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Abstract

Background: Personalised nutrition has the potential to imprbealth, prevent disease
and reduce healthcare expenditure. Whilst resdarth at positive consumer attitudes
towards personalized nutrition that draws uporstifie, phenotypic and genotypic data,
little is known about the degree to which regisiedeetitians (RD) are engaged in the
delivery of such services. This review sought ttedaine possible factors associated
with the integration of the emerging science of ilionhal Genomics (NGx) into the

clinical practice setting by practicing registechetitians.

Scope Search of online databases (Pubmed; Nationaktybof Medicine; Cochrane
Library; Ovid Medline) was conducted on materiabjshed from January 2000 to
December 2014. Studies that sampled practicingtidies and investigated integration
or application of NGx and genetics knowledge intactice were eligible. Articles were

assessed according to the American Dietetic Assogiguality Criteria Checklist.

Key Findings: Application of nutritional genomics in practicea been limited.

Reluctance to integrate NGx into practice is asgedi with low awareness of NGx, a
lack of confidence in the science surrounding N@x akepticism toward Direct to
consumer (DTC) products. Successful applicationptactice was associated with
knowledge about NGx, having confidence in the smera positive attitude toward
NGx, access to DTC products, a supportive workingirenment, working in the

clinical setting rather than the public health domand being in private rather than

public practice.

Conclusions There is a need to provide RGs with a supporeeking environment

that provides ongoing training in NGx and whiclniegrated with clinical practice.

Keywords: Dietitians; nutritional genomics; involvement; pamalised nutrition.
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Background

Since the completion of the Human Genome Proje@0@3 (Venter, 2011),
vast progress has been made in the field of idemgfhuman genetic variations which
may play a role in the development of obesity ahbiic diseases such as diabetes,
cardiovascular disease and dementia (Nielsen &oBe8y, 2012). With regards to
modernizing healthcare, the United Kingdom (UK) gowment, in particular, is aiming
to lead genomic research and its application witheANHS (NHS, 2015). According to
the 5-Year Forward Review Report (DOH, 2014), pesatiaed healthcare will be
delivered using digital technologies and will béormed by genomic data, which is
poised to revolutionize healthcare toward persaedlitreatment plans. Although
personalized nutrition is not explicitly mentionadthin the plans, diet and lifestyle
play a key role in the prevention of non-communieabiseases, the European
Commission (EC) has pledged make personalised diptsority by 2050 (EC, 2014).
As a consequence, nutrition is expected to becorkeyaocus for prevention. It has
been speculated that wide adoption of personalzgdtion could result in health care

expenditure reduction of 13% (Marsh & McLennan, 201

Rapid developments in genomic research have lethg¢oemerging field of
nutritional genomics (NGx), which encompasses battrigenomics (the study of the
impact of diet on gene expression) and nutrigesdinhich looks at how our genetic
make-up affects nutrient response) (Miller & Keanst@003). Roseret al., (2006,
pl243) defined the application of NGx as “the iptetation of genetic profile
information with subsequent therapeutic prescriptiof an individualized dietary
regimen that was tailored to the prevention or rgangent of one or more specific

diseases or conditions identified by the genetafile’. In addition, the position paper
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of the Academy of Nutrition and Dietetics (AND) &Gx states “The application of
NGx in clinical practice requires that healthcarefgssionals understand, interpret and
communicate complex test results in which the dcisk of developing a disease may
or may not be known” (Camp & Trujillo 2014, p299)he purpose of nutritional
genomics is to enable the delivery of a persondleggproach to nutrition intervention
which is based on lifestyle, genotype and/or phgetand in doing so, to prevent or

mitigate the development of chronic diseases (Heeted., 2011).

The clinical utility of genetic tests designed tdorm personalised nutrition
plans have been widely criticized mainly becausa laick of evidence for strong gene-
nutrient interactions as well as lack of effectiess regarding (short and long term)
behavior change (Ries & Castle, 2008; Fraker & Ma2010; Burke, 2014; Pavlides
al., 2015; Hollandst al., 2016). Against this, there is mounting evideregarding the
benefits of a personalized nutrition approach webards to dietary behavior change
(Arkadianoset al., 2007; Chao, 2008; Tierney al., 2011; Nielsen & Sohemy, 2012;
Nielsen & EI-Sohemy, 2014; Frankwiehal., 2015; Celis-Moralest al, 2016; Fallaize

et al., 2016; Livingstonet al., 2016).

