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Abstract

Objective To compare the effects a Mediterranean diet (MedDiet) versus the Irish Healthy Eating Guidelines (HEG) on
physical function and quality of life in adults with rheumatoid arthritis (RA) in Ireland.

Methods Forty-four adults with RA were randomised (1:1) to the MedDiet or HEG for 12 weeks. The intervention
included three video teleconsultations and two follow-up telephone calls facilitated by a Registered Dietitian (RD).
Changes in physical function by Health Assessment Questionnaire- Disability Index (HAQ-DI) and quality of life

by Rheumatoid Arthritis Quality of Life Questionnaire (RAQoL) were the primary outcomes measured. Secondary
outcomes included changes in dietary adherence, physical activity by Yale Physical Activity survey (YPAS), patient-
perceived pain and general health, and anthropometric measures. All measurements were administered at baseline
and repeated at 6 and 12 weeks.

Results Forty participants completed the study. Participants were primarily females (87.5%), mean age was
4754109 years. At the end of the intervention, participants in the MedDiet group reported significantly better
physical function (p=0.006) and quality of life (p=0.037) compared to HEG group. From baseline to 12 weeks,
physical function significantly improved in both diet groups, MedDiet (0.9+0.5 to 0.5+ 0.4 units, p<0.001) and HEG
(1.4£0.7 t0 1.0£0.6 units, p<0.001). Quality of life also significantly improved in the MedDiet (10.1+7.5t04.0+4.7
units, p<0.001) and HEG group (11.25+7.2 to 7.9+6.4 units, p=0.048). Physical activity improved significantly in the
MedDiet (56.7 +28.6 to 70.6+33.5 points, p=0.01) but not within the HEG group despite similar recommendations.

Conclusion Adhering to the MedDiet and Irish Healthy Eating Guidelines resulted in improvements in RA patient-
reported outcomes. The changes observed in both diet groups are likely due to the improvement in overall diet
quality irrespective of dietary prescription.
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Introduction

Rheumatoid Arthritis (RA) is a type of autoimmune
arthritis with an estimated global prevalence of 0.46% [1].
In Ireland, it is estimated that more than 40,000 people
are currently living with the condition [2]. RA can affect
people of any age including children, but it is most com-
mon between 40 and 60 years of age [3]. Females are
affected by the condition nearly three times more than
men [3]. RA is characterised by progressive joint inflam-
mation, damage, and disability, all of which severely
impact the person’s quality of life [4]. RA manifests
through various symptoms including pain, morning stift-
ness, fatigue, as well as limited mobility, all of which can
affect mental health and wellbeing [3, 5]. People with RA
experience progressive worsening in their physical func-
tion, limiting their ability to carry out daily life activities
and affecting their quality of life [6].

People with RA have 50% higher risk of developing
cardiovascular disease (CVD) compared to the general
population, and CVD is considered one of the leading
causes of death for adults with RA [7]. As there is no
cure for RA, the overall goal of treatment is to relieve
pain, decrease inflammation and prevent joint damage in
order to preserve function and quality of life [8]. Treat-
ment options for RA commonly include pharmacologi-
cal strategies, physical and occupational therapies, and
surgical interventions [9]. However, many people report
many side effects or inadequate response to pharmaco-
logic therapies [10]. Therefore, a holistic approach that
includes both pharmacologic and nonpharmacologic
therapies must be considered for optimal care. Despite
the lack of consensus regarding nonpharmacologic
therapies, people with RA continue to express inter-
est in adopting self-management strategies and lifestyle
modifications. Recent efforts have been made to improve
lifestyle behaviours in people with RA. In 2021, the Euro-
pean Alliance of Rheumatology Associations (EULAR)
formulated principles and recommendations regarding
lifestyle behaviours to prevent disease progression in
people with rheumatic and musculoskeletal conditions.
These principles emphasise the importance of eating a
healthy balanced diet, maintaining a healthy weight and
exercising on a regular basis [11].

People living with RA are often interested in modifying
their diet as a way to help them manage their symptoms
and cope with their condition [12]. It has been reported
that 33-75% of people with RA believe that diet affects
the severity of their symptoms and approximately 50%
have tried to change their diet in an attempt to allevi-
ate their symptoms [13]. In many cases, these dietary
changes are made without any input from a healthcare
professional [14]. The role of diet in the progression, and
alleviation of RA-related symptoms has been investigated
in a number of studies. Several dietary patterns including
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vegetarian, vegan, elimination, elemental, ketogenic, and
the Mediterranean Diet (MedDiet) have been examined
[12, 15, 16]. Whilst some studies have demonstrated
positive effects, other studies have shown no change [16].
Therefore, to date, no one diet has been determined as
being superior or most effective in the management of
RA and diet remains excluded from the clinical practice
guidelines for RA treatment.

The anti-inflammatory and antioxidant potential of a
MedDiet is thought to delay the onset and halt the pro-
gression of inflammation in chronic inflammatory condi-
tions [17]. The dietary pattern has also been associated
with the prevention and management of CVD [18]. Given
that RA has an underlying inflammatory pathogenesis
and coexists with CVD, and to address the unmet need
of an optimal dietary prescription for people with RA,
the French Society for Rheumatology (SFR) published the
first set of dietary recommendations for chronic inflam-
matory rheumatic diseases. The recommendations sup-
port the adoption of a MedDiet to help relieve RA-related
symptoms and improve outcomes [19]. In line with this, a
systematic review and meta-analysis, published in 2021,
assessing the effects of diets with anti-inflammatory basis
in RA, reported that a MedDiet seemed to have more
beneficial effects on pain compared to vegan and veg-
etarian diets [20]. This is further supported by a recent
systematic review that investigated the effect of a Med-
Diet on RA-related outcomes and demonstrated sev-
eral health benefits including improvements in pain and
physical function [21].

In Ireland, the current healthy eating guidelines are
based on the Healthy Eating Guidelines (HEG) issued
by the Health Service Executive (HSE). These guidelines
are evidence-based and promote a balanced and varied
diet. They recommend basing meals around foods that
are high in fibre and adequate protein from lean sources.
Limiting saturated fats and sugar intake is advised along
with controlling portion sizes and staying hydrated with
water. Being mindful with regards to salt intake and reg-
ularly engaging in physical activity are also emphasized
[22].

The large body of literature surrounding the anti-
inflammatory benefits of a MedDiet has created a par-
ticular interest in the use of this dietary pattern for
people with RA. However, to date, limited trials have
investigated the MedDiet in RA. These studies compared
the effects of a MedDiet to either a typical Western diet
[23], fasting [24], or written resources on healthy eating
without any dietetic supervision [25]. The studies were
heterogeneous in terms of design and clinical outcomes
evaluated with some methodological limitations. When
compared with the control group, the studies indicated
that participants following the MedDiet experienced
improvements in several parameters including pain,
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physical function, morning stiffness, quality of life and
inflammatory biomarkers. Considering the favourable,
albeit limited data in RA, well-conducted trials inves-
tigating the potential of a MedDiet to improve RA out-
comes are warranted. The primary aim of the MEDRA
study is to assess the effectiveness of a dietetic led inter-
vention comparing the MedDiet to the Irish Healthy Eat-
ing Guidelines, (given that this is recommended by the
Irish Health Authorities as an evidence-based approach
to healthy eating and is likely more familiar to an Irish
population), on physical function and quality of life in
adults with RA in Ireland.

