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			Abstract

			Rheumatoid arthritis has no cure, so long term treatment is indicated. An individual’s dietary choices greatly influence the progression of chronic autoimmune rheumatic diseases. This review shows that the plant-based diet has good scientific evidence of safety and efficacy for both prevention and treatment of rheumatoid arthritis. Studies have shown significant improvements in specific symptoms, such as number of tender joints, Ritchie’s articular index, number of swollen joints, pain score, duration of morning stiffness, grip strength, and improved laboratory values such as sed rate (ESR), C-reactive protein, and rheumatic factor. Patients placed on a plant-based diet also have a beneficial shift in intestinal microbiota, which correlates with clinical improvement. With respect to prevention, those following a plant-based diet experience a reduction in risk of rheumatoid arthritis by about 50%.

			RA patients should be advised that a plant-based diet that includes appropriate amounts of carbohydrate, especially dietary fiber, is important for maintaining the symbiosis of intestinal flora, which could be beneficial for preventing autoimmunity. As disease severity worsens, individuals with RA may experience functional decline that can impact dietary intake. New healthy plant-based convenience foods are a good choice for such patients. Treatment with a plant-based diet is affordable for the patient, has no adverse reactions and no contraindications, and it can be combined with any of the standard treatments. For mild cases it may suffice as a monotherapy. For moderate and severe cases, it may serve as an adjunct, allowing dosage reductions thus lessening the costs and side effects.
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			Introduction

			Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease of unknown etiology. There is no cure, so long term treatment is indicated. Medication-based therapies comprise several classes of agents, including nonsteroidal anti-inflammatory drugs (NSAIDs), non-biologic and biologic disease modifying anti-rheumatic drugs (DMARDs), immunosuppressants, and corticosteroids. Other standard treatments include physical therapy and surgery.Surveys have shown that a substantial proportion of people with RA will try complementary and alternative interventions, perhaps reflecting the lack of complete satisfaction with conventional approaches, and a desire to help themselves [1]. In 1989, Arthritis Care noted that more than 50% of the Arthritis Care members who were surveyed, had invested in “unorthodox medicines, substances, or treatments (including diets), during the prior six months”. 

			Today, with increased access to health care information has come a growing demand for safe, cost-effective and easy to administer therapies. While a number of purported treatments have questionable or no research behind them, one of these so-called “unorthodox treatments” does [2]. An individual’s dietary choices can greatly influence the progression and manifestation 

of chronic autoimmune rheumatic diseases. In light of these effects, it makes sense that the search for additional therapies to attenuate such diseases would include investigations into dietary modifications [3].

			Dietary interventions have a widespread appeal for both patients as well as clinicians due to factors including affordability, accessibility, and presence of scientific evidences that demonstrate substantial benefits in reducing disease symptoms such as pain, joint stiffness, swelling, tenderness and associated disability with disease progression [4].

			Epidemiology

			There have been few studies on the risk of RA in relation to vegetarian status.However, one good-sized study showed that non-vegetarian women had a 57% increased risk of RA, and semi-vegetarians an increased risk of 16%, when compared with vegetarian women. Non-vegetarian men showed an increased risk of 50% and semi-vegetarian men an increased risk of 14% [5]. These results are especially notable considering that the non-vegetarians in this study already had a relatively low consumption of meat. 

			Interventional Studies

			Many doctors have anecdotally noted an association between the consumption of animal-derived foods, especially meat, and Rheumatoid Arthritis [6]. A meta-study on RA looked at studies on the effects of short-term modified fasting followed subsequently with plant-based diets lasting at least three months. The pooling of these studies showed a statistically and clinically significant beneficial long-term effect. Thus, available evidence suggests that fasting followed by vegetarian diets might be useful in the treatment of RA [7].

			The effect of a one-year study on RA patients of brief (7-10 day) modified fasting, followed first by a vegan diet and then by a vegetarian diet was assessed in a randomized, single blind controlled trial.After four weeks, the diet group showed a significant improvement in the number of tender joints, Ritchie’s articular index, number of swollen joints, pain score, duration of morning stiffness, grip strength, erythrocyte sedimentation rate, C reactive protein, white blood cell count, and a health assessment questionnaire score. The improvements were still present at the end of one year. A significant drop in the levels of intestinal Proteus Mirabilis was observed [8].

