP 

(Clark et al., 1999). Measuring these parameters may have provided greater insight as to 

the effect of FDGP. Since symptoms and occurrence of OA increase significantly with 

BMI and metabolic syndrome (Dunlop, 2010; Elbaz, 2011; Engstrom et al., 2009), 

additional studies should be conducted to consider the effect of FDGP on knee OA in 

normal weight versus overweight and obese individuals as well as the role of varying 

dietary factors (Dean and Hansen, 2012; Kantor et al., 2012; Knott et al., 2011; Mooney 

et al, 2011; Peregoy et al., 2011).  

Conclusion 

      We showed that age has a significant impact on physical activity levels, 

inflammation, and cartilage metabolism in people with knee OA. FDGP supplementation 

may decrease age-related inflammation, decline in physical activity and cartilage matrix 

breakdown in those with OA.  
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CHAPTER V 
 

Summary, Conclusions, and Limitations 
 

Osteoarthritis (OA) is the most common joint disease among US adults, leading to 

pain and disability. Treatment ranges from symptom management to joint replacement 

and may lead many to seek natural dietary approaches. Grapes, rich in anti-inflammatory 

polyphenols may aid in management of OA symptoms. Few in vivo studies to date have 

looked at the effect of whole grape consumption on physical activity levels in people with 

knee OA. The purpose of this study was to assess the effect of grape consumption on 

physical activity, biochemical markers of inflammation (IL-1β) and cartilage metabolism 

(COMP).  

A decrease in moderate activity was observed in those <64 yr. in the FDGP group 

compared to placebo. Participants >65 yr., however, reported a significant decline in 

moderate and hard activities. A statistically significant increase in IL-1β was observed in 

both groups, males > females. A greater increase occurred in the placebo group vs. 

FDGP. Though both groups experienced a statistically significant increase in serum 

levels of IL-1β and COMP, a greater increase was observed in those >65 yr. We showed 

that age has a significant impact on physical activity levels, inflammation, and cartilage 

metabolism in people with knee OA. FDGP supplementation may decrease age-related 

inflammation, decline in physical activity and cartilage matrix breakdown in those with 

OA.  
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Assumptions and Limitations 

The study was designed to recruit and randomize male and female adults with 

self-reported knee osteoarthritis. One limitation with recruitment and participation was 

the lack of gender balance with far fewer males in the study. This limits the applicability 

of our study findings to the general population. Radiographic assessment is recommended 

to determine degree of OA severity, however, due to limited funding and duration of 

treatment, we were unable to use this method of measuring change in knee pathology 

before and after treatment. Reliance on self-reported physical activity levels allows for 

subjective error among participants and may have resulted in inaccurate measures of 

baseline and final physical activity levels.  

Daily consumption of treatment or placebo was based on participant compliance, 

as with other human studies. We were unable to find any other studies published using 

whole freeze-dried grape powder in a human study and so were unable to determine 

acceptability of the product prior to the study, resulting in dropout from our study. 

Extending the duration of treatment beyond four months and including a larger male 

representation would be recommended for future studies to determine acceptability of the 

product as well as long-term effectiveness.  

 

 

 

 
 



73 
 

References 
 
Aktas, E., Sener, E., Zengin, O., Gocun, P.U., & Deveci, M.A. (2012). Serum TNF-alpha 

levels: potential use to indicate osteoarthritis progression in a mechanically 

induced model. European Journal of Orthopedics and Surgical Traumatolology, 

22,119-122. 

Alpco Diagnostics. (n.d). Neihu District, Taipei City. www.alpco.com 

Altman, R.D. (2010). Early management of osteoarthritis. American Journal of Managed 

Care, 16(2), S41-47. 

Alvarez-Soria, M.A., Herrero-Beaumont, G., Moreno-Rubio, J., Calvo, E., Santilana, J., 

Egido, J., & Largo, R. (2008). Long-term NSAID treatment directly decreases 

COX-2 and mPGES-1 production in the articular cartilage of patients with 

osteoarthritis. Osteoarthritis and Cartilage, 16, 1484-1493. 

Andersson, M.L.E., Thorstensson, C.A., Roos, E.M., Petersson, I.F., Heinegard, D., & 

Saxne, T. (2006). Serum levels of cartilage oligomeric matrix protein (COMP) 

increase temporarily after physical exercise in patients with knee osteoarthritis. 

BMC Musculoskeletal Disorders, 7, 98. doi:10.1186/147 1-2474-7-98. 

Andriacchi, T.P., Mundermann, A., Smith, R.L., Alexander, E.J., Dyrby, C.O., & Koo, S. 

(2004). A framework for the in vivo pathomechanics of osteoarthritis at the knee. 

Annals of Biomedical Engineering, (3), 447-457. 



74 
 

Attur, M., Dave, M., Ambramson, S.B., & Amin, A. (2012). Activation of diverse 

eicosanoid pathways in osteoarthritic cartilage: a lipidomic and genomic analysis. 

Bulletin of the NYU Hospital for Joint Diseases, 70(2), 99-108. 

Ayhan, H.O. & Isiksal, S. (2005). Memory recall errors in retrospective surveys: A 

reverse record check study. Quality and Quantity, 38(5), 475-93. 

Basly, E., et al. (2000). Estrogenic/antiestrogenic and scavenging properties of (E)- and 

(Z)- resveratrol. Life Sciences, 66, 769-777. 

Benson, WG, et al. (1999). Treatment of osteoarthritis with celecoxib, a cyclooxygenase-

2 inhibitor. Mayo Clinic Proceedings, 74, 1095-1105. 

Berenbaum, F., Jacques, C., Thomas, G., Corvol, M.T., Bereziat, G., & Masliah, J. 

(1996). Synergistic effect of interleukin-1β and tumor necrosis factor α on PGE2 

production by articular chondrocytes does not involve PLA2 stimulation. 

Experimental Cell Research. 222(0047), 379-384. 

Bhatt, K.P. & Pezzuto, J.M. (2002). Cancer chemopreventive activity of resveratrol, 

Annals of the New York Academy of Sciences, 957, 210-229. 