The term ‘personalized nutrition’ has, at timesemaised synonymously with
‘nutritional genomics’. Personalized nutrition, hewer, has been defined more broadly.
The Food4me project (Food4me.org) was a Europede-vasearch effort that looked
extensively into public perceptions of, attitudewards, and preferences for delivery of
different types of personalised nutrition. Thegmtial of different business models for
delivering personalized nutrition were also examif@onteltapet al., 2012; Stewart-
Knox et al., 2013; Berezowsket al., 2014; Poinhost al., 2014; Stewart-Knoxt al.,
2014, Fallaizeet al., 2015; Rankiret al., 2016; Fischeet al., 2016; Berezowsket al.,

2015). Gene-based personalized nutrition was exigsesearched in previous large

4
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studies such as LIPGENE and PREDIMED, and has dyjrdeeen commercialized
through various avenues (Ronteltepal., 2012). For the purpose of the Food4me
project, personalized nutrition was defined on e¢hlevels: dietary analysis; dietary
analysis + phenotypic information (eg. blood nuttigrofile, anthropometry); or dietary
analysis + phenotype + genotype (Celis-Moradesl, 2016; Fallaizeet al., 2016;
Livingstoneet al., 2016). Results from the Food4me project redudige indicated a
willingness among the European public to pay fopemsonalized nutrition service
which includes some combination of dietary, phepmtyand genotype data, at least for
some groups of individuals in the population (Reéesl., 2010; Fischeet al., 2016;
Stewart-Knox et al., 2016). Dietitians were identified as being among preferred
providers of personalized nutrition (Stewart-Knetxal., 2013; Poinhost al., 2014;
Fallaizeet al., 2015; Stewart-Knoxt al., 2016). Hence, RD’s may have an important
role to play in being the bridge between the s@emud the client (Gilbride, 2007). It is
crucial, therefore, to address any gaps that mast brtween potential future demand
and supply of practitioners adequately trainedhi@ $cience at all levels. Registered
Dietitians (RD’s) already provide personalized iioin plans based on various
parameters such as age, medical history as wdlloasl biochemical data (Nielsen &
El-Sohemy, 2012; BDA, 2013). NGx adds an additiolagler of personalization by

including genotype information.

Debate, meanwhile, continues as to whether RD sildhee delivering gene-
based service when there is only limited evidemmdihks between diet and genetics
(Gorman et al., 2013). Professional guidelines, therefore, dd et explicitly
recommend that nutrigenetic testing is applied datine dietetic practice (Camp &
Trujillo, 2014). Meanwhile, there is a growing exfsion that RD’s should be

competent in genetics (HCPC, 2013; BDA, 2013), hmbasic knowledge of nutritional
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genomics (Learning Outcomes for Dietitians on Niatnal Genomics, 2014) and be
prepared to integrate NGx into their practice (sllet al., 2014). There has also been
an education drive for front-line healthcare ptamtiers to become familiar with
genomics (Public Health Genomics Education, 20TH)ly a few research studies,
however, appear to have examined healthcare profeds (including RD’s)
engagement in the field of nutritional genomicsplhamet al., 2000; Roseret al.,
2006; McCarthyet al., 2008; Whelanet al., 2008; Collinset al., 2013). With an
interested potential consumer market (Stewart-Ket@k., 2016; Fischeet al., 2016), it

is essential to identify and address any barribeg tay affect the integration of
nutrigenomic science into practice. Any lack of aggment and/or understanding of the
science by nutrition providers, may impact negdiugpon public perception which
could have a knock-on effect on public health. @&ime of this review, therefore, has
been to identify and understand factors that asmaated with the integration and
application of NGx by registered dietitians in ail practice. Clinical dietetic practice
refers both to advising clients or patients, whg/mamay not have medical conditions,
on nutrition (BDA, 2013). The application or intagjon of NGx is defined as the use of
information (including genetics), to assess anviddials™ predisposition or risk of
developing a disease and maintain health (Codlired., 2014; Camp & Truijillo, 2014;

NHS, 2014).

Method

Databases searched were: Pubmed; Ovid Medline; LibatMed; Cochrane
Library). Keyword strategy included a combinatiof @ietitian or Dietician AND

Nutritional Genomics OR Nutrigenomics OR Nutrigec®tOR Diet- Gene Interaction
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AND Integration OR Application OR Translation ORvaéilvement OR Attitude OR

Clinical Practice.

All studies published between January 2000 and imbee 2014 were
considered eligible for inclusion. Additional redaces were found in the bibliography
of articles. Review papers, papers not in Englist animal studies were excluded.
Studies that looked only at dietetic students wase excluded as the purpose of this
review has been to understand the perspectivegadteeed dietitians in clinical practice
ie. those already qualified. A total of 917933 melsowere found. After limits were
applied (human studies, English and date range) 7L a@&ticles remained. Following this
step, 11048 were screened and excluded on theddahis title or if the abstract did not

meet the criteria for the review.

