
Diet Quality and Disease Activity in Rheumatoid Arthritis

Item Type text; Electronic Dissertation

Authors McGarrity-Yoder, Maureen Elizabeth

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction, presentation (such as public
display or performance) of protected items is prohibited except
with permission of the author.

Download date 24/05/2023 20:48:55

Link to Item http://hdl.handle.net/10150/636586

http://hdl.handle.net/10150/636586


DIET QUALITY AND DISEASE ACTIVITY IN RHEUMATOID ARTHRITIS 

 

 

 

 

 

by 

 

Maureen Elizabeth McGarrity-Yoder 

 

 

 

 

________________________ 
Copyright © Maureen Elizabeth McGarrity-Yoder 2019 

 

 

 

A Dissertation Submitted to the Faculty of the 

 

COLLEGE OF NURSING 

 

In Partial Fulfillment of the Requirements 

 

For the Degree of 

 

DOCTOR OF PHILOSOPHY 

 

In the Graduate College 

 

THE UNIVERSITY OF ARIZONA 

 

 

 

 

2 0 1 9 



2 

 

 
 



3 

 

ACKNOWLEDGMENTS 

I would like to thank, acknowledge, and express my appreciation and love to every 

person who has been a part of my journey. Drew and Sean, you have offered me love and 

support throughout this entire process – I would be lost without you. Mom, I’ll never be the 

amazing nurse or person you are, but I will continue to try every day. Molly, Colleen, Meme, 

Katie, Brigid, Janis, Bobby, and Pam – thank you all so much for your support. Dad, I wouldn’t 

be here without you, and I wish you were here for this. 

Thanks to my committee. Dr. Kathleen Insel, Dr. Tracy Crane, and Dr. Thaddeus Pace, 

you have been inspirations, mentors, and guides in my journey to become a scientist. Thank you 

for your support during my time at the University of Arizona. Dr. Insel, thank you so much for 

your early morning emails, phone conferences, and example you have offered me throughout my 

education. Dr. Crane, I have learned so much from you regarding research and nutrition, and I 

greatly appreciate your support and guidance. Dr. Pace, you have instilled a deep interest and 

love of all things psychoneuroimmunological – thank you. 

I would like to acknowledge the support of Dr. Tracy Crane and the Rose J. Levy family, 

whose generosity allowed me to pursue this project. 

Research reported in this dissertation utilized the Behavioral Measurement and 

Interventions Shared Resource (BMISR) which is supported by the National Cancer Institute of 

the National Institutes of Health under award number P30 CA023074. Thank you, Angela, 

Alexis, and Lindsay, for your help and efforts. 

To those at the Flagstaff office of Arizona Arthritis and Rheumatology Associates. The 

weeks spent in your office were made so very enjoyable because of your presence and support. 

You offer such an important service to those with autoimmune diseases in Northern Arizona – 

thank you. 

 



4 

 

DEDICATION 

I dedicate this dissertation to all diagnosed with an autoimmune disease, including those 

diagnosed with rheumatoid arthritis who graciously participated in this study. Thank you for 

your courage and perseverance, and I offer you a promise to continue to work toward 

understanding these complicated diseases in an effort to improve your care and quality of life. I 

also dedicate this dissertation to my family: Drew, Sean, Mom, Molly, Colleen, Meme, Katie, 

and Abby – I did this for you. 

 



5 

 

TABLE OF CONTENTS 

LIST OF FIGURES .........................................................................................................................8 

LIST OF TABLES ...........................................................................................................................9 

ABSTRACT ...................................................................................................................................11 

CHAPTER I: INTRODUCTION ...............................................................................................13 

Significance ...................................................................................................................................14 

Background ..................................................................................................................................15 

Disease Activity in Rheumatoid Arthritis .......................................................................15 

Dietary Mechanisms of Disease Activity in Rheumatoid Arthritis ...............................16 

Conceptual Framework ...............................................................................................................17 

Biopsychosocial Model of Health (BMH) ......................................................................18 

Revised Symptom Management Conceptual Model (RSMCM) ..................................19 

Biopsychosocial Model of Disease Experience in Rheumatoid Arthritis (BDRA) .....20 

Definition of Terms ......................................................................................................................21 

Diet Quality.......................................................................................................................21 

Determinants of Disease Activity in Rheumatoid Arthritis .........................................21 

Disease Activity ................................................................................................................22 

Signs. .....................................................................................................................22 

Symptoms..............................................................................................................22 

Purpose and Aims ........................................................................................................................22 

Aim 1 .................................................................................................................................23 

Hypothesis 1a. .......................................................................................................23 

Hypothesis 1b. ......................................................................................................23 

Aim 2 .................................................................................................................................23 

Hypothesis 2a. .......................................................................................................23 

Hypothesis 2b. ......................................................................................................23 

Exploratory Aim ..............................................................................................................23 

Hypothesis exploratory aim. ...............................................................................23 

Review of Literature ....................................................................................................................24 

Diet and Risk of Rheumatoid Arthritis ..........................................................................24 

Diet and Treatment of Rheumatoid Arthritis ...............................................................26 

Fasting. ..................................................................................................................26 

Mediterranean diet. .............................................................................................31 

Vegetarian diet. ....................................................................................................33 

Vegan diet. ............................................................................................................35 

Vegan, gluten-free diet.........................................................................................36 

Elemental diet. ......................................................................................................37 

Elimination diet. ...................................................................................................39 

Ketogenic diet. ......................................................................................................40 

Effect of specific nutrients on rheumatoid arthritis. ........................................41 



6 

 

TABLE OF CONTENTS – Continued 

Diet Quality in Rheumatoid Arthritis ............................................................................42 

Diet Related to Disease Activity ......................................................................................42 

Signs. .....................................................................................................................43 

Symptoms..............................................................................................................43 

Conclusions .......................................................................................................................44 

Manuscript Option for Dissertation ...........................................................................................46 

CHAPTER II: PRESENT STUDY.............................................................................................47 

Methods .........................................................................................................................................47 

Study Design .....................................................................................................................47 

Setting and Sample ..........................................................................................................47 

Sample Size ...........................................................................................................47 

Recruitment, consent and data collection process. ...........................................48 

Data Collection Measures................................................................................................49 

Demographic Information...............................................................................................49 

Dietary Intake...................................................................................................................50 

Quality of Diet ..................................................................................................................51 

Perceived Stress ................................................................................................................53 

Disease Activity ................................................................................................................53 

Signs ..............................................................................................................................................53 

Disease Activity Score Including 28 Joints (DAS28) ....................................................53 

Hematologic Biomarkers .................................................................................................54 

Symptoms......................................................................................................................................55 

Analysis Procedures and Results ....................................................................................56 

Participant characteristics. .................................................................................57 

Aim 1 analysis. ......................................................................................................57 

Aim 2 analysis. ......................................................................................................60 

Exploratory aim analysis. ....................................................................................64 

Conclusions ...................................................................................................................................66 

Implications for the Future .........................................................................................................71 

REFERENCES ..............................................................................................................................73 

APPENDIX A: ADVANCING THE SCIENCE OF RHEUMATOID ARTHRITIS RESEARCH 

AND MANAGEMENT (Planned Submission: Journal of Rheumatology) .......90 



7 

 

TABLE OF CONTENTS – Continued 

APPENDIX B: DIET IN RHEUMATOID ARTHRITIS: A LITERATURE REVIEW (Planned 

Submission: Journal of Clinical Rheumatology) ..............................................105 

APPENDIX C: DIET QUALITY AND DISEASE ACTIVITY IN RHEUMATOID 

ARTHRITIS (Planned Submission: Journal of Clinical Rheumatology) .........175 

APPENDIX D: DATA COLLECTION FORMS .......................................................................200 

DEMOGRAPHIC AND BACKGROUND DATA COLLECTION FORM ...................201 

ARIZONA FOOD FREQUENCY QUESTIONNAIRE .................................................204 

PERCEIVED STRESS SCALE .......................................................................................220 

HEALTH ASSESSMENT QUESTIONNAIRE – DISABILITY INDEX AND PAIN 

SCALE .............................................................................................................................221 

DISEASE ACTIVITY SCORE – 28 (DAS28) ................................................................222 

APPENDIX E: INFORMED CONSENT FORM ......................................................................223 

APPENDIX F: THE UNIVERSITY OF ARIZONA INSTITUTIONAL REVIEW BOARD 

APPROVAL LETTER .....................................................................................227 

APPENDIX G: RECRUITMENT CARD FOR OFFICE USE ..................................................229 

 



8 

 

LIST OF FIGURES 

FIGURE 1. The biopsychosocial model of health. ...................................................................18 

FIGURE 2. The revised symptom management conceptual model. .........................................19 

FIGURE 3. The biopsychosocial model of disease experience in rheumatoid arthritis. ...........20 

 



9 

 

LIST OF TABLES 

TABLE 1. Nutrient, food, and dietary intake on risk of rheumatoid arthritis. .......................25 

TABLE 2. Effect of fasting on rheumatoid arthritis. ...............................................................27 

TABLE 3. Effect of a mediterranean diet on rheumatoid arthritis. ........................................31 

TABLE 4. Effect of a vegetarian diet on rheumatoid arthritis. ..............................................33 

TABLE 5. Effect of vegan diet on rheumatoid arthritis. .........................................................35 

TABLE 6. Effect of a vegan, gluten-free diet on rheumatoid arthritis. ..................................36 

TABLE 7. Effect of an elemental diet on rheumatoid arthritis. ..............................................38 

TABLE 8. Effect of an elimination diet on rheumatoid arthritis.............................................40 

TABLE 9. Effect of a ketogenic diet on rheumatoid arthritis. ................................................41 

TABLE 10. Subject data collection. ..........................................................................................48 

TABLE 11. Characteristics of 50 patients with rheumatoid arthritis. ......................................58 

TABLE 12. Correlations between diet quality, belief diet affects RA disease activity, and 

characteristics of 50 patients with rheumatoid arthritis........................................59 

TABLE 13. Correlations between diet quality, belief diet affects RA disease activity, and other 

predictor variables in 50 patients with rheumatoid arthritis.................................60 

TABLE 14. Correlations between diet quality, other predictor variables, and evidence of 

disease activity in 50 patients with rheumatoid arthritis. ......................................60 

TABLE 15. Associations between diet quality and covariates of disease activity in 50 adults 

with rheumatoid arthritis. ......................................................................................61 

TABLE 16. Associations between diet quality and gender with indicators of disease activity in 

50 adults with rheumatoid arthritis. ......................................................................62 

TABLE 17. Comparison of means of diet quality (HEI-2015) and indicators of disease activity 

for participants.......................................................................................................63 

TABLE 18. Correlations between diet quality, other predictor variables, and evidence of 

disease activity in adults with poor diet quality with rheumatoid arthritis. ..........63 

TABLE 19. Correlations between diet quality, other predictor variables, and evidence of 

disease activity in adults with fair/good diet quality with rheumatoid arthritis. ...64 

TABLE 20. Associations between diet quality (poor and fair/good) and indicators of disease 

activity in 50 adults with rheumatoid arthritis. .....................................................64 



10 

 

LIST OF TABLES – Continued 

TABLE 21. Correlation between perceived stress and diet quality in 50 adults with 

rheumatoid arthritis with unadjusted model. .........................................................65 

TABLE 22. Correlations between perceived stress and characteristics of 50 adults with 

rheumatoid arthritis. ..............................................................................................65 

TABLE 23. Correlations between perceived stress, other predictor variables, and indicators 

of disease activity in 50 adults with rheumatoid arthritis......................................65 

TABLE 24. Associations between perceived stress with covariates of disease activity in 50 

adults with rheumatoid arthritis with unadjusted models......................................66 

 



11 

 

ABSTRACT 

Background: Rheumatoid arthritis (RA) is a common autoimmune disease that affects the health-

related quality of life (HRQOL) of over 1.3 million Americans. RA significantly affects HRQOL 

through joint deformity, disability, and an increased risk for significant sequela, often regardless 

of pharmacological therapy. Diet has been considered a factor in exacerbation of RA for decades, 

and diet quality has been associated with RA risk, associated disability, and disease progression. 

Unfortunately, research is limited, and findings are unclear. Dietary recommendations continue 

to be excluded from clinical practice guidelines in RA treatment, and communication is often 

lacking between providers and patients. Up to 25% of those diagnosed with RA believe their 

dietary intake affects disease activity and many people change their diet in an attempt to improve 

their HRQOL. Purpose: The purpose of this study is to examine the association between diet 

quality and disease activity in adults with RA. Methods: This cross-sectional, descriptive study 

examined the association between diet quality and disease activity of 50 adults diagnosed with 

RA. Participants completed the Arizona Food Frequency Questionnaire to measure dietary 

intake, which was scored with the Healthy Eating Index (HEI)-2015 to determine diet quality. 

Disease activity was measured via the self-reported Health Assessment Questionnaire-Disability 

Index and Pain Scale(HAQ-DI and pain scale), hematology analyses for erythrocyte 

sedimentation rate (ESR) and high-sensitivity C-reactive protein (hs-CRP), and a Disease 

Activity Score Including 28 Joints (DAS28). The DAS28 was calculated by examining 28 joints, 

participant self-report, and, in this study, ESR results. Perceived stress was measured with the 

Perceived Stress Scale.  
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Results: Higher diet quality was not associated with any measures of disease activity (HAQ-DI, 

pain, DAS28, ESR, or CRP). The mean diet quality score was 56 (SD ± 12), which is lower than 

the national mean of 59. Higher quality diets were more common in older individuals (p=.015) 

and women (p=.003). In total, 44% (n=22) participants reported they believe diet affects RA 

disease activity, and those who believe their diet affects RA were significantly more likely to 

report dietary changes (p<.0001). Participants with higher educational level (some college or 

more) were more likely to report the belief that diet affects disease activity (B=-1.535, p=.023). 

Women with lower diet quality were more likely to have higher HAQ-DI scores (B=.570, 

p=.001). An increased BMI was associated with decreased DAS28 scores in those with a poor-

quality diet (p = .018), but with lower diet quality in those with fair-good diet quality (p =.023). 

A decreased BMI was significantly correlated with current tobacco use in adults with fair/good 

quality diet (p= .013).  Perceived stress was significantly associated with HAQ-DI and pain 

scores (B= .445, p=.001 and B= .289, p=.042, respectively). 

Conclusion: Many individuals with RA should improve their diet as poor diet quality was 

associated with increased pain and may be related to inflammation.  

Keywords: Rheumatoid Arthritis, Diet Quality, Disease Activity, Biopsychosocial, 

Psychoneuroimmunology. 
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CHAPTER I: INTRODUCTION  

Autoimmune diseases (AD) include over 80 different chronic diseases that affect up to 50 

million Americans and are a research priority (Cooper, Bynum, & Somers, 2009; National 

Institute of Allergy and Infectious Disease, 2017). Rheumatoid arthritis (RA) is a common AD 

that affects the health related quality of life (HRQOL) of approximately 1.3 million Americans 

diagnosed with this potentially debilitating disease (Hunter et al., 2017). The intermittent, 

chronic inflammation eventually results in joint deformity, erosion of bone, decreased function 

(Lawrence, 2009; Sino Biological, 2017; Tanaka, 2013), and an increased risk for significant 

sequelae (e.g. hypertension, depression, and cardiovascular disease) (Daruna, 2012) often 

regardless of pharmacologic therapy. 

Inflammation is the driving force behind the disease activity associated with RA and is 

impacted by various determinants, including diet (Yoder, Insel, Pace, & Crane, 2018). The 

gastrointestinal (GI) tract has been determined to have a significant role in the function of the 

immune system and is thought to be involved in neuroimmune and endocrine function via the 

brain-gut-microbiome axis, which may impact inflammatory response (Dinan & Cryan, 2017; 

Martin, Osadchiy, Kalani, & Mayer, 2018). Diet quality has been associated with diagnosis (Hu 

et al., 2017) and “functional disability” (Berube, Kiely, Yazici, & Woolf, 2017) in patients with 

RA, but the relationship between food and disease activity remains a topic of debate for 

researchers, health care providers, and patients. Twenty to thirty percent of individuals diagnosed 

with RA have reported their disease is affected by dietary intake (Tedeschi et al., 2017), and 

many change their diet in an attempt to self-manage their disease (McCann, 2007). Dietary 

changes are often made without input or even knowledge of the rheumatologist involved in the 
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patient’s care, which can result in the risk of uninformed self-management of RA (McCann, 

2007). Further research is needed to illuminate the role diet plays in RA disease activity, and 

dissemination of results is needed to educate providers and address this gap in science. 

Significance 

Autoimmune diseases (AD) are a group of over 80 different chronic diseases 

characterized by an alteration in immune function that results in immune attacks on self: organs, 

tissue, and cells (National Institute of Allergy and Infectious Disease, 2017). ADs are thought to 

affect between 23.5 and 50 million Americans (American Autoimmune Related Disease 

Association 2016), which equates to approximately one in 12 Americans (Farth, Marson, Zhu, & 

Bernstein, 2014). There has been a significant increase in the prevalence of AD in the last 30 

years (Cooper et al., 2009), and ADs are considered a research priority by the National Institute 

of Allergy and Infectious Disease (2017). 

RA is a common autoimmune disease that affects approximately 1.3 million Americans 

and these rates continue to rise (Hunter et al., 2017). RA is believed to occur when genetically 

predisposed individuals are affected by environmental factors (e.g. infection or medication 

exposure)(American Autoimmune Related Disease Association 2016). Increased disease activity 

in RA can result in a significantly decreased health-related quality of life (HRQOL) due to 

chronic pain, fatigue, and disability as well as an increased financial burden due to high medical 

costs, increased disability, and a decreased ability to work (Michelsen et al., 2018; Schneider, 

Manabile, & Tikly, 2008; Waltz, Kriegel, & van’t Pad Bosch, 1998). 

Diet has long been considered to be a factor in RA exacerbation (Berube et al., 2017; 

Bowen, 2004; Hunter et al., 2017; Tedeschi et al., 2017), and diet quality has been associated 
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with “functional disability” in RA (Berube et al., 2017). Diet is now considered to impact the 

etiology and progression of this devastating disease (Hu et al., 2017), but research is limited and 

findings often contradictory. Diet is not currently recommended as part of the RA treatment plan 

(Hu et al., 2017).  

Background 

Disease Activity in Rheumatoid Arthritis 

RA is a chronic disease that causes numerous and repeated occurrences of localized and 

systemic inflammation, the hallmark of disease activity in RA. RA inflammation has various 

potential antecedents that are not well understood. Regardless of the cause, RA results in an 

alteration in the function of immune cells (e.g. T-cells, B-cells, and monocytes), which cause 

significant changes in immune function (Furst & Emery, 2014). Changes in immune function 

occur via activation of intra-cellular pro-inflammatory signaling pathways (e.g. nuclear factor 

NF-kappa B [NF-B]), which result in the localized and systemic inflammation associated with 

RA (Lawrence, 2009). Outcomes of localized inflammation initially include edema, warmth, 

redness, pain, and decreased function of the affected joint(s) (Lawrence, 2009; Ren & Torres, 

2009). Eventually, these repeated episodes of localized inflammation result in joint damage and 

erosion of bone (Lawrence, 2009; Sino Biological, 2017; Tanaka, 2013). Systemic inflammation 

is associated with manifestations of ‘sickness behavior’ (e.g. fatigue, malaise, nausea, anorexia, 

impaired cognition, and withdrawn behavior) (D'Mello & Swain, 2017; Daruna, 2012; Louveau 

et al., 2015), poor sleep quality (Milrad et al., 2017), mood changes, and depression (Sun et al., 

2017). Chronic systemic inflammation is associated with an increased risk of significant sequelae 

including major depression, hypertension, and cardiovascular disease (Daruna, 2012). Clearly, 
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systemic and localized inflammation is a reflection of current and subsequent disease activity of 

RA and associated HRQOL. 

Dietary Mechanisms of Disease Activity in Rheumatoid Arthritis  

The GI tract is an essential part of the immune system and approximately 70% of all 

lymphocytes are located within gut-associated lymphoid tissue (GALT), specifically within 

Peyer’s patches along the GI tract (Berube et al., 2017; Bowen, 2004; Cieza, Cao, Cong, & 

Torres, 2012). Symbiotic and pathogenic organisms (e.g. bacteria and viruses) are also located 

throughout the GI tract, which result in an almost constant potential for invasion (Dinan & 

Cryan, 2017). Because of this risk, the GI tract functions to protect against toxins and pathogens 

in addition to its function of the regulation of water, nutrient, and electrolyte absorption from the 

GI lumen to systemic circulation (Dinan & Cryan, 2017). There is growing evidence that diet as 

well as the health and function GI tract directly affects production of pro-inflammatory cytokines 

and therefore inflammation associated with disease activity of inflammatory diseases such as RA 

(Dinan & Cryan, 2017). 

An important consideration in the health and function of the GI tract and potentially 

associated disease activity in RA is the psychoneuroimmunological relationship of the brain-gut-

microbiome axis. The intestinal microbiome refers to the various micro-organisms (e.g. trillions 

of viruses, bacteria, fungi, and archae) that are contained within the lumen of the intestines 

(Allen, Dinan, Clarke, & Cryan, 2017). The brain, GI tract (gut), and microbiome interact 

intricately with one another, and there are implications of immune involvement (Dinan & Cryan, 

2017). These complex relationships are not yet well understood, and more research is 

recommended (Dinan & Cryan, 2017). 
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Research remains inconclusive regarding the effect of specific dietary intake on disease 

activity in RA. Diet quality has been implicated as a direct and indirect influence on 

inflammation in RA. Pro-inflammatory signaling pathways are directly stimulated by metabolites 

from the ingestion of refined grains and omega-6 polyunsaturated fatty acids [PUFAs]), and 

these pathways are directly inhibited by ingestion of omega-3 PUFAs and antioxidants (Bidlack 

& Rodriguez, 2012; Carney et al., 2016; Kiecolt-Glaser, 2010). Evidence indicates an alteration 

in the make-up or function of the gut microbiome may result in increased inflammation 

(Masuko, 2018), and the health and function of the gut microbiome are associated with the effect 

of biologic and synthetic immunosuppressive medications in RA (Picchianti-Diamanti, Rosado, 

& D'Amelio, 2017). Still, the relationship between the effect of the amount and type of nutrients 

and foods on disease activity in RA is not well understood (Rambod, Nazarinia, & 

Raieskarimian, 2018). Research has yielded conflicting results in that RA patients have 

responded positively to various diets (e.g. vegan, gluten-free, and Mediterranean-style diets) 

(Badsha, 2018) and no one, specific diet has been determined to improve RA outcomes. The 

inconclusive evidence and lack of understanding result in the omission of diet recommendations 

in the treatment of RA and limit or avoid discussion between health care providers and patients. 

Further research is needed to illuminate the role diet plays in RA disease activity and address this 

gap in science.  

Conceptual Framework 

The Biopsychosocial Model of Disease Experience in Rheumatoid Arthritis (BDRA) 

(Figure 3) was developed using the concept development guidelines of Walker and Avant 

(2011). A blended theory approach was used to combine theoretical underpinnings of the 
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Biopsychosocial Model of Health (BMH) (Engel, 1980) and the Revised Symptom Management 

Conceptual Model (RSMCM) (Dodd et al., 2001). The BDRA offers a novel approach in 

research regarding potential antecedents of disease activity and subsequent disease experience in 

RA (Yoder et al., 2018). This study will focus on the association between diet quality and 

disease activity in RA.  

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. The biopsychosocial model of health. (Havelka et al., 2009) 

Biopsychosocial Model of Health (BMH) 

Engel’s BMH (Figure 1) is a global view of biological, psychological, and sociological 

constructs of health and disease that can be used to understand the psychoneuroimmunological 

principles affecting disease management down to the precision of the cellular level (Havelka et 

al., 2009). The BMH provides the theoretical underpinnings needed to move away from the 

standard biomedical approach of healthcare and encourages interdisciplinary collaboration 

(Engel, 1980, n.d.). Disease etiology and progression are influenced by BMH principles, and a 

person’s interpretation and response to environmental stimuli can impact health behavior, stress 
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levels, and neuroendocrine and immunological response (Lutgendorf & Costanzo, 2003). The 

BMH offers a practical, philosophical guide to patient care and results in improved health 

management (Borrell-Carrio, Suchman, & Epstein, 2004; Havelka et al., 2009). 

FIGURE 2. The revised symptom management conceptual model. (Dodd et al., 2001) 

Revised Symptom Management Conceptual Model (RSMCM) 

The RSMCM reflects BMH underpinnings and includes the impact of environment, 

health or illness, and the individual person on symptom experience, symptom management, and 

health or disease outcomes (Dodd et al., 2001) (Figure 2). The RSCSM construct of symptom 

experience (and the idea of the effects of the environment, health, and individual) was 

incorporated in the conceptualization of disease experience in the BDRA as the consideration of 

subjective symptom experience are as important as objective signs (Borrell-Carrio et al., 2004). 

Objective signs and subjective symptoms make up the disease experience of an individual, which 

is the outcome of the BDRA(Yoder et al., 2018). Symptom management strategies and symptom 

outcomes were not used in the development of the BDRA, but will inform intervention research 

in the future (Yoder et al., 2018). 
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FIGURE 3. The biopsychosocial model of disease experience in rheumatoid arthritis. 

Biopsychosocial Model of Disease Experience in Rheumatoid Arthritis (BDRA) 

The BDRA (Figure 3) functions to integrate biological, psychological, and social factors 

in the research of disease experience (e.g., objective signs and subjective symptoms) of RA, in 

this case related to diet. The multidirectional relationships between the determinants of 

biological (e.g. biological factors that result in the production of pro- and anti-inflammatory 

cytokines), psychological (e.g., knowledge, stress, behavior), and sociological (e.g., disability, 

social inclusion, culture, socioeconomic status) constructs offer an essential understanding of the 

psychoneuroimmunological mechanisms involved in RA (Yoder et al., 2018). BMH principles in 

the BDRA address the entire being in an attempt to understand all factors that impact the disease 

experience of RA. This study will focus on the use of the BDRA specifically related to the effect 

of diet quality on disease experience in RA, but the BDRA can easily be used to examine other 
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potential mechanisms that may impact this disease experience. 

Definition of Terms 

Diet Quality 

Diet quality is an ambiguous term that depends on various factors related to intake as 

well as the purpose of measurement. For the purposes of this study, diet quality will refer to the 

alignment of participants’ dietary intake with the 2015-2020 Dietary Guidelines for Americans 

(DGA), and will be measured via analysis of a food frequency questionnaire using the Healthy 

Eating Index-2015 (Krebs-Smith et al., 2018). Diet quality in RA has been found to have an 

inverse relationship with disease activity: an increase in disease activity was associated with 

decreased diet quality in older women (Grimstvedt, Woolf, Milliron, & Manore, 2010). Research 

also indicates functional disability in RA may be related to diet, and many RA patients should 

improve the quality of their diet (Berube et al., 2017). 

Determinants of Disease Activity in Rheumatoid Arthritis 

his study focused on biological determinants, which are classified as those that impact the 

health of the individual and include gender, genetics, age, tissue health, and physiologic 

reactions (Havelka et al., 2009). In the case of the BDRA, biological factors that alter the 

production of pro- and anti-inflammatory biomarkers are considered to be antecedents of disease 

activity in RA. These inter-related factors considered in the BDRA include diet, nutrigenomics, 

gut microbiome, medications, vitamins and supplements, gender, age, BMI, and smoking (Yoder 

et al., 2018). Perceived stress is a psychological determinant of disease experience, but was 

included in this study due to the significant biological effect of perceived stress on disease 

activity via PNI mechanisms (Daruna, 2012; Louveau et al., 2015).  
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Disease Activity 

As previously stated, disease activity is synonymous with inflammation in RA, and, for 

the purposes of this study, inflammation is considered the defining characteristic of disease 

activity in RA. Disease activity, rather than damage associated with inflammation, was 

determined as the primary outcome of this study due to the fact that disease activity is reversible, 

while damage related to inflammation is permanent (Buzatu & Moots, 2018). Signs and 

symptoms are clinical manifestations or evidence of disease activity in RA. 

Signs. Signs are objective disease indicators that are measurable by that individual or by 

others (Dodd et al., 2001) and offer evidence of systemic or localized inflammation. Systemic 

inflammation results in the sign of increased hematologic pro-inflammatory biomarkers (e.g. 

erythrocyte sedimentation rate [ESR] and high-sensitivity C-reactive protein [hs-CRP])(Berube 

et al., 2017). Signs of localized inflammation includes redness, decreased function, and edema of 

affected joints in patients with RA (Berube et al., 2017). 

Symptoms. Symptoms are personal experiences that mirror sensations, cognition, and 

biopsychosocial functions of that person (Dodd et al., 2001). As with signs, symptoms can 

indicate systemic or localized inflammation in RA. Symptoms of systemic inflammation include 

sickness behavior as previously described, poor sleep, fatigue, mood changes, and depression 

(Daruna, 2012; Milrad et al., 2017). Localized inflammation can result in symptoms of increased 

pain and decreased function of the affected joint(s) (Ren & Torres, 2009). 

Purpose and Aims 

The purpose of this study is to examine the association between diet quality and disease 

activity (signs and symptoms) in adults with RA. The specific aims of this study and related 
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hypotheses are:  

Aim 1 

Determine the percent of adults diagnosed with RA who report their diet affects disease 

activity of RA. 

Hypothesis 1a. The majority of participants surveyed will report their diet affects disease 

activity of RA. 

Hypothesis 1b. At least half of all participants surveyed who report their diet affects 

disease activity of RA will report they made a change in their diet. 

Aim 2 

Examine associations and predict disease activity considering diet quality, age, gender, 

current use of nicotine products, and medications used to treat inflammation in adults with RA. 

Hypothesis 2a. Diet quality will have an inverse relationship with disease activity in 

adults diagnosed with RA: better diet quality will be associated with lower disease activity. 

Hypothesis 2b. Considering other known predictors of disease activity including age, 

gender, use of nicotine products, and anti-inflammatory medications, diet quality will be a 

significant predictor of disease activity. 

Exploratory Aim 

Examine the associations between stress, diet quality, and disease activity in adults with 

RA. 

Hypothesis exploratory aim. Stress will have an inverse relationship with diet quality 

and a positive relationship with disease activity in adults diagnosed with RA: an increase in 

stress will be associated with a decrease in diet quality and an increase in disease activity.  
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Review of Literature 

A literature search was completed of online databases including PubMed, CINAHL 

Plus/EBSCOhost, and Embase using the search terms “diet and rheumatoid arthritis.” The 

literature search for these terms resulted in 4,056 articles. Publications were carefully reviewed, 

and duplicates were removed. Those articles that were included in this review were primary or 

secondary research publications, literature reviews, published prior to July 2018, peer-reviewed, 

and focused on diet and disease activity in RA or inflammatory arthritis, and diet and risk of RA. 

Exclusion criteria were abstracts or editorial information (e.g., letter to the editor), non-English 

publications, juvenile arthritis, animal studies, and supplement use rather than dietary intake of 

nutrients. 154 articles were included in this scientific review of literature. Variables of disease 

activity in RA related to diet were identified.  

Diet and Risk of Rheumatoid Arthritis 

Various studies have associated dietary intake with an increased or decreased risk of RA 

diagnosis. An increased risk of RA has been associated with diets containing solid oil, full fat 

milk, a regular ingestion of sugary soda (DeChristopher, Uribarri, & Tucker, 2016; Hu et al., 

2014; Rambod et al., 2018). Diets containing coffee or green tea were associated with a 

decreased risk of RA in one study (Rambod et al., 2018), but another found no significance 

between tea or coffee intake (regardless of caffeine content) and risk of RA (Karlson, Mandl, 

Aweh, & Grodstein, 2003). An overall healthy diet was found to be related to a decreased risk of 

seropositive RA (Hu et al., 2017), as was an increased intake of fruits, vegetables, zinc, β-

cryptoxanthin (Cerhan, 2003), olive oil, and cooked vegetables (Linos et al., 1999). Ingestion of 

long-chain omega-3 polyunsaturated fatty acids (n-3 PUFAs) had no impact on the risk of RA in 
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one study (Krok-Schoen et al., 2018), while others found that the risk of RA may be decreased 

with the intake of n-3 PUFAs (e.g., baked/broiled fish) (Di Giuseppe, Wallin, Bottai, Askling, & 

Wolk, 2014; Shapiro et al., 1996). No significant relationship was found between risk of RA and 

a Mediterranean diet (Hu et al., 2015), alcohol intake (Sundstrom, Johansson, & Rantapaa-

Dahlqvist, 2015), diet in general (Pedersen et al., 2005; Sundstrom et al., 2015), or ingestion of 

offal, nitrites, additives, red meat or total protein intake (Benito-Garcia, Feskanich, Hu, Mandl, 

& Karlson, 2007). A diet containing meat or meat products (including additives, iron, and 

nitrites) may increase the risk of RA (Grant, 2007) (Table 1). 

TABLE 1. Nutrient, food, and dietary intake on risk of rheumatoid arthritis. 

Author Study 

Type 

Sample Size Nutrient/Food/

Diet 
Effect on RA Risk 

Krok- Schoen et 

al. (2018) 
Prospective 

cohort 

design 

N=80,551 Long-chain n-3 

polyunsaturated 

fatty acids (n-3 
PUFAs) 

 
 

Rambod, 

Nazarini, & 

Raieskarimi an 

(2018) 

Case control 

design 

N=1000; n(RA)=500, 
n(healthy control)=500 

Green tea and 

coffee 

 
Solid oil, full fat 

dairy 

 

 
 

 
Hu et al. 

(2017) 

Prospective 

cohort 

design 

N=169,989; n (Nurses’ 

Health study)=76,597 

and n (Nurses’ Health 

Study II)=93,392 

Healthy diet  

 

Sundström, 

Johansson, & 

Rantapää- 

Dahlqvist (2015) 

Nested case 

control 

design 

N=2,272; n(RA)=386, n 
(control)=1,886 – all were 
participants in Västerbotten 
Intervention Program (VIP) 

Diet 

 
Alcohol 

 

 
 

 
 

Hu et al. 

(2014) 

Prospective 

cohort design 

N=186,900; n(Nurses’ 

Health Study)= 79,570, 
n(Nurses’ Health Study 
II)=107,330 

Sugary Soda 
 

Di Giuseppe et 

al. (2013) 

Population-

based 

prospective 

design 

N=32,232 females born 

between 1914-1948 
n-3 PUFAs 

 

 

Benito- Garcia 

et al. (2007) 

Prospective 

cohort 

design 

N=82,063 
Red Meat 

Total Protein 
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TABLE 1 – Continued 

Diet and Treatment of Rheumatoid Arthritis 

Numerous studies have been completed in an effort to identify the relationship between 

dietary intake and disease activity in RA. Specific dietary themes and their impact on RA 

emerged within these studies: fasting, Mediterranean diet, elemental diet, vegan diet, vegan and 

gluten-free diet, and an elimination diet. This information is an important consideration in the 

proposed study in that it provides background on the inconsistencies regarding the effect of diet 

on disease activity in RA. The different diets also represent potential changes participants may 

have made to their own diet in an attempt to decrease disease activity and, therefore, improve 

HRQOL. 

Fasting. Fasting has been an area of interest in RA patients and research scientists for 

decades (Haugen, Kjeldsen-Kragh, Nordvag, & Forre, 1991). Fasting causes a significant, but 

brief, improvement of disease activity in RA (Sköldstam, Larsson, & Lindström, 1979). 

Intermittent fasting (e.g., from sunrise to sunset) for a one-month period of time (related to the 

Author Study 

Type 

Sample Size Nutrient/Food/

Diet 
Effect on RA Risk 

Pedersen et al. 

(2005) 

Large, 

prospective 

cohort 

design 

N=57,053 

Diet 

 
(Small number in 

sample developed RA) 

Karlson et al. 
(2003) 

Prospective 
cohort 
study 

N=121,701 

Coffee and Tea 
 

(Regardless of 

caffeination) 

Cerhan et al. 

(2003) 

Prospective 

cohort 

design 

N=29,368 women from 

the Iowa Women’s 

Health Study cohort 

Fruits, Vegetables, 

zinc, and β- 

cryptoxanthin 

 

 

Linos et al. 

(1999) 

Cross-

sectional, 

descriptive 

design 

N=333; n(RA 

patients)=145, n(healthy 

control)=188 

Olive oil 

Cooked 

Vegetables 

 

 

Shapiro et al. 

(1996) 

Population-

based case 

control design 

N= 1569, n(RA) = 324, 
n(control) = 1,245 

Baked/Broiled 

Fish 
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Ramadan holiday) was associated with improvement in reported symptoms and decreased 

disease activity scores (DAS-28) (Al-Dubeikil & Abdul-Lateef, 2003; Munshi, 2008; Said, 

2013). An improved clinical status, normalized conA-induced suppressor cell activity, enhanced 

bactericidal ability of neutrophils, and decreased inflammation occurred after a seven-day fast 

(Sköldstam, Lindström, & Lindblom, 1983; Uden, Trang, Venizelos, & Palmblad, 1983). 

Increased serum acetate levels and improved pain at rest and DAS after a seven-day fast 

(Abendroth et al., 2010), but no changes were found in intestinal microflora or intestinal 

immunoglobulin A levels (Abendroth et al., 2010; Michalsen et al., 2005). A correlation was 

found between fasting, decreased disease activity, and intestinal flora, and mucosal (intestinal) 

B-cell response was increased without a systemic response with fasting (Peltonen et al., 1994; 

Trollmo, Verdrengh, & Tarkowski, 1997) (Table 2). 

TABLE 2. Effect of fasting on rheumatoid arthritis. 

Author Study Type Sample Size Length of 

Fast 

Effect on RA 

Said et al. 

(2013) 

Retrospective 

case- control 
design 

N= 71 patients with 

RA 

One-month 

daily fast 

related to the 

Ramadan 

holiday 

 Fasting RA patients 

exhibited a significantly 

lower disease activity score 

(DAS 28) 

 Changes in diet of fasting 

patients did not result in 

significant change in 

disease activity 

Abendroth 

et al. (2010) 

Prospective, 

observationa l, 

non- randomized 

clinical trial 

N=50 patients with 

RA; n(7- day 

fast)=22, n(7-day 

Mediterranean 

diet)=28 

7-day fast versus 

7-day 

Mediterranean 

diet 

 No association was revealed 

between SCFA changes in 

intestinal microflora and RA 

activity 

 The fasting group were 

found to have significant 

increases in serum acetate 

levels 

 Significant improvement 

in DAS in both groups 

 Significant improvement 

in pain at rest in fasting 

group at day 7 
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TABLE 2 – Continued  

Author Study Type Sample Size Length of 

Fast 

Effect on RA 

Munshi et 
al. (2008) 

Cross- 
sectional, 

descriptive 
design 

N=100; 
n(OA)=85, 

n(RA)=15 

Fast related to 
the Ramadan 

holiday 

 Arthritis activity and severity is affected 
by diet 

 Significant improvement in 

symptoms reported by RA patients 

during fasting 

Michalsen et 

al. (2005) 

Non- 

randomized, 

controlled 

trial 

N=51; n(RA-

fast)= 9, n(FM 

fast)=21, n(RA- 

vegetarian 

Mediterranean) 

=7, n(FM-

vegetarian 

Mediterranean 

Diet)=14 

8-day fast  Microbiology of GI tract (flora, sIgA) 

was not affected by fasting or the 

Mediterranean diet in RA or FM patients 

 Dietary effects on fecal flora (as well as 

its role in RA) must be studied using 

newer molecular analysis practices 

Al-Dubeikil 

et al. (2003) 

Non- 

randomized 
control trial 

N=31; 

n(fasting)=17, 

n(non- 

fasting)=14 

Fast during the 

Ramadan 
holiday 

 A significant number of RA patients 

reported improvement with fasting related 
to Ramadan 

Fraser et al. 

