W) Check for updates

nutrition
and hea|th

Nutrition and Health

1-7

© The Author(s) 2020

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/0260106020928667
journals.sagepub.com/home/nah

®SAGE

Short Communication

Assessing the effectiveness of
actionable nutrigenomics and lifestyle
genomics interventions for weight
management in clinical practice:

A critical, scoping review with
directions for future research

Justine Horne'"*2®, Jason Gilliland***%7:%%19 and Janet Madill>''

Abstract

Background: The use of nutrigenomics and lifestyle genomics in clinical practice has the potential to optimize weight-
related outcomes for patients. Aim: A scoping review was conducted to summarize and evaluate the current body of
knowledge related to the effectiveness of providing DNA-based lifestyle advice on weight-related outcomes, with the aim
of providing direction for future research. Method: Primary studies were included if they were written in English,
evaluated weight-related and/or body mass index and/or body composition outcomes, and provided participants with an
actionable genetic-based lifestyle intervention; interventions that only provided information on genetic risk for diseases/
conditions were excluded. Data was extracted from each article meeting inclusion criteria (N=3) and the studies were
critically appraised for methodological limitations. Results: Research in this area is promising, but limited. Specific lim-
itations relate to study designs, the nature of the recommendations provided to participants, small (underpowered)
sample sizes, the use of self-reported weight/BMI data and lack of consideration of important confounding factors.
Conclusions: Therefore, the effectiveness of nutrigenomics and lifestyle genomics interventions for weight management
in clinical practice cannot yet be conclusively determined. Recommendations for future research are detailed in the

present manuscript.
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Background

Consumers have expressed substantial interest in nutrige-
nomics (Nielsen et al., 2014; Vallée Marcotte et al., 2019).
As a result, many companies are offering personalized
DNA-based lifestyle advice, most of which provide spe-
cific recommendations to optimize weight management
practices (23andMe, 2019; myDNA, 2019; DNAfit, 2019
Nutrigenomix Inc., 2019; Pathway Genomics, 2019). With
increasing epidemiological and interventional research
demonstrating relationships between genetics, nutrition
and physical activity, and weight-related outcomes (Casas-
Agustench et al., 2014; Corella et al., 2009; Garaulet et al.,
2011; Phillips et al., 2012; Zhang et al., 2012), personalized
lifestyle recommendations based on genetics are becoming
established. For example, evidence from a two-year ran-
domized controlled trial (RCT) reported that variation
in the fat mass and obesity associated (FTO) gene at
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rs9939609 can predict weight loss response to a lower
versus higher protein diet (Zhang et al., 2012).

Weight loss continues to be a priority for the general
public (Sui et al., 2019). As such, nutrigenomics and life-
style genomics testing for weight management are attrac-
tive tools, as they promote more personalized strategies for
individuals to optimize their weight loss response to par-
ticular dietary plans. Nutrigenomics refers to gene—diet—
health outcome interactions while lifestyle genomics is
more broad and refers to interactions between genetics,
various lifestyle factors (e.g. nutrition, physical activity,
sleep, smoking, etc.) and health outcomes (Gibney and
Walsh, 2013; Horne et al., 2018). While the scientific
evidence for personalized weight management strategies
continues to grow, long-term behavior change and weight
management remain a challenge and weight loss outcomes
in clinical practice often do not satisfy the wants or needs of
patients (Field et al., 2013; Rogerson et al., 2016; Soley-
mani et al., 2016). Weight loss is often followed by weight
regain above and beyond baseline weight; research has
demonstrated that such weight yo-yoing (the constant and
recurring decrease and increase in weight over time) can be
more harmful to health than weight maintenance (Rhee,
2017).

