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Abstract

Rheumatoid arthritis (RA) is associated with both local and systemic inflammatory processes via the
aberrant regulation of inflammatory pathways and imbalances in several mediators of inflammation.
Cytokines, tumor necrosis factor-alpha (TNF-a), interleukin (IL)-1B, IL-6, IL-17, IL-18, rheumatoid factor,
anti-cyclic citrullinated protein, C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR) have
been used in diagnosing and tracking the progression of RA. The primary objective of this review is to
identify and summarize which specific dietary patterns and nutritional interventions go beyond symptom
management to improve the response to known inflammatory cytokines and possibly decrease markers of
inflammation in the RA disease process. Analysis of the 41 identified publications demonstrated that certain
dietary patterns, the consumption of specific macronutrients, and supplementation with herbals or other
compounds have shown some effect on improving cytokine profiles in patients with RA.

This review illustrates the importance of proper patient education on the anti-inflammatory and potential
protective impacts substantial dietary change may have on the disease progression and symptoms of RA.
Identifying nutritional interventions and dietary patterns that improve the inflammatory cytokine profile,
and therefore disease progression and inflammatory comorbidities of RA will help further focus research on
treatments that may provide a better overall improvement in quality of life for RA patients by focusing on
the root cause inflammatory processes that affect not only joint destruction but also depression-rated
disability. This review further notes that while depression is commonly found in patients who suffer from
chronic illnesses, it is especially prevalent in the RA population. The pathology of depression is associated
with systemic inflammation, which is a known outcome of RA and may explain this strong association.
Cytokines IL-6, IL-1, and TNF-a, known mediators involved in the progression of RA, are strongly
associated with stress-related disorders including depression and anxiety. The presence of these cytokines is
also correlated with the severity and duration of depression. This may signal a potential use of cytokines in
diagnosing and following the progression of depression not only in patients with RA but also others. Given
the statistics presented on depression and suicide in patients with RA, and the shared inflammatory
pathway between the two diseases, depression and suicide screening scales should be included along with
analysis of inflammatory markers and disease activity scores (DAS) in any future RA study.

Categories: Psychiatry, Rheumatology, Nutrition
Keywords: interleukin, das-28, crp, depression, comorbid conditions, inflammatory, diet, nutrition, cytokines,
rheumatoid arthritis

Introduction And Background
The inflammatory profile of rheumatoid arthritis (RA)

RA is a chronic disease characterized by the autoimmune destruction of joints and synovial tissues, which
results in pain, deformity, and reduced quality of life in patients with RA [1]. Because of the chronic

pain patients with RA endure, the mainstay of treatment aims to reduce inflammation to both suppress
symptoms and prevent further joint damage whenever possible [1]. RA is associated with both local and
systemic inflammatory processes via the aberrant regulation of inflammatory pathways and imbalances in
several mediators of inflammation which are looked at in detail in this study [2]. These systemic
inflammatory processes link RA with other inflammatory comorbidities such as cardiovascular disease,
malignancy, lung disease, osteoporosis, and neuropsychiatric diseases including depression [3-4]. Due to the
expense and side effect profiles of drug regimens for pharmaceutical disease management, [1], and the
increasing number of publications addressing the role of nutrition in RA treatment [1,5-6], and the
correlation of RA with depression, [3,7-10], the primary objective of this review was to identify and
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summarize which specific dietary patterns and nutritional interventions go beyond symptom management
to improve the response to known inflammatory cytokines and other inflammatory markers in the RA
disease process.

Cytokines are chemical messengers in the body that are secreted by the immune system and can influence
communication between cells [11]. Cytokines including tumor necrosis factor-alpha (TNF-a), interleukin
(IL)-1B, IL-6, IL-17, and IL-18, as well as inflammatory markers like C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) that have been used in diagnosing and tracking the progression of RA
[11-12]. In many immune reactions and disease processes, TNF-a, IL-6, and IL-1B increase inflammation
and leukocyte recruitment, while counter-regulatory cytokines IL-4 and IL-10 decrease inflammation [11].
Dysregulation and imbalance of these systems is the mechanism behind the autoimmune dysfunction seen
in RA [11]. Activated macrophages in the joint tissues of RA patients secrete various pro-inflammatory
cytokines [11,13]. TNF-a activates fibroblasts and IL-1B causes fibroblast proliferation [13]. This chain of
reactions subsequently activates transcription factor nuclear factor-kB (NF-kB), which is one of the main
inflammatory pathways seen in RA [13]. In this pathway, the receptor activator of nuclear factor kappa-B
ligand (RANKL), which via increased osteoclast activity is involved in bone regeneration and remodeling, is
both triggered by and produces high levels of IL-1, TNF-q, and IL-6 [13]. Increased NK-kB expression also
results in increased levels of metalloproteinases (MMPs), specifically MMP-2 and MMP-9, which are the
enzymes responsible for breaking down cartilage in the synovial fluid of RA patients [11]. Additionally, IL-18
is found in relatively higher concentrations in the synovial tissues of RA patients, which, also via activation
of NF-kB, induces interferon-gamma (IFN-&) production from T-cells and natural killer cells in synovial
tissues [14]. Finally, studies have shown that IL-17 expression and serum concentrations of IL-6 correlate
with RA clinical disease activity [15-16]. IL-17, in addition to provoking the production of pro-inflammatory
cytokines IL-6 among others; also encourages Th17 immune cell differentiation, a pro-inflammatory
immune pathway, which in patients with RA increases RANKL expression and subsequent osteoclastic
activity [17]. In summary, the cytokine processes responsible for disease progression and inflammation in
RA involve complex feedback mechanisms principally among interleukins IL-1B, IL-6, IL-17, IL-18, and
TNF-a, which is why this review has sought out dietary patterns and nutritional interventions that have
attempted to measure impact upon these pathways.

