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ABSTRACT

Background: This study aimed to evaluate the efficacy of a low gluten diet in the disease activity of Rheumatoid

Arthritis (RA).

Methods: Among 109 patients with RA enrolled in this study, 98 patients who completed 16 weeks on a low gluten
diet regimen were included in the study. At baseline, we gave the patients the information about glutenfree and
gluten-contained foods, and asked them to refrain from the daily gluten consumption during the experimental
period.

Results: The low gluten diet significantly improved DAS28-CRP and CDAI scores after 16 weeks. The percentages
of patients achieving DAS28-CRP and CDAIl-defined remission or LDA were significantly increased after 16 weeks.
There was a significant increase in the percentage of the responders in EULAR treatment response after 16 weeks.
Rheumatoid Factor (RF) but not C-reactive protein was significantly decreased after 16 weeks. When the self-reported
level about adherence to the low gluten diet was divided into three categories, a significant decrease in DAS28-CRP,
CDALI and RF was detected in the patients with the strict adherence to the low gluten diet.

Conclusion: This study demonstrates that the strict adherence to a low gluten diet results in the decreased disease

activity of RA.
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. o ) . which markedly reduce the quality of life of the patients. The cause
RA: Rheumatoid Arthritis; NSAIDs: Non-Steroidal Anti- . . .
, o " of RA is unknown, but several studies suggest the importance
Inflammatory  Drugs; DMARDs: Disease-Modifying  Anti

of complex interactions among the genetic, environmental and

Rheumatic Drugs; GLG: Greatly Low Gluten; MLG: Moderately

Low Gluten; PLG: Poorly Low Gluten; TJC28: 28 Tender Joint
Counts, SJC28: 28 Swollen Joint Counts, PtGA: Patient Global
Assessment of disease activity; PhGA: physician Global Assessment
of disease activity; mHAQ: modified Health Assessment
Questionnaire; CRP: C-Reactive Protein; RF: Rheumatoid Factor;
CCP: Cyclic Citrullinated Peptide; DAS28: Disease Activity Score

assessing 28 joints; CDAI: Clinical Disease Activity Index
INTRODUCTION

Rheumatoid Arthritis (RA) is a chronic systemic inflammatory
disease characterized by destructive synovial joint inflammation
leading to the substantial joint damage, deformity, and functional

hormonal factors, and immune system [3,4].

There is a preclinical period in the development of RA where
the genetic and environmental factors interact to initiate and
propagate the autoimmune process [5]. Identifying preclinical RA
is important as it can help us understand the natural history of RA
while developing effective screening and preventive strategies.

Associations between RA and various environmental factors have
been studied [6,7], but evidence to show the factors as a causal
role is inconclusive. Dietary factors are the major environmental
exposure that is considered as an initiator and a risk factor for the
development of RA [8]. Micronutrients in the diet may influence
the intestinal and systemic immune responses contributing to the
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pathogenesis of RA though the existing evidence is limited [9].

Our preliminary experiments indicate that patients with RA are
more likely to prefer noodles than control patients. Gluten is
an important ingredient of wheat, barley, oat and rye, and these
gluten-rich cereals constitute the major part of our diet such as
noodles, pasta, bread, and snacks [10].

Gluten is a water-insoluble protein, and induces epithelial cell
damage within the small bowel, leading to immune reactions in
gluten sensitive diseases such as celiac disease [11]. Interestingly,
patients with celiac disease are shown to be at increased risk for
various autoimmune diseases including RA [12]. However, the
direct role of the gluten exposure in the development of associated
autoimmune conditions is still a matter of debate.

The possible benefits of special diets for patients with RA have
been tested in several trials [13,14]. A few studies demonstrated the
effect of gluten-free diet added to vegan diet on the disease activity
of RA [15,16], but the actual role which gluten itself plays is not
known. The primary aim of this study is to investigate whether a
low gluten diet could yield an improvement in the activity of RA
comparing the effect among the levels of adherence to a low gluten
diet.