BioVendor Research and Diagnostic Products. (n.d). Human cartilage oligomeric matrix 

protein ELISA kit. http://www.biovendor.com. 

Blair, S.N., Haskell, W.L., & Ho, P., et al. (1985). Assessment of habitual physical 

activity by a seven-day recall in a community survey and controlled experiments. 

American Journal of Epidemiology, 122, 794-804.  



75 
 

Blom, A.B., van der Kraan, P., & van den Berg, W.B. (2007). Cytokine targeting in 

osteoarthritis. Current Drug Targets, 8, 283-292. 

Brakke, R., Singh, J., & Sullivan, W. (2010). Physical therapy in persons with 

osteoarthritis. Journal of the American Academy of Physical Medicine and 

Rehabilitation, 4, S53-S58. 

Brown, T.D., Johnston, R.C., Saltzman, C.L., Marsh, J.L., & Buckwalter, J.A. (2006). 

Posttraumatic osteoarthritis: a first estimate of incidence, prevalence, and burden 

of disease. Journal of Orthopaedic Trauma, 20, 739-744. 

Buckwalter, J.A. & Lane, N.E. (2001). Aging, sports, and osteoarthritis. In: 

Osteoarthritis, Diagnosis and Medical/Surgical Management (3rd Ed), WB 

Saunders, pp. 71-107. 

Calich, A.L.G., Domiciono, D.S., & Fuller, R. (2010). Osteoarthritis: can anti-cytokine 

therapy play a role in treatment? Clinical Rheumatology, 29, 451-455. 

Castillo, J., et al. (2000). Antioxidant activity and radioprotective effects against 

chromosomal damage induced in vivo by x-rays of Flavan-3-ols from grape 

seeds: comparative study versus other phenolic and organic compounds. Journal 

of Agriculture and Food Chemistry, 48, 1738-45.  

Centers for Disease Control and Prevention (CDC). (2010). Prevalence of doctor-

diagnosed arthritis and arthritis-attributable activity limitation – United States 

2007-2009. MMWR Morbidity and Mortality Weekly Report, 59(30), 1261-5. 



76 
 

Centers for Disease Control and Prevention. (CDC). (2010). Osteoarthritis. 

http://www.cdc.gov/ 

Chowdhury, T.T., Salter, D.M., Bader, D.L., & Lee, D.A. (2008). Signal transduction 

pathways involving p38 MAPK, JNK, NFkB and AP-1 influences the response of 

chondrocytes cultured in agarose constructs to IL-1β and dynamic compression. 

Inflammatory Response, 57, 306-13. 

Clark, A.G., Jordan, J.M., Vilim, V., Renner, J.B., Dragomir, A.D., Luta, G., & Kraus, 

V.B. (1999). Serum cartilage oligomeric matrix protein reflects osteoarthritis 

presence and severity. Arthritis & Rheumatism, 42(11), 2356-2364. 

Conaghan, et al. (2008). Osteoarthritis: national clinical guideline for care and 

management in adults. The National Collaborating Centre for Chronic 

Conditions, Royal College of Physicians. London, UK. 

Daheshia, M., & Yao, J.Q. (2008). The interleukin 1beta pathway in the pathogenesis of 

osteoarthritis. Journal of Rheumatology, 35(12), 2306-12. 

Dean, E. & Hansen, R.G. (2012). Prescribing optimal nutrition and physical activity as 

“first-line” interventions for best practice management of chronic low-grade 

inflammation associated with osteoarthritis: evidence synthesis. Arthritis, 2012, 1-

28. 

deBoer , T.N., van Spil, W.E., Huisman, A.M., Polak, A.A., Bijlsma, J.W.J., Lafeber, 

F.P.J.G., & Matbergen, S.C. (2012). Serum adipokines in osteoarthritis; 



77 
 

comparison with controls and relationship with local parameters of synovial 

inflammation and cartilage damage. Osteoarthritis and Cartilage, 20(8), 846-853.  

Decendit, A., Mamani-Matsuda, M., Aumont, V., Waffo-Teguo, P., Moynet, D., & 

Boniface, K., et al. (2013). Malvidin-3-O-β glucoside, major grape anthocyanin, 

inhibits human macrophage-derived inflammatory mediators and decreases 

clinical scores in arthritis rates. Biochemical Pharmacology, 

http://dx.doi.org/10.1016/j.bcp.2013.06.010. 

Delmas, D., Jannin, B., & Latruffe, N. (2005). Resveratrol: preventing properties against 

vascular alterations and ageing. Molecular Nutrition and Food Research, 49, 377-

95.  

Denoble, A.E., Huffman, K.M., Stabler, T.V., Kelly, S.J., Hershfield, M.S., McDaniel, 

G.E., Coleman, R.E., & Kraus, V.B. (2011). Uric acid is a danger signal of 

increasing risk for osteoarthritis through inflammasome activation. Proceedings 

of the National Academy of Sciences of the USA, 108(5), 2088-2093 

Deyle, G.D., Henderson, N.E., & Matekel, R.L., et al. (2000). Effectiveness of manual 

physical therapy and exercise in osteoarthritis of the knee. A randomized, 

controlled trial. Annals of Internal Medicine, 132, 173-81. 

Dunlop, D.D., Semanik, P., Song, J., Sharma, L., Nevitt, M., Jackson, R., & Mysiw, J., et 

al., (2010). Moving to maintain function in knee osteoarthritis: evidence from the 

osteoarthritis initiative. Archives of Physical Medicine & Rehabilitation, 91, 714-

21. 



78 
 

Dunlop, D.D., Song, J., & Semanik, P.A., et al. (2011). Objective physical activity 

measurement in the osteoarthritis initiative: are guidelines being met? Arthritis 

and Rheumatology, 63, 3372-82. 

Dunn-Lewis, C., Kraemer, W.J., Kupchak, B., Kelly, N., Creighton, B., Luk, H-Y, & 

Ballard, K., et al. (2011). A multi-nutrient supplement reduced markers of 

inflammation and improved physical performance in active individuals of middle 

to older age: a randomized, double-blind, placebo-controlled study. Nutrition 

Journal, 10, 90. 