(2001) 

Non- 

randomized 

intervention 

trial 

N=4 female 

patients with 

active RA 

72-hour fast  RA patients not previously treated with 

glucocorticoids were found to have 

higher levels of cortisol during the night 

Fraser et al. 
(2000) 

Non- 

randomized 

intervention 
al trial 

N=23 patients 

with active RA; 

n(7-day 

fast)=10, 

n(ketogenic 

diet 7 days)=13 

7-day fast  Serum IL-6 levels and improved 
symptoms were noted with fasting 

 DHEAS levels were significantly 

increased with the ketogenic diet and 

fasting 

 Because the IL-6 levels changed 

independent of the IL-6 levels, it is 

proposed the DHEAS levels did not 

affect the IL-6 levels 

 The decreased IL-6 levels may be the 

cause of lower ESR and CRP levels 

after a 7-day fast 

Fraser et al. 

(1999) 

Descriptive, 

prospective 

study 

N=9 RA 

patients 

7-day fast  In vitro proliferation of lymphocytes 

increased with higher levels of total FFA 

in plasma (associated with fasting) 

Trollmo, 

Verdrength, 

& 

Tarkowski 

(1997) 

Control 
study 

N=24; n(RA 
patients)=7, 

n(healthy 

control)=17 

  Mucosal B-cell response increased 

with fasting while no response noted 

systemically 

 Results indicate fasting alters intestinal 

immune response regardless of medical 

treatment – RA patients and healthy 

controls noted to have similar response to 

fast 
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TABLE 2 – Continued  

Author Study Type Sample Size Length of Fast Effect on RA 

Kjeldsen- 

Kragh et 

al. (1996) 

Non- 

randomized 

intervention 

design 

N=26 RA 

patients 

7-10 day fast 

followed by a 

vegetarian diet for 

3.5 months 

 A significant decrease in 

agalactosyl IgG was found after 

fasting, but not after vegetarian 

diet 

 Improvement associated with 

fasting may be related to 

glycosylation status of IgG 

 Improvement associated with 
vegetarian diet do not appear to 
be related to glycosylation status 
of IgG 

Kjeldsen- 

Kragh et 

al. (1995) 

Randomized 

control trial 

N=53 RA 

patients; n(fast, 

vegan-gluten 

free diet)=27, 

n(control)=26 

7-10 day fast 

followed by a 

gluten-free, 

vegan diet for 3 

months 

 Disease activity was significantly 

decreased with vegan, gluten-free 

diet: decreased calprotectin, total 

IgG, RF, leukocyte count, platelet 

count, complement components C3 

and C4, and C3 activation products 

 Some patients with RA can have a 

reduction of disease activity related 

to change in diet 

Kjeldsen- 

Kragh et 

al. (1995) 

Prospective, 

single-blind, 

randomized, 

controlled 

clinical trial 

N= 57; 
n(RA with diet 

intervention)=2 
7, n(healthy 

control)=30 

7-10 day fast 

followed by 

re-introduction 

(one food at a 
time) of gluten-

free, vegan foods; 
foods causing 

exacerbation were 

excluded from 
continued vegan, 

gluten- free diet 

 RA pathogenesis is most likely 

not associated with a food-

induced systemic humoral 

immune response 

Peltonen 

et al. 

(1994) 

Prospective, 

randomized, 

single-blind 

clinical trial 

N= 53 (45 

women, 8 men) 

omnivorous 

patients with 

RA; 

n(diets)=27, 

n(control)=26 

All interventions 

began with a fast; 

lactovegetarian 

diet was 9 months, 

and vegan diet 

was 

3.5 months 

 Omnivorous diet to vegetarian diet 

resulted in a significant change in 

intestinal flora 

 Vegan to lactovegetarian diet 

resulted in significant change in 

intestinal microflora 

 A significant difference was noted in 

the fecal flora of patients who had a 

high index of response compared to 
those with a low index of response 

 The correlation found between 

disease activity and intestinal flora 

has the potential to improve the 

understanding on the relationship 

between diet and RA 
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TABLE 2 – Continued  

Author Study Type Sample Size Length of Fast Effect on RA 

Kjeldsen- 

Kragh et al. 

(1991) 

Prospective, 

single-blind 

randomized 

trial 

N=53; 

n(intervention/d 

iet group)=27, 

n(control 

group)=26 

7-10 day fast 

followed by a 1-

year vegetarian 

diet 

 The dietary treatment methods used 

in this study may be a helpful 

addition to currently recommended 

medical treatment of RA 

Haugen et 
al. (1991) 

Descriptive, 

cross- 

sectional 
design 

N=742 ; n(RA) 

=290, n(JRA) = 

51, 

n(ankylosing 

spondylitis) = 

87, n(psoriatic 

arthritis) = 51, 

n(fibromyalgia) 

= 65, 

n(osteoarthritis) 
= 34 

Survey regarding 

self- directed 

fasting to 

improve 

symptoms 

 Fasting-related improvements 

similar to previous study results 

(stiffness, joint edema, and 
decreased pain) 

 A change in intestinal permeability 

associated with fasting may 

correlate with improvements 

(clinical) 

Hafström et 

al. (1988) 

Cross-over, 

controlled 

trial 

N=14 female 

patients with 

RA 

7-day fast  Decreased production of leukotriene 

may be cause of improved symptoms 

during fasting in RA 

Uden et al. 

(1983) 

Cross-over 

intervention 

trial 

N=7 patients 

with RA 

7-day fast  The clinical status in RA was 

improved with fasting 

 Enhanced bactericidal ability of 

neutrophils was associated with 

decreased inflammation during 

fasting 

Sundqvist et 

al. (1982) 

Randomized 

control trial 

N=10; n(RA 

patients)=5, 

n(control)=5 

10-day fast  Permeability of the GI tract and 

tissue decreases with fasting, but 

no change was noted with the 

lactovegetarian diet 

 Results reveal a potential 

relationship between decreased 

disease activity and GI 

permeability with fasting 

Sköldstam 

Larsson, & 

Lindström 
(1979) 

Randomized 
control trial 

N=26; n(diet 

intervention 

with RA)=16, 

n(control/norma 

l diet with 
RA)=10 

7-10 day fast 

followed by a 

lactovegetarian 
diet 

 No significant improvements 
were noted with the 
lactovegetarian diet 

 Fasting resulted in significant, but 

brief, decreased disease activity 

(subjective and objective) 
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Mediterranean diet. The Mediterranean diet contains a low content of dairy products 

and red meat, a modest consumption of alcohol (e.g., 2 drinks per day for men and 1 drink per 

day for women with an emphasis on red wine), and a high intake of vegetables, fruits, grains, 

seeds, nuts, and olive oil (Matsumoto et al., 2018). The use of the Mediterranean diet in RA 

treatment has been under investigation for many years and varying results have occurred. 

Disease activity in RA was suppressed with the use of a Mediterranean diet; recent evidence 

suggests this may be due to the ingestion of monosaturated fatty acids (MUFAs) and subsequent 

changes in fatty acid intake with this type of diet (Hagfors, Nilsson, Skoldstam, & Johansson, 

2005; Matsumoto et al., 2018). The Mediterranean diet is associated with a significantly 

improved DAS and vitality as well as a decrease in inflammation (Abendroth et al., 2010; 

Skoldstam, Hagfors, & Johansson, 2003). Socioeconomically disadvantaged RA patients had a 

significant improvement in nutritional health and disease activity when they were provided with 

a Mediterranean diet (McKellar et al., 2007) (Table 3). 

TABLE 3. Effect of a mediterranean diet on rheumatoid arthritis. 

Author Study Type Sample Size Length of Diet Effect on RA 

Matsumoto 

et al. 

(2017) 

Cross- 

sectional 

analysis of 

data currently 

being 

collected in a 

longitudinal, 

prospective 

cohort study 

N= 413; 

n(RA)=208, 

n(healthy 

control)=205 

Self-reported 

normal dietary 

intake 

 Suppression of disease activity 

during ingestion of the 

Mediterranean diet may be due to 
intake of monounsaturated fatty 

acids (MUFAs) on a daily basis 
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TABLE 3 – Continued  

Author Study Type Sample Size Length of Diet Effect on RA 

Abendroth 

et al. 

(2010) 

Prospective, 

observational, 

non- 

randomized 

clinical trial 

N=50 patients 

with RA; n(7- 

day fast)=22, 

n(7-day 

Mediterranean 

diet)=28 

7-day fast versus 7-

day Mediterranean 

diet 

 No association was revealed 

between SCFA changes in 

intestinal microflora and RA 

activity 

 The fasting group were found 

to have significant increases in 

serum acetate levels 

 Significant improvement in DAS 

in both groups 

 Significant improvement in pain at 

rest in fasting group at day 7 

McKellar 

et al. 

(2007) 

Randomized 

control trial 

N=130 female 

patients with 

RA; 

n(Mediterranean 

diet)=75, 
n(control)=55 

6 months  Significant improvement in healthy 

dietary intake in the intervention 

group 

 Significant improvement in disease 

activity in intervention group 

 This type of treatment may be 
a viable adjunct option in the 
treatment of RA 

Michalsen 

et al. 

(2005) 

Non- 

randomized, 

controlled 

trial 

N=51; n(RA-8 

day fast)= 9, 

n(FM-8 day 

fast)=21, n(RA- 

vegetarian 

Mediterranean 

Diet)=7, n(FM- 

vegetarian 

Mediterranean 
Diet)=14 

8 days  Microbiology of GI tract (flora, 

sIgA) was not affected by fasting 

or the vegetarian- Mediterranean 

diet in RA or FM patients 

Hagfors et 

al. (2005) 

Prospective 

cohort design 

N=51 RA 

patients; 

n(Mediterranean 

diet)=26, 

n(control)=25 

12-week diet  Changes in fatty acid intake related 

to a Mediterranean (Cretan) diet 

may be related to the benefits in RA 

found with this diet 

Skoldstam, 

Hagfors, & 

Johansson 

(2003) 

Parallel 

randomized 

control trial 

N=51 RA 

patients; 

n(Mediterranean 

diet)=26, 

n(control)=25 

12-week diet  Physical function and vitality 

significantly increased, while 

inflammatory activity was 

significantly decreased in RA 

patients who consumed a 

Mediterranean diet as compared to 

a control diet 

Hagfors et 

al. (2003) 

Parallel 

randomized 

control trial 

N=51 RA 
patients; 

n(Mediterranean 

diet)=26, 

n(control)=25 

12-week diet  Plasma and urine antioxidant levels 

had no significant change 

associated with a reported increase 

of anti-oxidant rich foods 

(associated with Mediterranean diet 

intervention) 
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Vegetarian diet. The use of a vegetarian diet in the treatment of RA has also had 

conflicting results. Initial research indicated a lacto-vegetarian diet offered no significant 

improvements in RA (Sköldstam et al., 1979), but subsequent research yielded very different 

results. A vegetarian diet had no effect on the microbiology or permeability of the GI tract as 

previously stated (Michalsen et al., 2005; Sundqvist et al., 1986) but a vegetarian diet was found 

to improve symptoms of inflammation and to enhance the anti-inflammatory effects of fish oil 

(Adam et al., 2003) There was a significant difference noted in intestinal microflora of patients 

who changed from an omnivorous diet to a vegetarian diet; patients who had a higher index of 

response of symptom improvement were noted to have a significant difference in fecal flora as 

compared to those who had a lower index of response (Peltonen et al., 1994). (Table 4.) 

TABLE 4. Effect of a vegetarian diet on rheumatoid arthritis. 

Author Study Type Sample Size Length 

of Diet 

Effect on RA 

Michalsen 

et al. (2005) 

Non- 

randomized, 

controlled trial 

N=51; n(RA-8 day 

fast)= 9, n(FM-8 day 

fast)=21, n(RA- vegetarian 

Mediterranean Diet)=7, 

n(FM- vegetarian 

Mediterranean Diet)=14 

8 days  Microbiology of GI tract (flora, 

sIgA) was not affected by fasting 

or the vegetarian- Mediterranean 

diet in RA or FM patients 

Adam et al. 

(2003) 

Double- 

blind, cross-
over 

control trial 

N=68; n(normal western 

diet)=34, n(anti-
inflammatory diet, low in 
arachidonic acid)=34 

8 

months 
 Inflammation symptoms improved 

with a vegetarian diet (low 
arachidonic acid), and this diet 

heightened the anti-inflammatory 

effects of fish oil 
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TABLE 4 – Continued  

Author Study Type Sample Size Length of Diet Effect on RA 

Kjeldsen 

-Kragh et al. 

(1994) 

Cross- 

sectional, 

descriptive 

design 

N=124 (53 

participants from 

previous clinical trial, 

71 participants with 

RA not involved in 

clinical trial) 

NA  Specific psychological 

characteristics were noted in 

patients selected to participate in 

study 

 Symptom (clinical) improvement 

was not explained with MHLCS 

scores; but may be related to 

beliefs regarding “alternative” and 

“ordinary” treatment methods 

 A decrease in psychological 

stress was noted with diet 

treatment 

Peltonen et 
al. (1994) 

Prospective, 
randomized, 

single- blind 

clinical trial 

N= 53 (45 women, 8 

men) omnivorous 

patients with RA; 

n(diets)=27, 

n(control)=26 

All 

interventions 

began with a 

fast; 

lactovegetarian 

diet was 9 

months, and 

vegan diet was 

3.5 months 

 Omnivorous diet to vegetarian diet 
resulted in a significant change in 
intestinal flora 

 Vegan to lactovegetarian diet 

resulted in significant change in 

intestinal microflora 

 A significant difference was noted 

in the fecal flora of patients who 

had a high index of response 

compared to those with a low index 

of response 

 The correlation found between 

disease activity and intestinal 

flora has the potential to improve 

the understanding on the 

relationship between diet and RA 

Kjeldsen 
-Kragh et al. 

(1991) 

Prospective, 
single- blind 

randomized 
trial 

N=53; 
n(intervention/diet 

group)=27, n(control 

group)=26 

7-10 day fast 
followed by a 

vegetarian diet 

for 1 year 

 The dietary treatment methods 
used in this study may be a helpful 

addition to currently 

recommended medical treatment 
of RA 

Sundqvist et 

al. (1982) 

Randomized 

control trial 

N=10; n(RA 

patients)=5, 

n(control)=5 

10-day fast  Permeability of the GI tract and 

tissue decreases with fasting, but 

no change was noted with the 

lactovegetarian diet 

 Results reveal a potential 

relationship between decreased 

disease activity and GI 

permeability with fasting 

Sköldsta m 

Larsson, & 

Lindströ 
m (1979) 

Randomized 

control trial 

N=26; n(diet 

intervention with 

RA)=16, 

n(control/normal diet 

with RA)=10 

7-10 day fast 
followed by a 

lactovegetarian 
diet 

 No significant improvements 

were noted with the 

lactovegetarian diet 

 Fasting resulted in significant, but 

brief, decreased disease activity 

(subjective and objective) 
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Vegan diet. A significant change in intestinal microflora was noted when the 

participants’ diets were changed from omnivorous to an uncooked (raw), vegan (no animal 

products) diet rich in lactobacilli (Peltonen et al., 1997) or from a vegetarian to vegan diet 

(Peltonen et al., 1994). Participants who followed a raw, vegan diet rich in lactobacilli noted 

significant improvements in symptoms (Nenonen, Helve, Rauma, & Hanninen, 1998). A 

significant increase in many nutrients and energy intake occurred with a vegan diet, but many 

participants reported a raw, vegan diet as difficult to maintain (Rauma, Nenonen, Helve, & 

Hanninen, 1993) (Table 5). 

TABLE 5. Effect of vegan diet on rheumatoid arthritis. 

Author Study Type Sample Size Length of Diet Effect on RA 

Ågren et 

al. 

(2001) 

Randomized 

control trial 

N=29; 

intervention n=16, 

control n=13 

  Absorption rates (relative) of sterols and/or 

clearance through the biliary tract is altered 

with a strict vegan, uncooked diet 

Nenone

n et al. 

(1998) 

Prospective, 

Randomized 

control trial 

N=43 adults with 

active RA; n(raw- 

vegan diet)=22, 

n(control, normal 

diet)=21 

8-9 or 12-13 

weeks 
 Improved RA symptoms associated with 

lactobacilli-rich, raw vegan diet 

 Improved objective effects in RA may be 

result of daily intake of high amounts of 

lactobacilli 

Peltone

n et al. 

(1997) 

Prospective, 

Randomized 

control trial 

N=43 adults with 
active RA; n(raw- 

vegan diet)=22, 

n(control, normal 
diet)=21 

8-9 or 12-13 

weeks 
 Significant changes in fecal flora related to 

vegan diet were correlated with RA symptom 

improvement 

Peltone

n et al. 

(1994) 

Prospective, 

randomized, 

single-blind 

clinical trial 

N= 53 (45 

women, 8 men) 

omnivorous 

patients with RA; 

n(diets)=27, 

n(control)=26 

All 

intervention 

s began with 

a fast; 

lactovegetari 

an diet was 

9 months, 

and vegan 

diet was 3.5 

months 

 Omnivorous diet to vegetarian diet resulted 

in a significant change in intestinal flora 

 Vegan to lactovegetarian diet resulted in 

significant change in intestinal microflora 

 A significant difference was noted in the 

fecal flora of patients who had a high index 

of response compared to those with a low 

index of response 

 The correlation found between disease 

activity and intestinal flora has the potential 

to improve the understanding on the 
relationship between diet and RA 
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TABLE 5 – Continued  

Vegan, gluten-free diet. A gluten free-vegan diet resulted in an increase in 

atheroprotective antibodies against phosphorylcholine (anti-PCs) and blood lipids oxidized low-

density lipoprotein (oxLDL), which may indicate anti-inflammatory and atheroprotective effects 

of this diet (Elkan et al., 2008). Although no improvements were noted in radiologic damage 

after following this diet for one year, patients who exhibited improved symptoms were found to 

have decreased plasma immunoglobulin G (IgG) against -lactoglobulin and gliadin (Hafstrom 

et al., 2001) (Table 6). 

TABLE 6. Effect of a vegan, gluten-free diet on rheumatoid arthritis. 

Author Study Type Sample Size Length of Diet Effect on RA 

Rauma 

et al. 

(1993) 

Randomized 

control trial 

N=43 Finnish RA 

patients; 

n(intervention – 

vegan diet)=21, 

n(control)=22 

3 months  Participants reported the diet was difficult to 

follow: some were unable to eat all served 

foods, the tastes were not familiar, and 

preparation of food was time consuming and 

required a good deal of effort 

 An increase in nutrient and energy intake 

 Concerns arose regarding the available 

energy and high fiber in the vegan diet 

Author(s) Study Type Sample Size Length of 

Diet 

Effect on RA 

Elkan et 

al. (2008) 

Randomized 

control trial 

N=66 RA 

patients; n(gluten-

free, vegan 

diet)=38, 

n(well-balanced, 
non-vegan 
diet)=28 

1 year  An increased anti-PC IgA and IgM and 

decreased oxLDL and LDL levels were 
noted with a gluten-free vegan diet – 

these changes may be anti-inflammatory 

and atheroprotective 

Hafström 

et al. 

(2001) 

Randomized 

control trial 

N=66 patients 

with active RA; 

n(vegan, gluten- 

free diet)=38, 

n(control-well- 

balanced non- 

vegan)=28 

1 year  IgG levels against -lactoglobulin and 

gliadin decreased in intervention diet 

responders 

 No improvement was noted in 

radiological films 

 Some patients with RA may benefit from 

diet change; this may be due to diet 

change, which results in decreased 

immune reaction to food antigens 
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TABLE 6 – Continued  

Elemental diet. Little research has been completed regarding the effect of an elemental 

(hypoallergenic) containing basic nutrients (e.g., amino acids, sucrose, minerals, synthetic 

vitamins, etc.) diet in the management of RA. An initial study determined an elemental diet 

resulted in significant improvement in joint pain, but no other change in disease activity occurred 

(Haugen, Kjeldsen-Kragh, & Forre, 1994). Interestingly, the control group exhibited a 

significantly improved erythrocyte sedimentation rate and thrombocyte count; it was concluded 

that an elemental diet may benefit some patients with RA but should not be recommended to all 

RA patients (Haugen et al., 1994). Researchers have since found significant clinical 

improvement in the Ritchie’s score and grip strength, while functional score, ESR, and C- 

Author(s) Study Type Sample Size Length of 

Diet 

Effect on RA 

Kjeldsen 

-Kragh et 

al. (1996) 

Non- 

randomized 

intervention 

design 

N=26 RA patients 7-10 day 

fast 

followed by 

a gluten-

free, vegan 

diet for 3.5 

months 

 A significant decrease in agalactosyl 

IgG was found after fasting, but not 

after vegetarian diet 

 Improvement associated with fasting 
may be related to glycosylation status of 
IgG 

 Improvement associated with 

vegetarian diet do not appear to be 

related to glycosylation status of IgG 

Kjeldsen 

-Kragh et 

al. (1995) 

Randomized 

control trial 

N=53 RA patients; 

n(fast, vegan- 

gluten free 

diet)=27, 

n(control)=26 

7-10 day 

fast 

followed by 

a gluten-

free, vegan 

diet for 3 

months 

 Disease activity was significantly 

decreased with vegan, gluten-free diet: 

decreased calprotectin, total IgG, RF, 

leukocyte count, platelet count, 

complement components C3 and C4, and 

C3 activation products 

 Some patients with RA can have a 

reduction of disease activity related to 

change in diet 

Kjeldsen 
-Kragh et 

al. (1995) 

Randomized 

control trial 

N=53 RA patients; 

n(fast, vegan- 

gluten free 

diet)=27, 

n(control)=26 

7-10 day 

fast 

followed by 
a gluten-

free, vegan 

diet for 3 
months 

 RA pathogenesis is most likely not 

associated with a food-induced 

systemic humoral immune response 
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reactive protein (CRP) had no significant improvement (Kavanaghi et al., 1995). A rapid 

cessation of improvement occurred when foods were reintroduced (Kavanaghi et al., 1995), and 

improvements were found to be as effective as the ingestion of 15 mg of prednisolone on a daily 

basis (Podas et al., 2007). Patients who followed a hypoallergenic, high unsaturated fat, low 

saturated fat diet exhibited a significant improvement in ESR, number of swollen and tender 

joints, and Ritchie’s index (Sarzi-Puttini et al., 2000). More research is recommended regarding 

the use of an elemental diet in the management of RA (Haugen et al., 1994; Podas et al., 2007) 

(Table 7). 

TABLE 7. Effect of an elemental diet on rheumatoid arthritis. 

Author(s) Study Type Sample Size Length of Diet Effect on RA 

Podas et al. 

(2007) 

Pilot of a 

randomized 

control trial 

N=30 patients with 

active RA; 

n(elemental diet)=21, 

n(oral 

prednisolone)=9 

2 weeks  Significant clinical 

improvement noted after 2 

weeks of elemental diet – as 

effective as 15 mg 

prednisolone daily 

 RA disease activity may be due 

to diet, and the intestines are 

involved 
Sarzi- 
Puttini et 
al. (2000) 

Double 
blind, 
randomized 
control trial 

N=50 patients 
with RA, 
n(intervention – 
hypoallergenic, 
low saturated fats, 
high unsaturated 
fats)=25, 
n(control)=25 

24 weeks  Patients may experience 

improvement in RA symptoms 

associated with diet therapy 

– this may be due to diet 

modification or weight loss 

 The composite index did not 

yield any significant changes 

associated with diet therapy 

Kavanaghi 

et al. (1995) 

Randomized 

control trial 

N=57 RA 

patients; 

n(elemental 

diet)=24, 

n(control)=23 

4 weeks of 

elemental diet 

followed by 

reintroduction 

of foods 

 Various examples of many 

struggles noted in dietary studies 

in RA treatment 

 A significant improvement was 

noted with Ritchie score and 

grip strength 

 Functional score, ESR, and 

CRP had no significant 

improvement 

 Improved symptoms 

associated with elemental diet 

were not continued when diet 

was individualized 
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TABLE 7 – Continued  

Author(s) Study 

Type 

Sample Size Length of Diet Effect on RA 

Haugen, 

Kjeldsen- 

Kragh, & 

Forre (1994) 

Double- 

blind, 

randomized 

control 

study 

n(elemental 

diet/intervention 

group)=10, n(control 

diet group)=7 

3 weeks  Intervention group 

had a significant 

improvement in 

joint pain 

 The control group 

had an improved 

thrombocyte count 

and erythrocyte 

sedimentation rate 

 Improvement of all 

measured variables were 

noted in 3 from 

intervention group and 2 

from control group 

 Variables of disease 
activity were not 
significantly different 
between groups 

 An elemental diet may be 

effective in the treatment 

of some patients with RA, 

but it is not recommended 

in the treatment of all RA 

patients 

Elimination diet. Elimination diets vary and are used to determine and treat food 

intolerances and sensitivities (Nigg & Holton, 2015). Elimination diets involve the removal of 

potential or suspected food(s) from a diet for a specified amount of time (often 2 weeks) (Nigg & 

Holton, 2015). If the elimination results an improvement or remission of signs and symptoms, it 

is followed by the reintroduction of food(s) individually to determine if the reintroduction results 

in a return of signs and symptoms (Nigg & Holton, 2015). These food(s) are permanently 

eliminated from the diet in an effort to decrease disease activity and improve quality of life (Nigg 

& Holton, 2015). The effectiveness of an elimination diet in the treatment of RA has not been 

investigated in decades. In two separate, single-case studies, four individuals each had resolution 

of RA-related pain when they eliminated specific foods (Parke & Hughes, 1981). These patients 
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were eventually able to alternate the elimination diet with their normal dietary habits without an 

increase in RA-related pain (O’Banion, 1982). Four participants in an earlier case-study reported 

decreased disease activity with elimination of participant-specific foods, and an exacerbation of 

symptoms upon re-introduction of foods (Zussman, 1966). More research was recommended 

(O’Banion, 1982; Parke & Hughes, 1981; Zussman, 1966) (Table 8). 

TABLE 8. Effect of an elimination diet on rheumatoid arthritis. 

Ketogenic diet. Little research has examined the role of a ketogenic diet in the treatment 

of RA. It was determined that the ketogenic diet had a lesser immunological impact compared to 

fasting, but participants still exhibited a decrease in serum insulin-like growth factor (IGF-1) and 

leptin (Fraser, Thoen, Bondus, et al., 2000). A ketogenic diet was also associated with a 

significant increase in dehydroepiandrosterone sulphate (DHEAS), but serum IL-6 levels were 

not affected as they were with a fast (Fraser, Thoen, Djoseland, Forre, & Kjeldsen-Kragh, 2000). 

An “artificial peptide diet” was noted to improve objective and subjective measures in some 

patients, but is not recommended for use in all RA patients (Holst-Jensen et al., 1998) (Table 9). 

Author(s) Study Type Sample Size Length of 

Diet 
Effect on RA 

O’Banion 

(1982) 

Single case 

experimental 

design 

N=3 female 

patients with RA 

NA  Pain associated with arthritis stopped with 

treatment (including elimination of 

specific foods, rotary ingestion of other 

foods alternating with normal dietary 

habits) 

Zussman 

(1966) 

Case studies N=4 with RA NA  Each patient described responded with 

decreased disease activity during 

elimination, with disease exacerbation to 

ingestion of different foods, which caused 

differing symptoms 

 Healthcare providers should be aware of 

this potential circumstance in their 
treatment of 
patients with RA 
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TABLE 9. Effect of a ketogenic diet on rheumatoid arthritis. 

Effect of specific nutrients on rheumatoid arthritis. Researchers have also considered 

the use of specific nutrients in the management of RA, and some nutrients (e.g., vitamin D and 

omega-3 fatty acids) may offer benefit in the effectiveness in disease-modifying antirheumatic 

drugs (DMARDs) in RA (Lourdudoss, Wolk, Nise, Alfredsson, & Vollenhoven, 2017). Age and 

vitamin D intake were associated with serum 25(OH)D levels in RA patients, while disease 

activity was not affected (Matsumoto et al., 2015).  

Evidence suggests n-3 PUFAs may slow the transition to seropositive RA (Gan et al., 

2017), and improve objective measures of RA, (e.g., DAS) (Kremer et al., 1985; Tedeschi et al., 

2018). N-3 PUFAs may have an increased effect in patients who have a genetic susceptibility to 

RA (e.g., HLA class II) (Gan et al., 2017). No changes were associated between changes in the 

altered amount of short-chain fatty acids and RA activity or intestinal microflora (Abendroth et 

Author(s) Study 

Type 

Sample Size Length of 

Diet 

Effect on RA 

Fraser et 

al. (2000) 

Non- 

randomized 

intervention 
trial 

N=13 patients 

with active 

RA 

7-day 

ketogenic diet 

followed by 

14-day 

reintroduction 

 A decrease in serum IGF-1 and leptin were 

noted in RA patients during a ketogenic 

diet; this resembles acute starvation 

 The ketogenic diet did not have the same 

immunological impact as previously 

noted with fasting (acute starvation) – it 

may be more impacted by restriction of 

protein and/or energy 

Fraser et 

al. (2000) 

Non- 

randomized 

interventional 

trial 

N=23 patients 

with active RA; 

n(7-day 

fast)=10, 

n(ketogenic diet 

7 days)=13 

7-day 

ketogenic diet 

versus 7-day 

fast 

 Serum IL-6 levels and improved 

symptoms were noted with fasting 

 DHEAS levels were significantly 

increased with the ketogenic diet and 

fasting 

 Because the IL-6 levels changed 

independent of the IL-6 levels, it is proposed 
the DHEAS levels did not affect the IL-6 

levels 

 The decreased IL-6 levels may be the 

cause of lower ESR and CRP levels after a 

7-day fast 
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al., 2010). 

Diet Quality in Rheumatoid Arthritis 

Understanding dietary habits of patients with RA is an important foundation in the 

eventual development of dietary guidelines. Evidence indicates many patients with RA have 

low-energy, imbalanced diets (Gossec et al., 2018; Grimstvedt et al., 2010; Hejazi, Mohtadinia, 

Kolahi, Bakhtiyari, & Delpisheh, 2011; Kowsari et al., 1983; Prescha et al., 2018), that contain 

too much fat and low amounts of PUFAs and fiber (Kremer & Bigaouette, 1996; Taspinar et al., 

2018). RA patients had a decreased intake of various whole foods as well as vitamins and 

minerals, including vitamin E, selenium, calcium, zinc, and folic acid. Patients with RA ingest a 

diet that is lacking in potassium, which may impact inflammation via an effect on cortisol levels 

(Rastmanesh, 2009). RA patients also consume diets higher in lipids and proteins (Taspinar et 

al., 2018). Blueberries and fish were recently self-reported as foods most likely to improve 

symptoms in RA patients, while dairy, gluten, desserts and sugary sodas were most likely to 

cause symptom exacerbation (Haugen et al., 1991; Tedeschi et al., 2017). Regardless of beliefs, 

many patients with RA should discuss their diet with their healthcare provider and improve diet 

quality (Berube et al., 2017; Grimstvedt et al., 2010). Diet quality will be measured with the use 

of the Healthy Eating Index-2015. 

Diet Related to Disease Activity 

Evidence indicates dietary intake is directly and indirectly related to inflammation that 

can alter the disease activity of individuals diagnosed with RA. Measures of disease activity 

offer important information regarding the impact of diet on RA and have been considered in RA 

research since 1966 (Zussman, 1966).  
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Signs. Signs of disease activity in RA are objective indicators of systemic and localized 

inflammation, again, the indication of disease activity in RA. Signs of systemic inflammation 

include increased pro-inflammatory biomarkers (e.g., hsCRP & ESR), while signs of localized 

inflammation are edema, redness, and decreased function or strength of affected joints in RA 

(Berube et al., 2017). A significant correlation was found between antioxidant intake and signs 

of anti-inflammatory status in RA (e.g., measured via DAS28) (Prescha et al., 2018), while 

another study found disease activity and antioxidant levels were not significantly related to 

dietary intake (Hejazi et al., 2011). Patients who were randomized to an anti-inflammatory diet 

(ADIRA) exhibited decreased signs and symptoms of disease activity following the intervention 

(Winkvist, Barebring, Gjertsson, Ellegard, & Lindqvist, 2018), and a decrease in hsCRP was 

noted with an increased intake of blue mussels (Lindqvist, Gjertsson, Eneljung, & Winkvist, 

2018). An inverse relationship was found between DAS28 score and fish intake (Tedeschi et al., 

2018), and a decrease in disease activity was associated with an increased intake of omega-3 

PUFAs and monounsaturated fatty acids (Hayashi et al., 2012). Disease activity was not 

associated with serum vitamin D (dietary) levels in RA patients (Matsumoto et al., 2015). 

Interestingly, fasting resulted in a significant decrease in DAS28, and these changes were rapid 

but short-lasting (Munshi, 2008; Said, 2013). A significant improvement in disease activity was 

noted with the ingestion of Mediterranean and elemental diets (McKellar et al., 2007; Podas et 

al., 2007).  

Symptoms. Symptoms of disease activity in RA are individualized, personal disease-

related experiences that may also indicate systemic or localized inflammation. An understanding 

of individual perceived health in RA is essential in understanding disease activity, which 
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includes disease activity related to dietary intake. Perceived health offers valuable self-reported 

evidence of disease activity in RA, and has been measured in RA research for decades (Kjeldsen-

Kragh et al., 1991). Improved perceived health are associated with the ingestion of a vegetarian 

diet, a Mediterranean diet, and an artificial peptide diet (Holst-Jensen et al., 1998; Kjeldsen-

Kragh et al., 1991; Kjeldsen-Kragh, Haugen, Forre, Laache, & Malt, 1994; McKellar et al., 

2007; Skoldstam et al., 2003), while no significant changes occurred with the ingestion of 

allergenic foods or a uncooked, vegan diet (Karatay et al., 2004; Nenonen et al., 1998). Poor 

perceived health scores were associated with poor diet quality (Berube et al., 2017). 

Conclusions 

Research has since yielded conflicting results regarding specifics but indicates RA 

disease activity is affected by diet. Diet may not cure RA, but there is a significant potential for 

improvement in the HRQOL of patients through the inclusion of dietary management in the 

treatment of RA (Brigg, 1989). Most current recommendations range from a healthy, balanced 

diet (Martin, 1998; Masuko, 2018; Rennie, Hughes, Lang, & Jebb, 2003) to recommend patients 

observe their own reactions to nutrients and foods and eliminate them as needed (Grygielska, 

Raciborski, Klak, & Owoc, 2018).  

No one diet has been determined to be the most effective (Gamlin & Brostoff, 1997) and 

dietary management is often considered controversial as some patients may not benefit from 

dietary management (Ryan, 1995). Although the mechanisms involving diet and RA disease 

activity remain unclear, a complex relationship exists between the immune system and the gut-

joint-brain and evidence suggests the microbiome is involved (Diamanti, Manuela Rosado, 

Lagana, & D'Amelio, 2016; Jethwa & Abraham, 2017; Lerner & Matthias, 2015; Sandhya, 
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Danda, Sharma, & Scaria, 2016). Food constantly challenges the immune system (van de Laar & 

van der Korst, 1991), and treatment focused on the microbiome may result in successful 

treatment of RA (Rosenbaum & Asquith, 2016; Sandhya et al., 2016). 

The mechanisms regarding the relationship between diet and inflammatory arthritis 

remains uncertain (Hagen, Byfuglien, Falzon, Olsen, & Smedslund, 2009; R. H. Martin, 1998; 

Dorothy J. Pattison, Symmons, & Young, 2004), but the use of dietary management is 

recommended as a supportive, valuable treatment option for RA (Khanna, Jaiswal, & Gupta, 

2017; Kjeldsen-Kragh, 1999; Oliviero, Punzi, & Spinella, 2009). Further research is needed to 

determine the best recommendations to incorporate into clinical practice guidelines in the use of 

dietary management in the treatment of RA(Adam, 1995; Bala, Mondal, Haldar, & Khandelwal, 

2017; Basu, Schell, & Scofield, 2018; Darlington, 1991; Darlington, Jump, & Ramsey, 1990; 

Grant, 2007; Jethwa & Abraham, 2017; Kjeldsen-Kragh, 2003; Marino et al., 2015; Molberg & 

Sollid, 2006; Muller, de Toledo, & Resch, 2001; Navarini, Afeltra, Gallo Afflitto, & Margiotta, 

2017; Oliviero et al., 2009; Panush, 1988, 1990; D. J. Pattison & Winyard, 2008; Rennie et al., 

2003; Rosillo, Alarcon-de-la-Lastra, & Sanchez-Hidalgo, 2016; Ryan, 1995; Semerano, Julia, 

Aitisha, & Boissier, 2017; Smedslund, Byfuglien, Olsen, & Hagen, 2010; Sperling, 1989; 

Tedeschi & Costenbader, 2016; Tidow-Kebretchi & Mobarhan, 2001; van de Laar & van der 

Korst, 1991). Above all, it is important for health care providers to discuss diet with their 

patients to prevent unspecified self-management (Darlington, 1991; Darlington et al., 1990; 

Darlington & Ramsey, 1993; Martin, 1998; Prescha et al., 2018; Sperling, 1989). 
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Manuscript Option for Dissertation 

The author of this dissertation, with the consent of the dissertation committee, chose to 

complete three publishable manuscripts for this dissertation. The author of this dissertation is the 

primary author of three publishable manuscripts that were completed instead of the traditional 

dissertation. Co-authors are committee members who provided editorial feedback. 

The first publishable manuscript is an introduction and critique of the previously 

described Biopsychosocial Model of Disease Activity in Rheumatoid Arthritis, titled “Advancing 

the Science of Rheumatoid Arthritis Research and Management” (Appendix A). The author of 

this dissertation is the primary author, and the dissertation committee are secondary authors of 

the manuscript. This manuscript will be submitted to the Journal of Rheumatology after the 

dissertation defense. 

The second publishable manuscript is a literature review previously presented in this 

dissertation. titled “Diet in Rheumatoid Arthritis: A Literature Review” (Appendix B). The 

author of this dissertation is the primary author, and the dissertation committee co-chairs are 

secondary authors of the manuscript. This manuscript will be submitted to the Journal of Clinical 

Rheumatology after the dissertation defense. 

The third manuscript is co-authored, publishable, and presents data-based findings from 

this dissertation study regarding associations between diet quality and disease activity in RA. 

The manuscript is titled “Diet Quality and Disease Activity in Rheumatoid Arthritis” (Appendic 

C). The manuscript will be submitted to the Journal of Clinical Rheumatology after the 

dissertation defense. 



47 

 

CHAPTER II: PRESENT STUDY 

Methods 

Study Design  

A cross-sectional, descriptive design was used to describe the relationship between diet 

quality and disease activity in RA. This descriptive design was chosen to improve current 

understanding of this relationship to inform future research. This type of design is appropriate in 

that previous research is limited and results are conflicting and inconclusive (Badsha, 2018; 

Kazdin, 2017; Rambod et al., 2018). 

