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Abstract
Background: Cardiometabolic diseases pose a significant
threat to global public health, with a substantial majority of
cardiovascular disease mortality (more than three-quarters)
occurring in low- and middle-income countries. There have
been remarkable advances in recent years in identifying genetic
variants that alter disease susceptibility by interacting with
dietary factors. Despite the remarkable progress, several factors
need to be considered before the translation of nutrigenetics
insights to personalised and precision nutrition in ethnically
diverse populations. Some of these factors include variations in
genetic predispositions, cultural and lifestyle factors as well as
socio-economic factors. Summary: This review aimed to ex-
plore the factors that need to be considered in bridging the gap
between existing nutrigenetics insights and the im-
plementation of personalised and precision nutrition across
diverse ethnicities. Several factors might influence variations
among individuals with regard to dietary exposures and
metabolic responses, and these include genetic diversity, cul-
tural and lifestyle factors as well as socio-economic factors. A

multi-omics approach involving disciplines such as metab-
olomics, epigenetics, and the gut microbiomemight contribute
to improved understanding of the underlying mechanisms of
gene-diet interactions and the implementation of precision
nutrition although more research is needed to confirm the
practicality and effectiveness of this approach. Conducting
gene-diet interaction studies in diverse populations is essential
and studies utilising large sample sizes are required as this
improves the power to detect interactions with minimal effect
sizes. Future studies should focus on replicating initial findings
to enhance reliability and promote comparison across studies.
Once findings have been replicated in independent samples,
dietary intervention studies will be required to further
strengthen the evidence and facilitate their application in
clinical practice. Key Messages: Nutrigenetics has a potential
role to play in the prevention and management of car-
diometabolic diseases. Conducting gene-diet interaction
studies in diverse populations is essential giving the genetic
diversity and variations in dietary patterns. Integrating data
fromdisciplines such asmetabolomics, epigenetics, and the gut
microbiome could help in early identification of individuals at
risk of cardiometabolic diseases as well as the implementation
of precise dietary interventions for preventing and managing
cardiometabolic diseases. © 2024 The Author(s).
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Introduction

Cardiometabolic diseases pose a significant threat to
global public health, with a substantial majority of car-
diovascular disease (CVD) mortality (more than three-
quarters) occurring in low- and middle-income countries
(LMICs) [1]. According to the Centres for Disease
Control and Prevention [2], individuals in LMICs are
often affected by cardiometabolic diseases during the
peak of their productivity, which coupled with huge
healthcare expenses and limited employment opportu-
nities worsens the financial burden of cardiometabolic
diseases in these countries. Thus, cardiometabolic dis-
eases present severe health and economic consequences
for individuals, families, and communities [1], necessi-
tating further research into the prevention and man-
agement of these conditions. Risk factors such as dysli-
pidaemia, hypertension, and obesity have been shown to
be influenced by genetic factors [3–7]. However, unlike
monogenic disorders like sickle cell anaemia which are
usually caused by mutations in a single gene [8], most
cardiometabolic diseases, such as CVDs, are influenced
by numerous genes and are also impacted by environ-
mental factors [9–13].

There have been remarkable advances in recent years
in identifying genetic variants that alter disease suscep-
tibility by interacting with dietary factors [9, 11, 14–17].
Thus, a genetic variant might not always pose a higher
risk of a disease as its effects might be modulated by the
environmental factors that interact with it [18]. Defined
as the scientific field that investigates the impact of ge-
netic variability on individual responses to diet [19],
nutrigenetics focuses on understanding gene-diet inter-
actions that predispose to specific diseases, offering the
potential to design personalised dietary guidelines for
preventing and managing cardiometabolic diseases
[20, 21].

Gene-diet interaction studies have been extended to
cover previously under-represented populations [22–27],
although there is still limited research in some areas [28,
29] and most studies have not been replicated [28, 30].
Despite the remarkable progress in nutrigenetics re-
search, several factors need to be considered before the
translation of existing nutrigenetics insights to person-
alised and precision nutrition in ethnically diverse
populations [31, 32]. Ethnic diversity covers a broad
range of factors including variations in genetic predis-
positions, cultural and lifestyle factors which can hinder
the worldwide application of nutrigenetics findings [33].
Therefore, this review aimed to explore the potential
barriers and challenges in bridging the gap between

existing nutrigenetics insights and the implementation of
personalised and precision nutrition across diverse
ethnicities.

Genetic Diversity

One of the main challenges (shown in Fig. 1) in
translating existing nutrigenetics insights to personalised
and precision nutrition in various ethnic groups is the
genetic diversity that exists among populations. Nu-
merous studies have shown that individuals of different
ethnic backgrounds have distinct genetic variations that
impact how their bodies metabolise certain nutrients [10,
19, 34–36]. Therefore, research covering populations that
represent different ethnicities is required to gain a better
understanding of the genetic variations and specific
nutritional requirements within these groups. Research
by the gene-nutrient interaction (GeNuIne) collaboration
identified that the genetic influence on obesity in different
Asian populations was influenced by different dietary
factors [19, 34, 37–42]. Using a genetic risk score (GRS), it
was observed that South Asians with a higher GRS had a
greater susceptibility to obesity when consuming a high-
carbohydrate diet, whereas South East andWestern Asian
populations with a higher GRS displayed an increased
risk of central obesity in response to a high-protein diet
[19]. Similarly, research by the Diabetes Heart Study
[43–45] indicates that African Americans have elevated
levels of circulating arachidonic acid (AA) in comparison
with individuals of European ancestry. Notable differ-
ences were also observed in allele frequencies of various
SNPs within the fatty acid desaturase (FADS) gene cluster
which have been shown to play a significant role in
determining circulating levels of fatty acids. In particular,
the “GG” genotype of the SNP rs174537, which is linked
to elevated AA levels, was present in 81% of African
Americans compared to 46% of European Americans
[45]. Thus, while research conducted on individuals of
European descent suggests that only a small fraction of
dietary linoleic acid is converted to AA in humans, this
minimal conversion rate may not be consistent across all
populations [43–45]. Given that AA and its metabolites
play crucial roles in immune responses and inflamma-
tion, thereby influencing the onset and advancement of
various diseases including diabetes and CVDs [46, 47],
tailored dietary recommendations regarding the intake of
PUFA might be beneficial for this population.

One of the most widely studied genes in relation to
cardiometabolic diseases is the apolipoprotein E (ApoE)
gene [48–53], and variations in the frequency of the E4
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isoform of the gene, which is associated with increased
risk of CVDs, have been reported [54, 55]. African and
Asian populations tend to have higher frequencies of the
E4 isoform (29–40% in Central Africa) compared to
Caucasians [54, 55] which could contribute to differences
in susceptibility to certain diseases among these pop-
ulations. Furthermore, within Europe there are regional
variations in the frequency of the E4 isoform, ranging
from 5 to 10% in Spain, Portugal, Italy, and Greece; up to
16% in France, Belgium, and Germany; and further rising
to up to 23% in the Scandinavian peninsula, with the
Saami population of Finland showing frequencies as high
as 31% [54, 55]. However, the link between the E4 isoform
and increased low-density lipoprotein cholesterol levels is
more pronounced in populations with diets high in
saturated fat and cholesterol compared to other groups
[56, 57], suggesting that interventions targeting a re-
duction in saturated fatty acid (SFA) intake could be
effective for CVD prevention and management in pop-
ulations with a high frequency of the E4 isoform.

The use of a GRS has been shown to be effective in
assessing the genetic contribution to complex traits such
as dyslipidaemia since it allows the combined effects of
multiple genetic variants to be analysed [58–60]. A
weighted GRS, which takes into account the effect sizes of
the risk alleles, is used by some studies [61–63]. However,
most of the published data on effective sizes come from
GWA studies which have been conducted in populations
of European ancestry and it has been reported that ef-
fective sizes may vary across populations [37, 63], sug-
gesting that using a weighted GRS might not be ideal for
populations which are under-represented in GWA
studies. In a study by the National Heart, Lung, and Blood

Institute’s Candidate Gene Association Resource (CARe),
consisting of 10,366 African American, 26,647 European
American, 1,410 Hispanic, and 717 Chinese American
individuals from nine cohorts [64], there were marked
differences in effect sizes across the ethnic groups for
some of the SNPs, and this has also been reported in a
review of nutrigenetic studies [35]. The effect size of the
cholesteryl ester transfer protein (CETP) SNP rs4783961,
the “A” allele of which is associated with higher con-
centration of high-density lipoprotein cholesterol, was
uniformly larger in African American cohorts (0.17 to
0.24) compared to European Americans (0.09 to 0.15)
[64]. In contrast, another high-density lipoprotein
cholesterol-associated SNP, rs17231506, also in CETP,
had larger effect sizes in European Americans and His-
panics (0.21 to 0.28) compared to African Americans
(0.06 to 0.26). A potential reason for this finding as
explained by the authors [64] is that African Americans
and European Americans possess the same underlying
causal variant within a gene, yet because of ethnicity-
specific variations in the frequencies of major and minor
alleles, a SNP might have varying degrees of correlation
with the underlying variant, resulting in varying effect
sizes and degrees of association.