Elbaz, A., Debbie, E., Segal, G., Haim, A., Halperin, N., Agar, G., Mor, A., & Debi, R. 

(2011). Sex and body mass index correlate with Western Ontario and McMaster 

Universities osteoarthritis index and quality of life scores in knee osteoarthritis. 

Archives of Physical Medicine and Rehabilitation, 92, 1618-23. 

Engelfriet, P.M., Jansen, E.H., Picavet, H.S.J., & Dolle, M.E.T. (2013). Biochemical 

markers of aging for longitudinal studies in humans. Epidemiological Review, 35, 

132-151. 

Engstrom, G., Gerhardsson, de Verdier M., Rollof , J., Nilsson, P.M., & Lohmander, L.S. 

(2009). C-Reactive protein, metabolic syndrome and incidence of severe hip and 

knee osteoarthritis. A population-based cohort study. Osteoarthritis and 

Cartilage, 17, 168-173. 



79 
 

Erich, E.W., et al. (1999). Characterization of rofecoxib as a cyclooxygenase-2 isoform 

inhibitor and demonstration of analgesia in the dental pain model. Clinical 

Pharmacology & Therapeutics, 65, 336-47. 

Escott-Stump, S. (2008). Osteoarthritis. Nutrition and Diagnosis-Related Care (6th Ed), 

Lippcott-Williams. pp 595-97. 

Ettinger, W.H., Davis, M.A., Neuhaus, J.M., & Mallon, K.P. (1994). Long-term physical 

functioning in persons with knee osteoarthritis from NHANES I: effects of 

comorbid medical conditions. http://ezproxy.twu.edu:2065/10.1016/0895-

4356(94)90178-3. 

Fagiolo, U., Cossarizza, A., Scala, E., Fanales Belasio, E., Ortolani, C., Cozzi, E., & 

Monti, D., et al.. (1993). Increased cytokine production in mononuclear cells of 

healthy elderly people. European Journal of Immunology, 23, 2375-8. 

Foroughi, N., Smith, R.M., Lange, A.K., Baker, M.K., Fiatarone Singh, M.A., & 

Vanwanseele. (2011). Lower limb muscle strengthening does not change frontal 

plane moments in women with knee osteoarthritis: a randomized control trial. 

Clinical Biomechanics, 26, 167-174. 

Fouladbakhsh, J. (2012). Complementary and Alternative Modalities to Relieve 

Osteoarthritis Symptoms. Americal Journal of Nursing, 112(3), S44-51. 

Germanou, E.I., Chatzinikolaou, A., Malliou, P., Beneka, A., Jamurtas, A.Z., Bikos, C., 

& Tsoukas, D., et al. (2012). Oxidative stress and inflammatory responses 



80 
 

following an acute bout of isokintetic exercise in obese women with knee 

osteoarthritis. The Knee, 01670, 1-10. 

Gkretsi, V., Simopoulou, T., & Tsezou, A. (2011). Lipid metabolism and osteoarthritis: 

lessons from atherosclerosis. Progress in Lipid Research, 50, 133-140. 

Goldberg, R.J. & Katz, J. (2007). A meta-analysis of the analgesic effects of omega-3 

polyunsaturated fatty acid supplementation for inflammatory joint pain. Pain, 

129, 210-223. 

Goldring, M.B. (2006). Update on the biology of the chondrocyte and new approaches to 

treating cartilage diseases. Best Practice & Research Clinical Rheumatology, 20, 

1003-25. 

Goldring, M.B. & Goldring, S.R. (2010). Articular cartilage and subchondral bone in the 

pathogenesis of osteoarthritis. Annals of the New York Academy of Sciences, 

1192, 230-237. 

Gusman, J., et al. (2001). A reappraisal of the potential chemopreventive and 

chemotherapeutic properties of Resveratrol. Carcinogenesis, 22, 1111-17. 

 Haseeb, A., Chen, D., & Haqqi, T. (2013). Delphinidin inhibits IL-1β induced activation 

of NF-κB by modulating the phosphorylation of IRAκ-1 in human articular 

chondroctes. Rheumatology, 52(6), 998-1008. 

Haudenschild, D.R., Hong, E., Yik, J.H.N., Chromy, B., Morgelin, M., Snow, K.D., & 

Acharya, C., et al. (2011). Enhanced activity of transforming growth factor beta 1 



81 
 

(TGF-beta 1) bound to cartilage oligomeric matrix protein. Journal of Biology 

and Chemistry, 286(50), 43250-58.  

Hawkey, C.J. (1999). COX-2 inhibitors. Lancet, 353, 307-14. 

Heijink, A., Gomoll, A.H., Madry, H., Drobnic, M., Filardo, G., Espregueira-Mendes, J., 

& Van Dijk, C.N. (2012). Biomechanical considerations in the pathogenesis of 

osteoarthritis of the knee. Knee Surgery, Sports Traumatology & Arthroscopy, 20, 

423-435.  

Helmark, I.C., Peterson, M.C.H., Christensen, H.E., Kjaer, M., & Langberg, H. (2012). 

Moderate loading of the human osteoarthritis knee joints leads to lowering of 

intraarticular cartilage oligomeric matrix protein. Rhuematology International, 32, 

1009-14.  

Helmick, C.G., Felson, D.T., Lawrence, R.C., Gabriel, S., Hirsch, R., Kwoh, C.K., & 

Liang M.H., et al. (2008). Estimates of the prevalence of arthritis and other 

rheumatic conditions in the United States: part I. Arthritis & Rheumatology, 58, 

15-25. 

Hochberg, M.C. (2008). Mortality in osteoarthritis. Clinical Experimental Rheumatology, 

26(5Suppl51), S120-24. 