Setting and Sample 

A convenience sample was recruited from a subspecialty practice office for 

rheumatology. Eligible participants were adults (age 18 or older) with a diagnosis of RA 

managed by a rheumatology health care provider. Exclusion criteria for this study were an age of 

less than 18 years, pregnancy, the inability to read or write in English, and a diagnosis of any 

other autoimmune disease (AD). 

Sample size. A multiple regression power analysis was completed using PASS software 

(NCSS, 2018). The results indicated a sample size of 50 was needed to meet the requirements of 

a significance () of 0.05 and a power of at least 0.8 (Zint, 2018). Calculations were completed 

with the assumption of a 30% variation (R2 = 0.3) of disease activity based on five predictor 

variables (age, gender, BMI, medications, and smoking status) and 10% variation (R2 = 0.1) of 

disease activity due to quality of diet. A total of 65 participants were enrolled in this study, but 

only 50 participants completed all questionnaires. 
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Recruitment, consent,and data collection process. Patients considered for this study 

were selected based on scheduled provider and laboratory appointments and history of RA. 

Office staff offered a recruitment card to all RA patients on their arrival to the office that 

contained information about the study, exclusion criteria, and investigator contact information. 

Interested patients were directed to a conference room to meet with the investigator after their 

provider or laboratory appointment. The investigator completed informed consent and reviewed 

all structured questionnaires Arizona Food Frequency Questionnaire (AFFQ), demographic 

questionnaire, Perceived Stress Scale (PSS), and HAQ-DI (discussed below). The investigator 

gave participants addressed, stamped envelopes to return completed paperwork. Finally, the 

investigator completed a brief physical exam to determine the number of swollen and tender 

joints for the DAS28, and the participant was discharged per office staff. The investigator 

accessed electronic medical records for height, weight, and most recent CRP and ESR. The 

investigator received 50 data packets and mailed a $25-dollar gift cards to participants upon 

receipt of the data packets. The participants spent a total of 45-85 minutes during data collection 

(Table 10).  

TABLE 10. Subject data collection. 

Measure/Tool Subject Time Requirement Estimate 

Arizona Food Frequency Questionnaire (AFFQ)  

(At Home) 

30 – 60 minutes 

Demographic Form (At Home) 5 – 10 minutes 

Perceived Stress Scale (At Home) 5 minutes 

Health Assessment Questionnaire – Disability Index (HAQ-

DI) and pain scale (At home) 

5-10 minutes 

Informed Consent and Disease Activity Score – 28 (DAS-

28)  

5-10 minutes  

Total At Home: 40-75 minutes 

In Office: 5-10 minutes 

Total: 45-85 minutes 
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The PI stored written data in a locked file drawer in a locked office at the Northern 

Arizona University School of Nursing. The PI assigned a code (number) for each subject and 

coded all forms and questionnaires. Only the PI has access to individually identifiable private 

subject information, and this information will be destroyed after all data analysis is completed. 

Data Collection Measures 

The tools used examined participant characteristics and predictor variables, including 

quality of diet, age, gender, BMI, medications, smoking status, and perceived stress, and 

outcome variables, in this case disease activity in RA. Dietary intake was measured with the 

Arizona Food Frequency Questionnaire (AFFQ) and quality of diet scored with the Healthy 

Eating Index (HEI-2015). A demographic questionnaire and Perceived Stress Scale were used to 

collect information regarding remaining variables. The outcome variable of disease activity was 

measured via health assessment questionnaire (HAQ-DI & pain scale), disease activity score 

(DAS28), and hematology results (ESR & CRP). 

Demographic Information 

Demographic variables describe participant characteristics and were used to adjust 

statistical analyses to consider these predictor biological variables (e.g., age, gender, BMI, 

smoking, or medication use) on the production of pro-inflammatory biomarkers in adults with 

RA (Barebring, Winkvist, Gjertsson, & Lindqvist, 2018). Patients completed the attached 

demographic questionnaire, and the PI collected height, weight, and BMI (Appendix D). 

Demographic information included gender (male or female), age, years since diagnosis of RA, 

highest educational level (elementary, high school/GED, vocational training, some 

college/Associate’s degree, Bachelor’s degree, Master’s degree, Doctoral degree, or do not wish 
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to answer), marital status (single, married, separated, divorced, widowed, other, or do not wish to 

answer), race (American Indian/Alaska Native, Asian, Black or African American, Native 

Hawaiian or other Pacific Islander, White, more than one race, other, or do not wish to answer), 

current tobacco/nicotine use, current medication use (disease modifying anti-rheumatic agents 

[DMARDs], corticosteroids in the last month, non-steroidal anti-inflammatories [NSAIDs] for 

joint pain in the last week), and yearly household income (less than $25,000, $25,000 - $49,999, 

$50,000 - $74,999, $75,000 - $99,999, $100,000 - $124,999, more than $125,000, do not wish to 

answer, or do not know for certain). Anthropometric data included height, weight, and BMI 

(underweight [<18.5], normal weight [18.5 – 24.9], overweight [25-29.9] and obese [>30] 

((NIH), 2018). Questions regarding the participants’ opinion regarding diet and impact on RA 

disease activity and an area for participants to state any diet changes (in an attempt to improve 

disease activity) are also included. Questions were clarified directly with participants as needed 

during the appointment. 

Dietary Intake 

Dietary intake was measured with the Arizona Food Frequency Questionnaire (AFFQ) 

(Arizona, 2018a) (Appendix D). The AFFQ was chosen as it offers the ability to measure 

frequency of consumption and portion size in addition to an estimate of nutrient intake to 

determine approximate intake of daily nutrients, food groups, and ingredients over a longer 

period of time (e.g., 4 weeks in this case) (Rodrigo, Aranceta, Salvador, & Varela-Moreiras, 

2015; Thompson & Subar, 2008). Dietary intake was recorded by subject self-report (via bubble 

fill in) to include data regarding the consumption of nutrients (foods and beverages) over specific 

amount of time (e.g., 4 weeks or 12 months) and are completed in 30-60 minutes (Bowman et al., 
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2011; National Institute of Health, n.d.; Rodrigo et al., 2015; Thompson & Subar, 2008). FFQs 

are appropriate for cross-sectional studies involving dietary intake and have been used in RA 

research since 1965 (Rodrigo et al., 2015; Shatin, 1965; Thompson & Subar, 2008).  

The Arizona Food Frequency Questionnaire (AFFQ) is a population specific, validated, 

and reliable tool that is offered through the University of Arizona Cancer Center (Arizona, 

2018a) (Appendix D). This 175 item self-reported FFQ is a modified version of the NCI Health 

Habits and History Questionnaire (HHHQ) and was used to determine the self-reported intake 

(foods and portion sizes) for participants over a four-week period of time (Arizona, 2018a). Data 

regarding supplement (vitamin & mineral) use was included. Reliability of the AFFQ had a 

correlation of 0.63, and a test-retest reliability correlation of 0.54 (unadjusted for nutrients) and 

0.48 (adjusted for energy-related nutrients) (Bowman et al., 2011; National Institute of Health, 

n.d.; Rodrigo et al., 2015; Thompson & Subar, 2008). The data collected in the AFFQ was used 

to calculate diet quality, determine grams of individual food (e.g., red meat, cruciferous 

vegetables) intake, and percent of daily recommended intake (DRI) for a total of 34 variables. 

Quality of Diet 

Quality of diet was calculated and scored based on the Healthy Eating Index -2015 

(HEI-2015). The HEI-2015 was developed in a collaborative effort of the National Cancer 

Institute (NCI) and the US Department of Agriculture (USDA) to score diet quality based on the 

comparison of dietary intake to the 2015-2020 Dietary Guidelines for Americans (DGA) (Krebs-

Smith et al., 2018; The Epidemiology and Genomics Research Program, 2018). The HEI-2015 is 

the most recently updated version of the HEI, which is a valuable tool that can be used to 

determine the effectiveness of nutrition and nutrition education programs as well as diet quality 
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(NCI, 2018b). A study completed using the HEI-2010 found that RA patients demonstrated the 

need for improvement to the quality of their diet, and functional disability in RA may be related 

to diet quality (Berube et al., 2017).  

The HEI-2015 score was determined via analysis of the AFFQ results to determine the 

amount of each of the following dietary constituents: total vegetables, dark green vegetables, 

whole fruit, legumes, dairy, whole grains, eggs, seafood, total protein foods, seeds and nuts, 

sodium, polyunsaturated fatty acids, monounsaturated fatty acids, saturated fatty acids, calories 

due to added sugars, and total calories (NCI, 2018b). The HEI-2015 includes nine constructs 

with a total score of 100 points and contains the following breakdown for maximum points: 

vegetables, fruits, dairy, protein foods, grains, refined grains, fats, and sodium have a maximum 

value of 10 points each, while empty calories have a total of 20 points (NCI, 2018a). The scores 

for each construct are added for the final subject score out of the 100 to rank diet quality: less 

than 51 is poor, 51-80 is considered fair, and above 80 is good (Berube et al., 2017). Americans 

have an average score of 59 out of 100 (USDA, 2019) 

Psychometric properties of the HEI-2015 were examined and offered support for the 

reliability, construct validity, and criterion validity. Diet quantity and diet quality demonstrated a 

low correlation (<0.25), which supports their independence of one another, and mean scores for 

nonsmokers (59.7) was significantly higher than smokers (53.3) (p<0.01) (Reedy et al., 2018). 

Cronbach’s alpha was 0.67, based on low to moderate intercorrelations of components (0.01-

0.49) (Reedy et al., 2018). Finally, criterion validity was determined based on an association 

between the lowest versus the highest quintile and a 13-23% decreased mortality risk due to 

cancer, cardiovascular disease, and overall risk (Reedy et al., 2018). 
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Perceived Stress 

Perceived stress is a psychological antecedent of disease activity in RA that is implicated 

in development and disease activity of RA via PNI mechanisms (Cutolo & Straub, 2006). The 

Perceived Stress Scale (PSS) is tool that is commonly used to measure stress in research and 

patient care, and it is considered to be valid and reliable (Lee, 2012). Cronbach’s alpha was 

greater than 0.7 (0.74-0.92) in 12 studies, and test-retest reliability was greater than 0.7 in three 

studies (Lee, 2012). PSS scores were found to be valid when evaluated using participants having 

related characteristics, with the exception of a potential inconsistency based on gender (e.g., five 

of 12 studies found women scored higher than men) (Lee, 2012). 

Disease Activity 

An understanding of measures of disease activity offers important information regarding 

the impact of diet on RA and are the bridge between research and the use of diet in evidence-

based clinical practice guidelines for the treatment of RA. A disease activity score and a health 

assessment questionnaire-disability index will be used to measure the signs and symptoms of 

disease activity in this study. 

Signs 

Disease Activity Score Including 28 Joints (DAS28) 

The Disease Activity Score Including 28 joints (DAS28) uses hematologic biomarkers as 

well as researcher/healthcare provider and subject reported information to allow for the 

calculation of disease activity. The DAS28 is commonly used in research and was chosen due to 

low subject burden as well as ease of scoring (Balsa et al., 2004; Salaffi, Cimmino, Leardini, 

Gasparini, & Grassi, 2009). The DAS28 includes a provider or researcher-reported 28-joint 
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assessment for edema and tenderness, a participant-reported VAS scale assessing disease activity 

for the previous week, and the results of hematologic pro-inflammatory biomarker analysis (ESR 

or hsCRP) (Salaffi et al., 2009). DAS28-ESR and DAS28-CRP were highly correlated in a recent 

study (r=0.92, p<0.0001), but consistently lower scores were noted with the DAS28-CRP 

compared to the DAS28-ESR (Kuriya et al., 2017). DAS28 scores were calculated with the ESR 

in the current study, and used the following scores: <2.6 (remission), 2.6-3.2 (low activity of 

disease), and >3.2 (moderate to severe disease activity)(Barebring et al., 2018). The valid and 

reliable DAS was initially developed as a follow-up to monitor changes in disease activity in 

response to disease-modifying anti-rheumatic drugs (DMARDS), and the DAS28 was developed 

as a valid and reliable tool to determine disease activity while examining 28 joints as compared 

to 44 joints in the DAS (Salaffi et al., 2009; van Riel, 2014). The DAS28 had high internal 

consistency reliability (Cronbach’s alpha = 0.719) and was significantly correlated with 

disability as measure by a health assessment questionnaire (p<0.0001) in other work (Balsa et al., 

2004; Salaffi et al., 2009). 

Hematologic Biomarkers  

Hematologic pro-inflammatory biomarkers were used as evidence of disease activity in 

this study as they are a direct measure of inflammation. These biomarkers included the 

erythrocyte sedimentation rate (ESR) and high-sensitivity C-reactive protein (hsCRP) analyses. 

The ESR indicates generalized inflammation via the rate of erythrocyte sediment that 

accumulates in a test tube over one hour; the normal range for adults are 0-20mm per hour 

(male) and 0-30mm per hour (females) (Richey, 2018). The hsCRP indicates generalized 

inflammation as the CRP is an acute-phase protein produced by the liver in response to increased 
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levels of interleukin-6 in the blood; values of less than 1.0 are normal, 1.0-3.0 indicates moderate 

inflammation, and values greater than 3.0 indicate high levels of inflammation (Daruna, 2012; 

Richey, 2018). Results of the ESR were used in the calculation of a disease activity score-28 

(DAS-28) for each subject. While the ESR and hsCRP are indicators of generalized 

inflammation in the body and is not specific to RA, both are used to determine severity of 

disease activity in RA patients (Richey, 2018). The ESR was selected for this study as it is 

commonly used in RA research and are already required for subject follow-up rheumatology 

appointments. 

Symptoms 

The Health Assessment Questionnaire-Disability Index (HAQ-DI) and pain scale were 

used as a self-reported measure of disease activity for this study. The HAQ-DI is frequently used 

in research and clinical practice, and participants recruited for this study have current experience 

with this tool. The HAQ-DI and Pain Scale take approximately two to five minutes to complete 

and was chosen due to previous subject experience, low burden, and ease of scoring (Boyce et 

al., 2010). The HAQ-DI and Pain Scale is a nine-item self-report (eight items associated with 

HAQ and one item for pain) that determines the overall health/disease activity of patients with 

RA ((NIH), n.d.; Bruce & Fries, 2003). Total scores range from 0-1 (mild to moderate 

disability), 1-2 (moderate to severe disability), and 2-3 (severe to extremely severe disability) 

(Bruce & Fries, 2003). The valid and reliable HAQ-DI was initially developed and copyrighted 

by Stanford University School of Medicine Division of Immunology and Rheumatology and is 

currently recommended by the American College of Rheumatology and the United States Food 

and Drug Administration (USFDA) (Bruce & Fries, 2003). Test-retest correlation has been 
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reported as 0.87 – 0.99 and HAQ-DI score had a correlation of 0.71-0.95 with task performance 

(Boyce et al., 2010). Validity of the HAQ-DI has been found “in literally hundreds of studies 

(Boyce et al., 2010). 

Analysis Procedures and Results 

Coded data stored in a secure Microsoft Excel spreadsheet was uploaded into the 

Statistical Package for the Social Sciences (SPSS) software version 26 for statistical analyses. 

Statistical significance was considered at p < 0.05. Characteristics of study participants were 

examined with descriptive statistics (percentages for nominal and ordinal variables, mean and 

SD for continuous variables) (Table 11), and histograms were used to determine normality. 

Participant age, BMI, HEI-2015, perceived stress, and DAS28 scores were normally distributed 

and differences in means were compared with the student’s t-Test. The HAQ-DI, pain, ESR, and 

CRP scores were non-normally distributed and compared with the Mann Whitney-U test. 

Equality of variances were not assumed in either case. Fisher’s Exact test was used to compare 

proportions of dichotomous characteristics of those who believe diet affects disease activity 

versus the entire sample (Table 11).  

Diet quality, as a continuous variable (0-100) and categorized as poor (<51) or fair/good 

(>51), was studied in relation to indicators of disease activity (HAQ-DI, pain, DAS28, ESR, 

CRP) using multiple and linear regression models. Diet quality and perceived stress were also 

studied in relation to disease activity indicators using multiple and linear regression models. All 

multiple regression models controlled for age, gender, current use of tobacco products, BMI, and 

current RA medications. 
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Participant characteristics. Of the 50 participants, the mean age was 60 years (25-81); 

68% of the participants were female. The average BMI was 29.44 (SD ± 7) and ranged from 

17.64 – 49.17; 44% were obese. Increased age was associated with a decreased BMI (p=.044). A 

total of 74% of participants were non-Hispanic white, 68% received at least some post-secondary 

education, 18% reported current tobacco use, and 8% reported current medical marijuana use. 

The belief that diet affects RA disease activity was reported by 44% of the participants, 42% of 

all participants reported diet changes to treat RA, and 95% of those who reported diet affects 

disease activity reported dietary changes.  

The mean diet quality score was 56 (SD ± 12), which is lower than the national mean of 

59. Participant scores ranged from 33-83. Dietary quality was classified as fair (51-80) for the 

majority of participants (62%), and 34% reported poor quality dietary intake (<51). Only 4% 

reported high quality dietary intake (>80). Higher diet quality scores were noted with women 

compared to men (mean scores 59 and 49 respectively, p=.003), non-smokers versus smokers 

(mean scores 57 and 50 respectively, p=.026), and increasing age (p=.015). Increased age was 

also associated with higher in total fruit (p=.014), whole fruit (p=.011), and seafood and plant 

protein (p=.025) intake. Women were more likely to report higher intake of total fruit (p=.001), 

whole fruit (p<.001), greens and beans (p=.042), and seafood and plant proteins (p=.011). 

Tobacco product users (e.g. smokers) were more likely to report a lower diet quality compared to 

those who did not report tobacco use (p=.026). 

Aim 1 analysis. Participant characteristics and differences in opinion regarding the 

effect of dietary intake on disease activity were compared (Table 11). In total, 44% (n=22) 

participants reported they believe diet affects RA disease activity, while 50% (n=25) reported 
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they did not and 6% (n=3) were unsure. Some 42% of the overall population reported a diet 

change to improve their RA disease activity, and those who believe their diet affects RA were 

significantly more likely to report dietary changes compared to those who do not or are unsure 

(77% and 14%) (Table 12). Participants with more years since RA diagnosis and higher 

educational level (some college or more) were more likely to report the belief that diet affects 

disease activity (Table 12). Years since RA diagnosis was a significant predictor of this belief in 

a linear regression analysis (B=.372, p=.008), and higher educational level was a significant 

predictor of this belief in a binary logistic regression model (B=-1.535, p=.023). No significant 

associations were found between this reported belief and other participant characteristics or 

evidence of disease activity (Tables 11, 12, & 13). No significant difference was found between 

diet quality (HEI-2015 scores) and report of the belief that diet affects disease activity versus 

those who did not or were unsure (Table 11). 

TABLE 11. Characteristics of 50 patients with rheumatoid arthritis. 

 All (N=50) 

 N %  

Reported Belief Diet (n=22) 

 N %  
pa 

Ethnicity/Race 

Non-White 

Non-Hispanic White 

  

13 

37 

 

26 

74 

 

5 

17 

 

23 

77 

 

.064 

Gender 

Male 

Female 

  

16 

34 

 

32 

68 

  

7 

15 

 

32 

68 

  

1 

Current Tobacco Use 

Yes 

No 

  

9 

41 

 

18 

82 

  

6 

16 

 

27 

73 

 

.148 

Use of Medical Marijuana 

Yes 

No 

 

4 

46 

 

8 

92 

 

2 

20 

 

9 

91 

 

.797 

Diet Changes 

Yes 

No 

 

21 

29 

 

42 

58 

 

17 

5 

 

77 

23 

 

<.0001* 

Educational Level 

High school graduate or less 

Some college or more 

 

16 

34 

 

32 

68 

 

3 

19 

 

14 

86 

 

.017* 
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TABLE 11 – Continued  

 
All (N=50) 

Mean SD 

Reported Belief Diet 

(n=22) 

Mean SD 

No Belief/Unsure 

Diet (n=28) 

Mean SD 

Belief versus No 

Belief/Unsure 

p 

 Diet Quality 

(HEI-2015 Score) 

55  12  57 10 54  13 -.485b 

Years Since RA 

Diagnosis 

 

12 

 

12 

 

10 

 

8 

 

14 

 

15 

 

.264b 

 Age  60 13  59 14 60 13  .760b 

 BMI  29 7 29  6 30 7 .928b  

HAQ-DI   .79 .99  0.91 0.69 0.70 0.74 .201c  

 Pain .99 .74  0.98 0.54 1.0 0.87 .611c  

DAS28  3.2 1.3  3.3 1.1 3.2 1.5  .831b 

ESR 15.0 13.4 13.9 11.0 15.8 15.2 .977c 

CRP 2.85 3.43 2.86 2.78 2.8 3.9 .400c 

a Derived from Fisher’s Exact test; b derived from student’s t-Test; c derived from Mann Whitney-U test; * significant at the 0.05 

level (2-tailed) 

 

 

 

TABLE 12. Correlations between diet quality, belief diet affects RA disease activity, and 

characteristics of 50 patients with rheumatoid arthritis. 

 Diet 

Quality  

Diet 

Belief  

Ethnicity/ 

Race  

Educatio

n Level 

 

Household 

Income 

Diet 

Change  

Medical 

Marijuana 

Use  

Years 

Since RA 

Diagnosis 

Diet 

Quality  

r 

p 

1 -.097 

.501 

.050 

.731 

.032 

.824 

-.208 

.146 

-.149 

.302 

-.235 

.101 

.372* 

.008 

Diet Belief  r 

p 

-.097 

.501 

1 

 

.066 

.648 

-.349* 

.013 

.020 

.889 

.633* 

<.001 

.036 

.806 

.180 

.212 

Ethnicity  r 

p 

.050 

.731 

.066 

.648 

1 -.082 

.571 

.086 

.553 

.135 

.350 

.007 

.963 

-.036 

.802 

Education 

Level 

r 

p 

.032 

.824 

-.349* 

.013 

-.082 

.571 

1 .116 

.421 

-.236 

.099 

-.044 

.760 

-.145 

.316 

Household 

Income 

r 

p 

-.208 

.146 

.020 

.889 

.086 

.553 

.116 

.421 

1 -.034 

.817 

-.050 

.732 

-.074 

.608 

Diet 

Change  

r 

p 

-.149 

.302 

.633* 

<.001 

.135 

.350 

-.236 

.099 

-.034 

.817 

1 .197 

.170 

.167 

.245 

Medical 

Marijuana 

Use  

r 

p 

-.235 

.101 

.036 

.806 

.007 

.963 

-.044 

.760 

-.050 

.732 

.197 

.170 

1 .066 

.650 

* Significant at the 0.05 level  
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TABLE 13. Correlations between diet quality, belief diet affects RA disease activity, and other 

predictor variables in 50 patients with rheumatoid arthritis. 

 Diet 

Quality  

Diet 

Belief  

Age  Gender 

 
Current 

Tobacco Use 

BMI  Current Med 

Use  

Diet Quality  r 

p 

1 -.097 

.501  

.343* 

.015  

 .406* 

.003 

.241 

.091 

-.043 

.769 

.024 

.866  

Diet Belief  r 

p 

-.097 

.501  

1 

 

.045 

.758  

-.003 

.981 

.214 

.136 

.013 

.929  

.180 

.212 

Age r 

p 

 .343* 

.015 

.045 

.758  

1  .103 

.474 

.119 

.409 

-.286* 

.044 

.254 

.075 

Gender r 

p 

 .406* 

.003 

-.003 

.981  

.103 

.474  

1 .237 

.098  

.142 

.326 

-.139 

.337 

Current Tobacco 

Use 

r 

p 

 .241 

.091 

 .214 

.136 

 .119 

.409 

.237 

.098  

1  -.125 

.389 

.214 

.136 

BMI  r 

p 

 -.043 

.769 

.013 

.929  

-.286* 

.044 

 .142 

.326 

 -.125 

.389 

1  .087 

.550 

Current Med 

Use  

r 

p 

.024 

.866  

.180 

.212  

 .254 

.075 

 -.139 

.337 

.214 

.136  

 .087 

.550 

1 

* Significant at the 0.05 level  

Aim 2 analysis. Diet quality was significantly related to age (p=.015) and gender 

(p=.003) (Table 14). Taken as a set, age, gender, current tobacco use, current medication use, and 

BMI accounted for 27% of the variance of HEI-2015 scores (p=.013). Age and gender were 

determined to be the only significant predictors for diet quality (12% and 17%, respectively).  

TABLE 14. Correlations between diet quality, other predictor variables, and evidence of disease 

activity in 50 patients with rheumatoid arthritis. 

 Diet 

Qual.  

Age  Gender Cur. 

Tob. 

Use 

BMI  Cur. 

Med 

Use  

HAQ-

DI 

Pain DA

S 28 

ESR CRP 

Diet 

Qual. 

r 

p 

1  .343* 

.015 

.406* 

.003 

.241 

.091 

-.043 

.769 

.024 

.866 

.022 

.878 

-.132 

.360 

.051 

.725 

-.070 

.631 

.019 

.896 

Age r 

p 

.343* 

.015  

1 

 

.103 

.474  

.119 

.409 

-.286* 

.044 

.254 

.075 

.058 

.688 

.032 

.824 

.138 

.340 

.016 

.914 

-.005 

.971 

Gen 

der 

r 

p 

.406* 

.003 

 .103 

.474 

1 .237 

.098  

.142 

.326 

-.139 

.337 

.472* 

.001 

.127 

.378 

.257 

.072 

.076 

.602 

.164 

.254 

Cur. 

Tob. 

Use 

r 

p 

 .241 

.091 

.119 

.409  

 .237 

.098 

1 -.125 

.389  

 .214 

.136 

-.036 

.803 

-.154 

.286 

.023 

.874 

-.115 

.426 

-.082 

.751 
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TABLE 14 – Continued  

 Diet 

Qual.  

Age  Gender 

 
Cur. 

Tob. Use 

BMI  Cur. 

Med Use  

HAQ

-DI 

Pain DAS 

28 

ESR CRP 

BMI  r 

p 

-.043 

.769  

-.286* 

.044  

.142 

.326  

 .214 

.136 

1 .087 

.550  

-.028 

.845 

-

.183 

.203 

-

.151 

.297 

.101 

.483 

.097 

.501 

Cur 

Med 

Use  

r 

p 

.024 

.866  

.254 

.075  

-.139 

.337  

 .214 

.136 

.087 

.550  

1  -.134 

.352 

-

.197 

.170 

.059 

.685 

-

.018 

.903 

-.124 

.390 

HAQ-

DI 

r 

p 

.022 

.878  

.058 

.688  

.472* 

.001  

-.036 

.803  

 -.028 

.845 

-.134 

.352  

1 .694

* 

<.00

1 

.505

* 

<.00

1 

.187 

.192 

.350* 

.013 

Pain r 

p 

-.132 

.360 

.032 

.824 

.127 

.378 

-.154 

.286 

-.183 

.203 

-.197 

.170 

.694* 

<.001 

1 .574

* 

<.00

1 

.271 

.057 

.399* 

.004 

DAS 

28 

r 

p 

.051 

.725 

.138 

.340 

.257 

.072 

.023 

.874 

-.151 

.297 

.059 

.685 

.505* 

<.001 

.574

* 

<.00

1 

1 .545

* 

<.00

1 

.419* 

.002 

ESR r 

p 

-.070 

.631 

.016 

.914 

.076 

.602 

-.115 

.426 

.101 

.483 

-.018 

.903 

.187 

.192 

.271 

.057 

.545

* 

<.00

1 

1 .300* 

.035 

CRP r 

p 

.019 

.896 

-.005 

.971 

.164 

.254 

-.082 

.751 

.097 

.501 

-.124 

.390 

.350* 

.013 

.399

* 

.004 

.419

* 

.002 

.300

* 

.035 

1 

* Significant at the 0.05 level  

Diet quality as a continuous variable (0-100) was not related to any indicator of disease 

activity in unadjusted or adjusted regression analyses (Table 15). Gender was determined to be 

the only significant predictor of the HAQ-DI score in both multiple and linear regression models 

(Table 15). Gender was also the only significant predictor of DAS28 in an adjusted model but 

not in a linear regression model (Table 16). 

TABLE 15. Associations between diet quality and covariates of disease activity in 50 adults with 

rheumatoid arthritis. 

 B S.E. p 

Age .307* .127 .038 

Gender .334* 3.527 .023 

Current Tobacco Use .136 4.242 .336  

Current Medication Use .018 .257 .793 

BMI -.038 .731 .899 
* Significant at the 0.05 level  
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TABLE 16. Associations between diet quality and gender with indicators of disease activity in 

50 adults with rheumatoid arthritis. 

 Diet Quality 

(Adjusted Multiple Regression 

Model) 

Diet Quality 

(Unadjusted Linear 

Regression Models) 

Gender 

(Linear Regression 

Model) 

B S.E. p B S.E. p B S.E. p 

HAQ-DI -.210 .009 .169  . 022  . 009 .878 .472* .193 .001 
Pain -.231   .010 .167  -.132 .009 .360 .127 .224 .127 

DAS-28  -.103  .019 .538  .051  .016 .725  
ESR  -.119 .199 .501  -.070 .164 .631 

CRP  -.041  051 .816  .019 .042 .896 
* Significant at the 0.05 level  

Diet quality (HEI-2015) was separated into two categories: poor quality (<51) and 

fair/good quality (>51) , and the mean diet quality score was significantly different for these 

groups (Table 17). When taken as a set, diet quality and covariates accounted for a significant 

amount variance of the HAQ-DI (50%) and pain (35%) score for individuals with below average 

diet quality (Sig. F. Change=.030 and .028, respectively). An adjusted multiple regression model 

revealed a significant association between gender and diet quality with HAQ-DI scores, but, in 

unadjusted models, gender alone accounted for 33% of the variance in HAQ-DI scores (Sig. F 

Change=.001, B=.570, p=.001) (Table 20). Diet quality was also significantly associated with 

pain scores in both adjusted and unadjusted analyses (Table 20). An increased BMI was 

associated with decreased DAS28 scores in those with a poor-quality diet (p = .018), but with 

lower diet quality in those with fair-good diet quality (p =.023) (Tables 18 & 19). A decreased 

BMI was significantly correlated with current tobacco use in adults with fair/good quality diet 

(p= .013) (Table 19). No other indicators of disease activity were significantly related to diet 

quality or covariates for participants (Table 17 – Table 20). 
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TABLE 17. Comparison of means of diet quality (HEI-2015) and indicators of disease activity 

for participants. 

 Mean  

 Poor Diet Quality (n=17) Fair/Good Diet Quality (n=33) p  

HEI-2015 62   43 <.001* 

HAQ-DI  .77 .80  .891 

PAIN  1.12  .92 .394 

DAS28  3.06  3.35 .490  

ESR  13.82 15.55 .696 

CRP  2.93  3.61 .825 
* Significant difference in mean at the 0.05 level (2-tailed) 

TABLE 18. Correlations between diet quality, other predictor variables, and evidence of disease 

activity in adults with poor diet quality with rheumatoid arthritis. 

 Diet 

Qual.  

Age  Gend

er 

 

Cur. 

Tob. 

Use 

BMI  Cur. 

Med 

Use  

HAQ-

DI 

Pain DAS 

28 

ESR CRP 

Diet 

Qual. 

r 

p 

1 -.388 

.124  

.154 

.544 

-.178 

.494 

.288 

.379 

-.008 

.976 

-.167 

.523 

-.331 

.195 

-.211 

.416 

.168 

.520 

-.044 

.867 

Age r 

p 

-.388 

.124   

1 

 

 -.002 

.993 

-.103 

.695 

-.596* 

.012 

.185 

.477 

.188 

.471 

.191 

.462 

.432 

.084 

.316 

.216 

.044 

.867 

Gen 

der 

r 

p 

.154 

.544 

-.002 

.993 

 1 .015 

.953  

.087 

.740 

-.049 

.853 

.703* 

.002 

.282 

.273 

.479 

.052 

.388 

.124 

.193 

.458 

Cur. 

Tob. 

Use 

r 

p 

 -.178 

.494 

-.103 

.695 

.015 

.953 

1 .291 

.256  

.419 

.094 

-.300 

.242 

-.362 

.153 

-.211 

.416 

-.161 

.538 

-.126 

.631 

BMI  r 

p 

.288 

.379 

-.596* 

.012 

.087 

.740 

.291 

.256 

1 -.087 

.739  

-.311 

.224 

-.355 

.163 

-.565* 

.018 

-.237 

.359  

-.411 

.101 

Cur 

Med 

Use  

r 

p 

-.008 

.976  

.185 

.477 

-.049 

.853 

.419 

.094 

-.087 

.739 

1  -.048 

.855 

-.259 

.316 

-.138 

.597 

-.165 

.526 

-.151 

.564 

HAQ

-DI 

r 

p 

-.167 

.523  

 .188 

.471 

.703* 

.002 

-.300 

.242 

-.311 

.224 

-.048 

.855 

1 .761* 

<.0001  

.829* 

<.0001  

 .546* 

.023 

.541* 

.025 

Pain r 

p 

-.331 

.195 

.191 

.462 

.282 

.273 

-.362 

.153 

-.355 

.163 

-.259 

.316 

.761* 

<.0001 

1 .638* 

.006  

.542* 

.025 

.467 

.059 

DAS 

28 

r 

p 

 -.211 

.416 

.432 

.084 

.479 

.052 

-.211 

.416 

-.565* 

.018 

-.138 

.597 

.829* 

<.0001  

.638* 

.006  

1  .551* 

.022 

.714* 

.001 

ESR r 

p 

 .168 

.520 

 .316 

.216 

.388 

.124 

-.161 

.538 

 -.237 

.359 

-.165 

.526 

.546* 

.023 

.542* 

.025 

.551* 

.022 

1  .511* 

.036 

CRP r 

p 

-.044 

.867  

 .044 

.867 

 .193 

.458 

 -.126 

.631 

 -.411 

.101 

 -.151 

.564 

 .541* 

.025 

 .467 

.059 

.714* 

.001 

.511* 

.036  

1 

* Significant at the 0.05 level  



64 

 

TABLE 19. Correlations between diet quality, other predictor variables, and evidence of disease 

activity in adults with fair/good diet quality with rheumatoid arthritis. 

 Diet 

Qual.  

Age  Gend

er 

 

Cur. 

Tob. 

Use 

BMI  Cur. 

Med 

Use  

HAQ-

DI 

Pain DAS 

28 

ESR CRP 

Diet 

Qual. 

r 

p 

1  .370* 

.034 

.175 

.330 

.297 

.094 

-.396* 

.023  

-.103 

.569 

.085 

.639 

.059 

.745 

.031 

.865 

-.183 

.309 

.007 

.971 

Age r 

p 

.370* 

.034  

1 

 

-.041 

.821  

.162 

.368 

-.283 

.110 

.272 

.126 

-.012 

.946 

.019 

.918 

-.049 

.785 

-.184 

.304 

-.039 

.830 

Gen 

der 

r 

p 

.175 

.330 

-.041 

.821 

 1 .306 

.083 

.079 

.663 

-.318 

.071 

.369* 

.035 

.141 

.435 

.058 

.748 

-.219 

.222 

.156 

.385 

Cur. 

Tob. 

Use 

 .297 

.094 

.162 

.368 

.306 

.083 

1 -.426* 

.013 

.001 

.994 

.165 

.358 

.053 

.770 

.171 

.341 

-.106 

.558 

-.073 

.687 

BMI  r 

p 

-.396* 

.023  

-.283 

.110 

.079 

.663 

-.426* 

.013 

1 .151 

.402  

.087 

.630 

-.087 

.628 

-.007 

.970 

.255 

.151 

.262 

.141 

Cur 

Med 

Use  

r 

p 

 -.103 

.569 

.272 

.126 

-.318 

.071 

.001 

.994 

.151 

.402 

1  -.201 

.261 

-.137 

.449 

.184 

.305 

.090 

.618 

-.118 

.512 

HAQ-

DI 

r 

p 

 .085 

.639 

 -.012 

.946 

.369* 

.035 

.165 

.358 

.087 

.630 

-.201 

.261 

1 .665* 

<.0001  

.298 

.092 

-.072 

.691 

.258 

.147 

Pain r 

p 

.059 

.745 

.019 

.918 

.141 

.435 

.053 

.770 

-.087 

.628 

-.137 

.449 

.665* 

<.0001 

1  .569* 

.001 

.096  

.595 

.381* 

.029 

DAS 

28 

r 

p 

 .031 

.865 

-.049 

.785 

.058 

.748 

.171 

.341 

-.007 

.970 

.184 

.305 

.298 

.092 

.569* 

.001 

1  .583* 

.001 

.276 

.120 

ESR r 

p 

 -.183 

.309 

 -.184 

.304 

-.219 

.222 

-.106 

.558 

.255 

.151  

.090 

.618 

-.072 

.691 

.096  

.595 

.583* 

.001 

1 .188  

.296 

CRP r 

p 

 .007 

.971 

 -.039 

.830 

 .156 

.385 

-.073 

.687 

 .262 

.141 

-.118 

.512  

.258 

.147  

 .381* 

.029 

 .276 

.120 

.188  

.296  

1 

TABLE 20. Associations between diet quality (poor and fair/good) and indicators of disease 

activity in 50 adults with rheumatoid arthritis. 

 Poor Diet Quality 

 (Adjusted Multiple 

Regression) 

Poor Diet Quality  

(Unadjusted Linear 

Regression) 

Fair/Good Diet Quality  

(Adjusted Multiple 

Regression) 

Fair/Good Diet Quality  

(Unadjusted Linear 

Regression) 

B S.E. p B S.E. p B S.E. p B S.E. p 

HAQ-DI -.364  .021 .061 -.167  .031 .523  -.031 .031 .885 .085  .014 .639 
Pain -.451  .033 .122 -.331  .030 .195 -.014  .019 .953  .059 .015 .745 

DAS-28 -.138  .049 .536  -.211 .057 .416 .055 .033 .805  .031 .027 .865 

ESR -.132  .744 .675  -.168 .621 .520 -.008 .305 .971  -.183 .252 .309 

CRP -.040  .150 .897 -.044  .127 .867 .083 .091 .706  .007   .075 .971 
* Significant at the 0.05 level  

Exploratory aim analysis. No significant correlation was found between diet quality and 

perceived stress (p=.544) (Table 21) or significant associations between diet quality and any 
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indicators of disease activity in adjusted and unadjusted regression models as previously 

reported. Perceived stress was not correlated with any participant characteristics (Table 22). 

Perceived stress and diet quality together accounted for 20% of the variance of HAQ-DI scores 

in adults with RA (p=.005), but perceived stress was determined to be the only significant 

predictor in both adjusted and unadjusted regression models (Table 23). Perceived stress 

accounted for 20% of the HAQ-DI variance and 8% of the pain variance in the sample (Sig. F. 

Change=.001 and .042, respectively), and was a significantly associated with HAQ-DI and pain 

scores (Table 24). Perceived stress was not significantly associated with any other markers of 

disease activity (Tables 23 & 24). 

TABLE 21. Correlation between perceived stress and diet quality in 50 adults with rheumatoid 

arthritis with unadjusted model. 