Figure 1 here

Data Extraction and Analysis

A total of 9 eligible studies were identified (tabl). Each study was assessed
according to the American Dietetic Association @yalCriteria Checklist (ADA,
2003). This entailed answering a number of questisith the response ‘yes’, ‘no’ or
‘neutral’ related to each study. If most of the wess were yes, the study received a
positive quality rating, if most of the answers wero, the study received a negative
rating, and if most answers were not applicable,stiudy received a neutral rating. The

evidence base is very small but mostly of positjuality as indicated in Table 1.
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Insert table 1 here

Results

Inclusion criteria as outlined in Table 1 were ret9 studies. The research mostly
included level 4 studies (cross-sectional, caseiss) which were conducted in mainly
English-speaking countries including UK, US, Canallastralia and South-Africa. Six
out of nine studies were surveys (either mailecbwline), two were mixed-method
(survey and interviews or focus groups) and one avdgcus group only. The study
designs were mainly cross-sectional in nature, megait included dietitians from
various clinical backgrounds and specializatioesgels of post-graduate education as
well as years of experience. Response rate rangi@eebn 13% (Collingt al., 2013)
and 65% (Whelaret al., 2008). The number of participants in each stualyged
between 16 (Liet al., 2014) to 1844 (Collingt al., 2013). As there were a limited
number of studies and methods across studies we¢reonsistent, a narrative approach

will be adopted to analyze the findings.

1. Key factors associated with the integration of NGxnto practice

1.1.Involvement with NGx in the Clinical and Educaton Setting

Involvement in NGx has been identified as one @f kky factors associated with
integration into practice (Whelaat al., 2008; Oosthuizen, 2011; Colliesal., 2013).
Whelan and colleagues (2008) and Collins and aglies (2014) have broadly defined
the term ‘involvement’ (in NGx), to refer to a vauis clinical (11) and educational (3)
activities concerned with genetics and nutritiogahomics. These included clinical

activities such as “discussing the genetic andadyebasis of disease” or “providing

8
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nutrition advice to patients which is specific ke tgenetic nature of their condition” as
well as educational activities such as “providirgring to students or other healthcare
professionals on diseases that have both a diatatyenetic component”. Involvement
in NGx has been predominantly measured via onlimeeys using Likert scales
(Christiansoret al., 2005: Rosemt al., 2006; Whelaret al., 2008; Oosthuizen, 2011;
Collins et al., 2013; Cormiegt al., 2014). Involvement has been found to be lowhsuc
that fewer than 50% of dietitians based in theicdihsetting reported engaging in
activities associated with NGx (Whelahal., 2008; Oosthuizen., 2011; Collies al.,
2013). Activities included referring individualsrfgenetic counselling. The proportion
was even lower in the educational setting (46.1%g¢ne activites included being active
in teaching genetics to students and other heaéthmafessionals (Whelaat al., 2008;

Oosthuizen., 2011; Collir al., 2013).

A multinational online survey study (N=1844) contheatby Collinset al (2013)
in the United Kingdom (UK), Australia and the Umnité&tates (US), indicated that
genetics and nutritional genomics activities weot mot always clearly separated, as
implied in the Whelarmt al. (2008) study. Given the study was cross-sectionabture
and that RD’s from various sub-disciplines wereuded in the study it was not
possible to distinguish between those who wereirgalith monogenetic (congenital)
disorders and those with polygenetic disorders.tk@ipurpose of statistical analysis the
‘involvement’ variable score was calculated frone sum of clinical and educational
activities, rendering it difficult to separate camd establish the level of integration

specifically into clinical dietetics practice.

1.2 Confidence in NGx Science and Technology
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Confidence in the science of genetics and NGx leas lidentified as one of the
strongest predictors of having integrated it intagtice (Grimaldi, 2014). Dietitians
with a moderate/high level of confidence (54%) warare likely than those with lower
confidence to be involved in activities relating denetics and NGx (Collinst al.,
2013). Not only did the dietitians lack confidenbet it also appeared that confidence
decreased with increasing years of experienceo(fatlg qualification) (Collinset al.,
2013). Rosen and colleagues reported the resudissafvey (N= 995) conducted in the
US in 2004 (Rosermt al., 2006). The results indicated that 60% of RD’d htle
confidence in their ability to provide nutritionrsees based on NGx. According to the
multinational (US; UK; and, Australia) survey comlted by Collins and colleagues
(2013), confidence in NGx was associated with hjpé@ngaged in education or clinical
activities. Those who were involved in NGx appearetiave greater confidence in the