Impact of diet on the inflammatory cytokines of RA

The impact of various dietary patterns and nutritional interventions on the disease activity in RA has been
investigated by several recent systematic reviews [1,5-6]. The findings from these previous publications
support the link between various dietary components, inflammatory markers, and disease activity in RA
[1,5-6]. For example, elimination diets, which focus on the removal of common inflammatory foods such as
dairy, wheat, and refined sugars, have been shown to lower serum CRP, ESR, IL-1B, and TNF- a, while
subsequent food challenges showed increase in these inflammatory markers and subsequent worsening of
RA symptoms [1,5]. Other studies have shown that supplementation with high doses of polyunsaturated
fatty acids (PUFAs) reduces ESR, CRP, and IL-1B levels while improving Disease Activity Score-28 (DAS-28)
scores and quality of life measures in patients with RA [5,6]. Other established findings further supporting
the role of dietary intervention in the management of disease in patients with RA include evidence for
lowered disease activity with interventions including the Mediterranean diet, flavonoid-containing spices
(ginger powder, cinnamon powder, saffron), antioxidants (quercetin and ubiquinone), and probiotics [1,6].
While previous reviews have established the important role diet plays in the management of RA, they have
not focused on specific cytokine pathways, nor have they addressed inflammatory comorbid conditions like
depression.

RA and depression

While depression is commonly found in patients who suffer from chronic illnesses, it is especially prevalent
in the RA population, up to 42% [8,10]. Compared to healthy matched controls, patients with RA are more
than twice as likely to develop depression [3,9]. This has important consequences for patient quality of life,
as studies have shown that patients with RA and comorbid depression are more likely to be unemployed
(30% versus patients with RA without depression symptoms) and that patients with RA and depression
generally display higher DAS and levels of functional disability, with disability correlating to the severity of
depression [8,18]. Additionally, Timonen et al. (2003) found reports of suicidal ideations in 14% of female
patients with RA and 3% of male patients with RA in a prospective 13-year cohort study [19]. In patients
with RA, 52.6% of suicides are by females versus 18.2% in victims who had neither RA nor osteoarthritis
(OA), and the median age of completion was 61.7 years old versus 41.3 years old in victims with neither RA
nor OA [19]. The pathology of depression is associated with systemic inflammation, which is a known
outcome of RA and may explain this strong association [10]. Cytokines IL-6, IL-1, and TNF-a, known
mediators involved in the progression of RA, are strongly associated with stress-related disorders including
depression and anxiety [7,10]. The presence of these cytokines is also correlated with the severity and
duration of depression, marking a possible signal to the potential use of cytokines in diagnosing and
following the progression of depression not only in patients with RA but also in others [10]. This is where the
present review of literature postulates the potential for nutrition and dietary-based interventions playing a
role in improving cytokine profiles in patients with RA not only in the hopes of improving traditional
disease progression markers focused solely on the musculoskeletal system but also of improving other
cytokine-mediated comorbidities, especially depression.
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Objectives

While various dietary patterns and nutritional interventions, as well as supplement studies, have been
carried out to propose alternative treatments that might augment traditional pharmaceutical therapy for
individuals with RA [5-6,20], given the importance of inflammatory cytokines on the disease progression in
RA, on disabling comorbidities like depression, and on their use as biomarkers for disease activity, a new
look at nutrition and diet studies was warranted with cytokines and other inflammatory markers specifically
in mind. Focusing on a broader cytokine profile than those included in the commonly used DAS-28 for RA
(CRP and ESR) allows for a better understanding of how nutritional interventions or dietary patterns directly
influence the chronic inflammatory processes of RA. It also allows for more questions to be asked regarding
the effect of such interventions on comorbid inflammatory conditions in patients with RA, which share
many of the same inflammatory pathways and markers. In summary, identifying nutritional interventions
and dietary patterns that improve the inflammatory cytokine profile, and therefore disease progression and
inflammatory comorbidities of RA will help further focus research on treatments that may provide a better
overall improvement in quality of life for RA patients by focusing on root cause inflammatory processes that
affect not only joint description but also depression-rated disability.