Methodological Factors

Aside genetic diversity, another barrier that affects the
translation of nutrigenetics is the lack of replication in
most gene-diet interaction studies [30, 36, 65]. Con-
ducting replication studies, especially in diverse pop-
ulations, is vital in enhancing the reliability of findings

Fig. 1. Barriers affecting the translation of
existing nutrigenetics insights to precision
nutrition in ethnically diverse populations.
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and facilitating their application in clinical practice [18].
In a systemic review of gene-diet interaction studies in
relation to CVDs [30], it was observed that many of the
studies that identified significant interactions had not
been replicated, with only a small number of studies
examining the same dietary and genetic factors. Similarly,
a lack of replication was reported in a systemic review of
gene-lifestyle interaction studies conducted by our team
[36] in which it was identified that most of the studies
were conducted only once. Furthermore, a systematic
review of nutrigenetic studies focusing on omega-3 fatty
acid and plasma lipid, lipoprotein, and apolipoproteins
[65] highlighted a lack of replication of previously
identified interactions. To strengthen the evidence and
enhance comparability across studies, it is important for
studies to be replicated in independent samples [30, 36].

In addition to the lack of replication, sample size has
been cited as a methodological issue that affects the
quality of the evidence generated by gene-diet interaction
studies [30, 35, 36, 65]. A large sample size improves the
power to detect interactions withminimal effect sizes, and
this is especially important for multifactorial traits where
the main effects of genetic variants are often subtle [30,
66, 67]. Moreover, there is a scarcity of genotype-based
dietary intervention studies [19]. It has been highlighted
that dietary intervention studies can help raise the evi-
dence level of gene-diet interactions identified in ob-
servational studies once they have been replicated [18]. In
a 12-week randomised controlled trial involving 145
participants with overweight or obesity, participants were
first identified as being responsive to fat or carbohydrate
based on a GRS, before being randomised to a high-fat or
high-carbohydrate diet [68]. Although no differences in
weight loss were observed between participants who were
randomised to the appropriate diet based on their ge-
notype and those who were not [68], studies utilising this
approach could help determine the effectiveness of die-
tary interventions based on genotypes and facilitate the
translation of nutrigenetics into precision nutrition.

Cultural and Lifestyle Factors

Cultural and lifestyle factors also need to be con-
sidered in translating nutrigenetics and implementing
precision nutrition. Ethnic groups often have long-
standing dietary traditions, specific food preferences,
and cooking practices that have been passed down
through generations, making them a fundamental part
of their cultural identity [69, 70]. Therefore, incorpo-
rating precision nutrition based on nutrigenetics into

these cultural practices without compromising their
valued traditions might be challenging. A systematic
review of 20 qualitative studies revealed that the food
preferences of individuals of Asian, African, and other
minority ethnic communities were impacted by social
and cultural elements besides nutritional and health
considerations [70]. It was observed that individuals
from African, Asian, and other minority ethnic back-
grounds place significant value on traditional foods,
viewing them as symbols of their ethnic identity and
belonging [70]. Similarly, in African Americans, despite
a disproportionate prevalence of cardiometabolic dis-
eases in comparison with white Americans [71, 72],
adherence to dietary guidelines has been found to be
influenced by a preference for a dietary intake that re-
flects a cultural tradition known as “soul food” [72]. This
diet often consists of fatty meats, added fat, sugar, and
salt and involves methods of cooking such as deep frying
and others that raise the amount of calories and sodium
in the diet [72]. Accordingly, African Caribbean indi-
viduals living in Britain were found to prioritise
spending on traditional foods such as yams over pota-
toes, thereby preserving their cultural food preferences
[73]. Moreover, specific practices such as adhering to a
vegetarian diet, avoiding pork and beef, and following
certain cooking procedures are considered valuable to
people of Asian and African backgrounds [70, 74].
Moreover, the concept of “local food” has attracted a lot
of attention in recent years, with many consumers
preferring products that have travelled short distances or
been directly marketed by producers [75–77]. However,
the extent to which individuals adhere to their tradi-
tional dietary practices is influenced by several factors,
with younger individuals more likely to adopt new di-
etary habits [69, 78].

With regard to diet and cardiometabolic diseases,
examining the overall dietary pattern is believed to offer
several advantages since foods and the nutrients they
contain often have synergistic effects, which can make it
difficult to identify the influence of a single food or
nutrient [79]. Moreover, it has been shown that it is not
specific nutrients but rather the overall dietary pattern
that exerts the most significant impact on car-
diometabolic diseases [79–81]. Dietary pattern is defined
as the regular consumption of various foods, drinks, and
nutrients in specific quantities and combinations, in-
cluding the frequency at which they are consumed [82].
Recognising a dietary pattern could lead to a stronger
correlation with a specific health indicator and provide a
broader and more inclusive understanding of how nu-
trients and other bioactive compounds in our food are
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consumed, as well as how patterns of consumption affect
health outcomes [82, 83]. In a study involving South
Asian Surinamese, African Surinamese, and Dutch par-
ticipants in the Netherlands [84], three dietary patterns,
categorised as “noodle/rice and white meat,” “red meat,
snacks, and sweets,” and “vegetables, fruits, and nuts,”
were identified. In contrast to Dutch participants, those of
Surinamese origin had a stronger adherence to the
“noodle/rice and white meat” pattern, which reflected the
dietary preferences typical of the traditional Surinamese
diet. Dutch participants on the other hand showed a
higher level of adherence to the “red meat, snacks, and
sweets” and “vegetables, fruits, and nuts” patterns [85].
Variations in dietary consumption and factors shaping
dietary behaviours across different ethnic groups were
also observed in a systematic review of 49 studies [86].
Consumption of fruits and vegetables was found to be low
in populations of African ancestry and higher in Hispanic
and Latino populations, while fish consumption was low
in white and Hispanic populations. In contrast, white and
Asian populations were found to have the highest dairy
intake (2.17 and 1.3 servings per day, respectively) com-
pared to populations of African ancestry (0.58 servings per
day) [86]. These findings indicate a low tendency towards
fruit and vegetable consumption as well as reduced intake
of dairy in African ancestry populations in comparison
with the other ethnic groups, highlighting a need for ethnic-
specific initiatives. It should be noted that within the same
ethnic group, there are variations in dietary pattern de-
pending on whether they are living in developed countries
or in their native countries [85], indicating that public
health priorities with regard to diet and disease prevention
might differ based on geographic location.

Traditional diets for certain ethnic groups have often
been associated with health benefits [87]. The traditional
South Asian diet in particular is composedmainly of fresh
fruits and vegetables along with beans, legumes, nuts, and
spices [87]. However, a rise in type 2 diabetes (T2D) and
CVDs has been seen in South Asians [19, 37] and this has
partly been linked to unhealthy modifications to the
traditional diet, shifting from nutrient-rich fresh produce
to refined products and the use of large amounts of
saturated cooking oils [87]. Similarly, the traditional
African diet is enriched with fresh vegetables such as okra,
spinach, and other green leafy vegetables [88, 89].
Nonetheless, a shift away from traditional meals towards
processed foods and soft drinks has been reported across
African countries [90]. Hence, understanding cultural
and lifestyle factors that shape food preferences and
dietary habits is vital in translating existing nutrigenetic
insights to various ethnic groups.

Socio-Economic Factors

Socio-economic and geographical disparities are also
important factors to consider in the translation of nu-
trigenetics to precision nutrition. Ethnic populations may
experience disparities in access to healthcare, technolo-
gies, and resources required for implementing precision
nutrition effectively. The allocation of money to
healthcare has been reported to vary across countries
depending on their level of economic development, with
high-income countries allocating on average, USD 3,000
per person towards healthcare, while low-income
countries only spend around USD 30 per person [91].
Similarly, a report by theWorld Health Organization [92]
indicated that healthcare costs in low-income countries
were mainly covered by individuals paying directly (44%)
and aid from external sources (29%), while government
funding played a predominant role in high-income
countries (70%). Moreover, socio-economic and politi-
cal factors also influence the distribution of food, ad-
justments in food composition, or the implementation of
optional taxes on unhealthy food products as well as the
adoption of dietary guidelines promoting the con-
sumption of healthy options such as fruits and vegetables
[93, 94].

