
healthcare

Communication

Can Studying Genetically Predisposed Individuals Inform
Prevention Strategies for RA?

Amanda Fowler-Woods 1, Irene Smolik 2, Vidyanand Anaparti 3, Liam O’Neil 3 and Hani El-Gabalawy 3,*

����������
�������

Citation: Fowler-Woods, A.; Smolik,

I.; Anaparti, V.; O’Neil, L.;

El-Gabalawy, H. Can Studying

Genetically Predisposed Individuals

Inform Prevention Strategies for RA?

Healthcare 2021, 9, 1301. https://

doi.org/10.3390/healthcare9101301

Academic Editor: Saleh A. Naser

Received: 5 August 2021

Accepted: 21 September 2021

Published: 29 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Ongomiizwin Indigenous Institute of Health and Healing, Rady Faculty of Health Sciences,
University of Manitoba, Winnipeg, MB R3W 0W3, Canada; umwoodsa@myumanitoba.ca

2 Rheumatic Diseases Unit, Department of Internal Medicine, Rady Faculty of Health Sciences,
University of Manitoba, Winnipeg, MB R3A 1M4, Canada; irene.smolik@umanitoba.ca

3 Manitoba Center for Proteomics and Systems Biology, Department of Internal Medicine,
Rady Faculty of Health Sciences, University of Manitoba, Winnipeg, MB R3E 3P4, Canada;
vidyanand.anaparti@umanitoba.ca (V.A.); liam.oneil@umanitoba.ca (L.O.)

* Correspondence: hani.elgabalawy@umanitoba.ca; Tel.: +1-204-787-2208

Abstract: Rheumatoid arthritis (RA) is a prevalent autoimmune disorder in which complex genetic
predisposition interacts with multiple environmental factors to precipitate chronic and progressive
immune-mediated joint inflammation. Currently, in most affected individuals, ongoing suppression
of the inflammation is required to prevent irreversible damage and functional loss. The delineation
of a protracted preclinical period in which autoimmunity is initially established and then evolves to
become pathogenic provides unprecedented opportunities for interventions that have the potential
to prevent the onset of this lifelong disease. Clinical trials aimed at assessing the impact of specific
prevention strategies require the identification of individuals who are at high risk of future RA
development. Currently, these risk factors include a strong family history of RA, and the detection of
circulating RA-associated autoantibodies, particularly anti-citrullinated protein antibodies (ACPA).
Yet, even in such individuals, there remains considerable uncertainty about the likelihood and the
timeframe for future disease development. Thus, individuals who are approached to participate in
such clinical trials are left weighing the risks and benefits of the prevention measures, while having
large gaps in our current understanding. To address this challenge, we have undertaken longitudinal
studies of the family members of Indigenous North American RA patients, this population being
known to have a high prevalence of RA, early age of onset, and familial clustering of cases. Our
studies have indicated that the concepts of “risk” and “prevention” need to be communicated in
a culturally relevant manner, and proposed prevention interventions need to have an appropriate
balance of effectiveness, safety, convenience, and cultural acceptability. We have focused our proposed
prevention studies on immunomodulatory/anti-inflammatory nutritional supplements that appear
to strike such a complex balance.

Keywords: rheumatoid arthritis; autoimmune disorder; prevention; risk; Indigenous population;
First Nations; first-degree relatives; randomized clinical trials

1. Genetic Risk Factors for RA

It is estimated that genetic factors account for almost half of the risk of rheumatoid
arthritis (RA) development, based on studies of families and monozygotic/dizygotic twins
(reviewed in [1]). In recent decades, numerous studies in populations worldwide have
incrementally demonstrated multiple genes that contribute to the genetic risk for RA, with
the recent studies suggesting that more than one hundred genes contribute significantly,
albeit mostly with low odds ratios [2,3]. It should be noted that the cumulative genetic
risk based on these existing genetic associations, identified using methods such as genome-
wide association studies (GWAS), continues to fall substantially below the estimated ~50%
heritability of this disease, a phenomenon that has been called “missing heritability”. This
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discrepancy may partially relate to the finding that a substantial proportion of the genetic
risk may be found in regulatory genomic segments rather than the expressed genome.

Of the multiple genetic associations that have been demonstrated, the largest contri-
bution to RA risk is from the MHC, specifically from the HLA-DRB1 locus, which has most
recently been estimated to represent ~11% of the total genetic variance [3]. Specific HLA-
DRB1 alleles are known to be associated with RA, but the prevalence of these alleles differs
substantially worldwide. For example, HLA-DRB1*0401 is a risk allele demonstrated
primarily in Caucasian populations, while HLA-DRB1*0405 is a risk allele in Japanese
populations, and HLA-DRB1*1402 is a risk allele seen almost exclusively in Indigenous
North American (INA) populations. To date, the best explanation for these heterogeneous
HLA associations is the shared epitope (SE) hypothesis first proposed by Gregersen and his
colleagues more than 30 years ago [4]. This hypothesis proposes that a positively charged
amino acid sequence in position 70–74 of the HLA-DRB1 molecule is critical for imparting
the RA genetic risk. Since it was first published in 1987, there have been several refine-
ments to the SE hypothesis, including a more recent analysis suggesting that amino acids
in other parts of the molecule, particularly positions 11 and 13, are also quite important for
imparting RA risk [5]. Further insights regarding the mechanism by which the positively
charged QKRAA, QQRAA, and KKRAA SE sequences increase the risk of RA has come
from studies demonstrating that the peptide-binding P4 pocket of the HLA-DRB1 molecule,
for which the SE sequence forms the sidewall, presents citrullinated antigens efficiently
to T cells [6]. This critical observation serves to mechanistically link the HLA genetic risk
to the anti-citrullinated protein antibody [ACPA] response that is now known to be the
hallmark of seropositive RA.

Evolving technologies are rapidly providing key insights into how the genomic risk
factors impact on specific pathways that are involved in the pathogenesis of RA. For
example, the PTPN22 locus is strongly associated with the risk of RA and other autoimmune
diseases [7,8]. This locus encodes for a tyrosine phosphatase that regulates the activation of
lymphocytes, and a specific mutation in this gene is associated with increased T and B cell
responsiveness. Other examples of how RA-associated genetic risk factors may mediate
this increased risk include PADI4 which regulates citrullination of proteins [9] as well as
STAT4 and REL, both of which regulate cytokine signal transduction [10,11].

Yet, despite a dramatic increase in our understanding of how genetic predisposition
results in the subtle and complex molecular changes that ultimately lead to RA clinical
manifestations, the clinical utility of testing for these genetic risk factors remains uncertain.
For example, studies that have attempted to develop composite genetic risk scores (GRS)
that can be used in conjunction with other prognostic factors have largely found that the
inclusion of the GRS adds only modestly to the models, although the genetic risk for
seropositive and seronegative RA differed [12]. There remains a key gap regarding how
population-based genetic associations can be used at an individual level. Although some
progress has been made in terms of RA pharmacogenomics, this approach continues to be
in its early stages.

Based on multiple studies indicating that there is a prolonged preclinical stage for RA
that is characterized by the presence of circulating RA autoantibodies such as ACPA and RF,
in otherwise clinically unaffected individuals, illustrated in Figure 1, there are now several
international initiatives aimed at preventing or delaying the onset of the disease [13,14].
In the context of such emerging prevention approaches, we need to carefully consider the
following: how does knowledge of genetic risk help us, and what is the importance and
impact of having a strong family history of RA on the perception of risk, willingness to
participate in the trials, and the ultimate outcomes of the trials? These questions encom-
pass a spectrum of biological, ethical, sociological, and cultural considerations that are
inextricably intertwined. In the following paragraphs, we will attempt to explore a number
of these considerations. We will focus on Indigenous peoples whom we have engaged with,
these being predisposed on a population and on a familial level, to illustrate the complex
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intersection of these considerations. Some aspects are unique to these populations, while
others are more generalizable to other predisposed populations.
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Figure 1. Preclinical stages toward RA development.