Current evidence demonstrates that individual responses
to nutrition plans for weight management differ based on
genetic variation (Casas-Agustench et al., 2014; Corella
et al., 2009; Garaulet et al., 2011; Phillips et al., 2012;
Zhang et al., 2012). Some research has also shown that
individuals are more motivated to follow nutrition advice
when it is based on their genetics (Horne et al., 2018;
Kaufman et al., 2012; Nielsen and El-Sohemy, 2014).
Because of this, it is possible that the provision of nutri-
genomics and lifestyle genomics interventions could be
used as tools to support weight management. However,
multiple factors beyond genetics, nutrition and physical
activity contribute to the development and management of
obesity, including the social determinants of health, built
environment, food access and availability, medications,
certain diseases/conditions such as polycystic ovarian
syndrome, sleep, stress and others (Finkelstein et al., 2005;
Geiker et al., 2018; Gilliland et al., 2012; Maina et al.,
2004; Moore et al., 2010; Naderpoor et al., 2015; Seabrook
and Avison, 2010). Thus, managing overweight and obesity
is multi-factorial. Nutrigenomics and lifestyle genomics are
not the only considerations of weight management, but they
remain important components of the overall picture,
alongside other factors.

The objectives of the present review include: summar-
izing the literature, critically appraising the literature and
determining directions for future research related to the
pragmatic application of actionable nutrigenomics and
lifestyle genomics interventions for weight management.
Despite the robust and growing research foundation on the
science of nutrigenomics, lifestyle genomics and differing
weight loss responses to the same nutrition plans, we
hypothesize that minimal research exists assessing the

pragmatic impact (effectiveness) of genetic-based lifestyle
interventions for weight management.

Methods

A scoping review was conducted in July—August 2019 with
guidance from Arksey and O’Malley’s (2005) methodolo-
gical framework. This process included identifying the
research question, finding relevant studies, selecting stud-
ies meeting inclusion criteria, charting relevant data and,
finally, collating, summarizing and reporting the results
(Arksey and O’Malley, 2005). Each study was also criti-
cally appraised for methodological concerns and con-
siderations. The overall purpose of this review was to
identify, summarize and critically appraise the existing
literature on the effectiveness of using actionable genetic-
based lifestyle interventions in clinical practice to enhance
weight loss and/or improve body composition. Further-
more, we aimed to use these results to provide direction for
future research. The first author (JH) conducted title and
abstract screening, followed by full-text screening to find
studies meeting inclusion criteria. English articles asses-
sing the impact of providing genetic-based lifestyle advice
on weight-related, body mass index (BMI) and/or body
composition outcomes were included. Articles assessing
the impact of providing information on genetic risk (i.e.
without actionable lifestyle advice) were excluded. To
capture only studies assessing the pragmatic use of genetic-
based lifestyle interventions, articles were also excluded if
they aimed to identify or replicate gene—nutrient—health
outcome/weight interactions. PubMed and Google Scholar
were searched for relevant studies using different combi-
nations of the following search terms: nutrigenomics,
nutrigenetics, nutritional genomics, lifestyle genomics,
weight, BMI, body composition, intervention, nutrition,
lifestyle, and/or physical activity. Reference lists of
included articles were reviewed for relevant articles.

The following data from each study was charted:
author(s), year of publication, intervention type and
comparator, duration of intervention, study population,
methods, relevant outcome measures, single nucleotide
polymorphisms (SNPs) included in genetic reports,
genetic testing company (where applicable) and relevant
results related to the effectiveness of genetic-based weight
management interventions. Each article was critically
appraised for key limitations of the employed scientific
methods, focusing on the data extracted and charted, to
determine gaps in the existing literature and provide
direction for future research.

Results

A summary of studies meeting the inclusion criteria (N=3)
is presented in Table 1. This review found that overall
research in this area is minimal, with only three studies
assessing the practical impact of providing actionable
genetic-based lifestyle information on weight, BMI and/or



-adiidsnuew ul pagedipul swodino Alewiad sejousp,

9OUBJBJWINDUID ISIEM IDAA ‘PRIBIDOSSE A1ISSQO PUB SSBW 18) i ] 4 ‘[Bl13 P3||OJIU0D PazZIWOpUel 1] DY Xapul ssew Apoq :[|\g ‘wsiydiowA|od apnosjpnu sj8uls :dNS

