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Abstract Patients with rheumatoid arthritis (RA) often in-
quire about dietary interventions to improve RA symptoms.
Although the majority of studies of diet and RA were pub-
lished prior to the start of the twenty-first century, this review
discusses the evidence for a relationship between diet, in par-
ticular omega-3 fatty acid supplements, vitamin D supple-
ments, alcohol, and the Mediterranean diet and RA disease
activity. We review possible mechanisms by which these die-
tary intakes may affect RA disease activity. Given the com-
plexity of studying the relationship between diet and RA dis-
ease activity, we highlight areas deserving further study before
specific recommendations can be made to RA patients.

Keywords Diet - Rheumatoid arthritis - Treatment -
Omega-3 - Vitamin D - Mediterranean diet

Introduction

While effective pharmacologic treatments for rheumatoid ar-
thritis (RA) now exist, patients frequently ask their rheuma-
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tologists whether dietary changes could improve their RA
symptoms. Even with current medical therapies, many RA
patients have persistent disease activity and/or acute exacer-
bations [1]. A variety of patient-focused medical resources and
websites have responded to patient interest in this topic, by
advocating either avoidance or increased consumption of par-
ticular foods that may affect RA symptoms [2—4]. When pa-
tients inquire whether diet influences disease activity, clini-
cians only have a handful of older small clinical trials for
guidance.

This review proposes a framework for understanding the
evidence supporting and possible mechanisms for dietary in-
takes as potential adjunctive therapy for RA. While most stud-
ies on this topic were conducted prior to the start of the
twenty-first century, we have emphasized evidence from re-
cent years. We direct interested readers to several reviews of
older dietary studies in RA patients [5—7].

Proposed Basic Mechanisms for an Influence
of Dietary Intake on RA Disease Activity

There is strong rationale from laboratory studies suggesting
that dietary nutrients, patterns, and intakes could influence
RA disease activity. Few of these proposed mechanisms have
been specifically studied in RA, however. Here we have
highlighted five different potential mechanisms by which diet
may be related to pathways involved in inflammation and au-
toimmunity in RA, even though most have not been specifi-
cally evaluated in RA. The preponderance of the evidence for
these proposed pathways comes from laboratory studies, either
in vitro or in animal models. Human studies proving the links
between dietary intakes and specific pathways of inflammatory
and immune regulation in RA are still lacking.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11926-016-0575-y&domain=pdf

23 Page2of9

Curr Rheumatol Rep (2016) 18: 23

Decreased Inflammatory Eicosanoids

Omega-3 and omega-6 fatty acids modulate the lipid content
of phospholipid membranes, which are in turn metabolized to
eicosanoids, lipid mediators of inflammation [8, 9]. These two
types of fatty acids have opposing effects: omega-3 fatty acids
decrease the production of pro-inflammatory cytokines,
whereas omega-6 fatty acids stimulate the production of pro-
inflammatory cytokines [10]. Omega-3 fatty acids are primar-
ily obtained from fatty fish, but also poultry, nuts, and berries
in the diet [11]. Fatty fish and fish oil supplements contain two
types of long chain omega-3 fatty acids, both of which
humans cannot synthesize and are thus nutritionally depen-
dent on intake: eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). Arachidonic acid, an omega-6
fatty acid in cell membranes, is primarily derived from animal
fats in the diet. Plant-derived foods do not contain arachidonic
acid. Eating plants exclusively (e.g., vegetarian diet) thus
removes exogenous arachidonic acid from the diet, which is
expected to decrease production of arachidonic acid-derived
pro-inflammatory eicosanoids such as leukotriene B4 (LTB,)
and prostaglandin E2 (PGE,).

The effect of increasing omega-3 intake relative to omega-
6 intake on inflammation has been of interest in conditions
including cardiovascular disease and cognition, as well as RA
[12—14]. In vitro, human macrophages stimulated with EPA
and DHA produced lower levels of pro-inflammatory eicosa-
noids [9]. Similarly, a study in seven healthy human subjects
taking 3.2 g EPA and 2.2 g DHA supplements daily for
6 weeks reported complete inhibition of neutrophil adherence
to endothelium in the setting of LTB, [15]. Furthermore, neu-
trophil chemotaxis in response to LTB4 was reduced 70 %
compared to pre-treatment chemotactic response levels.