Aside cost and infrastructure, the knowledge and at-
titudes of healthcare providers, including dietitians, to-
wards nutrigenetics, are crucial for its integration into
clinical practice, which may also be influenced by socio-
economic-related educational opportunities [95].
Healthcare professionals need to understand genetic
influences on public health, evaluate the clinical relevance
and utility of genetic tests as well as analyse the indi-
vidual’s background in order to recommend genetic as-
sessments, screening or lifestyle adjustments [96]. It has
been highlighted that nutritional genetics has emerged as
a relatively new field over the past two decades, with
much of its scientific knowledge not integrated into
healthcare education [97]. Consequently, healthcare
professionals lack the essential foundation to provide
effective nutrigenetic counselling [97]. Available evidence
on knowledge and attitudes of healthcare professionals
towards nutrigenetics mainly comes from studies con-
ducted in high-income countries, and the findings in-
dicate a general lack of awareness among healthcare
professionals [98–101]. In a survey of 390 dietitians in the
UK [98], it was observed that, despite being involved in
the management of polygenic conditions such as diabetes,
obesity, and CVDs which are influenced by both genetic
and dietary factors, majority of the participants were not
engaged in activities related to genetics or nutrigenetics

126 Lifestyle Genomics 2024;17:122–135
DOI: 10.1159/000541909

Wuni and Vimaleswaran

D
ow

nloaded from
 http://karger.com

/lfg/article-pdf/17/1/122/4301580/000541909.pdf by guest on 20 D
ecem

ber 2024

https://doi.org/10.1159/000541909


and expressed low confidence in undertaking such ac-
tivities. Similarly, a survey involving 1,844 dietitians from
Australia (390), the USA (461), and the UK (993) [99]
revealed that the participants had limited knowledge,
engagement, and confidence in nutrigenetics. Giving the
lack of resources in LMICs, knowledge and awareness of
nutrigenetics are likely to be even lower. In this regard,
initiatives such as the GeNuIne collaboration are required
[34]. Through funding from the British Nutrition
Foundation (BNF), the GeNuIne collaboration was
started at the University of Reading in 2013, and it has
been instrumental not only in conducting nutrigenetics
studies in diverse ethnic groups, but also in facilitating
training and resource development to improve the ability
of professionals and policymakers in low-income coun-
tries to effectively apply nutrigenetics findings within
their domains [19, 34, 36, 41, 95, 102].

Financial and Technological Challenges

Funding from public bodies is vital for developing
innovative approaches within nutrition programmes,
promoting collaboration among scientists, facilitating the
distribution of nutrigenetics information through mod-
ern virtual communication technologies as well as es-
tablishing a well-trained public health nutrition work-
force [103]. Several studies have highlighted the necessity
for enhancing capacity in public health nutrition across
individual, organisational, and systemic levels [103–106].
However, global initiatives such as the Scaling Up Nu-
trition (SUN) movement which is focused on addressing
the complex causes of malnutrition through the im-
plementation of evidence-based, nutrition-specific in-
terventions in developing countries face challenges due to
financial constraints in most countries [107].

In a report by Sight and Life [108], it was noted that
personalised nutrition appears not only feasible and ra-
tional but also cost-effective in terms of developing ef-
fective nutrition interventions to alleviate the burden of
diseases and improve health outcomes in LMICs. How-
ever, several implementation challenges were highlighted
including how to extend the application of personalised
nutrition approaches to benefit a larger population giving
the financial constraints, deciding which methods offer the
greatest potential for successful adoption, what resources
are necessary to expand the implementation of person-
alised nutrition, and whether there is sufficient support
and interest in introducing personalised nutrition ap-
proaches to LMICs [108]. Moreover, it has been recognised
that the integration of nutrigenetics into healthcare sys-

tems requires a multisystem approach that includes the gut
microbiome and environmental factors [21], which poses a
huge challenge in LMICs. According to Sight for Life [108],
personalised nutrition approaches that are more specific
are less readily available in LMICs and these include ge-
netic and microbiome analysis and counselling, alongside
tools for assessing metabolic markers such as glucose
monitors and energy intake sensors.

Consumer Attitudes towards Nutrigenetics and
Personalised Nutrition

There is a growing interest in nutrigenetics and per-
sonalised nutrition, although at present, accessibility is
limited to a narrow group of highly motivated individuals
with high socio-economic status [109]. Commercial
companies offering nutrigenetic testing exist mostly in
Europe and North America [110], with the aim of en-
abling consumers to identify their genetic susceptibility to
diseases and offering personalised dietary recommen-
dations to promote health [110, 111]. The growing in-
terest in direct-to-consumer (DTC) genetic testing has
been associated with social elements such as enhanced
internet access to information and a cultural shift towards
individuals taking greater responsibility for their health
and lifestyle choices, while relying less on conventional
expert guidance [112]. However, there are concerns about
the accuracy and usefulness of the health-related data
provided by DTC genetic testing companies as well as
potential adverse outcomes if consumers or their
healthcare providers misinterpret such information
[113–116]. In a study of 1,648 participants [117], it was
observed that before undertaking personalised DTC ge-
netic testing, consumers were mostly interested in in-
formation about ancestry (73.7%), traits (72.2%), and
disease risks (71.9%). In terms of susceptibility to disease,
heart disease (68%), breast cancer (67%), and Alzheimer’s
disease (66%) attracted a high level of interest [117]. It
should be noted that the participants were mostly women,
Caucasian, and from a high socio-economic background
[117]. Similarly, a survey of 1,048 customers of DTC
genetic testing [112] indicated that the customers’ indi-
vidual circumstances and subjective understanding of
disease susceptibility were linked to specific health-
related behaviours they undertake upon receiving their
test results. More specifically, various aspects of the
participants’ lives such as having a chronic condition, a
family history of diseases tested by the DTC service, self-
reported health issues, and regular visits to a doctor were
significantly correlated with several health-related
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behaviours individuals displayed following receipt of
their results [112]. Along these lines, a survey of 2,037
customers of DTC services showed that the response to
genetic testing was influenced by both the perceived
severity and sense of control over the condition of in-
terest. Higher perceived severity and lower perceived
control were linked to increased, though not clinically
significant, levels of anxiety and distress [118].

With regard to attitudes of the general public towards
personalised nutrition, a survey of 9,381 participants
across nine European countries (the UK, Germany,
Ireland, Spain, Greece, Poland, Portugal, the Netherlands,
and Norway) [119] indicated that the trust and preference
consumers have for personalised nutrition services are
key indicators of their likelihood to embrace such ser-
vices. Variations in trust in the national health service as a
regulatory body and source of information, as well as trust
in dietitians and nutritionists as service providers, were
observed across the countries, although in all the
countries, family doctors emerged as the most relied-
upon sources of information [119]. Similarly, a study
conducted in the UK and Ireland by Food4Me [120]
identified that there was a preference for government-led
services delivered in person, which was believed to en-
hance trust, transparency, and overall value. In both
countries, paying for nutritional advice was associated
with heightened commitment and motivation to adhere
to guidelines [120]. Furthermore, a study involving 438
Dutch participants [121] showed that consumers’ ac-
ceptance of personalised nutrition was positively influ-
enced by consensus among expert stakeholders, benefits
for consumers or scientists, ease of implementation, and
freedom of choice. In line with these findings, a study
consisting of 1,425 Canadian participants [122] revealed
that most of the participants (93.3%) regarded dietitians
as the most suitable professionals to provide personalised
dietary advice based on nutrigenetic testing. In this study
[122], health and disease prevention were cited as the
primary benefits for nutrigenetic testing and there were
concerns regarding accessibility to genetic testing through
telemarketing companies and spam as well as companies
using personal genetic data to promote sales [122]. Al-
though there are limited data on the attitudes of con-
sumers in LMICs towards nutrigenetics, previous studies
by our group indicated a reluctance to give blood samples
for genetic testing. Hence, individuals from various socio-
demographic backgrounds may have varying levels of
trust in service providers, regulators, and online infor-
mation delivery. Consequently, preferences regarding the
manner and source of personalised nutrition services
might vary across countries and cultural settings [119].