(]9As] Ananoe [edisAyd pue
91p 2ySI9m UO paseq dIApE
PaAIR23J Yaiym ‘dnous Ajuo 1a1p
PUE {DAA PUE JOM POO|q ‘[2A3]
Auanoe [edisAyd 9a1p ydrom
UO paseq IJIAPE PaAIRda.
yo1ym ‘dnous adfrousyd
+ 391p "9'1) @21ApE pazijeuos.ad
JO S[9A9] JUSIBYIP pue
dno.g adkiousd + adkousyd
+ 391p UsaMIBq SUORINPa
DM PUE s50] 3y3iam ul
saouaaYIp (§0°0<d) auedyiudis oN
‘(921Ape 9|f3s9y)| pazijeuos.iad
-uou ‘p.epuess) dno.g |o.3uod
a2 yum pasedwod (94,0'0=4d)
DM Pue (540'0=4) 3y3iom ul
suononpaJ Ja1eaJd Apuedyiusis

191p 18}-MO|

® 9WNsSU0d 031 pasiApe adA1ousd
TULAD L 1sH-431y yam
s[enplAlpul 9y3iom Apoq Auajesy
B UlB3UIBW 03 DAA PUE JySiom
9onpauJ pue A1Ande [edisAyd

ur @8e8us o1 pasiape adkiousd

(€85=N)
S$9143Unod

ueadouny uaAas
wouJy s|enplAIpul

sadfiousg 014

5S1J-UOU PUE dSld U39MID] pue
‘uoniianu pazijeuos.aad Jo sjaAs|
JUSJBYIP SSO.DE SIIBII poIE[a.
-A1saqo paidaye uonew.ojul
adkiousg O] 4 jo uoisiroud

adAousd ysii-uou
014 'sa adkiouad st
-y3iy O 14 pue {jo.auod
'sA 391p "sA 2dA1ouayd
+ 191p 'sa adkiouad

(sypuow

XIs pue @a4y3 38 dn £10T "B 3@

pey dnoud adfiousd O] 4 s-Y3IH  DAA WSIBAA OoN O14 MsH-Yy31y yam sjenplalpu| 959q0/ydlomIsA0 + adfiousyd + 391Q  -MOJ|0}) syauow XI§ 93 JBYIDYM BUIWIIBP O] 104 S9|RION-SIRD
(€2:0=d) 30u
SEM J3Ip pJEpUE)S O} ddUBIBYpPE wipriosfe Aseraridoud s, |14
“(¥0000°0=7) s50| 3y31PM YaM Aemipeq ul pasn (787108154
Pa3€[2410D SEM UOIUIAIIUI 9YVdd PU® ‘10Z1+TTsH AV
S21WoudSIIINU 0 IUBIBYPY ‘885008154 DdI1 ‘6170580154 S99M T pue 1y31e Jaye
{uonUIAIRUL 01AdLDM ‘6096£6651 O14 921ApE p.epuels 3ulAledad asoys
191p padueeq ‘pJepuels ‘6£500€Z 154 DOJIAY ‘T805S4 yum pasedwod ssoj ySiom
Yyum patedwod uaym (50'0<9) TVOdY) s2uad UaAss Jo sdNS 191p pasueleq (s49m T %G< PIA3IYdE BJIAPE UONLINU
50| 3YS1Iam ddUBYUS J0U UO paseq Uesue.IIPa|| 0 38} pJepuels ‘sa 391p pue s39am 3y319 1e paJojrer-A|jeonauald 3uiaiedad (el 5102
PIP UORUSAISIUI SOIWOUSSLINN  [ING “3YSISAA SO\ -MOJ| ‘91eIpAYOQ.EeD-MO]| ‘pIdUBlRg  (ZE=N) SUBISISA SN paping-solwouadLanN  dn-mojjoj) sam 7 saueddided ssyisym sulwilsp o] AjIqises)) [DY [ 39 YdIajuel
(sAep 00€<) ENBNENE)
w9 3uo| uononpau [g ‘g-e3aWo ‘wnped ‘g ulWelA
J9183.8 (£70°0>9) Apuedyiusis ‘AJIep ‘BuIByEd ‘T UIWEIA ‘D as0on(8 poo|q Suipnjoul
pey dnoug 191p soiwouasiianN UIWEIIA Y/ UIWERIIA ‘S9|qRIDZOA (€6=N) sadwame wIp SJ9)JeWoOIq |0.3U0d 03 A391e.1S
(500°0>9) sso| 3ySlom swos SNOUBYIONID ‘7| g UIWEIIA sso| 3ySlem UBBUE.IDIP3| ‘XdpUl (3usned 4Aq ® se pue A8a1e.35 JUsWadeuew
paureurew aAey 03 A|ayj1] aJow ‘9g UIWEIIA ‘PIDE D1|O} 110} ADIAPE |nyssaddnsun jo -51WRdA|8 MOJ “sA 321p paJaylp uoneinp) 1ySiom e se sojwoudsiiinu MBIIADI IRy 1002
sem dnoug 101p solwouaBlanN |G YSIOAA s9)\ opiaoad 01 sauald g| Ul sauelIRA 7 AIOISIY YaM Saudieq paping-saiwouadlianN sAep G9€< 01 06 JO 9sn ay3 dUIWEXD O]  9ANRDAdSO.IDY  “|E 39 SOUBIPRIIY
s)nsaJ JueAdRY  (S)swomino (oN/saA) (s1qeo1jdde ausym) Auedwod pue (Apmas 3unajdwod Joresedwod (sdn-moj|0} addsnuew ugisap Apmgs Jeak ‘Joyany
iswuedidnaed ‘papiroud ad1ape ajfasal|/AleIsip syuedipnJed pue adA1 uonuaAIU| UoI339||0d eIEP) u) payiodau (s)aAndalqo/(s)wny
01 papiroud ‘sdNS ‘sauag uo uonew.ou| J0o Jaquinu) UONEIND UORUSAIRU|
92IAPE d)'IUl uone|ndod Apnig