Methods

Study design

The MEDRA study was an open-label, telehealth-deliv-
ered, randomised controlled trial with two parallel inter-
vention arms. In response to the pandemic and following
the Irish government’s announcement of a national lock-
down, we sought to use telehealth methods to deliver the
proposed intervention [26]. The study was designed in
accordance with and adheres to the Consolidated Stan-
dards of Reporting Trials (CONSORT) statement [27].
All procedures involving patients were approved by the
Education and Health Sciences Research Ethics Commit-
tee at the University of Limerick (2020_09_05_EHS) and
by the Health Service Executive Mid-Western Regional
Hospital Research Ethics Committee (REC Ref 103/19).
The 12-week dietary intervention included data collec-
tion and consultations at baseline, 6 and 12 weeks. The
published protocol details the study design and meth-
ods [28]. All participants gave their written, informed
consent to take part in the study. The study was regis-
tered prospectively at ClinicalTrials.gov NCT04262505
(10/02/2020). Patients and the public were not involved
in the design, conduct or dissemination plans of this
present study.

Participants

Between November 2020 and February 2021, partici-
pants were recruited through social media platforms of
the patient organisation ‘Arthritis Ireland’ and through
outpatient rheumatology clinics at University Hospital
Limerick (UHL) via poster advertisement. Eligible par-
ticipants were adults (=18 years old) with a RA diagnosis
fulfilling the 2010 American College of Rheumatology/
European League against Rheumatism (ACR/EULAR)
RA classification criteria [29]; and had access to the inter-
net or a mobile device capable of receiving text messages
and telephone calls. Exclusion criteria were commence-
ment of nutritional supplements or a new dietary regime
in the month prior to study enrolment, pregnancy,
breastfeeding, and non-English speaking.
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Participants who expressed interest in the study were
screened for initial eligibility via a telephone call by a
CORU (Irish regulating Health and Social Care Profes-
sional) Registered Dietitian (RD) (TR). Eligible partici-
pants were provided with a detailed study information
sheet and consent form via post or email. A week later,
potential participants were contacted by the RD via email
and subsequently scheduled to attend a baseline video
teleconsultation upon providing written, informed con-
sent. All participants continued to receive standard med-
ical care provided at their respective hospital or primary
care settings; however, participants were advised not to
engage in any weight-loss or other lifestyle interventions
that might affect the study.

Randomisation and blinding

A computer-generated blocked randomisation list allo-
cated participants 1:1 to either the MedDiet or the
HEG group. Randomisation was conducted by a statisti-
cian who is not involved in the study. Due the nature of
dietary intervention studies, both, participants, and the
RD could not be blinded. All assessments and analyses
were performed by the same RD not blinded to alloca-
tion. Therefore, to minimize the risk of bias, all data were
fully pseudomised before analysis.

Interventions
Both dietary interventions comprised personalised
dietary advice and nutrition counselling including nutri-
tion education and goal setting from the RD to help
improve dietary quality and achieve adherence to the
prescribed diet. While both dietary interventions were
standardised to the overarching principles of the assigned
diet, the RD adopted a tailored approach with regards to
assisting individuals in achieving lasting dietary behavior
change based on individuals’ likes and dislikes. The key
education points centered around each dietary interven-
tion’s associated dietary guidelines which for both includ-
edpromoting balanced meals, discussing food sources of
essential nutrients and practical tips for meal planning
and preparation to support successful adherence to the
intervention. Throughout the sessions, efforts were made
to maintain consistency, and standardized protocols were
implemented to ensure objective evaluation of outcomes.
All participants were made aware that this was not
a weight loss intervention and were advised to remain
weight stable through regular at-home weight monitor-
ing. Participants in both diet groups were encouraged to
engage in regular physical activity (at least 30 min a day
of moderate intensity activity, five days a week). A log was
kept by the RD whereby participants’ dietary preferences
and food allergies were recorded.
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Teleconsultation schedule

The RD delivering the intervention (TR) informed all
study participants of their group allocation during
the baseline video teleconsultation. Both diet groups
received three video teleconsultations (baseline, 6, and
12 weeks) and two follow-up phone calls at weeks 3 and
9. All calls were scheduled on weekdays at a time of the
participants choosing. The video teleconsultations lasted
approximately 40 min while the follow-up phone calls
took between 15 and 20 min.

MedDiet

The MedDiet intervention was designed based on the
principles of the traditional Cretan MedDiet [30]. Based
on to the MedDiet food pyramid, participants were
advised to consume 60-80 ml of EVOO, at least two
servings of vegetables and three servings of fruits daily.
Participants were also instructed to include fish at least 3
times per week and a handful of raw unsalted nuts every
other day given they are an integral part of the MedDiet
and are the main source of omega-3 fatty acids [31]. Par-
ticipants in the MedDiet group were provided with a
MedDiet resource handbook which was developed based
on the MedDiet guide by George et al. [32]. The hand-
book included a 2-wk meal plan modeling the MedDiet
and its key dietary components and a combination of
traditional and adapted recipes considered to be suitable
in an Irish setting. The handbook included a food pyra-
mid, a shopping list and general advice on how to follow
and adhere to the main principles of the MedDiet. The
handbook was adapted from resources that have been
successfully used in previous MedDiet intervention stud-
ies in non MedDiet countries that the authors have been
involved in [32].

HEG

Participants in the HEG group were instructed to fol-
low the Irish Healthy Eating Guidelines published by the
Department of Health in December 2016. In this inter-
vention group, participants were requested to consume
5-7 servings/ of fruits and vegetables, 3-5 servings of
wholegrain cereals, 3 servings of low-fat dairy, 2 servings
of lean meat. Participants were asked to limit the intake
of high fat, sugar, salt food and drinks to once or twice/
wk and to use fats, spreads, and oil in very small amounts.
All participants were supplied with a 101 Square Meals
recipe book [33]. Sample daily meal plans were readily
available online for participants on the Healthy Ireland
website (HSE, http://www.hse.ie).

Dietary assessment

3-day food diary

Dietary data was collected using three-day food diaries
to assess adherence to dietary prescription. Food diaries
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included two weekdays and one weekend day and were
collected at baseline, 6 and 12 weeks. Participants were
requested to complete the food diaries using the LIBRO
mobile application®. The three-day food diaries were then
imported into and nutrition analysis was completed by
the RD using the Nutritics Software®.

Dietary adherence scores

The Mediterranean Diet Adherence Score (MEDAS)
is a 14-point short screener developed and validated
by researchers for the PREDIMED trial, a study which
examined the effects of a MedDiet in individuals with
CVD [34]. The checklist includes the key principles of a
MedDiet. The score is intended to assess adherence to the
MedDiet where scores range from 0 to 14 points. Adher-
ence is categorised into three categories: low (scores were
between 0 and 5), moderate (scores 6—9) and high (scores
10-14) [35]. All participants in the MedDiet group com-
pleted the checklist at baseline, 6 and 12 weeks.