2. Studies of RA Risk in Predisposed Indigenous North Americans

Multiple studies have shown that the prevalence of RA is high in many, but not all,
INA populations (summarized in [15,16]). We have studied RA in the Cree, Ojibwe, Oji-
Cree peoples (collectively referred to as First Nations peoples) of Central Canada, and the
Tlingit people of Alaska. Based on analysis of administrative data from Manitoba, Canada,
it is estimated that the First Nations peoples of Central Canada have a 2–3-fold higher
prevalence of RA compared to non-First Nations populations [17]. As shown in Figure 2,
there is considerable familial clustering of this (and other) autoimmune disease(s) in the
Indigenous populations we have studied [18]. Moreover, there is an early age of onset [19],
inconsistent use of disease-modifying anti-rheumatic drugs (DMARD), and unfavorable
outcomes such as progressive disability and premature mortality [20,21]. These observations
suggested to us that genetic factors likely play a particularly important role in the risk of
developing RA in this population, although it has been difficult to disentangle the effects
of shared environments, access to specialized care, and other non-genetic considerations.
Based on this, we established a prospective cohort of the first-degree relatives (FDR) of RA
patients from this population and followed this cohort longitudinally for the past 15 years
to obtain a better understanding of RA development in this predisposed population.

Since 2005, our team has worked in partnership with several First Nations communi-
ties and followed more than 750 unaffected family members of RA patients to determine
their risk of developing future RA. Our research has compelled us to further examine
prediction and prevention of future RA within this population. We therefore proposed
a randomized clinical trial (RCT) to examine the effectiveness of a targeted dietary sup-
plementation strategy to reduce risk of RA development. As a central component of this
study, we also hope to understand how First Nations peoples view clinical trials that aim
to prevent disease.
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Figure 2. An example of an RA multi-case family pedigree.

3. Participation of First Nations Peoples in RCTs

Understanding the impact and/or experience of participating in RCTs for Indigenous
peoples, individuals, communities, and nations is an area of research that is continuing to
develop. Researchers have reported on the participation of Indigenous peoples in RCTs, as
well as some barriers and facilitators to this type of research. However, what is missing in
the literature is a discussion of how the experience of participation, as well as the outcomes
of such research, impacts Indigenous participants, communities, and nations within which
the research takes place [22,23]. The scant literature that exists regarding RCTs specifically
undertaken within Indigenous populations is primarily a description of the research or
RCT itself [24–27].

While Indigenous peoples have been involved as participants within RCTs, they
remain underrepresented considering the breadth and seriousness of health disparities
experiences by Indigenous peoples [22,23,28,29]. This underrepresentation of Indigenous
populations in RCTs leads to serious implications for clinical health research. Without
being able to act on clinical research data generated from working with Indigenous pop-
ulations specifically, there are limited opportunities for validation, generalizability and
transferability of knowledge from these studies to Indigenous populations, barriers to
understanding the evidence of health-based interventions within Indigenous populations,
an inability to identify differences in the effectiveness of interventions and/or treatments
between Indigenous and non-Indigenous people, and further marginalization of Indige-
nous peoples from knowledge about health based interventions [22,23]. Therefore, this
underrepresentation in RCTs prevents the ability to establish a deeper understanding of
the health disparities that impact Indigenous peoples, as well as the ideal interventions for
this population [22,23]. As a result, there are still gaps in knowledge regarding the optimal
condition of RCTs within Indigenous populations [22,23,30].

Stemming from this knowledge gap, RCTs are typically undertaken in non-Indigenous
populations, and it is assumed that the results of these studies would be readily applicable
to Indigenous peoples [23,28]. However, it must be acknowledged that there are numerous



Healthcare 2021, 9, 1301 5 of 14

sociocultural contexts within Indigenous populations that create unique environments
and ongoing health disparities and must be fully considered during the research process.
Historical and contemporary contexts, including the ongoing damages of settler colonialism
can create significant barriers to direct application of RCT findings and processes onto
Indigenous populations [23,28].

4. Historical Context of Indigenous Health Research

It is important to consider that for many Indigenous people, perceptions of RCTs have
been negatively skewed by a long history of unethical research practices and experiences
of deception and harm, leading to an association between research and a failure to improve
Indigenous health [22,28]. This has led to a widespread hesitancy or refusal to participate
in research for many Indigenous peoples. Through much collaborative and dedicated work,
Indigenous and non-Indigenous leadership have since worked to establish requirements
that within Indigenous health research, consultation with and inclusion of Indigenous
voices and perspective is now driving the expectations of research engagement with
Indigenous peoples. It is now understood that the central most aspect of Indigenous health
research is the consultation and inclusion of Indigenous peoples in the research design and
process [22,23,25].

Indigenous health research can no longer hold priority to serve the needs of the re-
searcher. Research must be based on the needs and interests of the Indigenous peoples,
and direct research benefits must be meaningful and sustainable for the individuals, com-
munities, and nations involved [22,23,28,31,32]. Researchers are also required learn about
and understand the history and culture of the people and communities with which they
choose to engage in order to build and sustain meaningful research relationships and
partnerships [22,28]. Most importantly, the research and intervention must align with the
cultural perspectives, practices, and beliefs of the community [22,23,33]. All Indigenous
health research must adhere to these ethical guidelines inclusive of research that is respect-
ful, useful, meaningful, relevant, and beneficial to the cultures, experiences, and lives of
Indigenous peoples [22].

5. Guidelines for RCTs within Indigenous Populations

Researchers have suggested that it is imperative that national guidelines and method-
ological processes for conducting RCTs with Indigenous peoples be developed in order
to have clearer directives and expectations for all those involved [22]. There are national
and international ethical guidelines, frameworks, and principles for research engagement
with Indigenous peoples which are useful. However, little is known their ability to address
issues related to the use of RCTs with Indigenous populations [22]. In Canada, the large
national funding agencies have developed a guidance framework for undertaking research
with Indigenous peoples [32]. A framework for research with First Nations, Metis, and
Inuit peoples also guides research within the Rady Faculty of Health Sciences at the Uni-
versity of Manitoba [34]. In addition, it is recommended that researchers working with
Indigenous peoples, and in particular First Nations peoples, learn and follow the principles
of Ownership, Control, Access, and Possession (OCAP) as well as recognize the United
Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) as the framework for
reconciliation with Indigenous peoples in Canada [35,36]. Highlights of these frameworks,
principles, and statements clearly articulate the need for respectful engagement with In-
digenous peoples throughout all aspects of the research process, cultural appropriateness
of all components of the research, for the generation of direct and meaningful benefits of
the research for all Indigenous peoples and communities involved, and for the appropriate
and community accepted models of data ownership and governance. Research focusing
on the prevention prevalent chronic diseases such as RA is no exception to these guiding
principles. As such, the study of “prevention” and “risk” need to be explored more fully
within this context.
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6. Prevention and Understanding “Risk”

The notion of family connectedness in First Nations communities was important for
understanding the First Nations perspective of RA and risk, as the understanding and
implications of illness and disease often centered around the family collective. Illness
and disease impact the individual, but it is also impactful on the family and community.
First Nations understanding of wellbeing occurs through a collective worldview where
everything is based on relationships and how we react and exist within those relationships
What happens to individuals also has impacts on families, communities, and nations [37].
In understanding this worldview, it became apparent that early detection is at a family and
not only an individual level.