science and in their ability to apply it to praetic

1.3 Knowledge of NGx

Lack of knowledge of the science has been idedtiis a reason for low
integration of NGx into practice (Collirat al., 2013). A survey (N=390) conducted in
the UK (Whelaret al., 2008) and another (N=373), more recently coretlict Canada
(Cormier et al., 2014) found that 75.9% of RD’s in the clinicaltnition (public
healthcare setting) and 62.9% of RD’s working aslémce RD’s in the private sector
reported that they did not believe that had swdfitiknowledge to incorporate NGx into

their clinical practice

The notion that lack of knowledge deters the apgibm of NGx is backed up by

results of the largest (N= 1844) survey study sfkind (Collinset al., 2013) which

10
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indicated that only 18.8% of RD’s knew the answethe question “What condition is
not associated with the MTHFR 674 defect?” At most, 33.5% could describe what
the terms NGx or nutrigenetics meant. A survey (BA2of South-African dietitians
(Oosthuizen, 2011) found that higher qualificationgre associated with greater
knowledge and involvement in NGx. Those with postiglate Masters and Doctoral
level qualifications were more likely to be engagedgenetics and NGx related
activities. This finding, however, was not bornet an the multinational study
conducted by Collins et al. (2013) who found nooaigion between knowledge of
NGx and involvement. The possibility of any relathip between knowledge and level
of qualification, however, was not measured. Thagamtheless implies that for NGx to
be applied in practice a sustainable means thradgth to communicate with RG’s on
developments in NGx science on an ongoing basis leagequiredFurther research
may be required to determine the type of informmatim NGx required by practicing

RD’s.

1.4 Attitudes toward NGx

Relatively few studies have considered the attgudeRG’s toward NGx. A
small mixed-method approach study (N=16) conduatetthe UK and Australia by Li
and colleagues (2014) found that 50% of dietitiBmboth countries surveyed did not
believe that NGx played any role in informing theurrent practice. They also found a
general reluctance among RD'’s to integrate thensei@wing to a perceived lack of
evidence for its efficacy. Differences between tiwe countries were not measured.
Another survey study (N=235) undertaken by Chnmsttan and colleagues (2005)

amongst Australian RD’s, reported that the majo(itg%) attributed the lack of

11



260 integration of NGx to not having encountered pdsiemith genetic disorders. Given
261  genetic disorders constitute only a small part bBtWNGx encompasses, this suggests
262 that many RD’s have only a very limited conceptiod scope of NGx comprises (ie.
263  counselling those with monogenetic disorder) andsopotential role in the prevention
264 and treatment of non-communicable disease in tinergé population. Although there
265 were positive views on the potential role of NGxpreventing the development of
266  chronic diseases, the majority of RD’s did not éxadi that NGx could improve the
267 quality and relevance of nutritional recommendaiq@ormieret al., 2014). This
268  suggests a need for initiatives to inform RD’s be scope of NGx and potential for

269  NGXx in public health nutrition.

270

271 1.5 Attitudes toward Direct-to-Consumer (DTC) Nutrigenetic tests

272 Digital technological advances are expected toltgmize preventative public

273  healthcare (EC, 2014) and present an opportunitietiver digital health technologies
274  direct to the consumer (DTC). RD’s, however, areppted to hold negative opinions
275  of DTC testing (Weiret al., 2010; Cormiert al., 2014; Liet al., 2014) and appear
276  skeptical of DTC NGx products owing to the percdivack of scientific evidence for

277  the efficacy of such products (Weat al., 2010; Liet al., 2014). Negative attitudes
278 toward DTC testing have been put forward as a ptesseason for low integration of
279 NGx into practice. RD’s have also expressed condkat the results of DTC

280 personalized nutrition assessment if conveyed witlaolequate support and follow-up
281  could cause unnecessary worry in consumers (&ealr, 2010; Cormieet al., 2014; Li

282 etal., 2014).
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1.6 Job area and Healthcare Environment

Quantitative survey (N=373) conducted in Canada, $uggested that RD’s in
public health/health promotion and food service agament may be less likely than
clinically based RD’s to apply NGx in practice (Goer et al., 2014). This finding
echoes results of a mixed-method study reporteditgnd colleagues (2014) which
found that neither clinically based nor public tledD’s (UK and Australia), perceived
any role for NGx in providing population level cagy advice. Whereas dietitians in
public health failed to see NGx within the scopgventative public health, those in
the acute (clinical) setting saw NGx as having eventative rather than a therapeutic
role. The upshot was that neither public health elmical dietitians viewed NGx as
relevant to their own area of practice. Other ssdiOosthuizen, 2011; Cormietral.,
2014), meanwhile, have indicated that those engagdisx related activities are most
likely to be based in academia, private practiceherfood industry. This implies an
imperative for research to target RD’s practicinghe clinical and public health sectors
in an endeavor to better understand the perceigatielbs encountered when seeking to
engage with NGx, and to apply this understandinght design of interventions to

encourage and support them in providing persordimzgrition services.