Review
Methods

Search Strategy

A computer-assisted systematic literature review was performed using PubMed for primary source research
articles examining nutritional interventions in the cytokine profiles of patients with RA. The PubMed word
search included “rheumatoid arthritis” and “nutrition” or “diet” and “c-reactive protein” or “IL-1” or “IL-6”
or “IL-17” or “IL-18” or “cytokines.” Articles were filtered to include those published between 2016 and 2022
to improve efficacy of the review and capture the most recent and prominent research. The reference list of
retrieved articles was also considered when found to be relevant and if those additional articles fit the search
criteria but were not discovered through the initial search. The relevance of these articles was assessed
through a hierarchical approach, with evaluation first of the title, then the abstract, followed by the full
manuscript. For any articles not freely available, access was gained through the Nova Southeastern
University library.

Selection Criteria

Studies were considered eligible if they examined specific nutritional interventions in the disease
modification of RA and measured the intervention’s effect on one or multiple serum cytokines. Eligible
study designs included randomized control trials (RCT), prospective and retrospective cohort studies, cross-
sectional studies, case studies, and other studies on human patients and/or human cell lines. Exclusion
criteria included meta-analyses, systematic reviews, editorials, non-human studies, and lack of access to the
available text. A flow diagram was developed using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 outline [21] (Figure I).
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FIGURE 1: Selection process flow diagram

[21]

Results

A total of 236 articles were identified from the initial electronic database search. Seventy-six articles were
excluded based on lack of relevance found during the title and abstract screening, and 18 duplicates were

removed. Of the remaining 124 articles, 83 were excluded for no nutritional intervention mentioned,

minimal focus on RA, ineligible study design (based on exclusion criteria), or lack of access to the full text. A
total of 41 articles remained for inclusion in this review (Table 7). Most of the publications identified (35 of
41) analyzed dietary patterns or dietary supplements, and the remaining six looked at herbal or other
supplements. None of the articles measured any improvements or worsening of symptoms of depression as a

result of the studied intervention(s).

Intervention(s)

“Private” diet
eliminating meat,
gluten and lactose

for 3 months

Dietary intake of
vitamins C and E,
zinc, magnesium,

copper, selenium

nit Cytokine profile improvements or other results

Significant decrease in pain and DAS-28 scores, in addition to an improvement in the overall state of physical and mental health; decreases in

n=40 diastolic (p = 0.025) and systolic (p = 0.003) arterial pressure and number of (p <0.003), (p < 0.006), and the

level of CRP also observed

Intakes of vitamin E, zinc, and magnesium in patients were significantly lower and intakes of copper and selenium were significantly higher in

patients with RA than recommended daily allowances (p < 0.05); vitamin C intake was associated with decreased IL-1B, zinc intake was
n=87

with IL-2, and intake was with levels of both IL-1B and IL-2 (p< 0.05); vitamin E and

copper increased catalase expression, an enzyme largely involved with anti-inflammatory pathways (p< 0.05)
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Diet
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Diet

Diet
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PUFAs

PUFAs

PUFAs
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Flavanoids

Flavanoids

Case control

Case control

Cross

sectional

Observational

human study

Prospective

study

Cross

sectional

RCT

Human cell

line study

Other human

study

Nested case-

control

Prospective

case-control

Cross

sectional

RCT

RCT

Dietary Inflammatory

Index (DII)

Dietary quality

evaluation

Anti-inflammatory
Diet In Rheumatoid
Arthritis (ADIRA)

Diet

Diet quality

Mediterranean diet

(MD)

Diurnal fasting for 1

month

Diurnal fasting for 1

month

Anthropometrics,
macronutrient

consumption

Supplementation
with high fiber 30g
bars daily for 15

days and 30 days

Naive CD4+ T cells
cultured in 10, 20,
40, and 60 mM
NaCl solutions for 3

days

Low sodium diet as
defined as <59 a

day

Erythrocyte levels of
n-6 polyunsaturated
fatty acid linoleic

acid

30g flaxseed
supplement per day

for 12 weeks

Dietary consumption
of PUFAS, tracked

for 3 months

Dietary recall of
average weekly

servings of fish

1000 mg black
barberry extract for

12 weeks

508.5 mg of
brazillian propolis

daily for 24 weeks

4 capsules of 500
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n=200

n=50

n=44

n=66

n=60

n=28

n=56

n=77

n=39

n=17

n=15

n=354

n=120

n=591

n=176

n=80

n=80

Mean DIl score was higher in the RA patients as compared with that in the controls (0.66 + 0.23 vs. -0.58 + 0.19, p = 0.002); patients with

higher DIl had significantly higher CRP, TNF-a, DAS-28 scores and number of tender joints.