Downregulation of the NLRP3 Inflammasome

Myeloid cells contain inflammasomes, large intracellular com-
plexes that recognize harmful intracellular pathogens and trigger
an inflammatory response [16¢]. Activation of the nod-like re-
ceptor (NLRP3) inflammasome leads to production of inflam-
matory cytokines including interleukin-1 beta (IL-1[3), involved
in the pathological inflammatory response in RA [17, 18].
Genetic variation in components of the NLRP3 inflammasome
has been reported to influence RA severity [19]. Inhibition of
the inflammasome may be one of several mechanisms by which
omega-3 fatty acids could affect RA symptoms, as omega-3
fatty acids were shown to inhibit the NLRP3 inflammasome
in human macrophages in vitro [20].

In a starvation state, or in the setting of a low-carbohydrate
ketogenic diet, the human body produces and utilizes ketone
bodies—beta-hydroxybutyrate (BHB) and acetoacetate—as
alternate energy sources in place of adenosine triphosphate.
Recently, it was shown that BHB suppressed macrophage
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NLRP3 inflammasome activation in response to urate crystals
in a murine model [21]. Additionally, in human monocytes,
BHB reduced NLRP3 inflammasome-mediated IL-1(3 pro-
duction [21]. These in vitro and animal studies support the
idea that NLRP3 inflammasome inhibition may underlie the
benefit of caloric restriction or a very low-carbohydrate
ketogenic diet in RA.

Caloric restriction has been tested as a potential therapy for
RA, generally with favorable results [22-24]. Caloric restric-
tion involves consistent intake of a limited number of calories
while maintaining essential nutrients [25]. In this setting, met-
abolic adaptation occurs. In a prospective study of ten obese
Caucasian males with type 2 diabetes, caloric restriction and
weight loss for 1 year led to a reduction in adipose tissue
expression of the NLRP3 inflammasome and IL-1(3 [26].
Furthermore, in a study of 218 non-obese subjects randomized
to caloric restriction vs. regular caloric intake for 2 years, tu-
mor necrosis factor-alpha (TNF-x) was decreased in the calo-
ric restriction group vs. control arm at 24 months [25]. We
hypothesize that inhibition of the NLRP3 inflammasome in
the setting of caloric restriction may explain part of the bene-
ficial effect on RA symptoms observed in small trials of
caloric restriction.

Microbiome-Derived Metabolites Affect Immune Cell
Function

The commensal bacteria residing in the human gastrointesti-
nal system are collectively referred to as the gut microbiome, a
topic of growing interest in autoimmunity research. These
bacteria are involved in digestion of dietary fiber and other
foodstuffs into metabolites, and also play a role in vitamin
synthesis. Commensal gut bacteria cleave ingested fiber into
short-chain fatty acids (SCFA), which are among the predom-
inant metabolites produced by the microbiome [27]. SCFA
produced in the gut are then distributed through the circulation
and have been shown to influence macrophage and dendritic
cell function, with anti-inflammatory results [28]. SCFA have
been shown to decrease production of inflammatory cytokines
including TNF-«, interleukin-6 (IL-6), and interferon-gamma
[29]. SCFA have also been demonstrated to increase the num-
ber and function of regulatory T cells (Tregs), which in turn
promote self-tolerance [30¢].

Additionally, dietary metabolites, including SCFA, omega-
3 fatty acids, and medium-chain fatty acids, have been shown
to act as ligands for G protein-coupled receptors (GPR) on the
gut epithelium, as well as on innate immune cells (neutrophils
and macrophages) and regulatory T lymphocytes [27]. When
bound to their ligands, these GPRs are thought to stimulate
anti-inflammatory pathways. In a murine model of inflamma-
tory arthritis, mice lacking a SCFA-binding GPR had more
active synovitis and more neutrophil activation compared to
wild-type mice [31].
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Decreased Expression of Cellular Adhesion Markers
on Lymphocytes and Monocytes

Expression of vascular adhesion molecules and intracellular ad-
hesion molecules on immune system cells contribute to the in-
flammatory response in RA [32]. Thus, it is posited that down-
regulation of these adhesion proteins may decrease inflamma-
tion. A study of fish oil supplements in 12 healthy adults report-
ed changes in monocyte surface molecule expression [33].
In vitro studies of olive oil extract have also demonstrated
downregulation of vascular cell adhesion molecule-1 (VCAM-
1), intracellular adhesion molecule-1 (ICAM-1), and E-selectin
expression in vascular endothelial cells [34, 35].