Integration of Data from Multiple Fields

Precision nutrition is centred around integrating data
from multiple disciplines such as metabolomics, epige-
netics, and the gut microbiome as this is argued to be
important in enhancing the scientific understanding of
inter-individual variability in response to dietary inter-
ventions, although the practicality and effectiveness of
this process are still being explored [123, 124]. So far,
progress has beenmade in the mechanistic understanding
of dietary interventions through the integration of omics
technologies such as metabolomics and the gut micro-
biome [125]. Metabolomics focuses on analysing small
molecules (metabolites) found in biological samples to
understand changes in metabolism under various con-
ditions [123]. Metabolites are the direct products of di-
etary consumption and metabolism, enabling a more
accurate assessment of biological and physiological
pathways as well as the related biomarkers for diet or
disease [125]. Metabolic profiles have been linked to
variations in nutritional needs and responses to diet,
which offers the potential to stratify populations with
similar metabolic and phenotypic profiles, enabling the
development of tailored dietary recommendations [126].
Moreover, an accurate assessment of dietary intake is
essential in understanding the link between diet and
diseases, and methods currently used to assess dietary
intake such as food frequency questionnaires, weighed
food diaries, and 24-h recalls are prone to errors including
underestimation of energy intake [123]. By applying
metabolomics, specific biomarkers associated with foods
eaten can be obtained, and this involves participants
consuming specific foods and the collection of biofluid
samples over time [123]. These biomarkers could provide
useful information to supplement self-reported dietary
intake [126].

Using metabolomics, a possible explanation of the
mechanisms underlying the health benefits of low gly-
caemic index diets was reported in a 6-month parallel
randomised trial involving 122 adult participants with
overweight and obesity [127]. An analysis of plasma
metabolites revealed that a low glycaemic index diet
resulted in higher levels of serine, lower levels of valine
and leucine, and alterations in a group of two sphingo-
myelins, two lysophosphatidylcholines, and six phos-
phatidylcholines. These changes in plasma amino acids
and lipid species were found to be correlated with changes
in body weight, glucose levels, insulin, and certain in-
flammatory markers [127]. Similarly, a metabolomic
study identified underlying risks for T2D, insulin resis-
tance, and related comorbidities through analysis of
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blood metabolites in participants who had normogly-
caemia and no clinical symptoms [128]. In this study
[128], metabolomic analysis was performed at baseline
and after the implementation of a personalised lifestyle
intervention for 100 days. By combining metabolites
associated with specific disease risks and calculating risk
scores, the baseline analysis showed that some of the
participants had moderate to high risks for insulin re-
sistance, T2D, and CVDs. However, when the analysis
was repeated following the personalised lifestyle inter-
vention, specific metabolites that were previously outside
the normal range had returned to the normal range,
thereby reducing potential health risks during the second
time point [128].

The gut microbiome supports the host by interacting
directly or indirectly with host cells through the pro-
duction of bioactive molecules, and this interaction allows
the gut microbiome to regulate various biological pro-
cesses related to immunity and energy balance [129]. This
ability to interact with the host depends on the types of
bacteria present and their distribution within the gut
microbial community [130]. The application of the gut
microbiome in precision nutrition involves using the gut
microbiome as a biomarker to predict how specific di-
etary components affect host health, and the use of this
information to design precision dietary interventions
aimed at promoting health [129]. It has been highlighted
that the way individuals respond to certain dietary in-
terventions may be influenced by the composition and
function of the gut microbiota which differs among in-
dividuals with distinct metabolic profiles [130]. In a study
involving 14 men with obesity [131], controlled diets
supplemented with resistant starch or non-starch poly-
saccharide and a weight-loss diet were found to result in
distinct changes in the microbiota composition. The
resistant starch diet was linked to an increase in several
Ruminococcaceae phylotypes, while the non-starch
polysaccharide primarily resulted in an increase in
Lachnospiraceae phylotypes, and the weight-loss diet
significantly decreased Bifidobacteria. It was concluded
that since the dietary response of an individual’s mi-
crobiota varied significantly and was inversely related to
its diversity, individuals could be classified as responders
or non-responders based on the characteristics of their
intestinal microbiota [131]. In another study involving a
cohort of 800 participants with no previous diagnosis of
T2D [132], variations in postprandial glycaemic re-
sponses to similar standardised meals were observed. A
machine learning algorithm was then developed by in-
tegrating blood parameters, dietary habits, anthropo-
metric data, physical activity, and gut microbiota infor-

mation from the same cohort and was found to be ef-
fective in predicting personalised postprandial glycaemic
responses to real-life meals. Subsequently, a blinded
randomised controlled dietary intervention based on the
algorithm resulted in significantly reduced postprandial
responses and consistent changes in gut microbiota
composition [132].

Epigenetics covers the molecular processes that can
alter the activity of genes without changing the DNA
sequence, and these processes include DNA methylation,
histone modifications, and alterations in noncoding
RNAs [133]. Epigenetic changes might explain individual
differences in metabolic health and responses to diet, and
have the potential to identify novel biomarkers for pre-
cision nutrition and targets for precise interventions
[134]. Similarly, transcriptomics technologies have been
applied in nutrition research to understand the molecular
and signalling pathways associated with nutrients [135].
In an interventional study, a transcriptomic approach was
used to assess the impact of a high-carbohydrate or high-
protein diet on gene expression profiles in blood leu-
kocytes [136]. The findings showed that the high-
carbohydrate breakfast resulted in changes in the ex-
pression of genes related to glycogen metabolism, while
the high-protein breakfast led to changes in the ex-
pression of genes associated with protein biosynthesis
[136]. Another interventional study [137], utilising a
transcriptomic approach to assess the postprandial effect
of consuming different fatty acids on the gene expression
profiles of peripheral blood mononuclear cells, reported
that intake of PUFA was associated with a decrease in the
expression of genes in liver X receptor signalling, while
consumption of SFA led to an increase in the expression
of these genes. Consumption of PUFA also resulted in an
increase in the expression of genes linked to cellular stress
responses, while MUFA had a moderate effect on several
genes [137]. The findings suggest that data from multiple
individuals undergoing postprandial gene expression
profiling in peripheral blood mononuclear cells could
enable the stratification of gene expression profiles as
“healthy” or “unhealthy,” as well as the identification of
particular meals that could be categorised as healthy or
unhealthy for such individuals [123].

With regard to obesity, a significant interaction was
observed between SFA intake and theAPOA2 SNP rs5082
on the risk of obesity in a study of 3,462 participants from
three populations in the USA (the FraminghamOffspring
Study [1,454 whites], the Genetics of Lipid Lowering
Drugs and Diet Network Study [1,078 whites], and the
Boston-Puerto Rican Centers on Population Health and
Health Disparities Study [930 Hispanics of Caribbean
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origin]) [22]. This finding was also replicated in Chinese,
Asian Indians, and whites from the Valencia Region of
Spain [138]. Individuals with the “CC” genotype had an
increased risk of obesity compared to those with the “TT”
or “TC” genotypes only when their SFA intake was high
(≥22 g/day) [22, 138]. To explore the mechanisms un-
derlying this interaction, the authors performed a multi-
omics study involving methylome, transcription, and
metabolomic analyses from three different populations
(the Boston Puerto Rican Health Study, the Genetics of
Lipid Lowering Drugs and Diet Network Study, and the
Framingham Heart Study) [139]. The epigenetic state of
the APOA2 regulatory region was found to be linked to
SFA intake and the rs5082 genotype, causing differences in
APOA2 expression between the “CC” and “TT” genotypes
on a high-SFA diet and influencing branched-chain amino
acid and tryptophan metabolism [139]. Therefore, inte-
grating data from nutrigenetics, metabolomics, the gut
microbiome, epigenetics, phenotypic traits, and lifestyle
factors might help in designing personalised and precise
nutrition interventions. Machine learning and artificial
intelligence enable the integration of data from various
fields by identifying patterns in large datasets and grouping
similar data to create predictive models and algorithms
[140]. A machine learning model utilising age, systolic
blood pressure, routine blood and urine tests as well as
dietary intake values has been reported to be effective in
identifying young, asymptomatic individuals at higher risk
of CVDs [141]. Similarly, integrating data on lifestyle
factors, gut microbiome, clinical variables, subcutaneous
adipose tissue gene expression, and metabolomics derived
from serum, urine, and faeces were found to be effective in
identifying biomarkers linked to insulin sensitivity [142].

Thus, integrating data frommultiple disciplines could help
in designing personalised and precise dietary interventions
for the prevention and management of cardiometabolic
diseases, although the effectiveness and practicality of this
approach are still being explored (Fig. 2).