METHODS

Study design and patients

The present study was conducted at Tokushima Prefectural Kaifu
Hospital and Toyo Hospital which had a professional department
for RA medical treatment. RA was diagnosed according to the 1987
American College of Rheumatology classification criteria for RA
[17] or ACR/EULAR 2010 RA criteria [18]. Patients were allowed
to continue on daily doses of Non-Steroidal Anti-Inflammatory
Drugs (NSAID:s), oral glucocorticoids and conventional synthetic
Disease-Modifying Anti Rheumatic Drugs (csDMARD:s), biological
DMARDs (bDMARDs) and targeted DMARD:s
(tsDMARD:s).

synthetic

Patients who either started or discontinued these medications
for the previous 8 weeks and during the study were excluded. All
medications except NSAIDs were on the same dosage. Patients who
already lived on a gluten-free diet due to the gluten allergy were
excluded. Between October 2019 and January 2020, 109 patients
with RA who had been treated in the hospitals were enrolled in
this study.

During the study, 11 patients were removed from this study;
eight patients refused to continue the diet, a patient complicated
pneumonia, a patient admitted due to bone fracture, and a patient
needed bDMARDs changed. Finally, 98 patients with RA were
included in this study. All patients gave written informed consent
before participating in the study. The present study was approved
by the Tokushima University Hospital ethics committee and was
performed in accordance with the Declaration of Helsinki.

Intervention

We informed the patients the experimental protocol. Before
baseline (Week 0), all patients had been in omnivorous diet. At
Week 0, to patients who agreed with the study we explained what
gluten-free and -contained foods were, and asked to refrain from
the daily gluten consumption during the experimental period.
Since gluten is included in wheat, rye, and barley, the patients were
informed to avoid food products derived from these cereals, such
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as bread, pasta, cakes and biscuits. Other wheat-based products,
which were common foods in Japan such as Japanese noodles,
Japanese Tempura, cutlet, and jiaozi, were recommended to avoid
to take. On the other hand, naturally gluten-free foods such as rice,
potatoes, vegetables, fruit, unprocessed meat and fishes could be
accepted. Manufactured gluten-free versions of wheat-based foods,
such as breads, pasta and cereals were included in gluten-free foods.

This designing study was considered to be nutritionally complete.
The patients lived in the low gluten diet for 16 weeks, and an interval
of visit to the hospital was 8 weeks. We did not strictly prohibit to
take any gluten-contained foods when the patients strongly wanted
to consume them. At Week 16, the patients were questioned about
the level of subjective adherence to the low gluten diet.

The self-reported level about adherence to the low gluten diet during
16 weeks was divided into six categories; “complete”, “excellent”,
” “ ” “

“ » “ .
moderate”, “fair”, “poor”,
the level of low gluten diet of each patient was divided into three

not at all”. Using the information,

groups; “complete” and “excellent” were divided into Greatly Low
Gluten (GLG) group, “moderate” and “fair” into Moderately
Low Gluten (MLG) group, “poor” and “not at all” into Poorly
Low Gluten (PLG) group. We avoided providing the patients any
information about the previous results about a low gluten diet and
about other participants in this study.

Data collection

The following disease parameters were recorded at Week 0, Week 8,
and Week 16: The 28 Tender and Swollen Joint Counts (TJC28 and
SJC28), patient (PtGA) and physician (PhGA) Global Assessment
of disease activity [mm] in which O=best and 100=worst, and the

modified Health Assessment Questionnaire (mHAQ) score [19].

The following laboratory data were assessed: C-Reactive Protein
(CRP) and Rheumatoid Factor (RF). Anti-Cyclic Citrullinated
Peptide (CCP) antibodies were measured at diagnosis of RA. We
did not have records on anti-CCP antibodies when cases were
diagnosed prior to its widespread use. The abnormal levels of RF,
CRP and anti-CCP antibodies were defined as >20 IU/ml, >0.3
mg/dl, and > 4.5 U/ml, respectively. When data of RF, CRP, and
anti-CCP antibodies were under the sensitivity level, data of the
detection limit were used (RF=4 IU/ml, CRP=0.05 mg/dl, anti-
CCP antibodies=0.5 U/ml).