In the HEG group, an 11-item healthy eating checklist
specifically developed by the authors was used to cross-
check against and assess adherence to the Irish Healthy
Eating Guidelines. Since there is an overlap in dietary
prescription between the MedDiet and the HEG in terms
of certain food groups (vegetables, fruits, wholegrains
etc.), adherence to the MedDiet was also assessed in the
HEG group using the 14-item MEDAS.

Primary and secondary outcomes

The primary endpoints were changes in physical func-
tion and quality of life at week 12. Both measures were
assessed using self-administered validated question-
naires, Health Assessment Questionnaire - Disability
Index (HAQ-DI) [36] and Rheumatoid Arthritis Quality
of life (RAQoL) questionnaire [37-40], respectfully, with
lower scores for both questionnaires indicating better
physical function and quality of life. The HAQ-DI is a
widely used tool to measure physical function in people
with RA. It comprises 20 items referring to the ability
to perform daily life activities and involving 8 domains.
The overall score is the mean of the 8 domains scores
and ranges from O to 3 [41]. The RAQoL is a disease-spe-
cific measure of quality of life for people living with RA.
The scores on the RAQoL are the sum of all individual
scores and range from O to 30 [42]. Secondary endpoints
included changes observed in patient-perceived pain
and general health assessed using the HAQ-DI. Physical
activity was measured using the validated Yale Physical
Activity Survey (YPAS) [43]. All assessments were car-
ried out at baseline, 6 and 12 weeks.

Statistical analysis
The data set was analysed with an intent-to-treat (ITT)
principle and used the last observation carried forward
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method for missing data. Descriptive statistics were com-
pleted and reported as mean*SD. Normality of data was
assessed using the Shapiro—Wilk test with a non-signif-
icant result (p>0.05) indicating normality. Categorical
variables were expressed as frequencies and percentages.
The level of statistical significance was set at p<0.05.
Group differences were calculated using the chi-square
test for categorical variables. The independent samples
t-test was used to compare the mean scores between
two groups of normally distributed continuous variables,
and the Mann-Whitney U test was employed as the non-
parametric alternative. Paired samples t-test was used to
compare the mean scores within groups between base-
line and end of intervention assessment. The Wilcoxon
Signed Rank Test was used as the non-parametric alter-
native. A general linear model, i.e., repeated-measures
ANOVA (analysis of variance), was used to examine the
between-group differences of mean values at each time
point of measurement, the within-group changes (time
effect) from baseline to follow up in each intervention
group, and the differences in the changes from base-
line to follow up between the two intervention groups
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(treatment X time interaction effect). All statistical anal-
ysis was performed using the Statistical Package for the
Social Sciences SPSS statistical software for Windows
(IBM, version 27).

Power calculation

The study was designed to provide 80% power to detect
a difference of 0.68 units in HAQ-DI score (clinically rel-
evant) [44] from baseline, assuming a two-sample Stu-
dent’s t-test and a=0.05 significance level. The calculated
sample size was 40 participants in total. Adjusting for a
potential 10% dropout, the sample size was determined
to be 44 participants.

Results

Of the 57 patients screened for eligibility, 44 participants
were recruited and randomly assigned to receive either
the MedDiet (n=22) or HEG (n=22). Of the 44 partici-
pants enrolled, 40 completed the study (Fig. 1). Reasons
for exclusion and withdrawals for all screened patients
are shown in Fig. 1.

Assessed for eligibility (n=56)

[ Enrollment ]

Excluded (n=12)

+ Not meeting inclusion criteria (n= 9)
+ Declined to participate (n= 2)

+ Other reasons (n= 1)

Randomised (n=44)

l

t [ Allocation } y
Allocated to MedDiet arm (n=22) Allocated to HEG arm (n=22)
+ Received allocated intervention (n=22) + Received allocated intervention (n=2)
« Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
l [ Follow-Up ] l
Discontinued intervention (n=2, inability to Discontinued intervention (n=2, inability to
comply) comply)
l [ Analysis ] l

Completed and analysed (n=20)

Fig. 1 MEDRA study participants flow diagram

Completed and analysed (n=20)
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Baseline demographics and characteristics

Table 1 presents the characteristics of study participants
in terms of their socio-demographics, anthropomet-
ric and patient reported outcomes in the total sample
(n=40) and by diet group. Study participants had a
meantSD age of 47.5+£10.9 years old with the cohort
being predominantly female (87.5%), reflective of a

Table 1 Baseline characteristics of study participants
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typical RA population [45]. Most participants had com-
pleted some form of tertiary education (85%). At baseline,
there were no differences between the two diet groups in
terms demographic characteristics, anthropometric or
functional variables except for the HAQ-DI score which
was significantly lower in the MedDiet group indicating
better baseline physical function in the MedDiet group

Total (n=40) MedDiet (n=20) HEG p-value
(n=20)
Age (years)* (Mean+SD) 475+109 4704123 481+96 0.495
Females, n (%) 35(87.5) 16 (80) 19 (95) 0.151
Anthropometry (Mean +SD)
Height (m) 1.6+0.1 1.7£0.1 1.6+0.1 0327
Weight (kg) 72+14.7 71+£113 731+17.7 0.658
BMI (kg/mz) 26.7+5.1 26.1+£55 272+49 0.51
Country of birth (Ireland), n (%) 37(92.5) 19 (95) 18 (90) 0387
Marital status, n (%) 0.541
Single 6(15) 3(15) 3(15)
Married 23 (57.5) 11 (55) 12 (60)
Divorced 2 (5) 2 (19) 0(0)
Living with a partner 9(22.5) 4 (20) 5(20)
Education, n (%) 0.674
Secondary school 3(7. 1(5) 2(10)
Apprentice/trade 3(7. 2(10) 1(5)
Certificate/diploma 10 (25) 5(25) 5(25)
Bachelor’s degree 14 ( 7 (35) 7 (35)
Master's degree 8 (20) 3(15) 5(25)
Doctoral 2 (5) 2 (10) 0(0)
Employment, n (%) 0.592
Unemployed 6(15) 2(10) 4(20)
Full-time 25 (62.5) 13 (65) 12 (60)
Part-time 5(12.5) 2(10) 3(15)
Retired 4(10) 3(15) 15
Smoking status, n (%) 0.344
Non-smoker 30 (75) 16 (80) 14 (70)
Former smoker 9(22.5) 3(15) 6 (30)
Current smoker 1(2.5) 1(5) 0(0)
Disease duration (years)* (Mean +SD) 95+96 82+87 10.7+£106 0434
DMARD use, n (%) 39(97.5) 20 (100) 19 (95) 0311
YPAS- Summary Index Score (Mean £ SD) 56.9+299 56.7+286 5724320 0.959
Standing index score 84+4.1 9.1+£4.1 7.7+4.1 0.301
Sitting index score 25+09 26%1.1 24+08 0.862
Moving index score 89+36 95+38 84+£35 0461
Leisurely walking index score 216+150 2024135 230+166 0.565
Vigorous activity index score 159+16.7 160£17.3 158+16.5 0.883
Patient-perceived pain [0-100]* (Mean+SD) 426+257 403+£275 45.0+243 0.565
Patient- perceived general health score [0-100]" (Mean + SD) 479277 450+323 5094226 0.62
RAQoL score [0-30] (Mean +SD) 1068+73 10.1+7.5 113+72 0.624
HAQ-DI score [0-3] (Mean +SD) 1.1+£06 09+05 14+0.7 0.00
MEDAS score [0-14] (Mean+SD) 51+23 59+25 43+1.7 0.015

Note * indicates non-parametric variables. All data are presented as mean+SD and n (%)

p-values were derived from the Student’s t-test for continuous variables and from the chi-square test for categorical variables. Results in bold indicate p<0.05 and
are therefore statistically significant. Abbreviations: BMI: body mass index; RAQoL: Rheumatoid Arthritis Quality of Life; HAQ-DI: Health Assessment Questionnaire-
Disability Index; MEDAS: Mediterranean Diet Adherence Screener; MedDiet: Mediterranean Diet; HEG: Healthy Eating Guidelines
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compared to HEG group (0.9+0.5 vs. 1.4+0.7, p<0.001)
and therefore was adjusted in further analysis (Table 1).