Holla, J.F.M., van der Leeden, M,. Knol, D.L., Peter, W.F.H., Roorda, L.D., Lems, W.F., 

& Wesseling, J., et al. (2012). Avoidance of activities in early symptomatic knee 

osteoarthritis: results from the CHECK cohort. Annals of Behavioral Medicine, 

44, 33-42.  



82 
 

Hoogeboom, T.J., den Broeder, A.A., de Bie, R.A., & van den Ende, C.H.M. (2012). 

Longitudinal impact of joint pain comorbidity on quality of life and activity levels 

in knee osteoarthritis: data from the Osteoarthritis Initiative. Rheumatology. 52(3), 

543-546. 

Hotamisligil, G.S., et al. (2006). Inflammation and metabolic disorders. Nature, 444, 860-

867. 

Hunter, D.J., Li ,J., LaValley, M., Bauer, D.C., Nevitt, M., DeGroot, J., & Poole, R., et. 

al. (2007). Cartilage markers and their association with cartilage loss on magnetic 

resonance imaging in knee osteoarthritis: the Boston Osteoarthritis Knee Study. 

Arthritis Research & Therapy, 9(5), R108. 

Hunt, M.A., Pollock, C.L., Kraus, V.B., Saxne, T., Peters, S., Huebner, J.L., & Sayre, 

E.C., et al. (2013). Relationships amongst osteoarthritis biomarkers, dynamic 

knee joint load, and exercise: results from a randomized controlled pilot study. 

BMC Musculoskeletal Disorders, 14, 115. http://www.biomedcentral.com/1471-

2474/14/115. 

Ishida, K., Acharya, C., Christiansen, B.A., Yik, J.H.N., Dicesare, P.E., & Haudenschild, 

D.R. (2013). Cartilage oligomeric matrix protein enhances osteogenesis by 

directly binding and activating bone morphogenetic protein-2. Bone, 55(1), 

23(13). 

Iwata, M., Ochi, H., Hara, Y., Tagawa, M., Koga, D., Okawa, A., & Asou, Y. (2013). 

Initial responses of articular tissues in a murine high-fat diet-induced 



83 
 

osteoarthritis model: pivotal role of the IPFP as a cytokine fountain. PLoS ONE. 

8(4), e60706. 

Jensen, G.S., Ager, D.M., Redman, K.A., Mitzner, M.A., Benson, K.F., & Schauss, A.G. 

(2011). Pain reduction and improvement in range of motion after daily 

consumption of an Acai (Euterpe oleracea Mart.) pulp-fortified polyphenolic-rich 

fruit and berry juice blend. Journal of Medicinal Food, 14(7/8), 702-11. 

Jordan, K.M., Arden N.K., Doherty, M., Bannwarth, B., Bijlsma, J.W., Dieppe, P., & 

Gunther, K., et al. (2003). EULAR Recommendations 2003: an evidence-based 

approach to the management of knee osteoarthritis: report of a task force of the 

standing Committee for International Clinical Studies including therapeutic trials 

(ESCIST). Annals of Rheumatic Diseases, 62, 1145-55. 

Kantor, E.D., Lampe, J.W., Vaughan, T.L., Peters, U., Rehm, C.D., & White, E. (2012). 

Association between the use of specialty dietary supplements and c-reactive 

protein concentrations. American Journal of Epidemiology, 176(11), 1002-1013. 

Kamei, D., et al. (2004). Reduced pain hypersensitivity and inflammation in mice lacking 

microsomal prostaglandin e synthase-1. Journal of Biological Chemistry, 279, 

33684-95. 

Knott, L., Avery, N.C., Hollander, A.P., & Tarlton, J.F. (2011). Regulation of 

osteoarthritis by omega-3 (n-3) polyunsaturated fatty acids in naturally occurring 

model of disease. Osteoarthritis and Cartilage, 19, 1150-1157. 



84 
 

Korolkiewicz, R.P., et al. (2003). Differential salutary effects of nonselective and 

selective COX-2 inhibitors in postoperative ileus in rats. Journal of Surgical 

Research, 109, 161-69. 

Kovacic, P. & Somanathan, R. (2010). Multifaceted approach to resveratrol bioactivity: 

focus on antioxidant action, cell signaling and safety. Oxidative Medicine and 

Cellular Longevity, 3(2), 86-100.  

Kulcu, D.G., et al. (2010). Associated factors with pain and disability in patients with 

knee osteoarthritis. Turkish Journal of Rheumatology, 25, 77-81. 

Laine, L., et al. (1999). A randomized trial comparing the effect of rofecoxib, a 

cyclooxygenase-2 specific inhibitor, with that of ibuprofen on gastroduodenal 

mucosa of patients with osteoarthritis. Gastroenterology, 117, 776-83. 

Lane, N.E. (1995). Exercise: a cause of osteoarthritis. Journal of Rheumatology 

Supplement, 43, 3-6. 

Lee, R. & Kean, W.F. (2012). Obesity and knee osteoarthritis. Inflammopharmocology, 

20, 53-58. 

Li, H., Haudenschild, D.R., Posey, K.I., Hecht, J.T., Di Cesare, P.E., & Yik, J.H.N. 

(2011). Comparative analysis with collagen type II distinguishes cartilage 

oligomeric matrix protein as a primary TGFβ-responsive gene. Osteoarthritis and 

Cartilage, 19, 1246-1253. 

Liu, F.C., Hung, L.F., Wu, W.L., Chang, D.M., Huang, C.Y., Lai, J.H., & Ho, L.J. 

(2010). Chondroprotective effects and mechanisms of resveratrol in advanced 



85 
 

glycation and end products-stimulated chondrocytes. Arthritis Research & 

Therapy, 12, R167. 

Loeser, R.F. (2013). Osteoarthritis year in review 2013: biology. Osteoarthritis and 

Cartilage, 1-7. 

Loeuille, D., Chary-Valckenaere, I., Champigneulle, J., Rat, A.C, & Toussaint, F., et al. 

(2005). Macroscopic and microscopic features of synovial membrane 

inflammation in the osteoarthritic knee. Correlating magnetic resonance imaging 

findings with disease severity.” Arthritis & Rheumatology, 52(11), 3492–3501. 