 Diet Quality Perceived Stress 

Diet Quality r 

p 

1   -.088 

.544 

Perceived Stress r 

p 

 -.088 

.544 

 1 

TABLE 22. Correlations between perceived stress and characteristics of 50 adults with 

rheumatoid arthritis. 

 Years since 

RA Diagnosis  

Ethnicity 

 
Ed. 

Level 

Household 

Income 

Diet 

Belief 

Diet 

change 

Med. 

Marijuana Use 

Perc. 

Stress 

r 

p 

-.160 

.267  

.090 

.536 

.060 

.679  

-.168 

.243 

-.251 

.078 

-.263 

.065 

.103 

.477 

TABLE 23. Correlations between perceived stress, other predictor variables, and indicators of 

disease activity in 50 adults with rheumatoid arthritis. 

 Perc. 

Stress 

Age  Gen

der 

 

Cur. 

Tob. 

Use 

BMI  Cur. 

Med 

Use  

HAQ-

DI 

Pain DAS 

28 

ESR CRP 

Perc. 

Stress 

r 

p 

1  -.147 

.309 

.273 

.055 

.043 

.768 

-.032 

.825 

-.051 

.725 

.445* 

.001 

.289* 

.042 

.174 

.227 

.064 

.657 

.065 

.655 

Age r 

p 

 -.147 

.309 

1 

 

.103 

.474  

-.286* 

.044 

.119 

.409 

.254 

.075 

.058 

.688  

.032 

.824 

.138 

.340 

.016 

.914 

-.005 

.971 

Gen 

der 

r 

p 

.273 

.055 

.103 

.474 

 1 .142 

.326  

.237 

.098 

-.139 

.337 

.472* 

.001 

.127 

.378 

.257 

.072 

.076 

.602 

.164 

.254 

BMI.

214 

r 

p 

.043 

.768  

-.286* 

.044 

.142 

.326 

1 -.125 

.389 

.087 

.550 

-.028 

.845 

-.183 

.203 

-.151 

.297 

.101 

.483 

.097 

.501 
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TABLE 23 – Continued  

 Perc. 

Stress 

Age  Gen

der 

 

Cur. 

Tob. 

Use 

BMI  Cur. 

Med 

Use  

HAQ-

DI 

Pain DAS 

28 

ESR CRP 

Cur. 

Tob. 

Use 

r 

p 

-.032 

.825 

.119 

.409 

.237 

.098 

-.125 

.389 

1 .214 

.136  

-.036 

.803 

-.154 

.286 

.023 

.874 

-.115 

.426 

-.082 

.571 

Cur 

Med 

Use  

r 

p 

 -.051 

.725 

.254 

.075 

 -.139 

.337 

.087 

.550 

.214 

.136 

1 -.134 

.352  

-.197 

.170 

.059 

.685 

-.018 

.903 

-.124 

.390 

HAQ-

DI 

r 

p 

 .445* 

.001 

 .058 

.688 

.472* 

.001 

-.028 

.845 

-.036 

.803 

-.134 

.352 

1 .694* 

<.001  

.505* 

<.001 

.187 

.192 

.350* 

.013 

Pain r 

p 

.289* 

.042 

.032 

.824 

.127 

.378 

-.183 

.203 

-.154 

.286 

-.197 

.170 

.694* 

<.001 

1 .574* 

<.001  

.271 

.057 

.399* 

.004 

DAS 

28 

r 

p 

 .174 

.227 

.138 

.340 

.257 

.072 

-.151 

.297 

.023 

.874 

.059 

.685 

.505* 

<.001 

.574* 

<.001 

1 .545* 

<.001  

.419 

.002 

ESR r 

p 

 .064 

.657 

 .016 

.914 

 .076 

.602 

 .101 

.483 

-.115 

.426  

 -.018 

.903 

.187 

.192 

.271 

.057 

.545* 

<.001 

1 .300* 

.035  

CRP r 

p 

.065 

.655  

 -.005 

.971 

 .164 

.254 

 .097 

.501 

 -.082 

.571 

 -.124 

.390 

 .350* 

.013 

 .399* 

.004 

 .419 

.002 

.300* 

.035  

1 

TABLE 24. Associations between perceived stress with covariates of disease activity in 50 adults 

with rheumatoid arthritis with unadjusted models. 

 B S.E. p 

HAQ-DI  .445* .012 .001 

Pain .289*  .013 .042 

DAS28 .174  .025 .227 

ESR .064  .250 .657 

CRP .065  .064 .655 

* Significant at the 0.05 level (2-tailed)  

Conclusions 

In this study, diet quality was compared to subjective and objective evidence of disease 

activity in adult men and women with RA while considering variables previously found to effect 

disease activity including age, gender, current use of nicotine products, BMI, current use of 

prescribed RA medications, and perceived stress. Results indicate patients with RA had lower 

diet quality scores compared to the U.S. national average score of 59, which supports evidence of 

lower diet quality of RA patients found in previous studies using various indices to measure diet 

quality (Barebring et al., 2018; Berube et al., 2017; Grimstvedt et al., 2010). An estimated 10% 
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of the U.S. population consumes a high quality diet, but only 4% (n=2) of the present sample 

falls into this category, which is also consistent with previous results that RA patients are likely 

to have low quality dietary intake (Berube et al., 2017; Grimstvedt et al., 2010; Kennedy, 2008). 

An increased risk of cancer, metabolic syndrome, overweight, obesity, and general mortality 

have been associated with poor HEI scores, and 34% of the current population were determined 

to have a poor quality diet, again consistent with previous results (Berube et al., 2017; 

Grimstvedt et al., 2010). Smokers are more likely to report a lower quality diet than non-

smokers, which is consistent with results from some studies (USDA, 2019), while other studies 

found no relationship (Barebring et al., 2018).  

Concerns regarding the inability of individuals with RA to consume a high-quality diet 

(e.g., due to decreased appetite and ability to self-feed perhaps due to increased pain) should be 

addressed in future studies (Berube et al., 2017). One possible explanation is that individuals 

with RA may choose processed, packaged foods that require less preparation and easier self-

feeding, which could be one of the considerations for the lower HEI scores reported in RA 

patients and found in this study (Berube et al., 2017). Higher diet quality scores were associated 

with increasing age in this study, which is interesting as most think of increased disease activity 

and disability with increasing age. Although there was no evidence of either in this study, future 

data analyses should consider the effect of disease activity and disability on diet quality scores 

and consider age. 

Surprisingly, an increased BMI was associated with decreased DAS28 scores in those 

with a poor-quality diet and should be considered in future research as this was not supported 

with previous evidence. An increased BMI was associated with lower diet quality, but a 
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decreased BMI was significantly correlated with current tobacco use in adults with fair/good 

quality diet. These findings have not been reported in previous RA research and should also be 

considered in future studies. 

Medical cannabis is increasingly used in the treatment of various medical conditions 

including pain management in conditions such as RA as legalization expands worldwide (Katz-

Talmor, Katz, Porat-Katz, & Shoenfeld, 2018). In the present study, 8% (n=4) of the participants 

reported the use of medical marijuana, which included ‘edibles’ and ‘loose leaf tea.’ Two other 

participants stated they are interested in using medical marijuana and are in the process of 

applying for a medical necessity card. No other studies were found that addressed the use of 

medical cannabis in this patient population or the rates of associated communication between 

healthcare providers and patients. The lack of clinical research regarding the mechanism behind 

its therapeutic effects, including potential immune modulation, dosing, and associated risks must 

be addressed as individual use becomes more popular (Katz-Talmor et al., 2018). Providers must 

also consider open communication with their patients regarding medical cannabis use as 

interactions may occur with prescribed medications (Wilson-Morkeh, Al-Abudulla, Sien, 

Mohamed, & Youngstein, 2019). 

Previous studies have found that 24-27.6% individuals diagnosed with RA report diet 

affects their RA symptoms(Tanner, Callahan, Panush, & Pincus, 1990; Tedeschi et al., 2017). 

Although the current study resulted in a higher number of participants reporting this belief 

(44%), hypothesis 1a was rejected in that the majority of participants did not report their diet 

affects the disease activity associated with RA. Hypothesis 1b was accepted as at least half 

(77%) of all participants who reported diet affects their RA disease activity reported a change in 



69 

 

their diet. Interestingly, 14% of those who reported they were unsure or did not believe their diet 

affects their RA symptoms reported a change in their diet, which warrants further investigation. 

Previous studies found that younger participants reported diet impacts RA compared to those that 

do not, while no other significant differences in characteristics were found (Tedeschi et al., 

2017). Higher years since RA diagnosis and higher education (at least some college) were the 

only significant predictor of participant report of an effect of diet on disease activity in the 

present study. Perhaps more years since RA diagnosis and education exposed these individuals to 

consider additional causes of inflammation associated with RA. These findings have not been 

supported in literature up to this point and should be considered for future research. No 

significant differences in means of indicators of disease activity were found in this study, which 

again supports previous evidence (Tedeschi et al., 2017). No significant differences in means of 

diet quality were found, which has not been addressed in previous studies and warrants further 

investigation. 

Hypothesis 2a is accepted in that diet quality had an inverse relationship with pain scores 

in individuals with a diet quality score lower than the national average. No other significant 

association was found between diet quality and evidence of disease activity. Previous studies 

have found an inverse relation between diet quality and CRP and ESR (Barebring et al., 2018) or 

morning stiffness (Berube et al., 2017). Hypothesis 2b was rejected as diet quality was not a 

significant predictor of measures of disease activity in any multiple regression model adjusted 

for age, gender, current tobacco use, BMI, or current RA medication use. In this model, gender 

was the only variable that significantly predicted any disease activity measures and was found to 

do so for the HAQ-DI and DAS28 scores as women exhibited significantly higher scores for 
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each. Finding women to have increased HAQ-DI and DAS28 scores was not presented in other 

studies and warrants further investigation. As HAQ-DI and pain are measures of functional status 

as well as disease activity, a strong correlation between measures of disease activity exhibited 

significant correlation with one another (not shown) supports previous evidence of a relationship 

between high CRP scores and decreased functional status (Berube et al., 2017; Jovanovic, 

Stojanovic, & Jovano, 2015) and patient report of pain (Lisitsyna, Vel’tishchev, & Gerasimov, 

2013). 

The hypothesis associated with the exploratory aim is rejected as a significant association 

was not found between stress and diet quality. Interestingly, stress was significantly associated 

with both HAQ-DI and pain scores and was determined to be a significant predictor for each via 

linear and multiple regression models. High outliers of both the HAQ-DI and pain scores were 

reviewed and were found to have corresponding high scores of disease activity (DAS28, ESR, 

and CRP) and were not excluded from the analysis. 

Perceived stress is a known psychoneuroimmunological mechanism involved in 

inflammatory processes, including those involved in RA. Evidence found in this study suggest 

that perceived stress, functional status (HAQ-DI), and pain are significantly related in that 

perceived stress can predict both scores. Stress levels and neuroendocrine and immune responses 

are affected directly by environmental stimuli (Daruna, 2012; Lutgendorf & Costanzo, 2003), 

and this relationship may extend to perceived functional status (HAQ-DI) and pain. This 

potential relationship should be considered in future research.  



71 

 

Implications for the Future 

Various areas for future research concentration were identified in this study. Continued 

analyses of the present data include examination of the predictive significance of measures of 

disease activity on diet quality. Future data evaluation will include individual nutrient analysis 

based on HEI-2015 categorical scores and these scores will be examined as potential predictors 

of disease activity in RA.  

Further investigation is needed to better understand the characteristics of individuals who 

report their diet impacted their RA disease activity. Data analysis should include information 

regarding dietary changes made to improve disease activity and how these changes may be 

related to evidence of disease activity. Future research must also focus on characteristics of poor 

diet quality and report of the belief that diet affects disease activity, the relationship between 

indicators of disease activity on diet quality, diet changes made by individuals with RA, and the 

impact of improved diet quality on the evidence of disease activity. In the meantime, current 

practice should change to include improved communication between providers and patients 

regarding diet quality. 

Results of this study will inform the development of a subsequent study to examine 

associations between the gut microbiome, diet quality, and disease activity in RA. Eventually, 

these results will support the development of a dietary intervention, perhaps focusing on the 

impact of improved diet quality (e.g., vie HEI scores greater than 80), to be pilot tested with RA 

patients in an effort to determine the best recommendations to reduce disease activity in RA. 

Dietary management as a supplement to the current treatment regimen of RA holds potential for 

improving HRQOL in patients with RA (Brigg, 1989). Study results will inform on the complex 
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relationship between diet quality, RA disease activity, and inflammation. Longer term, these 

results may lead to the addition of dietary recommendations to clinical practice guidelines for the 

treatment of RA. 
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Abstract 

 

Aim. The development of the evidenced-based model of the Biopsychosocial Determinants of 

Disease Experience in Rheumatoid Arthritis (BDRA) model is described. 

Background/Rationale. Rheumatoid arthritis (RA) is a chronic, challenging and potentially 

debilitating autoimmune disease that significantly impacts health-related quality of life 

(HRQOL) of millions worldwide. Components in the BDRA have previously been established as 

important considerations in the research and management of RA. Unfortunately, there is little 

focus on the multi-directional relationships of these components and neurological, immune, 

gastrointestinal, and endocrine function impact on RA activity and consequent disease 

experience. The BDRA was developed by blending concepts from Engel’s Biopsychosocial 

Model of Health (BMH) and the Revised Symptoms Management Conceptual Model (RSMCM). 

The influence of each on the development of the BDRA is discussed. A description and critique 

of the BDRA are provided as indicated in the guidelines offered by Chinn and Kramer, to 

evaluate the model including limitations and potential future use of the BDRA. 

Conclusion. The BDRA model is an essential step to inform future research regarding the 

relationship between biological, psychological, and sociological determinants of disease activity 

in RA, and ultimately to explore new and/or combined treatment modalities to improve the 

HRQOL of those diagnosed with this challenging disease. 

Keywords: Rheumatoid Arthritis, Biopsychosocial, Model Evaluation, Psychoneuroimmunology 
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 Rheumatoid arthritis (RA) is a chronic, debilitating autoimmune disease that significantly 

impacts health related quality of life (HRQOL) of millions worldwide. (1) This complicated 

disease is challenging for health care providers, scientists, and patients as there are many 

different components to consider. The Biopsychosocial Determinants of Disease Experience in 

Rheumatoid Arthritis (BDRA) considers the effects of the multi-directional relationships 

between biological, psychological, and sociological factors considered to be determinants of 

disease experience. These factors influence the biological function of the neurological, 

immunological, gastrointestinal, and endocrine systems of individuals diagnosed with RA, and 

that influence impacts disease activity and disease experience. The determinants identified in the 

BDRA are described in prior RA literature, but little evidence exists regarding the 

multidirectional influences of these relationships. The BDRA was developed to acknowledge the 

influential relationships and has the potential to inform research and care of individuals 

diagnosed with RA.  

Model Development 

 The BDRA was developed by blending concepts from Engel’s Biopsychosocial Model of 

Health (BMH), (2) the Revised Symptoms Management Conceptual Model (RSMCM). (3) This 

blended theory approach allows for the identification of antecedents for disease activity specific 

to RA. 

 The BMH offers a practical foundation to thinking about antecedents and consequences of 

disease experience (4, 5) among persons with RA. The BMH combined with more recent work in 

the implications of psychoneuroimmunological findings provided the underpinnings for the 

determinants of the BDRA.(5) Disease etiology and progression are influenced by biological, 
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psychological, and sociological determinants, and the patient’s subjective experience is as 

important as objective evidence in the overall disease experience in RA.(4, 6) Health behaviors, 

stress, neuroendocrine, and immune responses are all impacted by the response and interpretation 

of an individual to his or her environment, which ultimately impacts health outcomes. (6)  

 The Revised Symptom Management Conceptual Model (RSMCM) construct of ‘symptom 

experience’ (personal, health-related, and environmental factors) was considered with the BMH 

to assess potential psychological and social antecedents of symptom exacerbation in RA. 

Objective signs and subjective symptoms make up disease activity and the disease experience of 

an individual.(7) The RSMCM is based on the idea that the personal experience of symptoms is as 

important as objective evidence in both disease activity and experience. (4, 6, 7) The constructs of 

‘symptom management strategies’ and ‘symptom outcomes’ were not used in the development of 

the BDRA; they will be considered in future interventional research. 

Definitions  

Disease Activity 

 Inflammation is considered as the defining characteristic of disease activity in RA. Disease 

activity, rather than damage associated with inflammation, was determined as the primary 

outcome due to the fact that disease activity is reversible (inflammation can be attenuated), while 

damage related to inflammation is permanent. (8) Signs and symptoms are clinical manifestations 

or evidence of disease activity in RA. 

 Signs. Signs are objective disease indicators that are measurable by that individual or by 

others(3) and, in RA, offer evidence of localized or systemic inflammation. Signs of localized 

inflammation includes redness, decreased function, and edema of affected joints in patients with 
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RA.(9) Systemic inflammation results in the sign of increased hematologic pro-inflammatory 

biomarkers (e.g. erythrocyte sedimentation rate [ESR] and high-sensitivity C-reactive protein 

[hs-CRP]).(9)  

 Symptoms. Symptoms are personal experiences that mirror sensations, cognition, and 

biopsychosocial functions of that person.(3) Symptoms also indicate systemic or localized 

inflammation in RA. Localized inflammation can result in symptoms of increased pain and 

decreased function of affected joint(s).(10) Symptoms of systemic inflammation include sickness 

behavior (previously described), poor sleep, fatigue, mood changes, and depression. (11, 12)  

Disease Experience 

 Disease experience is defined here as the individual, personal experience of disease 

activity, in this case of RA, that considers the further impact of psychological and social 

mechanisms in addition to those biological mechanisms often considered in disease activity. 

Disease experience encompasses the definition of ‘experience’ in two forms: the knowledge and 

understanding gained by the individual through their direct participation in living with RA, and 

their previous and current personal events that make up their individual life with RA.(13) 

Biological Determinants of Disease Activity in Rheumatoid Arthritis 

 Biological determinants are classified as those that impact the health of the individual and 

include gender, genetics, age, tissue health, and physiologic reactions.(5) In the case of the 

BDRA, biological factors that alter the production of pro- and anti-inflammatory biomarkers are 

considered to be antecedents of disease activity in RA. These inter-related factors considered in 

the BDRA include diet, nutrigenomics, gut microbiome, medications, vitamins and supplements, 

gender, age, BMI, and smoking.(7) Diet as a biological determinant may impact disease activity 
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through various mechanisms, and the use of dietary education and modification is recognized as 

a valuable option in the treatment of RA. (14-17) Various dietary triggers (e.g. microbial and food 

proteins), for example, were found to react with cyclic citrullinated peptide antibody (anti-CCP) 

and induce symptoms of RA.(18) Nutrigenomics may affect disease experience in RA as nutrients 

ingested can alter gene expression and may result in symptom exacerbation in various chronic 

conditions including RA.(19) This is evidenced in specific pro- and anti-inflammatory foods and 

nutrients, which have been determined to induce (e.g. refined grains) or inhibit (e.g. omega three 

poly-unsaturated fatty acids [omega 3 PUFAs) inflammatory signaling pathways.(20) Altered gut 

microbiota (dysbiosis) is considered to have a significant impact in various diseases associated 

with inflammation such as RA.(21) Obesity (increased BMI) is associated with a significantly 

decreased chance of “attaining good clinical outcomes” in RA,(22) and medications work to 

disrupt various inflammatory pathways of the immune system associated with RA.(23) Females 

are three times more likely to be diagnosed with RA (24) and risk for cardiovascular disease 

greatly increases with age in those diagnosed with RA.(25) Cigarette smoking has been associated 

with an increased risk for RA as well as worsened severity of disease. (26-28) 

Psychological Determinants of Disease Activity in Rheumatoid Arthritis 

 Psychological factors include emotional and mental health, beliefs, and expectations.(5) 

Psychological factors in the BDRA are classified as behavior (self-efficacy, physical activity, 

sleep), stress (stress interpretation and management), and knowledge (disease management).(7) 

Patients will not make long-lasting behavior changes unless they want to make this change and 

have the psychological and social support needed to do so.(29, 30) Increased levels of physical 

activity are associated with a significant decrease in fatigue in RA (31) and poor sleep and fatigue 
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are associated with increased levels of TNF-, IL-1, and IL-6.(12) Perceived stress can affect 

gene expression (genomics) and result in the release of pro-inflammatory cytokines via the direct 

activation of pro-inflammatory signaling pathways.(32) Stress has been suggested to be the key 

link regarding an altered hypothalamus-pituitary-adrenal (HPA) axis function and mental health 

in patients with RA.(33) Education is an important psychological determinant in disease activity 

and experience in RA.  

Sociological Determinants of Disease Activity in Rheumatoid Arthritis 

 Sociological factors included in the BMH are social support, socioeconomics, and 

interpersonal relationships.(5) Social factors in the BDRA include influences on HRQOL: 

disability, social inclusion, socioeconomic status, and culture.(7) Increased disability has been 

associated with decreased income and increased healthcare costs in RA.(34) Increased disability 

increases the risk of social exclusion, which decreases social support and basic services.(35) These 

issues are exacerbated with poverty,(35) and culture and socioeconomic status have a major 

impact on resource availability.(36) Social function and support are affected by RA, but they also 

form a determinant of future health outcomes.(34) 

Model Evaluation 

 Careful critique of the underpinnings of any new or modified model is essential to ensure 

clarity, relevance, and adequacy of scope. After review of the various methods available for 

model evaluation, the guidelines established by Chinn and Kramer (2015) were chosen for the 

evaluation of the BDRA. Description and critique are two important points of reference in the 

evaluation of an empiric model.(37) Model description should include the purpose, concepts, 
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definitions, relationships, theory structure, and assumptions.(37) Model critique should include a 

review of the clarity, simplicity, generality, accessibility, and importance of the theory.(37)  

Model Description (According to Criteria as per Chinn and Kramer, 2015) 

 The purpose of the BDRA is to incorporate biological, psychological, and social 

considerations in the research of and eventually the appraisal and management of the disease 

experience of RA. The concepts of this model address a person as a whole being while 

considering the impact of the proposed determinants on cellular interactions associated with 

immune, neurological, endocrine, and gastrointestinal function. These multi-directional 

relationships were considered in an attempt to speak to all related factors involved in the disease 

experience of RA. An important concept in the BDRA, as per the RSMCM, is the idea that 

health is not indicated through the absence of signs or symptoms of disease.(3) Biological, 

psychological, and sociological determinants were previously defined and are considered to 

impact disease experience through changes to immune, neurological, endocrine, and 

gastrointestinal function. These determinants also impact disease experience through a direct 

influence on the general life experience of the individual person. 

 There are various multi-relational interactions involved in the BDRA: determinants of 

biological, psychological, and social factors related to diet interact with one another, and have a 

bidirectional relationship with immune, neurological, endocrine, and GI function, ultimately 

impacting the disease experience of RA.(7) The structure of the BDRA is similar to the BMH and 

RSMCM in that is contains separate and individual constructs that overlap and interact with one 

another.(37, 38) The assumptions of this concept reflect those according to Engel (1980) and Dodd 

et al. (2001). Previously assumed biological causes of diseases are greatly influenced by social 
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and psychological conditions and vice versa,(5) and an individual’s perception of their symptom 

experience, and subsequent self-report, is the gold standard for symptom study.(3) Risk for signs 

and symptoms should be considered as well as those experienced by the individual as strategies 

for intervention may be implemented prior to sign or symptom experience.(3) Finally, signs and 

symptoms are experienced by nonverbal patients, and those reported by a caregiver are 

considered to be accurate for research and interventional purposes.(3) 

Model Critique (According to Criteria as per Chinn and Kramer, 2015) 

 The BDRA offers clear and consistent logic as it involves three major constructs that are 

connected and understood; the multi-directional relationship between these constructs and 

neurological, endocrine, immune, and GI function clearly reflect the disease experience of RA. 

This concept offers extremely complex interactions that affect disease experience in RA, but the 

constructs remain clear and simple. The model is complex in that there are specific determinants 

of each construct that interact with one another, but they are encompassed by only three major 

constructs. The BDRA is specific to people with RA but could easily be altered to allow 

generalizability to other disease processes, including other autoimmune diseases, indicating its 

parsimonious potential. The BDRA is not abstract and offers identified empiric indicators; 

patients with RA often have extremely different disease experience that can be explained by 

biological, psychological, and social factors and their subsequent impact on body systems as 

previously described. Observed patients who have presented with similar or even the same 

diagnoses frequently have very different self-report of symptom, symptom evaluation, and 

perceived symptom(s) experience. There are sometimes associated observable signs, but 

concerns arise as caregivers and healthcare providers may had a different evaluation of 
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symptoms as compared to the patients’ perception and interpretation of their disease experience. 

Patients are frequently unable to separate their perception of their symptom experience and their 

evaluation of it, which, again, can be a limitation.(3) The BDRA is currently usable in research, 

and potentially in future practice and education as it creates an improved understanding of the 

multi-directional relationships between biopsychosocial determinants and the disease experience 

of RA. 

Issues and Limitations 

 The BDRA is not without limitations. The complexity of RA allows for the considerations 

of other biological, psychological, and sociological determinants that alter disease activity in RA 

but have not yet been recognized. Further research is needed to address this issue, but the BDRA 

can be easily revised to include relevant information as it becomes available. Another important 

consideration for future model development would include the consideration of acute versus 

chronic disease activity associated with RA. These variations in disease activity, and ultimately 

disease experience, should be investigated to improve the efficacy and completeness of this 

model. 

Conclusion 

 RA is a complicated, life-altering disease that is an individual experience made up of 

biological, psychological, and social factors that affect RA directly and indirectly. The multi-

directional relationships of these antecedents and their impact on immune, neurological, 

endocrine, and gastrointestinal function must be considered. The BDRA was developed in the 

hopes of improving the quality of life for those diagnosed with this potentially debilitating 

disease through an improved understanding the various determinants of disease activity and 
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experience of RA, rather than the medical focus of individual biological determinants. This 

model is an essential first step to inform future research regarding the relationship between 

biological, psychological, and sociological determinants of disease activity in RA, and ultimately 

to explore new, combined treatment modalities of this debilitating disease that affects HRQOL 

for millions worldwide. 
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Figure 1: Biopsychosocial Determinants of Disease Experience in Rheumatoid Arthritis (BDRA) 

Model  
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Abstract 

Background. Diet as a treatment modality in rheumatoid arthritis (RA) has been under 

investigation for decades. Unfortunately, research results are inconsistent, and nutritional 

recommendations are not incorporated in the treatment of RA. Purpose. The purpose of this 

review is to evaluate the current state of the literature on the association between dietary intake 

and evidence of disease activity in RA. Summary and Major Conclusions. A total of 166 

articles were included in this literature review. Fasting was the most studied and intermittent and 

continuous fasting (e.g. daily during the Ramadan holiday or continuously for 3-7 days) suggest 

an association with decreased disease activity in RA. Similar results were found with the 

Mediterranean, vegetarian, vegan, vegan and gluten-free, and elimination diets. Antioxidants, 

omega-3 polyunsaturated fatty acids, and vitamin D were the most studied individual dietary 

nutrients found to benefit patients with RA. Conversely, dietary intake of sugar-sweetened 

beverages, saturated fat (specifically solid oils), and full fat milk (rather than all dairy) were 

associated with increased risk of RA diagnosis. Evidence suggests diet affects disease activity 

related to RA and the dietary intake of RA patients is suboptimal. Results of this review propose 

healthcare providers should include discussion about diet with their patients to improve RA 

symptoms. Future Research Directions. The health of the gastrointestinal tract has been a 

consideration in RA research for decades, and emerging evidence suggests the microbiome may 

be implicated in the relationship between dietary intake and RA disease activity. Future dietary 

intervention studies should focus on the effects of a plant based or elimination diet and 

investigate the association between the microbiome and the inflammatory process in RA.  
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 Rheumatoid arthritis (RA) is a debilitating, chronic autoimmune disease that affects 

approximately 1.3 million American adults and 1% of the world’s population.[1] RA results in 

decreased health related quality of life (HRQOL) and is associated with painful localized and 

systemic inflammation, including joint stiffness and pain, functional limitations, and severe 

fatigue.[2-5] Repeated exacerbations of disease activity eventually results in joint and bone 

damage and deformity, altered social and psychological function, and an increased risk of death 

from cardiovascular disease, often regardless of medical treatment.[2-4 6] Medical advances have 

led to improved management, e.g. via medications to control the symptoms and long term effects 

of RA. Medications can be expensive and potentially ineffective, and many persons with RA 

continue to experience significant physical, emotional, and financial burdens.[7]  

Background 

 Rates of autoimmune disease (AD), including RA, continue to rise, but a precise cause has 

yet to be determined.[1] Risk factors in the development and exacerbation of RA include 

biological, social, and psychological elements, and diet is considered by many as a significant 

influence that bridges each of these elements in the development and activity of RA.[8] Cancer, 

hypertension, heart disease, and type 2 diabetes have all been associated with a typical Western 

diet characterized by high sugar, fat, protein, and salt content.[9] Scientists continue to consider 

the impact of diet on the onset and symptom exacerbation in all autoimmune disease,[9 10] and 

there has been documented concern regarding the impact of diet on RA since 1948.[11] 

Many diagnosed with RA believe health is affected by nutrition[12] and frequently inquire about 

the effects dietary intake may have on disease activity[13 14]. Unfortunately, current clinical 

practice guidelines regarding the inclusion of diet in the management of RA do not exist, and 
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providers do not commonly discuss diet with their patients. This represents a significant gap in 

the treatment practices of RA as there is substantial patient interest in dietary management and 

many patients change their diet without the recommendation or knowledge of their healthcare 

provider in attempt to self-manage their RA symptoms.[13 15 16] Previous data on diet in the 

development and treatment of RA offer a beginning understanding of this complicated 

relationship and serves as the foundation for future research. The purpose of this review is to 

evaluate the current state of the literature regarding the association between dietary intake and 

evidence of disease activity in RA.  

Methods 

 A literature search was completed of online databases including PubMed, CINAHL 

Plus/EBSCOhost, and Embase using the search terms “diet and rheumatoid arthritis.” The 

literature searches for these terms resulted in a total of 4,276 articles. Publications were carefully 

reviewed, and duplicates were removed. Inclusion criteria for this review included primary or 

secondary research publications, literature reviews, published prior to April 2019, peer-reviewed, 

and focused on diet and disease activity in RA or inflammatory arthritis, and diet and risk of RA. 

Exclusion criteria were abstracts or editorial information (e.g. letter to the editor), non-English 

publications, juvenile arthritis, animal studies, and supplement use rather than dietary intake of 

nutrients. A total of 166 articles were included in this review of literature. (Appendix A)  

Results 

Dietary Patterns in Rheumatoid Arthritis 

 Understanding dietary patterns (e.g. the combination, quantity, frequency and variety of 

common food and drink intake)[17] of patients with RA is an important foundation in the eventual 
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development of dietary guidelines. Evidence indicates many patients with RA have low-calorie, 

imbalanced diets,[15 18-23] that are high in fat[24] and low amounts of long-chain omega-3 

polyunsaturated fatty acids (PUFAs) and fiber.[25] A decreased intake of citrus, beans, 

mushrooms, dairy, poultry, and edible viscera was found in those diagnosed with RA compared 

to a heathy control sample in China.[26] In several studies, RA patients were found to have a 

decreased dietary intake of several micronutrients including calcium, potassium, zinc, 

magnesium, pyridoxine, copper, and vitamins A and C.[21 25 27 28] Intake of vitamin E, selenium, 

calcium, zinc, and folic acid were increased in RA patients who took supplements, but otherwise 

did not meet dietary recommendations with food for these nutrients.[29 30] In two recent studies, 

blueberries and fish were reported as foods most likely to improve symptoms in RA patients, 

while dairy, gluten, desserts and sugary sodas were most likely to cause symptom 

exacerbation.[31 32] These data suggest many patients with RA have a poor diet and should 

consider improving their overall diet quality.[20 33] 

Diet and Risk of Rheumatoid Arthritis 

Various studies have associated dietary intake with an increased or decreased risk of RA 

diagnosis. An increased risk of RA has been associated with diets containing saturated fats 

(specifically solid oils), full fat milk (rather than all dairy products), and a regular ingestion of 

sugar-sweetened beverages.[34-36] Diets containing coffee and/or green tea were associated with a 

decreased risk of RA in one study,[34] but another found no significant association between tea 

and/or coffee intake (regardless of caffeine content) and risk of RA.[37] Diets, such as the 

Mediterranean diet, that included an increased intake of fish, alcohol in moderation, fruits, 

cooked vegetables, and olive oil, and diets high in zinc and β-cryptoxanthin were associated with 
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a decreased risk of seropositive RA. [38-40] However, conflicting with these results, another study 

found no significant relationship between risk of RA and a Mediterranean diet.[41] Ingestion of 

dietary n-3 PUFAs had no impact on the risk of RA in some studies,[42-44] while others found that 

the risk of RA and risk of cardiovascular disease in RA may be decreased with the intake of n-3 

PUFAs (e.g. baked/broiled fatty fish). [45-48] Alcohol intake,[49] diet in general, [49 50] or ingestion 

of nitrites, additives, red meat or total protein intake[51] were not associated with an increased 

risk or RA diagnosis. These results should be interpreted with caution due to the limited number 

of studies focused on associations of dietary intake and risk of RA diagnosis. (Table 1.) 

Table 1: Nutrient, Food, and Dietary Intake on Risk of Rheumatoid Arthritis 

 Author(s) Study Type   Sample Size  Nutrient/Food/Diet Effect on RA Risk 

Sparks et 

al. (2019) 

Prospective cohort 

design 

 

 N=166,013 women 

 

Fish or n-3 

PUFAs 

 

Johansson 

et al. (2018) 

Case-control Design 

 

N= 5388; n=1721 people 

with RA and n=3667 

controls 

Mediterranean 

Diet 
 

Krok-

Schoen et 

al. (2018) 

Prospective cohort 

design 

N=80,551 n-3 PUFAs  

Rambod, 

Nazarini, & 

Raieskarim

ian (2018) 

Case control design N=1000; n(RA)=500, 

n(healthy control)=500 

Green tea and 

coffee 

 

 

Solid oil, full fat 

dairy 

 

Hu et al. 

(2017) 

Prospective cohort 

design 

 

N=169,989; n(Nurses’ 

Health study)=76,597 

and n(Nurses’ Health 

Study II)=93,392 

 

Healthy diet 
 

Sundström, 

Johansson, 

& 

Rantapää-

Dahlqvist 

(2015) 

Nested case control 

design 

N=2,272; n(RA)=386, 

n(control)=1,886 – all 

were participants in 

Västerbotten 

Intervention Program 

(VIP) 

  

Diet 

 

 

Alcohol 

 

Hu et al. 

(2014) 

Prospective cohort 

design 

N=186,900; n(Nurses’ 

Health Study)= 79,570, 

n(Nurses’ Health Study 

II)=107,330 

 

Sugary Soda 
 

Di 

Giuseppe et 

Population-based 

prospective design 

N=32,232 females born 

between 1914-1948 

 

n-3 PUFAs 
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al. (2013)  

Benito-

Garcia et 

al. (2007) 

Prospective cohort 

design 

 

N=82,063 Red Meat 

Total Protein 
 

Pedersen et 

al. (2005) 

Large, prospective 

cohort design 

 

N=57,053(Small number 

[n=69] in sample 

developed RA) 

Coffee, fruit, 

long-chain fatty 

acids, meat, iron, 

zinc, selenium, 

olive oil, and 

vitamins A, D, E, 

and C 

 

 

Unable to make 

definitive conclusion 

 

Karlson et 

al. (2003) 

Prospective cohort 

study 

 

N=121,701  

Coffee and Tea 

(Regardless of 

caffeination) 

 

 

Cerhan et 

al. (2003) 

Prospective cohort 

design 

 

N=29,368 women from 

the Iowa Women’s 

Health Study cohort 

Fruits, Vegetables, 

zinc, and β-

cryptoxanthin 

 

Linos et al. 

(1999) 

Cross-sectional, 

descriptive design 

N=333; n(RA 

patients)=145, n(healthy 

control)=188 

Olive oil  

Cooked 

Vegetables 

 

Shapiro et 

al. (1996) 

Population-based case 

control design 

N= 1569, n(RA) = 324, 

n(control) = 1,245 

Baked/Broiled 

Fish  

 

 

 

Dietary Interventions for the Treatment of RA 

 Numerous studies have been done in an effort to identify the relationship between dietary 

intake and disease activity in RA. Fasting (prolonged and intermittent), the Mediterranean diet, 

an elemental diet, a vegan diet, a vegan and gluten-free diet, and an elimination diet have been 

researched to determine their impact on RA.  

Fasting 

 Fasting has been an area of interest in RA patients and research scientists for decades.[32] 

Fasting has been associated with a significant, but brief, improvement of disease activity in 

patients with RA.[52] Intermittent fasting (e.g. from sunrise to sunset) for a one-month period of 

time (related to the Ramadan holiday) was associated with improvement in reported symptoms 

and decreased disease activity scores (DAS-28).[53-55] Other studies found improved clinical 
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status, normalized conA-induced suppressor cell activity, enhanced bactericidal ability of 

neutrophils, and decreased inflammation occurred after a continuous 7-day water-only fast.[56 57] 

Increased serum acetate levels and improved pain at rest and DAS after a seven-day fast have 

been found,[58] but there were no associated changes in intestinal microflora or intestinal 

immunoglobulin A levels.[58 59] RA patients not previously treated with glucocorticoids exhibited 

a higher cortisol level at night after fasting,[60] and fasting induced increased in vitro proliferation 

of lymphocytes (associated with increased levels of free fatty acids in plasma)[61] and decreased 

the production of leukotriene.[62] Increased cortisol, a strong neuroendocrine hormone with anti-

inflammatory effects that mobilizes glucose reserves for energy,[63] and decreased leukotrienes, 

potent pro-inflammatory lipid mediators derived from arachidonic acid,[64] suggest that fasting 

promotes anti-inflammatory results via mobilization of glucose stores and a decreased intake of 

arachidonic acid. An in vitro increase in leukocytes associated with increased free fatty acids 

(FFA) warrants further investigation as increased levels of leukocytes indicate increased 

inflammation.[65] Interestingly, though, fasting has been associated with increased destruction of 

old leukocytes and subsequent production of new, healthy leukocytes in both human and rodent 

studies.[66] A correlation was found between fasting, decreased disease activity, and intestinal 

flora,[67] while another study found mucosal (intestinal) B-cell response was increased without a 

systemic response during fasting.[67 68] A 10-day fast was associated with a decrease in the 

permeability of the gastrointestinal tract and tissue.[69] These results may indicate the intestinal 

immune response is altered during fasting.[68] Fasting for 7-10 days was also associated with a 

significant decrease in agalactosyl Immunoglobulin G (IgG), which is commonly elevated in 

various ADs [70] and may be related to symptom improvement during fasting.[71]  
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A 7-10 day fast followed with a gluten-free, vegan diet was associated with a significant 

decrease in total IgG, leukocyte and platelet counts, calprotectin, C3 activation products, and 

complement components C3 and C4.[72] These results were noted after a gluten-free, vegan diet 

was followed for 3.5 months (rather than after the fast), and authors concluded the pathogenesis 

associated with RA is not related to a systemic humoral immune response induced with 

nutrients/diet.[72] Two separate studies used a 7-10 day fast followed by vegan, gluten-free diet 

for 3.5 months, and a lactovegetarian diet for 9 months.[73 74] A significant decrease in disease 

activity was noted (e.g. improvement in pain, morning stiffness, and a health assessment score, 

and a decrease in white blood cell count, C-reactive protein, the number of tender and swollen 

joints, and Ritchie’s score),[73] but no significant change in the nutritional status was found in 

pre- and post- measures.[74] (Table 2.)  

