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Abstract

Low-grade inflammation and metabolic syndrome are seen in many chronic diseases, including rheumatoid arthritis
(RA) and osteoarthritis (OA). Lifestyle interventions which combine different non-pharmacological therapies have
shown synergizing effects in improving outcomes in patients with other chronic diseases or increased risk thereof,
especially cardiovascular disease. For RA and metabolic syndrome-associated OA (MSOA), whole food plant-based
diets (WFPDs) have shown promising results. A WFPD, however, had not yet been combined with other lifestyle
interventions for RA and OA patients. In this protocol paper, we therefore present Plants for Joints, a
multidisciplinary lifestyle program, based on a WFPD, exercise, and stress management. The objective is to study
the effect of this program on disease activity in patients with RA (randomized controlled trial [RCT] 1), on a risk
score for developing RA in patients with anti-citrullinated protein antibody (ACPA) positive arthralgia (RCT 2) and on
pain, stiffness, and function in patients with MSOA (RCT 3), all in comparison with usual care.

We designed three 16-week observer-blind RCTs with a waiting-list control group for patients with RA with low to
moderate disease activity (2.6 < Disease Activity Score [DAS28] < 5.1, RCT 1, n = 80), for patients at risk for RA,
defined by ACPA-positive arthralgia (RCT 2, n = 16) and for patients with metabolic syndrome and OA in the knee
and/or hip (RCT 3, n = 80). After personal counseling on diet and exercise, participants join 10 group meetings with
6-12 other patients to receive theoretical and practical training on a WFPD, exercise, and stress management, while
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medication remains unchanged. The waiting-list control group receives usual care, while entering the program after
the RCT. Primary outcomes are: difference in mean change between intervention and control groups within 16
weeks for the DAS28 in RA patients (RCT 1), the RA-risk score for ACPA positive arthralgia patients (RCT 2), and the
Western Ontario and McMaster Universities Arthritis Index (WOMAQ) score for MSOA patients (RCT 3). Continued
adherence to the lifestyle program is measured in a two-year observational extension study.

Introduction

The development of rheumatoid arthritis (RA) and
osteoarthritis (OA) have been linked to diet and obesity
[1-8]. Studies indicate fasting, a Mediterranean diet, as
well as a whole food plant-based diet (WFPD) can lower
disease activity in patients with RA [9-14]. In OA, hypo-
caloric and WFPDs showed favorable results, while the
effect of a hypocaloric diet in combination with exercise
was superior, suggesting synergies for multidisciplinary
interventions [15-18].

For exercise, it has been shown that physical activity is
associated with a lower risk of RA [19]. In patients with
RA, long-term high-intensity exercise is effective in im-
proving functional and emotional status [20]. Routinely
combining aerobic exercise with muscle strength train-
ing (similar to the Dutch Exercise Guideline) is recom-
mended for patients with RA [21]. Additionally, for
patients with OA in the hip and/or the knee, exercise
improves physical function and lowers pain [16, 17].

For both RA patients and patients at increased risk for
RA, the heart rate is controlled increasingly by the sym-
pathetic nervous system in contrast to the parasympa-
thetic nervous system. This results in a lower heart rate
variability suggesting a higher level of stress [22, 23].
The onset of RA has also been linked to stress [6, 7, 24],
and both Mindfulness Based Stress Reduction (MBSR)
as well as internet-based cognitive-behavioral therapy
have shown favorable outcomes, especially with regard
to general wellbeing [25, 26]. For OA, a small pilot study
showed a significant reduction of pain and improvement
of function in patients who followed an 8-week medita-
tion program. In OA patients, higher baseline “mindful-
ness” scores were also associated with a better response
to exercise than patients with lower baseline mindful-
ness, suggesting again the synergistic effects of combin-
ing more disciplines within one intervention [27].

A multidisciplinary program based on a WEFPD, exer-
cise, and stress management showed favorable results for
patients with coronary artery disease [28]. Although the
separate components of this multidisciplinary lifestyle
intervention were found to be beneficial for RA and OA
patients, no studies have yet been conducted to investigate
the effect of an integrated program for RA or OA.

