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This study sheds light on the beneficial effect of consumption of fish rich in n-3 polyunsaturated
fatty acids on treatment response in patients with rheumatoid arthritis, while highlighting the
possible variability of this effect in different populations due to their different characteristics.

Dietary habits may influence the course of rheumatoid arthritis (RA), a
chronic inflammatory disease that primarily affects the joints. This study aimed to investigate
whether the consumption of fish rich in n-3 polyunsaturated fatty acids (PUFA) had an effect on
treatment response in Japanese and Spanish patients with RA. In a retrospective observational study,

a correlation was found between the consumption of n-3 PUFA rich fish at least once a week and the
therapeutic response to antirheumatic drugs in Japanese patients. This association was not observed
in Spanish patients, suggesting that the impact of fish intake on treatment may vary by region and
race. A prospective observational study is currently underway to examine in detail the association
between intake of fish rich in n-3 PUFA and the efficacy of antirheumatic drugs.
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Rheumatoid arthritis (RA) is a systemic autoimmune disorder that primarily affects the joints
causing joint swelling, pain, bone destruction and systemic features. The pathogenesis of RA is
unknow, but genetic, hormonal, immunological and environmental factors combine to contribute
to the development of the disease.

In recent years, the advent of molecular targeted therapies including biologics agents and
Janus kinase (JAK) inhibitors that target specific components of the immune response have
contributed to dramatic progress in the treatment of RA. With these therapeutic advancements,
many patients with RA have experienced favourable outcomes (responders); however, disease
control remains challenging for some patients (non-responders).

Diet and nutrition are considered environmental factors that can affect both the course of RA
and the response to pharmacotherapy. Clinical trials have shown that the Mediterranean diet or
supplementation with fish il rich in n-3 polyunsaturated fatty acids (PUFA) have positive effects
intheclinical course of RA [1]. It was also reported that RA patients who eat fish more than twice
a week had significantly lower disease activity than patients who consumed fish never or less
frequently [2]. Notably, both Japanese diets and Mediterranean diets are known for their high fish
consumption. Hence, these two populations serve as val uable cohorts for investigating the impact
of diet on RA.

The study aimed to investigate the relationship between consumption of fish rich in n-3 PUFA
and treatment responses in patients with RA receiving targeted therapies in two distinct cohorts,
one from Japan and the other from Spain. The study consisted in an initial Retrospective phase
followed by Prospective phase.

Retrogpective Sudy Phase

We conducted a collaborative international cross-sectional retrospective study involving patients
with RA receiving targeted therapies, including biologics or JAK inhibitors, attending either
Hokkaido University Hospital in Sapporo (Japan) or Hospital Virgen de las Nieves in Granada
(Spain) (Fig 1).
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Fig 1. Design of Retrospective Study Phase

After obtaining the approval of the ethical review board of the two institutions and the patients
written informed consent, each patient was provided with two sdf-administered dietary
questionnaires. The brief-type self-administered diet history questionnaire (BDHQ) [3] and aand
detailed fish frequency questionnaire (DFFQ) to document the food consumption over the last
month.

At the study entry, disease activity was comprehensively evaluated by qualified
rheumatol ogists., encompassing the disease activity score 28 (DA S28) erythrocyte sedimentation
rate (ESR), DAS28 C-reactive protein (CRP), 28-tender joint count, 28-swollen joint count, ESR,
CRP, and the patient’s global assessment of disease-related general health using avisual analogue
scale. The patients who responded to molecular targeted therapy (responder group) were defined
as cases with DAS28-ESR < 2.6 and DAS28-CRP < 2.4, and the control group was the non-
responders. Medical history, clinical characteristics, laboratory results and medication records
were collected through a retrospective review of the patients' electronic medical records.



The association of patients’ characteristics, the amount, and frequency of fish intake in the
Responder and non-Responder group were evaluated using Chi-squared test, Fisher's exact test,
and contributing factors to the Responder group were assessed using multivariate logistic
regression analysis.