Age (p = 0.015) and gender (p = 0.003) were associated with higher diet quality; participants with lower diet quality had significantly higher pain

(B =-0.396, p = 0.022) and ESR scores (p = 0.019)

DAS-28-ESR significantly decreased (p = 0.012) and was significantly lower after the intervention than after the control period in the

participants who completed both periods (p = 0.04)

Poor diet quality as defined by the Swedish National Food agency (diet with low intake of fish, shellfish, whole grain, fruit and vegetables and

high intake of sausages and sweets) associated with higher CRP (p = 0.044) and ESR (p = 0.002) levels in patients with RA

Patients with high adherence to MD had a significantly lower CRP (p < 0.037) and DAS-28 (p < 0.034) than the 40 patients with low/moderate

adherence to MD; a healthier gut microbiota composition was observed in the high adherence group

Significant decrease in visual analogue pain scores, tender and swollen joint counts (p=0.02), DAS-28 (p=0.003) and ESR; CRP did decrease

however it was not statistically significant

RA patients who participated in diurnal fasting of Ramadan showed significant improvement in DAS-28-CRP (p = 0.001) and DAS-28-ESR (p <

0.001) when compared with patients who did not participate in the fast

Weight, BMI, and waist circumference correlated with the activity of RA and the concentrations of CRP and ESR went up in tandem with BMI
(r=0.36 and 0.31; p<0.01); asymmetric dimethylarginine but not nesfatin-1 (adipokines), was associated with increased BMI and disease
activity in RA patients; higher protein intake correlated to higher CRP and ESR while higher carbohydrate intake correlated to higher CRP and

lower nesfatin-1 levels

Increased anti-inflammatory short-chain fatty acids (p < 0.001), decreased proarthritic cytokine concentrations, and a durable shift in the

Firmicutes-to-Bacteroidetes ratio (p < 0.05)

NaCl can aggravate arthritis by affecting Th17 differentiation (p<0.05)

Reduction in serum levels of both transforming growth factor beta (TGFB) (p = 0.0016) and IL-9 (p = 0.0007)

Inverse relationship with erythrocyte levels of the n-6 PUFA linoleic acid specifically with risk of RA development (OR 0.29; 95% C1 0.12 to

0.75; p for trend 0.01)

Decreased DAS-28 scores (- 0.87 + 1.1 vs. - 0.24 £ 0.78; p = 0.014), pain severity (p < 0.001), morning stiffness (p < 0.05), and disease

feeling (p < 0.01) compared to regular diet group but no difference in ESR, CRP, anti-cyclic citrullinated peptide, or rheumatoid factor

Omega-3 PUFA consumption was inversely associated with (odds ratio [OR] 0.57 [95% confidence interval (95% Cl) 0.35-0.95]), and the

omega-6:0mega-3 ratio was directly associated with (OR 1.70 [95% Cl 1.03-2.82]), unacceptable and refractory pain, but not with

y pain or systemic

Significantly lower combined DAS-28-CRP scores (difference -0.49 [95% CI -0.97, -0.02]) when compared to RA patients who ate fish never or

<1 time/month, and for each additional serving of fish per week, DAS-28-CRP was significantly reduced by 0.18 (95% CI -0.35, -0.004)

No significant effect on IL-2 and IL-4 cytokines, IL-17 levels decreased significantly after the intervention while IL-10 had a significant increase

in this group (p > .05)

No significant differences in DAS-28-ESR, CRP, simplified disease activity index, and clinical disease activity index after 24 weeks of
intervention, no significant changes in synovitis, activities of daily living, quality of life, changes in cytokine levels (Group P vs Group C, effect:

0.14, 95% confidence interval: -0.21 to 0.49, p = 0.427)
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Flavanoids

Flavanoids
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Flavanoids

Flavanoids

Flavanoids

Flavanoids

Flavanoids

Flavanoids

Flavanoids

Flavanoids

Probiotics

Probiotics

Probiotics

Probiotics

Probiotics

Herbals

RCT

Human cell

line study

Prospective

case-control

Human cell

line study

Human cell

line study

Human cell
line, in vitro

study

Human cell
line, in vitro

study

RCT

mg cinnamon

Significant decrease of serum levels of CRP and TNF-a (p < 0.001), significant reduction in DAS-28, visual analogue scale, and tender and