Effect of dietary interventions on physical function and
quality of life

Taking into account the baseline differences in HAQ-DI
scores between the two groups at baseline, change levels
were assessed, wherein there was no significant difference
between the groups (p=0.586). The change in RAQoL
score from baseline to 12-wk was also non-significant
between the two groups (p=0.165) (Table 2). However,
at 12 weeks, participants allocated to the MedDiet group
reported significantly lower HAQ-DI and RAQoL scores
compared to participants in the HEG group; HAQ-DI
(p=0.006) and RAQoL (p=0.037) indicating better physi-
cal function and quality of life.

Effect of dietary interventions on physical activity and
patient-perceived pain and general health

No significant between-group differences were observed
for reported pain and health status at the end of the
intervention (Table 2). However, when assessed within
group there was a significant improvement in pain and
health status from baseline to 12 weeks, pain: (MedDiet:
40.3%£27.5 to 17.4+22.2, p<0.001; HEG: 45.0+24.3 to
30.3130.1, p=0.028), health status: (MedDiet: 45.0+32.3
to 29.0+34.9, p=0.001; HEG: 50.9£22.6 to 28.7+24.1,
p=0.002). Physical activity levels were significantly
higher among participants in the MedDiet group com-
pared to the HEG group at the end of the intervention
(p<0.001). From baseline to post-intervention, there was
a significantly increase in physical activity levels in the
MedDiet (56.7%28.6 to 70.6+33.5 points, p=0.01) and a
non-significant decrease in the HEG group (57.2+32.0 to
54.31+23.8 points, p=0.618).

Effect of dietary interventions on anthropometric
measures

The effect of the two dietary interventions on weight
and BMI is presented in Table 2. There were no signifi-
cant differences for post-intervention values for weight
and BMI between the two diet groups. There were also
no significant differences noted for the changes observed
from baseline and 12 weeks between the two diet groups
(Table 2). Although this was not a weight loss study, dur-
ing the intervention period, there was a small and sig-
nificant reduction in body weight among both groups
when within group changes were assessed. Weight loss
in participants who followed the MedDiet was —0.6 kg
(71.0£11.3 kg to 70.4%11.5 kg, p<0.001) and those
who followed the HEG was —0.9 kg (73.1+17.7 kg to
72.2%17.3 kg, p=0.004) from baseline to 12-wk. Cor-
respondingly, there was a significant reduction in BMI
(kg/m?) in the MedDiet (26.1£5.5 to 259155 Kg/

Table 2 Anthropometric and patient-reported outcomes across intervention time points

Mean

=20)

HEG (n
Baseline

=20)
6 wk

MedDiet (n
Baseline

change

Mean Change Within

pre-post
(95% Cl)

12wk

wk

Mean Change Within

pre-post
(95% Cl)

12wk

between
groups
p-value
0472

group

group

p-value

p-value

<0.001
<0.001
<0.001

1.2
04

04404

-09

722+173
269+4.7

720+173
268+4.7

731177
272+49

<0.001
<0.001
<0.001

-06+0.7
-0.2+

704+115

702+116

+113
6.1£55

Wt (kg)

0461

03+

03

259+£55

258+55

2

BMI (kg/m?)

0.586

2+0.7

14+07°

03403

07+04 05+04

09405

Physical function
HAQ-DI score

0-3)

0.048 0.165

+59

-34

79+64

935+65

<0.001 1125+

-6.1£6.1

75

101+

Quality of life

RAQoL score (0-30)

0.028 0363
0513

-14.7+33.1
-222+248

303+30.1
2874241

29.7+279
353£314

<0.001 4504243

<0.001

-229+214
-160+339

2214284 1744222
29.0+349

278+329

403+275
4504323

HAQ-DI pain (0-100) *

HAQ-DI

0.002

509+226°

0-100) *

General health (

0.721 0.031

543+238 -29+256

5304213

5724320

0.009

669+27.3 706+335 1394215

56.7+286

Physical activity

YPAS score
(0-142)
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Note * indicates non-parametric data, statistical analysis conducted using non-parametric tests. Within-group values were compared with paired t test. Differences between groups were analysed by Student’s t test for independent samples.

Abbreviations: MedDiet: Mediterranean Diet, HEG: Healthy Eating Guidelines Wt: weight; BMI: Body mass index; HAQ-DI: Health Assessment Questionnaire-Disability Index; RAQoL: Rheumatoid Arthritis Quality of Life; YPAS: Yale Physical Activity

Survey. Results in bold indicate p<0.05

Lower HAQ-DI score indicates better physical function, lower pain score indicates less pain, lower health status score indicates better health status, lower RAQoL score indicates better quality of life
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Adherence to the MedDiet in the MedDiet group
(n=20) using MEDAS score

|
\ 9.7

-
IS

-
N

10.6

-
o

()} o]
—

5.9
4

MEDAS score (0-14)

Baseline 6-wk 12-wk

Fig. 2 Adherence to the MedDiet principles in the MedDiet group using
14-item MEDAS

Adherence to the HEG (n=20) in the HEG group

7.9
6.3

6-wk

HEG score (0-11)

Baseline 12-wk

Fig. 3 Adherence to the HEG in the HEG group using 11-item Healthy
Eating checklist

m?, p=0.001) and HEG (27.2+4.9 to 26.9+4.7 Kg/m?
p=0.002) group over the 12-wk intervention period.

Baseline adherence to the assigned diet

Overall, participants in the MedDiet group had low
baseline adherence to a MedDiet dietary pattern with
a mean MEDAS score of 5.9+2.5 out of 14. The HEG
group had a mean adherence score of 6.3+1.7 out of
11 to Irish Healthy Eating Guidelines. When adherence
to the MedDiet was assessed among participants in the
HEG group at baseline using the MEDAS, there was 1.6
unit difference disparity in baseline adherence to the
MedDiet between the two groups where participants in
the HG group also had low baseline MedDiet adherence
and a mean MEDAS score of 4.3%1.7 out of 14. Accord-
ingly, the pooled cohort of participants had low baseline
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adherence to the MedDiet pattern, with a mean MEDAS
score of 5.1£2.3 out of 14 (Table 1).