The presence of low-grade inflammation is a feature of
many chronic diseases including RA and OA [29]. In
RA, a chronic autoimmune arthritis condition, the

presence of low-grade inflammation—possibly interme-
diated by microbiome dysbiosis—may cause the break-
down of immune tolerance [29, 30]. Support for the
mucosal origin of RA comes from the observation that
part of the circulating RA-associated autoantibodies
rheumatoid factor (RF) and anti-citrullinated protein
antibodies (ACPA) are of mucosal origin [30]. Addition-
ally, compared to healthy individuals, an altered, or dys-
biotic, microbiome is seen in RA and its preclinical
stage, with, among others, an overrepresentation of
Lactobacillus salivarius and Prevotella copri [31]. As the
microbiome is affected among others by diet, exercise,
and stress, these lifestyle factors may therefore contrib-
ute to the pathogenesis of RA at mucosal sites [30—33].

Low-grade inflammation is also associated with meta-
bolic syndrome, a combination of risk factors such as high
fat mass (waist circumference), high blood pressure, high
low-density lipoprotein (LDL), low high-density lipopro-
tein (HDL), high triglycerides, and high fasting glucose,
which are very common in patients with OA [29, 34].
Levels of inflammatory mediators are higher in people
with visceral adiposity, which may mediate the relation-
ship between OA and obesity [35]. This has resulted in
the denomination of metabolic syndrome-associated
osteoarthritis (MSOA) as a specific form of OA [36].
MSOA is a chronic condition with limited treatment op-
tions (analgesics, nonsteroidal anti-inflammatory drugs
(NSAIDs), and intra-articular glucocorticoids), and al-
though guidelines for the treatment of OA also recom-
mend exercise treatment, weight loss, and mental health
interventions, they also emphasize the need for more stud-
ies, especially regarding multidisciplinary interventions.

The systemic impact of low-grade inflammation,
microbiome dysbiosis, and increased (mostly visceral) fat
mass also explains the frequent occurrence of comorbid-
ities, such as diabetes and cardiovascular disease in pa-
tients with OA and RA [34, 37].

Research objective

The objective of Plants for Joints is to study the effects
of a multidisciplinary lifestyle program in patients with
(risk for) RA and in patients with MSOA. The program
consists of a WFPD, exercise, and stress management
and aims to lower disease activity in patients with RA
(randomized controlled trial [RCT] 1), to lower the risk
of RA [38] in patients with ACPA-positive arthralgia
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(RCT 2), or to improve the scores for pain, stiffness and
function in patients with MSOA (RCT 3), all in compari-
son to usual care. An observational extension study is
added to investigate adherence.

Design and methods

Design

We designed three 16-week observer-blind RCTs with a
waiting-list control group for patients with RA (RCT1),
for patients at risk for RA, defined by ACPA-positive
arthralgia (RCT 2) and for patients with MSOA (RCT 3)
[39]. All participants receive the program, either directly
or after participation in the control group.

Medication for RA is kept stable during the RCT (16
weeks for the intervention group, 32 weeks for the con-
trol group) whenever possible. DMARD changes (in RA
patients) and intercurrent corticosteroid administration
is considered a protocol deviation and the reason for the
change will be registered.

In a 2-year extension study, starting at the end of the
16-week lifestyle program, all patients receive continued
online support and 6 additional, thematic and facultative
meetings. During the extension study, we will investigate
adherence to the lifestyle program in relation to long-
term effects and success factors for and barriers to chan-
ging behavior.

Study visits are at baseline, 8 and 16 weeks during the
RCT, at 8 and 16 weeks for the waiting-list control
group after entering the intervention, and every 6
months during the extension period.

A schedule of the intervention and the measurements
during the 16-week RCT is shown in Fig. 1. Figure 2
shows a comprehensive scheme based on the SPIRIT
format and includes the intervention phase for the
waiting-list control group and the 2-year extension
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study. The SPIRIT Checklist is available as an additional
file (supplement 1) [39].