Conclusion

Nutrigenetics has a potential role to play in the pre-
vention and management of cardiometabolic diseases.
Several factors might influence variations among indi-
viduals with regard to dietary exposures and metabolic
responses, and these include genetic diversity, cultural and
lifestyle factors as well as socio-economic factors. A multi-
omics approach involving disciplines such as metab-
olomics, epigenetics, and the gut microbiome might con-
tribute to improved understanding of the underlying
mechanisms of gene-diet interactions and the im-
plementation of precision nutrition, although more re-
search is needed to confirm the practicality and effec-
tiveness of this approach. Therefore, conducting gene-diet
interaction studies in diverse populations is essential to
improve their clinical application worldwide. To bridge the
gap between existing nutrigenetic insights and their ap-
plication in clinical practice, it is vital for initial findings to
be replicated in independent samples, followed by dietary
intervention studies. Studies utilising large sample sizes are
required as this improves the power to detect interactions
with minimal effect sizes. Future studies should focus on
replicating initial findings to enhance reliability and pro-
mote comparison across studies. Once findings have been
replicated in independent samples, dietary intervention

Fig. 2. List of factors that should be con-
sidered for the implementation of precision
nutrition.

130 Lifestyle Genomics 2024;17:122–135
DOI: 10.1159/000541909

Wuni and Vimaleswaran

D
ow

nloaded from
 http://karger.com

/lfg/article-pdf/17/1/122/4301580/000541909.pdf by guest on 20 D
ecem

ber 2024

https://doi.org/10.1159/000541909


studies will be required to further strengthen the evidence
and facilitate their application in clinical practice. The is-
sues discussed in this review are particularly important,
given the current diverse climate, which poses significant
risks to food security and diet quality, making vulnerable
populations across the world susceptible to various forms
of malnutrition [143].

Acknowledgments

We acknowledge support from the British Nutrition Foundation
and the Medical Research Council (grant No. MR/S024778/1).

Conflict of Interest Statement

The authors declare that they have no conflict of interest.

Funding Sources

This study did not receive any external funding.

Author Contributions

K.S.V. conceived the study; R.W. and K.S.V. wrote the man-
uscript and approved the final version of the manuscript.

References

1 World Health Organisation. Non-
communicable diseseases: key facts. 2023.

2 Centres for Disease Control and Prevention.
Economic impact of NCDs. 2021.

3 Locke AE, Kahali B, Berndt SI, Justice AE,
Pers TH, Day FR, et al. Genetic studies of
body mass index yield new insights for
obesity biology. Nature. 2015;518(7538):
197–206 . h t tp s : / / do i . o r g / 10 . 1038 /
nature14177

4 Hoffmann TJ, Theusch E, Haldar T, Ra-
natunga DK, Jorgenson E, Medina MW,
et al. A large electronic-health-record-based
genome-wide study of serum lipids. Nat
Genet. 2018;50(3):401–13. https://doi.org/
10.1038/s41588-018-0064-5

5 Graham SE, Clarke SL, Wu KH, Kanoni S,
Zajac GJM, Ramdas S, et al. The power of
genetic diversity in genome-wide associa-
tion studies of lipids. Nature. 2021;
600(7890):675–9. https://doi.org/10.1038/
s41586-021-04064-3

6 Martin S, Cule M, Basty N, Tyrrell J,
Beaumont RN, Wood AR, et al. Genetic
evidence for different adiposity phenotypes
and their opposing influences on ectopic fat
and risk of cardiometabolic disease. Dia-
betes. 2021;70(8):1843–56. https://doi.org/
10.2337/db21-0129

7 Keaton JM, Kamali Z, Xie T, Vaez A,
Williams A, Goleva SB, et al. Genome-wide
analysis in over 1 million individuals of
European ancestry yields improved poly-
genic risk scores for blood pressure traits.
Nat Genet. 2024;56(5):778–91. https://doi.
org/10.1038/s41588-024-01714-w

8 Apgar TL, Sanders CR. Compendium of
causative genes and their encoded proteins
for common monogenic disorders. Protein
Sci. 2022;31(1):75–91. https://doi.org/10.
1002/pro.4183

9 Haslam DE, Peloso GM, Guirette M, Im-
amura F, Bartz TM, Pitsillides AN, et al.
Sugar-sweetened beverage consumption
may modify associations between genetic

variants in the CHREBP (carbohydrate re-
sponsive element binding protein) locus and
HDL-C (High-Density lipoprotein choles-
terol) and triglyceride concentrations. Circ
Genom Precis Med. 2021;14(4):e003288.
https://doi.org/10.1161/CIRCGEN.120.
003288

10 Westerman KE, Walker ME, Gaynor SM,
Wessel J, DiCorpo D, Ma J, et al. Investi-
gating gene–diet interactions impacting the
association between macronutrient intake
and glycemic traits. Diabetes. 2023;72(5):
653–65. https://doi.org/10.2337/db22-0851

11 Guirette M, Lan J, McKeown NM, Brown
MR, Chen H, De Vries PS, et al. Genome-
Wide interaction analysis with DASH diet
score identified novel loci for systolic blood
pressure. Hypertension. 2024;81(3):552–60.
h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
HYPERTENSIONAHA.123.22334

12 Ma Y, Zhang J, Li D, Tang L, Li Y, Cui F,
et al. Genetic susceptibility modifies rela-
tionships between air pollutants and stroke
risk: a large cohort study. Stroke. 2024;55(1):
1 1 3–2 1 . h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
STROKEAHA.123.044284

13 Park S. Interplay between polygenic variants
related immune response and lifestyle fac-
tors mitigate the chances of stroke in a
genome-wide association study. Br J Nutr.
2024;131(10):1813–26. https://doi.org/10.
1017/S0007114524000394

14 Sun Y,McDonald T, Baur A, XuH, Bateman
NB, Shen Y, et al. Fish oil supplementation
modifies the associations between geneti-
cally predicted and observed concentrations
of blood lipids: a cross-sectional gene-diet
interaction study in UK Biobank. Am J Clin
Nutr. 2024;120(3):540–9. https://doi.org/10.
1016/j.ajcnut.2024.07.009

15 Francis M, Li C, Sun Y, Zhou J, Li X, Brenna
JT, et al. Genome-wide association study of
fish oil supplementation on lipid traits in
81,246 individuals reveals new gene-diet
interaction loci. PLoS Genet. 2021;17(3):

e1009431. https://doi.org/10.1371/journal.
pgen.1009431

16 Westerman KE, Miao J, Chasman DI, Florez
JC, Chen H, Manning AK, et al. Genome-
wide gene-diet interaction analysis in the
UK Biobank identifies novel effects on he-
moglobin A1c. Hum Mol Genet. 2021;
30(18):1773–83. https://doi.org/10.1093/
hmg/ddab109

17 Papadimitriou N, Kim A, Kawaguchi ES,
Morrison J, Diez-Obrero V, Albanes D, et al.
Genome-wide interaction study of dietary
intake of fibre, fruits, and vegetables with
risk of colorectal cancer. EBioMedicine.
2024;104:105146. https://doi.org/10.1016/j.
ebiom.2024.105146

18 Corella D, Ordovas JM. Nutrigenomics in
cardiovascular medicine. Circ Cardiovasc
Genet. 2009;2(6):637–51. https://doi.org/10.
1161/CIRCGENETICS.109.891366

19 Vimaleswaran KS. A nutrigenetics approach
to study the impact of genetic and lifestyle
factors on cardiometabolic traits in various
ethnic groups: findings from the GeNuIne
Collaboration. Proc Nutr Soc. 2020;79(2):
194–204 . h t tp s : / / do i . o r g / 10 . 1017 /
S0029665119001186

20 Ordovas JM. Genetic influences on blood
lipids and cardiovascular disease risk: tools
for primary prevention. Am J Clin Nutr.
2009;89(5):1509s–17s. https://doi.org/10.
3945/ajcn.2009.27113E

21 Vazquez-Vidal I, Desmarchelier C, Jones
PJH. Nutrigenetics of blood cholesterol
concentrations: towards personalized nu-
trition. Curr Cardiol Rep. 2019;21(5):38.
https ://doi .org/10.1007/s11886-019-
1124-x

22 Corella D, Peloso G, Arnett DK, Demissie S,
Cupples LA, Tucker K, et al. APOA2, dietary
fat, and body mass index: replication of a
gene-diet interaction in 3 independent
populations. Arch Intern Med. 2009;
169(20):1897–906. https://doi.org/10.1001/
archinternmed.2009.343