There are important ethical considerations to be addressed when discussing risk of
disease, be it in non-First Nations or First Nations populations. In the context of First
Nations, assessing and communicating RA risk based on the presence of autoantibodies or
on genetic risk factors, involves unique cultural considerations, and is not simply based on
statistical paradigms. Previous discussions between First Nations community members
and our research group found that most of the family members of individuals with RA
would be willing to participate in screening protocols that aim to define an individual’s
risk of future disease development, but they want to be told the results of screening tests,
irrespective of whether they were “positive” or not. Through this discussion, we learned
that relatives of First Nations RA patients expressed interest in participating in this type
of research based on a desire to help other First Nations peoples collectively rather than
self-interest in their own health.

In roundtable focus groups with RA patients and their close relatives [mostly first-
degree], it became clear that relatives had a different understanding of RA risk compared to
that of the researchers who were planning to undertake prevention studies based on screen-
ing protocols. For example, there was a common understanding, passed down through
generations of family members that all forms of “arthritis” resulted from working in wet,
cold, outdoor environments such as trapping on the land. In fact, the Oji-Cree term arthrisit
otaanikookanaanik ohkanaahpine can be translated to mean wet cold environments. It is
thus crucial to acknowledge that cultural understanding is embedded in language, and
adequate time and effort is needed to gain an understanding of these ways of knowing.
Defining RA risk based on blood tests and not on these culturally determined “causes”
required additional time and space for communication and discussion. Thus, communica-
tion of disease risk to Indigenous people must be done with thoughtful consideration of
the historical and contemporary contexts of the communities and populations in which the
risk is being communicated. There cannot be a one-size-fits-all approach to Indigenous
research activities [33].

7. Multiple Ways of Knowing

It is important to note that differences between Western-based scientific views and First
Nations perspectives regarding the “origins” of a disease such as RA are not due to lack of
“knowing” by the latter. Rather, it should be acknowledged that it takes time to reconcile
these different ways of knowing. In looking at differences in language it becomes apparent
that western clinical understanding of RA disease does not translate adequately, as some
scientific terms and explanations cannot be translated into Indigenous languages. Thus,
different views occur in the context of an inability to translate directly between languages,
and added time, effort, and resources are required to navigate cultural understandings. If
one wants to understand prevention activities acceptable to First Nations communities,
it important to first discuss what constitutes RA, how RA is diagnosed, how it differs
from other non-autoimmune forms of arthritis such as osteoarthritis. A key component in
this dialogue involves the individuals with RA in the community, particularly the close
family relatives who are affected. Their experiential ways of knowing are indispensable in
providing the needed background to begin to understand that rationale for estimating risk
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and why prevention strategies are even needed . . . why not just treat the disease when
it starts?

In our focus group discussions, themes emerged that shed light on “prevention
hesitancy”. This included fear of medication side-effects and a general lack of interest in
lifestyle changes such as smoking cessation and dietary modifications. Convenience of any
proposed prevention intervention was critical to those unaffected but felt to be “at-risk”.
There was a desire to embrace an RA “vaccine” when it became available. Another key
theme regarding potential participation was how the prevention study was presented
and by whom. In the First Nations context, both individual and community consent are
important for such studies. Interestingly, as alluded to above, participation in clinical trials
of drug therapies to prevent RA were generally found to be acceptable . . . “if this will help
our People”.

8. Diet and Nutrition Prevention Research

Identifying participation-related barriers and implementing strategies to address these
gaps is critical for improving study recruitment in RA prevention trials [38,39]. While
a negative view on the trial drug along with the fear of using medications remains an
important barrier, factors such as reluctance toward adopting healthy lifestyle changes such
as smoking cessation necessitate the need for looking at alternative strategies for future
trials that can be better integrated with cultural habits of the communities [40]. Dietary
interventions using natural remedies such as dietary supplements along with strategies
such as personalized risk-estimation tools and optimal education on perceived disease risk
seem to be promising facilitators that can potentially encourage trial participation and are
well accepted [39,41,42].

The use of dietary supplements is highly prevalent in individuals with arthritis includ-
ing those with RA, since people perceive them to provide a higher degree of self-control
over their health [43,44]. However, evidence pertaining to the efficacy, and safety of these
supplements on RA symptoms is conflicting and of moderate strength [45,46]. Randomized
controlled trials on moderate-to-established RA patients provide evidence that diet can
influence patient-reported outcomes including RA symptoms, disease activity score (DAS),
arthralgia, and pain, after consuming certain dietary supplements or removing them from
the diet [47,48]. Foods such as red meat, eggplant, tomato, beer, desserts, sugar-sweetened
beverages, and soda were associated with worsening RA symptoms. On the other hand,
interventions such as a Mediterranean diet (containing olive oil, fish, nuts, legumes, berries,
and whole grains), spices (such as ginger, curcumin, or cinnamon), probiotics or supple-
ments such as omega-3 fatty acids, and vitamin D were found to either improve disease
symptoms, and/or reduce DAS28 and CRP scores [48–50]. Furthermore, long-term ad-
herence to a Mediterranean or vegetarian diet significantly reduced the incidence rates of
seropositive RA and mitigated development of anti-CCP antibodies in at-risk individuals,
thereby highlighting the role of diet not only in patients with established disease but also
in preclinical RA [30,31,46,49,51–54].

Beneficial effect of dietary components primarily stems from their ability to modulate
inflammation either through having a direct effect on the underlying pathways that regulate
disease processes or by restoring gut dysbiosis. Anti-inflammatory effects of dietary
supplements, either individually or when used in combination, are manifold as we showed
previously in a murine model of collagen-induced arthritis [55]. In animals with arthritis,
curcumin alone or in combination with vitamin D and omega-3 fatty acids significantly
reduced disease severity and suppressed cartilage degradation, apart from inhibiting
the expression of multiple inflammatory proteins including cytokines, chemokines, and
matrix metalloproteinases [55]. Diet also shapes the diversity and composition of the
gut microbiome, which in turn primes the mucosal immune system, maintains immune
homeostasis in the host and regulates gut permeability and integrity of the intestinal
barrier. Diversity of the gut microbiome is significantly altered both in seropositive FDR
and RA patients and is characterized by significant enrichment of butyrate-producing
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bacteria such as Bacteroidetes, Firmicutes, and Prevotella spp. [29,56,57]. Furthermore, gut
microbiota composition changes with disease progression, and correlates with increased
disease duration and seropositivity [58]. Adherence to a Mediterranean diet seems to
restore this dysbiosis, leading to reduced CRP levels and lower disease activity in patients
with established RA [59].

The need of the hour is to define the nutritional state of every individual, as was
evidenced from the Swedish epidemiological investigation of RA (EIRA) where negative
association between a Mediterranean diet and RA risk was restricted only in men with
RF-positive RA [49]. Advances in high-throughput omics technologies in combination with
advanced computational algorithms will help us understand why individuals respond
differently to the same dietary interventions. Furthermore, we can use omics technologies
to identify the effects of each dietary food intervention on an individual’s health, thereby
allowing us to explore the possibility of utilizing precision nutrition to maximize our
window of opportunity for RA prevention.