1.7 Endorsement by Professional Organisations

A US survey (N=995) of RD’s (Rosen et al., 2006)nid that 80% had never
encountered NGx in practice. A possible reasoriferlack of integration of NGx into
practice could be the lack of priority assignedtrigenomics by dietetic professional
associations (Liet al., 2014). Endorsement by professional bodies waddie to

encourage RD’s to acquire knowledge of the linkisveen genetics and diet and to

13
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become involved in activities relating to NGx (Rost al., 2006; Oosthuizen, 2011;
Collinset al., 2013; Liet al., 2014). Although Cormier and colleagues (2014intbthat

more than 75% (N=383) of RD’s in the Quebec-arem@da) knew about NGx, it was
not clear from the study whether this knowledgettedhtegration of NGx into practice.
The application of NGx in practice will require tgEaship from professional

organisations representing dietetics professionals.

Discussion

The aim of this review has been to identify bagiemd enablers to the
integration of NGx into dietetics practice and tmpgwint areas for research and
intervention and policy to promote the applicat@inNGx by RGs. Existing studies
imply that the apparent reluctance to integrate N practice is associated with low
awareness of NGx and its range and scope, a lackoofidence in the science
surrounding NGx and skepticism toward DTC produdigegration of NGx also
appears to vary among the different dietetics daméeg. clinical; public health) and
area of practice (eg. health service; commerchdl)of these factors have potential to
respond to leadership by professional bodies aadntinoduction of core education and

training initiatives.

Genetics has been designated a compulsory compoheigtetics training since
2008 (ASCEND, 2011; BDA, 2013) yet, nutritional gemcs remains only an optional
module in undergraduate training in the UK and adut® as part of MSc programs
throughout the UK (BDA, 2013). RD’s involved in nagmng patients with inborn
errors of metabolism appeared more confident inidneg genetic services (Gilbride &

Camp, 2004), possibly because this is coveredenutidergraduate curricula. NGx in

14
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the broadest sense, however, is not yet a patiro€al practice training, which could
partly explain the apparently poor knowledge, latkconfidence and involvement in

NGx activities amongst practicing RD’s (Collietsal., 2014).

Previous studies have demonstrated that dietitlhage a preference for
education and training in seminars, workshops dinercourses (Busstret al., 2007;
Newton, 2007b; Morin, 2009). Nevertheless, eveerraduch training, the uptake and
integration of NGx can remain low (Newton, 2007@his gap in provision of
translational education has partly been solvedrivage companies offering continuous
education to various healthcare professionals @nttipic (Ronteltapet al., 2012).
Owing to RD’s skepticism towards DTC, however, ¢ghepportunities may not be fully
exploited. Digital technological advances may afftire opportunity to integrate the use
of digital health technologies which includes banics) data on nutrition, into the
dietetic curricula. Meanwhile, there may be widssues associated with the lack of
interest and involvement in updating skills in N@g&spite the available educational

opportunities, which require further investigation.

Confidence in the science of NGx appears to be dovwethose with more years
since graduation while knowledge is highest amolegt experienced RD’s, possibly
because they have had recent training on the &dpiadergraduate level (Whelanal .,
2008; McCarthyet al., 2008; Oosthuizen, 2011; Collires al., 2013; Cormiert al.,
2014). This could suggest that RD’s who have beg¢mfopractice for longer should be
afforded continuous education opportunities to gaiperience in NGx. This apparently
higher level of knowledge among recent graduatesyeler, does not appear to
translate into clinical practice for reasons the¢ aot entirely clear. A possible
explanation could be lack of a supportive workingvionment (Liet al., 2014).

Possible ways to overcome the apparent knowledagetipe gap need to be explored in

15



357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

future research. Given that repetition and exposuminical situations can encourage
learning (Banet & Nunez, 2007), the amount of gesefand optional genomics)
currently delivered through the curriculum in thK (Dietetic Standards Health & Care
Professions Council, 2013) may need to be re-eteduaStudents learn about the
science but then do not receive further exposunmenglutheir clinical placement.

Reviewing the curriculum to increase knowledge a@&mhance confidence through
clinically based support and training may be nemgs$o address this in the future

(Wright, 2014).