Adherence to the dietary intervention from baseline to 12
weeks

The increase in the MEDAS score in the MedDiet group
was significant across all three time points (Fig. 2). The
increase in the HEG score in the HEG group was sig-
nificant between baseline and 6 weeks (p<0.001) and
between baseline and 12 weeks (p<0.001) (Fig. 3).
Thus, indicating that all participants adhered to the pre-
scribed advice within each respective diet group met
their assigned dietary prescriptions, improving their diet
quality.

To assess overall diet quality and adherence to MedDiet
principles total MEDAS scores across all time points in
both groups are presented in Fig. 2. At 12-wk, both diet
groups had significantly higher MEDAS scores compared
to baseline, MedDiet (5.9+2.5 to 10.6%2.7, p<0.001) and
HEG (4.3%£1.7 to 6.9+1.5, p<0.001). The change from
baseline to post-intervention was significantly higher
in the MedDiet group compared with the HEG group
(4.7£3.2vs.2.611.7, p=0.017), respectfully (See Table 3).

Discussion

The MEDRA study was designed to investigate the
effects of a MedDiet compared to the Irish Healthy Eat-
ing Guidelines on physical function and quality of life
in a cohort of adults with RA. The study demonstrated
that significant improvements in patient-reported out-
come measures namely physical function, quality of
life, patient-perceived pain and general health can be
achieved in adults with RA through the improvement of
diet quality via both, a MedDiet and the Irish HEG. The
observed improvements in these parameters suggest that
dietary management is effective in improving RA-related
outcomes and therefore should be considered alongside
other, proven management strategies including medical
treatments and physiotherapy.

Results from the MEDRA study demonstrated that
adherence to the MedDiet intervention, delivered by a
RD, resulted in improvements in physical function, qual-
ity of life, patient-perceived pain and general health.
These findings are in keeping with previous MedDiet
intervention studies in RA. Skoldstam et al. in (2003)

Table 3 Adherence to the MedDiet at pre- and post-intervention in the pooled cohort and by diet arm using the MEDAS

Baseline 12 wk Within group Mean Change Mean change between groups
Mean+SD Mean+SD p-value pre-post (95% Cl) p-value

Cohort (n=40) 51423 87+29 <0.001 36+27 0.017

MedDiet (n=20) 59+25 106+2.7 <0.001 4.7+32

HEG (n=20) 43+1.7 69+15 <0.001 26+1.7

Abbreviations MEDAS: Mediterranean diet adherence screener; MedDiet: Mediterranean Diet; HEG: Healthy Eating Guidelines, Cl: confidence interval. All data are
presented as mean+SD. Results in bold indicate p<0.05 and are therefore statistically significant
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reported significant improvements in physical function,
patient-reported quality of life and disease activity score
(DAS-28) in participants who followed a MedDiet for 12
weeks while participants who followed a typical Western
diet did not show any improvements [23]. McKellar et al.
(2007) conducted a pilot study among female RA patients
and found that participants assigned to the MedDiet for
three months demonstrated significant improvements
in physical function and patient-reported pain [25].
Together, these studies highlight potentially beneficial
effects from the Mediterranean dietary pattern for the
management of RA.

The beneficial effects of the MedDiet have been attrib-
uted to its various components rich in antioxidants
and anti-inflammatory properties [46]. It has been pro-
posed that the MedDiet can alter the gut microbiome,
thus modulating the inflammatory response in RA [47].
Dietary components of MedDiet can affect disease activ-
ity in RA through direct or indirect interactions with the
immune system. Epidemiological studies suggested that
anti-inflammatory properties of flavonoids and carot-
enoids, widely included in MedDiet, inhibit both iso-
forms of inducible nitric oxide synthase (iNOS) and of
cyclooxygenase 2 (COX-2), which are which are responsi-
ble for producing inflammatory mediators [48]. Another
key element of the MedDiet is the central aspect of extra-
virgin olive oil, which due to its high mono-unsaturated
fatty acid (MUFA) content, exhibits a capability to reduce
oxidative stress, and is associated with a reduction of
thromboxane which induces platelet aggregation and
arterial constriction [49].

In accordance with this, a study including 208 con-
secutive patients with RA, reported that the DAS-28
was significantly correlated with the ratio of consumed
monounsaturated to saturated fatty acid (MUFA/SFA)
[50]. Moreover, the MedDiet emphasises moderate intake
of fish, especially those rich in omega-3 fatty acids such
as salmon, tuna, etc. The omega-3 fatty acids inhibit ara-
chidonic acid metabolism, which results in the synthesis
of less thrombogenic and less inflammatory eicosanoids
such as TNF-alpha and interleukin-1 beta (IL-1 beta)
responsible for to tissue destruction and pain in RA [51].

A major finding from the present study was that an
Irish cohort of adults with RA achieved high adher-
ence to a MedDiet after a 12-wk RD led intervention.
At baseline, participants in both diet groups had low
adherence to a MedDiet. Despite the increased familiar-
ity of the MedDiet through its promotion as the most
widely evidence-based diet for health, this finding was
expected given that the Irish Healthy Eating Guidelines,
familiar to most, are based around a low-fat, high fibre
dietary pattern. When group adherence to the MedDiet
was assessed at 12-wks, improvements indicating higher
levels of adherence were achieved in both diet groups.
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Changes in MedDiet adherence using the MEDAS score,
showed a mean increase by 3.6 out of 14 points in the
overall group (MedDiet: 4.7 points; HEG: 2.6 points).
This significant improvement in adherence to the Med-
Diet principles in the MEDRA cohort is an important
finding and is indeed encouraging as it indicates that it
is possible to adhere to principles of a MedDiet in non-
Mediterranean populations. While some components of
the MedDiet overlap with other healthy dietary patterns
[52], it remains unclear from previous studies whether
a MedDiet as a whole is superior in RA with regards
to positive outcomes being achieved or if a standard
healthy diet complemented with key elements of a Med-
Diet would yield similar benefits. It is also important to
note that whilst the MedDiet is recognised as one of the
healthiest diets in the world [53], it is not the only healthy
eating pattern that exists and that is backed by scien-
tific research. Different countries have their own dietary
guidelines that promote healthy diets and are similar to
the MedDiet in that they promote variety, moderation
and focus on whole foods. These dietary recommenda-
tions are often tailored to the population, and take into
account the country’s food availability and food culture
[54]. Therefore, when both diets yield similar results, it
is important to consider what is more convenient and
familiar to the participants.

While weight loss was not intended or anticipated for
participants enrolled in this trial, both diet interven-
tions resulted in small but significant weight reduction.
In this study, the change in body weight was similar in
both groups whereby the MedDiet group lost 0.6 kg
and the HEG group lost 0.9 kg over the 12-wk interven-
tion period. The increased adherence to the respective
dietary prescriptions and improvement in diet qual-
ity in both diet groups may explain this reduction in
body weight. These results align with results from other
MedDiet intervention studies whereby, Skoldstam et
al. reported that participants in the MedDiet group lost
3.0 kg in weight (p<0.001) and participants in control
group remained weight stable throughout the 12-wk
study period [23]. In Mckellar et al’s study, the MedDiet
group lost 0.9 kg whereas the group receiving tips on
healthy diet showed a 3 kg weight gain over the 6-month
study period [25]. Several studies have demonstrated that
participating in behavioural lifestyle interventions often
lead weight loss [55]. Weight loss has commonly been
reported in response to dietary intervention for patients
with RA [15]. However, there is a paucity of studies
assessing the effects of weight loss in people with RA.
Evidence of weight loss reported in response to dietary
intervention in patients with RA have seen no association
between the patient’s decrease in body weight and the
positive clinical results achieved [56]. Moreover, accord-
ing to 2021 EULAR recommendations regarding lifestyle
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behaviours, weight loss is only advocated for patients
who are overweight or obese [11].