Dampening of Inflammatory Cytokine Production
and the Promotion of Inflammation Resolution

Multiple in vitro studies have reported that omega-3 fatty acid-
derived EPA and DHA can inhibit inflammatory cytokine pro-
duction by human leukocytes [36—40]. A newly discovered ge-
nus of locally active, omega-3-derived molecules including
resolvins, protectins, and maresins—collectively termed
“specialized pro-resolving mediators” (SPM)—facilitate the
cessation of inflammation [41e]. In vitro, omega-3-derived
SPMs stimulate macrophage phagocytosis to clear cellular de-
bris and deter local neutrophil invasion. They also dampen the
production of many inflammatory cytokines and chemokines,
leading to the resolution of inflammation [41¢¢]. In 100 human
volunteers, taking a capsule containing 500 mg EPA and
200 mg DHA resulted in measurable short-term (4 h) increases
in circulating plasma levels of many SPM measured by liquid
chromatography and mass spectroscopy (“lipidomics™) [42].
Lipidomic profiling of synovial fluid from five RA patients,
obtained during knee arthroscopy, identified the presence of
SPMs [43]. The influence of omega-3 fatty acid consumption
and the production of pre-resolving mediators of inflammation
in RA have not yet been evaluated.

Additionally, ingestion of raw olive oil—a component of
the Mediterranean diet—has been shown to decrease plasma
concentrations of IL-6 and C-reactive protein (CRP) in a ran-
domized, placebo-controlled crossover trial of 28 subjects
with stable coronary artery disease [44].

Nutrients and RA Disease Activity
Fish Oil and Omega-3 Fatty Acids

Several important trials of fish oil supplementation were per-
formed in the 1990s, before widespread access to biologic
disease-modifying anti-rheumatic drugs (DMARDs). Trials
of fish oil (EPA + DHA) supplements in RA have tested doses
from 2 to 9 g per day, and have generally shown positive

results [12, 45, 46, 47+, 48]. As a point of comparison, one
serving of fish generally provides less than 2 g of EPA + DHA
[49]. (Comprehensive reviews of studies of marine omega-3
fatty acids in RA are provided in these references [7, 50-52].)

In 1995, a double-blind, 48-week trial randomized 66 RA
patients with baseline use of non-steroidal anti-inflammatory
drugs (NSAIDs) to fish oil (up to 9 g/day) vs. placebo following
cessation of NSAID therapy [48]. Those randomized to fish oil
had improvements in tender joint count and physician global
assessment of RA activity. In 2000, another double-blind, ran-
domized trial evaluated fish oil supplements (up to 2 g omega-3
fatty acid/day) vs. placebo for 15 weeks among 50 RA subjects
whose baseline diet was low in omega-6 fatty acids (<10 g/day)
[12]. The intervention arm had significant improvements from
baseline to 15 weeks in swollen joint count, morning stiffness,
pain visual analog scale (VAS), patient global, physician global,
and health assessment questionnaire (HAQ). Compared to the
placebo arm, the intervention arm had significantly greater im-
provement in morning stiffness and HAQ by week 15.