 These findings indicate that fasting, alone and when combined with other dietary changes 

frequently improves objective (e.g. hematology results, intestinal flora and B-cell response, and 

DAS score) and subjective evidence (e.g. morning stiffness and pain) of disease activity. 

Although sustained improvement in disease activity was noted with dietary changes after fasting, 

these results may not continue after fasting if people returned to their normal (e.g. Western) diet. 

Table 2: Effect of Fasting on Rheumatoid Arthritis 

Author(s) Study Type Sample Size Length of Fast Effect on RA Risk 

Said et al. 

(2013) 

Retrospecti

ve case-

control 

design 

 

N= 71 patients 

with RA 

One-month 

daily fast 

related to the 

Ramadan 

holiday 

 Fasting RA patients exhibited a 

significantly lower disease activity score 

(DAS 28) 

 Changes in diet of fasting patients 

did not result in significant change in 

disease activity 

Abendroth 

et al. (2010) 

Prospective, 

observationa

l, non-

randomized 

clinical trial 

N=50 patients 

with RA; n(7-

day fast)=22, 

n(7-day 

Mediterranean 

diet)=28 

7-day fast 

versus 7-day 

Mediterranean 

diet 

 No association was revealed between 

SCFA changes in intestinal microflora and 

RA activity  

 The fasting group were found to have 

significant increases in serum acetate levels  

 Significant improvement in DAS in 
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both groups 

 Significant improvement in pain at rest 

in fasting group at day 7 

Munshi et 

al. (2008) 

 Cross-

sectional, 

descriptive 

design 

N=100; 

n(OA)=85, 

n(RA)=15 

Fast related to 

the Ramadan 

holiday 

  Arthritis activity and severity is 

affected by diet 

 Significant improvement in symptoms 

reported by RA patients during fasting 

Michalsen 

et al. (2005) 

Non-

randomized, 

controlled 

trial 

N=51; n(RA-

fast)= 9, n(FM 

fast)=21, n(RA-

vegetarian 

Mediterranean)

=7, n(FM-

vegetarian 

Mediterranean 

Diet)=14 

8-day fast  Microbiology of GI tract (flora, sIgA) 

was not affected by fasting or the 

Mediterranean diet in RA or FM patients 

 Dietary effects on fecal flora (as well 

as its role in RA) must be studied using newer 

molecular analysis practices 

Al-Dubeikil 

et al. (2003) 

Non-

randomized 

control trial 

 

N=31; 

n(fasting)=17, 

n(non-

fasting)=14 

Fast during the 

Ramadan 

holiday 

A significant number of RA patients reported 

improvement with fasting related to Ramadan 

 

Fraser et al. 

(2001) 

Non-

randomized 

intervention 

trial 

 

N=4 female 

patients with 

active RA 

72-hour fast  RA patients not previously treated 

with glucocorticoids were found to have 

higher levels of cortisol during the night 

 

Fraser et al. 

(2000) 

Non-

randomized 

intervention

al trial 

 

N=23 patients 

with active RA; 

n(7-day 

fast)=10, 

n(ketogenic diet 

7 days)=13 

7-day fast  Serum IL-6 levels and improved 

symptoms were noted with fasting 

 DHEAS levels were significantly 

increased with the ketogenic diet and fasting 

 Because the IL-6 levels changed 

independent of the IL-6 levels, it is proposed 

the DHEAS levels did not affect the IL-6 

levels 

 The decreased IL-6 levels may be the 

cause of lower ESR and CRP levels after a 7-

day fast 

Fraser et al. 

(1999) 

Descriptive, 

prospective 

study 

N=9 RA 

patients 

7-day fast  In vitro proliferation of lymphocytes 

increased with higher levels of total FFA in 

plasma (associated with fasting) 

Trollmo, 

Verdrength

, & 

Tarkowski 

(1997) 

Control 

study 

 

N=24; n(RA 

patients)=7, 

n(healthy 

control)=17 

  Mucosal B-cell response increased 

with fasting while no response noted 

systemically 

 Results indicate fasting alters intestinal 

immune response regardless of medical 

treatment – RA patients and healthy controls 

noted to have similar response to fast 

Kjeldsen-

Kragh et al. 

(1996) 

Non-

randomized 

intervention 

design 

N=26 RA 

patients 

7-10 day fast 

followed by a 

vegetarian diet 

for 3.5 months 

 A significant decrease in agalactosyl 

IgG was found after fasting, but not after 

vegetarian diet 

 Improvement associated with fasting 

may be related to glycosylation status of IgG 
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 Improvement associated with 

vegetarian diet do not appear to be related to 

glycosylation status of IgG 

Kjeldsen-

Kragh et al. 

(1995) 

Randomized 

control trial 

 

N=53 RA 

patients; n(fast, 

vegan-gluten 

free diet)=27, 

n(control)=26 

7-10 day fast 

followed by a 

gluten-free, 

vegan diet for 

3 months 

 Disease activity was significantly 

decreased with vegan, gluten-free diet: 

decreased calprotectin, total IgG, RF, 

leukocyte count, platelet count, complement 

components C3 and C4, and C3 activation 

products 

 Some patients with RA can have a 

reduction of disease activity related to change 

in diet 

Kjeldsen-

Kragh et al. 

(1995) 

Prospective, 

single-blind, 

randomized, 

controlled 

clinical trial 

 

N= 57; 

n(RA with diet 

intervention)=2

7, n(healthy 

control)=30 

7-10 day fast 

followed by 

re-introduction 

(one food at a 

time) of 

gluten-free, 

vegan foods; 

foods causing 

exacerbation 

were excluded 

from 

continued 

vegan, gluten-

free diet 

 RA pathogenesis is most likely not 

associated with a food-induced systemic 

humoral immune response 

Peltonen et 

al. (1994) 

Prospective, 

randomized, 

single-blind 

clinical trial 

 

N= 53 (45 

women, 8 men) 

omnivorous 

patients with 

RA; 

n(diets)=27, 

n(control)=26 

All 

interventions 

began with a 

fast; 

lactovegetarian 

diet was 9 

months, and 

vegan diet was 

3.5 months 

 Omnivorous diet to vegetarian diet 

resulted in a significant change in intestinal 

flora 

 Vegan to lactovegetarian diet resulted 

in significant change in intestinal microflora 

 A significant difference was noted in 

the fecal flora of patients who had a high 

index of response compared to those with a 

low index of response 

 The correlation found between disease 

activity and intestinal flora has the potential to 

improve the understanding on the relationship 

between diet and RA 

Kjeldsen-

Kragh et al. 

(1991) 

Prospective, 

single-blind 

randomized 

trial 

 

N=53; 

n(intervention/d

iet group)=27, 

n(control 

group)=26 

7-10 day fast 

followed by a 

1-year 

vegetarian diet 

 The dietary treatment methods used in 

this study may be a helpful addition to 

currently recommended medical treatment of 

RA 

Haugen et 

al. (1991) 

Descriptive, 

cross-

sectional 

design 

 

N=742 ; n(RA) 

=290, n(JRA) = 

51, 

n(ankylosing 

spondylitis) = 

87, n(psoriatic 

arthritis) = 51, 

n(fibromyalgia) 

Survey 

regarding self-

directed 

fasting to 

improve 

symptoms 

 Fasting-related improvements similar 

to previous study results (stiffness, joint 

edema, and decreased pain) 

 A change in intestinal permeability 

associated with fasting may correlate with 

improvements (clinical) 
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= 65, 

n(osteoarthritis) 

= 34 

Hafström et 

al. (1988) 

Cross-over, 

controlled 

trial 

 

N=14 female 

patients with 

RA 

7-day fast  Decreased production of leukotriene 

may be cause of improved symptoms during 

fasting in RA 

Uden et al. 

(1983) 

Cross-over 

intervention 

trial 

 

N=7 patients 

with RA 

7-day fast  The clinical status in RA was 

improved with fasting 

 Enhanced bactericidal ability of 

neutrophils was associated with decreased 

inflammation during fasting 

Sundqvist 

et al. (1982) 

Randomized 

control trial 

N=10; n(RA 

patients)=5, 

n(control)=5 

10-day fast  Permeability of the GI tract and tissue 

decreases with fasting, but no change was 

noted with the lactovegetarian diet 

 Results reveal a potential relationship 

between decreased disease activity and GI 

permeability with fasting 

Sköldstam 

Larsson, & 

Lindström 

(1979) 

Randomized 

control trial 

 

N=26; n(diet 

intervention 

with RA)=16, 

n(control/norma

l diet with 

RA)=10 

7-10 day fast 

followed by a 

lactovegetarian 

diet 

 No significant improvements were 

noted with the lactovegetarian diet 

 Fasting resulted in significant, but 

brief, decreased disease activity (subjective 

and objective) 

Mediterranean Diet 

 The Mediterranean diet (MD) contains a low content of dairy products and red meat, a 

modest consumption of alcohol (e.g. 2 drinks per day for men and 1 drink per day for women 

with an emphasis on red wine), and a high intake of vegetables, fruits, grains, seeds, nuts, and 

olive oil. [75] The MD has been under investigation for the treatment of RA for many years and 

research has yielded varying results. Disease activity in RA was suppressed with the MD; 

evidence suggests this may be due to the ingestion of monosaturated fatty acids (MUFAs) and 

subsequent changes in fatty acid intake with this type of diet.[75 76] The MD is associated with 

significant improvement in DAS and vitality as well as decreased inflammation.[58 77] 

Economically deprived RA patients in Glasgow, Scotland, had a significant improvement in 

nutritional health and disease activity when they were provided with education and hands-on 

cooking classes regarding MD habits.[78] In this study, intestinal flora, salivary immunoglobulin 
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A (sIgA),[59] and plasma and urine antioxidant levels[79] were not affected by the ingestion of a 

Mediterranean diet.  

 The evidence regarding the relationship between the MD and RA disease activity suggest 

the MD may be beneficial for many individuals diagnosed with RA. Various studies reported a 

decrease in disease activity (e.g. DAS and inflammation) associated with a change to a MD-style 

diet.  

Table 3: Effect of a Mediterranean Diet on Rheumatoid Arthritis 

Author(s) Study Type Sample Size. Length of diet Effect on RA Risk 

Matsumot

o et al. 

(2017) 

Cross-

sectional 

analysis of 

data 

currently 

being 

collected in a 

longitudinal, 

prospective 

cohort study 

 

N= 413; 

n(RA)=208, 

n(healthy 

control)=205 

Self-reported 

normal 

dietary intake 

  Suppression of disease activity 

during ingestion of the Mediterranean 

diet may be due to intake of 

monounsaturated fatty acids (MUFAs) on 

a daily basis 

Abendroth 

et al. 

(2010) 

Prospective, 

observational, 

non-

randomized 

clinical trial 

N=50 patients 

with RA; n(7-

day fast)=22, 

n(7-day 

Mediterranean 

diet)=28 

7-day fast 

versus 7-day 

Mediterranean 

diet 

 No association was revealed between 

SCFA changes in intestinal microflora and 

RA activity  

 The fasting group were found to have 

significant increases in serum acetate levels  

 Significant improvement in DAS in 

both groups 

 Significant improvement in pain at 

rest in fasting group at day 7 

McKellar 

et al. 

(2007) 

Randomized 

control trial 

N=130 female 

patients with 

RA; 

n(Mediterranean 

diet)=75, 

n(control)=55 

6 months  Significant improvement in healthy 

dietary intake in the intervention group 

 Significant improvement in disease 

activity in intervention group 

 This type of treatment may be a 

viable adjunct option in the treatment of RA 

Michalsen 

et al. 

(2005) 

Non-

randomized, 

controlled 

trial 

 

N=51; n(RA-8 

day fast)= 9, 

n(FM-8 day 

fast)=21, n(RA-

vegetarian 

Mediterranean 

Diet)=7, n(FM-

vegetarian 

Mediterranean 

8 days  Microbiology of GI tract (flora, sIgA) 

was not affected by fasting or the vegetarian-

Mediterranean diet in RA or FM patients 
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Diet)=14 

Hagfors et 

al. (2005) 

Prospective 

cohort design 

 

N=51 RA 

patients; 

n(Mediterranean 

diet)=26, 

n(control)=25 

12-week diet  Changes in fatty acid intake related to 

a Mediterranean (Cretan) diet may be related 

to the benefits in RA found with this diet 

Skoldstam

, Hagfors, 

& 

Johansson 

(2003) 

Parallel 

randomized 

control trial 

N=51 RA 

patients; 

n(Mediterranean 

diet)=26, 

n(control)=25 

12-week diet  Physical function and vitality 

significantly increased, while inflammatory 

activity was significantly decreased in RA 

patients who consumed a Mediterranean diet 

as compared to a control diet 

Hagfors et 

al. (2003) 

Parallel 

randomized 

control trial 

N=51 RA 

patients; 

n(Mediterranean 

diet)=26, 

n(control)=25 

12-week diet  Plasma and urine antioxidant levels 

had no significant change associated with a 

reported increase of antioxidant rich foods 

(associated with Mediterranean diet 

intervention) 

 

Vegetarian Diet 

 Research regarding the incorporation of a vegetarian diet in the treatment of RA has also 

had conflicting results. Initial research indicated a lacto-vegetarian diet (a vegetarian diet 

including dairy and dairy products) offered no significant improvements in RA, [52] but 

subsequent research yielded very different results. A lacto-vegetarian diet had no effect on the 

microbiology or permeability of the GI tract as previously stated,[69] but a vegetarian diet was 

found to improve symptoms of inflammation and enhance the anti-inflammatory effects of 

supplementary fish oil.[80] There was a significant difference noted in intestinal microflora of 

patients who changed from a western diet including meat to a lacto-vegetarian diet; patients who 

had a higher index of response of symptom improvement were noted to have a significant 

difference in fecal flora as compared to those who had a lower index of response.[67] 

Improvements found with a vegetarian diet were not associated with the glycosylation status of 

immunoglobulin G (IgG)[71] or psychological characteristics of the subjects.[81] A 7-10 day fast 
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followed by a lacto-vegetarian diet was determined to be a potential beneficial addition in the 

treatment of RA as previously described above.[73] (Table 4.) 

Table 4: Effect of a Vegetarian Diet on Rheumatoid Arthritis 

Author(s) Study Type Sample Size Length of Fast Effect on RA Risk 

Michalse

n et al. 

(2005) 

Non-

randomized

, controlled 

trial 

 

N=51; n(RA-8 day 

fast)= 9, n(FM-8 

day fast)=21, 

n(RA-vegetarian 

Mediterranean 

Diet)=7, n(FM-

vegetarian 

Mediterranean 

Diet)=14 

8 days  Microbiology of GI tract (flora, 

sIgA) was not affected by fasting or the 

vegetarian-Mediterranean diet in RA or 

FM patients 

 

Adam et 

al. (2003) 

Double-

blind, cross-

over control 

trial 

N=68; n(normal 

western diet)=34, 

n(anti-

inflammatory diet, 

low in arachidonic 

acid)=34 

8 months  Inflammation symptoms improved 

with a vegetarian diet (low arachidonic acid), 

and this diet heightened the anti-

inflammatory effects of fish oil 

Kjeldsen-

Kragh et 

al. (1994) 

Cross-

sectional, 

descriptive 

design 

N=124 (53 

participants from 

previous clinical 

trial, 71 

participants with 

RA not involved in 

clinical trial) 

NA  Specific psychological characteristics 

were noted in patients selected to participate 

in study  

 Symptom (clinical) improvement was 

not explained with MHLCS scores; but may 

be related to beliefs regarding “alternative” 

and “ordinary” treatment methods  

 A decrease in psychological stress 

was noted with diet treatment 

Peltonen 

et al. 

(1994) 

Prospective, 

randomized, 

single-blind 

clinical trial 

 

N= 53 (45 women, 

8 men) omnivorous 

patients with RA; 

n(diets)=27, 

n(control)=26 

All 

interventions 

began with a 

7-10 day fast; 

lactovegetarian 

diet was 9 

months, and 

vegan diet was 

3.5 months 

 Omnivorous diet to lacto-vegetarian 

diet resulted in a significant change in 

intestinal flora 

 Vegan to lactovegetarian diet resulted 

in significant change in intestinal microflora 

 A significant difference was noted in 

the fecal flora of patients who had a high 

index of response compared to those with a 

low index of response 

 The correlation found between 

disease activity and intestinal flora has the 

potential to improve the understanding on 

the relationship between diet and RA 

Kjeldsen-

Kragh et 

al. (1991) 

Prospective, 

single-blind 

randomized 

trial 

N=53; 

n(intervention/diet 

group)=27, 

n(control 

group)=26 

7-10 day fast 

followed by a 

vegetarian diet 

for 1 year 

 The dietary treatment methods used 

in this study may be a helpful addition to 

currently recommended medical treatment of 

RA 

Sundqvist 

et al. 

(1982) 

Randomized 

control trial 

N=10; n(RA 

patients)=5, 

n(control)=5 

10-day fast  Permeability of the GI tract and tissue 

decreases with fasting, but no change was 

noted with the lactovegetarian diet 
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 Results reveal a potential relationship 

between decreased disease activity and GI 

permeability with fasting 

Sköldsta

m 

Larsson, 

& 

Lindströ

m (1979) 

Randomized 

control trial 

 

N=26; n(diet 

intervention with 

RA)=16, 

n(control/normal 

diet with RA)=10 

7-10 day fast 

followed by a 

lactovegetarian 

diet 

 No significant improvements were 

noted with the lactovegetarian diet 

 Fasting resulted in significant, but 

brief, decreased disease activity (subjective 

and objective) 

 

Vegan Diet 

 A significant change in intestinal microflora was noted with a change from an omnivorous 

diet to an uncooked (raw), vegan (no animal products) diet rich in lactobacilli,[82] and from a 

vegetarian to vegan diet.[67] Participants who followed a raw, vegan diet rich in lactobacilli also 

noted significant improvements in symptoms after seven days, and these improvements 

continued for the duration of the diet (up to three months).[83] A significant increase in many 

nutrients and energy intake occurred with a vegan diet, but many participants reported that a raw, 

vegan diet was difficult to maintain.[84] (Table 5.) 

Table 5: Effect of Vegan Diet on Rheumatoid Arthritis 

Author(s) Study Type Sample Size. Length of Diet Effect on RA Risk 

Ågren et 

al. (2007) 

Randomized 

control trial  

N=29; 

intervention 

n=16, control 

n=13 

   Absorption rates (relative) of sterols 

and/or clearance through the biliary tract is 

altered with a strict vegan, uncooked diet 

Nenonen 

et al. 

(1998) 

Prospective, 

Randomized 

control trial 

N=43 adults with 

active RA; n(raw-

vegan diet)=22, 

n(control, normal 

diet)=21 

8-9 or 12-13 

weeks 
 Improved RA symptoms associated 

with lactobacilli-rich, raw vegan diet 

 Improved objective effects in RA may 

be the result of daily intake of lactobacilli (in 

high amounts) 

Peltonen 

et al. 

(1997) 

Prospective, 

Randomized 

control trial 

N=43 adults with 

active RA; n(raw-

vegan diet)=22, 

n(control, normal 

diet)=21 

8-9 or 12-13 

weeks 
 Significant changes in fecal flora 

related to vegan diet were correlated with RA 

symptom improvement 

Peltonen 

et al. 

(1994) 

Prospective, 

randomized, 

single-blind 

clinical trial 

 

N= 53 (45 

women, 8 men) 

omnivorous 

patients with RA; 

n(diets)=27, 

n(control)=26 

All 

intervention

s began with 

a fast; 

lactovegetari

an diet was 

 Omnivorous diet to vegetarian diet 

resulted in a significant change in intestinal 

flora 

 Vegan to lactovegetarian diet resulted 

in significant change in intestinal microflora 
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9 months, 

and vegan 

diet was 3.5 

months 

 A significant difference was noted in 

the fecal flora of patients who had a high index 

of response compared to those with a low 

index of response 

 The correlation found between disease 

activity and intestinal flora has the potential to 

improve the understanding on the relationship 

between diet and RA 

Rauma et 

al. (1993) 

Randomized 

control trial 

N=43 Finnish RA 

patients; 

n(intervention – 

vegan diet)=21, 

n(control)=22 

3 months 

 
 Participants reported the diet was 

difficult to follow: some were unable to eat all 

served foods, the tastes were not familiar, and 

preparation of food was time consuming and 

required a good deal of effort 

 A significant increase in many nutrient 

and energy intake 

 Concerns arose regarding the available 

energy and high fiber in the vegan diet 

 

 

Vegan, Gluten-free Diet 

 

 A gluten-free, vegan (no animal products) diet resulted in an increase in atheroprotective 

antibodies against phosphorylcholine (anti-PCs) and blood lipids oxidized low-density 

lipoprotein (oxLDL), which may indicate anti-inflammatory and atheroprotective effects of this 

diet pattern.[85] As previously stated, a fast followed by a vegan, gluten-free diet was also 

associated with significantly decreased calprotectin, total IgG, RF, leukocyte count, platelet 

count, complement components C3 and C4, and C3 activation products.[72] No improvements 

were noted in previously documented radiologic damage (e.g. bone erosion) after following this 

diet for one year, but patients who exhibited improved symptoms had an associated decrease 

plasma immunoglobulin G (IgG) against -lactoglobulin and gliadin.[86] (Table 6.) 

Table 6: Effect of a Vegan, Gluten-free Diet on Rheumatoid Arthritis 

Author(s) Study Type Sample Size Length of Diet Effect on RA Risk 

Elkan et 

al. 

(2008) 

Randomize

d control 

trial 

N=66 RA 

patients; n(gluten-

free, vegan 

diet)=38, n(well-

balanced, non-

vegan diet)=28 

1 year  An increased anti-PC IgA and IgM 

and decreased oxLDL and LDL levels were 

noted with a gluten-free vegan diet – these 

changes may be anti-inflammatory and 

atheroprotective 

Hafströ Randomized N=66 patients with 1 year  IgG levels against -lactoglobulin and 
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m et al. 

(2001) 

control trial active RA; 

n(vegan, gluten-

free diet)=38, 

n(control-well-

balanced non-

vegan)=28 

gliadin decreased in intervention diet 

responders 

 No improvement was noted in 

radiological films 

 Some patients with RA may benefit 

from diet change; this may be due to diet 

change, which results in decreased immune 

reaction to food antigens 

Kjeldsen

-Kragh 

et al. 

(1996) 

Non-

randomized 

intervention 

design 

N=26 RA patients 7-10 day fast 

followed by a 

gluten-free, 

vegan diet for 

3.5 months 

 A significant decrease in agalactosyl 

IgG was found after fasting, but not after 

vegetarian diet 

 Improvement associated with fasting 

may be related to glycosylation status of IgG 

 Improvement associated with 

vegetarian diet do not appear to be related to 

glycosylation status of IgG 

Kjeldsen

-Kragh 

et al. 

(1995) 

Randomized 

control trial 

 

N=53 RA patients; 

n(fast, vegan-

gluten free 

diet)=27, 

n(control)=26 

7-10 day fast 

followed by a 

gluten-free, 

vegan diet for 

3 months 

 Disease activity was significantly 

decreased with vegan, gluten-free diet: 

decreased calprotectin, total IgG, RF, 

leukocyte count, platelet count, complement 

components C3 and C4, and C3 activation 

products 

 Some patients with RA can have a 

reduction of disease activity related to change 

in diet 

Kjeldsen

-Kragh 

et al. 

(1995) 

Randomized 

control trial 

 

N=53 RA patients; 

n(fast, vegan-

gluten free 

diet)=27, 

n(control)=26 

7-10 day fast 

followed by a 

gluten-free, 

vegan diet for 

3 months 

 RA pathogenesis is most likely not 

associated with a food-induced systemic 

humoral immune response 

 

 

Elemental Diet 

 Little research has been completed regarding the effect of an elemental, a hypoallergenic 

liquid diet containing basic nutrients (e.g. amino acids, sucrose, minerals, synthetic vitamins, 

etc.)[87] in the management of RA. One study determined an elemental diet resulted in a 

significant improvement in joint pain, but no other change in evidence of disease activity 

occurred. [88] Interestingly, the control group exhibited a significantly improved erythrocyte 

sedimentation rate and thrombocyte count; it was concluded that an elemental diet may benefit 

some patients with RA but should not be recommended to all RA patients.[88] A significant 
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clinical improvement in the Ritchie’s score and grip strength was noted in another study, while 

functional score, ESR, and C-reactive protein (CRP) had no significant improvement[89]. Patients 

who followed an elemental, hypoallergenic, high unsaturated fat, low saturated fat diet exhibited 

a significant improvement in ESR, number of swollen and tender joints, and Ritchie’s index.[90] 

Improvements associated with an elemental diet were found to be as effective as the ingestion of 

15 mg of prednisolone on a daily basis.[91] A rapid cessation of improvement occurred with a 

reintroduction of foods following the elemental diet.[89] More research is needed for the use of an 

elemental diet in the management of RA.[88 91] 

Table 7: Effect of an Elemental Diet on Rheumatoid Arthritis 

Author(s) Study Type Sample Size. Length of Diet Effect on RA Risk 

Podas et 

al. (2007) 

Pilot of a 

randomized 

control trial 

 

 

N=30 patients 

with active RA; 

n(elemental 

diet)=21, n(oral 

prednisolone)=9 

 2 weeks  Significant clinical improvement 

noted after 2 weeks of elemental diet – as 

effective as 15 mg prednisolone daily 

 RA disease activity may be due to 

diet, and the intestines are involved 

Sarzi-

Puttini et 

al. (2000) 

Double 

blind, 

randomized 

control trial 

N=50 patients 

with RA, 

n(intervention – 

hypoallergenic, 

low saturated fats, 

high unsaturated 

fats)=25, 

n(control)=25 

24 weeks  Patients may experience 

improvement in RA symptoms associated 

with diet therapy – this may be due to diet 

modification or weight loss 

 The composite index did not yield 

any significant changes associated with diet 

therapy 

Kavanaghi 

et al. 

(1995) 

Randomized 

control trial 

 N=57 RA 

patients; 

n(elemental 

diet)=24, 

n(control)=23 

 4 weeks of 

elemental diet 

followed by 

reintroduction 

of foods 

  Various examples of many struggles 

noted in dietary studies in RA treatment 

 A significant improvement was noted 

with Ritchie score and grip strength 

 Functional score, ESR, and CRP had 

no significant improvement 

 Improved symptoms associated with 

elemental diet were not continued when diet 

was individualized 

Haugen, 

Kjeldsen-

Kragh, & 

Forre 

(1994) 

Double-

blind, 

randomized 

control 

study 

n(elemental 

diet/intervention 

group)=10, 

n(control diet 

group)=7 

3 weeks  Intervention group had a significant 

improvement in joint pain 

 The control group had an improved 

thrombocyte count and erythrocyte 

sedimentation rate 

 Improvement of all measured 

variables were noted in 3 from intervention 

group and 2 from control group 

 Variables of disease activity were not 
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significantly different between groups 

 An elemental diet may be effective in 

the treatment of some patients with RA, but 

it is not recommended in the treatment of all 

RA patients 

 

Elimination Diet 

 The effectiveness of an elimination diet in the treatment of RA has not been investigated in 

decades. In two separate, single-case studies (1979-1982) four individuals each had resolution of 

RA-related pain when they eliminated specific foods. [92 93] These patients were eventually able 

to alternate the elimination diet with their normal dietary habits every four days without an 

increase in RA-related pain.[93] Four subjects in an earlier case-study reported decreased disease 

activity with elimination of participant-specific foods, and an exacerbation of symptoms upon re-

introduction of foods.[94] More research was recommended.[92-94] (Table 8.) 

Table 8: Effect of an Elimination Diet on Rheumatoid Arthritis 

Author(s) Study Type Sample Size. Length of Diet Effect on RA Risk 

O’Banion 

(1982) 

Single case 

experimental 

design 

 N=3 female 

patients with RA 

 NA  Pain associated with arthritis stopped 

with treatment (including elimination of 

specific foods, rotary ingestion of other 

foods alternating with normal dietary 

habits) 

 Zussman 

(1966) 

 Case studies   N=4 with RA  NA  Each patient described responded with 

decreased disease activity during elimination, 

with disease exacerbation to ingestion of 

different foods, which caused differing 

symptoms 

 Healthcare providers should be aware 

of this potential circumstance in their treatment 

of patients with RA 

 

Ketogenic diet 

 Few studies have examined the role of a ketogenic diet (high proteins and lipids, and low 

in carbohydrates) in the treatment of RA. It was determined that the ketogenic diet had a lesser 

immunological impact compared to fasting, but participants still exhibited a decrease in serum 
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insulin-like growth factor (IGF-1) and leptin.[95] A ketogenic diet was also associated with a 

significant increase in dehydroepiandrosterone sulphate (DHEAS), which decreases interleukin 

(IL) 6 gene promoter expression and activity.[96] However, serum IL-6 levels, a cytokine 

associated with the development and clinical manifestations of RA, were not affected as they 

were with a fast.[96] An elemental, artificial, liquid peptide diet (nutritional drink) was noted to 

improve objective and subjective measures of disease activity in some patients, but is not 

recommended for use in all RA patients. [97] (Table 9.) 

Table 9: Effect of a Ketogenic Diet on Rheumatoid Arthritis 

Author(s) Study Type Sample Size. Length of Diet Effect on RA Risk 

Fraser et 

al. (2000) 

Non-

randomized 

intervention 

trial 

N=13 patients 

with active RA 

7-day 

ketogenic 

diet followed 

by 14-day 

reintroductio

n 

 A decrease in serum IGF-1 and leptin 

were noted in RA patients during a 

ketogenic diet; this resembles acute 

starvation 

 The ketogenic diet did not have the 

same immunological impact as previously 

noted with fasting (acute starvation) – it 

may be more impacted by restriction of 

protein and/or energy 

Fraser et 

al. (2000) 

Non-

randomized 

interventional 

trial 

N=23 patients 

with active RA; 

n(7-day fast)=10, 

n(ketogenic diet 

7 days)=13 

7-day 

ketogenic diet 

versus 7-day 

fast 

  Serum IL-6 levels and improved 

symptoms were noted with fasting 

 DHEAS levels were significantly 

increased with the ketogenic diet and fasting 

 Because the IL-6 levels changed 

independent of the IL-6 levels, it is proposed 

the DHEAS levels did not affect the IL-6 levels 

 The decreased IL-6 levels may be the 

cause of lower ESR and CRP levels after a 7-

day fast 

 

Effect of Specific Nutrients on Rheumatoid Arthritis 

 Researchers have also considered the use of specific nutrients in the management of RA, 

and some nutrients (e.g. vitamin D and omega-3 fatty acids) may offer benefit in the 

effectiveness of disease-modifying antirheumatic drugs (DMARDs) in RA.[98] Serum 25(OH)D 

levels in RA patients correlated with age and dietary vitamin D intake, but disease activity was 
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not significantly correlated with serum 25(OH)D.[99] The impact of vitamin D on disease activity 

in RA remains unclear, but increasing both dietary or supplemental intake of vitamin D may be 

beneficial to promote the preservation of bone density in RA patients. [99] 

 Evidence suggests n-3 PUFAs may slow the transition to seropositive RA,[100] improve 

objective measures of RA (e.g. DAS),[101 102] and may have an increased effect in patients who 

have a genetic susceptibility to RA (e.g. HLA class II).[100] No significant difference was 

associated with an altered ingestion of short-chain fatty acids (e.g. a decreased intake associated 

with fasting) and RA disease activity or intestinal microflora.[58] Miscellaneous studies have 

yielded interesting results: cranberry juice was associated with a significant decrease in disease 

activity,[103] blue mussels may cause a significant decrease in c-reactive protein in RA 

patients,[104] and improved arterial function was associated with the daily intake of vegetables 

while fruit had no effect. [105]  

Summary of the Research via Literature Reviews 

 Evidence offers some definitive information, but more research is needed to confirm much 

of it. The most current recommendations range from a healthy, balanced diet [106-108] to 

recommending patients complete an elimination diet and observe their own reactions to nutrients 

and foods and eliminate foods/nutrients that promote disease activity as needed.[109] Patients 

wanting to try an elimination diet, may want to consult with a registered dietitian nutritionist for 

support. Fasting,[110 111] the Mediterranean, [16 110 112-115] vegetarian,[116] vegan,[117] vegan and 

gluten-free, and elimination diets have been associated with some benefit to RA patients.[110 112] 

Beneficial nutrients and foods include antioxidants,[118-120] phenolic compounds,[121] calcium,[122] 

monounsaturated fatty acids[120], omega 3 PUFAs [16 120 122-125], vitamins D[16 112 122 125 126], E, [122 
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125 127] and C[122], and moderate alcohol intake.[16 109] Other recommendations include avoidance 

of alcohol, arachidonic acid (e.g. eggs and chicken), and animal fat. [125 128 129] Several reviews 

discuss a lack of significant evidence regarding the use of vitamin D[102], fasting,[122] or the 

Mediterranean diet.[130] An increased intake of PUFAs is associated with decreased leukotriene 

B4 levels[124] and a decreased rate of seropositive RA.[43 131] The removal of lectins, particularly 

those in peanuts, legumes (beans), barley, rice, peas, potatoes, and wheat, from the diet may 

cause a decrease in RA-related symptoms due to a decreased permeability of the GI tract and 

decreased peripheral antigenic stimulation.[132] Effects of probiotics, other supplements, fasting, 

anti-oxidants, and alcohol[112] and fruits/fruit extracts[133] are unclear.  

 Nineteen studies evaluated the effect of fasting on RA, and 15 reported decreased disease 

activity in RA associated with fasting for varying amounts of time (ranging from overnight to 7 

days).[32 53 55 56 58 60-62 68 69 71-73 96] Decreased disease activity was associated with a decreased IL-6, 

[96] leukotriene,[62] and agalactosyl IgG[71] production and increased mucosal B-cell response[68] 

and decreased permeability of the GI tract.[69] The Mediterranean diet was found to decrease 

disease activity in all 7 studies presented.[58 59 75 77-79] This may be due to an increased dietary 

intake of fatty acids[79] (specifically mono-unsaturated fatty acids),[75] but no change was noted in 

GI microflora[59] or plasma or urine antioxidants. [79] Five of seven studies noted improvement 

with a vegetarian diet,[59 67 80 81] which was recommended as a helpful addition to current 

recommended medical treatment.[73] The improvements were associated with decreased 

arachidonic acid[80] and decreased psychological stress.[81] A change in GI microflora was found 

in one of two studies.[59 67] A vegan diet was determined to be beneficial in all five studies 

presented,[67 82 83 161] but was reported as difficult to follow by some participants.[84] The 
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improved symptoms associated with a vegan diet were associated with an increased intake of 

lactobacilli,[83] and changes to the GI tract[161] and fecal flora,[82] which was supported with 

correlation between disease activity and intestinal flora.[67] A vegan, gluten-free diet was found 

to decrease disease activity in all 5 studies presented.[71 72 85 86] The decreased disease activity 

was associated with decreased low-density lipoprotein,[85] calprotectin, rheumatoid factor, 

leukocyte and platelet counts, total IgG, and complement activation products.[72] Although there 

was no change in radiologic film, this diet was recommended as a benefit to some RA patients.[71 

86] An elemental diet was found to improve disease activity in some RA patients in all four 

studies presented.[88-91] Improvements for some were significant, and an elemental diet was 

considered as effective as 15mg of prednisolone daily.[91] Improved disease activity was 

associated with decreased thrombocytes and erythrocytes,[88] and intestinal involvement must be 

considered in disease activity in RA.[91] Two studies examined the effect of a ketogenic diet 

following a 7-day fast, but both studies found that the ketogenic diet did not offer the level of 

improvement associated with the fast.[95 96] Lastly, an elimination diet was used in the treatment 

seven patients in two different case studies.[93 94] All seven patients exhibited decreased disease 

activity during the elimination phase, and each had an exacerbation (of different symptoms) with 

the reintroduction of different foods.[93 94] Both studies were completed decades ago (1966 and 

1982), and it is surprising that no research has continued with these positive results. 

 No one diet pattern has been determined to be the most effective,[109 134] and dietary 

management is often considered controversial as some patients may not benefit from it.[135] 

Although the mechanisms involving diet and RA disease activity remain unclear, a complex 

relationship exists between the “gut-joint-brain and immune system,”[136] and evidence suggests 
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the microbiome is involved.[136-139] Food constantly challenges the immune system,[140] and 

treatment focused on the microbiome may result in successful treatment of RA symptoms. [138 141]  

 Recommendations found from this review of literature are as varied as the data they 

represent. The mechanisms regarding the relationship between diet and inflammatory arthritis 

remains uncertain. [108 142 143] However, RA patients are often seeking ways to manage symptoms 

of RA and diet is a modifiable behavior that may improve RA outcomes. The use of dietary 

management is recommended as a supportive, valuable treatment option for RA [116 144-146], more 

research is needed using randomized control trial and new technology (e.g. to determine the 

association between the gut microbiome, diet, and immune function) to determine the best 

recommendations to incorporate into clinical practice guidelines in the use of dietary 

management in the treatment of RA.[16 22 28 107 114 115 118 119 121 123 125 127 129 133 135 137 140 145-156] Diet 

quality is a concern for those diagnosed with RA,[23] and it is essential for health care providers 

to discuss diet with their patients to prevent unspecified self-management.[19 23 108 152-154 157] 

The Future of Research Regarding Diet and Rheumatoid Arthritis 

 Conflicting results have plagued scientists for almost 4 decades,[158] but evidence indicates 

that diet affects disease activity in RA.[54 90 159 160] The studies discussed clearly indicate there is a 

relationship between dietary intake and disease activity in RA. A few common themes emerge 

from these results: many individuals may benefit from intermittent fasting and/or following a 

plant-based diet, and gastrointestinal health is likely to be involved in the mechanism of dietary 

impact on disease activity in RA. Dietary changes may be difficult for patients with RA, which 

should be considered. Future research should focus on the impact of the health of the 
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microbiome on RA disease activity, promotion of behavioral changes (focusing on diet), and 

continued efforts to understand the effect of food or nutrients on RA.  

The Microbiome 

 The gastrointestinal (GI) tract is an essential organ in immune system function and 

evidence implicates an alteration in the gut microbiome in disease pathogenesis and 

exacerbation.[106] The health of the gut microbiome is associated with the effectiveness of 

immunosuppressive medication (synthetic and biological) in the treatment of RA.[162] Human 

monoclonal anti-citrullinated protein antibody (CCP-Ab1) is an indicator of disease activity in 

RA, and may be generated by innumerable causes, including diet and microbes in the GI 

tract.[163] Immune complexes in the gut microbiome have been associated with autoimmune joint 

reactions, and RA patients were found to produce a significantly increased number of cross-

reactive antibodies in the gut.[164] Not surprisingly, the gut microbiome is directly affected by 

diet, and future research is essential to understand the relationship between the gut microbiome 

and RA.  