Definitions of disease activity and clinical assessment

As established definitions in the evaluation of RA disease activity,
the Disease Activity Score assessing 28 joints with CRP (DAS28-
CRP) and Clinical Disease Activity Index (CDAI) were used in this
study. DAS28-CRP was scored, using TJC28, SJC28, PtGA, and
CRP [20]. CDAI was scored as: TJC28+SJC28+PtGA+PhGA [21].

Concerning DAS28-CRP, the patients were divided into those in
remission (<2.3), and those in non-remission (Low Disease Activity;
LDA, > 2.3 and <2.7: Moderate Disease Activity; MDA, 2.7-4.1:
High Disease Activity, HDA, >4.1). About CDALI, the patients were
divided into those in remission (<2.8), and those in non-remission

(LDA, > 2.8 and<10: MDA, 10-22: HDA, >22).
Changes in DAS28-CRP and CDAI scores at Week 8 and Week

16 from baseline data were analyzed and were expressed as DAS28-
CRP and CDAI, respectively. Mean rates of remission, LDA,
MDA, and HDA in DAS28-CRP and CDAI were calculated and
compared at Week 0, Week 8, and Week 16. Clinical responses were
defined by the European League Against Rheumatism (EULAR)
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response criteria [22]. Good response: DAS28-CRP improvement
>1.2 in present DAS28-CRP < 2.7. Moderate response: DAS28-
CRP improvement >0.6 and < 1.2 in present DAS28-CRP < 2.7,
and >2.7 and < 4.1; DAS28-CRP improvement >1.2 in present
DAS28-CRP >4.1, and 2.7 and < 4.1. No response: DAS28-CRP
improvement < 0.6, and DAS28-CRP improvement >0.6 and < 1.2
in present DAS28-CRP >4.1.The proportion of patients achieving
mHAQ scores < 0.5was considered as functionally remission [23].

Statistical analysis

Median values were calculated for non-normally distributed
continuous variables. Data were mainly presented as median
and 25th-75th quarter, and count and percentage. Comparison
between independent means was made using Mann-Whitney U
test or Kruskal-Wallis test. Longitudinal changes of each parameter
before and after the diet were examined by the Wilcoxon signed-
rank test or Friedman test. The relationship between categorical
variables was evaluated by the chisquare test. The results were
regarded as significant when p value was <0.05.

All statistical analyses were performed using IBM SPSS statistics
version 24 software (Chicago, IL, USA).

RESULTS
Patient baseline characteristics

A total of 98 patients completed 16 weeks on the diet regimen
and were included in our analyses. Table 1 shows the basement
characteristics of overall patients. Out of the overall patients,
76 (78%) were female and the median age was 67 years old.
The median disease duration of RA since diagnosis was 8 years.
During this study, TJC, SJC, PtGA, PhGA, mHAQ and CRP were
measured in all patients. RF at baseline and anti-CCP antibodies
at the diagnosis of RA were measured in 90 patients (92%) and 62
patients (63%), respectively.

Table 2: Time course of clinical parameters in overall patients.
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Table 1: Patient baseline (Week 0) characteristics (n=98).