A more recent 12 month, double-blind, placebo-controlled
trial of high-dose (5.5 g/day EPA + DHA) vs. low-dose
(400 mg/day EPA + DHA) fish oil in 140 early RA (<12 months
disease duration, DMARD naive) patients was conducted in
Australia [47¢]. All subjects also started “triple therapy” with
oral methotrexate, sulfasalazine, and hydroxychloroquine at
study entry; the primary endpoint was failure of triple therapy
to achieve low disease activity at 12 months. The high-dose fish
oil group had less failure of triple therapy (10.5 %) compared to
the low-dose group (32.1 %) at 12-month follow-up. The rate of
triple therapy failure was significantly lower in the high-dose
fish oil group (hazard ratio 0.28, 95 % CI [0.12-0.63]) com-
pared to the low-dose group. Achievement of clinical remission
occurred significantly earlier among the high-dose than the low-
dose group, after adjustment for smoking, human leukocyte
antigen (HLA)-shared epitope, and the presence of anti-cyclic
citrullinate peptide (CCP) antibodies.

Another recent but shorter 16-week double-blind, random-
ized, placebo-controlled trial involved 109 RA patients in
South Korea [53]. Subjects were randomized to 2.1 g EPA
plus 1.2 g DHA daily or placebo. The intervention had no
significant effects on RA symptoms or inflammatory cytokine
concentrations (CRP, LTB,, PGE,, TNF-«, IL-6) among all
subjects, but significantly decreased NSAID use and LTB,
levels among subjects weighing >55 kg.

While fish oil supplementation appears to have anti-
inflammatory effects in most RA clinical trials, the potential
benefit of eating whole foods, such as fatty fish and other foods
with high omega-3 content, has not been evaluated to date.

Vitamin D

Vitamin D is a pleiotropic hormone with endocrine and
paracrine effects, as well as multiple effects on immune
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function, at least in vitro. Lymphocytes express vitamin D
receptors, and vitamin D has been shown to affect antigen
presentation by dendritic cells and to alter of B and T
lymphocyte function [54e]. Vitamin D is produced in the
skin after sunlight exposure and circulating levels are also
affected by oral intake [55, 56]. Vitamin D is found in
fish, milk, cheese, egg yolks, meat, poultry, and fortified
foods [57, 58]. The relationship between vitamin D intake
and risk of developing RA is not clear from observational
studies [59, 60].

Two prospective trials have evaluated the impact of
vitamin D supplementation on disease activity in
established RA patients. A 3-month, open-label trial of
high-dose oral alphacalcidol, an active vitamin D3 analog
(2 pg/day), enrolled 19 RA subjects with longstanding
RA (3 to 13 years duration) on standard DMARD therapy
[61]. After 3 months, 89 % reported a beneficial effect on
disease activity, 100 % had decreased tender joint count
compared to baseline; the swollen joint count decreased
non-significantly. By contrast, a recent 12 week random-
ized, double-blind, placebo-controlled trial of 25-hydroxy
vitamin D 50,000 IU weekly vs. placebo among 117 RA
subjects found that vitamin D supplementation did not
affect RA disease activity [62¢¢]. At enrollment, subjects
had active RA (disease activity score in 28 joints
(DAS28) >3.2 and morning stiffness >45 min) and were
taking a stable dose of methotrexate (7.5-20 mg/week) for
at least 8 weeks; use of hydroxychloroquine and/or a sta-
ble dose of prednisone <10 mg daily was also permitted.
At week 12, subjects in the intervention arm had signifi-
cantly higher serum vitamin D levels compared to the
placebo arm. However, there was no significant difference
in achievement of DAS28 response, defined as improve-
ment in DAS28 by 0.6 units, between the vitamin D arm
(76 %) and placebo arm (65 %). There was also no sig-
nificant difference in erythrocyte sedimentation rate
(ESR) between the two arms at week 12.

While vitamin D does not appear to have disease-
modifying effects in RA, it does have beneficial effects in
the treatment and prevention of osteoporosis [63], for which
RA patients are at increased risk, and, for that reason, we
continue to recommend it to our RA patients.

Alcohol

In the general population, moderate alcohol intake has
been associated with lower levels of inflammatory cyto-
kines [64—66]. However, studying the effects of alcohol
on RA disease activity is complicated. Methotrexate and
leflunomide are potentially hepatotoxic, and the risk of
cirrhosis may be synergistically elevated in the setting
of alcohol intake. Glucocorticoids and NSAIDs both in-
crease the risk of gastrointestinal ulceration and
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bleeding, as does alcohol. Thus, patients using these
medications for RA are generally counseled to decrease
or abstain from alcohol.