			In a follow-up study of the same patients two years later, pain score, duration of morning stiffness, Stanford Health Assessment Questionnaire index, number of tender joints, Ritchie’s articular index, number of swollen joints, ESR and platelet count all maintained their improvement in patients who were responders.Interestingly, most patients who were originally in the vegetarian group, but switched back to their usual diet, reported an increase in disease symptoms after intake of meat [9]. A separate one-year study of RA patients placed on a vegetarian diet, and focusing on clinical laboratory values, showed significant improvements in leukocyte count, IgM, RF (Rheumatic Factor), and the complement components C3 and C4, along with patient symptoms [10].

			It usually takes several months for a plant-based diet to reach full effect in RA. However, one study showed improvements in pain, joint swelling, severity in morning stiffness and limitation in function in only 4 weeks. There were also non-significant trends in the reduction of C-reactive protein and Rheumatic factor. Based on the results of other studies, these might have become significant with further time [11]. Studies have noted a link between vegan diets and protection against other autoimmune diseases. For example, an analysis of an Adventist cohort found that a vegan diet, but not a vegetarian diet, was associated with a lower risk of hypothyroid disease [12]. 

			Several researchers have examined the role of gut bacteria in RA disease activity [13-17]. Researchers Ling and Hänninen tested subjects on both a conventional Western diet and a vegan diet for one month, in order to determine the shift in intestinal flora. They found that four fecal hydrolytic enzymes, associated with toxic and inflammatory products, diminished during consumption of the vegan diet. However, these changes in fecal urease, choloylglycine hydrolase, β-glucuronidase and β-glucosidase, disappeared within two weeks of resuming a conventional diet. The authors attribute these reductions in fecal enzymes not only to the activity of bacteria during the dietary shift, but also to the high fiber content of the vegan diet which can affect fecal weight, transit time and bacterial metabolism [18]. 

			RA patients have been found to have higher levels of Proteus mirabilis antibodies, when compared with healthy controls or subjects with other diseases. The subjects from the vegetarian diet study had a significantly lower mean antibody level against Proteus mirabilis, which was correlated significantly with the measured decrease in disease activity [19]. This suggests that the improvement in RA disease activity may be related to the effects of the vegan diet on the presence of gut bacteria, such as Proteus mirabilis, and the body’s response to such bacteria.

			The possibility that a vegan diet can induce a rapid change in gut profile was supported by studies of rheumatoid arthritis patients, in which a one-month switch to a vegan diet was sufficient to significantly alter the fecal microflora, as determined by stool sample gas-liquid chromatography profiles of bacterial cellular fatty acids [20,21]. Peltonen et al. [20] conducted a study of RA patients and found a significant change in intestinal flora after a one-year shift from a conventional diet to a vegan and then a lactovegetarian diet. They also noted a significant difference between the fecal flora of test subjects in the high improvement group and the low improvement group, suggesting a direct connection between gut profiles and levels of disease activity [22].

			To further test the role of diet-induced changes in levels of various intestinal flora on rheumatoid arthritis activity, 43 RA patients were randomly assigned to either a raw vegan diet rich in lactobacilli, or an omnivorous diet. After one month, there was a significant change in the fecal flora of the 18 subjects in the vegan diet group who completed the study; no such change was found in the omnivore control group. Importantly, the vegan diet also induced a decrease in disease activity in some of the RA patients, leading the authors to conclude that changes in the intestinal flora are associated with diet-induced changes in disease activity [20].

			Kjeldsen-Kragh et al. [19] followed upon their work by putting rheumatoid arthritis patients on a fast followed by 3.5 months of a vegan diet, followed by a 9-month lactovegetarian diet [23]. Subjects in the vegan then vegetarian diet group improved significantly over those maintained on an omnivorous diet. Similar to other studies, the authors found that subjects’ fecal flora during times of clinical improvement differed significantly from times of no or minor improvements. Others have found that a raw vegan diet rich in lactobacilli and fiber decreased symptoms of rheumatoid arthritis, suggesting that the probiotic lactobacilli, among other components of a raw vegan diet, may be helpful to RA patients [24-26]. One way that these bacteria are helpful is that they regulate the T cell phenotype and T cell mediated immunity [27]. 

			Caution is warranted in interpreting bacteriologic studies on vegan diets and RA. Although diet-induced modification in intestinal flora, and an associated reduction in inflammation severity, may be a contributing factor to the improvements seen in RA patients, it is important to note that other features of a vegan diet have been credited with alleviating RA symptoms among vegan diet adherents. These include an increase in fruit, vegetable and fiber intake, a reduction in saturated fat and caloric intake, improved antioxidant levels, weight loss, and a reduction in food allergies and intolerances [17,28,29].