n=36
powder daily for 8 swollen joints counts (p < 0.001), no significant decrease in ESR
weeks
Cinnamaldehyde
and eugenol on Significant dose-dependent declines in TNF-a and IL-6 (p<0.05), and amelioration of reactive oxygen species formation, bio molecular
N/A
peripheral blood oxidation, and antioxidant defense response (p<0.05)
mononuclear cells
3 g of fish oil n-3
fatty acids and 500 Fish oil only group showed improvements in DAS28-CRP (p=0.0261) and adiponectin (p=0.0239), but when consuming fish oil supplements
mL of reduced- n=62 together with cranberry juice, there were statistically significant reductions in ESR (p=0.033), CRP (p=0.002), DAS-28-CRP (p=0.001),
calorie cranberry adiponectin (p=0.021), and IL-6 (p=0.045) levels compared to controls
juice daily
40 mg of Curcumin
nanomicelle 3times  n=30  No significant decrease in the DAS-28, tender joint count, swollen joint count, and ESR after intervention (p = .885 and p = .162)
daily for 12 weeks
500mg of curcumin insulin resi: ESR, CRP, tri ides, weight, body mass index, and waist circumference of RA patients (p < .05
n=48
daily for 8 weeks for all)
33-
Inhibited proliferation, migration and invasion of RA fibroblast-lik i in vitro, signif TNF-a-induced increases in the
Diindolylmethane N/A
mRNA levels of MMP-2, MMP-3, MMP-8, and MMP-9; as well as the proinflammatory factors IL-6, IL-8, and IL-1B8
(DIM)
Polyphenolic extract Inhibited IL-1B-induced MMPs, TNF-a and IL-6 production (p<0-001); IL-1B-induced cycl 2 and
from extra virgin N/A synthase-1 up were d gulated (p<0-001); IL-1B-induced MAPK phosphorylation and Nuclear Factor kB (NF-kB) activation
olive oil were also significantly decreased (p<0-001)
1,000 mg of garlic Significant decreases in CRP (p = .018), TNF- a (p < .001), swollen joint count, pain intensity, tender joint count, DAS-28, and fatigue (p < .001
n=70
daily for 8 weeks for all)
2 capsules of 250
Significantly decreased DAS-28 (P<0.001), pain intensity (P=0.003), and ESR (P= 0.03); Health Assessment Questionnaire score (p=0.007)
mg pomegranate
n=55  and moming stiffness (p=0.04) also signfi :g 1s (p<0.001) increased; no differences in
extract daily for 8
MMP3 and CRP levels between intervention and control groups
weeks
Sigificantly decreased number of tender (-1.38 + 1.66 vs. 0.10 + 0.40, p < .001) and swollen (-2.12 + 2.34 vs. 0.63 + 2.79, p < .001) joints,
100 mg/day of
pain intensity (-18.36 + 15.07 vs. -2.33 + 5.04), p < .001), and DAS-28 (-0.75 + 0.67 vs. 0.26 + 0.77, p < .001); Physician Global Assessment
saffron supplement  n=66
and ESR significantly improved (24.06 + 12.66 vs. 32.00 + 14.75, p = 0.028); CRP, TNF-q, interferon gamma, and malondialdehyde
for 12 weeks
significantly decreased (12.00 + 7.40 vs. 8.82 + 7.930, p = .004)
200-mg/day Serum levels of hyaluronidase and MMP-3 decreased significantly (p=0.045 and 0.039, respectively): serum levels of CRP, TNF-a, and
sesamin n=44 in i ion group signil (p=0.046, 0.039, and 0.004, respectively); significant reduction in the number of
for 6 weeks tender joints and severity of pain
L. acidophilus, L.
casei, L. lactis, B. in y profiles with i in white blood cell count (p=0.012), TNF-a (p=0.004), and IL-6 (Ip=0.038) levels, but no
n=42
lactis, and B. difference in IL-10 levels, adiponectin, CRP, ESR, ferritin, or DAS-28
bifidum for 60 days
Recombinant B. In
Significantly higher IL-10 levels than those from food grade bacteria and inhibited levels of IL-6, IL-8, and TNF-a
bifidum vitro
In
B. longum Significant inhibition of Th17 cells and IL-17 related genes, as well as several other proinflammatory mediators
vitro
L. acidophilus, L. Decreased serum CRP (-6.66 + 2.56 vs. +3.07 + 5.53 mg/L, p < 0.001), insulin levels (-2.0 + 4.3 vs. +0.5 + 4.9 plU/mL, p = 0.03), and
casei and B. bifidum n=60 improved DAS-28 (-0.3 £ 0.4 vs. -0.1 £ 0.4, p = 0.01) and HOMA-b score (-7.5 + 18.0 vs. +4.3 + 25.0, p = 0.03) scores but no improvement in
dophilus for 8 weeks HOMA-IR score, lipid profiles, or other bio makers of oxidative stress levels
Symbiotic Reductions in CRP (-1427-8 (sd 3267-2) v. +2833-4 (sd 5639-7) ng/ml, P=0-001), HOMA-IR (-0-5 (sd 1:0) v.+0-1 (sd 1:1), P=0-03), HOMA-B
supplement for 8 n=54 scores (-9+4 (sd 17-9) v. +3:3 (sd 18:9), P=0:01), and improvements in DAS-28 scores (-1:6 (sd 0-8) v. -0-3 (sd 0-5), P<0-001) and plasma
weeks nitric oxide levels (+0-8 (sd 4-4) v. -2:6 (sd 4-5) pmol/l, P=0-008)
Nigella sativa
extract, 500mg twice  n=43 Statistically significant decrease in CRP serum levels (p = 0.007) and DAS-28 scores (p = 0.02) compared to controls

daily for 2 months
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37

38

39

40

41

Mirtaheri et al.