9. Randomized Controlled Trials to Prevent RA in Genetically Predisposed Individuals

There are considerations regarding clinical trial recruitment for individuals with
genetic predisposition, specifically those with first-degree relatives who have RA. Most RA
prevention trials aim to recruit individuals with autoantibodies [60], but little consideration
is made regarding predisposing genetic risk factors. It is assumed that much of genetic risk
associated with RA development is captured through the development of antibodies [61];
however, it remains unclear if relatives of RA patients with ACPA positivity have the
same risk of arthritis as individuals with ACPA positivity who do not have a relative
with RA. Many RA prevention trials also enroll based on the presence of arthralgia (with
ACPA) [62]. We have previously reported Indigenous FDR have increased prevalence
of self-reported joint symptoms compared to non-FDR [63]. This finding is not well
understood; whether this phenomenon is mediated by the same genetic loci that lead
to RA risk, or because of familial proximity and awareness of RA itself, remains a key
question to address. Importantly, relief from arthritis symptoms is an important facilitator
for the recruitment of participants into prevention trials [39], but this must be balanced
as an inclusion criterion given modest association between arthralgia and arthritis onset.
Selection of the study intervention treatment also needs to be weighed against a variety
of important considerations. Most RA prevention trials have deployed medications used
in established RA to try and “shift” the window of opportunity in individuals without
clinically detectable arthritis. Rituximab was shown to delay RA onset [64], but was
associated with a significant adverse event rate in the active treatment group, and this may
inform the results of other ongoing prevention trials including Hydroxychloroquine and
Abatacept [65]. However, as the risk of RA in otherwise well individuals increases, in part
due to genetic predisposition, the tolerability of higher-risk interventions may also increase.

With these considerations, our research group is planning a prospective clinical trial
to investigate the use of curcumin, omega-3, and vitamin D (COD) to modulate RA-
associated autoimmunity in Indigenous peoples. Murine models of arthritis suggest that
COD can modulate onset and disease activity of arthritis, which supports the biological
plausibility of this intervention [55]. Using a randomized, blinded cross-over design has
the advantage of ensuring all participants will receive the active intervention treatment,
with each individual serving as their own control, which also enhances the statistical
power of the analysis [66]. We aim to enroll ACPA-seropositive individuals, regardless of
symptoms or family history of RA, and have powered the trial to compare ACPA levels
after 3 months or treatment, rather than targeting disease prevention, which will reduce the
study burden. Our intervention has distinct advantages, perceptually, given it is derived
naturally, is a Health Canada (HC) approved, over-the-counter-supplement and is dosed
orally once daily.

Historical and contemporary research involving Indigenous peoples, including First
Nations people in Canada, has often been unethical, harmful, and for the benefit of the
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researcher or institution [67]. To overcome the harms of the past and place power and
control of the research process in the hands of Indigenous peoples, development of specific
research guidelines and policies for RCTs involving Indigenous peoples are crucial. Beyond
a biomedical focus, Indigenous health research needs a holistic research focus taking into
account physical, mental, emotional and spiritual health. Research involving First Nations
peoples must be culturally appropriate, respectful, empowering, needs based, productive
and bridge capacity building. It has been noted that RCTs that included Indigenous voices
through qualitative interviews were successful in better understanding the participant
view of the study and collected additional information to apply that directly to future RCTs
for improvement of the study processes [22]. In the spirit of working respectfully with First
Nations, the inclusion of Indigenous voices is an important aspect of this work. Table 1
highlights quotes from Indigenous participants who have contributed to our understanding
of prevention of RA within First Nations populations.

Table 1. Indigenous (First Nations) peoples voice, in response to questions about RA “risk” and prevention activities
(Source: Local focus groups held in several First Nations communities).

Prevention/Thinking about RA
P: No. I’ve a lot of other stuff to . . . think about.

P: I don’t like pills neither . . . like even if I did get a prescription, it’d probably just sit in my cupboard at home anyways . . . take it as
I need it. Same thing with ah pills for arthritis you know (..) It probably sit in the cupboard and take it when I need it when I feel pain.

P6: So I was thinking. Like I’m young and I want to have kids someday. It’s just, don’t know, it just makes me think, what
everybody is saying so . . . And that’s another thing that ah . . . that science will have to . . . to look at. Like that . . . which lies
dormant in our bodies you know I mean coming from a family of ah, a family history of rheumatoid arthritis . . . I think it’s

important for science to . . . to, to look into it.

Age as a Factor in Thinking about Prevention
P3: If I had known that I’d, it, I probably would-a, I probably would-a stopped smoking. If I had known that. But, if I was younger
and if I had symptoms as a teenager I’d probably wouldn’t of. I think, I think that the age has a lot to do with that. If I was 17 years

old and was smoking, and somebody told me, “Hey, If you keep smoking you’re gonna get arthritis. I would think right away,
“That’s not true. I’m gonna keep smoking”.

Family Considerations
P2: Because I feel for my babies, to have arthritis too. My kids.

Perceptions of Medication
P1: Well if the doctor knows that it had prevented. He’s the doctor, certified doctor I would trust Dr. _ if he told me that. “Take this
pills you won’t have that”. I believe I would take them because of him, ‘cause I know he went through people who had taken those

pills and you knew the results, rather than some doctor coming in here and giving me these pills the doctor I don’t know.

Evidence
P1: You know, I guess that’s where you begin to question the, ah scientific ah researches that are, that are happening. You know

you’d think by now they, they would be able to clearly define these things that we’re wondering about. That’s my view on that. I
guess the only thing that can, can convince me is like when I get to that stage. The symptoms are symptoms but until it actually

happens I guess that’s when I would believe that I have rheumatoid arthritis.

Participation in Research
P (male): I would, I would buy into it if it would lead to the prevention of the disease itself, you know being a young guy myself
going onto 50 60 years old you know, tracking my record like that leading to different . . . growth; treatments whatever . . . I would
like to help, in any way I can. Just because I’ve seen like, it hurt my family you know like, like what it did to my family. I wouldn’t

want it to happen to anybody else if there’s a possibility that I could do something about it . . .

Traditional/Cultural Knowledge
P2: Can I tell you something I was telling my sister about that when _ called me. like my grandfather . . . ah I’m off track here, ah
you know he was a trapper, he was on a trap-line and he . . . often had his feet wet and he was always wet and in the spring, in the
fall, in the winter eh and I was just a little girl and I remember he was talking to us telling us it was so important that we had to get

away from his way of life and we would never ever have arthritis not that he was suffering at that time already and he was
probably I would say 45 around there maybe. And why-why did he so why did he . . . he had this bad well there was a Cree word

for that ‘eh and that’s what it was arthritis. And there’s a Cree word for that.
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10. Conclusions

Studies from multiple populations have shown that there exists a lengthy prodromal
period of subclinical autoimmunity prior to the onset of clinically detectable joint disease
in RA. This prodromal period can be as short as a few weeks or span several years. These
studies, including our own, which were undertaken in a predisposed Indigenous North
American population, have shown that genetic predisposition plays a particularly impor-
tant role in amplifying and maturing the autoimmune responses, ultimately rendering
them pathological. Conversely, the detection of RA-associated autoantibodies, such as
ACPA and RF, in an otherwise unaffected individual does not accurately predict future
disease in a substantial proportion of individuals. Indeed, we have shown that many
individuals who at one time are seropositive for ACPA and/or RF become seronegative for
these autoantibodies over time, particularly if they are detected at low levels. Additionally,
these autoantibodies may reappear at a later time. In the timeless words of the Nobel
Laureate Niels Bohr “Prediction is very difficult, especially if it’s about the future”!

Notwithstanding our incomplete understanding of preclinical RA, and the availabil-
ity of a robust risk model, this prodromal period of RA autoimmunity has raised the
tantalizing prospect of developing strategies that may prevent the onset of RA. This is
a progressive lifelong disorder that currently can only be suppressed, but not cured. A
spectrum of potential interventions is being evaluated in at-risk cohorts around the world.
This spectrum includes pharmacologic therapies that are available to treat established
RA, and a variety of lifestyle modifications, which, if applied early enough, may have a
substantial impact on the risk of future RA.

How do we convince unaffected individuals that the risks of a particular prevention
strategy outweigh those of developing future RA? The understanding and interpretation
of these risks, and how they can be balanced, will likely vary considerably depending on
familial and cultural factors. An individual from a close-knit community who is surrounded
by multiple family members with RA will almost certainly have a different perspective
than one who has barely heard of this disease, even if both individuals have detectable
RA autoantibodies. Moreover, the specific intervention proposed is an important factor.
The perceptions around taking a daily pill such as hydroxychloroquine will differ from
taking injections of a biologic such as abatacept, or a single infusion of rituximab. Lifestyle
modifications such as smoking cessation or major dietary changes are notoriously difficult
to achieve, even in highly motivated individuals.