Prospective Study Phase

After completing the retrospective study phase, we conducted a prospective observational non-
intervention study with a duration of 12 weeks in the Japanese RA cohort. The study involved
adult RA patients initiating a new targeted therapy who attended Hokkaido University Hospital
in Sapporo (Japan) (Fig 2). The prospective study protocol was approved by the ethical review
board of Hokkaido University Hospital.
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Fig 2. Design of the Prospective Study Phase

At the study entry (Visit 1), after signing awritten informed consent, eligible patients were given
two self-administered food frequency questionnaires, the BDHQ) and the DFFQ to document the
food consumption over the last month. Patients were assessed for disease activity by qualified
rheumatologists including DAS28-ESR, DAS28-CRP, 28-tender joint count, 28-swollen joint
count, ESR, CRP, the patient’s global assessment of disease-rel ated general, the physician’s global
assessment of disease-related general health and the patient’s pain assessment using visual
analogue scales.
At Visit 2, which took place after three months of the intuition of the new treatment, patients
completed two dietary assessments and were assessed for disease activity as described in Visit 1.
Patients were defined as responders or non-responders to the new targeted therapy according to
European League Against Rheumatism response criteriafor clinical trials [4,5]. A serum sample
was collected at this visit for laboratory determination of serum levels of PUFA and leptin.

The target number of patients for the prospective phase of the study was cal culated based on
results from the retrospective study. Taking into account the 10% dropout rate, we set the target
number of patients at 60 patients.

Retrogpective Sudy Phase

In the Japanese cohort, 218 patients with RA were recruited of which 205 were eligible after
excluding cases with insufficient data on disease activity assessment, insufficient responses on
the dietary questionnaires or for other reasons.

Among the 205 included patients, 162 were female, with a median age of 67 years. Eighty-
seven % of patients were treated with biologics and 13% with JAK inhibitors. Almost al the
patients (99%) reported consuming fish at least one a week. The responder group criteria were
met in 59% of the patients.

The estimated daily intake of n-3 PUFA was higher in the responder group compared to the
non-responder group (p = 0.04). Moreover, ahigher frequency of intake of fish rich in n-3 PUFA
was observed in the responder group compared to the non-responder group (30% vs.14%, p=
0.01). Multivariate logistic regression analysis indicated that consuming n-3 PUFA rich fish at
least once aweek was an independent factor contributing to favourable outcomesin the responder

group.

In the Spanish Cohort, 117 patients with RA were recruited of which 74 were €eligible after
excluding cases with insufficient data on disease activity assessment, insufficient responses on
the dietary questionnaires or for other reasons.

Among the 74 included patients, 58 were femal e, with a median age of 60 years. 96% were
on treatment with biologics, and 4% with JAK inhibitors. All the patients in this cohort reported
consuming fish at least one aweek. A total of 36% of patients met the responder group criteria.



No significant differences were found between the responder and non-responder groups in the
estimated daily intake of n-3 PUFA (p=0.11) or in the frequency of consumption of fishrichinn-
3 PUFA in this cohort (26% vs. 25%, p = 1.00).

The manuscript, which includes comprehensive data from the analysis of the characteristics and
outcomes of the two retrospective study cohorts, is now complete and ready for submission to a
scientific journal. We are currently awaiting written approval from several contributors. As the
manuscript has not yet been published in ascientific journal, | unfortunately cannot provide every
detail of the results in this report. However, | can assure you that we are committed to quickly
start the submission process once the necessary approvals have been obtained.

Prospective Study Phase
The prospective phase of the study began after the completion of the retrospective phase, using
the results of the retrospective analysis to establish the target population.

At the time of writing this report, we have enrolled fifty RA patients who have started a new
targeted therapy, and all of them have completed their initial visit. Six patients were subsequently
excluded, mainly due to medication withdrawal or failure to attend the second visit.

Thirty-two patients have completed the second visit after three months of treatment with the
evaluation of treatment response, dietary assessments, and sample collection for analysis. Despite
not yet reaching our target enrollment of 60 patients, the study continues until this milestone is
achieved and al patients complete their second visit.

Due to the prospective design of the study, a preliminary analysis of the results is currently
not possible. Instead, the analysiswill be carried out after completion of the data collection of the
two visits of all patients. The results obtained will be shared with the scientific community and
society through publication in a scientific journal and presentation at conferences.

Concluson

This study shows that consumption of fish rich in n-3 PUFA may benefit treatment response in
Japanese RA patients undergoing molecular targeted therapies. However, this association was not
observed in the Spanish population suggesting that the impact of fish consumption on treatment
outcomes may vary between popul ations and may be attributable to severa factors, including the
diverse characteristics of the populations. A prospective observationa study is currently underway
to examinein detail the benefits of n3-PFA intake on the response to targeted therapiesin Japanese
RA patients.
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