The first study to evaluate the relationship between
alcohol intake and RA disease activity was a cross-
sectional study in a UK-based cohort of 873 RA subjects
with disease duration three or more years [67]. Alcohol
consumption at cohort entry was assessed in relationship
to clinical and radiographic severity at cohort entry. At
cohort entry, 63 % reported alcohol use on one or more
days per month, and 54 % were taking methotrexate.
Increasing frequency of alcohol consumption (days per
month) was inversely associated with all measures of
RA severity (CRP, DAS28-CRP, pain VAS, modified
HAQ, and radiographic damage by the Larsen score).

A prospective observational study of 615 RA patients
followed at a US academic medical center evaluated the
relationship between alcohol consumption and repeated
measures of RA disease activity [68]. DAS28-CRP3 was
assessed by the treating rheumatologist annually, for up to
seven years. At cohort entry, mean disease duration was
15 years, mean DAS28-CRP3 was 4, 66 % reported cur-
rent alcohol use, and 48 % of all subjects were taking
methotrexate. Alcohol consumption had a weak J-shaped
relationship with DAS28-CRP3 in seropositive RA (anti-
CCP and/or RF positive) in models adjusted for baseline
DAS28-CRP3, medication use, sex, age, race, education,
disease duration, and body mass index. The minimum
DAS28-CRP3 was detected in RA patients consuming
5.1-10.0 g of alcohol per day, which is less than one
standard drink per day [69].

The relationship between alcohol consumption and RA
disease activity was also studied in a cross-sectional anal-
ysis of a prospective cohort of early RA patients (<2 years)
in Sweden [70]. In 2010, 1238 subjects completed a one-
time mailed survey assessing alcohol use, medications,
patient global, pain VAS, HAQ, and self-reported swollen
and tender joint counts. Of these, 89 % reported alcohol
use, 21 % of the cohorts were classified as “hazardous
drinkers,” and 60 % of the total was taking methotrexate.
Self-reported tender joint count, patient global, pain VAS,
and HAQ were each significantly lower in subjects who
drank alcohol compared to non-drinkers, but the absolute
magnitude of difference in these disease activity measures
between groups was small. In multivariable-adjusted anal-
yses, alcohol use had a non-significant inverse association
with patient global and HAQ.

Given the aforementioned health risks associated with al-
cohol in combination with methotrexate and leflunomide in
particular, we counsel RA patients to completely avoid or
consume only very small quantities of alcohol (less than two
to three drinks per week). The benefit and the safety of
moderate alcohol intake in RA deserve further evaluation.
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Dietary Patterns and RA Disease Activity
Mediterranean Diet

The diet of countries bordering the Mediterranean Sea
includes high quantities of olive oil, fruits, vegetables,
whole grain cereals, legumes, nuts, seeds; moderate
amounts of fish, shellfish, white meat, eggs, and
fermented dairy (cheese and yogurt); small amounts of
red meat, processed meats, and sugars; and frequent, mod-
erate red wine intake [71]. This diet has high total fat
content (40-50 % of total daily calories), but low saturat-
ed fat (<8 % of calories). Greater adherence to a
Mediterranean diet pattern was associated with lower con-
centrations of inflammatory biomarkers among healthy
female nurses in the USA [72] and among subjects with
cardiovascular risk factors in Spain and Greece [73, 74].
Data on specific anti-inflammatory effects are scarce and
mainly based on observational findings and short-term
interventions [75, 76].

Two trials of the Mediterranean diet in RA have been pub-
lished. A 12-week randomized, controlled trial among 51 RA
patients in Sweden evaluated the impact of a Cretan
Mediterranean diet (modified to include more fermented dairy
[yogurt and cheese] to appeal to the Swedish patient popula-
tion) versus regular diet [77]. Subjects had active disease
(DAS28>2.0), disease duration greater than 2 years, and were
taking stable doses of DMARDs for >3 months, corticoste-
roids <12.5 mg prednisolone for >1 month, and/or NSAIDs
for >10 days. The dietary intervention was monitored for the
first 3 weeks, during which subjects were served lunch and
dinner at an outpatient rehabilitation center. Subsequently,
they were instructed to continue with the assigned diet at
home for the duration of the trial. Eighty-six percent of sub-
jects were taking at least one DMARD at study entry. At week
12, subjects in the Cretan diet arm had a significant improve-
ment in DAS28, HAQ, and vitality scores compared to base-
line, whereas subjects in the control arm had no significant
change in these measures.