SLIO[BD SBAA

"BI49ILID UoIsNpUl Sundaw salpmis jo AJewwng  °| djqeL



Nutrition and Health XX(X)

body composition. While two RCTs have been conducted,
one was a feasibility study (Frankwich et al., 2015), which
has not yet been followed up with a larger, adequately
powered trial, and in the other (Celis-Morales et al., 2017),
change in a weight-related outcome was not the pre-
determined primary outcome of interest (Newcastle Uni-
versity, 2016).

The retrospective chart review by Arkadianos et al.
(2007) was an informative first step for this body of
knowledge. This study compared patient charts from indi-
viduals who attended a weight management clinic and
received nutrition advice based on genetics, or based on
standard/population-based information. Participants in
each group were matched for age, sex, starting BMI and
number of clinic visits. The authors concluded that indi-
viduals receiving the nutrigenomics intervention were
more likely to maintain weight loss and experienced sig-
nificantly greater BMI reductions over the long term.
However, several methodological limitations should be
noted. First, due to the nature of the study methods (ret-
rospective chart review), cause and effect relationships
cannot be drawn. Furthermore, the nutrition recommenda-
tions provided to participants were not specific to weight
management; rather, they provided recommendations for
general health and wellbeing. For example, SNPs in tumor
necrosis factor alpha, interleukin-6 and nitric oxide syn-
thase 3 were tested to provide nutrient recommendations
such as ‘Add supplement Omega 3 (700-1400 mg). Make
sure weekly diet contains portions of oily fish’ (Arkadianos
et al., 2007). Additionally, intervention durations were not
standardized and therefore varied substantially in both total
length and the amount of follow-up. Of note, income was
not considered as a confounding factor; given that patients
either purchased or did not purchase a nutrigenomics test
in this study, it is likely that income levels would differ
significantly between groups. This is an important con-
founding factor to consider given that income is a well-
established social determinant of health (Government of
Canada, 2019). The authors noted several other limitations
including the lack of placebo, modest sample size and a
sample consisting of Caucasian individuals from Greece
with a history of difficulty in losing weight, thus limiting
generalizability (Arkadianos et al., 2007).

Frankwich and colleagues conducted the first RCT in
this area (Frankwich et al., 2015). This was a feasibility
RCT. Feasibility trials are distinguished by their focus on
assessing the viability or capability of conducting a larger
trial, rather than assessing effectiveness or efficacy of an
intervention with adequate power (Eldridge et al., 2016).
The percentage of participants achieving 5% weight loss
was the primary outcome, and this study found that there
was no significant difference between groups in the
percentage of participants achieving 5% weight loss
(Frankwich et al., 2015). However, typically, estimates of
participant outcomes such as weight loss would be reported
as estimates with 95% confidence intervals (without
p-values) given that feasibility trials are not adequately

powered to assess the effectiveness of an intervention
(Eldridge et al., 2016). In fact, the authors noted limitations
related to the small sample size (N=32), and determined
that a sufficiently powered trial would require 336 parti-
cipants per group using a sample size calculation with 80%
power and an alpha-level of 0.05 (Frankwich et al., 2015).