Recruitment, selection, and randomization of participants
Subjects aged > 18 years are recruited through rheuma-
tologists, rehabilitation specialists, nurses and allied
health care professionals at Reade and Amsterdam UMC
(The Netherlands), and other regional hospitals or health
centers. The main inclusion criteria are as follows: (RCT
1) RA according to the American College of Rheumatol-
ogy (ACR)/European Alliance of Associations for
Rheumatology (EULAR) 2010 criteria [40] with low to
moderate disease activity (2.6 < DAS28 < 5.1) [41] and
unchanged use of disease-modifying anti-rheumatic
drugs (DMARDs) for 3 months or non-use of DMARDs;
(RCT 2) arthralgia and positivity for ACPA [38]; and
(RCT 3) OA in hip and/or knee, diagnosed according to
the clinical criteria of the ACR (without age-criterion)
[42, 43] and metabolic syndrome according to the cri-
teria defined by the National Cholesterol Education Pro-
gram (NCEP) Adult Treatment Panel III (ATP III) [44].
The main exclusion criteria are as follows: insufficient e-
health competencies to fill in digital questionnaires and
keep an online food diary, already following a predomin-
antly plant-based diet, underweight (BMI < 18.5 kg/m?),
pregnancy, and unwillingness to stop smoking for at
least the duration of the RCT, if applicable.

The study has a parallel trial design in which patients
are randomized in a 1:1 ratio by the researchers using
CASTOR (an electronic database platform for data col-
lection, management, and storage, with strictly defined
user roles and patient management procedures, which
keeps an audit trail) with a variable block randomization
in block sizes of 2 and 4 (not stratified).

- Informed consent

- General information
- Screening nurse

- Screening dietician

- Randomisation

- Personal intake

- Recruitment

- Pre-screening
- Trial food diary
- Patient info

Month | 1 2 | 3 [ 4 | cross-overor
Week -2 0 1 2 3 5 6 7 8 9 10- 13 14- 16 I start extension
Week -16-0 Max 2 wks before start

Control group
cross over to
intervention week
0, intervention
group starts
extension study

|Group Meetings (G) |

[e1]e2]e3[ea[as5]e6]67]a8]ao]|

| Measurements Baseline
online|questionnaires X
food diary X
clinic | blood/urine/feces /salivary X
DAS-28 (RA) X
weight/height X
function X
blood pressure/HRV x incl HRV
scans (DEXA/MRI) xincl MRI
home/clinic | microbiome X

Fig. 1 Schedule of intervention and measurements during the randomized controlled trial (RCT). DAS28, disease activity score based on 28 joints;
RA, rheumatoid arthritis; HRV, heart rate variability; DEXA, dual-energy x-ray absorptiometry; MRI, magnetic resonance imaging