(2022) [58]

Sunetal.

(2016) [59]

Hashemi at al.

(2019) [60]

Prescha et al.

(2019) (1]

Shishavan et

al. (2019) (62]

Herbals

Herbals

Others

Others

Others

RCT

RCT

Retrospective

case-control

Stachys

schtschegleevii tea, Marked reductions in DAS-28 scores (SSC: -32.44% vs. placebo: -22.32%, mean differences= -0.41, p<0.05)) and serum MMP-3 levels (SSC:
n=44

2.4g daily for 8 -20.59% vs. placebo: 1.29%, p<0.05)

weeks

Xinfeng supplement,
3 pills three times a n=80 Decreased levels of ESR, CRP, and DAS-28 decreased (p<0. 05)

day for 2 months

N-Acetyl Cysteine,
600mg twice daily n=42 Reduced levels of malondialdehyde, nitric oxide, and total thiol groups compared to control

for 12 weeks

Serum silicon levels n=244 Mixed results on redox and inflammatory statuses, further studies needed

Vitamin K1, 10mg
n=58 No significant reduction in DAS-28 scores or serum IL-6 levels after adjusting for relevant confounders
daily for 8 weeks

TABLE 1: Summary of nutrition interventions and outcomes

CRP = c-reactive protein; DAS = disease activity score; ESR = erythrocytes sedimentation rate; IL = interleukin; MMP = matrix metalloproteinases; PUFAs
= polyunsaturated fatty acids; RA = rheumatoid arthritis; RCT = randomized control trial; TNF-a = tumor necrosis factor alpha; HOMA-b
= homeostatic model assessment of beta-cell function; HOMA-IR = homeostatic model assessment of insulin resistance.

Discussion

From the analyzed publications, four main overarching themes stand out: 1. Poor diet quality and/or poor
adherence to anti-inflammatory diets in patients with RA results in increased inflammatory markers and
pain scores [22-31]; 2. Dietary consumption of antioxidants, PUFAs, and fiber have preferable disease
outcomes in patients with RA, whereas salt does not [32-38]; 3. Flavanoid supplementation, particularly
with barbary extract, cinnamon, cranberry juice, curcumin, garlic, saffron, pomegranate extract, sesamin,
and diindolylmethane (DIM) in patients with RA has shown promising results in reducing inflammatory
cytokines active in the RA disease process [39-51]; and 4. Probiotic supplementation may be beneficial in
ameliorating the profile of gut microbiota in patients with RA, also resulting in decreased disease activity
[52-56].

Dietary Patterns

A significant number of the publications (26 of 41) identified focused on dietary evaluations or
interventions. The studies looked at various factors like anthropometrics and diet quality, in addition to
identifying various interventions analyzing the effect of fasting diets, other specific diets, and intake of salt,
fiber, antioxidants, and PUFAs on the inflammatory status of patients with RA. Generally, poor diet quality
and diets considered inflammatory has been shown to worsen cytokine profiles and DAS [22,24-2.8]. Several
studies in this review [24-28], found that diets defined as “poor” in quality (diets with low intake of fish,
shellfish, whole grains, fruits, and vegetables and high intake of smoked meats and sweets), diets with
higher dietary inflammatory index (DII) scores, diets with low adherence to the Anti-inflammatory Diet in
Rheumatoid Arthritis (ADIRA) protocol, or diets with low adherence to the Mediterranean diet are
associated with poorer outcomes including higher CRP and ESR levels and increased pain levels. Elimination
diets excluding foods known to trigger inflammatory processes, for example, red meat, gluten, and dairy
have also been explored as adjuvant treatment for RA patients, with one study showing a significant
reduction in CRP levels, in addition to improved pain scores, lower levels of circulating leukocytes and
neutrophils, and improved quality of life in patients with RA compared to controls [22].

In addition to dietary content, several other studies identified additional considerations in dietary patterns
like timing and underlying anthropometrics. Intermittent fasting in the setting of diurnal fasting during
Ramadan was explored as a potential method for remediating inflammation in RA in two studies [29-30];
both found improvements in inflammatory markers and pain scores during the month of fasting. One study
that investigated the relationship between anthropometric measurements concluded that weight, BMI, and
waist circumference were positively correlated with disease activity in RA [31]. Serum concentrations of CRP
and ESR increased with increasing BMI, suggesting dietary interventions aimed solely at weight loss may
positively impact disease activity and overall patient quality of life [31]. In regard to the aforementioned
adipokines, ADMA, but not nesfatin-1, was associated with higher BMI and disease activity in RA patients
[31].