Finally, Celis-Morales et al. conducted the second RCT
on this topic (Celis-Morales et al., 2017), which was a sub-
study within the larger Food4Me RCT (Celis-Morales
et al., 2014). This was a significant contribution to the
body of knowledge in this area. In total, participants were
provided with information and advice related to five
gene-lifestyle-health outcome interactions (FTO, physical
activity and weight; FADS1 omega-3 and cardiovascular
health; TCF7L2 dietary fat and weight, ApoE(e4), satu-
rated fat and cholesterol/cardiovascular health; MTHFR,
folate and cardiovascular health). This study compared
weight and waist circumference outcomes between a con-
trol group and different levels of personalized advice (as
outlined in Table 1) and further compared risk and non-risk
FTO genotype groups (Celis-Morales et al., 2017). Parti-
cipants randomized to receive genetic information/advice
were informed that ‘A specific variation of this gene is
associated with a greater need to maintain a healthy body
weight and engage in physical activity. A healthy weight
combined with exercise may provide added health benefits
for these individuals.” Carriers of the high-risk FTO allele
were further advised to ‘[reduce their] body weight and
waist circumference to a healthy normal range because
[they] have a genetic variation that can benefit by reducing
these 2 obesity-related markers.” Furthermore, participants
randomized to receive genetic-based advice were provided
with weight-related information and advice according to a
variant within the TCF7L2 gene. They were informed that
‘a specific variation of this gene is associated with
improved weight loss when consuming a low-fat diet
compared with the effect of other weight-loss diets’ and
that ‘reducing dietary fat may enhance weight loss in these
individuals’ (Celis-Morales et al., 2017). While the overall
RCT was well-designed and is reflective of direct-to-
consumer lifestyle genomics testing, there are some con-
siderable limitations to note. First, the height, weight and
waist circumference data were all self-reported. While the
authors point out that these measures are reliable (Celis-
Morales et al., 2015), certainly measured data would still
have improved validity and reliability. Perhaps the greatest
limitation of this study was that the FTO-related advice
provided to participants was borderline actionable. Given
the complexity of weight management (Finkelstein et al.,
2005; Geiker et al., 2018; Gilliland et al., 2012; Maina
et al., 2004; Moore et al., 2010; Naderpoor et al., 2015;
Seabrook and Avison, 2010), simply advising individuals
to ‘maintain a healthy body weight’ does not provide spe-
cific direction on how to achieve this aside from a broad
statement advising individuals to exercise. While the
TCF7L2-related advice to consume a low-fat diet was
actionable, the exact amount of dictary fat was not well-
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defined and only individuals with the high-risk genotype of
TCF7L2 received an actionable recommendation. There-
fore, it is not surprising that individuals provided with
genetic-based information/advice did not reduce their
weight or waist circumference to a greater extent than those
receiving other forms of personalized advice (Table 1).
However, the genetic group experienced significantly
greater reductions in weight and waist circumference
compared with the control group, receiving non-
personalized standard healthy eating guidelines. The
authors do touch on the nature of the intervention as a
limitation, stating that the feedback was ‘only a positive
reinforcement’ (Celis-Morales et al., 2017). Last, a weight-
related outcome was not the predetermined primary out-
come of this study and therefore it is possible that the
statistical power for this study was inadequate, which is
also noted by the authors (Celis-Morales et al., 2017).

Overall, study limitations in the current body of
knowledge are related to study design, the nature of
the recommendations provided to participants, small
(underpowered) sample sizes, the use of self-reported
weight/BMI data and lack of consideration of impor-
tant confounding factors.