Studies have shown that physical activity levels among
RA patients, particularly among those above the age of 55
years, is lower than the level recommended by interna-
tional guidelines for health- enhancing physical activity
and is also lower than that among healthy persons [57]. In
this study, although regular physical activity was empha-
sised in both dietary intervention groups, improvement
in physical activity levels were only found among par-
ticipants assigned to the MedDiet. This perhaps may be
explained by the lower baseline YPAS score in the Med-
Diet group which provided more room for improve-
ment compared to the HEG group. The improvements in
physical activity levels that accompanied the changes in
MedDiet adherence were anticipated given that partici-
pation in behavioural and lifestyle interventions tend to
have a positive effect on individuals’ wellbeing, particu-
larly improving physical activity and mental health [58—
60]. Interestingly, a recent study reported that a MedDiet
combined with a dynamic exercise programme could
result in greater improvements in quality of life com-
pared to MedDiet alone among adults with RA [61]. With
that said, the superior effects observed in physical func-
tion and quality of life at week 12 in the MedDiet group
in our study could have been supported by the increase
in physical activity levels among participants assigned to
this group.

The main strengths of this study are its randomised
controlled trial design. In addition, the research-
ers included robust collection of a 3-day food diary to
assess compliance to the dietary prescription which was
checked and validated by a qualified RD who also pro-
vided telehealth nutritional counselling and strict follow-
up throughout the intervention period. Furthermore,
participants continued their habitual pharmacologic
treatment, making the results more representative to
the patient population. The use of medication was self-
reported at baseline and any changes during the interven-
tion period were documented. The validated 14-MEDAS
scoring instrument from the large Spanish PREDIMED
trial was used to measure compliance and adherence to
the MedDiet. Primary outcomes were also robust includ-
ing the validated, gold standard HAQ-DI for measuring
physical function and the official Swedish RAQoL for
quality-of-life measure.

The mode of healthcare delivery has shifted with
exceptional speed due to Covid-19 pandemic. Telehealth
has been applied as a solution to provide patient care
during this period [62]. While telehealth-delivered clini-
cal trials and dietary interventions conducted specifically
in RA are lacking, trials conducted in the other chronic
disease population have demonstrated that telehealth-
delivered dietary interventions are effective at supporting
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behavioural change [63, 64]. Particularly, telehealth has
demonstrated greater improvements in dietary behav-
iours and clinical outcomes when compared with usual
care in people with chronic conditions [65, 66].

It is important to consider the limitations of this trial.
Firstly, the sample size of the cohort, despite being
powered on physical function, could limit our ability to
assume the results will apply to the RA population orcon-
duct multivariate analysis. The intervention period was
for 12 weeks and while comparable to similar studies
[23], however, is not reflective of sustainability of dietary
and health related outcomes. Furthermore, in dietary
interventions it is not possible to blind clinicians and par-
ticipants from the dietary prescriptions. While data was
de-identified, the RD who carried out the assessments
also carried out the analysis, therefore, blinding was not
possible.

While our study revealed useful and important insights
into the impact of diet in RA, it is prudent to acknowl-
edge the potential limitation associated with the trans-
lation of the findings with the disproportionately high
representation of participants with tertiary education
(85%) in the study sample. This demographic skew may
limit the generalisability of our findings to the broader
population given that individuals with higher education
levels may be more willing to take part in dietary inter-
vention studies and may also adapt to the changes pro-
posed in terms of adherence, acceptance, access to the
intervention dietary patterns proposed etc. To enhance
the external validity of our findings, future research
should strive for a more diverse participant demographic.

While the MEDRA study benefits from the use of a
disease-specific patient-reported outcomes, the sub-
jective nature of patient-reported outcomes and self-
reported dietary intake assessment methods presents
numerous challenges to obtaining accurate informa-
tion When dietary data is self-reported by participants,
inconsistency, and under-reporting of food and/or bever-
age intake frequently occurs. Therefore, the possibility of
beneficial effects in dietary intervention groups need to
be substantiated in large, controlled trials with objective
measures such as inflammatory biomarkers and disease
activity score. Though 3-day food diaries are less prone
to recall bias and poor reliability compared to other
assessment methods such as food frequency question-
naires and 24-hour recalls, it is crucial to note that there
is always potential for over/underreporting due to knowl-
edge and awareness particularly in overweight and obese
study participants Due to Covid-19 related lockdowns
and government restrictions, we were unable to collect
bloods for assessment of inflammatory markers or rel-
evant dietary biomarkers, hence, limiting objective mark-
ers and exploration into the physiological drivers of the
outcomes reported.
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Given the significant impacts of RA on the physical,
psychological, economic, and social aspects of the lives of
people living with the condition, the management of RA
must extend its focus beyond pharmacological treatment
[67]. The MEDRA study has shown that improving diet
quality offers potential benefits across a range of param-
eters, suggesting that this approach may be a useful
therapeutic adjunct to traditional DMARDs. To our best
knowledge, this was the first trial to assess a MedDiet in
adults with RA residing in Ireland, where the Mediter-
ranean dietary pattern is not very common. The study
highlights that, although there is promise for the Med-
Diet in the management of RA, more studies are required
to inform dietary recommendations and guidelines for a
RA population. Moreover, our study demonstrated that
nutrition counselling offered by a qualified RD inter-
vention was successful at improving the dietary habits,
therefore, implementation of dietary counselling should
be considered and advocated for as a potentially impor-
tant management approach in the treatment plan of RA.

Conclusion

In conclusion, this study provides emerging data of the
beneficial effects of optimising dietary quality under
dietetic supervision in people with RA. Future studies
considering objective outcomes such biochemical mark-
ers to confirm the results of this study and to assess phys-
iological benefits of dietary prescription in this patient
group. While results from the MEDRA study suggest that
adopting a dietary pattern reflecting a healthy diet may
be beneficial for RA, mechanisms by which improving
dietary quality may achieve the observed improvements
have yet to be fully investigated.

Acknowledgements
The authors would like to express their sincere gratitude to all the participants
who took part in this study.

Author contributions

TR: conceptualisation, methodology, investigation, resources, data

collection, data analysis, and writing (original draft, review and editing). AT:
conceptualisation, methodology, investigation, resources and writing (review
and editing), supervision and project administration, guarantor. AG, LL, AF, EG,
NK: investigation and resources. All authors contributed to data interpretation
and gave the final approval of the manuscript.

Funding
This study is supported by the School of Allied Health Postgraduate
Scholarship at the University of Limerick.