London, N.J., Miller, L.E., & Block, J.E. (2011). Clinical and economic consequences of 

the treatment gap in knee osteoarthritis management. Medical Hypotheses, 76, 

887-92. 

Lynch, E.A., Dinarello, C.A., & Cannon, J.G. (1994). Gender differences in IL-1 alpha, 

IL-1 beta, and IL-1 receptor antagonist secretion from mononuclear cells and 

urinary excretion. The Journal of Immunology, 153(1), 300-306. 

March, L.M. (1997) Osteoarthritis. Medical Journal of Australia, 166, 98-103. 

Marcu, K.B., Otero, M., Olivotto, E., Borzi, R.M., & Goldring, M.G. (2010). NF-kB 

signaling: multiple angles to target OA. Current Drug Targets, 11(5), 599-613. 

Mendez, C., et al. (2005). Acupuncture as a complementary therapy to the 

pharmacological treatment of osteoarthritis of the knee: randomized controlled 

trial. British Medical Journal for the United States of America, 24-27. 



86 
 

Ming, L., Ji-guo, W., De-ming, X., Meng, F., Da-ping, W., Jian-yi, X., & Tang, C., et al. 

(2012). Resveratrol inhibits interleukin1β-mediated inducible nitric oxide 

synthase expression in articular chondrocytes by activating SIRT1 and thereby 

suppressing nuclear factor-kB activity. European Journal of Pharmacology, 674, 

73-79. 

Mobasheri, A., Henrotin, Y., Biesalski, H-K., & Shakibaei, M. (2012). Scientific 

evidence and rationale for the development of curcumin and resveratrol as 

nutraceuticals for joint health. International Journal of Molecular Science, 13, 

4202-32. 

Mooney, R.A., Sampson, E.R., Leerea, J., Rosier, R.N., Zuscik. (2011). High fat diet 

accelerates progression of osteoarthritis following meniscal/ ligamentous injury. 

Arthritis Research & Therapy, 13, R198. 

Murphy, L. & Helmick, C. G. (2012). The impact of osteoarthritis in the United States: a 

population- health perspective. American Journal of Nursing, 112(3), S13-19. 

Murray & Lynch. (1998). Evidence that increased hippocampal expression of the 

cytokine interleukin-1 β is a common trigger for age- and stress-induced 

impairments in long-term potentiation. Journal of Neurosciences, 18(8), 2974-

2981. 

Muthuri, S.G., McWilliams, D.F., Doherty, M., & Zhang, W. (2011). History of knee 

injuries and knee osteoarthritis: a meta-analysis of observational studies. 

Osteoarthritis and Cartilage, 19, 1286-93. 



87 
 

Neidhart, M., Muller-Ladner, U., Frey, W., Bosserhoff, A.K., Columbani, P.C., Frey-

Rindova, P., & Hummel, K.M., et al. (2000). Increased serum levels of non-

collagenous matrix proteins (cartilage oligomeric matrix protein and melanoma 

inhibitor activity) in marathon runners. Osteoarthritis Cartilage, 8, 222-29.  

Osteoarthritis. (Last Reviewed 26 Sept, 2011). A.D.A.M Medical Encyclopedia. 

http://www.ncbi.nlm.nih.gov/pubmedhealth. 

Ou, Y., Tan, C., An, H., Jiang, D., Quan, Z., Tang, K., & Luo, X. (2012). Selective COX-

2 inhibitor ameliorates osteoarthritis by repressing apoptosis of chondrocyte. 

Medical Science Monitor, 8(6), BR247-252. 

Pelletier, J.P., Martel-Pelletier, J., & Abramson, S.B. (2001). Osteoarthritis, an 

inflammatory disease: potential implication for the selection of new therapeutic 

targets. Arthritis & Rheumatology, 44(6), 1237–47. 

Peregoy, J. & Wilder, F.V. (2011). The effects of vitamin C supplementation on incident 

and progressive knee osteoarthritis: a longitudinal study. Public Health Nutrition, 

14(4),  709-715. 

Pottie, P., Presle, N., Terlain, B., Netter, P., Mainard, D., & Berenbaum, F. (2006). 

Obesity and osteoarthritis: more complex than predicted! Annals of 

Rheumatologic Diseases, 65(11), 1403-5. 

RayBioTech, Inc. (n.d.) Human Interleukin 1- beta ELISA kit. Norcross, GA 

http://www.raybiotech.com 



88 
 

Renda, G., Tacconelli, S., Capone, M.L., Sacchetta, D., Santarelli, F., Sciulli, M.G., & 

Zimarino, M., et al. (2006). Celecoxib, ibuprofen, and the antiplatelet effect of 

aspirin in patients with osteoarthritis and ischemic heart disease. Clinical 

Pharmacology & Therapeutics, 80, 264-74. 

Reid, M.C., Shengelia, R., & Parker, S.J. (2012). Pharmacologic Management of 

Osteoarthritis- Related Pain in Adults. American Journal of Nursing, 112(3), S38-

S43 

 Ringdahl, E. & Pandit, S. (2011). Treatment of knee osteoarthritis. American Family 

Physician, 83(11), 1287-92. www.aafp.org/afp. 

 Rutjes, A.W., Nüesch, E., Sterchi, R., & Jüni, P. (2010). Therapeutic ultrasound for 

osteoarthritis of the knee or hip. Cochrane Database Systematic Review, 1, 

CD003132.  

 Rutjes, A.W., Nüesch, E., & Sterchi, R., et al. (2009). Transcutaneous electrostimulation 

for osteoarthritis of the knee. Cochrane Database Systematic Review, 4, 

CD002823. 

 Sallis, J.F., Haskell, W.L., & Wood, P.D., et al. (1985). Physical activity assessment 

methodology in the Five-City Project. American Journal of Epidemiology, 

121(91), 106. 

Schumacher, H.R., Zhou, M., Siek, M., Zonay, L., Clayburne, G., & Baker, J.F., et al. 