Dietary Consumption of Salt, Antioxidants, and PUFAs
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Specific dietary consumption studies included publications evaluating the effect of salt, antioxidants, fiber,
and PUFAs consumption [23,32-38]. Recently, the relationship between sodium chloride (NaCl) intake and
inflammation has been investigated as a potential modifier of autoimmune diseases such as RA and systemic
lupus erythematosus (SLE) [33]. Studies in this review have found that synovial fluid NaCl concentration was
associated with enhanced Th17 cell proliferation and resultant increases in disease activity [33] and that
patients on a low sodium diet resulted in reduced Th17 cell concentrations and reductions in IL-9 and

tumor growth factor beta (TGF-B) after just three weeks [34].

Antioxidants play an important role in the balance between pro- and anti-inflammatory processes within
the human body and are the subject of one publication in this review. Dietary recalls revealed that patients
with RA generally had higher intakes of selenium and copper, and lower intakes of zinc, vitamin E, and
magnesium than recommended guidelines [23]. Adequate vitamin C intake was associated with decreased
IL-1B, zinc intake was associated with decreased IL-2, and magnesium intake was associated with decreased
levels of both IL-1B and IL-2, whereas deficient intake of vitamin E and copper were noted to decrease
catalase expression, an enzyme largely involved with anti-inflammatory pathways [23].

Five of the articles in this sample discuss the role of PUFAs in reducing inflammation in patients with RA.
PUFAs, primarily omega-3 long-chain fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are precursor molecules in the biosynthesis of anti-inflammatory prostaglandins and leukotrienes
and act as inhibitors in the conversion of arachidonic acid to inflammatory prostaglandins and leukotrienes
[63]. Omega-6 fatty acid alpha-linolenic acid (ALA) also exhibits similar anti-inflammatory activity [63].
Omega-3 supplementation has also been shown to reduce the synthesis of IL-1 and TNF-a in monocytes
and IL-6 in endothelial cells [64]. Additionally, higher omega-6:omega-3 ratios have been correlated with
overproduction of proinflammatory cytokines [64]. Three of the five studies evaluated PUFA consumption
via dietary recall [33,37-38]. The first study found that subjects who consumed fish, a food high in PUFA
content, two or more times a week to have significantly lower combined DAS-28-CRP scores when compared
to RA patients who ate fish never or <1 time/month, and that for each additional serving of fish per week,
DAS-28-CRP was significantly reduced [38]. The second study found that diets low in omega-3 PUFAs and
diets with greater omega-6:0mega-3 ratios were directly associated with unacceptable and refractory pain,
but not with inflammatory pain or systemic inflammation, suggesting that omega-3 PUFAs might help with
pain control in RA [37]. The last PUFA dietary recall study demonstrated an inverse relationship with
erythrocyte levels of the n-6 PUFA linoleic acid, specifically with risk of RA development [35].

Supplementation with PUFAs, Fiber, Flavanoids, and Probiotics

A study [43] concerning supplementation with PUFAs showed statistically significant reductions in DAS-28
scores and adiponectin levels compared to controls in the fish oil only group, and interestingly, better
results when consuming fish oil supplements together with cranberry juice, resulting in further reductions
in ESR, CRP, and IL-6 levels versus fish oil alone. Another PUFA supplement study with flaxseed showed
improved DAS-28 scores but no changes in inflammatory markers [36].

Another dietary component under investigation for RA symptom relief is dietary fiber. Supplementation
with high fiber bars developed to contain 30 grams of a combination of non-digestible soluble and insoluble
carbohydrates of three or more monomeric units given daily over a 30-day period showed increased systemic
short-chain fatty acid (SCFA) levels in RA patients, which are known to decrease inflammation by
upregulating Treg cells, decreasing T cell proliferation, and decreasing IL-18 concentrations [32].

Flavonoids are a type of polyphenolic secondary metabolites found in plants [33]. They are widely known to
exhibit powerful antioxidant, anti-inflammatory, and immunomodulatory properties [65]. Thirteen of the 41
articles analyzed involved supplement and food interventions known to be high in flavanoid concentrations.
RCTs evaluating barbary extract, cinnamon, cranberry juice, garlic, saffron, pomegranate extract, sesamin,
polyphenolic extract from olive oil, and DIM extract from cruciferous vegetables showed reductions in
several inflammatory cytokines (see Table I for cytokines measured with p values) [39-51]. There were
mixed results with curcumin with one RCT finding no significant improvements, while another did see
decreased CRP, ERP, and other inflammatory markers in patients with RA [44-45]. Finally, no effect was seen
in the RCT evaluating Brazilian propolis [40].