In view of the wide range of dietetic roles curtgrdvailable, a need for change
in how we train future dietitians has already bésemtified. The recently published
paper on standards of education (BDA, 2015: pl@iclkcmled that “the profession is
ready and in need of a change of approach to studening” and that “the sole use of
the one-to-one model is neither sustainable noragpate and similarly students who
only experience NHS acute or community placemeataat gain a true understanding
of the breadth of dietetic practice”. The professitherefore, needs to consider RDs’
role and preparation within the ‘omics’ era (Wrigh014). The core competency in the
Learning Outcomes Framework on NGx for Dietitiambg UK National Genetics and
Genomics Education Center, 2014: pl) stipulatesitha important to have “a broad
understanding of genetics, genomics and genetiingess it relates to common
disorders seen by dietitians, in order that youadke to answer patients” questions”.
Professional guidance and RD genomics educatiorsitesh however, caution that it is
too early to integrate genetic testing to provigmaype-based PN advice (Camp &
Trujillo., 2014). This renders involvement in NGxdéficult task, as RD’s have little

exposure to NGx in the dietetic curricula.
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With rapid expansion of the direct to consumer (DTtrigenetic testing
market (Saukko, 2013), the public are likely toksaecess to qualified professionals to
interpret their results (Critchley, 2015). Whilsitngenetic tests have been criticized for
lack of clinical utility and validity (Pavlidiset al., 2015), strong market growth
(Bloomberg, 2010) indicates market interest is gngw Yet, RD’s appear to have a
poor perception of direct-to consumer testing potsliBouwmaret al., 2008; Weiret
al., 2010; Cormieret al., 2014; Liet al., 2014). When considering DTC company
websites such as Nutrigenomix (Toronto, Canada :/hitgrigenomix.com) and
DNAlysis (Johannesburg, South-Africa http://dnadyso.za), it becomes clear that a
number of RD’s have started integrating NGx intacpce. So why do some RD’s
integrate NGx and others don’t? Although this mayekplained by factors operating
within the healthcare environment such as employnmenpublic health services
(Government contracted/NHS) versus private practindustry) within which RD’s
practice, how this operates in practice is curgentt clear. The use of NGx by RD
working in the NHS may also be less relevant. Rdesalso concerned about cost and
that DTC results could unnecessarily worry cliearsd that specific groups, for
example, those on lower incomes, could be excluddemh accessing such products
(Weir et al., 2010; Cormieet al., 2014; Liet al., 2014). Whilst policy needs to consider
the needs of the less advantaged members of sottietyshould not pose a barrier to
RD’s increasing their knowledge in preparation fesponding to questions from

patients and the general public.

Previous research into the integration of NGx iptactice has only touched
upon relevant issues in current NGx practice. Asfiids reason for this is that the term
‘involvement’ (in NGx) has been used in severalggapwithout it being either fully

operationally defined with regard to the applicatiof NGx or used consistently
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between studies. A first step toward enabling nesean the integration of NGx in
dietetics practice, therefore, would be to definkatvthe integration of NGx into
practice actually means. When looking at the detaihin some of the published
research papers (Whelanhal., 2008; Collinset al., 2014), it is also evident that none of
the activities referred to as nutritional genommstually involved the use of a
nutrigenetic test or genotypic information. Prewostudies have indicated some
confusion among RD’s about what activities are cosepl in nutritional genomics
beyond the management of inherited conditions (\Afhel al., 2008; Collinset al.,
2014). Future research on this topic, therefdreukl provide a full definition of NGx
which encompasses all of what it entails in pracgoing beyond medical nutritional
therapy for genetic conditions such as Coeliac &seor lactose intolerance. In
defining NGx therefore, a distinction needs to edmbetween monogenetic disorders
(such as inborn errors of metabolic disorders) [k which relates more to chronic

diseases.

Most studies that have looked at the integratibNGx into practice have been
quantitative, mainly on-line survey and cross-sewdl in nature (Laphardt al., 2000;
Christiansoret al., 2005; Roseret al., 2006; Whelaret al., 2008; Weiret al., 2010;
Oosthuizen, 2011; Collinet al., 2013; Cormieet al., 2014) and a dearth of in-depth
research which could assist in explaining the figdi Some of the surveys suffered
from poor response rates (Oosthuizen, 2011; Codtira., 2013; Cormielet al., 2014)
and small sample sizes (Weairal., 2010; Liet al., 2014), the reasons for which are
unclear. Another limitation is that only certainuodries have been surveyed (Australia,
South-Africa, US, UK and Canada), with a relatiaek of research in emerging and

developing countries.
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Future Directions

The perceived importance of genetics based pracimeng the dietetics
profession appears to be associated with theit tfenowledge of NGx (McCarthgt
al., 2008; Collinset al., 2013). Although it is difficult to determine trdirection of
causation between high perceived importance andvlenige of NGx, that neither are

necessarily associated with integration of NGx jmtactice, warrants further study.