(1996). Effect of a non-steroidal anti-inflammatory drug on synovial fluid in 

osteoarthritis. Journal of Rheumatology, 23, 1774-7. 



89 
 

Shahi, U., Gupta, O.P., Ray, A., Mahdi, F., & Bajpayi, J. (2012). Role of serum levels of 

cartilage oligomeric matrix protein in diagnosis and assessment of severity of 

knee osteoarthritis. Osteoarthritis and Cartilage, 20, S54-S296. 

 Shakibaei, M., John, T., Seifarth, C., & Mobasheri, A. (2007). Resveratrol inhibits IL-

1β-induced stimulation of caspase-3 and cleavage of PARP in human articular 

chondrocytes in Vitro. Annals of the New York Academy of Sciences, 1905, 554-

563. 

Shakibaei, M., Csaki, C., Nebrich, S., & Mobasheri, A. (2008). Resveratrol suppresses 

interleukin-1β-induced inflammatory signaling and apoptosis in human articular 

chondrocytes: potential for use as a novel nutraceutical for the treatment of 

osteoarthritis. Biochemical Pharmacology, 76, 1426-1439. 

Shen, C-L., Smith, B.J., Lo, D-F., Chyu, M-C., Dunn, D.M., Chen, C-H., & Kwun, I-S. 

(2012). Dietary polyphenols and mechanisms of osteoarthritis. Journal of 

Nutrition & Biochemistry, Doi: 10.1016/j.jnutbio.2012.04.001. 

Simon, L.S., et al. (1998). Preliminary study of the safety and efficacy of SC-58635, a 

novel cyclooxygenase 2 inhibitor: efficacy and safety in two placebo-controlled 

trials in osteoarthritis and rheumatoid arthritis, a study of gastrointestinal and 

platelet effects. Arthritis & Rheumatology, 41, 1591-602.  

Simon, L.S., et al. (1999). The anti-inflammatory and upper gastrointestinal effects of 

celecoxib in rheumatoid arthritis. Journal of the American Medical Association, 

282, 1921-28. 



90 
 

Sinusas, K. (2012). Osteoarthritis: Diagnosis and Treatment. American Family Physician, 

85(1), 49-56.  

SoyConnection. (Last Updated 2013). Soy nutritional content. United Soybean Board. 

http://soyconnection.com.  

Spector, T.D., et al. (1997). Low-level increase in serum C-reactive protein are present in 

early osteoarthritis of the knee and predict progressive disease. Arthritis & 

Rheumatology, 40, 723-27.  

Stocco, B., Toledo, K., Salvador, M., Paulo, M., Koyama, N., Torqueti, T., Regina, M., & 

Toloi, T. (2012). Dose-dependent effect of Resveratrol on bladder cancer cells: 

Chemoprevention and oxidative stress. Maturitas, 72(1), 72-8. 

Sun, L., Wang, X., & Kaplan, D.L. (2011). A 3D cartilage- inflammatory cell culture 

system for the modeling of human osteoarthritis. Biomaterials, 32, 5581-89. 

Tanimoto, K., Iwabuchi, Y., Tanne, Y., Kamiya, T., Inubushi, T., Kunimatsu, R., & 

Mitsuyoshi, T., et al. (2011). Interleukin-1 beta affects cyclooxygenase-2 

expression and cartilage metabolism in mandibular condyle. Archives of Oral 

Biology, 56, 1412-1418. 

Triantaphyllidou, I.E., Kalyvioti, E., Karavia, E., Lilis, I., Kypreos, K.E., & Papachristou, 

D.J. (2013). Perturbations in the HDL metabolic pathway predispose to the 

development of osteoarthritis in mice following long-term exposure to western-

type diet. Osteoarthritis and Cartilage, 21, 322-330. 



91 
 

Ulman, E.A. (2011). The “original” high-fat diets for diet induced obesity. Product data- 

dio series diets. Research Diets, Inc. New Brunswick, NJ. 

http://www.researchdiets.com. 

Uyen-Sa, D.T., Nguyen, Y.Z., Zhu, Y., Niu, J., Zhang, B., & Felson, D.T. (2011). 

Increasing Prevalence of Knee Pain and Symptomatic Knee Osteoarthritis: Survey 

and Cohort Data. Annals of Internal Medicine, 155, 725-32. 

van Baar, M.E., Dekker, J., Oostendorp, R.A., Bijl, D., Voorn, T.B., & Bijlsma, J.W. 

(2001). Effectiveness of exercise in patients with osteoarthritis of hip or knee: 

nine months’ follow up. Annals of Rheumatic Diseases, 60(12), 1123-30.  

Verma, P. & Dalal, K. (2013). Serum cartilage oligomeric matrix protein (COMP) in 

knee osteoarthritis: a novel diagnostic and prognostic biomarker. Journal of 

Orthopedic Research, 31, 999-1006. 

Verwij, L.M., vanSchoor, N.M., Deeg, D.J., Dekker, J., & Visser, M. (2009). Physical 

activity and incident clinical knee osteoarthritis in older adults. Arthritis & 

Rheumatology, 61, 152-57. 

 Vilim, V., Vytasek, R., Olejarova, M., Machacek, S., Gatterova, J., Prochazka, B., 

Kraus, V.B., & Pavelka, K. (2001). Serum cartilage oligomeric matrix protein 

reflects the presence of clinically diagnosed synovitis in patients with knee 

osteoarthritis. Osteoarthritis and Cartilage, 9, 612-618. 



92 
 

Wang, J., Gao, J.S., Chen, J.W., Li, F., & Tian, J. (2012). Effect of resveratrol on 

cartilage protection and apoptosis inhibition in experimental osteoarthritis of 

rabbit. Rheumatology International, 32(6), 1541-48. 

Westra, J., Kuldo, J.M., van Rijswijk, M.H., Molema, G., & Limburg, P.C. (2005). 