Variables
Sex (male : female) 22 (22%): 16 (78%)
Age (y) 67 (56 -73)
Disease duration (y) 8 (4-13)

TJC, 0-28 1(1-3)

SJC, 0-28 2 (0-4)
PtGA (mm) 15 (7-27)
PhGA (mm) 18 (8-29)

mHAQ 0.0 (0.04.0)
Anti-CCP an(tﬂ?;)rc:ile;s at diagnosis 69.2 (12.0260.3)
RF (IU/ml) 37.0 (9.0-129.3)
CRP (mg/dl) 0.12 (0.05-0.36)
DAS28-CRP 2.6 (1.8-3.1)
CDAI 7.3 (3.6-13.0)

Note: Values are presented as number (%) and median (interquartile
range). TJC; Tender Joint Counts, SJC; Swollen Joint Counts, PtGA;
Patient Global Assessment of Disease Activity, PhGA; Physician Global
Assessment of Disease Activity, mHAQ; modified Health Assessment
Questionnaire (mHAQ), CCP; Cyclic Citrullinated Peptide, RF;
Rheumatoid Factor, CRP; C-reactive Protein, DAS28-CRP; Disease
Activity Score Assessing 28 joints with CRP, CDAI; Clinical Disease
Activity Index. *n=62 (63%), **n=90 (92%).

Efficacy of the low gluten diet in overall patients

Table 2 shows the longitudinal changes in clinical variables
associated with disease activity of overall patients. The level of
PhGA was significantly improved at Week 8 and Week 16 when
compared with data at Week 0. SJC28 was decreased at Week
16 when compared with that at Week O though there was no
significance. There were no significant changes in the levels of

TJC28, PtGA or mHAQ during the course.

p value p value p value
Week 0 Week 8 Week 16
(vs. Week 0) (vs. Week 0) (vs. Week 8)
1.5
TJC 28 (0.03.3) 1.0 (0.0-3.0) 0.24 1.0 (0.0-2.0) 0.222 1
2.0
SJC 28 (0.04.0) 1(1-3) 0.374 1.0 (0.04.0) 0.061 1
PtGA (mm) (7}257) 1(13) 1 17 (529) 1 1
PhGA (mm) (ng) 1(13) <0.001 10 (4-19) <0.001 1
0.0
mHAQ 0.03.0) 1(1-3) 1 0.0 (0.0-3.0) 1 1
RF (IU/L) © 03};9 3) 1(1-3) 1 34.0(8.8-114.8) 0.081 0.029
CRP (mg/dL) (o.o%—lc; o 1(1:3) i 0.12 (0.050.42) i 1
DAS28-CRP (1 ég D 1(1-3) 1 2.3(1.6-2.9) 0.004 0.011
71
CDAI (3.812.5) 1(1-3) 0.08 6.1 (2.59.9) 0.02 1

Note: Values are presented as median (interquartile rage). TJC; Tender Joint Counts, SJC; Swollen Joint Counts, PtGA; Patient Global Assessment of
Disease Activity, PhGA; Physician Global Assessment of Disease Activity, mHAQ; modified Health Assessment Questionnaire (mHAQ), RF; Rheumatoid
Factor, CRP; C-reactive Protein, DAS28-CRP; Disease Activity Score Assessing 28 joints with CRP, CDAI; Clinical Disease Activity Index.
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Concerning hematological data, a significant decrease of RF
was detected at Week 16 (p=0.029 vs. at Week 8). CRP did not
significantly change during the course. Of the composite measures,
DAS28-CRP was significantly improved at Week 16 when compared
with that at Week 0 and Week 8. CDAI was also significantly
improved at Week 16 when compared with that at Week 0.

Figure 1 shows the longitudinal changes in percentages of overall
patients who achieved remission or had LDA, MDA or HDA as
determined by DAS28-CRP and CDAI scores. The proportion
of patients achieving DAS28-CRP-defined remission or LDA was
56.1% of patients at Week O, which was significantly increased to
64.3% at Week 8 and 69.4% at Week 16 (Figure 1A). Concerning
CDALI disease activity, 61.2% of patients were in remission or
LDA at Week 0, which was significantly increased to 74.5% at
Week 8 and 74.5% at Week 16 (Figure 1B). We next examined

OPEN 8ACCESS Freely available online

the EULAR treatment response using DAS28-CRP score (Figure
2). The percentage of patients with a good or moderate EULAR
response was significantly increased at Week 16 (25.5%) when
compared with that at Week 8 (23.5%). There was significantly

more percentage of patients with a good EULAR response at Week
16 (9.2%) than that at Week 8 (3.1%).