Promotion of Behavioral Change in Patients with Rheumatoid Arthritis 

 Evidence indicates patients who decide to engage in dietary treatment for the management 

of RA have decreased psychological stress as compared to those who do not[81] and report an 

increased feeling of control.[126] Age and functional ability may affect dietary intake in RA 

patients[165] and may be a factor in behavioral change. Patients who believe their diet affects their 

disease activity are more likely to change their diet than those who do not,[166] but adherence to 

dietary recommendations as long-term behavioral (e.g. dietary) change is difficult.[167] This 
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suggests future dietary interventions for patients with RA should be tailored based on the 

individuals own beliefs about the impact their diet may have on RA. 

The Effect of Food or Nutrients in Rheumatoid Arthritis 

 Further research is needed to improve the understanding regarding the relationship 

between diet and RA. An important initial step is to examine the relationship between the quality 

of diet and disease activity in RA, as this information will be an essential guide in the 

development of interventional research in the future. Plant-based and elimination diets warrant 

further investigation. Many patients benefited from various diets that had an underlying theme of 

increased plant-based dietary intake (e.g. the Mediterranean, vegan, vegan-gluten free, and 

vegetarian diets as compared to a typical Western diet. The use of an elimination diet to develop 

individualized dietary recommendations has been effective in previous research[168] and should 

be revisited as it offers important insight into the potential for allergic or sensitivity reactions or 

effect of the microbiome related to food intake.[32 140 155 156 169] Elimination diets are personalized 

to the individual and therefore may result in greater improvement of RA symptoms. Food-related 

changes in tumor necrosis factor alpha (TNF-) and interleukin-one beta (IL-1) have been 

related to individualized diet therapy[170] and should also be considered for future research.  

Conclusion 

 The relationship between diet and RA is complicated. The results discussed here, however, 

do suggest that, overall, RA disease activity is affected by diet. Diet may not cure RA, but there 

is a significant potential for improvement in the HRQOL of patients through the inclusion of 

dietary recommendations and management in the treatment of RA.[171] Although more research is 

needed, it is imperative that health care providers speak with their patients regarding their dietary 
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intake, and, at the very least, inform them of the importance of a healthy diet in the treatment of 

their disease. Eventually, the incorporation of dietary discussion and management in the clinical 

practice guidelines for the treatment of RA will improve the HRQOL for those diagnosed with 

this debilitating disease. 
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Appendix A. Comprehensive Summary of Dietary Research in Rheumatoid Arthritis 

 
Source Aim or Focus Method Major Findings 

Woodman et al. 

(2019) 
 To compare unique patterns 

of dietary intake of n-3 fatty 

acids intake with markers of 

arterial stiffness in RA 

patients 

 Longitudinal, repeated 

measures 

 N=86 

 Completed dietary 

assessment (food 

frequency 

questionnaires) at 

baseline and at 8 months; 

software analysis to 

determine total energy as 

well as various types of 

fatty acid intake 

 Results compared to 

demographic and clinical 

information (SBP, DBP, 

and log-transformed 

CRP) and adjusted for 

BMI, gender, age, 

appointment (baseline or 

8 month), medication 

use, education level, 

physical activity, 

insurance (private) status, 

and marital status 

 Intake of n-3 fatty acids are 

most associated with reduced 

arterial wave reflection as 

compared to intake of other 

fatty acids 

 A diet high in n-3 fatty acids 

may decrease CVD risk 

associated with arterial aging, 

but more research is 

recommended 

Saidane, 

Semerano, & 

Sellman (2019) 

 To discuss evidence 

regarding the potential 

relationship between 

omega-3 fatty acids and the 

risk of RA 

 Review Article  Omega-3 fatty acids are 

negatively associated with 

autoantibody formation in 

individuals genetically 

predisposed to RA, regardless 

of conflicting data obtained in 

dietary studies 

 Authors recommend an 

interventional study to 

determine the benefit of 

omega-3 fatty acids 

supplements in the prevention 

of RA in predisposed 

individuals 

Sparks et al. 

(2019) 
 To investigate the 

relationship between fish 

intake and risk of RA with 

age of onset, smoking 

status, and serologic status 

 Prospective cohort study 

 N=166,013 women 

(cohorts from the Nurses’ 

Health Study and Nurses’ 

Health Study II) 

 Fish intake determined 

with food frequency 

questionnaire every four 

years and compared to 

incidence of RA 

 No clear benefit of fish or 

omega-3 PUFA intake in 

reducing risk of RA 

Fish intake was associated with a 

reduced effect of smoking in 

the risk of RA, but further 

research is recommended 
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Thimoteo et al. 

(2019) 
 To examine the relationship 

between disease activity 

and consumption of 

cranberry juice in RA 

 Prospective design 

 N=41 women with RA; 

n=18 (control) and n=23 

(cranberry juice 500 

ml/d) 

 DAS28 and anti-CCP 

antibodies used to 

measure disease activity 

 Cranberry group had a 

significant decrease in disease 

activity regarding of baseline 

values 

 Cranberry juice decreases 

disease activity, but further 

studies recommended (longer 

time period and larger sample 

size) 

Chehade et al. 

(2019) 
 To describe diet and 

physical activity 

modification 

recommendations in the 

management of RA 

 Opinion paper including 

literature support 

 Lifestyle modification should 

be included in the treatment of 

RA, and should consider: 

o Low sodium/low fat 

Mediterranean diet  

 low in sugar-sweetened 

drinks, processed and 

red meat, trans fats 

 High in vegetables, 

fruits, nuts, and whole 

grains 

 Supplemented with 

probiotics, non-

essential amino acids, 

and omega-3 FA 

o Physical activity, including 

resistance training and 

aerobic exercise 

 Smoking cessation (or 

reduction) and adequate sleep 

Kianifard & 

Chopra (2018) 
 To examine the diet of RA 

patients in the absence of 

nutritional advice 

 Cross sectional, 

nonrandom design 

 N=141 Indian patients 

with RA 

 AFFQ was completed by 

participants and control  

 Dietary inadequacies were 

found in individuals diagnosed 

with RA who were under 

rheumatologists’ care: low 

protein, calcium, and 

potassium 

 Specific dietary needs of RA 

patients must be determined 

Philippou & 

Nikiphorou 

(2018) 

 To examine evidence 

regarding diet and the risk 

of RA 

 Narrative Review  A reduced risk of RA is 

associated with the 

Mediterranean diet (including 

fatty fish) and a reduction of 

sugary drinks and maintenance 

of normal body weight 

 Further research is 

recommended to develop 

dietary recommendations in 

the treatment of RA. 

Krok-Schoen et 

al. (2018) 
 To examine the relationship 

between risk of OA and RA 

and long-chain n-3 

polyunsaturated fatty acids 

in postmenopausal women 

 Prospective cohort study 

 N=80,551 

postmenopausal women 

(age 55-79) 

 120 question food 

 No evidence of benefit of 

ingestion of n-3 or n-6 PUFAs 

in the prevention of RA 
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frequency questionnaires 

completed at baseline 

No associations were found 

between intake of long-

chain n-3 PUFAs or n-6 

PUFAs and risk of RA or 

OA 

Skoczynska and 

Swierkot (2018) 
 To inform clinicians to 

understand and implement 

relevant dietary 

recommendations to RA 

patients 

 Literature Review  Most RA patients do not 

comply with recommendations 

for a healthy diet and are more 

likely to consume a ‘fair’ or 

‘poor’ diet. 

 Hei-2010 results were 

inversely predicted with CRP 

results and length of morning 

stiffness 

 Increasing evidence toward 

positive effects of n-3 PUFAs 

and negative effects of sweets 

and sugary drinks 

 Physicians have a 

responsibility to improve their 

own as well as their patients’ 

understanding of possible 

benefits of simple diet 

interventions 

Petersson, 

Philippou, 

Rodomar, & 

Nikiphorou 

(2018) 

 To present evidence of a 

relationship between 

outcomes of RA, fish oil 

supplements, and a 

Mediterranean diet 

 Review of Clinical Trials 

  

 Consider the use of fish oil 

supplements and diet 

interventions in addition to 

pharmacotherapy in the 

treatment of RA 

Johansson et al. 

(2018) 
 To examine the relationship 

between risk of RA and the 

Mediterranean diet 

considering gender, other 

RA risk factors, and RA 

subtype 

 Case-control Study 

 Participants enrolled in 

the Epidemiological 

Investigation of RA 

(EIRA) study  

 n=1721 people with RA 

and n=3667 controls 

 FFQ used to evaluate 

Mediterranean diet score 

(based on the work of 

Trichopoulou et al. 

 Crude and adjusted analyses 

found a significant reduction 

in a risk of RA and high 

adherence to the 

Mediterranean diet in men 

with seropositive RA 

Grygielska et al. 

(2018) 
 To offer researcher opinions 

regarding products that may 

increase the risk and alter 

progression of RA 

 Review Article  Moderate alcohol intake 

decreases risk and symptoms 

associated with RA 

 European Society for Clinical 

Nutrition and Metabolism to 

offer dietary recommendations 

in near future 

 Decreased sugar and meat 

proteins may be beneficial 

 No definitive results that allow 
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for diet recommendations 

 Those with RA can observe 

their reaction to different foods 

– no other options at this time 

Lourdudoss et 

al. (2018) 
 To examine long-term 

changes to diet in Swedish 

women in those diagnosed 

with RA compared to those 

without RA. 

 Nested case-control 

study (from Swedish 

Mammography Cohort 

[SMC]) 

 N=21,602 

 Food frequency 

questionnaire completed 

at baseline (between 

1987 and 1990), 1997, 

and 2009 

 SMC and Swedish 

Rheumatology Quality 

Register were linked to 

track RA diagnoses from 

1997-2009 

 Determined 191 women 

diagnosed with RA, 

21,411 women were not 

 Women with RA had 

significantly lower intake of 

animal products (eggs, black 

pudding, liver paste, and 

kidneys) and dairy products in 

1997 

 Women with RA had 

significantly lower intake of 

grains and cereals in 2009 

 No significant difference of 

intake noted between 1997 and 

2009 

 General population and 

women with RA had similar 

diet patterns 

 RA patients are in need of 

dietary recommendations 

Sparks & 

Costenbader 

(2018) 

 To review the advanced 

regarding the understanding 

of hormonal and dietary 

factors in RA risk activity 

in 2017 

 Review  Any use of oral contraceptives 

was noted with a decreased 

risk for RA in women 

 A healthy diet (long-term) is 

associated with a decreased 

risk in the development of RA 

in those younger than 55 years 

of age 

 A decreased rate of 

development of anti-

citrullinated proteins were 

noted with high levels of 

omega-3 fatty acids (decreased 

risk of sero-positive RA) 

 This new understanding offers 

a foundation on which to 

develop prevention and 

treatment strategies for RA 

Tedeschi et al. 

(2018) 
  To determine the effect of 

frequent consumption of 

fish on disease activity 

scores (DAS-28) in RA 

patients 

 Cross-sectional analysis 

of baseline data from 

Evaluation of Subclinical 

Cardiovascular Disease 

and Predictors of Events 

in Rheumatoid Arthritis 

study 

 N=176 RA patients) 

  A significant inverse 

relationship found between 

DAS-28 score and fish intake  

Matsumoto et 

al. (2018) 
 To determine the key 

aspects of the 

Mediterranean diet 

responsible for suppression 

 Cross-sectional analysis 

of data currently being 

collected in a 

longitudinal, prospective 

 Suppression of disease activity 

during ingestion of the 

Mediterranean diet may be due 

to intake of monounsaturated 
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of disease activity in RA cohort study 

N= 413; n(RA)=208, 

n(healthy control)=205 

fatty acids (MUFAs) on a 

daily basis 

Gioxari et al. 

(2018) 
 To review and analyze 

recent randomized control 

trials (RCTs) that examine 

the effect of omega-3 

polyunsaturated fatty acids 

(PUFAs) on RA 

 Review and meta-

analysis 

 A significant improvement 

was noted in the serum lipid 

profile of patients with RA 

 Leukotriene B4 was the only 

proinflammatory biomarker to 

decrease in the presence of 

omega-3 PUFAs 

Gan et al. (2017)   To examine the effect of n-

3fatty acids (n-3 FAs) in the 

occurrence of inflammatory 

arthritis  

 Nested case control study 

(from the Study of the 

Etiology of RA (SERA) 

 N=47 RA patients 

positive for anti-CCP3+ 

  Further investigation is 

needed; n-3FAs may decrease 

transition from a positive anti-

CCP to inflammatory arthritis 

Gan et al. (2017)   To examine the association 

between rheumatoid factor 

(RF) positivity and n-3 fatty 

acids (FAs) 

 To further examine the 

above relationship to 

determine if modifications 

occur due to shared epitope 

(SE) positivity 

 Nested case control 

study(from the Study of 

the Etiology of RA 

(SERA) 

 N=136 RA patients 

positive for RF and anti-

CCP2 

 RA patients who exhibit 

specific genetic susceptibility 

(HLA class II) to RA may be 

more prone to a significant 

effect on n-3 FAs  

Tedeschi et al. 

(2017) 
 To determine if traits of RA 

patients are associated with 

food-based symptom 

changes 

 To determine if RA is 

affected by specific foods 

 Cross-sectional analysis 

of a longitudinal design 

(Brigham RA Sequential 

Study [BRASS]) 

 N=300 subjects actively 

participating in the 

BRASS study 

 Significant patient interest in 

diet – recommend prospective 

diet studies 

 Foods most frequently 

reported to improve RA: 

blueberries & fish 

  Foods most frequently 

reported to worsen RA: 

desserts & sugary soda 

 Khanna, 

Jaiswal, & 

Gupta (2017) 

 To discuss evidence on the 

use of diet in the treatment 

of RA 

 Discuss potential molecular 

mechanisms related to the 

beneficial impact of diet on 

RA 

  Review 

 Information included: 

 Overview of dietary 

intervention in RA 

 Seven-day fast 

followed by vegan 

diet 

 Vegan diet  

 Mediterranean Diet 

 Elemental Diet 

 Elimination Diet 

 Individual Food 

Items in Diet and 

Relation to RA 

 Dietary Fibers and 

Whole Grains 

 Fruits 

 Spices 

 Essential Fatty Acids 

  Diet therapy is a 

complementary management 

strategy that can improve 

health in patients with RA 
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 Synbiotics 

 Alcohol 

 Tea 

 Herbs 

Garner et al. 

(2017) 
  To determine the effect and 

feasibility on a counseling 

intervention (diet and 

physical activity) in patients 

with RA 

 Randomized Control 

design 

 N=30 RA patients 

 Some improvement noted 

(non-significant) in diet intake 

and physical activity 

 High dropout and poor 

enrollment support difficulty 

in behavioral change  

 Bala et al. 

(2017) 
  To discuss the amount and 

effects of oxidative stress in 

inflammatory cells of RA 

patients 

 To discuss the use of 

dietary antioxidants in the 

treatment of RA 

  Review  Consumption of antioxidants 

may offer benefit in RA 

 Further research is 

recommended 

Navarinia et al. 

(2017) 
  To discuss the role of n-3 

polyunsaturated fatty acids 

(PUFAs) in the prevention 

and management of RA 

  Systematic Review 

  

 Therapy involving n-3 PUFA 

is promising in the 

management of RA  

 More research is needed to 

include synovial 

histopathology and 

radiographic evidence 

Berube, Kiely, 

Yazici, & Woolf 

(2017) 

 To compare disease 

activity, functional status, 

and diet quality in RA 

patients 

 Cross-sectional 

descriptive design 

 N=84 patients with active 

RA 

 Functional disability may be 

related to quality of diet in RA 

 Many RA patients should 

improve their diet 

 Healthcare providers should 

discuss RA patients’ current 

diet habits and should be 

aware of the potential 

relationship between quality of 

diet and functional disability in 

RA 

Semerano & 

Aitisha (2017) 
 Discuss current literature 

regarding inflammatory 

rheumatic diseases (IRDs) 

and nutrition 

 Review  Complex interactions may be 

better understood with the 

collection of data via new 

technology (e.g. those related 

to omics) 

 Recommend combination of 

laboratory and clinical data 

collection in concomitant 

cohort studies 

Hu et al. (2017)  To examine the relationship 

between risk for RA and 

long-term diet quality 

 Prospective cohort 

design 

 N=169,989; n(Nurses’ 

Health study)=76,597 

and n(Nurses’ Health 

Study II)=93,392 

 A decreased risk of RA was 

associated with a healthier diet 

(especially seropositive RA) 

Jethwa & 

Abraham (2017) 
 To review current literature  Review  Scientists remain uncertain 
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regarding alterations in the 

microbiome in animal and 

human models of 

inflammatory arthritis 

 To discuss the incorporation 

of the microbiome-targeted 

therapy in the treatment of 

inflammatory arthritis 

regarding the exact 

pathogenesis of inflammatory 

arthritis 

 The microbiome may be 

involved in this pathogenesis, 

as suggested in recent studies 

 Continued research is 

recommended to determine the 

potential treatment options 

Grygielska et 
al. (2017) 

 

 To compare the opinions of 

those diagnosed with RA 

and OA regarding nutrition, 

diet, and physical abilities 

 Descriptive, cross 

sectional design 

 N=397; n(RA)=165, 

n(OA)=80 

 A significant number in both 

groups believe health is 

affected by nutrition 

 Supplement use and diet 

varied by diagnosis 

 Diet should be included as a 

supportive treatment in both 

diseases 

Mizukami et al. 

(2017) 
 To compare age and 

functional class with diet in 

patients with RA 

 Descriptive, cross 

sectional design 

 N=89 patients with RA 

(71 female, 18 male) 

 Age and functional ability may 

impact the dietary intake  

 Registered dietitians should be 

involved in the treatment plan 

of patients with RA 

Lourdudoss et 

al. (2017) 
 To examine the relationship 

between folate, vitamin D, 

omega-3 fatty acids, and 

effects of disease-modifying 

antirheumatic drugs 

(DMARDs) in RA 

 Prospective cohort 

design 

 N=727 early RA patients 

 Treatment with DMARDs may 

be enhanced with the use of 

some nutrients (e.g. vitamin D 

and omega 3 fatty acids) 

Picchianti-

Diamanti et al. 

(2017) 

 To discuss current evidence 

of the association between 

inflammatory arthritis and 

microbiota 

 Review  The immune system and gut-

joint-brain have a complex 

relationship and are deeply 

affected by environmental 

factors 

 Microbiota has a role in 

pathogenesis, exacerbation, 

and disease progression 

De Christopher, 

Uribarri, & 

Tucker (2016) 

 To determine the 

association between arthritis 

(non-wear and tear/age 

associated) and intake of 

excess free fructose (EFF) 

beverages in young adults 

 Cross-sectional, 

descriptive design 

 N=1209 adults, age 20-

30 

 A significant association was 

found between diagnosis of 

arthritis and EFF intake in 

adults age 20-30. 

 This association may be 

related to the in-situ 

production of metabolites in 

the intestines 

Rosillo et al. 

(2016) 
 To discuss the management 

and prevention or RA via 

dietary phenolic compounds 

 Review  RA activity may be 

significantly improved with 

the use of dietary phenolic 

compounds 

 Recommend human studies to 

determine the impact on 

dietary phenolic compounds 

on RA and eventually other 
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chronic diseases 

He et al. (2016)  To examine the effects of 

dietary patterns on the 

development of RA in the 

Chinese population 

 Large scale, case control 

design 

 N=2005; n(RA)=968, 

n(healthy control)=1037 

 RA susceptibility was affected 

by several independent dietary 

factors  

 RA was associated with 

decreased ingestion of 

mushrooms, citrus, poultry, 

beans, dairy, and edible 

viscera. 

 RA risk may be decreased 

with dietary interventions 

Rosenbaum & 

Asquith (2016) 
 To discuss the potential use 

of microbiome focused 

therapies in the treatment of 

rheumatic disease 

 Review  Therapies focused on the 

microbiome can include direct 

or indirect alteration, and may 

be a successful method of 

treatment of rheumatic disease 

Sandhya et al. 

(2016) 
 To review the current 

knowledge gaps regarding 

the microbiome in RA 

 To discuss the potential use 

of microbiome-based 

therapy in the treatment of 

RA 

 Review  Management of the 

microbiome may have a 

profound impact on the 

diagnosis and treatment of RA 

Tedeschi & 

Costenbader 

(2016) 

 To discuss the evidence of 

diet in the treatment of RA 

 Review  Positive benefits with omega-3 

fatty acids 

 Vitamin D does not have a 

significant effect, but more 

research recommended 

 Moderate alcohol intake 

decreases RA activity, but 

research needed regarding 

risks 

 Mediterranean diet has modest 

benefits, but more research 

must be completed 

Matsumoto et 

al. (2015) 
 To understand the 

relationship between RA 

activity and serum 

25(OH)D 

 To examine the impact of 

age and vitamin D (dietary) 

intake on serum levels of 

25(OH)D 

 Prospective, descriptive 

design 

 N=413; n(RA)=208, 

n(control)=205 

 Serum 25(OH)D levels were 

associated with age and 

vitamin D intake in RA 

patients 

 Disease activity was not 

correlated with serum 

25(OH)D levels in RA patients 

Tsuda et al. 

(2015) 
 To determine the reaction of 

monoclonal anti-

citrullinated protein 

antibody (ACPA) from RA 

patients with environmental 

proteins and human 

autoantigens 

 Cross-sectional, 

descriptive design 

 N=31 patients with RA 

 CCP-Ab1 may be generated by 

countless causes (including 

diet and microbes) – the CCP-

Ab1 can then induce 

RA/symptoms by cross-

reacting with human 

citrullinated autoantigens (via 

molecular mimicry) 



154 

 

Hu et al. (2015)  Determine the association 

between risk of RA and 

Mediterranean diet 

 Prospective cohort 

design from Nurses’ 

Health Study (NHS 

1980-2008) and NHS II 

(1991-2009) 

 N=174,638; 

n(NHS)=83,245 and 

n(NHS II)=91,393) 

 The cohort studied had no 

significant association found 

between risk of RA and 

Mediterranean diet in U.S. 

women 

Sundström, 

Johansson, & 

Rantapää-

Dahlqvist (2015) 

  To examine the 

relationship between diet 

(patterns and 

macronutrients) and alcohol 

and risk of RA 

  Nested case control 

design 

 N=2,272; n(RA)=386, 

n(control)=1,886 – all 

were participants in 

Västerbotten Intervention 

Program (VIP) 

  There was no significant 

association between alcohol 

intake or diet and RA risk 

Oliviero et al. 

(2015) 
 To review the anti-

inflammatory mechanisms 

of the Mediterranean diet in 

arthritis 

 Review  The Mediterranean diet is a 

heart-healthy, easy, safe diet 

that has been associated with 

improved health of the gut 

microbiome as well as weight 

control; should be considered 

as part of the management 

plan for RA 

 Recommend controlled 

clinical trial 

Marino et al. 

(2015) 
 To discuss the impact of 

specific antioxidants on RA 

(e.g. resveratrol, quercetin, 

bergamot flavonoids, 

oleuropein, and 

epigallocatechin gallate). 

 Review  Human studies are lacking; 

further research recommended 

regarding the exact action of 

each antioxidant as well as the 

effect on human subjects 

Lerner & 

Matthias (2015) 
 To discuss the inter-

relationship of the gut and 

joints and relate RA and 

celiac disease 

 Review  Evidence that RA initiation 

occurs in the gut 

 Celiac disease has 

rheumatologic manifestations, 

while RA has gastrointestinal 

Silva et al. 

(2014) 
 To determine antioxidant 

intake (via diet) in RA 

patients 

 Cross-sectional case 

series design 

 N=53 female patients 

with RA 

 RA patients had lower than 

normal intake of zinc and 

vitamins A and C.  

Hu et al. (2014)  To examine the relationship 

between risk of RA and 

intake of soda (sugary) 

 Prospective cohort 

design 

 N=186,900; n(Nurses’ 

Health Study)= 79,570, 

n(Nurses’ Health Study 

II)=107,330 

 An increased risk of 

seropositive RA is associated 

with regular ingestion of 

sugary soda, regardless of 

other lifestyle/dietary factors 

Said et al. (2013)  To determine the impact of 

one-month daily fasting 

(related to the Ramadan 

holiday) on activity of 

disease in patients with RA 

 Retrospective case-

control design 

 N= 71 patients with RA 

 Fasting RA patients exhibited 

a significantly lower disease 

activity score (DAS 28) 

 Changes in diet of fasting 

patients did not result in 
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significant change in disease 

activity 

Di Giuseppe et 

al. (2013) 
 To examine the relationship 

between risk of RA and 

intake of diet-based long-

chain n-3 polyunsaturated 

fatty acids (PUFAs) in 

female participants of the 

Swedish Mammography 

Cohort (middle and older 

age) 

 Population-based 

prospective design 

 N=32,232 females born 

between 1914-1948 

 Etiology of RA may be 

affected by intake of diet-

based long-chain n-3 PUFAs 

Hayashi et al. 

(2012) 
 To examine the relationship 

between activity of disease 

with nutritional status, 

dietary habits, oxidative 

stress, and adipokines in 

RA 

 Cross-sectional, 

descriptive design 

 N=37 patients with RA 

 Sera and saliva both exhibited 

increased oxidative stress 

 Decreased albumin and the 

change in adipokine levels 

may be related to RA-

associated deterioration 

 Disease activity was positively 

affected by dietary intake of 

monounsaturated fatty acids, 

omega-3 polyunsaturated fatty 

acids, and fish oil, which may 

decrease inflammation 

Crilly & 

McNeill (2012) 
 To examine the relationship 

between arterial dysfunction 

and daily consumption of 

fruits and vegetables in 

patients with RA 

 Cross-sectional, 

descriptive design 

 N=114 patients with RA 

 Favorable arterial function was 

associated with daily intake of 

vegetables; no association 

found with daily fruit intake 

Hejazi et al. 

(2011) 
 To determine the nutritional 

intake of Iranian women 

with RA 

 Cross-sectional, 

descriptive design 

 N=90 female patients 

with RA 

 Ingestion of energy and some 

nutrients we significantly 

lower than recommended 

values 

 Serum antioxidant levels and 

disease activity had no 

significant relationship with 

food/nutrient intake 

Smedslund et al. 

(2010) 
 To examine the impact and 

safety of diet change (as 

treatment) in RA 

 Systematic review of 

eight randomized control 

trials 

 Use of diet as treatment 

modality remains unclear – 

studies were single, small 

trials and included an 

increased risk of bias 

Abendroth et al. 

(2010) 
 To determine the effects of 

fasting and the 

Mediterranean diet on 

short-chain fatty acid 

(SCFA)profile and 

subsequent clinical 

outcomes in RA 

 Prospective, 

observational, non-

randomized clinical trial 

 N=50 patients with RA; 

n(7-day fast)=22, n(7-day 

Mediterranean diet)=28 

 No association was revealed 

between SCFA changes in 

intestinal microflora and RA 

activity  

 The fasting group were found 

to have significant increases in 

serum acetate levels  

 Significant improvement in 

DAS in both groups 

 Significant improvement in 

pain at rest in fasting group at 
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day 7 

Grimstvedt et 

al. (2010) 
 To recognize dietary 

treatment potential in RA 

 To use the Healthy Eating 

Index-2005 (HEI-2005) to 

compare the quality of diet 

in RA and healthy older 

adult women  

  Cross-sectional, 

descriptive design 

 N=108; n(RA)=52, 

n(healthy control)=56 

 A significantly decreased diet 

quality was noted in patients 

with RA 

 Treatment strategies should 

include recommendations to 

improve quality of diet 

Hagen et al. 

(2009) 
 To examine the safety and 

effectiveness of diet in the 

treatment of RA 

 Systematic review  Diet treatment remains 

uncertain 

Rastmanesh 

(2009) 
 To present a hypothesis that 

RA patients may benefit 

from increased dietary 

potassium intake 

 Literature review  Compared to healthy subjects, 

RA patients exhibit 

significantly lower potassium 

levels in dietary intake, total 

body, and serum and salivary 

concentrations. 

 Relationship between 

potassium and cortisol may 

affect inflammation related to 

RA 

Oliviero, Punzi, 

& Spinella 

(2009) 

 To discuss the effect of the 

Mediterranean diet on RA 

 Review  Diet may be a valuable, 

supportive RA treatment 

option that should be 

considered with currently 

recommended medications 

Ikuyama et al. 

(2009) 
 To determine the frequency 

of health foods (HF) and 

dietary supplement (DS) 

use in patient with RA in 

Japan 

 Cross-sectional, 

descriptive design 

 N=296 (248 female, 48 

male) 

 There is a high number of RA 

patients in Japan that use DS 

and HF to treat symptoms and 

their treating physicians 

should be aware. 

Elkan et al. 

(2008) 
 To examine the impact of a 

gluten-free, vegan diet on 

natural atheroprotective 

antibodies against 

phosphorylcholine (anti-

PCs) and blood lipids 

oxidized low-density 

lipoprotein (oxLDL) in 

patients with RA 

 Randomized control test 

 N=66 RA patients; 

n(gluten-free, vegan 

diet)=38, n(well-

balanced, non-vegan 

diet)=28 

 An increased anti-PC IgA and 

IgM and decreased oxLDL and 

LDL levels were noted with a 

gluten-free vegan diet – these 

changes may be anti-

inflammatory and 

atheroprotective 

Pattison & 

Winyard (2008) 
 To discuss the role of 

antioxidants in the 

development and treatment 

of inflammatory arthritis 

 Review  Antioxidant ingestion via diet 

may be protective against the 

oxidative stress associated 

with inflammatory arthritis 

 Research is recommended to 

determine antioxidant 

mechanism of action 

Munshi et al. 

(2008) 
 To determine disease 

activity of arthritis related 

to fasting and diet during 

Ramadan 

 Cross-sectional, 

descriptive design 

 N=100; n(OA)=85, 

n(RA)=15 

 Arthritis activity and severity 

is affected by diet 

 Significant improvement in 

symptoms reported by RA 
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patients during fasting 

Elkan et al. 

(2008) 
 To determine the effect of a 

gluten-free, vegan diet on 

natural atheroprotective 

antibodies against 

phosphorylcholine and 

oxidized LDL in patients 

with RA 

 Randomized control trial 

 N=66 patients with active 

RA 

 A significant decrease in LDL 

and oxidized LDL and 

increased anti-PC IgM and 

IgA were noted in RA patients 

after a gluten-free, vegan diet 

– may be anti-inflammatory 

and atheroprotective 

McKellar et al. 

(2007) 
 To determine the effect of a 

community-based 

intervention – provide a 

Mediterranean diet to RA 

patients in an area of social 

deprivation in Glasgow 

 Randomized control trial 

 N=130 female patients 

with RA; 

n(Mediterranean 

diet)=75, n(control)=55 

 Significant improvement in 

healthy dietary intake in the 

intervention group 

 Significant improvement in 

disease activity in intervention 

group 

 This type of treatment may be 

a viable adjunct option in the 

treatment of RA 

Podas et al. 

(2007) 
 To examine the effect of an 

elemental diet as a 

treatment option in RA 

 To compare the effect of an 

elemental diet to oral 

prednisone in the treatment 

of RA 

 Pilot of a randomized 

control trial 

 N=30 patients with active 

RA; n(elemental 

diet)=21, n(oral 

prednisolone)=9 

 Significant clinical 

improvement noted after 2 

weeks of elemental diet – as 

effective as 15 mg 

prednisolone daily 

 RA disease activity may be 

due to diet, and the intestines 

are involved 

McCann (2007)  To review available 

literature regarding RA and 

diet 

 Literature Review  Fasting followed by 

Mediterranean, vegan, or 

gluten-free diet may improve 

symptoms of some RA 

patients 

 Consider reinstatement of 

‘standard’ foods slowly to 

determine potential trigger 

foods 

Benito-Garcia et 

al. (2007) 
 To determine the 

association between RA 

risk and the ingestion of 

total protein and red meat 

 Prospective cohort 

design 

 N=82,063 

 No significant association 

found between the risk of RA 

and ingestion of meat/total 

protein 

Grant (2007)  To examine the correlation 

between RA and diet 

(specifically meat and meat 

products) 

 Literature review  A significant risk factor of RA 

may be the ingestion of meat 

and offal, iron (from meat 

products), additives, or nitrites 

 Dairy fats should be 

considered in future research 

Hvatum, 

Hallgren, & 

Brandtzaeg 

(2006) 

 To examine the alleged 

relationship between RA 

and immunity in the gut 

 Cross-sectional, 

descriptive design  

 N=34; n(RA 

patients)=14, n(healthy 

participants)=20 

 Many RA patients 

demonstrated a significantly 

increased production of cross-

reactive antibodies in the gut 

 Autoimmune joint reactions 

may be due to multiple 

hypersensitivity (moderate) 
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reactions to food(s) mediated 

by immune complexes in the 

gut  

Karatay et al. 

(2006) 
 To identify the impact of an 

individualized patient diet  

 To examine the impact of 

these individualized diet 

changes on disease activity 

 Randomized control trial 

 N=40 patients with RA; 

n(positive skin prick test 

[SPT] for food 

extracts)=20, n(negative 

SPT)=20 

 Some RA patients may 

experience a beneficial effect 

of individualized diet 

recommendations 

Molberg & 

Sollid (2006) 
 To discuss the advances in 

an understanding of celiac 

disease in relation to RA 

(specifically the 

identification of T-cell 

epitopes that are relevant to 

RA) 

 Review  Recommend future research 

that includes RA, celiac 

disease, and other complicated 

diseases  

Michalsen et al. 

(2005) 
 To determine the use of 

microbiological culture 

analysis 

 To determine the effects of 

8-day fast or Mediterranean 

diet on fecal flora in 

patients with RA or FM 

 To examine the effects of 

changes in fecal flora and 

clinical outcomes 

 Non-randomized, 

controlled trial 

 N=51; n(RA-8 day fast)= 

9, n(FM-8 day fast)=21, 

n(RA-vegetarian 

Mediterranean Diet)=7, 

n(FM-vegetarian 

Mediterranean Diet)=14 

 Microbiology of GI tract 

(flora, sIgA) was not affected 

by fasting or the 

Mediterranean diet in RA or 

FM patients 

 Dietary effects on fecal flora 

(as well as its role in RA) must 

be studied using newer 

molecular analysis practices 

 RCTs recommended for future 

studies to determine the 

benefits of fasting in FM and 

RA 

Hagfors et al. 

(2005) 
 To examine the impact of 

the ingestion of fatty acids 

in a previously described 

dietary intervention study: 

Skoldstam et al. (2003) 

 Prospective cohort 

design 

 N=51 RA patients; 

n(Mediterranean 

diet)=26, n(control)=25 

 Changes in fatty acid intake 

related to a Mediterranean 

(Cretan) diet may be related to 

the benefits in RA found with 

this diet 

Pedersen et al. 

(2005) 
 To examine the relationship 

between risk of RA and diet 

 Large, prospective cohort 

design 

 N=57,053 

 RA developed in a limited 

number of patients in this 

cohort; RA was unable to be 

related to diet 

 If diet does increase the risk of 

RA, the effects occur years 

prior to diagnosis 

Stamp, James, 

& Cleland 

(2005) 

 To discuss current evidence 

related to oral tolerization, 

diet, and RA 

 Review  Patients are offered an 

increased feeling of control via 

diet 

 n-3 PUFA supplements are 

available and practical 

Karatay et al. 

(2004) 
 Determine the effect of 

dietary challenges (using 

foods for which participants 

have positive skin prick 

test) on serum levels of 

Tumor necrosis factor-alpha 

 Randomized control trial 

 N=40 patients with RA 

(36 female, 4 male) 

 HLA genes may be activated 

with the ingestion of specific 

foods in some individuals that 

may either result in disease 

onset or worsening symptoms 

in RA 
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(TNF-) and Interleukin-1 

Beta (IL-1) in patient with 

RA 

 A change in TNF- and IL-1 

levels was associated with the 

ingestion of allergenic foods 

 TNF- and IL-1 levels may 

respond to diet changes, which 

may result in decreased 

disease activity in RA 

 Large RCT recommended for 

confirmation 

Pattison et al. 

(2004) 
 To discuss data collected 

from previous research to 

better grasp the relationship 

between the development of 

RA and diet 

 Literature Review  There is some indication that 

there is a relationship between 

the development of 

inflammatory arthritis and diet, 

but the mechanisms are 

uncertain 

Karlson et al. 

(2003) 
 To determine a relationship 

exists between coffee or tea 

(with and without caffeine) 

ingestion and risk of RA 

 Prospective cohort study 

 N=121,701 

 Tea or coffee ingestion 

(regardless of caffeination) 

had no significant evidence of 

an increased RA risk 

Hagfors et al. 

(2003) 
 To determine ingestion of 

antioxidants, hematology 

markers of oxidative stress 

(malondialdehyde), and 

antioxidant levels 

associated with previous 

study 

 Parallel randomized 

control trial 

 N=51 RA patients; 

n(Mediterranean 

diet)=26, n(control)=25 

 Plasma and urine antioxidant 

levels had no significant 

change associated with a 

reported increase of 

antioxidant rich foods 

(associated with 

Mediterranean diet 

intervention) 

Skoldstam, 

Hagfors, & 

Johansson 

(2003) 

 To determine the impact of 

a diet change 

(Mediterranean) versus 

normal (Western) diet in 

RA suppression 

 Parallel randomized 

control trial 

 N=51 RA patients; 

n(Mediterranean 

diet)=26, n(control)=25 

 Physical function and vitality 

significantly increased, while 

inflammatory activity was 

significantly decreased in RA 

patients who consumed a 

Mediterranean diet as 

compared to a control diet 

Kjeldsen-Kragh 

(2003) 
 To review information 

previously presented 

regarding RA and diet as 

well as interventional 

studies regarding diet 

changes in RA 

 To review Skoldstam et al. 

(2003) 

 Literature Review  Beneficial effects of a Cretan 

(Mediterranean) diet over a 

short term 

 Researchers studying the 

effect of diet in RA should 

strongly consider single arm 

trials to supplement RCTs 

Al-Dubeikil et 

al. (2003) 
 To examine the impact of 

fasting (during Ramadan) 

on disease activity in RA 

 Non-randomized control 

trial 

 N=31; n(fasting)=17, 

n(non-fasting)=14 

 A significant number of RA 

patients reported improvement 

with fasting related to 

Ramadan 

 Further research is 

recommended  

Cerhan et al. 

(2003) 
 To examine the relationship 

between risk of RA and 

trace elements, antioxidants, 

and vitamins from diet and 

 Prospective cohort 

design 

 N=29,368 women from 

the Iowa Women’s 

 An inverse relationship was 

noted between risk of AR and 

intake of fruit and vegetables 

 Diets high in supplemental 
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supplements Health Study cohort zinc and β-cryptoxanthin 

offered a statistically 

significant decreased RA risk 

 Fruits and vegetables 

(cruciferous) may offer 

protection against the 

development of RA 

Rennie et al. 

(2003) 
 To discuss the available 

scientific evidence 

regarding the management 

of RA with nutrition 

 J Hum Nutr Dietet 

 Review  Diet recommendations for 

patients with RA should 

include antioxidants and long-

chain n-3 PUFAs in a healthy, 

balanced diet 

 Continued research is 

recommended for specific 

recommendations for 

antioxidants and PUFAs 

Adam et al. 