Data availability

The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request. doi: https://doi.org/10.1101/20
23.02.21.23286250.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Helsinki Declaration. The
study involved human participants and was approved by the Education and

Page 11 of 12

Health Sciences Research Ethics Committee at the University of Limerick
(2020_09_05_EHS) and by the Health Service Executive Mid-Western Regional
Hospital Research Ethics Committee (REC Ref 103/19). All the participants
received written information about the study and informed consent was
obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Discipline of Dietetics, School of Allied Health, Faculty of Education and
Health Sciences and Health Implementation Science and Technology
Centre, Health Research Institute, University of Limerick,

Limerick V94 T9PX, Ireland

2|nstitute for Physical Activity and Nutrition (IPAN), School of Exercise and
Nutrition Sciences, Deakin University, Geelong, VIC 3220, Australia
*Discipline of Physiotherapy, School of Allied Health, Faculty of Education
and Health Sciences, Implementation Science and Technology Centre,
Health Research Institute, University of Limerick, Limerick

V94 TIPX, Ireland

“Department of Rheumatology, University Hospital Limerick,

Limerick V94 T9PX, Ireland

°Graduate Entry Medical School, Faculty of Education and Health
Sciences, University of Limerick, Limerick V94 T9PX, Ireland

5School of Allied Health, Human Services and Sport, Faculty of Science
and Engineering, La Trobe University, Melbourne, Vic 3086, Australia

Received: 17 May 2023 / Accepted: 25 July 2024
Published online: 07 August 2024

References

1. Almutairi K, et al. The global prevalence of rheumatoid arthritis: a meta-
analysis based on a systematic review. Rheumatol Int. 2021;41(5):863-77.

2. Fermoyle V. Quality of Life in adults with Rheumatoid Arthritis: A closer Look
at potential predictive factors. 2014.

3. Cherukumilli VS, Kavanaugh A. Elderly onset rheumatoid arthritis. Geriatric
rheumatology. Springer; 2011. pp. 145-50.

4. SharifK, et al. Rheumatoid arthritis in review: clinical, anatomical, cellular and
molecular points of view. Clin Anat. 2018;31(2):216-23.

5. Lwin MN, et al. Rheumatoid arthritis: the impact of mental health on disease:
a narrative review. Rheumatol Therapy. 2020;7(3):457-71.

6. Ahlstrand |, et al. Pain and daily activities in rheumatoid arthritis. Disabil
Rehabil. 2012;34(15):1245-53.

7. Semb AG, et al. Atherosclerotic cardiovascular disease prevention in rheuma-
toid arthritis. Nat Rev Rheumatol. 2020;16(7):361-79.

8. Combe B. Early rheumatoid arthritis: strategies for prevention and manage-
ment. Best Pract Res Clin Rheumatol. 2007;21(1):27-42.

9. FerroF, etal. One year in review 2017: novelties in the treatment of rheuma-
toid arthritis. Clin Exp Rheumatol. 2017;35(5):721-34.

10.  Shams S, et al. The therapeutic landscape of rheumatoid arthritis: current
state and future directions. Front Pharmacol. 2021;12:1233.

11, Gwinnutt JM, et al. 2021 EULAR recommendations regarding lifestyle
behaviours and work participation to prevent progression of rheumatic and
musculoskeletal diseases. Annals of the rheumatic diseases; 2022.

12. Vlieland TPV, van den Ende CH. Nonpharmacological treatment of rheuma-
toid arthritis. Curr Opin Rheumatol. 2011;23(3):259-64.

13. Tedeschi SK, Costenbader KH. Is there a role for diet in the therapy of rheu-
matoid arthritis? Curr Rheumatol Rep. 2016;18(5):1-9.

14. Vitetta L, et al. Dietary recommendations for patients with rheumatoid arthri-
tis: a review. Nutr Diet Suppl. 2012;4(4):1-15.

15. Philippou E, et al. Rheumatoid arthritis and dietary interventions: systematic
review of clinical trials. Nutr Rev. 2021;79(4):410-28.

16. RaadT, et al. Dietary interventions with or without omega-3 supplementation
for the management of rheumatoid arthritis: a systematic review. Nutrients.
2021;13(10):3506.

17.  Tsigalou C, et al. Mediterranean diet as a tool to combat inflammation and
chronic diseases. Overv Biomedicines. 2020;8(7):201.


https://doi.org/10.1101/2023.02.21.23286250
https://doi.org/10.1101/2023.02.21.23286250

Raad et al. BMC Musculoskeletal Disorders

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(2024) 25:631

RosatoV, et al. Mediterranean diet and cardiovascular disease: a sys-

tematic review and meta-analysis of observational studies. Eur J Nutr.
2019;58(1):173-91.

Daien C, et al. Dietary recommendations of the French Society for Rheuma-
tology for patients with chronic inflammatory rheumatic diseases. Joint bone
Spine. 2022,89(2):105319.

Schonenberger KA, et al. Effect of anti-inflammatory diets on Pain in
Rheumatoid Arthritis: a systematic review and Meta-analysis. Nutrients.
2021;13(12):4221.

Forsyth C, et al. The effects of the Mediterranean diet on rheumatoid arthritis
prevention and treatment: a systematic review of human prospective studies.
Rheumatol Int. 2018;38(5):737-47.

Flynn MA, et al. Revision of food-based dietary guidelines for Ireland, phase
2: recommendations for healthy eating and affordability. Public Health Nutr.
2012;15(3):527-37.

Skoldstam L, Hagfors L, Johansson G. An experimental study of a Mediterra-
nean diet intervention for patients with rheumatoid arthritis. Ann Rheum Dis.
2003,62(3):208-14.

Michalsen A, et al. Mediterranean diet or extended fasting’s influence on
changing the intestinal microflora, immunoglobulin A secretion and clinical
outcome in patients with rheumatoid arthritis and fibromyalgia: an observa-
tional study. BMC Complement Altern Med. 2005;5:1-9.

McKellar G, et al. A pilot study of a Mediterranean-type diet intervention in
female patients with rheumatoid arthritis living in areas of social deprivation
in Glasgow. Ann Rheum Dis. 2007;66(9):1239-43.

Larkin L, et al. The impact of COVID-19 on clinical research: the PIPPRA and
MEDRA experience. HRB Open Res. 2021;4(55):55.

Cuschieri S. The CONSORT statement. Saudi J Anaesth. 2019;13(Suppl 1):527.
Raad T et al. A randomised controlled trial of a Mediterranean Dietary
intervention for adults with rheumatoid arthritis (MEDRA): study protocol.
Contemp Clin Trials Commun, 2022: p. 100919.

Aletaha D, et al. 2010 rheumatoid arthritis classification criteria: an American
College of Rheumatology/European League against Rheumatism collabora-
tive initiative. Arthr Rhuem. 2010;62(9):2569-81.

Kafatos A, et al. Mediterranean diet of Crete: foods and nutrient content. J Am
Diet Assoc. 2000;100(12):1487-93.

Ros E. Contribution of nuts to the Mediterranean diet. The Mediterranean
Diet. Elsevier; 2020. pp. 141-50.

George E et al. A randomised controlled trial of a Mediterranean Dietary
intervention for adults with non alcoholic fatty liver Disease (MEDINA): study
protocol. 2022.

Henessay M. 101+ Square meals evaluation authors: Emma Hughes.

Casas R, et al. Long-term immunomodulatory effects of a Mediterranean
diet in adults at high risk of cardiovascular disease in the PREvencién

con Dleta MEDiterrdnea (PREDIMED) randomized controlled trial. J Nutr.
2016;146(9):1684-93.