Our studies of the at-risk family members of First Nations RA patients have led us to
conclude that the use of readily available immunomodulatory/anti-inflammatory nutri-
tional supplements, achieves a good balance of potential efficacy, safety, and acceptability
for our study population. Supplements of curcumin, omega-3 fatty acids, and vitamin
D, used in combination, have the potential to modulate the progression of preclinical
RA autoimmunity based on both animal models and limited human studies. The well-
established safety record and low cost of these supplements are particularly appealing,
although the efficacy in modulating preclinical RA autoimmunity remains to be demon-
strated in informative clinical trials. As such, the design of these trials is challenging from
multiple perspectives, particularly the identification and recruitment of an appropriate
study population, and the development of surrogate immunological endpoints that can
serve as meaningful outcome measures. International consortia have been assembled to
address these important challenges [68].

Author Contributions: Conceptualization, A.F.-W., I.S., V.A., L.O. and H.E.-G.; writing—original
draft preparation, A.F.-W., I.S., V.A., L.O. and H.E.-G.; writing—review and editing, A.F.-W., I.S., V.A.,
L.O. and H.E.-G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by individual grants to Hani El-Gabalawy from the Canadian
Institutes of Health Research (MOP77700). Vidyanand Anaparti received Postdoctoral Fellowships
from Research Manitoba (1777) and The Arthritis Society (TPF-18-0219).



Healthcare 2021, 9, 1301 11 of 14

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee)
of University of Manitoba (Ethics #: HS14453 (H2005:093); Expiry Date: 25 April 2022; FUNDING
REERENCE Number: MOP77700).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study. Additionally, the studies were approved by the Chief and Council of the study communities,
which included Norway House and St Theresa Point. Written agreements are in place with each
community in which the studies were conducted.

Acknowledgments: We would like to acknowledge the Chief and Council of Norway House and St.
Theresa Point, the directors of health, and the community members who have contributed their time
and knowledge to this research. We would also like to acknowledge the Arthritis Advisory Board
who have provided guidance and support to the study team. Finally, we would like to acknowledge
Elder Margaret Lavallee, Elder-in-Residence at Ongomiizwin Indigenous Institute of Research, Rady
Faculty of Health Sciences, University of Manitoba for her continued knowledge and wisdom that
helps us to follow the right path throughout our research work.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Frisell, T.; Saevarsdottir, S.; Askling, J. Family history of rheumatoid arthritis: An old concept with new developments. Nat. Rev. Rheumatol.

2016, 12, 335–343. [CrossRef] [PubMed]
2. Okada, Y.; Wu, D.; Trynka, G.; Raj, T.; Terao, C.; Ikari, K.; Kochi, Y.; Ohmura, K.; Suzuki, A.; Yoshida, S.; et al. Genetics of

rheumatoid arthritis contributes to biology and drug discovery. Nature 2014, 506, 376–381. [CrossRef] [PubMed]
3. Viatte, S.; Plant, D.; Raychaudhuri, S. Genetics and epigenetics of rheumatoid arthritis. Nat. Rev. Rheumatol. 2013, 9, 141–153.

[CrossRef] [PubMed]
4. Gregersen, P.K.; Silver, J.; Winchester, R.J. The shared epitope hypothesis. An approach to understanding the molecular genetics

of susceptibility to rheumatoid arthritis. Arthritis Rheum. 1987, 30, 1205–1213. [CrossRef] [PubMed]
5. Raychaudhuri, S.; Sandor, C.; Stahl, E.A.; Freudenberg, J.; Lee, H.-S.; Jia, X.; Alfredsson, L.; Padyukov, L.; Klareskog, L.;

Worthington, J.; et al. Five amino acids in three HLA proteins explain most of the association between MHC and seropositive
rheumatoid arthritis. Nat. Genet. 2012, 44, 291–296. [CrossRef]

6. Hill, J.A.; Southwood, S.; Sette, A.; Jevnikar, A.M.; Bell, D.A.; Cairns, E. Cutting Edge: The Conversion of Arginine to Citrulline
Allows for a High-Affinity Peptide Interaction with the Rheumatoid Arthritis-Associated HLA-DRB1*0401 MHC Class II Molecule.
J. Immunol. 2003, 171, 538–541. [CrossRef]

7. Carlton, V.E.H.; Hu, X.; Chokkalingam, A.P.; Schrodi, S.J.; Brandon, R.; Alexander, H.C.; Chang, M.; Catanese, J.J.; Leong, D.U.;
Ardlie, K.G.; et al. PTPN22 Genetic Variation: Evidence for Multiple Variants Associated with Rheumatoid Arthritis. Am. J. Hum. Genet.
2005, 77, 567–581. [CrossRef]

8. Begovich, A.B.; Carlton, V.E.H.; Honigberg, L.A.; Schrodi, S.J.; Chokkalingam, A.P.; Alexander, H.C.; Ardlie, K.G.; Huang, Q.;
Smith, A.M.; Spoerke, J.M.; et al. A Missense Single-Nucleotide Polymorphism in a Gene Encoding a Protein Tyrosine Phosphatase
(PTPN22) Is Associated with Rheumatoid Arthritis. Am. J. Hum. Genet. 2004, 75, 330–337. [CrossRef]

9. Suzuki, A.; Yamada, R.; Chang, X.; Tokuhiro, S.; Sawada, T.; Suzuki, M.; Nagasaki, M.; Nakayama-Hamada, M.; Kawaida, R.;
Ono, M.; et al. Functional haplotypes of PADI4, encoding citrullinating enzyme peptidylarginine deiminase 4, are associated with
rheumatoid arthritis. Nat. Genet. 2003, 34, 395–402. [CrossRef]

10. Remmers, E.F.; Plenge, R.M.; Lee, A.T.; Graham, R.R.; Hom, G.; Behrens, T.W.; de Bakker, P.I.W.; Le, J.M.; Lee, H.-S.; Batliwalla, F.;
et al. STAT4 and the Risk of Rheumatoid Arthritis and Systemic Lupus Erythematosus. N. Engl. J. Med. 2007, 357, 977–986.
[CrossRef]

11. Gregersen, P.K.; Amos, C.I.; Lee, A.T.; Lu, Y.; Remmers, E.F.; Kastner, D.L.; Seldin, M.F.; Criswell, L.A.; Plenge, R.M.; Holers, V.M.;
et al. REL, encoding a member of the NF-κB family of transcription factors, is a newly defined risk locus for rheumatoid arthritis.
Nat. Genet. 2009, 41, 820–823. [CrossRef]

12. Chibnik, L.B.; Keenan, B.T.; Cui, J.; Liao, K.P.; Costenbader, K.H.; Plenge, R.M.; Karlson, E.W. Genetic Risk Score Predicting Risk
of Rheumatoid Arthritis Phenotypes and Age of Symptom Onset. PLoS ONE 2011, 6, e24380. [CrossRef] [PubMed]

13. Deane, K.D.; Holers, V.M. Rheumatoid Arthritis Pathogenesis, Prediction, and Prevention: An Emerging Paradigm Shift. Arthritis Rheumatol.
2021, 73, 181–193. [CrossRef] [PubMed]

14. Deane, K.D.; El-Gabalawy, H. Pathogenesis and prevention of rheumatic disease: Focus on preclinical RA and SLE. Nat. Rev. Rheumatol.
2014, 10, 212–228. [CrossRef] [PubMed]