(2003) 
 To determine the impact of 

fish oil and a vegetarian diet 

(individually and combined) 

on inflammation related to 

RA 

 Double-blind, cross-over 

control trial 

 N=68; n(normal western 

diet)=34, n(anti-

inflammatory diet, low in 

arachidonic acid)=34 

 Inflammation symptoms 

improved with a vegetarian 

diet (low arachidonic acid), 

and this diet heightened the 

anti-inflammatory effects of 

fish oil 

Salminen et al. 

(2002) 
 To study attitudes/beliefs 

concerning nutrition/diet 

and incorporation into 

treatment compared to 

education, age, and years 

since diagnosis of RA and 

Breast Cancer (BC) 

 Cross-sectional, 

descriptive design 

 N=313 female patients; 

n(breast cancer)=139, 

n(RA)=164 

 Alternative treatment in the 

form of diet (e.g. healthier) 

was an interest of most 

 Patients also expressed a 

significant need to improve 

education regarding diet and 

nutrition as there is a 

disconnect between medical 

treatment and self-determined 

dietary treatment 

McDougall et al. 

(2002) 
 To examine the impact of a 

vegan, very low-fat diet in 

RA 

 Single blind intervention 

(dietary) design 

 N=24 patients diagnosed 

with RA 

 Symptoms associated with RA 

were significantly reduced in 

the presence of a vegan, very 

low-fat diet 

Fraser et al. 

(2001) 
 To examine the impact on 

serum free and total cortisol 

levels following a 72 hour 

fast in patients with RA 

who were never treated with 

glucocorticoids. 

 Non-randomized 

intervention trial 

 N=4 female patients with 

active RA 

 RA patients not previously 

treated with glucocorticoids 

were found to have higher 

levels of cortisol during the 

night 

 The cortisol increase may be 

the cause of improvement in 

previous RCTs that used 

fasting periods longer than 3 

days. 

Muller, de 

Toledo, & Resch 

(2001) 

 To review literature focused 

on fast/vegetarian diet 

intervention in RA 

 Systematic Review  RA treatment might benefit 

from the inclusion of initial 

fast then vegetarian diet 

 Longitudinal randomized 

control studies recommended 

to further support this idea 
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Hafström et al. 

(2001) 
 To examine the correlation 

between gluten-free, vegan 

diet and symptoms of RA 

 To determine antibody 

levels to specific foods that 

are not included in a vegan 

diet 

 Randomized control trial 

 N=66 patients with active 

RA; n(vegan, gluten-free 

diet)=38, n(control-well-

balanced non-vegan)=28 

 IgG levels against -

lactoglobulin and gliadin 

decreased in intervention diet 

responders 

 No improvement was noted in 

radiological films 

 Some patients with RA may 

benefit from diet change; this 

may be due to diet change, 

which results in decreased 

immune reaction to food 

antigens 

Tidow-

Kebritchi & 

Mobarhan 

(2001) 

 To review information 

available regarding the 

impact of dietary vitamin E 

and fish oil on RA 

 Review  Significant but small 

improvement regarding pain 

was noted with high doses of 

vitamin E 

 Fish oil did not cause a 

significant change on its own, 

but some benefits (e.g. 

decreased NSAID use) may 

occur when used with other 

therapies 

 Further research is needed 

Ågren et al. 

(2001) 
 To examine the impact of a 

vegan, uncooked diet on the 

sterol and lipid levels in RA 

patients 

 Randomized control trial  

 N=29; intervention n=16, 

control n=13 

 Absorption rates (relative) of 

sterols and/or clearance 

through the biliary tract is 

altered with a strict vegan, 

uncooked diet 

Sarzi-Puttini et 

al. (2000) 
 To examine the impact of a 

diet intervention on RA 

patients 

 Double blind, 

randomized control trial 

 N=50 patients with RA, 

n(intervention – 

hypoallergenic, low 

saturated fats, high 

unsaturated fats)=25, 

n(control)=25 

 Patients may experience 

improvement in RA symptoms 

associated with diet therapy – 

this may be due to diet 

modification or weight loss 

 The composite index did not 

yield any significant changes 

associated with diet therapy 

Fraser et al. 

(2000) 
 To examine the impact of 

the restriction of 

carbohydrates (via a 

ketogenic diet) on 

immunological, hormonal, 

and clinical aspects of RA 

 Non-randomized 

intervention trial 

 N=13 patients with active 

RA 

 A decrease in serum insulin-

like growth factor (IGF-1) and 

leptin were noted in RA 

patients during a ketogenic 

diet; this resembles acute 

starvation 

 The ketogenic diet did not 

have the same immunological 

impact as previously noted 

with fasting (acute starvation) 

– it may be more impacted by 

restriction of protein and/or 

energy 

Fraser et al. 

(2000) 
 To examine and 

dehydroepiandrosterone 

sulphate (DHEAS) and 

 Non-randomized 

interventional trial 

 N=23 patients with active 

 Serum IL-6 levels and 

improved symptoms were 

noted with fasting 
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interleukin-6 (IL-6) during 

a ketogenic diet (7 days) 

versus fasting (7 days) 

RA; n(7-day fast)=10, 

n(ketogenic diet 7 

days)=13 

 DHEAS levels were 

significantly increased with 

the ketogenic diet and fasting 

 Because the IL-6 levels 

changed independent of the 

IL-6 levels, it is proposed the 

DHEAS levels did not affect 

the IL-6 levels 

 The decreased IL-6 levels may 

be the cause of lower ESR and 

CRP levels after a 7-day fast 

Hänninen et al. 

(2000) 
 To determine the effect of a 

living food (vegan, 

uncooked) on RA 

 Interventional design 

 N=115; n (control) = 40 

(20 long-term LF users 

and 20 omnivorous diet), 

n(fibromyalgia) = 33 

(divided into omnivorous 

control and LF 

intervention),  

n (RA) = 42 (divided into 

omnivorous control and 

LF intervention) 

 The LF diet caused a 

significantly subjective and 

objective improvements in RA 

patients 

Cordain et al. 

(1999) 
 To discuss evidence to 

determine the effect of the 

interaction between 

enterocytes, lymphocytes 

and dietary lectins  

 Review  Dietary lectins negatively 

affect lymphocyte and 

enterocyte function and 

structure 

 An elimination of dietary 

lectins will cause a decrease in 

antigenic stimulation 

(peripheral), which will result 

in decreased RA symptoms  

Linos et al. 

(1999) 
 To determine risk of RA 

related to dietary 

considerations in healthy 

versus control populations 

in southern Greece 

 Cross-sectional, 

descriptive design 

 N=333; n(RA 

patients)=145, n(healthy 

control)=188 

 An independent, inverse 

correlation was noted between 

RA risk and olive oil and 

cooked veg intake 

 Further research is 

recommended to determine the 

physiology behind these 

results; potentially due to high 

content of n-9 fatty acids in 

olive oil or an antioxidant 

property 

Kjeldsen-Kragh 

(1999) 
 To examine the use of 

dietary treatment 

(specifically vegetarian) in 

treatment of RA via review 

of previously published 

research 

 Literature review  Vegetarian diet may improve 

symptoms of some patients 

with RA 

 Treatment recommendations 

of RA should consider the 

inclusion of diet 

recommendations 

Mangge et al. 

(1999) 
 To provide a listing and 

critical review of all diet 

modifications in research of 

 Review  No direct observations 

occurred regarding the anti-

inflammatory effects of fish, 
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treatment of RA but providers can recommend 

1-2 times weekly 

 Recommendations should also 

include Vitamin E (for joint 

pain) and Vitamin D (for 

osteopenia prevention) 

 Fasting with or without 

follow-up diet (e.g. vegetarian) 

had not yet been clinically 

established, not recommended 

per EBP 

Fraser et al. 

(1999) 
 To establish if a 7 day fast 

for patients with RA would 

prevent proliferation of T-

lymphocytes (resulting in 

an altered concentration of 

circulating free fatty acids 

(FFAs) in vitro T-

lymphocyte proliferation 

 Descriptive, prospective 

study 

 N=9 RA patients 

 In vitro proliferation of 

lymphocytes increased with 

higher levels of total FFA in 

plasma (associated with 

fasting) 

 Altering the balance of 

saturated and unsaturated fatty 

acids inhibited this effect 

Goff & Barasi 

(1999) 
 To determine the action 

people with RA take to 

change their diet 

 To determine the type diet 

and the effect it has on 

nutritional status 

 Ex-post facto design 

 N=54 

 RA patients who believe their 

disease is affected by diet 

follow a more well-balanced, 

healthy, nutrient-dense diet 

compared to patients who do 

not 

Holst-Jensen et 

al. (1998) 
 To determine the feasibility 

of “an artificial peptide 

diet” as a supplement to the 

treatment of RA 

 Prospective, randomized, 

parallel, controlled trial 

 N=30 patients with active 

RA 

 Improved objective and 

subjective measures can be 

correlated with a peptide diet 

in some patients with RA, but 

this diet would not be 

appropriate for all RA patients 

Nenonen et al. 

(1998) 
 To determine effect of 

specific diet on both 

objective and subject effects 

– look to find specific diet 

recommendations in 

treatment of RA 

 Randomized control trial 

 N=43 adults with active 

RA; n(raw-vegan 

diet)=22, n(control, 

normal diet)=21 

 Improved RA symptoms 

associated with lactobacilli-

rich, raw vegan diet 

 Improved objective effects in 

RA may be the result of daily 

intake of lactobacilli (in high 

amounts) 

Martin (1998)  To review the evidence 

regarding diet and nutrition 

in RA 

 Review  Recommendations in diet are 

difficult due to the nature of 

RA and a lack of knowledge 

for dietary requirements for 

this disease 

 A varied, healthy diet (per 

current guidelines 

recommended) 

 Avoid self-treatment (e.g. 

elimination diets) 

 Physicians should be involved 

in supplementation 

recommendations as well as 

testing for potential food 
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intolerances/allergies 

Gamlin & 

Brostoff (1997) 
 To assess the potential 

relationship between RA 

and food sensitivity via 

review of literature 

 To review diagnostics, 

potential mechanisms that 

correlate RA to diet, and the 

potential number of patients 

with RA impacted by diet  

 Literature review  RA patients with food 

sensitivities have elimination 

diet-related immune changes, 

but no one diet 

recommendation has been 

determined 

Stone et al. 

(1997) 
 To examine the nutritional 

status of RA patients in 

New Zealand based on 

current guidelines; use 

information to make 

recommendations to 

patients 

 Observational study 

 N=48 RA patients (35 

female, 13 male) 

 Folic acid, zinc, calcium, 

selenium, and Vitamin E 

intake to be increased in RA 

patients via supplements and 

nutritional education. 

Trollmo, 

Verdrength, & 

Tarkowski 

(1997) 

 To determine if total fast 

alters immune response to 

oral or parenteral antigen in 

RA patients versus healthy 

control 

 Control study 

 N=24; n(RA patients)=7, 

n(healthy control)=17 

 Mucosal B-cell response 

increased with fasting while no 

response noted systemically 

 Results indicate fasting alters 

intestinal immune response 

regardless of medical 

treatment – RA patients and 

healthy controls noted to have 

similar response to fast 

Peltonen et al. 

(1997) 
 To clarify the role of the 

fecal flora in diet-induced 

decrease of RA activity 

 To determine the 

correlation between disease 

activity in RA and fecal 

flora 

 Prospective, randomized 

control trial 

 N=43 adults with active 

RA; n(raw-vegan 

diet)=22, n(control, 

normal diet)=21 

 Significant changes in fecal 

flora related to vegan diet were 

correlated with RA symptom 

improvement 

Shapiro et al. 

(1996) 
 To examine the relationship 

between intake of omega-3 

fatty acids and risk of RA 

 Population-based case 

control design 

 n(RA) = 324, n(control) 

= 1,245 

 A diet that included 

baked/broiled fish was 

associated with a decreased 

risk of RA 

 Omega-3 fatty acid ingestion 

may decrease risk of RA 

Cleland, Hill, & 

James (1996) 
 To discuss evidence 

regarding the impact of diet 

and arthritis for use in 

clinical practice 

 Educational (for 

providers) 

 Discussion regarding diet is 

frequently presented by 

patients 

 Arthritis treatment can be 

affected with dietary 

recommendations of the 

provider 

 Fasting and elimination diets 

should not be used routinely 

 Hypersensitivities to food are 

rare cause of arthritis 

 Further investigation is needed 
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regarding oral tolerization 

Gianfranceschi, 

Fasani, & 

Speciani (1996) 

 To examine the impact of a 

diet intervention on disease 

activity in RA (joint edema, 

stiffness, and pain) 

 To determine the 

effectiveness of tolerance-

inducing oral treatment of 

food intolerances 

 Blinded, cross-over, 

randomized control trial 

 N=12 

 Individualized dietary 

recommendations are needed 

to address patient-specific 

hypersensitivities to foods 

 Compliance to diet and relief 

of symptoms may be improved 

with the use of tolerance-

inducing oral treatment 

Kjeldsen-Kragh 

et al. (1996) 
 To determine the effect of 

fasting and vegetarian diet 

on IgG glycosylation 

 Non-randomized 

intervention design 

 N=26 RA patients 

 A significant decrease in 

agalactosyl IgG was found 

after fasting, but not after 

vegetarian diet 

 Improvement associated with 

fasting may be related to 

glycosylation status of IgG 

 Improvement associated with 

vegetarian diet do not appear 

to be related to glycosylation 

status of IgG  

Kremer & 

Bigaouette 

(1996) 

 To examine the typical 

dietary intake of RA 

patients 

 To compare this dietary 

intake with the 

recommended daily 

allowance (RDA) and 

typical American diet 

(TAD) 

 Cross-sectional, 

descriptive design 

 N=41 

 Total fat intake is too high, 

while fiber and PUFA intake 

too low in RA patients 

 Deficiencies were found in 

copper and folate compared to 

TAD and in magnesium, 

pyridoxine, and zinc compared 

to RDA 

 Dietary supplementation is 

recommended 

Hansen et al. 

(1996) 
 To examine the nutritional 

status of Danish patients 

with RA 

 To determine if diet 

manipulation alters RA 

 Prospective, single-

blinded randomized 

control trial 

 N=109 

 Baseline diet was found to be 

deficient in vitamins E and D, 

n-3 fatty acids, and total 

energy. 

 Intervention diet (‘Graastener 

diet’ - increased antioxidants, 

fish, and adjusted energy, 

protein, and fat) resulted in 

significantly decreased pain, 

number of swollen joints, time 

of morning stiffness, and 

medication use; no significant 

change noted regarding ADLs, 

x-ray, laboratory, examination 

results 

 Treatment of RA should 

include analysis of diet and 

recommendations for 

improvement 

Kavanaghi et al. 

(1995) 
 To consider the application 

of treatment modalities for 

Crohn’s disease in diet 

 Randomized control trial 

 N=57 RA patients; 

 Various examples of many 

struggles noted in dietary 

studies in RA treatment 
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recommendations for RA n(elemental diet)=24, 

n(control)=23 
 A significant improvement 

was noted with Ritchie score 

and grip strength 

 Functional score, ESR, and 

CRP had no significant 

improvement 

 Improved symptoms 

associated with elemental diet 

were not continued when diet 

was individualized 

Ryan (1995)  To determine what dietary 

recommendations are 

currently being met and not 

met in RA and OA patients; 

determine the effect of 

environment on eating 

habits 

 Clinical review  Controversy continues 

regarding dietary 

recommendations in the 

treatment of RA 

 Some RA patients may benefit 

from diet therapy, but not all 

 Recommend continued 

research to examine the effect 

of diet modification in the 

treatment of RA 

Adam (1995)  To discuss current evidence 

regarding the use of an anti-

inflammatory diet in the 

treatment of rheumatic 

diseases 

 Review  Continued research is 

recommended 

 Recommendations available: 

Increase intake of fish/soybean 

dishes, vitamins E,C,D, and 

calcium; avoid animal fat, 

alcohol, and arachidonic acid 

Kjeldsen-Kragh 

et al. (1995) 
 To determine the effects of 

fasting and vegan, gluten-

free diet on immunological 

and biochemical variables 

 Randomized control trial 

 N=53 RA patients; 

n(fast, vegan-gluten free 

diet)=27, n(control)=26 

 Disease activity was 

significantly decreased with 

vegan, gluten-free diet: 

decreased calprotectin, total 

IgG, RF, leukocyte count, 

platelet count, complement 

components C3 and C4, and 

C3 activation products 

 Some patients with RA can 

have a reduction of disease 

activity related to change in 

diet 

Kjeldsen-Kragh 

et al. (1995) 
 To evaluate the activity of 

serum antibodies in RA 

patients versus controls in 

the presence of dietary 

antigens 

 To assess if disease activity 

was associated with anti-

food antibody activity 

during a 7-day fast followed 

by a gluten-free, vegan diet  

 Prospective, single-blind, 

randomized, controlled 

clinical trial 

 N= 57; n(RA with diet 

intervention)=27, 

n(healthy control)=30 

 RA pathogenesis is most likely 

not associated with a food-

induced systemic humoral 

immune response 

Kjeldsen-Kragh 

et al. (1994) 
 To determine the long-term 

effects (1 year later) of diet 

change (vegetarian) on RA 

 Prospective, single-blind, 

randomized, controlled 

clinical trial 

 Improvements in symptoms 

continued for the subgroup 

(HI) of RA patients for 2 years 
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symptoms  N= 57; n(RA with diet 

intervention)=27, 

n(healthy control)=30 

while continuing 

recommended diet therapy 

Kjeldsen-Kragh 

et al. (1994) 
 To examine the role of 

psychological 

characteristics in symptom 

response of patients with 

RA following vegetarian 

diet therapy 

 Cross-sectional, 

descriptive design 

 N=124 (53 participants 

from previous clinical 

trial, 71 participants with 

RA not involved in 

clinical trial) 

 Specific psychological 

characteristics were noted in 

patients selected to participate 

in study  

 Symptom (clinical) 

improvement was not 

explained with MHLCS 

scores; but may be related to 

beliefs regarding “alternative” 

and “ordinary” treatment 

methods  

 A decrease in psychological 

stress was noted with diet 

treatment 

Haugen et al. 

(1994) 
 To examine the relationship 

between disease activity 

and phospholipid fatty acids 

profiles in the presence of a 

diet change 

 Prospective, single-blind, 

randomized, controlled 

clinical trial 

 N=27 

 Changes with diet associated 

with clinical improvement in 

RA are most likely not related 

to alterations in the profiles of 

fatty acids 

Haugen, 

Kjeldsen-Kragh, 

& Forre (1994) 

 To determine the magnitude 

of food intolerance or 

allergy in RA 

 Double-blind, 

randomized control study 

 n(elemental 

diet/intervention 

group)=10, n(control diet 

group)=7 

 The control group had an 

improved thrombocyte count 

and erythrocyte sedimentation 

rate 

 Intervention group had a 

significant improvement in 

joint pain 

 Improvement of all measured 

variables were noted in 3 from 

intervention group and 2 from 

control group 

 Variables of disease activity 

were not significantly different 

between groups 

 An elemental diet may be 

effective in the treatment of 

some patients with RA, but it 

is not recommended in the 

treatment of all RA patients 

Peltonen et al. 

(1994) 
 To determine the impact of 

diet therapy (fast, gluten-

free/vegan, lactovegetarian) 

on fecal flora 

 To determine the effects of 

fecal flora on improvement 

of symptoms in RA 

 Prospective, randomized, 

single-blind clinical trial 

 N= 53 (45 women, 8 

men) omnivorous 

patients with RA; 

n(diets)=27, 

n(control)=26 

 Omnivorous diet to vegetarian 

diet resulted in a significant 

change in intestinal flora 

 Vegan to lactovegetarian diet 

resulted in significant change 

in intestinal microflora 

 A significant difference was 

noted in the fecal flora of 

patients who had a high index 

of response compared to those 

with a low index of response 
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 The correlation found between 

disease activity and intestinal 

flora has the potential to 

improve the understanding on 

the relationship between diet 

and RA 

Darlington & 

Ramsey (1993) 
 To review previous research 

regarding the potential 

relationship between 

symptoms of rheumatoid 

diseases and diet 

 Review  Incorporation of diet therapy 

will improve the treatment of 

patients with RA – they will 

seek treatment via potentially 

unqualified people 

Haugen et al. 

(1993) 
 To determine nutritional 

status (specifically energy 

and protein intake) in 

patients with RA 

 Prospective, randomized, 

single-blind clinical trial 

 N= 53 (45 female, 8 

male) omnivorous 

patients with RA 

 RA patients had no significant 

effect of nutritional status 

found after a fast followed by 

diet therapy for 1 year 

Rauma et al. 

(1993) 
 To determine the effects 

and viability of the use of a 

vegan diet (uncooked) in 

the treatment of RA 

 Randomized control trial 

 N=43 Finnish RA 

patients; n(intervention – 

vegan diet)=21, 

n(control)=22 

 Participants reported the diet 

was difficult to follow: some 

were unable to eat all served 

foods, the tastes were not 

familiar, and preparation of 

food was time consuming and 

required a good deal of effort 

 A significant increase in many 

nutrient and energy intake 

 Concerns arose regarding the 

available energy and high fiber 

in the vegan diet 

van der Laar et 

al. (1992) 
 Establish if there is a 

correlation between disease 

exacerbation and food 

intolerance in previous 

subjects who were noted to 

have significant disease 

improvement while on 

hypoallergenic diet as well 

as disease exacerbation 

when they returned to their 

normal diet 

 Double blinded 

randomized control trial 

 N=6 (from previous 

study) 

 Although there may be sero-

positive RA patients with food 

allergy or intolerance there is 

no one test that is adequate 

 Immunological/allergic 

mechanisms potentially 

involved in reactive subjects 

 Uncommon – 5% food 

intolerance in RA (as 

previously suggested by 

Panush) may be accurate 

 Concern regarding benefit of 

determining food allergy or 

intolerance – difficult to 

diagnose and benefits (long-

term) are uncertain 

 Treatment of RA through diet 

is tentative 

van de Laar & 

van der Korst 

(1992) 

 To determine the effect of 

azo dyes and lactoproteins 

on active, sero- positive 

(RF) RA 

 Double blinded 

randomized control trial 

 N=94 

 Some RA patients may have 

intolerance or allergy to 

food(s) that impact disease 

activity 

Palmblad (1991)  To discuss the physiological 

changes associated with 

 Review  Fasting may be the most 

accessible, quickest method to 
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fasting – in a review of 

studies completed 

previously by Lithell et al. 

and Skoldstam et al. 

relieve symptoms associated 

with RA 

Kjeldsen-Kragh 

et al. (1991) 
 To determine the impact of 

fasting followed by a 

vegetarian diet for 1 year on 

symptoms in RA 

 Prospective, single-blind 

randomized trial 

 N=53; n(intervention/diet 

group)=27, n(control 

group)=26 

 The dietary treatment methods 

used in this study may be a 

helpful addition to currently 

recommended medical 

treatment of RA 

van de Laar & 

van der Korst 

(1991) 

 To search for an association 

between food and RA 

 Literature review  The immune system is 

constantly challenged by food 

 Strong association between 

HLA class II antigen DR4 and 

RA 

 Immune response-regulating 

subsets of antigen have even 

stronger association with RA 

 Consideration should be given 

to the relationship between RA 

and food 

 Rigorous studies are 

recommended 

Haugen et al. 

(1991) 
 To examine the self-

reported number of RA 

patients who feel diet 

affects disease activity, 

foods that cause reaction, 

and how many have fasted 

and/or attempted to change 

their diet to improve 

symptoms 

 Descriptive, cross-

sectional design 

 N=742 ; n(RA) =290, 

n(JRA) = 51, 

n(ankylosing spondylitis) 

= 87, n(psoriatic arthritis) 

= 51, n(fibromyalgia) = 

65, n(osteoarthritis) = 34 

 Findings similar to those by 

Felder et al. (1987) 

 This study might support 

theory of allergic response to 

food in inflammatory 

rheumatic disease 

 Evidence of food allergy in 

some patients with RA 

 Immunological sensitivity to 

food accounts for severe 

disease deterioration in 5% 

patients with RA (Panush) 

 Gluten & dairy most 

commonly reported as cause of 

increased symptoms–8 patients 

in this study; difficult to 

determine food 

allergy/intolerance as both are 

frequently consumed with 

western diet 

 Fasting-related improvements 

similar to previous study 

results (stiffness, joint edema, 

and decreased pain) 

 A change in intestinal 

permeability associated with 

fasting may correlate with 

improvements (clinical) 

 Half RA patients reported no 

change in symptoms with 
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lactovegerian diet and didn’t 

continue for more than 2 

months average – other half 

with improved symptoms 

stayed on diet average of 7 

months and 24% were still on 

diet 

 Vegan diet reported greater 

improvements  

 More than 50% of patients 

with RA who changed their 

diets reported a decrease in 

symptoms 

 Darlington 

(1991) 
 To review available 

information regarding diet 

and RA 

 Review  Self-directed treatment via diet 

is common in RA 

 There is significant evidence 

available that some RA 

patients may benefit from diet 

change 

 Further research recommended 

Panush (1990)  To correlate disease 

symptom exacerbation 

related to food in RA 

patients 

 To determine immunologic 

and clinical manifestations 

in subjects with who 

demonstrate symptoms 

related to food allergy  

 Double-blinded 

randomized control trial 

 N=16 RA patients 

 Providers should consider the 

presence of allergic arthritis 

(potentially immune-based) 

 Further studies recommended 

via described approach 

 

Tanner et al. 

(1990) 
 To determine perceived diet 

relationship with disease 

activity in RA 

 Prospective cohort study 

 N=704 

 Relationship between food and 

symptoms was reported by 

28% 

 No significant difference was 

found in demographics or 

clinical status in patients who 

reported reaction(s) to food, 

but did report a family history 

of allergies or self-allergies 

 The data reveals most RA 

patients have no response in 

disease activity associated 

with food, but there may be 

some patients who do 

Darlington, 

Jump, & 

Ramsey (1990)  

 To discuss evidence 

available regarding the use 

of diet in the management 

of RA 

 Review  Further research is needed to 

understand the association 

between RA, food, and the 

gastrointestinal tract 

 Rheumatologists must 

education their patients to 

prevent self-management 

based on unreliable sources. 

Sperling (1989)  To review research  Review  Inconsistency noted with data 
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regarding diet and RA regarding dietary treatment on 

clinical signs and symptoms 

 Significant, but temporary 

relief of symptoms noted with 

short term fasting- not 

appropriate for long term 

treatment of RA 

 Further research is 

recommended 

Brigg (1989)  To discuss the effectiveness 

of diet and supplement use 

in the treatment of RA 

 Review  Diet may not cure RA, but it 

be used to improve 

exacerbation of this disease 

Beri et al. (1988)  To determine the impact of 

diet restrictions on disease 

activity in RA 

 Non-randomized 

interventional trial 

 N=14 

 A significant clinical 

improvement was 

demonstrated in 10 (71%) 

 Only 3 (11%) followed diet for 

duration of trial (10 months) 

 The inflammatory response in 

RA may be influenced by diet 

Hafström et al. 

(1988) 
 To determine the effects of 

fasting on neutrophil 

function, fatty acid 

composition, leukotriene 

biosynthesis, and disease 

activity in patients with RA 

 Cross-over, controlled 

trial 

 N=14 female patients 

with RA 

 Decreased production of 

leukotriene may be cause of 

improved symptoms during 

fasting in RA 

Panush (1988)  To present current 

information regarding the 

correlation between food 

sensitivity and rheumatic 

disease 

 Literature review  Immunological sensitivity to 

foods in approximately 5% of 

RA patients  

 Food allergy may play a role 

in RA symptom exacerbation  

 High potential for RA 

understanding 

(pathophysiology) and 

treatment with further diet 

studies associated with 

arthritis 

Lunardi et al. 

(1987) 
 To investigate the 

relationship between food 

intolerance, arthritis, and 

joint pain 

 Non-randomized, clinical 

trial 

 N=37; n(food intolerance 

with arthralgia)=14, 

n(seropositive RA)=9, 

n(seronegative RA but 

diagnosed with other 

connective tissue disease 

associated with 

inflammation)=8 

 There are select RA patients 

who may benefit from dietary 

management strategies, at least 

in those with a diagnosed food 

intolerance 

Bigaouette 

(1987) 
 To examine the diet of RA 

patients taking medications 

that interact with nutrients 

to determine if their nutrient 

requirements were being 

met 

 Prospective design 

 N=52 

 RA patients did not meet the 

RDA for magnesium, zinc, 

pyridoxine, or folic acid 

 71% (17/24) of patients who 

took supplements met RDA  
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 Assessment of intake 

regarding magnesium, zinc, 

pyridoxine, or folic acid 

should be included in the care 

of RA patients as common 

medications used alter the 

absorption of these nutrients 

Panush, Stroud, 

& Webster 

(1986) 

 To determine the 

association between food 

sensitivities and RA 

symptoms 

 Prospective, blinded, 

control trial 

 N=1 

 This subject was found to have 

hypersensitivity immune 

reaction to milk associated 

with RA sign and symptom 

exacerbation 

 These results offered new 

awareness of pathophysiology 

as well as potential treatment 

of inflammatory joint disease 

Darlington, 

Ramsey, & 

Mansfield 

(1986) 

 To determine the effect of 

diet change as therapy in 

RA 

 Blinded, randomized 

control trial 

 N=53 

 Significant improvement was 

noted in objective measures of 

disease activity during diet 

intervention as compared to 

placebo 

Sköldstam 

(1986) 
 To review evidence 

regarding the effects of diet 

(fasting and vegan diet) on 

RA  

 Review  A vegan diet may offer 

subjective benefit to many RA 

patients with mild or moderate 

disease 

 RA disease activity is not 

significantly affected by 

disease 

Kremer et al. 

(1985) 
 To determine the impact of 

diet manipulation of fatty 

acids in RA patients 

 Prospective, double-

blind, randomized 

control trial 

 n(intervention)=17, 

n(control)=20 

 An improvement was noted 

during the intervention, but 

this improvement was not 

evident after intervention was 

terminated 1-2 months 

Panush et al. 

(1983) 
 To define objective data 

regarding the effect of diet 

therapy in RA 

 Double blind, 

randomized control trial 

 N=26 patients with RA 

 No significant objective 

evidence was determined 

regarding the benefit of this 

experimental diet in the 

treatment of RA 

 Results were inconsistent 

regarding the use of 

individualized diet 

recommendations in the 

treatment of RA 

Kowsari et al. 

(1983) 
 To determine the baseline 

nutritional intake of patients 

with OA and RA 

 Cross-sectional, 

descriptive design 

 N=36; RA=24, OA=12 

 Many patients with RA and 

OA consume an inadequate 

amount of various nutrients – 

some of these nutrients are 

related to immunologic health 

and may be correlated with 

RA disease process (e.g. zinc, 

vitamin E) 
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Uden et al. 

(1983) 
 To examine the effects of a 

fast on clinical performance 

and neutrophil function in 

RA 

 Cross-over intervention 

trial 

 N=7 patients with RA 

 The clinical status in RA was 

improved with fasting 

 Enhanced bactericidal ability 

of neutrophils was associated 

with decreased inflammation 

during fasting 

Sköldstam et al. 

(1983) 
 To compare lymphocyte 

proliferation (LP) and 

conA-induced suppressor 

cell activity (conA-SC) in 

fasting and control patients 

with RA 

 Non-randomized, control 

trial 

 n(RA patients) = 10, 

n(control)=8 

 Clinical improvement in RA 

was noted with fast 

 LP levels remained low (as at 

start of trial) 

 Normalized conA-SC levels 

with fasting (initially low) 

Sundqvist et al. 

(1982) 
 To determine the intestinal 

and non-intestinal 

permeability during a fast 

and lactovegetarian diet in 

RA patients 

 Randomized control trial 

 N=10; n(RA patients)=5, 

n(control)=5 

 Permeability of the GI tract 

and tissue decreases with 

fasting, but no change was 

noted with the lactovegetarian 

diet 

 Results reveal a potential 

relationship between decreased 

disease activity and GI 

permeability with fasting 

O’Banion (1982)  To discuss three separate 

case studies in which food 

elimination was used to 

treat pain due to RA 

 Single case experimental 

design 

 N=3 female patients with 

RA 

 Pain associated with arthritis 

stopped with treatment 

(including elimination of 

specific foods, rotary ingestion 

of other foods alternating with 

normal dietary habits)  

Parke & Hughes 

(1981) 
 To discuss a patient’s 

response to diet change 

 Case study 

 N=1 

 Disease activity worsened with 

dairy (milk and cheese) 

challenge – increased heat-

damaged red cell clearance 

rates, IgE antibodies, immune 

complexes, and synovitis 

 Disease activity was 

significantly improved with 

the exclusion of dairy from 

diet 

Sköldstam 

Larsson, & 

Lindström 

(1979) 

 To compare the impact of a 

fast followed by 

lactovegetarian diet versus a 

normal diet on RA 

 Randomized control trial 

 N=26; n(diet intervention 

with RA)=16, 

n(control/normal diet 

with RA)=10 

 No significant improvements 

were noted with the 

lactovegetarian diet 

 Fasting resulted in significant, 

but brief, decreased disease 

activity (subjective and 

objective) 

Zussman (1966)  To discuss the hypothesis of 

a relationship between RA 

exacerbation and 

hypersensitivity to foods 

 Case studies  

 N=4 with RA 

 Each patient described 

responded with decreased 

disease activity during 

elimination, with disease 

exacerbation to ingestion of 

different foods, which caused 

differing symptoms 

 Healthcare providers should be 
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aware of this potential 

circumstance in their treatment 

of patients with RA 

Farley & 

Spierling (1948) 
 To discuss the 10-year 

treatment of RA patients 

with diet recommendations 

and vitamin D 

supplementation 

 Patient care 

 N=1000 

 A natural/unprocessed diet for 

at least 60% of a patient’s 

intake will improve RA 

symptoms 
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APPENDIX C: 

DIET QUALITY AND DISEASE ACTIVITY IN RHEUMATOID ARTHRITIS 

(Planned Submission: Journal of Clinical Rheumatology) 
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Abstract 

 

Background: Rheumatoid arthritis (RA) is a common autoimmune disease that affects the 

health-related quality of life (HRQOL) of over 1.3 million Americans. Diet has been considered 

a factor in exacerbation of RA for decades, and diet quality has been associated with RA risk, 

associated disability, and disease progression. Up to 25% of those diagnosed with RA believe 

their dietary intake affects disease activity, and many people change their diet in an attempt to 

improve their HRQOL. Purpose: The purpose of this study is to examine the association 

between diet quality and disease activity in adults with RA. An additional exploratory question 

examined the stress in relationship to diet and disease activity. Methods: This cross-sectional, 

descriptive study examined the association between diet quality and disease activity of 50 adults 

diagnosed with RA. Participants completed the Arizona Food Frequency Questionnaire to 

measure dietary intake, which was scored with the Healthy Eating Index (HEI)-2015 to 

determine diet quality. Disease activity was measured via the self-reported Health Assessment 

Questionnaire-Disability Index and Pain Scale (HAQ-DI and pain scale), hematology analyses 

for erythrocyte sedimentation rate (ESR) and high-sensitivity C-reactive protein (hs-CRP), and a 

Disease Activity Score Including 28 Joints (DAS28). The DAS28 was calculated with 

information that included an examination of 28 joints, participant self-report, and, in this study, 

ESR results. Perceived stress was measured via the Perceived Stress Scale. Results: Diet quality 

was not associated with any measures of disease activity (HAQ-DI, pain, DAS28, ESR, or CRP). 

The mean diet quality for participants in this study was 56 (SD ± 12), which is lower than the 

national mean of 59. Higher quality was associated with age (p=.015) and gender (p=.003). 

Forty-four percent (n=22) participants reported they believe diet affects RA disease activity, and 

those who believe their diet affects RA were significantly more likely to report dietary changes 

(p<.0001). Participants with higher educational level (some college or more) were more likely to 

report the belief that diet affects disease activity (B=-1.535, p=.023). Women with lower diet 

quality were more likely to have HAQ-DI scores (B=.570, p=.001). Participants with lower diet 

quality also reported significantly higher pain scores (B= -.396, p=.022) and had significantly 

higher ESR scores (p=.019) compared to participants with higher diet quality. Perceived stress 

was significantly associated with HAQ-DI and pain scores (B= .445, p=.001 and B= .289, 

p=.042, respectively). Conclusion: Individuals with RA may benefit from improvement in diet 

quality as it was associated with increased pain.  
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 Rheumatoid arthritis (RA) is a debilitating, chronic autoimmune disease that affects 

approximately 1.3 million American adults and 1% of the world’s population. [1] RA results in a 

decreased health related quality of life (HRQOL) as it is associated with painful localized and 

systemic inflammation, including joint stiffness and pain, functional limitations, and severe 

fatigue. [2-5] Repeated exacerbations of RA eventually result in joint and bone damage and 

deformity, an increased risk of altered social and psychological function, and significant sequela 

including cardiovascular disease, often regardless of medical treatment. [2-4 6] The focus of RA 

treatment has changed from symptom management to sustained remission in an effort to prevent 

joint damage and disability, [7] and medical advances have led to improved management of RA. 

Unfortunately, recent evidence suggests only 5-45% of those diagnosed with RA obtain 

remission.[7] Biologic and non-biologic disease modifying anti-rheumatic drugs (DMARDs) are 

extremely expensive, and all medications used in the treatment of RA have the potential to cause 

significant side effects. Further, medications may be ineffective, which causes many RA patients 

to continue to experience significant physical, emotional, and financial burdens. [8] The 

consideration of modalities in addition to medications in the treatment of RA must be 

investigated to improve remission rates and prevent disability in RA. 

 Risk factors in the development and exacerbation of RA include biological, social, and 

psychological elements as described in the Biopsychosocial Model of Disease Experience in 

Rheumatoid Arthritis (BDRA).[9] Biological determinants include gender, age, use of nicotine 

products, medications, body mass index (BMI), and diet. Women are more commonly diagnosed 

with RA and cardiovascular risk and rates of RA increase with age.[10] An increased RA risk and 

disease severity have been associated with cigarette smoking and an increased BMI.[11-14] 
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Medications prescribed for the treatment of RA disrupt pro-inflammatory pathways.[15] Perceived 

stress is a psychological determinant of disease experience, but was included in this study due to 

the significant biological effect of perceived stress on disease activity via 

psychoneuroimmunological (PNI) mechanisms.[16 17] 

 Diet is a significant biological determinant that influences the production of pro- and anti-

inflammatory biomarkers associated with disease activity of RA, and evidence exists that RA 

functional disability may be diet related. [18] Cyclic citrullinated peptide antibody (anti-CCP) has 

been found to react with dietary triggers (e.g. food and microbial proteins) and induce RA 

symptoms.[19] Pro-inflammatory signaling pathways are directly stimulated by refined grains and 

omega-6 polyunsaturated fatty acids (PUFAs), and these same pathways are directly inhibited 

with ingestion of antioxidants and omega-3 PUFAs. [20-22] Recent evidence indicates that altered 

function of the gut microbiome (trillions of viruses, bacteria, fungi, and archae contained in the 

lumen of the intestines), the health of which is affected by diet and immunosuppressive 

medications such as those used in the treatment of RA, may also affect inflammatory pathways 

via the psychoneuroimmunological relationship of the brain-gut-microbiome axis. [23-25] 

Furthermore, individuals diagnosed with RA have been found to have ingest a diet of lower 

quality compared to the general population, which includes a decreased intake of essential 

vitamins and minerals. [26 27] 

 Many diagnosed with RA believe health is affected by nutrition [28] and frequently inquire 

about the effects of dietary intake on disease activity. [29 30] Diet has been and continues to be a 

point of interest for RA research since the 1920’s. [1] Unfortunately, clinical practice guidelines 

regarding the inclusion of dietary recommendations in the management of RA have yet to be 
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determined, and many providers do not discuss diet with their patients. This represents a 

significant gap in the treatment practices of RA as there is substantial patient interest in dietary 

management of RA, and many patients change their diet without the recommendation or 

knowledge of healthcare providers. [29 31 32] The primary purpose of this study was to examine if 

an association exists between diet quality and disease activity in adults with RA, and the 

secondary purpose was to describe the characteristics of individuals diagnosed with RA who 

believe diet affects disease activity. 