A real-world, non-randomized, Mediterranean-type di-
etary intervention was conducted in the UK among 130
female RA patients with mean disease duration of 9 years
[78]. The intervention consisted of a weekly cooking
class for 6 weeks with emphasis on a Mediterranean-
type diet, while the control arm received written infor-
mation on healthy eating. A significant increase in the
number of daily fruit and vegetable servings between
baseline and 3 months was seen in the intervention
arm, but not in the control arm. At 3 months, pain
VAS and HAQ were significantly better in the interven-
tion arm than the control arm. At 6 months, patient glob-
al, pain VAS, and morning stiffness were significantly
better in the intervention arm than the control arm.

Why Is There such a Dearth of Data About Diet
as a Treatment for RA?: Challenges in the Study
of Diet in Relationship to RA Disease Activity

Studying the relationship of diet to RA disease activity is
challenging for many reasons. Most RA patients are now
treated with DMARDs, which are often highly effective.
Compared to these pharmacological treatments, the effect of
diet on RA symptoms is likely to be small. Thus, studies of
diet in RA patients receiving pharmacological treatment may
require large sample sizes to detect small differences in dis-
ease activity associated with dietary intake and to be able to
control for many other factors, including medications, that can
influence RA disease activity. Most past studies of diet and
RA disease activity were conducted before the widespread use
of biologic DMARDs. The potential influence of diet in the
setting of these potent therapies is not well-studied.

Designing and implementing studies to evaluate the relation-
ship between diet and RA disease activity is challenging.
Double-blind, randomized, placebo-controlled trials, the gold
standard for prospective studies, are difficult to design and im-
plement for studying dietary factors. Subjects cannot be blinded
to what they are eating, unless formula feeding is provided for
the intervention and control arms. Subject compliance with
dietary interventions is often less than ideal, and secular trends
in diet may inadvertently result in the control group adopting
the dietary behavior assigned to the intervention group [79].
Additionally, interventions that result in weight loss could result
in improved disease activity via weight loss itself, rather than
due to changes in diet composition.

Confounders are particularly important in observational
studies and small, non-randomized trials of diet and disease
activity (Fig. 1). Some confounders of the relationship between
diet and RA disease activity are measureable, for example,
smoking, physical activity, socioeconomic status, and obesity.
Measurement of and adjustment for these and other potential
confounders are critical for the validity of study results.

Obesity
( me:‘fods RA disease
nutrients, foods, fory
dietary patterns) activity
Smoking Depression T
- Medications
SES tep (DMARDs,
habits glucocorticoids,
| Health NSAIDs)
activity literacy

Fig. 1 Selected confounders of the association between diet and RA
disease activity
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However, many unmeasured or difficult-to-measure potential
confounders of the relationship between dietary intakes and
patterns and RA disease activity likely exist (depression, sleep
habits, health literacy) and may challenge the validity of results.

In addition to potential confounding, prospective observa-
tional studies are subject to other challenges. Among the mul-
tiple tools available for collecting dietary data, there is no
consensus about which is ideal. Diet records, in which sub-
jects measure and record their food intake in real-time, are
often considered the gold standard for dietary assessment but
may be difficult to implement. They require a large commit-
ment of subject time and effort, are relatively expensive to
process, and do not represent time-integrated data but rather
reflect recent dietary intake, which varies by season [79].
Twenty-four hour dietary recall relies on a subject remember-
ing what he or she has eaten in the past 24 hours; this method
is subject to error due to memory, and only reflects recent
intake rather than long-term intake. Food frequency question-
naires, which assess usual dietary intake in the past year, cor-
relate well with diet records [79]; however, these are also
subject to recall bias. Moreover, retrospective study designs
generally are inappropriate for studying diet and RA disease
activity, as affected subjects would be likely to have biased
recall of dietary exposures.