			It has been observed that vegetarians consume enough foods naturally containing salicylates to have an anti-inflammatory effect. The presence of salicylate in the blood of patients placed on a vegetarian diet was found at concentrations that are known to inhibit the transcription of COX 2, a key inflammatory enzyme in various pathologies. An emphasis on those foods highest in salicylate might enhance the therapeutic effect of a plant-based diet and warrants further investigation [30]. The low-fat vegan diet and diets rich in unsaturated fat (such as plant-based oils) or probiotics have positive effects at alleviating pain and on inflammation markers [31]. There was much hope for the role for Omega 3 fatty acids from fish oil. However, clinical studies on supplementation of ω-3 fatty acids have not supported the expectations [32-37]. 

			Reduction of Risk of Coronary Artery Disease (CAD)

			Patients with rheumatoid arthritis (RA) have increased cardiovascular disease and mortality [38-40]. Several recent studies indicate an increased prevalence not only of cardiovascular disease (CVD) but also of atherosclerosis as determined by ultrasound tomography of carotid arteries [38,41,42]. The underlying mechanisms causing this increased risk are not wholly clarified but inflammation and disease duration are suggested to be of importance [43-46]. 

			One study investigated the effects of a vegan diet, in patients with rheumatoid arthritis (RA), on the blood lipids: oxidized low-density lipoprotein (oxLDL) and on natural atheroprotective antibodies against phosphorylcholine (anti-PCs). The study examined the effects of intervention using a gluten-free vegan diet on patients with active RA. They were randomly assigned to either a vegan diet or a well-balanced non-vegan diet for one year. The gluten-free vegan diet induced significantly lower body mass index (BMI), low density lipoprotein (LDL), ox LDL, total cholesterol, and higher anti-PC IgM than control diet. Triglycerides and high-density lipoprotein did not change, since this was not a low-fat vegan diet. Therefore, a vegan diet in patients with RA induces changes that are potentially atheroprotective and anti-inflammatory, including decreased LDL and oxLDL levels, and raised anti-PC IgM and IgA levels [47].

			Clinical Considerations

			Rheumatoid arthritis (RA) afflicts approximately 1.5 million American adults and is a major cause of disability. As disease severity worsens, individuals with RA may experience functional decline that can impact dietary intake. The diet quality of many individuals with RA needs improvement and may be related to functional disability associated with RA. Healthcare providers should encourage individuals with RA to meet dietary guidelines and maintain a healthy diet. Moreover, healthcare providers should be aware of the potential impacts of functional disability on diet quality in individuals with RA [48].

			Patients with rheumatoid arthritis often have trouble preparing foods that require manual dexterity and strength. These patients should be counseled to purchase the new healthy plant-based convenience foods that are now widely available. These foods are usually higher in fiber and lower in sugar, fat, sodium and calories than ordinary convenience foods [49]. RA patients should be advised that a plant-based diet that includes appropriate amounts of carbohydrate, especially dietary fiber, is important for maintaining the symbiosis of intestinal flora, which could be beneficial for preventing autoimmunity [27].Active participation of the patient and family in the design and implementation of the therapeutic program helps ensure compliance, as does explaining the rationale for dietary treatment.

			This treatment may be sufficient as a monotherapy in mild cases or can be used as an adjunct to standard treatments in moderate and severe cases. Dosages may be able to be titrated down as the clinical effects of the diet manifest themselves.

			Discussion

			Optimal care of patients with rheumatoid arthritis consists of an integrated approach that includes both pharmacologic and non-pharmacologic therapies. Medications have side effects which must be managed and are costly to the patient. Some of the non-pharmacologic treatments are available for this disease include physical therapy and surgery [50]. A plant-based diet should be added to this list.

			Studies show that not only is a plant-based diet safe and efficacious for the prevention and treatment of Rheumatoid Arthritis, it has several advantages in its favor. It has no adverse effects, no contraindications, and it’s very affordable for the patient.It can be combined with any standard treatment and is likely to synergize treatments effects with them. It is safe in the long term and has been shown to reduce the risk of comorbidities, such as coronary artery disease, in rheumatoid arthritis patients. Further research should focus on the most effective dietary elements within plant-based diets.
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