Half way End RCT

X X

X X

X X

X X

X X

X X

X xincl HRV
xincl MRI
X
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| Enrolment | Allocation Post-allocation
TIMEPOINT 2 weeks 0 RCT & cross-over 2 yr extension
ENROLMENT:
Eligibility pre-screen X
Informed consent X
Eligibility screen X
Allocationl X
INTERVENTIONS:
Intake dietitian X
Intake physiotherapist X
Lifestyle program RCT] e
Cross over] ...
2-yr ext intervention ¢ S
2-yr ext waiting-list control} 5 g
ASSESSMENTS:
Primary outcomes:
DAS28 (RCT 1) X X X X X1 X X X X
WOMAC (RCT 2) X X X X) | X) 1 X X X X
RA risk-score (RCT 3) X X X X) | X) 1 X X X X
Secondary outcomes:|
PROMIS®{ X X I X1 X x| x| Xx
Waist circumference X X X X)) X)] X X X X
Fat mass (DEXA) X X (X) X
Blood pressure X X X1 X] X)) X X X X
LDL X X | X [T X T X T x| x
HDL X X X X) | X) 1 X X X X
Triglycerides| X X I X101 X X x| X
Fasting glucose| X X X 1 X] X)) X X X X
ESR X X | X Ol X T x| x| x
Other outcomes:
(see supplement 5)
Weight/height/BMI| X X | XTI XT XT XT X
HbA1c X X XXX X X XX
DEXA X X (X)
MR} X X
Blood/urine X X | X [T xT xT xTx
Feces X X | X | )1 X) X
Saliva X X (X)
PROMIS®} X X X X) | X) 1 X X X X
Perceived Stress Scale X X X |1 X] X)) X X X X
Cortisol| X X (X) X
HRYV| X X (X) X
EQ-5D-5L X X X X) | X) 1 X X X X
Cost-diary| X X X X)| X) 1 X X X X
Hand grip strength X X (X) X X
Get-up-and-go X X (X) X X
Pedometer| < >
Food diary| X X 1 X 1000 X | X | X | X
Fig. 2 SPIRIT figure with phases of the study and data collection time points. (X) = measurement only for waiting-list control group. RCT,
randomized controlled trial; yr, year; ext, extension; DAS28, disease activity score based on 28 joints; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; RA, rheumatoid arthritis; PROMIS®, Patient Reported Outcomes Measurement Information System; DEXA, dual-
energy x-ray absorptiometry; LDL, low-density lipoprotein; HDL, high-density lipoprotein; ESR, erythrocyte sedimentation rate; HbA1c, hemoglobin
Alc; MRI, magnetic resonance imaging; HRV, heart rate variability; EQ-5D-5L, EuroQol 5 dimensions 5 levels

Both patients as well as study staff are not blinded for
allocation. During measurements, a research nurse or
other researcher, not involved in the study and not
aware of allocation or phase of the study, will execute
the examination for DAS28 (physical examination of the
joints). Other primary and secondary outcomes are
blinded by default (automized questionnaires or labora-
tory markers).

Intervention
Subjects of all three RCTs participate in the same life-
style program in mixed groups.

The program starts with a personal intake by a
dietitian, reviewing general health, dietary habits, and
physical activity. With a physical therapist, personal
goals for physical activity are set (and reset at the begin-
ning of the extension period). The lifestyle program
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consists of 10 group meetings (with 6-12 participants)
for 2-3 h each (see supplement 2). During the program
theoretical education about a WFPD, exercise, and stress
is combined with a practical cooking class (with partner
or relevant other person, in the first meeting), relaxation
exercises and physical training, supported by podcasts,
videos, and at-home exercises. The control group re-
ceives usual care, is advised not to change usual behav-
ior, and enters the program after 16 weeks.

The WEPD is based on protocols by Ornish and Bar-
nard [28, 45], although recommendations on fat are
adapted to Dutch guidelines (20-35/40% of energy in-
stead of low fat [max 10% of energy]). The proposed diet
is in line with the 2015 Guidelines on Healthy Nutrition
of the Health Council of the Netherlands. Subjects will
be facilitated by means of fully elaborated week plans
(developed by registered dietitians, in line with recom-
mended daily allowances, see example in Fig. 3), and
they will receive supplementation for vitamin B12 and D
[46]. To promote weight loss, overweight and obese pa-
tients are motivated to limit meal frequency to three
meals per day. The program contains a short “green fast-
ing” protocol (see supplement 3) [9-13], as recom-
mended by the program Ambassadors. The program
Ambassadors are fifteen target group patients, who are
involved in the development of the lifestyle program and
the analyses. These lay experts had experienced im-
provement in their own health status with diet adapta-
tions, exercise, and/or use of stress management
techniques.

Recommendations for physical activity and exercise
are based on the Dutch physical activity guidelines 2017
and the protocol by Ornish [28, 47]. Group exercise is
focused on moderate exercise, fun, and group cohesion.
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Patients will be motivated to integrate physical activity
in daily activities (example: walk/cycle more rather than
sitting in a car or public transport) and search for possi-
bilities to exercise in their neighborhood.