Barriers in Translating Nutrigenetics to
Precision Nutrition

Lifestyle Genomics 2024;17:122–135
DOI: 10.1159/000541909

131

D
ow

nloaded from
 http://karger.com

/lfg/article-pdf/17/1/122/4301580/000541909.pdf by guest on 20 D
ecem

ber 2024

https://doi.org/10.1038/nature14177
https://doi.org/10.1038/nature14177
https://doi.org/10.1038/s41588-018-0064-5
https://doi.org/10.1038/s41588-018-0064-5
https://doi.org/10.1038/s41586-021-04064-3
https://doi.org/10.1038/s41586-021-04064-3
https://doi.org/10.2337/db21-0129
https://doi.org/10.2337/db21-0129
https://doi.org/10.1038/s41588-024-01714-w
https://doi.org/10.1038/s41588-024-01714-w
https://doi.org/10.1002/pro.4183
https://doi.org/10.1002/pro.4183
https://doi.org/10.1161/CIRCGEN.120.003288
https://doi.org/10.1161/CIRCGEN.120.003288
https://doi.org/10.2337/db22-0851
https://doi.org/10.1161/HYPERTENSIONAHA.123.22334
https://doi.org/10.1161/HYPERTENSIONAHA.123.22334
https://doi.org/10.1161/STROKEAHA.123.044284
https://doi.org/10.1161/STROKEAHA.123.044284
https://doi.org/10.1017/S0007114524000394
https://doi.org/10.1017/S0007114524000394
https://doi.org/10.1016/j.ajcnut.2024.07.009
https://doi.org/10.1016/j.ajcnut.2024.07.009
https://doi.org/10.1371/journal.pgen.1009431
https://doi.org/10.1371/journal.pgen.1009431
https://doi.org/10.1093/hmg/ddab109
https://doi.org/10.1093/hmg/ddab109
https://doi.org/10.1016/j.ebiom.2024.105146
https://doi.org/10.1016/j.ebiom.2024.105146
https://doi.org/10.1161/CIRCGENETICS.109.891366
https://doi.org/10.1161/CIRCGENETICS.109.891366
https://doi.org/10.1017/S0029665119001186
https://doi.org/10.1017/S0029665119001186
https://doi.org/10.3945/ajcn.2009.27113E
https://doi.org/10.3945/ajcn.2009.27113E
https://doi.org/10.1007/s11886-019-1124-x
https://doi.org/10.1007/s11886-019-1124-x
https://doi.org/10.1001/archinternmed.2009.343
https://doi.org/10.1001/archinternmed.2009.343
https://doi.org/10.1159/000541909


23 Chang X, Dorajoo R, Sun Y, Han Y,Wang L,
Khor CC, et al. Gene-diet interaction effects
on BMI levels in the Singapore Chinese
population. Nutr J. 2018;17(1):31. https://
doi.org/10.1186/s12937-018-0340-3

24 Kalantar Z, Eshraghian MR, Sotoudeh G,
Djalali M, Mansouri A, Alvandi E, et al.
Differences in the interaction between
CETP Taq1B polymorphism and dietary fat
intake on lipid profile of normolipedemic
and dyslipidemic patients with type 2 dia-
betes mellitus. Clin Nutr. 2018;37(1):270–5.
https://doi.org/10.1016/j.clnu.2016.12.024

25 Fujii TMM, Norde MM, Fisberg RM,
Marchioni DML, Rogero MM. Lipid meta-
bolism genetic risk score interacts with the
Brazilian Healthy Eating Index Revised and
its components to influence the odds for
dyslipidemia in a cross-sectional population-
based survey in Brazil. Nutr Health. 2019;
25(2):119–26. https://doi.org/10.1177/
0260106019830844

26 Jia X, Xuan L, Dai H, ZhuW, Deng C,Wang
T, et al. Fruit intake, genetic risk and type 2
diabetes: a population-based gene–diet in-
teraction analysis. Eur J Nutr. 2021;60(5):
2769–79. https://doi.org/10.1007/s00394-
020-02449-0

27 Nakamura S, Fang X, Saito Y, Narimatsu H,
Ota A, Ikezaki H, et al. Effects of gen-
e–lifestyle interactions on obesity based on a
multi-locus risk score: a cross-sectional
analysis. PLoS One. 2023;18(2):e0279169.
https://doi.org/10.1371/journal.pone.
0279169

28 Dietrich S, Jacobs S, Zheng JS, Meidtner K,
Schwingshackl L, Schulze MB. Gene-
lifestyle interaction on risk of type 2 dia-
betes: a systematic review. Obes Rev. 2019;
20(11):1557–71. https://doi.org/10.1111/
obr.12921

29 Tan PY, Moore JB, Bai L, Tang G, Gong YY.
In the context of the triple burden of mal-
nutrition: a systematic review of gene-diet
interactions and nutritional status. Crit Rev
Food Sci Nutr. 2024;64(11):3235–63.
https://doi.org/10.1080/10408398.2022.
2131727

30 Roa-Díaz ZM, Teuscher J, GambaM, Bundo
M, Grisotto G, Wehrli F, et al. Gene-diet
interactions and cardiovascular diseases: a
systematic review of observational and
clinical trials. BMC Cardiovasc Disord.
2022;22(1):377. https://doi.org/10.1186/
s12872-022-02808-1

31 Ordovas JM, Ferguson LR, Tai ES, Mathers
JC. Personalised nutrition and health. BMJ.
2018;361:k2173. https://doi.org/10.1136/
bmj.k2173

32 Livingstone KM, Ramos-Lopez O, Pérusse
L, Kato H, Ordovas JM, Martínez JA. Pre-
cision nutrition: a review of current ap-
proaches and future endeavors. Trends
Food Sci Technology. 2022;128:253–64.
https://doi.org/10.1016/j.tifs.2022.08.017

33 Fenech M, El-Sohemy A, Cahill L, Ferguson
LR, French T-AC, Tai ES, et al. Nu-

trigenetics and nutrigenomics: viewpoints
on the current status and applications in
nutrition research and practice. J Nutrigenet
Nutrigenomics. 2011;4(2):69–89. https://
doi.org/10.1159/000327772

34 Vimaleswaran KS. Gene–nutrient interac-
tions on metabolic diseases: findings from
the GeNuIne Collaboration. Nutr Bull. 2017;
42(1):80–6. https://doi.org/10.1111/nbu.
12252

35 Wuni R, Kuhnle GGC, Wynn-Jones AA,
Vimaleswaran KS. A nutrigenetic update on
CETP gene-diet interactions on lipid-related
outcomes. Curr Atheroscler Rep. 2022;
24(2):119–32. https://doi.org/10.1007/
s11883-022-00987-y

36 Wuni R, Ventura EF, Curi-Quinto K,
Murray C, Nunes R, Lovegrove JA, et al.
Interactions between genetic and lifestyle
factors on cardiometabolic disease-related
outcomes in Latin American and Carib-
bean populations: a systematic review. Front
Nutr. 2023;10:1067033. https://doi.org/10.
3389/fnut.2023.1067033

37 Vimaleswaran KS, Bodhini D, Lakshmipriya
N, Ramya K, Anjana RM, Sudha V, et al.
Interaction between FTO gene variants and
lifestyle factors on metabolic traits in an
Asian Indian population. Nutr Metab. 2016;
13:39. https://doi.org/10.1186/s12986-016-
0098-6

38 Surendran S, Jayashri R, Drysdale L, Bod-
hini D, Lakshmipriya N, Shanthi Rani CS,
et al. Evidence for the association between
FTO gene variants and vitamin B12 con-
centrations in an Asian Indian population.
Genes Nutr. 2019;14(1):26. https://doi.org/
10.1186/s12263-019-0649-3

39 Alsulami S, Aji AS, Ariyasra U, Sari SR, Tasrif
N, Yani FF, et al. Interaction between the
genetic risk score and dietary protein intake
on cardiometabolic traits in Southeast Asian.
Genes Nutr. 2020;15(1):19. https://doi.org/
10.1186/s12263-020-00678-w

40 Alathari BE, Aji AS, Ariyasra U, Sari SR,
Tasrif N, Yani FF, et al. Interaction be-
tween vitamin D-related genetic risk score
and carbohydrate intake on body fat
composition: a study in Southeast Asian
Minangkabau women. Nutrients. 2021;
13(2) :326 . h t tps : / /doi .org/10 .3390/
nu13020326