Comparison in efficacy among levels of adherence to
the low gluten diet

To evaluate the effect of the low gluten diet on the disease activity of
RA, patients were divided by the level of the low gluten into three
categories; GLG, MLG, and PLG, and the longitudinal changes in
the disease activities were compared among them. Of 98 patients,
39 (40%) were included in GLG, 39 (40%) in MLG, and 20 (20%)
in PLG. There were no significant differences among three groups
in gender, age, duration of disease, and clinical parameters at
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Figure 1: The longitudinal changes of disease activities according to DAS28-CRP (A) and CDAI (B) in overall patients. The disease activity
in DAS28-CRP was categorized into remission (< 2.6), low disease activity (LDA, >2.6- < 3.2), moderate disease activity (MDA, >3.2-< 5.1),
and high disease activity (HDA, >5.1). The disease activity in CDAI was categorized into remission (< 2.8), low disease activity (LDA, >2.8-<
10), moderate disease activity (MDA, >10- < 22), and high disease activity (HDA, >22).
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Figure 2: The longitudinal changes of clinical responses according to EULAR response criteria for RA based on DAS28-CRP in overall
patients. Good response: DAS28-CRP improvement >1.2 in present DAS28-CRP < 2.7. Moderate response: DAS28-CRP improvement >0.6
and < 1.2 in present DAS28-CRP < 2.7, and >2.7 and <4.1; DAS28-CRP improvement >1.2 in present DAS28-CRP >4.1, and >2.7 and < 4.1.
No response: DAS28-CRP improvement < 0.6, and DAS28-CRP improvement >0.6 and < 1.2 in present DAS28-CRP >4.1.
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baseline (data not shown). Of the changes in composite measures,
the level of DAS28-CRP was significantly decreased in patients
with GLG and MLG but not in those with PLG at Week 16
when compared with that at Week O (Figure 3A). A significant
improvement in DAS28-CRP was detected in patients with GLG
(-0.18) and MLG (-0.21) but not in those with PLG (+0.17) at Week
16 when compared with at Week 0. An improvement in DAS28-
CRP at Week 16 was significantly greater in GLG and MLG than
in PLG (Figure 3B). A significant decrease in CDAI at Week 16
was detected only in patients with GLG when compared with that
at Week O (Figure 3C). A significant improvement in the level of
ICDAI at Week 16 was detected in patients with GLG (-1.20) but
not in those with MLG (-0.50) or PLG (+0.15) when compared
with that at Week O (Figure 3D). These results indicated that the
magnitude of improvement in the disease activity of RA was found
to be dependent on the level of adherence to the low gluten diet.
The serum levels of RF were significantly decreased at Week 16 in
GLG [14.0 (5.3-82.8) IU/L] but not MLG or PLG when compared
with those at Week 0 [16.0 (5.3-93.8)] (Figure 4). On the other

OPEN 8ACCESS Freely available online

hand, there was no significant difference in the serum level of CRP
among all three diet groups during the course. PhGA at Week 16
was significantly decreased in GLG (p<0.001) and MLG (p=0.044)
but not in PLG. Concerning other clinical parameters, TJC28,
SJC28, PtGA and mHAQ, there were no significant changes during
the course when the patients were divided into three diet categories
(data not shown).