15. McDougall, C.; Hurd, K.; Barnabe, C. Systematic review of rheumatic disease epidemiology in the indigenous populations of
Canada, the United States, Australia, and New Zealand. Semin. Arthritis Rheum. 2017, 46, 675–686. [CrossRef]

16. Peschken, C.; Esdaile, J.M. Rheumatic diseases in North America’s indigenous peoples. Semin. Arthritis Rheum. 1999, 28, 368–391.
[CrossRef]

http://doi.org/10.1038/nrrheum.2016.52
http://www.ncbi.nlm.nih.gov/pubmed/27098907
http://doi.org/10.1038/nature12873
http://www.ncbi.nlm.nih.gov/pubmed/24390342
http://doi.org/10.1038/nrrheum.2012.237
http://www.ncbi.nlm.nih.gov/pubmed/23381558
http://doi.org/10.1002/art.1780301102
http://www.ncbi.nlm.nih.gov/pubmed/2446635
http://doi.org/10.1038/ng.1076
http://doi.org/10.4049/jimmunol.171.2.538
http://doi.org/10.1086/468189
http://doi.org/10.1086/422827
http://doi.org/10.1038/ng1206
http://doi.org/10.1056/NEJMoa073003
http://doi.org/10.1038/ng.395
http://doi.org/10.1371/journal.pone.0024380
http://www.ncbi.nlm.nih.gov/pubmed/21931699
http://doi.org/10.1002/art.41417
http://www.ncbi.nlm.nih.gov/pubmed/32602263
http://doi.org/10.1038/nrrheum.2014.6
http://www.ncbi.nlm.nih.gov/pubmed/24514912
http://doi.org/10.1016/j.semarthrit.2016.10.010
http://doi.org/10.1016/S0049-0172(99)80003-1


Healthcare 2021, 9, 1301 12 of 14

17. Barnabe, C.; Elias, B.; Bartlett, J.; Roos, L.L.; Peschken, C. Arthritis in Aboriginal Manitobans: Evidence for a high burden of
disease. J. Rheumatol. 2008, 35, 1145–1150.

18. El-Gabalawy, H.S.; Robinson, D.B.; Smolik, I.; Hart, D.; Elias, B.; Wong, K.; Peschken, C.A.; Hitchon, C.A.; Li, X.; Bernstein, C.N.;
et al. Familial clustering of the serum cytokine profile in the relatives of rheumatoid arthritis patients. Arthritis Rheum. 2012, 64,
1720–1729. [CrossRef]

19. Peschken, C.A.; Hitchon, C.A.; Robinson, D.B.; Smolik, I.; Barnabe, C.; Prematilake, S.; El-Gabalawy, H.S. Rheumatoid Arthritis in
a North American Native Population: Longitudinal Followup and Comparison with a White Population. J. Rheumatol. 2010, 37,
1589–1595. [CrossRef]

20. Barnabe, C.; Jones, C.A.; Bernatsky, S.; Peschken, C.A.; Voaklander, D.; Homik, J.; Crowshoe, L.F.; Esdaile, J.M.; El-Gabalawy, H.
Inflammatory Arthritis Prevalence and Health Services Use in the First Nations and Non–First Nations Populations of Alberta,
Canada. Arthritis Rheum. 2016, 69, 467–474. [CrossRef]

21. Barnabe, C.; Healy, B.; Portolesi, A.; Kaplan, G.G.; Hemmelgarn, B.; Weaselhead, C. Claims for disease-modifying therapy by
Alberta non-insured health benefits clients. BMC Health Serv. Res. 2016, 16, 430. [CrossRef] [PubMed]

22. Saini, M.; Quinn, A. A Systematic Review of Randomized Controlled Trials of Health Related Issues within an Aboriginal Context; National
Collaborating Center for Aboriginal Health: Prince George, BC, Canada, 2013.

23. Umaefulam, V.; Kleissen, T.; Barnabe, C. The Representation of Indigenous Peoples in Chronic Disease Clinical Trials in Australia, Canada,
New Zealand, and the United States; unpublished manuscript. 2020.

24. Couzos, S.; Lea, T.; Murray, R.; Culbong, M. ‘We are not just participants–we are in charge’: The NACCHO ear trial and the
process for Aboriginal community-controlled health research. Ethn. Health. 2005, 10, 91–111. [CrossRef] [PubMed]

25. Glover, M.; Kira, A.; Johnston, V.; Walker, N.; Thomas, D.; Chang, A.B.; Bullen, C.; Segan, C.J.; Brown, N. A systematic review of
barriers and facilitators to participation in randomized controlled trials by Indigenous people from New Zealand, Australia,
Canada and the United States. Glob. Health Promot. 2015, 22, 21–31. [CrossRef] [PubMed]

26. Liu, H.; Patel, A.; Brown, A.; Eades, S.; Hayman, N.; Jan, S.; Ring, I.; Stewart, G.; Tonkin, A.; Weeramanthri, T.; et al. Rationale and
design of the Kanyini guidelines adherence with the polypill [Kanyini-GAP] study: A randomised controlled trial of a polypill-based
strategy amongst indigenous and non indigenous people at high cardiovascular risk. BMC Public Health 2010, 10, 458. [CrossRef]

27. Turner, K.M.; Richards, M.; Sanders, M.R. Randomised clinical trial of a group parent education programme for Australian
indigenous families. J. Paediatr. Child. Health 2007, 43, 429–437. [CrossRef] [PubMed]

28. Maar, M.A.; Beaudin, V.; Yeates, K.; Boesch, L.; Liu, P.; Madjedi, K.; Perkins, N.; Hua-Stewart, D.; Beaudin, F.; Wabano, M.J.; et al.
Wise Practices for Cultural Safety in Electronic Health Research and Clinical Trials with Indigenous People: Secondary Analysis
of a Randomized Clinical Trial. J. Med. Internet Res. 2019, 21, e14203. [CrossRef]

29. Scher, J.U.; Sczesnak, A.; Longman, R.S.; Segata, N.; Ubeda, C.; Bielski, C.; Rostron, T.; Cerundolo, V.; Pamer, E.G.; Abramson, S.B.;
et al. Expansion of intestinal Prevotella copri correlates with enhanced susceptibility to arthritis. eLife 2013, 2, e01202. [CrossRef]

30. Hu, Y.; Sparks, J.; Malspeis, S.; Costenbader, K.H.; Hu, F.B.; Karlson, E.W.; Lu, B. Long-term dietary quality and risk of developing
rheumatoid arthritis in women. Ann. Rheum. Dis. 2017, 76, 1357–1364. [CrossRef]

31. Jin, J.; Li, J.; Gan, Y.; Liu, J.; Zhao, X.; Chen, J.; Zhang, R.; Zhong, Y.; Chen, X.; Wu, L.; et al. Red meat intake is associated with
early onset of rheumatoid arthritis: A cross-sectional study. Sci. Rep. 2021, 11, 5681. [CrossRef]

32. Canadian Institutes of Health Research; Natural Sciences and Engineering Research Council of Canada; Social Sciences and
Humanities Research Council. Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans; Natural Sciences and
Engineering Research Council of Canada: Ottawa, ON, Canada, December 2018.

33. Driedger, S.M.; Cooper, E.; Jardine, C.; Furgal, C.; Bartlett, J. Communicating Risk to Aboriginal Peoples: First Nations and Metis
Responses to H1N1 Risk Messages. PLoS ONE 2013, 8, e71106. [CrossRef]

34. Cook, C.; Clar, W.; Sanguins, J.; Kinew, K.A.; Lavallee, B.; Decoteau, M.; Hart, M.A.; Lavoie, J.; Huynh, A.; de Rocquigny, J.
Bridging Indigenous and Academic Worlds: Developing a Framework for Research Engagement with First Nations, Metis and
Inuit Communities at the University of Manitoba in Winnipeg Canada. In Proceedings of the International Network of Indigenous
Health Knowledge Development (INIHKD) 6th Biennial Conference, Winnipeg, MB, Canada, October 2014.