Chemokine production and E-selection expression in activated endothelial cells 

are inhibited by p38 MAPK (mitogen activated protein kinase) inhibitor RWJ 

67657. International Immunopharmacology, 5, 1259-1269. 

White, D.K., Tudor-Locke, C., Felson, D.T., Gross, K.D., Niu, J., Nevitt, M., & Lewis, 

C.E., et al. (2013). Walking to meet physical activity guidelines in knee 

osteoarthritis: is 10,000 steps enough? Archives of Physical Medicine and 

Rehabilitation, 94, 711-7. 

 Wick, G. & Grubeck-Loebenstein, B. (1997). The aging immune system: primary and 

secondary alterations of immune reactivity in the elderly. Experimental 

Gerontology, 32(4/5), 401-413. 

Woo, Y.J., Joo, Y.B., Jung, Y.O., Ju, J.H., Cho, M.L., Oh, H.J., & Jhun, J.Y., et al. 

(2011). Grape seed proanthocyanidin extract ameliorates monosodium 

iodoacetate-induced osteoarthritis. Experimental and Molecular Medicine, 43(10), 

561-570. 

Wu, X., Beecher, G.R., Holden, J.M., Haytowitz, D.B., Gebhardt, S.E., & Prior, R.L. 

(2006). Concentrations of anthocyanins in common foods in the United States and 



93 
 

estimation of normal consumption. Journal of Agriculture & Food Chemistry, 54, 

4069-75. 

Yusuf, E., Bijsterbosch, J., Slagboom, P.E., Rosendaal, F.R., Huizinga, T.W.J., & 

Kloppenburg, M. (2011). Body mass index and alignment and their interaction as 

risk factors for progression of knees with radiographic signs of osteoarthritis. 

Osteoarthritis and Cartilage, 9, 1117-22. 

Zern, T.L., Wood, R.J., Greene, C., West, K.L., Liu, Y., Aggarwal, D., & Shachter, N.S., 

et al. (2005). Grape polyphenols exert a cardioprotective effect in pre-and 

postmenopausal women by lowering plasma lipids and reducing oxidative stress. 

Journal of Nutrition, 135, 1911-17. 

Zhou, K. & Raffoul, J.J. (2012). Potential anticancer properties of grape antioxidants. 

Journal of Oncology, doi:10.1155/2012/803294. 

Zivanovic, S., Rackov, L.P., Zivanovic, A., Jevtic, M., Nikolic, S., & Kocic, S. (2011). 

Cartilage olimeric matrix protein- inflammation biomarker in knee osteoarthritis. 

Bosnian Journal of Basic Medical Science, 11(1), 27-32. 

 
 

 
 
 
 
 
 

 
 
 
 



94 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

Appendix A 
 

IRB Approval Letter 
 

 
 
 
 
 



95 
 

 
 
 
 
 



96 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
 

Participant Consent Form 
 
 
 



97 
 

 
 



98 
 

 



99 
 

 
 



100 
 

 
 
 



101 
 

Appendix C 
 

Participant Recruitment Flyer and Email 
 

TWU PORTAL RECRUITMENT EMAIL 
 

 
Flyer and Email Version (includes time spent on study and loss of confidentiality 
statement) 
 
Research volunteers needed!  Do you have knee pain?  If so you may be eligible to 
participate in a 4‐month research study looking at effects of grape powder in 
improving joint function and reducing pain associated with knee osteoarthritis.  If 
you are between 45‐70 years old and otherwise healthy and mobile you may qualify.  
Participants will consume a grape powder or placebo for 4 months and undergo 
range of motion measurement, complete pain and physical activity questionnaires, 
and provide a blood specimen twice during the study.  Estimated time commitment 
is 5 hours total including 3 visits to the study site.  Benefits include nutrition and 
weight management education, body fat and composition assessment and $100 
compensation for time spent on the study.  If interested, please contact Dr. Shanil 
Juma at sjuma@twu.edu or 940‐898‐2704.  
 
There is a potential risk of loss of confidentiality in all email, downloading, and 
internet transactions. 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Need Research Volunteers 
 

 
• Are you between  45 – 79 years old 
• Are you otherwise healthy and mobile  
• Would you be willing to participate in a study where you may be 
asked to consume grape powder daily for 4 months  

 
If you have answered YES to all of the above, then you may be eligible to 
participate in a 4 month research study to look at the beneficial effect of 
grape powder in improving joint function and reducing pain associated 
with knee osteoarthritis.  
 
Criteria include meeting the requirements listed above and willing to 
consume either the grape powder or a similar powder without grapes 
for a period of 4 months. There will be blood draws at the start and at 
the end of the study. Pain and joint mobility will be assessed at start of 
study, midpoint, and end of study using questionnaires and range of 
motion measurement. The total time you need to spend for the study is 
5 hours over 4 months involving 3 visits. 
 
Benefits include: nutrition and weight management education, 
promotion of joint health, measurements of body fat, body composition, 
and range of motion. Upon completion, you will receive a compensated 
of $100 for your time 
 
If interested, please email or call for more information: 
Dr.  Shanil  Juma;  Department  of  Nutrition  and  Food  Sciences 
sjuma@twu.edu; 940‐898‐2704 
 
There  is  a  potential  risk  of  loss  of  confidentiality  in  all  email, 
downloading, and internet transactions. 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Appendix D 
 

Screening Questionnaire 
 
ID:                                                                 Sex:                                      Age: 
Telephone(s):                                                e-mail: 
Do you smoke?: ____ Yes   _____ No                   Cigarettes per day  _____ 
Medical condition you are taking medicine for: 
Hypertension ___ High cholesterol ___ Kidney disease ____ Lung disease ____ 
Diabetes ___          Heart disease ____     Liver disease ___ 
List any medications, drugs, prescription drugs, over the counter drugs, vitamins 
or food Supplements you are taking: List amount (mg) and times taken (daily, 
weekly etc.) 
  