Garcia-Conesa M-T, et al. Exploring the validity of the 14-item mediterranean
diet adherence screener (Medas): a cross-national study in seven European
countries around the mediterranean region. Nutrients. 2020;12(10):2960.
Allanore Y, et al. Health Assessment Questionnaire-Disability Index (HAQ-DI)
use in modelling disease progression in diffuse cutaneous systemic sclerosis:
an analysis from the EUSTAR database. Arthritis Res Therapy. 2020,22(1):1-11.
Tijhuis G, et al. The validity of the rheumatoid arthritis quality of life (RAQoL)
questionnaire. Rheumatology. 2001;40(10):1112-9.

Fries JF, et al. Measurement of patient outcome in arthritis. Arthr Rhuem.
1980;23(2):137-45.

Ramey DR, Raynauld JP, Fries JF. The health assessment questionnaire 1992.
Status and review. Arthritis Rheumatism: Official J Am Coll Rheumatol.
1992;5(3):119-29.

Bruce B, Fries JF. The health assessment questionnaire (HAQ). Clin Exp Rheu-
matol. 2005;23(5):S14.

Nagasawa H, et al. Differences between the Health Assessment Question-
naire Disability Index (HAQ-DI) and the modified HAQ (mHAQ) score before
and after infliximab treatment in patients with rheumatoid arthritis. Mod
Rheumatol. 2010;20:337-42.

Heaney A, et al. A review of the psychometric properties and use of the
rheumatoid arthritis quality of Life Questionnaire (RAQoL) in clinical research.
Curr Rheumatol Reviews. 2017;13(3):197-205.

Dipietro L, et al. A survey for assessing physical activity among older adults.
Medicine & Science in Sports & Exercise; 1993.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 12 of 12

Behrens F, et al. Use of a critical difference statistical criterion improves the
predictive utility of the Health Assessment Questionnaire-Disability Index
score in patients with rheumatoid arthritis. BMC Rheumatol. 2019;3(1):1-9.
Malaviya A, et al. Prevalence of rheumatoid arthritis in the adult Indian popu-
lation. Rheumatol Int. 1993;13(4):131-4.

Casas R, Sacanella E, Estruch R. The immune protective effect of the Mediter-
ranean diet against chronic low-grade inflammatory diseases. Endocrine,
metabolic & Immune disorders-drug targets (formerly current drug targets-
Immune. Endocr Metabolic Disorders). 2014;14(4):245-54.

Picchianti Diamanti A et al. Impact of Mediterranean diet on disease activity
and gut microbiota composition of rheumatoid arthritis patients. Microor-
ganisms, 2020. 8(12): p. 1989.

Farooqui T, Farooqui AA. Role of the Mediterranean Diet in the brain and
neurodegenerative diseases. Academic; 2017.

Mazzocchi A, et al. The secrets of the Mediterranean diet. Does [only] Olive oil
Matter? Nutrients. 2019;11(12):2941.

Matsumoto Y, et al. Monounsaturated fatty acids might be key factors in the
Mediterranean diet that suppress rheumatoid arthritis disease activity: the
TOMORROW study. Clin Nutr. 2018;37(2):675-80.

Kostoglou-Athanassiou |, Athanassiou L, Athanassiou P. The effect of
omega-3 fatty acids on rheumatoid arthritis. Mediterranean J Rheumatol.
2020;31(2):190.

Trichopoulou A, et al. Definitions and potential health benefits of the
Mediterranean diet: views from experts around the world. BMC Med.
2014,12(1):1-16.

Bower A, Marquez S, de Mejia EG. The health benefits of selected culinary
herbs and spices found in the traditional Mediterranean diet. Crit Rev Food
Sci Nutr. 2016;56(16):2728-46.

Gibney M, Sandstrom B. A framework for food-based dietary guidelines in the
European Union. Public Health Nutr. 2001;4(2a):293-305.

Bruins J, et al. The effects of lifestyle interventions on (long-term) weight
management, cardiometabolic risk and depressive symptoms in people with
psychotic disorders: a meta-analysis. PLoS ONE. 2014;9(12):e112276.
Skoldstam L, et al. Weight reduction is not a major reason for improvement
in rheumatoid arthritis from lacto-vegetarian, vegan or Mediterranean diets.
Nutr J. 2005;4(1):1-6.

Tierney M, Fraser A, Kennedy N. Physical activity in rheumatoid arthritis: a
systematic review. J Phys Activity Health. 2012;9(7):1036-48.

Happell B, Davies C, Scott D. Health behaviour interventions to improve
physical health in individuals diagnosed with a mental illness: a systematic
review. Int J Ment Health Nurs. 2012;21(3):236-47.

Avery L, et al. Changing physical activity behavior in type 2 diabetes: a sys-
tematic review and meta-analysis of behavioral interventions. Diabetes Care.
2012,35(12):2681-9.

Dale H, Brassington L, King K. The impact of healthy lifestyle interventions on
mental health and wellbeing: a systematic review. Mental Health Rev J, 2014.
Garcia-Morales JM, et al. Effect of a dynamic exercise program in combina-
tion with Mediterranean diet on quality of life in women with rheumatoid
arthritis. JCR: J Clin Rheumatol. 2020,26(75):5116-22.

Clipper B.The influence of the COVID-19 pandemic on technology: adoption
in health care. Nurse Lead. 2020;18(5):500-3.

Hanlon P, et al. Telehealth interventions to support self-management of long-
term conditions: a systematic metareview of diabetes, heart failure, asthma,
chronic obstructive pulmonary disease, and cancer. J Med Internet Res.
2017;19(5):e6688.

Warner MM, et al. Reporting of telehealth-delivered dietary intervention trials
in chronic disease: systematic review. J Med Internet Res. 2017;19(12):¢8193.
Kelly JT, et al. Dietitians Australia position statement on telehealth. Nutr
Dietetics. 2020;77(4):406~15.

Chang AR et al. Telehealth versus Self-Directed Lifestyle Intervention to Pro-
mote Healthy Blood Pressure: a Randomized Controlled Trial. medRxiv, 2022.
Poh L, et al. An integrative review of experiences of patients with rheumatoid
arthritis. Int Nurs Rev. 2015;62(2):231-47.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Effects of a telehealth-delivered Mediterranean diet intervention in adults with Rheumatoid Arthritis (MEDRA): a randomised controlled trial
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Participants
	﻿Randomisation and blinding
	﻿Interventions
	﻿Teleconsultation schedule
	﻿MedDiet
	﻿HEG
	﻿Dietary assessment
	﻿3-day food diary


	﻿Dietary adherence scores
	﻿Primary and secondary outcomes
	﻿Statistical analysis
	﻿Power calculation
	﻿Results
	﻿Baseline demographics and characteristics
	﻿Effect of dietary interventions on physical function and quality of life
	﻿Effect of dietary interventions on physical activity and patient-perceived pain and general health
	﻿Effect of dietary interventions on anthropometric measures
	﻿Baseline adherence to the assigned diet
	﻿Adherence to the dietary intervention from baseline to 12 weeks

	﻿Discussion
	﻿Conclusion
	﻿References