35. Grunn, B.L. Understanding and Implementing the UN Declaration on the Rights of Indigenous People: An Introductory Handbook; Indigenous
Bar Association: Winnipeg, MB, Canada, 2011; Available online: http://www.indigenousbar.ca/pdf/undrip_handbook.pdf
(accessed on 5 August 2021).

36. Schnarch, B. Ownership, Control, Access, and Possession [OCAP] or Self-Determination Applied to Research: A Critical Analysis
of Contemporary First Nations Research and Some Options for First Nations Communities. Int. J. Indig. Health 2004, 1, 80–95.

37. Wilson, S. Research is Ceremony: Indigenous Research Methods; Fernwood Publishing: Black Point, NS, Canada, 2008.
38. O’Neil, L.J.; Deane, K.D. Striking a balance in rheumatoid arthritis prevention trials. Nat. Rev. Rheumatol. 2021, 17, 385–386.

[CrossRef] [PubMed]
39. van Boheemen, L.; Ter Wee, M.M.; Seppen, B.; van Schaardenburg, D. How to enhance recruitment of individuals at risk of

rheumatoid arthritis into trials aimed at prevention: Understanding the barriers and facilitators. RMD Open 2021, 7, e001592.
[CrossRef] [PubMed]

40. Jetty, R.; Canadian Paediatric Society FNI; Metis Health Committee OO. Tobacco use and misuse among Indigenous children and
youth in Canada. Paediatr. Child Health 2017, 22, 395–405. [CrossRef] [PubMed]

http://doi.org/10.1002/art.34449
http://doi.org/10.3899/jrheum.091452
http://doi.org/10.1002/acr.22959
http://doi.org/10.1186/s12913-016-1685-y
http://www.ncbi.nlm.nih.gov/pubmed/27557840
http://doi.org/10.1080/13557850500071038
http://www.ncbi.nlm.nih.gov/pubmed/15804658
http://doi.org/10.1177/1757975914528961
http://www.ncbi.nlm.nih.gov/pubmed/24842989
http://doi.org/10.1186/1471-2458-10-458
http://doi.org/10.1111/j.1440-1754.2007.01053.x
http://www.ncbi.nlm.nih.gov/pubmed/17535171
http://doi.org/10.2196/14203
http://doi.org/10.7554/eLife.01202
http://doi.org/10.1136/annrheumdis-2016-210431
http://doi.org/10.1038/s41598-021-85035-6
http://doi.org/10.1371/journal.pone.0071106
http://www.indigenousbar.ca/pdf/undrip_handbook.pdf
http://doi.org/10.1038/s41584-021-00627-w
http://www.ncbi.nlm.nih.gov/pubmed/33963305
http://doi.org/10.1136/rmdopen-2021-001592
http://www.ncbi.nlm.nih.gov/pubmed/33685929
http://doi.org/10.1093/pch/pxx124
http://www.ncbi.nlm.nih.gov/pubmed/29491724


Healthcare 2021, 9, 1301 13 of 14

41. Greenblatt, H.K.; Kim, H.-A.; Bettner, L.F.; Deane, K.D. Preclinical rheumatoid arthritis and rheumatoid arthritis prevention. Curr.
Opin. Rheumatol. 2020, 32, 289–296. [CrossRef] [PubMed]

42. Marshall, A.A.; Zaccardelli, A.; Yu, Z.; Prado, M.G.; Liu, X.; Miller Kroouze, R.; Kalia, S.S.; Green, R.C.; Triedman, N.A.; Lu, B.;
et al. Effect of communicating personalized rheumatoid arthritis risk on concern for developing RA: A randomized controlled
trial. Patient Educ. Couns. 2019, 102, 976–983. [CrossRef]

43. Hall, J.J.; Dissanayake, T.D.; Lau, D.; Katz, S.J. Self-reported use of natural health products among rheumatology patients: A
cross-sectional survey. Musculoskelet. Care 2017, 15, 345–349. [CrossRef]

44. Wilson, P.B. Dietary supplementation is more prevalent among adults with arthritis in the United States population. Complement.
Ther. Med. 2016, 29, 152–157. [CrossRef]

45. Hagen, K.B.; Byfuglien, M.G.; Falzon, L.; Olsen, S.U.; Smedslund, G. Dietary interventions for rheumatoid arthritis. Cochrane
Database Syst. Rev. 2009, 21, CD006400. [CrossRef]

46. Nelson, J.; Sjöblom, H.; Gjertsson, I.; Ulven, S.M.; Lindqvist, H.M.; Bärebring, L. Do Interventions with Diet or Dietary
Supplements Reduce the Disease Activity Score in Rheumatoid Arthritis? A Systematic Review of Randomized Controlled Trials.
Nutrition 2020, 12, 2991. [CrossRef]

47. Pattison, D.J.; Symmons, D.P.M.; Lunt, M.; Welch, A.; Luben, R.; Bingham, S.A.; Khaw, K.-T.; Day, N.E.; Silman, A.J. Dietary risk
factors for the development of inflammatory polyarthritis: Evidence for a role of high level of red meat consumption. Arthritis Rheum.
2004, 50, 3804–3812. [CrossRef]

48. Tedeschi, S.K.; Frits, M.; Cui, J.; Zhang, Z.Z.; Mahmoud, T.; Iannaccone, C.; Lin, T.C.; Yoshida, K.; Weinblatt, M.E.; Shadick, N.A.;
et al. Diet and Rheumatoid Arthritis Symptoms: Survey Results From a Rheumatoid Arthritis Registry. Arthritis Care Res. 2017,
69, 1920–1925. [CrossRef]

49. Johansson, K.; Askling, J.; Alfredsson, L.; Di Giuseppe, D.; EIRA Study Group. Mediterranean diet and risk of rheumatoid
arthritis: A population-based case-control study. Arthritis Res. Ther. 2018, 20, 175. [CrossRef] [PubMed]

50. Philippou, E.; Petersson, S.D.; Rodomar, C.; Nikiphorou, E. Rheumatoid arthritis and dietary interventions: Systematic review of
clinical trials. Nutr. Rev. 2021, 79, 410–428. [CrossRef] [PubMed]

51. Gan, R.W.; Demoruelle, M.K.; Deane, K.D.; Weisman, M.H.; Buckner, J.H.; Gregersen, P.K.; Mikuls, T.R.; O’Dell, J.R.; Keating, R.M.;
Fingerlin, T.E.; et al. Omega-3 fatty acids are associated with a lower prevalence of autoantibodies in shared epitope-positive
subjects at risk for rheumatoid arthritis. Ann. Rheum. Dis. 2017, 76, 147–152. [CrossRef] [PubMed]

52. Gan, R.W.; Young, K.A.; Zerbe, G.O.; Demoruelle, M.K.; Weisman, M.H.; Buckner, J.H.; Gregersen, P.K.; Mikuls, T.; O’Dell, J.R.;
Keating, R.M.; et al. Lower omega-3 fatty acids are associated with the presence of anti-cyclic citrullinated peptide autoantibodies
in a population at risk for future rheumatoid arthritis: A nested case-control study. Rheumatology 2015, 55, 367–376. [CrossRef]
[PubMed]

53. Nguyen, Y.; Salliot, C.; Gelot, A.; Gambaretti, J.; Mariette, X.; Boutron-Ruault, M.C.; Seror, R. Mediterranean Diet and Risk
of Rheumatoid Arthritis: Findings From the French E3N-EPIC Cohort Study. Arthritis Rheumatol. 2021, 73, 69–77. [CrossRef]
[PubMed]