  
  
  
  
  
Are you on a special diet? __No __weight loss __Medical condition __ 
Vegetarian  
                                             ___ Low salt ____ Low cholesterol ____ Weight gain 
 
Do you have any food allergies? ___ No ___Yes (list them) 
 
 
                                                                                                                                                     
Here is the list of items (drugs/foods) you, as the participant, will be exposed to 
during the study: Grape Powder or Powder without Grape 
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Appendix E 
 

PHYSICAL ACTIVITY QUESTIONNAIRE 
 
First we would like to know about your physical activity during the past 7 days. But first, 
let me ask you about your sleep habits. 
 
1. On the average, how many hours did you sleep each night during the last five 
 weekday nights (Sunday-Thursday)?  ______hours 
 
2. On the average, how many hours did you sleep each night last Friday and Saturday   
 nights?  _____hours 
 
Now I am going to ask you about your physical activity during the past 7 days, that is, the 
last 5 weekdays and last weekend, Saturday and Sunday. 
 
We are not going to talk about light activities such as slow walking, light housework, or 
non-strenuous sports such as bowling, archery, or softball. 
 
Please look at this list which shows some examples of what we consider moderate, hard, 
and very hard activities.  (interviewer:  hand subject the following list and allow time for 
the subject to read it over.) 
 
People engage in many other types of activities, and if you are not sure where one of your 
activities fits, please ask me about it. 
 

3. First, let’s consider moderate activities.  What activities did you do and how many 
total hours did you spend during the last 5 weekdays doing these moderate activities 
or others like them? 

Please tell me to the nearest half-hour.  _____hours 

4. Last Saturday and Sunday, how many hours did you spend on moderate activities and 
what did you do?(Probe:  Can you think of any other sports, job, or household 
activities that would fit into this category?) 
 
_____hours 

 
5.  Now, let’s look at hard activities.  What activities did you do and how many 
  total hours did you spend during the last 5 weekdays doing these hard activities 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or others like them?   
 
  Please tell me to the nearest half‐hour. _____hours 
 
6.  Last Saturday and Sunday, how many hours did you spend on hard activities 
  and what did you do? (Probe:  Can you think of any other sports, job, or household 
  activities that would fit into this category?) 
 
  ________ hours 
 
7. Now, let’s look at very hard activities.  What activities did you do and how many   
 total hours did you spend during the last 5 weekdays doing these very hard activities  
 or others like them? Please tell me to the nearest half-hour. (Probe:  Can you think of   
 any other sports, job, or household activities that would fit into this category?) 
 
 _________ hours 
 
8. Last Saturday and Sunday, how many hours did you spend on very hard 
 activities and what did you do? (Probe:  Can you think of any other sports, job, or  
 household activities that would fit into this category?) 
 
 _________ hours 
 
9. Compared with your physical activity over the past month, was last week’s   
 physical activity more, or less, or about the same? 
 
 _____ 1.  More 
 _____ 2.  Less 
 _____ 3.  About the same 
 
Interviewer:  Please list below any activities reported by the subject, which you 
don’t know how to classify.  Flag this record for review and completion. 
Activity(brief description) Hours:  workday Hours:  weekend day 

   

______________________ ______________________ ______________________ 

______________________ ______________________ ______________________ 

______________________ ______________________ ______________________ 

______________________ ______________________ ______________________ 

 



106 
 

10. Are you engaged in any regular exercise? 
 

Walk_______________, Minutes per day________, Days per week________________ 

Power Walk__________, Minutes per day________, Days per week_______________ 

Treadmill____________, Minutes per day________, Days per week________________ 

Aerobics_____________, Minutes per day________, Days per week_______________ 

Weight aerobics_______, Minutes per day________, Days per week_______________ 

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

Tennis_______________, Minutes per day________, Days per week_______________ 

Other, please specify: 

____________________, Minutes per day________, Days per week________________ 

____________________, Minutes per day________, Days per week________________ 

____________________, Minutes per day________, Days per week________________ 

____________________, Minutes per day________, Days per week________________ 

 
EXAMPLES OF ACTIVITIES IN EACH CATEGORY 

 
MODERATE ACTIVITY (35 METS) 

Occupational 
Tasks: 

1) Delivering mail or patrolling on foot 
2) House painting 
3) Truck driving (making deliveries, lifting/carrying light objects 

   
Household 
Activities: 

1) Sweeping, mopping, cleaning windows 
2) Mowing the lawn with a power mower 
3) Raking the lawn and yardwork 
4)  Light carpentry 

   
Sports: 
(actual playing 
time) 

1) Table tennis or Ping‐Pong 
2) Softball, baseball 
3) Volleyball 
4) Dancing:  folk, square, aerobics (low impact & intensity) 
5) Brisk walking (3 to 4 mile/hr; 15‐20 min/mile) 
6) Bicycling on level ground (10‐15 mile/hr) 
7) Golfing (walking and pulling/carrying own clubs) 
Calisthenics exercise and weight lifting 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HARD ACTIVITY (5.1 – 6.9 METS) 

Occupational 
Tasks: 

1) Heavy carpentry 
2) Construction work 

   
Household 
Tasks: 

1) Scrubbing floors 
2) Shoveling snow 
3) Moving (lifting furniture and boxes) 

   
Sports: 
(actual playing 
time) 

1) Racket Sports:  badminton, paddleball, tennis (double) 
2) Basketball 
3) Rowing or canoeing leisurely 
4) Dancing: disco, jazz, aerobics (medium impact/intensity) 
5) Power walking (>mile/hr; <15 min/mile) or hiking 
6) Vigorous bicycling (16 – 20 mile/hr 
7) Jogging (≥5 mile/hr) 
8) Swimming  
9) Roller or ice skating 
10)  Stationary bicycling 
 

  VERY HARD ACTIVITY (≥7.0 METS) 
Occupational 
Tasks: 

1) Digging or chopping with heavy tools 
2) Carrying heavy loads, such as bricks or lumber 

   
Sports 
(actual playing 
time) 

1) Racket Sports:  handball, racketball, squash, tennis 
2) Soccer 
3) Snow skiing (down hill and cross country) 
4) Dancing: aerobics (high impact & intensity) 
5) Jumping rope 
6) Vigorous bicycling on hills 
7) Jogging or running (≥8 mile/hr) 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