Stress management is based on protocols by De
Brouwer et al. [48]. Subjects will receive psychoeduca-
tion on the effects of stress on health and on stress man-
agement, as well as guided practice and home exercises
(supported by tools, such as audio/Apps) on relaxation
techniques and breathing and visualization exercises, as
well as coaching on sleep [48].

A specification of the subjects covered in the 10 group
meetings is available in supplement 2.

During the 2-year extension study, 6 facultative meet-
ings will be organized for participants on varying sub-
jects from the three categories (examples: weight loss,
how to stay active, self-compassion). After the 16-week
intervention, medication of subjects with RA with min-
imal disease activity (DAS < 2.6) will be tapered by the
participants’ rheumatologists, who are supplied with a
standardized scheme (see supplement 4). If disease activ-
ity increases after tapering, medication will again be in-
creased back to the previous step. For participants in the
MSOA group, pain medication will be monitored.

Measurements

Primary outcome measures

Main endpoints are the differences between mean
changes in the intervention versus control groups from
0 to 16 weeks in:

e RCT 1: the DAS28 based on erythrocyte
sedimentation rate (ESR), number of swollen joints
and tender joints and general health based on the

Lunch

Diner

Whole wheat bread with
veggie spread and a

green salad with carrots
Quinoa with vegetables

Whole wheat bread with
sweet potato-carrot soup

Whole wheat bread with
mushrooms

Sweet potato with
spinach, avocado and
lentil salad

Mix & match salad with
carrot with soy yoghurt
with banana and almonds
White bean soup with leek
and whole wheat bread

Quinoa with vegetables

Pasta with a sauce of
roasted bell peppers

Lentil dahl with brown rice

Filled bell peppers with
roasted veggies &
Couscous

Chili sin carne with brown
rice

Millet dish with pumpkin
and nuts

Yellow rice with black
beans and broccoli

Breakfast

Oatmeal power breakfast
Monday

Soy yoghurt with muesli
Tuesday

Overnight oats

Wednesday

Oatmeal power breakfast
Thursday

Soy yoghurt with muesli

Friday

Overnight oats
Saturday

Oatmeal power breakfast
Sunday

Fig. 3 Example of a week menu
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score on a visual analog scale [49] (measured by a
blinded research nurse) for RA patients.

e RCT 2: the RA-risk score (combined score based on
RA prevalence in first degree relatives, alcohol con-
sumption, duration, intermittency and location of
symptoms, pain, morning stiffness, self-perceived
swelling of joints and antibody status) [38] in
ACPA-positive arthralgia patients. If a subject de-
velops RA during the study, the RA-risk score will
be set to 13 points, the highest possible score.

e RCT 3: scores on pain, stiffness, and function,
combined in the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) index
[50] for OA patients, measured by the WOMAC
questionnaire [51].

Main endpoint for the 2-year extension study for all
three groups is the change in adherence from 0 to 24
months, based on an adapted version of the Lifestyle
index adherence score as developed by Ornish et al [52]:

(t+ (Ju/6 +v/60]/2) + ([x/5 + y/150]/2) + z) /4

In which ¢ = attendance meetings, u = stress reduction
activities days per week, v = stress reduction activities
minutes per week, x = exercise days per week, y = exer-
cise minutes per week, and z = adherence to diet.

Adherence to diet (z) is defined as ((grams of fiber per
1000 kilocalories/14) + (10/en% SFA))/2 whereby “en%
SFA” is defined as the percentage of total kilocalories a
day from saturated fatty acids (SFAs). In the original
model by Ornish, z was defined by total fat and choles-
terol intake. Since our protocol is not based on a low-fat
WEPD, we changed these vectors into fiber and satu-
rated fatty acids (SFAs) as indicators for a WFPD.