54. Zaccardelli, A.; Friedlander, H.M.; Ford, J.A.; Sparks, J.A. Potential of Lifestyle Changes for Reducing the Risk of Developing
Rheumatoid Arthritis: Is an Ounce of Prevention Worth a Pound of Cure? Clin. Ther. 2019, 41, 1323–1345. [CrossRef]

55. Hemshekhar, M.; Anaparti, V.; El-Gabalawy, H.; Mookherjee, N. A bioavailable form of curcumin, in combination with vitamin-D-
and omega-3-enriched diet, modifies disease onset and outcomes in a murine model of collagen-induced arthritis. Arthritis Res.
2021, 23, 39. [CrossRef]

56. Guerreiro, C.S.; Calado, Â.; Sousa, J.; Fonseca, J.E. Diet, Microbiota, and Gut Permeability—The Unknown Triad in Rheumatoid
Arthritis. Front. Med. 2018, 5, 349. [CrossRef]

57. Alpizar-Rodriguez, D.; Lesker, T.R.; Gronow, A.; Gilbert, B.; Raemy, E.; Lamacchia, C.; Gabay, C.; Finckh, A.; Strowig, T. Prevotella
copri in individuals at risk for rheumatoid arthritis. Ann. Rheum. Dis. 2019, 78, 590–593. [CrossRef] [PubMed]

58. Chen, J.; Wright, K.; Davis, J.M.; Jeraldo, P.; Marietta, E.V.; Murray, J.; Nelson, H.; Matteson, E.L.; Taneja, V. An expansion of rare
lineage intestinal microbes characterizes rheumatoid arthritis. Genome Med. 2016, 8, 43. [CrossRef] [PubMed]

59. Picchianti Diamanti, A.; Panebianco, C.; Salerno, G.; Di Rosa, R.; Salemi, S.; Sorgi, M.L.; Meneguzzi, G.; Benedetta Mariani, M.;
Rai, A.; Iacono, D.; et al. Impact of Mediterranean Diet on Disease Activity and Gut Microbiota Composition of Rheumatoid
Arthritis Patients. Microorganisms 2020, 8, 1989. [CrossRef] [PubMed]

60. Deane, K.D.; Cheung, T.T. Rheumatoid Arthritis Prevention: Challenges and Opportunities to Change the Paradigm of Disease
Management. Clin. Ther. 2019, 41, 1235–1239. [CrossRef]

61. van der Woude, D.; Catrina, A.I. HLA and anti-citrullinated protein antibodies: Building blocks in RA. Best Pract. Res. Clin. Rheumatol.
2015, 29, 692–705. [CrossRef] [PubMed]

62. Karlson, E.W.; van Schaardenburg, D.; van der Helm-van Mil, A.H. Strategies to predict rheumatoid arthritis development in
at-risk populations. Rheumatol. 2016, 55, 6–15. [CrossRef]

63. Smolik, I.; Robinson, D.B.; Bernstein, C.N.; El-Gabalawy, H.S. First-degree Relatives of Patients with Rheumatoid Arthritis Exhibit
High Prevalence of Joint Symptoms. J. Rheumatol. 2013, 40, 818–824. [CrossRef]

64. Gerlag, D.M.; Safy, M.; Maijer, K.I.; Tang, M.W.; Tas, S.W.; Starmans-Kool, M.J.F.; van Tubergen, A.; Janssen, M.; de Hair, M.;
de Hair, M.; et al. Effects of B-cell directed therapy on the preclinical stage of rheumatoid arthritis: The PRAIRI study. Ann Rheum Dis.
2019, 78, 179–185. [CrossRef]

http://doi.org/10.1097/BOR.0000000000000708
http://www.ncbi.nlm.nih.gov/pubmed/32205569
http://doi.org/10.1016/j.pec.2018.12.011
http://doi.org/10.1002/msc.1178
http://doi.org/10.1016/j.ctim.2016.10.004
http://doi.org/10.1002/14651858.CD006400.pub2
http://doi.org/10.3390/nu12102991
http://doi.org/10.1002/art.20731
http://doi.org/10.1002/acr.23225
http://doi.org/10.1186/s13075-018-1680-2
http://www.ncbi.nlm.nih.gov/pubmed/30092814
http://doi.org/10.1093/nutrit/nuaa033
http://www.ncbi.nlm.nih.gov/pubmed/32585000
http://doi.org/10.1136/annrheumdis-2016-209154
http://www.ncbi.nlm.nih.gov/pubmed/27190099
http://doi.org/10.1093/rheumatology/kev266
http://www.ncbi.nlm.nih.gov/pubmed/26370400
http://doi.org/10.1002/art.41487
http://www.ncbi.nlm.nih.gov/pubmed/32909390
http://doi.org/10.1016/j.clinthera.2019.04.021
http://doi.org/10.1186/s13075-021-02423-z
http://doi.org/10.3389/fmed.2018.00349
http://doi.org/10.1136/annrheumdis-2018-214514
http://www.ncbi.nlm.nih.gov/pubmed/30760471
http://doi.org/10.1186/s13073-016-0299-7
http://www.ncbi.nlm.nih.gov/pubmed/27102666
http://doi.org/10.3390/microorganisms8121989
http://www.ncbi.nlm.nih.gov/pubmed/33327432
http://doi.org/10.1016/j.clinthera.2019.04.035
http://doi.org/10.1016/j.berh.2016.02.006
http://www.ncbi.nlm.nih.gov/pubmed/27107507
http://doi.org/10.1093/rheumatology/keu287
http://doi.org/10.3899/jrheum.121016
http://doi.org/10.1136/annrheumdis-2017-212763


Healthcare 2021, 9, 1301 14 of 14

65. Al-Laith, M.; Jasenecova, M.; Abraham, S.; Bosworth, A.; Bruce, I.N.; Buckley, C.D.; Ciurtin, C.; D’Agostino, M.A.; Emery, P.;
Gaston, H.; et al. Arthritis prevention in the pre-clinical phase of RA with abatacept [the APIPPRA study]: A multi-centre,
randomised, double-blind, parallel-group, placebo-controlled clinical trial protocol. Trials 2019, 20, 429. [CrossRef]

66. Krogh, H.B.; Storebø, O.J.; Faltinsen, E.; Todorovac, A.; Ydedahl-Jensen, E.; Magnusson, F.L.; Holmskov, M.; Gerner, T.;
Gluud, C.; Simonsen, E. Methodological advantages and disadvantages of parallel and crossover randomised clinical trials on
methylphenidate for attention deficit hyperactivity disorder: A systematic review and meta-analyses. BMJ Open 2019, 9, e026478.
[CrossRef]

67. Tuhiwai Smith, L. Decolonizing Methodologies: Research and Indigenous Peoples; Zed Books Limited: London, UK, 1999; ISBN 1-85649-623-6.
68. Mankia, K.; Siddle, H.J.; Kerschbaumer, A.; Alpizar Rodriguez, D.; Catrina, A.I.; Canete, J.D.; Dostál, C.; Font, J.; Gilboe, I.M.;

Houssiau, F.; et al. EULAR points to consider for conducting clinical trials and observational studies in individuals at risk of
rheumatoid arthritis. Ann. Rheum. Dis. 2021, 68, 470–476.

http://doi.org/10.1186/s13063-019-3403-7
http://doi.org/10.1136/bmjopen-2018-026478

	Genetic Risk Factors for RA 
	Studies of RA Risk in Predisposed Indigenous North Americans 
	Participation of First Nations Peoples in RCTs 
	Historical Context of Indigenous Health Research 
	Guidelines for RCTs within Indigenous Populations 
	Prevention and Understanding “Risk” 
	Multiple Ways of Knowing 
	Diet and Nutrition Prevention Research 
	Randomized Controlled Trials to Prevent RA in Genetically Predisposed Individuals 
	Conclusions 
	References