41 Vimaleswaran KS. GeNuIne (gene-nutrient
interactions) Collaboration: towards im-
plementing multi-ethnic population-based
nutrigenetic studies of vitamin B(12) and
D deficiencies and metabolic diseases. Proc
Nutr Soc. 2021;80(4):435–45. https://doi.
org/10.1017/S0029665121002822

42 Wuni R, Adela Nathania E, Ayyappa AK,
Lakshmipriya N, Ramya K, Gayathri R, et al.
Impact of lipid genetic risk score and saturated
fatty acid intake on central obesity in an Asian
Indian population. Nutrients. 2022;14(13):
2713. https://doi.org/10.3390/nu14132713

43 Mathias RA, Sergeant S, Ruczinski I, Tor-
gerson DG, Hugenschmidt CE, Kubala M,

et al. The impact of FADS genetic variants
on ω6 polyunsaturated fatty acid meta-
bolism in African Americans. BMC Genet.
2011;12:50–10. https://doi.org/10.1186/
1471-2156-12-50

44 Mathias RA, FuW, Akey JM, Ainsworth HC,
Torgerson DG, Ruczinski I, et al. Adaptive
evolution of the FADS gene cluster within
Africa. PLoS One. 2012;7(9):e44926. https://
doi.org/10.1371/journal.pone.0044926

45 Sergeant S, Hugenschmidt CE, Rudock ME,
Ziegler JT, Ivester P, Ainsworth HC, et al.
Differences in arachidonic acid levels and
fatty acid desaturase (FADS) gene variants
in African Americans and European
Americans with diabetes or the metabolic
syndrome. Br J Nutr. 2012;107(4):547–55.
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 7 /
S0007114511003230

46 Sonnweber T, Pizzini A, Nairz M, Weiss G,
Tancevski I. Arachidonic acid metabolites in
cardiovascular and metabolic diseases. Int J
Mol Sci. 2018;19(11):3285. https://doi.org/
10.3390/ijms19113285

47 Zhang T, Zhao JV, Schooling CM. The as-
sociations of plasma phospholipid arachi-
donic acid with cardiovascular diseases: a
Mendelian randomization study. EBioMe-
dicine. 2021;63:103189. https://doi.org/10.
1016/j.ebiom.2020.103189

48 Kathiresan S, Melander O, Guiducci C, Surti
A, Burtt NP, Rieder MJ, et al. Six new loci
associated with blood low-density lipopro-
tein cholesterol, high-density lipoprotein
cholesterol or triglycerides in humans. Nat
Genet. 2008;40(2):189–97. https://doi.org/
10.1038/ng.75

49 Aulchenko YS, Ripatti S, Lindqvist I,
Boomsma D, Heid IM, Pramstaller PP, et al.
Loci influencing lipid levels and coronary
heart disease risk in 16 European population
cohorts. Nat Genet. 2009;41(1):47–55.
https://doi.org/10.1038/ng.269

50 Sabatti C, Service SK, Hartikainen A-L,
Pouta A, Ripatti S, Brodsky J, et al. Genome-
wide association analysis of metabolic traits
in a birth cohort from a founder population.
Nat Genet. 2009;41(1):35–46. https://doi.
org/10.1038/ng.271

51 Teslovich TM, Musunuru K, Smith AV,
Edmondson AC, Stylianou IM, Koseki M,
et al. Biological, clinical and population
relevance of 95 loci for blood lipids. Nature.
2010;466(7307):707–13. https://doi.org/10.
1038/nature09270

52 Adeyemo A, Bentley AR, Meilleur KG,
Doumatey AP, Chen G, Zhou J, et al.
Transferability and fine mapping of genome-
wide associated loci for lipids in African
Americans. BMC Med Genet. 2012;13:88.
https://doi.org/10.1186/1471-2350-13-88

53 Wu N, Liu G, Huang Y, Liao Q, Han L, Ye
H, et al. Study of the association of 17 lipid-
related gene polymorphisms with coronary
heart disease. Anatol J Cardiol. 2018;19(6):
3 6 0–7 . h t t p s : / / d o i . o r g / 1 0 . 1 4 7 44 /
AnatolJCardiol.2018.23682

132 Lifestyle Genomics 2024;17:122–135
DOI: 10.1159/000541909

Wuni and Vimaleswaran

D
ow

nloaded from
 http://karger.com

/lfg/article-pdf/17/1/122/4301580/000541909.pdf by guest on 20 D
ecem

ber 2024

https://doi.org/10.1186/s12937-018-0340-3
https://doi.org/10.1186/s12937-018-0340-3
https://doi.org/10.1016/j.clnu.2016.12.024
https://doi.org/10.1177/0260106019830844
https://doi.org/10.1177/0260106019830844
https://doi.org/10.1007/s00394-020-02449-0
https://doi.org/10.1007/s00394-020-02449-0
https://doi.org/10.1371/journal.pone.0279169
https://doi.org/10.1371/journal.pone.0279169
https://doi.org/10.1111/obr.12921
https://doi.org/10.1111/obr.12921
https://doi.org/10.1080/10408398.2022.2131727
https://doi.org/10.1080/10408398.2022.2131727
https://doi.org/10.1186/s12872-022-02808-1
https://doi.org/10.1186/s12872-022-02808-1
https://doi.org/10.1136/bmj.k2173
https://doi.org/10.1136/bmj.k2173
https://doi.org/10.1016/j.tifs.2022.08.017
https://doi.org/10.1159/000327772
https://doi.org/10.1159/000327772
https://doi.org/10.1111/nbu.12252
https://doi.org/10.1111/nbu.12252
https://doi.org/10.1007/s11883-022-00987-y
https://doi.org/10.1007/s11883-022-00987-y
https://doi.org/10.3389/fnut.2023.1067033
https://doi.org/10.3389/fnut.2023.1067033
https://doi.org/10.1186/s12986-016-0098-6
https://doi.org/10.1186/s12986-016-0098-6
https://doi.org/10.1186/s12263-019-0649-3
https://doi.org/10.1186/s12263-019-0649-3
https://doi.org/10.1186/s12263-020-00678-w
https://doi.org/10.1186/s12263-020-00678-w
https://doi.org/10.3390/nu13020326
https://doi.org/10.3390/nu13020326
https://doi.org/10.1017/S0029665121002822
https://doi.org/10.1017/S0029665121002822
https://doi.org/10.3390/nu14132713
https://doi.org/10.1186/1471-2156-12-50
https://doi.org/10.1186/1471-2156-12-50
https://doi.org/10.1371/journal.pone.0044926
https://doi.org/10.1371/journal.pone.0044926
https://doi.org/10.1017/S0007114511003230
https://doi.org/10.1017/S0007114511003230
https://doi.org/10.3390/ijms19113285
https://doi.org/10.3390/ijms19113285
https://doi.org/10.1016/j.ebiom.2020.103189
https://doi.org/10.1016/j.ebiom.2020.103189
https://doi.org/10.1038/ng.75
https://doi.org/10.1038/ng.75
https://doi.org/10.1038/ng.269
https://doi.org/10.1038/ng.271
https://doi.org/10.1038/ng.271
https://doi.org/10.1038/nature09270
https://doi.org/10.1038/nature09270
https://doi.org/10.1186/1471-2350-13-88
https://doi.org/10.14744/AnatolJCardiol.2018.23682
https://doi.org/10.14744/AnatolJCardiol.2018.23682
https://doi.org/10.1159/000541909


54 Abondio P, Sazzini M, Garagnani P, Boattini
A, Monti D, Franceschi C, et al. The genetic
variability of APOE in different human
populations and its implications for lon-
gevity. Genes. 2019;10(3):222. https://doi.
org/10.3390/genes10030222

55 Mullins VA, Bresette W, Johnstone L,
Hallmark B, Chilton FH. Genomics in
personalized nutrition: can you “eat for your
genes”. Nutrients. 2020;12(10):3118. https://
doi.org/10.3390/nu12103118

56 Moreno JA, Pérez-Jiménez F, Marín C,
Gómez P, Pérez-Martínez P, Moreno R,
et al. The effect of dietary fat on LDL size is
influenced by apolipoprotein E genotype in
healthy subjects. J Nutr. 2004;134(10):
2517–22. https://doi.org/10.1093/jn/134.10.
2517

57 Griffin BA, Walker CG, Jebb SA, Moore C,
Frost GS, Goff L, et al. APOE4 genotype
exerts greater benefit in lowering plasma
cholesterol and apolipoprotein B than wild
type (E3/E3), after replacement of dietary
saturated fats with low glycaemic index
carbohydrates. Nutrients. 2018;10(10):1524.
https://doi.org/10.3390/nu10101524