Secondary outcome measures

Secondary outcomes are the same for all groups in the
three RCTs: RA, ACPA-positive arthralgia, and MSOA,
unless otherwise specified. Quality of life-related out-
comes measured are self-reported physical, mental and,
social health, using the validated Dutch-Flemish Patient
Reported Outcomes Measurement Information System
(PROMIS®) [53]. In order to select the most important
secondary patient reported outcomes, we consulted the
Ambassadors. From a list of 13 physical, mental and so-
cial item banks (see supplement 5), they chose physical
function, fatigue, and pain interference as most import-
ant. We added depression to this list, since it is strongly
associated with the onset of RA [7, 24]. Other secondary
outcomes are waist circumference, fat mass (measured
by dual-energy X-ray absorptiometry [DEXA]), blood
pressure, LDL, HDL, triglycerides, fasting glucose, and
ESR.
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Other outcome measures

Other outcomes related to body composition and me-
tabolism are body weight, height and muscle mass (mea-
sured by DEXA). Fifty MSOA patients (30 from the
intervention group and 20 from the control group) will
be recruited for MRI examination of visceral adipose tis-
sue (VAT), liver fat, and intramuscular fat in the thigh
muscle. For the liver and the thigh muscle, the fat con-
tent will be determined. In VAT and the thigh muscle,
we will characterize the fatty acid distribution based on
the peaks in the spectrum representing double and sin-
gle bonds in the carbon backbone.

Performance-based physical functioning will be mea-
sured by grip strength [54] and per get-up-and-go test
[55].

Diet (4-7 consequent days digital diary) will be mea-
sured using the Dutch ‘Eetmeter’ by ‘Voedingscentrum’
(The Netherlands Nutrition Centre), a validated food
diary based on the Dutch food composition database. It
is applicable through internet and in the form of an App
[56]. Stress is measured using the perceived stress scale
(PSS) [57]. In addition, biophysical markers for stress are
measured using morning salivary cortisol and heart rate
variability (as measured on electrocardiography). Phys-
ical activity level will be based on activity data captured
by Fitbit Inspire HR wristbands.

We will track metabolic markers such as blood pres-
sure, lipid profile, fasting glucose, and HbAlc and meas-
ure pathogenic biomarkers such as RF and ACPA, C-
reactive protein, fecal, and oral saliva microbiota 16S
composition as well as plasma metabolome changes.
Other biomarkers related to dietary intake such as blood
markers for folic acid, vitamin B12, calcidiol,
hemoglobin, ferritin, leukocytes, thrombocytes, mean
corpuscular hemoglobin, creatinine, alanine transamin-
ase, and aspartate transaminase will be measured.

An economic evaluation will be performed to assess
the cost-effectiveness of the multidisciplinary lifestyle
program compared with usual care for quality-adjusted
life-years (QALYs) and the primary outcome measures
in all three patient groups. The EQ-5D-5L will be used
to measure health-related quality of life. The patients’
EQ-5D-5L health states will be converted into utility
values using the Dutch tariff [58]. QALYs will be esti-
mated by multiplying the patients’ time spent in a cer-
tain health state by the respective utility value. Costs will
be assessed from a societal (among others informal care,
absenteeism costs) and a healthcare perspective [59].

A detailed overview of the measurements is available
in supplement 5.

Sample size calculation
Based on a = 0.05 and power (1-B) = 0.80, effects ranged
from 0.4 to 1.0 decreases for the DAS28 (estimated from
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component data of the DAS28 in the case of the trial by
Kjeldsen Kragh et al.) with standard deviations (SD) ran-
ging from 0.6-1.0 [12, 14]. The minimal clinically im-
portant improvement (MCII) in the DAS28, however,
increases with higher baseline values and vice versa [60].
In the range of our inclusion criterion of DAS28 (be-
tween 2.6 and 5.1), the MCII is 0.8. Skoldstam et al. re-
ported a difference in the DAS28 of 0.5 in 12 weeks [14].
In our 16-week study, we expect an additional effect on
top of that provided by diet alone, due to the combin-
ation with exercise and stress management. Based on
clinically relevant effect sizes of delta 0.8 with a SD of
1.2 for the DAS28, a of 0.05, and S of 0.2, we need a
sample size of 56.

