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			Abstract

			The prevalence of osteoarthritis is increasing not only because of longer life expectancy but also because of the modern lifestyle, in particular physical inactivity and diets low in plant foods and rich in saturated fats, which promote chronic low-grade inflammation and obesity. No proven disease-modifying or structure-modifying drugs for osteoarthritis are currently known. Consequently, pharmacologic treatment is directed at symptom relief. However, a whole food plant-based diet (WFPBD) has been shown to reduce the symptoms of osteoarthritis by reducing risk factors such as obesity, metabolic syndrome and Type II Diabetes. In an interventional study, a whole food plant-based diet was associated with a significant reduction in pain compared to an ordinary omnivorous diet, with statistically significant pain reduction seen as early as two weeks after initiation of dietary modification. Within the plant-based diet, several specific phytonutrients have been shown to reduce the symptoms and severity of osteoarthritis and can be considered active ingredients. Treating patients with a plant-based diet has the advantage of having no contraindications or adverse reactions and can be combined with any standard treatment. It also has the advantage of treating common comorbidities such as type 2 diabetes and coronary artery disease.
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			Introduction

			The prevalence of osteoarthritis is increasing not only because of longer life expectancy but also because of the modern lifestyle, in particular physical inactivity and diets low in plant foods and rich in saturated fats, which promote chronic low-grade inflammation and obesity [1]. Osteoarthritis is believed to be a very complex multifactorial disease. It’s a degenerative disease characterized by low grade inflammation in cartilage and synovium, resulting in the loss of joint structure and progressive deterioration of cartilage. Inflammation is one of the major drivers of the progression of osteoarthritis. Although the disease can be dependent on genetic and epigenetic factors, sex, ethnicity, lubricin level, apoptosis and age, it is also associated with obesity and being overweight, dietary factors, sedentary lifestyle and sport injuries [2]. 

			Epidemiology

			Vegetarians have a lower risk of osteoarthritis. One study showed that even light meat consumption once a week increased the risk of osteoarthritis by 31% in women and 19% in men, compared to vegetarians [3]. Obesity is the greatest modifiable 

risk factor for osteoarthritis (OA) [4-6]. Coggon et. al. [7] 
reported that subjects with a BMI greater than 30 kg/m2 were 6.8 times more likely to develop knee OA than normal weight control subjects [7]. A recent meta-analysis reported that the pooled odds ratio for developing OA was 2.63 for obese subjects compared to normal weight control subjects [8]. Vegetarians and vegans have significantly lower BMIs on average. A study of American vegetarians and vegans found that that vegetarians had a mean BMI of 25.7 and vegans a mean BMI of 23.6 [9]. A European study found the average BMI of vegetarians and vegans to be 23.3 and 22.4 respectively for men and 22.8 and 21.8 for women [10]. A study of German vegans found an average BMI of 22.3 [11]. A study of vegetarian children found that they too had lower BMI’s than their meat-eating counterparts with an average BMI of 17.3 in ages 6 to 11 and average of 20.0 ages 12-18 [12]. One study found the risk of being overweight or obese is 65% less for vegans and 46% less for vegetarians [13]. High body mass index (BMI) is a well-established risk factor for Type 2 Diabetes Mellitus (T2DM). T2DM increases the risk of development of severe osteoarthritis, necessitating arthroplasty independent of age and BMI. Diabetics face about double the risk of severe osteoarthritis suggesting that there is a strong metabolic component in the pathogenesis of osteoarthritis [14]. 

			Metabolic factors are important for the development of osteoarthritis, as suggested by the following lines of evidence: 

			i.	The association between obesity and OA extends beyond weight-bearing joints, suggesting that this link is not solely based on mechanical factors [15]. 

			ii.	Metabolic syndrome is significantly more common among subjects with than without OA [16,17]. 

			Two lines of experimental evidence may help to explain the link between type 2 diabetes and OA: 

			a.	chondrocytes express the GLUT/SLC2A, and high blood glucose levels shift the synthesis pattern of chondrocytes from type II collagen to reactive oxygen species, potentially mediating cartilage destruction [18-20]. 

			b.	Advanced glycosylation end products, elicited by sustained hyperglycemia, can stimulate chondrocyte expression of proinflammatory and prodegenerative proteins via the receptor for advanced glycosylation end products [21-23]. 

			Vegetarians have a 56% reduced risk of metabolic syndrome [24]. Vegetarian and vegans also have a substantially lower risk of Type 2 Diabetes. The consumption of meat and the increase in risk of T2DM in a dose dependent manner has been established since at least 1985 [25]. More recently, a large, well-regarded study showed that semi-vegetarians reduced their risk of T2DM by 38%, pesco vegetarians by 51%, vegetarians by 61% and vegans by 78%. This indicates a dose-response relationship between risk reduction and amount of plant foods in the diet [26]. Therefore, it follows that those following a plant-based diet would have a lower risk of osteoarthritis, because of their lower BMI and lower risk of type 2 diabetes.

			Intervention

			Individuals diagnosed with arthritis can take steps to improve their diet quality as a possible route to reduce arthritis symptoms and maintain a healthy body weight [27]. In an interventional study, a whole food plant-based diet was associated with a significant reduction in pain compared to an ordinary omnivorous diet, with statistically significant pain reduction seen as early as two weeks after initiation of dietary modification [28]. The primary mechanism by which diet reduces subjective pain may be as a result of normalization of the fatty acid profile and reduction in exposure to inflammatory protein precursors [28]. 