Existing research has also suggested that RD’s le#iveal concerns, most
especially that disadvantaged groups could be deduUrom accessing products and
services if they are only offered commercially (Wetial., 2010; Cormiest al., 2014;

Li et al., 2014). Recent research into opinions among theofean public on
personalised nutrition, however, has suggestedtiiea¢ may be two potential markets,
one delivered commercially and the other througisteyg health services (NHS), and
that under certain circumstances these types o¥iggom should be synchronized
(Stewart-Knoxet al., 2013; Stewart-Knoxt al., 2014; Fallaizest al., 2015;Fischeret
al., 2016; Stewart-Knoxt al., 2016). This implies a future where dieteticscpteners
work alongside commercial providers of NGx and thather research is required to
determine how best to encourage collaboration EtwBTC and clinical NGx

providers.

The apparent narrow view of NGx as the managemeémenetic conditions
rather than the promotion of dietary health cowddhdnstrate a lack of understanding of
the links between genes, diet, health and properisit chronic disease (Gilbride,
2007), which will need to be addressed though dducand training initiatives. With a
low response rate of only 13% in the largest st{tiyllins et al., 2013), however, the

results may not be applicable to the dietetic @msifen as a whole.
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Given the finding that there is divided opinionwhich specializations and area
of practice are best place to integrate NGXx, fupokcies will need to ensure that NGx
is integrated throughout professional practice.olm knowledge no comprehensive
work has been conducted to look at current promisio nutritional genomics within the
dietetic curriculum. Nor do any studies appear &wehlooked into the attitude and
perceptions of RD’s who have integrated NGx inteirtipractice (using the classic
definition of NGx) to provide gene-based PN sersicEhe time is right, therefore, to
grasp the opportunity to conduct research withlyeatlopters’ of NGx and enquire into
traits, attitudes and perceptions that could hepdétermine the factors that are
associated with successful integration of NGx artdcwv can inform initiative and
policies to encourage the rest of the professioadua this exciting new technology to

their practitioner resources.

Insert table 2 here

Conclusions

Owing to limitations in previous research, very feanclusions can be drawn
from studies of NGx integration into practic&t present, there is global variation in
how NGx is integrated at the clinical practice leveith the majority of RD’s
abstaining. Further research should seek to uraefsthe drivers, barriers and
challenges the profession faces with regards egration of NGx into practice. Greater
clarity is needed at the strategic and policy lemelhow RD’s could potentially use
genotype information and translate it into therapend in dealing with client’s

guestions. A future concern and one that policydede address, is the issue of equality
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of access to NGx (Stewart-Kna al., 2016). RD’s in both private and public health
provision will need enabled to deliver NGx servicBeanwhile, there appears to be a
gap between what RD’s are expected to know in tefmhsarning outcomes and what
actually happens in practice and further reseachrequired to determine and

understand the reasons why.

It is clear that action is needed to ensure thatenexperienced RD’s become
familiar with the science, its application and gaential professional opportunities this
could present. Measures also need to be takenstoesthat less experienced RD’s are
encouraged to remain interested in the field oheg aire qualified and are afforded the
opportunity to integrate NGx into their practiceowmuch emphasis is placed on NGx
in clinical practice by educators, senior practidcs and professional organisations,
therefore, could play a major role in the estalfisht of a confident and competent
workforce that is prepared for changes the geneeviolution may bring and ready for

full integration of nutrigenomics into dietetic ptece (Liet al., 2014).

The future of modernized healthcare is likely tdy rieeavily on personalised
health promotion and disease prevention (EC, 200ilst genetic contribution of
individual single nucleotide polymorphism to diseasusceptibility is small 0-10%
(Minihane, 2013) and between gene-environmentactans are still being unraveled,
advanced skills and knowledge in genomics and systeiology may open up new
opportunities in the food industry for the develamnof functional food, as part of
digital health programs. In order to achieve tleslgeducational and policy initiatives
will be required to integrate NGx across all levatsd domains of practice. RD’s are
ideally positioned to bridge the gap between s@ppland consumers. Equally, there is

an opportunity to foster links between industry awddemia in terms of training in
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order to satisfy demand for personalized nutripooducts that can mitigate disease and

promote health.
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through database search

v

11057 records remained after
additional terms applied
(Human studies, English, data-
range)

v

11046 records excluded
if title or abstract not
suitable

11 articles assessed for
eligibility

v

9 studies suitable and
included for review

2 records excluded

. 1 article
studied
students

. 1 abstract
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Table 1: Summary of studies that met the inclusion criteria for the critical analysis

Study,
(Country)

Collins et al 2013

(UK,
Australia)

Whelan
2008
(UK)

Cormier
2014
(Canada)

et

et

us,

al

al

Participants Design

Dietitians Cross-

N=1844 (13% sectional

response rate) study using
online
survey

Dietitians Postal
N=390 (65% survey
response rate)

Dietitians Online
N=373 (15.3% survey
response rate)