For OA patients, we found effects ranging from 2.2 to
2.8 for WOMAC pain (OA) and 5.7 to 10 for WOMAC
function (OA) and standard deviations (SD) ranging
from 0.4 to 0.6 with an exceptional 3.1 for WOMAC
pain and 14 to 3.1 with an exceptional 10.9 for
WOMAC function [15, 61, 62]. Based on these studies,
we estimated that a power of 0.80 is feasible with a total
of 60-70 subjects (intervention + control group) and
planned to aim for 80 subjects for both RA as well as
OA patients (total 160 patients) based on a possible
dropout rate of approximately 20%.

For patients with ACPA-positive arthralgia, we added
a pilot group of 16 participants (n = 8 intervention
group, 7 = 8 waiting-list control group).

Statistical analysis

At baseline, half-way (8 weeks) and at the end of the
study (16 weeks) outcomes are measured (see supple-
ment 5 for a specification of the measurements).

After conclusion of the randomized controlled trial, data
will be cleaned, verified by two researchers, and inspected
for errors, inconsistencies, and incomplete information.
Outliers will be inspected and corrected if necessary.

Primary outcomes DAS28, RA risk-scores, and
WOMAC (all continuous variables) at 8 and 16 weeks in
the intervention group will be compared with outcomes
at 8 and 16 weeks in the control group, adjusted for
baseline scores. Intention-to-treat analyses will be per-
formed, with additional per-protocol analyses. For the
analyses, a repeated measures mixed model will be used
with random effect for the subjects and fixed effects for
group (intervention or control) and baseline values for
DAS28, RA risk-score, or WOMAC.

Secondary outcome measures (physical function, fa-
tigue, pain interference, depression, waist circumference,
fat mass, blood pressure, LDL, HDL, triglycerides, fasting
glucose and ESR) will be analyzed the same way as the
primary outcomes. Statistical tests will be limited to pri-
mary and secondary outcomes. For other outcomes, de-
scriptive statistics will be used. We will analyze
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microbiome, remaining metabolic and stress-related out-
comes separately and report results in dedicated articles.

In the extension study, the primary and secondary out-
comes of the intervention study will become secondary
outcomes, and adherence will be the primary outcome.
These outcomes are analyzed in the same way as the
intervention study, using the baseline, halfway, and end
measurements from the 16-week intervention program,
as well as 6-, 12-, and 18-month and end (24 month)
measurements of the extension study. Intention-to-treat
analyses will be performed, with additional per-protocol
analyses. Since the extension study is observational, a
within-subject analysis will be performed using a re-
peated measures mixed model with random effect for
the subjects and fixed effects for baseline values.

P values < 0.05 will be considered to be significant.

Discussion

The present paradigm of RA treatment is early recogni-
tion and prompt suppression of inflammation with drug
therapy targeted to achieve and maintain remission or low
disease activity [40]. Despite the success of intensified
drug therapies, there are still unmet needs. Thirty percent
of RA patients do not respond to the preferred medica-
tion, suffer from side effects, or become resistant to medi-
cation [63]. Also, 69% of RA patients are still limited by
pain, fatigue, and reduced mobility [64], and the mortality
gap between RA patients and the general population re-
mains despite early aggressive treatment [65]. The unmet
needs of RA patients, in combination with the underuse of
the present knowledge of environmental risk factors for
RA in clinical practice, call for an increased effort to inves-
tigate potentially effective non-pharmacologic options in
the treatment of these diseases.

On the other hand, while treatment of OA comprises
exercise treatment, weight loss, and mental health inter-
ventions, these lifestyle-related recommendations lack
specificity and consensus [66].

The present protocol is in line with the gaps identified
by the EULAR committees. For both RA and OA, more
evidence on non-pharmacological interventions is
needed with an emphasis on multidisciplinary ap-
proaches, including physical therapy and exercise, psy-
chological support, and diet [66, 67].