Methods 

Study Design 

 This cross-sectional, descriptive design examined diet quality and disease activity in adults 

with RA. Participant characteristics and predictor variables included quality of diet, using the 

Arizona Food Frequency Questionnaire (AFFQ) and Healthy Eating Index-2015 (HEI-2015), 

age, gender, BMI, medications, smoking status, and perceived stress, using the Perceived Stress 

Scale (PSS). Outcome variables, in this case indicators of disease activity in RA, included the 

Health Assessment Questionnaire and Pain Scale (HAQ-DI and Pain Scale), the Disease Activity 

Score included an assessment of 28 Joints (DAS28), an erythrocyte sedimentation rate (ESR), 

and a C-reactive protein (CRP). The University of Arizona Institutional Review Board approved 

the study, and the researcher completed informed consent with all participants. 

Participants 

 A convenience sample from a rheumatology practice northern Arizona was recruited. 

Office staff offered eligible participants a recruitment card during routine provider appointments, 

and interested participants were directed to meet with the researcher following their appointment. 
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Eligible participants were adults (age 18 or older) with a diagnosis of RA managed by a 

rheumatology health care provider. Exclusion criteria for this study were an age of less than 18 

years, pregnancy, the inability to read or write in English, and a diagnosis of any other 

autoimmune disease (AD). A total of 65 participants were enrolled in the study, and 50 complete 

information packets were received and used in this study. No information was received from the 

remaining 15 enrolled participants. During the meeting, informed consent was completed, and 

participants were instructed on how to complete questionnaires at home (Demographics, AFFQ, 

HAQ-DI and pain scale, and PSS); participants were also given an addressed, stamped envelope 

to return material. A swollen and tender joint count was completed by the researcher, and 

participants quantified disease activity on a visual analog scale for the DAS28. The participants 

were then directed to the front desk at the office and were discharged per office standards. 

Electronic medical records were accessed to obtain the most recent (within the previous 10 days 

at most) anthropometric data, including height, weight, BMI, and hematology results.  

Participant Characteristics  

 Demographic variables describe participant characteristics and were used to adjust 

statistical analyses to consider the effect of biological variables (e.g. age, gender, tobacco use, 

and RA medication use) on disease activity in adults with RA. [33] Participants completed a 

demographic questionnaire to determine characteristics.  

Diet Quality. 

Arizona Food Frequency Questionnaire. The Arizona Food Frequency Questionnaire (AFFQ) 

is a population specific, validated, and reliable tool that is offered through the University of 

Arizona Cancer Center. [34] This 175 item self-reported FFQ is a modified version of the NCI 
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Health Habits and History Questionnaire (HHHQ) and was used to determine the self-reported 

intake (foods and portion sizes) for participants over a 4-week period of time. [34] Data regarding 

supplement (vitamin and mineral) use was included. Reliability of the AFFQ had a correlation of 

0.63, and a test-retest reliability correlation of 0.54 (unadjusted for nutrients) and 0.48 (adjusted 

for energy-related nutrients) in published studies. [35-38]  

 Healthy Eating Index – 2015. Quality of diet was calculated and scored based on the 

Healthy Eating Index -2015 (HEI-2015). The HEI-2015 was developed in a collaborative effort 

of the National Cancer Institute (NCI) and the US Department of Agriculture (USDA) to score 

diet quality based on the comparison of dietary intake to the 2015-2020 Dietary Guidelines for 

Americans (DGA).[39 40] The HEI-2015 is the most recently updated version of the HEI, which is 

a valuable tool that can be used to determine the effectiveness of nutrition and nutrition 

education programs as well as diet quality.[41] A recent study using the HEI-2010 found that RA 

patients demonstrated the need for improvement to the quality of their diet, and functional 

disability in RA may be related to diet quality. [18]  

 The HEI-2015 includes nine constructs with a total score of 100 points and contains the 

following breakdown for maximum points: vegetables, fruits, dairy, protein foods, grains, refined 

grains, fats, and sodium have a maximum value of 10 points each, while empty calories have a 

total of 20 points.[42] The scores for each category are added for the final subject score out of the 

total of 100 to rank diet quality: less than 51 is poor, 51-80 is considered fair, and above 80 is 

good [18]. Americans have an average score of 59 out of 100. [43] 

Perceived Stress  
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 Perceived stress is a psychological antecedent of disease activity in RA that is implicated 

in development and disease activity of RA via PNI mechanisms.[44] The Perceived Stress Scale 

(PSS) is tool that is commonly used to measure perceived stress in research and patient care, and 

it is considered to be valid and reliable.[45] Cronbach’s alpha was greater than 0.7 (0.74-0.92) in 

12 studies, and test-retest reliability was greater than 0.7 in three studies.[45] PSS scores were 

found to be valid when evaluated using participants having related characteristics, with the 

exception of a potential inconsistency based on gender (e.g. five of 12 studies found women 

scored higher than men).[45] 

Disease Activity 

 HAQ-DI and Pain Scale (HAQ-DI and pain scale). The Health Assessment 

Questionnaire-Disability Index (HAQ-DI) and pain scale were used as a self-reported measure of 

disease activity and functional status for this study. The HAQ-DI is frequently used in research 

and clinical practice, and participants recruited for this study have current experience with this 

tool. The HAQ-DI and Pain Scale take approximately two to five minutes to complete and was 

chosen due to previous subject experience, low burden, and ease of scoring.[46] The HAQ-DI and 

Pain Scale is a nine-item self-report (eight items associated with HAQ and a visual analog scale 

[VAS] for pain) that determines the overall health/disease activity of patients with RA.[47 48] 

Total scores range from 0-1 (mild to moderate disability), 1-2 (moderate to severe disability), 

and 2-3 (severe to extremely severe disability).[48] The valid and reliable HAQ-DI was initially 

developed and copyrighted by Stanford University School of Medicine Division of Immunology 

and Rheumatology and is currently recommended by the American College of Rheumatology 

and the United States Food and Drug Administration (USFDA). [48] Test-retest correlation has 
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been reported as 0.87 – 0.99, and HAQ-DI score had a correlation of 0.71-0.95 with task 

performance.[46] Validity of the HAQ-DI has been found “in literally hundreds of studies.”[46] 

 Disease Activity – 28 Joints (DAS28). The Disease Activity Score Including 28 joints 

(DAS28) uses hematologic biomarkers, researcher/healthcare provider examination, and subject 

reported information to quantify disease activity. The DAS28 is commonly used in research and 

was chosen due to low subject burden as well as ease of scoring.[49 50] The DAS28 includes a 28-

joint examination for edema and tenderness, a participant-reported VAS scale assessing disease 

activity for the previous week, and the results of hematologic pro-inflammatory biomarker 

analysis (ESR or hsCRP).[49] DAS28-ESR and DAS28-CRP were highly correlated in a recent 

study (r=0.92, p<0.0001), but consistently lower scores were noted with the DAS28-CRP 

compared to the DAS28-ESR. [51] DAS28 scores were calculated with the ESR in the current 

study and used the following scores: <2.6 (remission), 2.6-3.2 (low activity of disease), and >3.2 

(moderate to severe disease activity).[33] The valid and reliable DAS was initially developed as a 

follow-up to monitor changes in disease activity in response to DMARD therapy, and the DAS28 

was developed as a valid and reliable tool to determine disease activity while examining 28 

joints as compared to 44 joints in the DAS.[49 52] The DAS28 has had high internal consistency 

reliability (Cronbach’s alpha = 0.719) and is significantly correlated with disability as measure 

by a health assessment questionnaire (p<0.0001) in other work.[49 50] 

 Hematologic Biomarkers. Hematologic pro-inflammatory biomarkers were used as 

evidence of disease activity in this study as they are a direct measure of inflammation. These 

biomarkers included the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) 

analyses. The ESR indicates generalized inflammation via the rate of erythrocyte sediment that 
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accumulates in a test tube over one hour; the normal range for adults are 0-20mm per hour 

(male) and 0-30mm per hour (females). [53] The CRP indicates generalized inflammation as the 

CRP is an acute-phase protein produced by the liver in response to increased levels of 

interleukin-6 in the blood; values of less than 1.0 are normal, 1.0-3.0 indicates moderate 

inflammation, and values greater than 3.0 indicate high levels of inflammation.[16 53] The ESR 

and CRP are indicators of generalized inflammation in the body and not specific to RA, but both 

are used to determine severity of disease activity in RA patients.[53]  

Statistical Analysis  

 Coded data stored in a secure Microsoft Excel spreadsheet was uploaded into the Statistical 

Package for the Social Sciences (SPSS) software version 26 for statistical analyses. Statistical 

significance was considered at p < 0.05. Characteristics of study participants were examined with 

descriptive statistics (percentages for nominal and ordinal variables, mean and SD for continuous 

variables) (Table 1), and histograms were used to determine normality. Belief differences in 

continuous participant characteristics, evidence of disease activity, and perceived stress were 

studied using the students’ t-Test for normally distributed variables (e.g. age, BMI, HEI-2015, 

perceived stress, and DAS28 scores), and the Mann Whitney-U test was used for non-normally 

distributed variables (HAQ-DI, pain, ESR, and CRP scores). Equality of variances were not 

assumed in either case. Fisher’s Exact test was used to compare proportions of dichotomous 

characteristics of those who believe diet affects disease activity versus the entire sample (Table 

1).  

 Diet quality, as a continuous variable (0-100) and categorized as above or below the 

national average (59), was studied in relation to indicators of disease activity (HAQ-DI, pain, 
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DAS28, ESR, CRP) using multiple regression models. Diet quality and perceived stress were 

also studied in relation to disease activity indicators using multiple regression models. All 

multiple regression models were controlled for age, gender, current use of tobacco products, 

BMI, and current RA medications. 

Results 

 Of the 50 participants, the mean age was 60 years (25-81); 68% of the participants were 

female. The average BMI was 29.44 (SD ± 7) and ranged from 17.64 – 49.17; 44% were obese. 

Increased age was associated with a decreased BMI (p=.044). A total of 74% of participants 

were white, 68% received post-secondary education, 18% reported current tobacco use, and 8% 

reported current medical marijuana use. The belief that diet affects RA disease activity was 

reported by 44% of the participants, 42% of all participants reported diet changes to treat RA, 

and 95% of those who reported diet affects disease activity reported dietary changes.  

 The mean diet quality score was 56 (SD ± 12), which is lower than the national mean of 

59. Participant scores ranged from 33-83. Dietary quality was classified as fair (51-80) for the 

majority of participants (62%), and 34% reported poor quality dietary intake (<51). Only 4% 

reported high quality dietary intake (>80). When comparing means with a student’s t-Test, 

higher diet quality scores were noted with women compared to men (mean scores 59 and 49 

respectively, p=.003), non-smokers versus smokers (mean scores 57 and 50 respectively, 

p=.026), and increasing age (p=.015). Increased age was also associated with higher in total fruit 

(p=.014), whole fruit (p=.011), and seafood and plant protein (p=.025) intake. Women were 

more likely to report higher intake of total fruit (p=.001), whole fruit (p<.001), greens and beans 

(p=.042), and seafood and plant proteins (p=.011). Tobacco product users (e.g. smokers) were 
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more likely to report a lower diet quality compared to those who did not report tobacco use 

(p=.026). 

 Participant characteristics and differences in opinion regarding the effect of dietary intake 

on disease activity were compared (Table 1). In total, 44% (n=22) participants reported they 

believe diet affects RA disease activity, while 50% (n=25) reported they did not and 6% (n=3) 

were unsure. Forty-two percent of the overall population reported a diet change to improve their 

RA disease activity, and those who believe their diet affects RA were significantly more likely to 

report dietary changes compared to those who do not or are unsure (77% and 14%, respectively; 

p<.0001). Participants with higher educational level (some college or more) were more likely to 

report the belief that diet affects disease activity (p=.017), and higher educational level was a 

significant predictor of this belief in a binary logistic regression model (B=-1.535, p=.023). No 

significant associations were found between this reported belief and other participant 

characteristics or evidence of disease activity (Table 1). No significant difference was found 

between diet quality (HEI-2015 scores) and report of the belief that diet affects disease activity 

versus those who did not or were unsure (p=.485). 

Table 1: Characteristics of 50 Patients with Rheumatoid Arthritis 

 All (N=50) 

  

 N %  

Reported Belief Diet 

(n=22) 

 N %  

 

pa  

Ethnicity 

Non-White 

White 

  

13 

37 

 

26 

74 

 

5 

17 

 

23 

77 

 

.064 

Gender 

Male 

Female 

  

16 

34 

 

32 

68 

  

7 

15 

 

32 

68 

  

1 

Current Tobacco Use 

Yes 

No 

  

9 

41 

 

18 

82 

  

6 

16 

 

27 

73 

 

.148 

Use of Medical 

Marijuana 

Yes 

 

4 

46 

 

8 

92 

 

2 

20 

 

9 

91 

 

.797 
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No 

Diet Changes 

Yes 

No 

 

21 

29 

 

42 

58 

 

17 

5 

 

77 

23 

 

<.0001* 

Educational Level 

High school graduate or 

less 

Some college or more 

 

16 

34 

 

32 

68 

 

3 

19 

 

14 

86 

 

.017* 

 

 All (N=50) 

  

 Mean SD 

Reported Belief 

Diet (n=22) 

 Mean SD 

No Belief/Unsure 

Diet (n=28) 

Mean SD 

Belief versus No 

Belief/Unsure 

p 

 Diet Quality 

(HEI-2015 Score) 

55  12  57 10 54  13 -.485b 

 Age  60 13  59 14 60 13  .760b 

 BMI  29 7 29  6 30 7 .928b  

HAQ-DI   .79 .99  0.91 0.69 0.70 0.74 .201c  

 Pain .99 .74  0.98 0.54 1.0 0.87 .611c  

DAS28  3.2 1.3  3.3 1.1 3.2 1.5  .831b 

ESR 15.0 13.4 13.9 11.0 15.8 15.2 .977c 

CRP 2.85 3.43 2.86 2.78 2.8 3.9 .400c 

a Derived from Fisher’s Exact test; b derived from student’s t-Test; c derived from Mann Whitney-U test; * Correlation is 

significant at the 0.05 level (2-tailed) 

 Diet quality was significantly related to age (p=.015) and gender (p=.003). Taken as a set, 

age, gender, current tobacco use, current medication use, and BMI accounted for 27% of the 

variance of HEI-2015 scores (p=.013) (Table 2). Age and gender were determined to be the only 

significant predictors for diet quality (12% and 17%, respectively). 

Table 2: Associations between diet quality (HEI-2015 score) and covariates of 

disease activity in 50 adults with rheumatoid arthritis 

 B S.E. p 

Age .307* .127 .038 

Gender .334* 3.527 .023 

Current Tobacco Use .136 4.242 .336  

Current Medication Use .018 .257 .793 

BMI -.038 .731 .899 
* Correlation is significant at the 0.05 level  

 

 Diet quality as a continuous variable (0-100) was not related to any indicator of disease 

activity in unadjusted or adjusted regression analyses (Table 3). Gender was determined to be the 

only significant predictor of the HAQ-DI score in both multiple and linear regression models 
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(Table 3). Gender was also the only significant predictor of DAS28 in an adjusted model but not 

in a linear regression model (Table 3).  

 

Table 3: Associations between diet quality and gender with indicators of disease activity in 50 adults with 

rheumatoid arthritis 

 Diet Quality 

(Adjusted Multiple 

Regression Model) 

Diet Quality 

(Unadjusted Linear 

Regression Models) 

Gender 

(Linear Regression Model) 

B S.E. p B S.E. p B S.E. p 

HAQ-DI -.210 .009 .169  . 022  . 009 .878 .472* .193 .001 
Pain -.231   .010 .167  -.132 .009 .360 .127 .224 .127 

DAS-28  -.103  .019 .538  .051  .016 .725       
ESR  -.119 .199 .501  -.070 .164 .631       
CRP  -.041  051 .816  .019 .042 .896       

* Correlation is significant at the 0.05 level  

 

 Diet quality (HEI-2015) was separated into two categories: those above and those below 

the national average (59), and the mean diet quality score was significantly different for these 

groups (Table 4). When taken as a set, diet quality and covariates (age, gender, BMI, current 

tobacco use, and current medication use) accounted for a significant amount variance of the 

HAQ-DI (50%) and pain (35%) score for individuals with below average diet quality (Sig. F. 

Change=.030 and .028, respectively). A multiple regression model adjusted for age, gender, 

BMI, current tobacco use, and current medication use revealed a significant association between 

gender and diet quality with HAQ-DI scores, but, in a simple linear regression model, gender 

alone accounted for 33% of the variance in HAQ-DI scores (Sig. F Change=.001, B=.570, 

p=.001) (Table 5). Diet quality was also significantly associated with pain scores in both adjusted 

and unadjusted analyses (Table 5). No other indicators of disease activity were significantly 

related to diet quality or covariates for participants who score above or below the national 

average (Table 5). 
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Table 4: Comparison of Means of Diet Quality (HEI-2015) and Indicators of Disease 

Activity for Participants Above and Below the National Average 

 Mean  

 Diet Quality 

Above National 

Average 

Diet Quality Below 

National Average 

 

p  

HEI-2015 69   49 <.001* 

HAQ-DI  .94 .72  .221 

PAIN  1.08  .95 .128 

DAS28  3.43  3.1 .332  

ESR  11.53  16.73 .019* 

CRP  3.23  2.66 .570 
* Significant difference in mean at the 0.05 level (2-tailed) 

Table 5: Associations between diet quality (above and below national average) and indicators of disease activity in 50 

adults with rheumatoid arthritis 

 Diet Quality 

Above National 

Average 

(Adjusted Multiple 

Regression) 

Diet Quality Above 

National Average  

(Unadjusted Linear 

Regression) 

Diet Quality Below 

National Average  

(Adjusted Multiple 

Regression) 

Diet Quality Below 

National Average  

(Unadjusted Linear 

Regression) 

B S.E. p B S.E. p B S.E. p B S.E. p 

HAQ-DI -.142  .037 .675  -.078 .029 .765  -.353* .015 .030 -.213  .017 .234 
Pain -.459  .034 .128  -.234  .031 .366  -.409*  .017 .028 -.396*  .016 .022 

DAS-28 -.230  .054 .449  -.091 .047 .728 -.044 .039 .825 -.033 .035 .857 

ESR .340  .343 .238 .373  .302 .140 .027 .447 .902 .084 .374 .642 

CRP -.215  .196  .467 -.143  .176  .585 -.073 .080 .727 -.035 .069 .848 
* Correlation is significant at the 0.05 level  

Exploratory Aim Analysis 

 No significant correlations were found between diet quality and perceived stress (p=.544) 

or between diet quality and any indicators of disease activity in multiple regression models as 

previously reported. Perceived stress and diet quality together accounted for 20% of the variance 

of HAQ-DI scores in adults with RA (p=.005), but perceived stress was determined to be the 

only predictor in both adjusted and unadjusted regression models (Table 6). Perceived stress 

accounted for 20% of the HAQ-DI variance and 8% of the pain variance in the sample (Sig. F. 

Change=.001 and .042, respectively), and was a significantly associated with HAQ-DI and pain 

scores (Table 6). Perceived stress was not significantly associated with any other markers of 

disease activity (Table 6). 
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Table 6: Associations between Perceived Stress with covariates of disease 

activity in 50 adults with rheumatoid arthritis with unadjusted model. 

 B S.E. p 

HAQ-DI  .445* .012 .001 

Pain .289*  .013 .042 

DAS28 .174  .025 .227 

ESR .064  .250 .657 

CRP .065  .064 .655 

* Correlation is significant at the 0.05 level (2-tailed)  

Discussion 

 In this study, diet quality was compared to subjective and objective evidence of disease 

activity in adult men and women with RA while considering variables previously found to effect 

disease activity including age, gender, current use of nicotine products, BMI, current use of 

prescribed RA medications, and perceived stress. Results indicate patients with RA had 

significantly lower diet quality scores compared to the U.S. national average score of 59, which 

supports evidence of lower diet quality of RA patients found in previous studies using various 

indices to measure diet quality.[18 33 54] An estimated 10% of the U.S. population consumes a high 

quality diet, but only 4% (n=2) of the present sample falls into this category, which is also 

consistent with previous results.[18 54 55] An increased risk of cancer, metabolic syndrome, 

overweight, obesity, and general mortality have been associated with poor HEI scores, and 34% 

of the current population were determined to have a poor quality diet, again consistent with 

previous results.[18 54] Smokers are more likely to report a lower quality diet than non-smokers, 

which is consistent with results from some studies,[43] while other studies found no 

relationship.[33] Increased pain was significantly associated with poor diet quality in participants 

with diet scores lower than the national average, and these individuals also exhibited a higher 

ESR score compared to those participants with diet quality scored above the national average. 
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Concerns regarding the inability of individuals with RA to consume a high-quality diet (e.g. due 

to decreased appetite and ability to self-feed perhaps due to increased pain) should be addressed 

in future studies.[18] One possible explanation is that individuals with RA may choose processed, 

packaged foods that require less preparation and easier self-feeding, which could be one of the 

considerations for the lower HEI scores reported in RA patients and found in this study.[18] 

Higher diet quality scores were associated with increasing age in this study, which is interesting 

as most think of increased disease activity and disability with increasing age.  

 Medical cannabis is increasingly used in the treatment of various medical conditions 

including pain management in conditions such as RA as legalization expands worldwide.[56] In 

the present study, 8% (n=4) of the participants reported the use of medical marijuana, which 

included ‘edibles’ and ‘loose leaf tea.’ Two other participants stated they are interested in using 

medical marijuana and are in the process of applying for a medical necessity card. No other 

studies were found that addressed the use of medical cannabis in this patient population or the 

rates of associated communication between healthcare providers and patients. The lack of 

clinical research regarding the mechanism behind its therapeutic effects, including potential 

immune modulation, dosing, and associated risks must be addressed as individual use becomes 

more popular.[56] Providers must also consider open communication with their patients regarding 

medical cannabis use as interactions may occur with prescribed medications.[57] 

 Previous studies have found that 24-27.6% individuals diagnosed with RA report diet 

affects their RA symptoms.[58 59] The current study resulted in a higher number of participants 

reporting this belief (44%), which may be a reflection of the number of participants with higher 

education (at least some college). More than three quarters of participants who reported diet 
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affects their RA disease activity reported a change in their diet (77%). Interestingly, 14% of 

those who reported they were unsure or did not believe their diet affects their RA symptoms 

reported a change in their diet, which warrants further investigation. Previous studies found that 

younger participants reported diet impacts RA compared to those that do not, while no other 

significant differences in characteristics were found.[58] Higher education (at least some college) 

was the only significant predictor of participant report the belief of an effect of diet on disease 

activity in the present study. Perhaps more education exposed these individuals to consider 

additional causes of inflammation associated with RA. This finding has either not been supported 

in literature up to this point and should be considered for future research. No significant 

differences in means of indicators of disease activity were found in either study.[58]  

 Diet quality had an inverse relationship with pain scores in individuals with a diet quality 

score lower than the national average. No other significant association was found between diet 

quality and evidence of disease activity. Previous studies have found an inverse relation between 

diet quality and CRP and ESR[33] or morning stiffness.[18] Diet quality was not a significant 

predictor of measures of disease activity in any multiple regression model adjusted for age, 

gender, current tobacco use, BMI, or current RA medication use. In this model, gender was the 

only variable that significantly predicted any disease activity measures and was found to do so 

for the HAQ-DI and DAS28 scores as women exhibited significantly higher scores for each. 

Finding women to have increased HAQ-DI and DAS28 scores was not presented in other studies 

and warrants further investigation. As HAQ-DI and pain are measures of functional status as 

well as disease activity, a strong correlation between measures of disease activity exhibited 
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significant correlation with one another (not shown) supports previous evidence of a relationship 

between high CRP scores and decreased functional status[18 60] and patient report of pain.[61]  

 A significant association was not found between stress and diet quality. Interestingly, 

stress was significantly associated with both HAQ-DI and pain scores and was determined to be 

a significant predictor for each via linear and multiple regression models. High outliers of both 

the HAQ-DI and pain scores were reviewed and were found to have corresponding high scores 

of disease activity (DAS28, ESR, and CRP) and were not excluded from the analysis.  

Perceived stress is a known psychoneuroimmunological mechanism involved in inflammatory 

processes, including those involved in RA. Evidence found in this study suggest that perceived 

stress, functional status (HAQ-DI), and pain are significantly related in that perceived stress can 

predict both scores. Stress levels and neuroendocrine and immune responses are affected directly 

by environmental stimuli,[16 62] and this relationship may extend to perceived functional status 

(HAQ-DI) and pain. This potential relationship should be considered in future research.  

 Strengths of this study include the use of validated measures of both diet quality and 

disease activity. Participants were recruited during a previously scheduled provider appointment, 

and recent anthropometric measures and hematology results were available via EMR. This 

negated the need to collect additional samples. Limitations include the small sample size and the 

use of self-reported dietary intake and disease activity. All missing data used in analyses were 

recovered, but mis-reported data is a concern with self-reported measures.[35 63] Up to 15% of 

women and older, overweight, and obese individuals have been found to under report data, 

which may have impacted reported intake of carbohydrates and fats.[35] Protein, salad, vegetable, 

and grain intake are most commonly over-reported,[35] which may have also impacted study 
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results. Both must be considered in future data analyses. Other limitations include the lack of a 

control group to compare diet quality and the physical requirements needed to complete the 

questionnaires for this population. 
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Demographic and Background Data Collection Form 

 

Demographic and Background Information 
 

1. Gender: 

1 Male 2 Female 

 

2. What is your age?   

 

3. Years since RA diagnosis?   

 

4. What is your preferred language for communicating? 

1 English 

2 Spanish 

3 American Sign Language 

4 Other (please list)   

 

5. What is your highest level of education? (Check one) 

1 No formal education 

2 Less than high school graduate 

3 High school graduate/GED 

4 Vocational training 

5 Some/in-progress college 

6 Associate’s degree 

7 Bachelor’s degree (BA, BS) 

8 Master's degree (or other post-graduate training) 

9 Doctoral degree (PhD, MD, EdD, DDS, JD) 

10 Do not wish to answer 

 

6. What is your current marital status? (Check one) 

1 Single 

2 Married 

3 Separated 

4 Divorced 

 

5 Widowed 

6 Other (please specify)   

7 Do not wish to answer 

 

7. Which categories describe you? (Mark all boxes that apply) 

1 American Indian/Alaska Native 

2 Asian 

3 Black or African American 

4 Native Hawaiian or Other Pacific Islander 

5 White 

6 Hispanic, Latino, or Spanish Origin 

7 Some other race, ethnicity, or origin (please specify)   

8 Do not wish to answer 
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8. Have you used nicotine products at any time in the past, including cigarettes, smokeless 

tobacco, e- cigarettes, cigars or other nicotine containing products? 

1 Yes (if yes, please list the type or products and last time used):   

2 No 

 

9. Do you have a prescription for medical marijuana/cannabis? 

1 Yes (if yes, please list the type and last time used):   
2 No 

 
10. Which category best describes your yearly household income? Do not give the dollar 

amount, just check the category. 
1 Less than $25,000 
2 $25,000 - $49,999 
3 $50,000 - $74,999 
4 $75,000 - $99,999 
5 $100,000 - $124,999 
6 More than $125,000 
7 Do not wish to answer 
8 Do not know for certain 

 
11. Do you believe that your symptoms related to rheumatoid arthritis are affected by what you 

eat or drink? 

1 Yes (if yes, what foods or drinks to feel impact your RA? How do these foods/drinks 
impact your RA):   
2 No 

 
12. Have made any changes to your diet based on your symptoms related to RA? 

1 Yes (if yes, what foods or drinks to feel impact your RA? Have you made any 
changes to your diet base on your RA): 

 

 

 

 

2 No 
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To be completed in the Office 
 

1. Do you have a prescription for Disease-modifying Anti-rheumatic 

Drugs (DMARDs) (for example: Plaquenil, Arava, methotrexate, 

sulfasalazine, minocycline, Humira, Actemra, Enbrel, Symponi, 

Orencia, Rituxan, Remicade, Cimzia, Xeljanz, etc.)? 

1 Yes (if yes, please list the type and last time used) :   
2 No 

 

2. Do you have a prescription for Corticosteroids (for example: 

Prednisone, Prednisolone, Decadron, etc.)? 
1 Yes (if yes, please list the type and last time used) :   
2 No 

 

3. Do you use Non-steroidal Anti-inflammatory Medications (for example: 

Ibuprofen (Advil or Motrin), Celebrex, Naproxen (Aleve, Anaprox), 

Indocin, Diclofenac, etc.)? 
1 Yes (if yes, please list the type and last time used) :   
2 No 

 

4. Have you had an illness in the past week? 

1 Yes (if yes, please list the type) :   
2 No 

 

To be completed by Research Team 
 

Body Mass Index 

 

Height Weight Body Mass Index 
(Calculated) 

Category 

    underweight (<18.5) 

 normal weight (18.5 – 24.9) 

 overweight (25-29.9) 
 obese (>30) 
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211 

 



212 

 



213 

 



214 
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216 
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Perceived Stress Scale 

Perceived Stress Scale 

The questions in this scale ask you about your feelings and thoughts during the last month. 

In each case, you will be asked to indicate by circling how often you felt or thought about a 

certain way. 

 

Name _____________________ Date ____________ Age ________ Gender (Circle): M F 

 

0 = Never 1 = Almost Never 2 = Sometimes 3 = Fairly Often 4 = Very Often 

 

1. In the last month, how often have you been upset because of something that 

happened unexpectedly? 
0 1 2 3 4 

2. In the last month, how often have you felt that you were unable to control 

the important things in your life? 
0 1 2 3 4 

3. In the last month, how often have you felt nervous and “stressed”? 0 1 2 3 4 

4. In the last month, how often have you felt confident about your ability to 

handle your personal problems? 
0 1 2 3 4 

5. In the last month, how often have you felt that things were going your way? 0 1 2 3 4 

6. In the last month, how often have you found that you could not cope with 

all the things that you had to do? 
0 1 2 3 4 

7. In the last month, how often have you been able to control irritations in your 

life? 
0 1 2 3 4 

8. In the last month, how often have you felt that you were on top of things? 0 1 2 3 4 

9. In the last month, how often have you been angered because of things that 

were outside of your control? 
0 1 2 3 4 

10. In the last month, how often have you felt difficulties were piling up so high 

that you could not overcome them? 
0 1 2 3 4 

 

Please feel free to use the Perceived Stress Scale for your research. 

Mind Garden, Inc. info@mindgar den.com www.mindgarden.com 
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Health Assessment Questionnaire – Disability Index and Pain Scale 

HEALTH ASSESSMENT QUESTIONNAIRE (HAQ-DI)© 

 

Name:  Date: 

 

Please place an “x” in the box which best describes your abilities OVER THE PAST WEEK:  

 

 
DRESSING & GROOMING 

 
Are you able to: 

 
WITHOUT ANY 
DIFFICULTY 

 
WITH SOME 
DIFFICULTY 

 
WITH MUCH 
DIFFICULTY 

 
UNABLE 
TO DO 

 

Dress yourself, including shoelaces and buttons? 
 

Shampoo your hair? 
 

ARISING 

 
Are you able to: 

 
Stand up from a straight chair? 

 

Get in and out of bed? 
 

EATING 

 
Are you able to: 

 
Cut your own meat? 

 

Lift a full cup or glass to your mouth? 
 

Open a new milk carton? 
 

WALKING 

 
Are you able to: 

 
Walk outdoors on flat ground? 

Climb up five steps? 

 

Please check any AIDS OR DEVICES that you usually use for any of the above activities: 
 

Devices used for Dressing 

(button hook, zipper pull, etc.) 

Built up or special utensils 

Cane 

Crutches 

Wheelchair 

Special or built up chair Walker 
 

Please check any categories for which you usually need HELP FROM ANOTHER PERSON: 
 

Dressing and grooming Arising Eating Walking 

 
 

- 1 - 
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Disease Activity Score – 28 (DAS28) 

DAS28 form 

Patient name ……………………………………………. Date of Birth  ----------------    

Observer name …………………………………………… Date ---------------    
 Left  Right 

 Swollen Tender Swollen Tender 

Shoulder     

Elbow     

Wrist     

MCP 1     

2     

3     

4     

5     

PIP 1     

2     

3     

4     

5     

Knee     

Subtotal     

Total Swollen  Tender  

 

How active was your arthritis during the past week? 

(Please mark the degree of activity on the scale below by placing a vertical line | ) 
 

Not active at all Extremely active 
 

Swollen Joint Count (0-28) 

Tender Joint Count (0-28) 

ESR 

VAS disease activity (0-100mm) 
 

DAS28 = 0.56*(t28) + 0.28*(sw28) + 0.70*Ln(ESR) + 0.014*VAS 

For free online calculator visit www.das28.nl 

 

 

 

 

 

 

http://www.das28.nl/
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APPENDIX E: 

INFORMED CONSENT FORM 
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University of Arizona Consent to Participate in Research 

Study Title: Diet Quality and Disease Activity in Rheumatoid Arthritis Principal Investigator: 
Maureen McGarrity-Yoder 

Conflict of Interest Statement 

NIH Certificate of Confidentiality: To help us protect your privacy, we have obtained a 
Certificate of Confidentiality from the National Institutes of Health. The researchers can use this 
Certificate to legally refuse to disclose information that may identify you in any federal, state, 
or local civil, criminal, administrative, legislative, or other proceedings, for example, if there is a 
court subpoena. The researchers will use the Certificate to resist any demands for information 
that would identify you, except as explained below. 
 

The Certificate cannot be used to resist a demand for information from personnel of the United 
States federal or state government agency sponsoring the project and that will be used for 
auditing or program evaluation of agency funded projects or for information that must be 
disclosed in order to meet the requirements of the federal Food and Drug Administration (FDA). 
You should understand that a Certificate of Confidentiality does not prevent you or a member 
of your family from voluntarily releasing information about yourself or your involvement in this 
research. If an insurer, medical care provider, or other person obtains your written consent to 
receive research information, then the researchers will not use the Certificate to withhold that 
information. 

 
Summary of the research 

This is a consent form for participation in a research project. Your participation in this research 
study is voluntary. It contains important information about this study and what to expect if you 
decide to participate. Please consider the information carefully. Feel free to ask questions 
before making your decision whether or not to participate. 

 
Why is this study being done? 

The purpose of this study is to better understand what patients believe about the association of 
diet and disease activity in RA. This study will also examine the relationship between quality of 
diet and disease activity in adults diagnosed with RA. 
 

What will happen if I take part in this study? 
You are being asked to participate in a study about the association between diet quality and 
disease activity (symptoms and markers of inflammation) in rheumatoid arthritis (RA). This 
study will also examine your beliefs regarding diet and RA disease activity. The study will take 
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30-60 minutes at home (to complete study questionnaires), and 15-30 minutes at your regularly 

 
scheduled blood draw appointment at the Arizona Arthritis and Rheumatology Office where 
you will bring your completed questionnaires to give to the principal investigator, complete one 
additional study questionnaire, have your height, weight, and some joints examined, and have 
your blood drawn (as previously scheduled). Your electronic medical record will be accessed to 
record the results of your markers of inflammation only. There is no direct benefit to you. 
 

How long will I be in the study? 

This study will include questionnaires to be filled out at home and a one-time meeting at your 
previously scheduled laboratory appointment for data collection. 
 

How many people will take part in this study? 
Approximately 50 adults with RA will participate in this study. 

 
Can I stop being in the study? 

You do not need to participate in this study. If you decide to take part in this study, you have 

the choice to withdraw at any point in time without any consequences. If you choose to 

withdraw from this study, please inform the principal investigator as soon as possible by calling 

(928-523-8936) or by emailing (maureenyoder@email.arizona.edu). 

 
What risks or benefits can I expect from being in the study? 

There are no anticipated benefits to participation in this study. Study related injury is unlikely 
other than the transportation to your doctor’s office, which you will be doing for your clinical 
care (scheduled blood draw). If you feel you have been injured, you should seek medical 
treatment. The University of Arizona has no funds set aside for the payment of treatment 
expenses for this study. You should continue your regular medical care while participating in 
this study. 
 

Will I be paid for participating in the study or experience any costs? 

You will receive a $25 cash award for the completion and submission of all required materials 
related to this study. There are no additional costs for you to be in this study, except for your 
time. 
 

Will my study-related information be kept confidential? 

Your name will not be used in any report. Identifiable research data will be encrypted and 
password protected. 
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Your responses will be assigned a code number. The list connecting your name to this code will 
be kept in an encrypted and password protected file. Only the principal investigator will have 
access to the file. When the study is completed and the data have been analyzed, the list will be 
destroyed. 
 
The information that you provide in the study will be handled confidentially. However, there 
may be circumstances where this information must be released or shared as required by law. 
The University of Arizona Institutional Review Board; other federal, state, or international 
regulatory agencies; or the sponsor of the study, if any, may review the research records for 
monitoring purposes. 
 

Will my study-related information be used for future research? 

Information that identifies you will not be used or distributed for future research. 
Unidentifiable information may be used for future research without additional informed 
consent. This information may include demographic information, questionnaire results and 
scoring, and hematology analyses. This information will not be shared with other parties. 
 

Who can answer my questions about the study? 
If at any time you feel you have had a research-related injury, or for questions, concerns, or 
complaints about the study you may contact Maureen McGarrity-Yoder, Principal Investigator, 
at 928-523-8936 or online at maureenyoder@email.arizona.edu. 
 

For questions about your rights as a participant in this study or to discuss other study-related 
concerns or complaints with someone who is not part of the research team, you may contact 
the Human Subjects Protection Program at 520-626-6721 or online at 
http://rgw.arizona.edu/compliance/human-subjects-protection-program. 

 
Signing the consent form 

I have read (or someone has read to me) this form, and I am aware that I am being asked to 
participate in a research study. I have had the opportunity to ask questions and have had them 
answered to my satisfaction. I voluntarily agree to participate in this study. 
 

I am not giving up any legal rights by signing this form. I will be given a copy of this form. 
 
 

Printed name of subject .........................................................................................................................................Signature of subject 

mailto:maureenyoder@email.arizona.edu
http://rgw.arizona.edu/compliance/human-subjects-protection-program
http://rgw.arizona.edu/compliance/human-subjects-protection-program
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APPENDIX F: 

THE UNIVERSITY OF ARIZONA INSTITUTIONAL REVIEW BOARD APPROVAL 

LETTER 
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APPENDIX G: 

RECRUITMENT CARD FOR OFFICE USE 
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