			The plant-based dietary profile (low fat, high fiber) can lead to a diet that is less energy dense and so results in a significant reduction in caloric intake. Despite reductions in calorie intake, the WFPB diet is associated with increased nutrient density as well as increased concentrations of several vitamins and trace minerals. Therefore, the WFPB diet group may have taken in fewer calories than the treated group while encouraged to eat to satiety without calorie counting. The reduction in mean body weight was achieved with no attempt to limit calorie intake in this study [28]. While not a fully plant-based diet, the Mediterranean Diet is high in plant foods and low in meat. In one study the Mediterranean Diet was associated with better quality of life and decreased pain and disability in patients with osteoarthritis [29]. 

			Specific Phytonutrients and their Mechanisms

			Several phytonutrients have been shown to reduce the symptoms of osteoarthritis. Dietary phytonutrients (phytochemicals) are found in plant-based foods such as fruits, vegetables and grains, and may be categorized in a nested hierarchical manner with many hundred individual phytochemicals identified to date [30]. Phytonutrients are “bioactive compounds” that have the ability to interact with one or more compounds in living tissue, resulting in an effect on human health [31]. Exploring dietary phytochemical intake from foods may complement current dietary strategies for the management of osteoarthritis [32].

			Cyanidin is the major component of anthocyanins commonly found in plant foods. Increasing evidence has shown that cyanidin exhibits anti-inflammatory effects in a variety of diseases. Cyanidin is a rare Sirtuin 6 (SIRT6 or Sirt6) activator. SIRT6 is a stress responsive protein deacetylase and mono-ADP ribosyltransferase enzyme encoded by the SIRT6 gene [33]. SIRT6 functions in multiple molecular pathways related to aging, including DNA repair, telomere maintenance, glycolysis and inflammation [33]. Cyanidin could inhibit the NF-κB pathway in IL-1β-stimulated human osteoarthritic chondrocytes and its effect may to some extent depend on SIRT6 activation, suggesting that cyanidin may exert a protective effect through regulating the Sirt6/NF-κB signaling axis. Moreover, an in vivo study also showed that cyanidin ameliorated the development of osteoarthritis in surgical destabilization of the medial meniscus in mouse osteoarthritic models [34]. Sulforaphane (SFN), a phytonutrient found in broccoli, has been reported to regulate signaling pathways relevant to chronic diseases. SFN inhibits the expression of key metalloproteinases implicated in osteoarthritis, independently of Nrf2, and blocks inflammation at the level of NF‐κB to protect against cartilage destruction in vitro and in vivo [35].

			Pyrroloquinoline quinone (PQQ) is a compound found ubiquitously in plants, many simple and single cell eukaryotes (e.g., yeast), and certain bacteria [36]. Certain foods such as green peppers, cabbage, spinach, papaya and kiwi fruit have higher levels of PQQ [37]. Accumulating evidence suggests that oxidative stress plays an important role in the progression of osteoarthritis, and PQQ is considered a strong antioxidant [38]. Supplementation largely prevented these alterations in mice. Articular surfaces were maintained, while the thickness of articular cartilage and the abundance of cartilage matrix protein were also positively affected [38]. 

			Supplementation with vitamin D over four years was associated with significantly less progression of knee joint abnormalities. Given the observational nature of this study, future longitudinal randomized controlled trials of vitamin D supplementation are warranted [39]. Dietary polyphenols have been studied for their anti-inflammatory properties and potential anabolic effects on the cartilage cells. Blueberries are widely consumed and are high in dietary polyphenols, therefore regular consumption of blueberries may help improve osteoarthritis [40]. The findings of one study shows that daily incorporation of whole blueberries may reduce pain, stiffness, and difficulty to perform daily activities, while improving gait performance, and would therefore improve quality of life in individuals with symptomatic knee osteoarthritis. (40). A study showed that strawberries may have significant analgesic and anti-inflammatory effects in obese adults with established knee osteoarthritis [41]. Another study showed that strawberries lowered TNF-α, and lipid peroxidation products in obese adults with knee osteoarthritis [42]. 

			Discussion

			Osteoarthritis is a chronic disease. While several medications have shown efficacy in reducing the symptoms, their daily use in the long term can be problematic. However, a plant-based diet can help treat the symptoms without long term problems, and with long term benefits for osteoarthritic symptoms and common comorbidities such coronary artery disease. There are no contraindications or adverse reactions to the treatment of osteoarthritis with a plant-based diet. A vegetarian diet lowers the risk of osteoarthritis. “As well as treating those who already have the condition, you need to be able to tell healthy people how to protect their joints into the future,“ study author Dr. Ian Clark, at the University of East Anglia in Norwich, U.K, said in a statement. „There is currently no way to prevent the disease pharmaceutically and you cannot give healthy people drugs unnecessarily, so this is where diet could be a safe alternative.” For those already with osteoarthritis a whole food plant-based diet reduces the symptoms of osteoarthritis. Even diets that were mostly plant-based showed some effect on symptoms. While there are still a large number to investigate, several phytonutrients and plant foods have already shown efficacy in reducing the symptoms of osteoarthritis. Understanding the effect of dietary phytochemical intake from foods on osteoarthritis and its long-term outcomes may inform public health strategies for osteoarthritis prevention and management, reducing healthcare costs globally. 
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