The appropriate interval to study between dietary exposure
and change in disease activity is also unclear. It is possible that
chronic dietary exposures—for example, adherence to partic-
ular dietary patterns or frequent consumption of specific foods
or nutrients—may impact a patient’s general state of disease
activity over many months. While patients may report fluctu-
ations in symptoms in relationship to recent dietary changes,
existing literature on this topic is extremely limited.

Gaps in Knowledge and Areas for Future
Investigations

Omega-3 fatty acids are the most thoroughly studied potential
dietary therapy for RA; more sparse data exist for vitamin D,
alcohol, and Mediterranean diet. Future studies should focus
on dietary patterns that have been implicated in other inflam-
matory conditions, including cardiovascular disease. The
“Western” dietary pattern involves higher intake of red and
processed meats, sweets and desserts, French fries, and refined
grains, and has been associated with elevated biomarkers of
inflammation [80]. A recent study found that women in the
U.S. Nurses” Health Studies whose diets were characterized
by a Western pattern had increased risk of developing RA
[81]. By contrast, women whose diet was most aligned with
a “prudent” dietary pattern, with higher intake of fruits, vege-
tables, legumes, fish, poultry, and whole grains, had decreased
RA risk. Whether adherence to these dietary patterns affects
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RA symptoms in patients with an established RA diagnosis is
unknown.

Nightshade vegetables (tomatoes, potatoes, peppers, egg-
plant) are often mentioned by patients and discussed in
patient-oriented websites as exacerbating RA symptoms [82,
83]. To our knowledge, current published, peer-reviewed lit-
erature has never addressed potential associations between
nightshade vegetables and RA disease activity. We do not
counsel our patients to avoid these vegetables, which contain
important vitamins and minerals. Data on gluten and RA
symptoms is also scarce; trials of gluten-free diets in RA in-
volved concurrent vegan diets, and thus the effect of the gluten
elimination alone cannot be discerned [22, 84].

A review of all dietary supplements is beyond the scope of
this review. A number of small trials in RA patients have
investigated the effects of probiotics [85-87], glucosamine
[88], and antioxidant supplements (selenium, zinc, vitamin
A, vitamin C, vitamin E) [89, 90] on RA disease activity,
oxidative stress, or inflammatory biomarkers in RA. In gener-
al, these supplements had marginal, non-significant beneficial
effects in RA. As many RA patients believe that diet affects
their symptoms and/or have altered their diets in attempt to
alleviate RA symptoms [91], additional, well-designed studies
of dietary patterns and nutrients are needed before RA-
specific recommendations can be made.

Conclusions

The literature supports a beneficial effect of moderate-to-high
doses of omega-3 fatty acids (EPA and DHA) on several pa-
rameters of RA disease activity [52]. However, these effects
are not sufficient to replace standard-of-care pharmacotherapy
with DMARD:s. For patients who are interested in adjunctive
dietary therapy in addition to DMARD therapy and who are
able to afford the out-of-pocket cost of fish oil supplements,
we advise that consuming approximately 3 g EPA plus DHA
daily may improve some of their RA symptoms.

The most robust data on vitamin D supplementation do not
support a beneficial effect on RA disease activity. However,
this conclusion is based on a single randomized trial of high-
dose weekly vitamin D supplementation; the impact of lower,
daily doses of vitamin D supplementation on RA disease ac-
tivity has not been evaluated. Moderate alcohol use appears to
be associated with lower RA disease activity in observational
studies, although causal effects cannot be established by the
existing literature. Additionally, the relative risks and benefits
of alcohol use among patients using DMARDs, corticoste-
roids, and NSAIDs remain to be studied. Strict adherence to
a Mediterranean diet appeared to have modest benefit on RA
disease activity and symptoms among a Scandinavian RA
population. We advocate for repeating this study in other
countries, to evaluate its effectiveness in the context of
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different baseline diets prior to the intervention. Although
there are many challenges to studying diet as an adjunctive
treatment in RA, further study of other dietary patterns and
nutrients will be necessary before RA-specific recommenda-
tions can be made.
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