A good example of a lifestyle program in which all
these non-pharmacological disciplines are combined is
the Ornish Program (USA, covered by most health in-
surance companies), based on a WFPD, exercise, and
stress management. It has been shown to be effective for
the treatment of coronary heart disease [28]. Since ath-
erosclerosis and synovitis share pathological features [36,
68] and both RA as well as OA patients are at increased
risk for cardiovascular disease, it is worthwhile to not
only study the effect of this program on arthritis, but
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also on the factors that determine the risk of coronary
heart disease.

Strengths

The Plants for Joints diet is developed by registered die-
titians and based on the Dutch dietary guidelines. The
menus meet recommended daily allowances, except for
vitamin By, and D, which are supplemented. Menus are
affordable and composed of readily available unpro-
cessed plant-based foods. During the 16-week program,
participants learn how to implement this diet into their
own lifestyle, allowing for feasible, long-term adherence.
The same strength is seen in exercise, stress manage-
ment, and sleep: implementation of the recommenda-
tions is simple and easy to grasp.

We are the first to study a multidisciplinary lifestyle
intervention based on more than two disciplines for (in-
creased risk of) RA or MSOA in a randomized, single-
blind, controlled trial. The addition of microbiome ana-
lyses provides us with the opportunity to study changes
in the microbiome as a result of the intervention in rela-
tion to changes in disease activity.

We are also the first to study a plant-based diet in RA
since the studies by Kjeldsen-Kragh in 1991 and Haf-
strom in 2001 [12, 69], where they concluded that a
plant-based diet had several favorable outcomes. Their
population, however, was different than current RA pa-
tients, who are much more intensively treated and will
have lower average baseline disease activity. By keeping
medication stable during the trial and tapering it using a
standardized scheme, we will be able to provide a realis-
tic picture of the tapering potential.

For OA, we are the first to study a multidisciplinary
lifestyle program based on a WEFPD. An additional
strength is that we have chosen for the particular group
of MSOA patients which can be characterized by the
systemic profile of unfavorable lifestyle, excessive vis-
ceral fat, possible microbiome dysbiosis, low-grade in-
flammation, and metabolic syndrome. Using MRI, we
will study the effects of our intervention on visceral adi-
pose tissue, hepatocellular fat, and intramyocellular fat
in the MSOA population in relation to pain, function,
and stifness (primary outcome). In this study both the
effect of the lifestyle intervention as well as the possible
pathophysiological pathways are addressed, thus provid-
ing a holistic overview of contributing mechanisms.

Limitations

A double-blind RCT is not possible in this setting. Also,
the many measurements may be a burden for the partic-
ipants and may interfere with adherence. Furthermore,
participation is limited to patients with good literacy and
e-health competencies for efficiency reasons. Participa-
tion obviously was also limited to patients willing to
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change their lifestyle. In generalizing findings of our
study, this relatively high level of motivation has to be
taken into account. In addition, the design leaves out the
patient group with low disease activity (DAS28 < 2.6)
which is estimated at 40-60% of RA patients [70, 71].

Conclusion

The results of studies on the effectiveness of an (almost)
WEPD for RA and OA patients are promising but have
not yet been combined with other lifestyle interventions,
despite the potential synergistic effects. Therefore, we
wish to study the combined effect (including cost-
effectiveness) of a WFPD, exercise, and stress manage-
ment on disease activity in RA patients, RA risk-score in
ACPA-positive arthralgia patients, and pain, function,
and stiffness in MSOA patients. Long-term adherence
will be studied in a 2-year extension study. We will pro-
vide evidence on the level of effectiveness of a multidis-
ciplinary lifestyle intervention, which will help to further
specify the role of these non-pharmacological treatments
in patients with (an increased risk of) RA and MSOA.

Trial status

Patient recruitment began in May 2019. The trial is cur-
rently underway. Article based on protocol version 7.0
(March 2021). Recruitment of patients is expected to be
completed in August 2021.
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