Quality
criteria

checklist

Positive

Positive

Positive

Factors
influencing
integration
Confidence
Knowledge

Confidence
Knowledge

Experience
Perception
Knowledge
Ethical
issues
Market need
Job role

Outcome of study Result

Knowledge of genetics & Strongest predictor of high
NGXx involvement for clinical

Involvement and activities was high confidence
confidence in undertakingp<0.001

clinical or educational

activities related to

genetics and NGx

Involvement, confidenct Involvement was associated with

and knowledge o confidence, but limited to
dietitians in genetics an discussing diseases with dietary
diet-gene interactions and genetic component (49%) or

advising patients where to
access information relating to a
disease with a dietary and
genetic component (33%)
Current knowledge ofLess experienced dietitians were
RD’s regarding NGx tomore knowledgeable but not
identify training needs inapplying it in practice
NGx of RD’s and to Senior dietitians were less
highlight the perceivedknowledgeable and more
limitations of the use of skeptical and concerned about
genetic tests in their scopethical and legal aspects
of practice associated with D-T-C tests
RD’s in private practice more
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Weir et al 2010
(Canada)

Christianson et
al 2005
(Australia)

Lapham et al
2000
(US)

Rosen R et al
2006
(US)

Hcp's Focus Neutral
including groups

Dietitians n=4,

nutritionist

n=1

HCP’s Cross- Positive
including sectional

dietitians survey

N=235

(response rate

34%)

Dietitians Survey and Positive
N=362 (62% focus

response rate) groups

Dietitians Mailed Positive

N=995 (40% survey
response rate)

Competency
Perceived
benefit
Attitude

Attitude

Confidence

Knowledge
Confidence
Attitude

likely to integrate than RD’s in
acute and food serve setting
Knowledge and attitude ¢ High level of skepticism towards
hcp’s regarding NGx an nutritional benefit. Lack of
nutrigenetic testing confidence and knowledge
hindered integration

Knowledge 71% did not work wigatents
with genetic conditions. Lack of
knowledge and understanding of
the link between diet and genes

To determine the Genetic Involvement was limited to
education needs ar genetic component of disease
priorities of RD’s anc problems (67%) and counselling
other hcp’s patients with a genetic condition
(24.1%)
RD’s had low confidence in
applying genetics in practice

To assess continuingPositive attitudes were
education needs for RD sassociated with greater
regarding application ofconfidence in ability to apply
NGXx knowledge. Factors that

hindered application included:
Lack of knowledge (81%);
Uncertainty about
reimbursement (84%);

Lack of CPD (73%);
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Li S etal 2014
(Australia &
UK)

Oosthuizen 2011
(South-Africa)

Dietitians Semi- Neutral
N=16 (semi- structured
structured interviews
interviews) Online
N=7  (Focus surveys
groups) Focus

groups
Dietitians Cross- Positive
N= 297 sectional

(response rateonline and
15.2%) mailed
survey

Confidence
Knowledge
Environment
Perception

Confidence

Low Involvement

Lack of professional expertise
(72%).

Lack of supportive environment
Limited exposure and training
Lack of relevance to practice
Lack of scientific evidence

Too early to integrate the
science into practice

Knowledge To determine involvement,Significant positive association

In genetics and NGx

knowledge and confidencebetween

involvement  and
confidence (p<0.001)

Those with higher involvement
had higher knowledge and were
more confident
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Table 2: Current gaps in our knowledge and researcljuestions

o

How can digital technology be best used to increadenowledge, heighten interest and
encourage the inclusion of NGx into the dietetic ectation curriculum?

What training is currently offered on nutritional g enomics in the dietetic curriculum
across the globe?

How has NGx been successfully integrated into clical practice and what are the drivers,
perceptions and experiences that have influenced ijaadopters?

What are the perceived barriers faced by RD’s in adpting NGx into practice?

Has translation of the science and the barriers emuntered in doing so, been consistent
across countries?

Most research has been conducted in English speakjrcountries. What are the views and

practices of dietitians in non-English speaking ané@merging countries?
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Figure 1: Literature search procedure

2 records excluded

. 1 study only
included
students

. 1 item was
an abstract




Highlights

Registered Dietitians (RD’s) have been identifiskay healthcare
professionals to translate Nutritional Genomics x\{Bto practice

There is a lack of research conducted into the ¥iefA\RD"s who have
integrated NGx into practice

Higher education curricula do not integrate genandiata into clinical practice
and integration of NGx into practice is low.

There is an opportunity to integrate DNA testing digital health platforms
into the curriculum as an innovative way to inceeaderest and engagement
with NGx

Leaders of dietetic organizations and academidurieins need to place
nutritional genomics higher on the strategic agandader to progress the

profession and to create new opportunities.