DISCUSSION

Thisisastudy composed of 16-week dietary interventions comprising
a low gluten diet to patients with RA, and demonstrates that the
low gluten diet improves the disease activity of RA. Two previous
reports demonstrated that gluten free vegan diet significantly
induces a clinical benefit for patients with RA [15,16]. However,
their studies represented the combined effect of vegetarian diet
and gluten-free diet. As far as we know, the present study is the
first formal investigation which shows the efficacy of the diet with
gluten-selective reduction for the suppression of the disease activity

of RA.
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Figure 3: The longitudinal changes of DAS28-CRP and CDAI comparing among the levels of adherence to the low gluten diet. The self-
reported level about adherence to the low gluten diet during 16 weeks was divided into 3 groups; greatly low gluten (GLG) , moderately low
gluten (MLG) and poorly low gluten (PLG). DAS28-CRP (A) and CDAI (C) at the indicated time were determined in GLG, MLG and PLG.
Changes in DAS28-CRP and CDAI from data at Week 0 in GLG, MLG and PLG were analyzed at Week 8 and Week 16, and are expressed
as IDAS28-CRP (B) and ICDAI (D), respectively. *p<0.05 vs. Week 0. **p<0.05 vs. Week 0 & Week 8, #p<0.05 vs. PLG at Week 16.
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The present study showed that the low gluten diet improved the
clinical parameters concerning the activity of RA in overall patients.
When the patients were further grouped into three categories
(GLG, MLG and PLG) according to the level of subjective gluten
exposure, a significant improvement in DAS28-CRP and CDAI at
Week 16 was detected at in GLG and MLG, in GLG, respectively
when compared with the data at baseline. These results suggest
that intensively strict adherence to the low gluten diet leads to an
improvement in the activity of RA.

The low gluten diet significantly improved composite measures
concerning the activity of RA; DAS28-CRP and CDAI. Of the
separate disease activity measures within DAS28-CRP and CDAI,
the low gluten diet significantly improved PhGA but not PtGA.
It decreased more SJC than TJC though the difference was not
significant. Previous reports showed that main determinants for
PtGA are pain, and those for PhGA are the number of SJC which
contribute to the discrepancies between PtGA and PhGA in their
perceptions [24,25]. Moreover, the present study showed that the
low gluten diet did not decrease mHAQ score. These results suggest
that the low gluten diet does not seem to lead to the improvement
of joint pain or activities of daily life in patients with RA.

In laboratory tests, the low gluten diet resulted in a significant
improvement in RF but not in CRP. RF is an autoantibody that
binds to the Fc portion of human IgG and is frequently detected
in patients with RA [26]. The positivity of RF as well as anti-CCP
antibodies is used in the diagnosis of RA, and has been shown
to predict a poor prognosis of joint damages and an inadequate
response to therapy [27]. Thus, a decrease of RF observed in the
low gluten diet may be related to an improvement of the disease
activity and joint prognosis of RA. Although the mechanism
of the decrease of RF by the low gluten diet is unknown, it is
consistent with previous studies which showed that gluten-free diet
confer some degree of protection from developing various auto-
antibodies [10,15]. Concerning CRP, the previous two studies
investigated the change during glutenfree vegan diet [15,16]. A
significant decrease in CRP with higher response rate at ACR20
is observed in RA patients with gluten free vegan diet after 1 year
[15]. Similarly, gluten-free vegan diet reduces CRP at 12 months
but not at 3 months though DAS28 and HAQ scores are decreased
since 3 months [16]. Although these are studies which examined
the combined effect of glutenfree and vegan diet, a decrease in
CRP may need longer period diet such as one year than a period
examined in the present study.

Gluten intake is a well-known triggering antigen that initiates
immune reactions against small bowel cells in gluten sensitive
diseases such as celiac disease [28,29]. Celiac disease is a genetically
mediated autoimmune disease that can lead to malabsorption,
infertility, osteoporosis, lymphoproliferative malignancy, and other
autoimmune diseases [30,31]. Patients with celiac disease have
been shown to be associated with various autoimmune disorders
such as RA [12,31,32]. Increased prevalence of RF and anti-CCP
antibodies positivity in patients with celiac diseases indicates that
patients with celiac disease might be at a higher risk of developing
RA [12]. Inversely, patients with autoimmune diseases have a
significantly higher prevalence of celiac disease than the healthy
population [31]. Thus, there are several similarities in the clinical
findings between celiac disease and RA.