Five of the 41 articles analyzed involved interventions with probiotics. Patients with RA were observed to
have different gut microbiomes from healthy controls [54-55]. These differences in intestinal bacteria have
been shown to contribute to impaired insulin metabolism, further perpetuating inflammation and oxidative
stress in patients with RA [55]. Additionally, the gut microbiota is closely linked to systemic inflammatory
processes due to its manipulation of macrophage activity [66]. Regarding RA pathogenesis specifically, it is
hypothesized that luminal bacterial translocation secondary to increased epithelial permeability and
exposure to variable categories and amounts of bacterial antigens are potential links between gut dysbiosis
and joint inflammation [28]. Two RCTs found that daily treatment with probiotics in patients with RA
resulted in decreased serum hs-CRP levels and improved DAS-28 scores [55-56]. Another RCT evaluating a
mixed probiotic showed improvements in inflammatory profiles with reductions in white blood cell count,
TNF-q, and IL-6 plasma levels, but no difference with placebo in IL-10 levels, adiponectin, CRP, ESR,
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ferritin, or DAS-28 [52]. Two in vitro interventions with probiotic supplementation showed inhibited levels
of IL-6, IL-8, and TNF-a [53] and inhibited Th17 cells and IL-17 related genes as well as several other
proinflammatory mediators [54].

Of note, the Mediterranean diet, known for its balanced nutrient profile and various antioxidant and anti-
inflammatory properties, has been commonly investigated regarding its impact on patients with RA [28]. In
addition to demonstrating improvements in inflammatory markers and pain scores, one study in this review
sought to evaluate the effect of the Mediterranean diet on the gut microbiota [28]. Their study reported
significant decreases in Lactobacillaceae and Prevotella copri species in patients who were highly adherent
to the Mediterranean diet, which indicated a healthier gut microbiota composition compared to the study’s
moderate/low adherence counterparts [28].

Other Interventions

Three of the 41 articles identified in this review were RCTs that evaluated the anti-inflammatory benefits of
herbal supplements in patients with RA [57-59]. Supplementation with Nigella sativa extract, commonly
used in Middle and far Eastern countries as botanical medicine, consumption of stachys schtschegleevii
(SSC), a common herbal medicine consumed in the form of tea, and supplementation with Chinese herbal

co

medicine Xinfeng all showed improvements inflammatory markers and DAS [57-59].

The final three studies evaluated do not fit into any of the prior intervention categories. They include human
studies on Vitamin K1, n-acetyl cysteine (NAC), and silicon intake [60-62]. Vitamin K1 supplementation,
compared to placebo, demonstrated no significant reduction in DAS-28 scores or serum IL-6 levels after
adjusting for relevant confounders [62]. Supplementation with NAC, an important facilitator of phase 1 and
phase 2 detoxification in the liver that has been shown to improve inflammation profiles, resulted in
significantly lower levels of malondialdehyde, NO, and total thiol groups, but no statistically significant
difference in serum IL-6, TNF-a, ESR or CRP levels between the control and intervention groups [60].
Finally, silicon, which is a common food additive and also ingested from dietary sources like cereals and
certain vegetables, is retained by connective tissues and has been correlated with higher collagen
concentrations in the skin and cartilage, improved bone density, and some anti-inflammatory responses;
however, hypercalcemia causes oxidative stress, and non-dietary sources of silicon (implants) have been
found to increase the risk for autoimmune diseases in humans [61]. The study on silicon found that patients
with RA, compared to healthy controls, had significantly higher serum concentrations of silicon, and
exhibited a negative correlation between silicon levels and the number of swollen joints and serum IL-6
levels, however, these results were only found in females [66]. The study is overall inconclusive, noting that
albumin levels, smoking status, and gender interfered with the results [61].

Final Considerations

None of the articles identified in this review measured any improvements or worsening of symptoms of
depression as a result of the studied intervention(s). We propose that further studies on RA interventions
should track outcomes in inflammatory and cytokine markers, and utilize validated scales and/or accepted
measures of disease activity to evaluate any changes in comorbid inflammatory conditions, especially
depression, to best provide comprehensive quality of life improvements for patients with RA.

Conclusions

Analysis of the 41 identified publications demonstrates that certain dietary patterns, the consumption of
specific macronutrients, and supplementation with herbals or other compounds have shown some effect on
improving cytokine profiles in patients with RA. This review illustrates the importance of proper patient
education on the anti-inflammatory and potential protective impacts substantial dietary change may have
on the disease progression and symptoms of RA. More homogenous studies and further analysis measuring
the quality of the resulting data would provide more robust suggestions on nutritional and dietary
interventions for patients with RA. Given the statistics presented on depression and suicide in patients with
RA, and the shared inflammatory pathway between the two diseases, depression and suicide screening scales
should be included along with analysis of inflammatory markers and DAS in any future RA study.
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