Discussion

Overall, weight management remains a challenging area of
clinical practice. Research evaluating the effectiveness of
genetic-based weight management interventions has been
minimal, and results have been variable thus far. While there
were some promising findings by Arkadianos et al. (2007),
this study had significant methodological flaws. Similarly,
while Frankwich et al. (2015) completed the first RCT in this
area, this was a feasibility RCT, which has not yet been
followed up with a larger, adequately powered clinical trial.
Lastly, Celis-Morales (2017) completed a second RCT, but
the genetic-based advice provided to participants was min-
imal, and borderline actionable, and the study may not have
been adequately powered statistically.

Based on this review, future research should seek to use
evidence-based nutrigenomics interventions, employ an
RCT methodology, be adequately powered to detect sig-
nificant differences for a predetermined weight-related
primary outcome, consider important confounding fac-
tors, be at least 12 months in duration, and follow estab-
lished processes for clinical trials such as the SPIRIT and
CONSORT guidelines (CONSORT, 2019; SPIRIT, 2019).
Furthermore, this future work should aim to provide a
genetic-based intervention that is likely to facilitate beha-
vior change; a quality assessment tool for genetic-based
interventions has been developed and should be used to
help researchers design appropriate interventions (Horne
et al., 2018). This work should also use previously devel-
oped study quality assessment tools to inform study design
in order to reduce any risk of bias (National Heart, Lung,
and Blood Institute, 2019).

Critically analyzing the level of evidence available to
support the genes tested and subsequent dietary advice
provided was beyond the scope of this review. However, it
should be noted that the lack of regulation in the genetic
testing industry allows for tests to go to market without any
accountability to base such tests on robust or any level of
scientific evidence (Horne et al., 2020). It is interesting to
note that one of the three recently conducted studies pro-
vided genetic-based recommendations for following low-
carbohydrate nutrition plans for weight loss (Frankwich
et al.,, 2015). Recent research assessing whether or not
genetic-based alignment to low-carbohydrate nutrition
plans is effective for predicting weight loss outcomes
concluded that dietary alignment to the particular genetic
profiles included in these studies did not correlate with
greater weight loss outcomes (Coletta et al., 2018; Gardner
et al., 2018). This simply demonstrates that the few SNPs
tested in these studies (which did not include a number of
SNPs that have been strongly associated with individua-
lized weight-loss responses such as FTO rs9939609
(Merritt et al., 2018; Zhang et al., 2012)) and genetic-based
nutrition advice provided were not based on robust evi-
dence. It should be stressed that the results of these studies
do not imply that all nutrigenomics interventions will be
ineffective at reducing weight and/or improving body
composition. The intricate details of the interventions and
SNPs will undoubtedly play a role in the study outcomes.
While we work on improving knowledge related to
genetically-determined weight loss responses to low-
carbohydrate nutrition plans, perhaps interventions pro-
viding genetically-tailored weight management advice
should be focused on other nutrients such as protein and
saturated fat (Casas-Agustench et al., 2014; Corella et al.,
2009; Zhang et al., 2012). Furthermore, the development of
clinical practice guidelines (CPGs) in nutrigenomics would
help to provide guidance to researchers and clinicians for
incorporating evidence-based nutrigenomics advice into
research and clinical practice (Horne et al., 2020). These
CPGs would provide summaries of the level of evidence
available to support various specific gene—nutrient—health
outcome interactions (e.g. interactions can be classified as:
convincing vs. probable vs. possible vs. not demonstrated);
indeed, guidelines have been published to evaluate the
scientific validity of nutrigenomics interactions and the
development of CPGs will be an important step for the field
of nutrigenomics (Grimaldi et al., 2017). Ultimately, this
would help to enhance the potential for nutrigenomics to
improve health outcomes for the general public.

Conclusion

Research in this area has been promising, but limited to
date. Specific limitations relate to study designs, the nature
of the recommendations provided to participants, small
(underpowered) sample sizes, the use of self-reported
weight/BMI data and lack of consideration of important
confounding factors. As such, future research should seek
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to address the abovementioned limitations before we can
thoroughly answer the important research question: Can
the use of nutrigenomics and lifestyle genomics interven-
tions enhance weight-related outcomes in clinical prac-
tice? Results from the Nutrigenomics, Overweight/Obesity
and Weight Management trial should soon provide fur-
ther insights into this important research question while
addressing gaps in the current body of knowledge (Horne
et al., 2019).
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