Since a lifelong gluten free diet has been considered the
only effective treatment to celiac disease, several studies have
investigated the mechanism of a glutenfree diet in the disease
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control of celiac disease [9,30,33,34]. Gluten-free diet is associated
with reduced auto-inflammatory process and altered inflammatory
cytokine response [33,34]. Strict adherence to glutenfree diet
prevents the development of further autoimmune diseases in
patients with celiac disease [9], and early exposure to gluten
results in modifying the immunological response [30,31]. In RA,
[15] showed that the IgG antibody levels against gliadin and beta-
lactoglobulin decreased in the responder subgroup in the vegan
diet free of gluten [15]. The gut may have a primary role in the
inflammatory process in RA, and the change of the intestinal
microflora and its metabolism may significantly contribute to
the diminution of the rheumatoid symptoms [34]. These results
suggest that immunological abnormalities in gastrointestinal tract
due to gluten may be responsible for not only the development of
celiac disease but also that of RA. However, whether the direct role
of gluten exposure is directly associated with the development of
autoimmune conditions in RA is still a matter of debate. Further
studies are needed to clarify the mechanism of beneficial effect for
the activity of RA due to a low gluten diet.

There is a previous report by [15] which investigated a long-term (1
year) trial of a vegan diet free of gluten, showing significantly higher
ACR20 improvement in the diet group [15]. In their study, however,
there were some limitations about the effect of gluten. Firstly, high
rate of drop-outs (16 of 38, 42.1%) in the diet group was observed.
Secondly, patients who changed the treatment of DMARDs and
glucocorticosteroids during the study were included. Thirdly, their
study may represent the combined effects of elimination in vegan
diet and in gluten-free diet. Vegan (vegetarian) diet is a diet which
include intake of only fruits and vegetables, eliminating any animal
product or by-products [13,35]. It was shown to have the beneficial
effect on disease activity of RA, and the mechanism has been well
discussed [8,13,36-38]. The vegan diet decreases the counts of
neutrophils, monocytes, complement components, CRP and RF in
patients with RA, resulting in contributing to the pathogenesis of
this disorder [13,36,37]. The improvements in the disease activity
of RA by vegetarian diet might result from the reduction in the
immune-reactivity to certain food antigens in the gastrointestinal
tract [9]. These include the reduction of the bowel intraluminal
antigenic load, alteration of the intestinal flora. All ultimately
reduce the migration of lymphocytes from the intestinal lymphoid
tissue to the synovium [38], and the changes in the gut system can
influence the course of joint inflammation in RA [13]. Since vegan
diet is associated with the low gluten to some extent, we speculate
that the beneficial effect by the vegan diet on RA may result, at least
in part, from the reduction of gluten.

There are several limitations to this study. Firstly, complete
avoidance of gluten is difficult to be performed during the low
gluten diet study. Plenty of products contain hidden gluten, such
as soups, sausages, soy sauce and ice cream, and moreover there are
traces of gluten even in gluten-free labeled products. Secondary,
since this study was not double blind, the patients inevitably knew
the level of a low gluten diet in them. Since the level of adherence
to the low gluten diet was recorded by the patients subjectively but
not objectively, it was difficult to avoid the pose of the patients in
the study. Compliance in the diet trials is more difficult to verify
than in drug ones [39].

CONCLUSION

RA is associated with a high health-care burden due to the expensive
medical treatment. RA causes significant costs for society due to
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the increased use of healthcare resources, sick leaves and early
retirements. Especially, costs of bDMARDs and tsDMARDs for
RA are remarkably high though these medications have proven to
be an effective treatment for this disorder. This study demonstrates
that a low gluten diet suppresses the disease activity of RA which
may encourage more research into the development of preventive
strategies. Further longer time studies are needed to clarify the
beneficial effect by a low gluten diet on the disease activity and
joint prognosis of RA.
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