58 Janssens AC, Moonesinghe R, Yang Q,
Steyerberg EW, van Duijn CM, Khoury MJ.
The impact of genotype frequencies on the
clinical validity of genomic profiling for
predicting common chronic diseases. Genet
Med. 2007;9(8):528–35. https://doi.org/10.
1097/gim.0b013e31812eece0

59 Pain O, Gillett AC, Austin JC, Folkersen L,
Lewis CM. A tool for translating polygenic
scores onto the absolute scale using sum-
mary statistics. Eur J Hum Genet. 2022;
30(3):339–48. https://doi.org/10.1038/
s41431-021-01028-z

60 Kim MS, Shim I, Fahed AC, Do R, Park
W-Y, Natarajan P, et al. Association of
genetic risk, lifestyle, and their interaction
with obesity and obesity-related morbidities.
Cell Metab. 2024;36(7):1494–503.e3. https://
doi.org/10.1016/j.cmet.2024.06.004

61 De Jager PL, Chibnik LB, Cui J, Reischl J,
Lehr S, Simon KC, et al. Integration of ge-
netic risk factors into a clinical algorithm for
multiple sclerosis susceptibility: a weighted
genetic risk score. Lancet Neurol. 2009;
8(12):1111–9. https://doi.org/10.1016/
S1474-4422(09)70275-3

62 Yarwood A, Han B, Raychaudhuri S, Bowes
J, Lunt M, Pappas DA, et al. A weighted
genetic risk score using all known suscep-
tibility variants to estimate rheumatoid ar-
thritis risk. Ann Rheum Dis. 2015;74(1):
1 7 0 –6 . h t t p s : / / d o i . o r g / 1 0 . 1 1 3 6 /
annrheumdis-2013-204133

63 Hüls A, Krämer U, Carlsten C, Schikowski
T, Ickstadt K, Schwender H. Comparison of
weighting approaches for genetic risk scores
in gene-environment interaction studies.
BMC Genet. 2017;18(1):115–5. https://doi.
org/10.1186/s12863-017-0586-3

64 Musunuru K, Lettre G, Young T, Farlow
DN, Pirruccello JP, Ejebe KG, et al. Can-

didate gene association resource (CARe):
design, methods, and proof of concept. Circ
Cardiovasc Genet. 2010;3(3):267–75.
https://doi.org/10.1161/CIRCGENETICS.
109.882696

65 Keathley J, Garneau V, Marcil V, Mutch
DM, Robitaille J, Rudkowska I, et al. Nu-
trigenetics, omega-3 and plasma lipids/
lipoproteins/apolipoproteins with evidence
evaluation using the GRADE approach: a
systematic review. BMJ Open. 2022;12(2):
e054417. https://doi.org/10.1136/bmjopen-
2021-054417

66 Palla L, Higgins JPT, Wareham NJ, Sharp SJ.
Challenges in the use of literature-basedmeta-
analysis to examine gene-environment in-
teractions. Am J Epidemiol. 2010;171(11):
1225–32. https://doi.org/10.1093/aje/kwq051

67 Franks PW, Pearson E, Florez JC. Gene-
environment and gene-treatment interac-
tions in type 2 diabetes: progress, pitfalls,
and prospects. Diabetes Care. 2013;36(5):
1413–21. https://doi.org/10.2337/dc12-2211

68 Höchsmann C, Yang S, Ordovás JM,
Dorling JL, Champagne CM, Apolzan JW,
et al. The Personalized Nutrition Study
(POINTS): evaluation of a genetically in-
formed weight loss approach, a Randomized
Clinical Trial. Nat Commun. 2023;14(1):
6321. https://doi.org/10.1038/s41467-023-
41969-1

69 Frez-Muñoz L, Kampen JK, Fogliano V,
Steenbekkers B. The food identity of
countries differs between younger and older
generations: a cross-sectional study in
American, European and Asian countries.
Front Nutr. 2021;8:653039. https://doi.org/
10.3389/fnut.2021.653039

70 Ojo AS, Nnyanzi LA, Giles EL, Ells LJ,
Awolaran O, Okeke SR, et al. Perceptions of
dietary intake amongst Black, Asian and
other minority ethnic groups in high-
income countries: a systematic review of
qualitative literature. BMC Nutr. 2023;9(1):
85. https://doi.org/10.1186/s40795-023-
00743-8

71 Jefferson WK, Zunker C, Feucht JC, Fitz-
patrick SL, Greene LF, Shewchuk RM, et al.
Use of the Nominal Group Technique
(NGT) to understand the perceptions of the
healthiness of foods associated with African
Americans. Eval Program Plann. 2010;
33(4):343–8. https://doi.org/10.1016/j.
evalprogplan.2009.11.002

72 CarnethonMR, Pu J, Howard G, Albert MA,
Anderson CAM, Bertoni AG, et al. Car-
diovascular health in African Americans: a
scientific statement from the American
Heart Association. Circulation. 2017;
136(21):e393–423. https://doi.org/10.1161/
CIR.0000000000000534

73 Sharma S, Cade J, Riste L, Cruickshank K.
Nutrient intake trends among African-
Caribbeans in Britain: a migrant pop-
ulation and its second generation. Public
Health Nutr. 1999;2(4):469–76. https://doi.
org/10.1017/s1368980099000658

74 Modesti PA, Reboldi G, Cappuccio FP,
Agyemang C, Remuzzi G, Rapi S, et al.
Panethnic differences in blood pressure in
Europe: a systematic review and meta-
analysis. PLoS One. 2016;11(1):e0147601.
https://doi.org/10.1371/journal.pone.
0147601

75 Feldmann C, Hamm U. Consumers’ per-
ceptions and preferences for local food: a
review. Food Qual Preference. 2015;40:
152–64. https://doi.org/10.1016/j.foodqual.
2014.09.014

76 Aprile MC, Caputo V, Nayga RM Jr. Con-
sumers’ preferences and attitudes toward
local food products. J Food Prod marketing.
2016;22(1):19–42. https://doi.org/10.1080/
10454446.2014.949990

77 Ditlevsen K, Denver S, Christensen T,
Lassen J. A taste for locally produced food:
values, opinions and sociodemographic
differences among ‘organic’ and ‘conven-
tional’ consumers. Appetite. 2020;147:
104544. https://doi.org/10.1016/j.appet.
2019.104544

78 Gilbert PA, Khokhar S. Changing dietary
habits of ethnic groups in Europe and im-
plications for health. Nutr Rev. 2008;66(4):
203–15. https://doi.org/10.1111/j.1753-
4887.2008.00025.x

79 Jacobs DR, Tapsell LC. Food, not nutrients,
is the fundamental unit in nutrition. Nutr
Rev. 2007;65(10):439–50. https://doi.org/10.
1111/j.1753-4887.2007.tb00269.x

80 Hu FB. Dietary pattern analysis: a new
direction in nutritional epidemiology.
Curr Opin Lipidol. 2002;13(1):3–9.
h t tp s : / /do i . o rg /10 . 1097 /00041433-
200202000-00002

81 Mente A, O’Donnell M, Rangarajan S,
Dagenais G, Lear S, McQueen M, et al.
Associations of urinary sodium excretion
with cardiovascular events in individuals
with and without hypertension: a pooled
analysis of data from four studies. Lancet.
2016;388(10043):465–75. https://doi.org/10.
1016/s0140-6736(16)30467-6

82 English LK, Raghavan R, Obbagy JE, Call-
ahan EH, Fultz AK, Nevins JEH, et al. Di-
etary patterns and health: insights from
NESR systematic reviews to inform the di-
etary guidelines for Americans. J Nutr Educ
Behav. 2024;56(1):75–87. https://doi.org/10.
1016/j.jneb.2023.10.001

83 Kowalkowska J, Wadolowska L, Czarno-
cinska J, Galinski G, Dlugosz A, Loboda
D, et al. Data-driven dietary patterns and
diet quality scores: reproducibility and
consistency in sex and age subgroups of
Poles aged 15–65 years. Nutrients. 2020;
12(12):3598. https://doi.org/10.3390/
nu12123598

84 Willer CJ, Speliotes EK, Loos RJ, Li S,
Lindgren CM, Heid IM, et al. Six new loci
associated with body mass index highlight a
neuronal influence on body weight regula-
tion. Nat Genet. 2009;41(1):25–34. https://
doi.org/10.1038/ng.287

Barriers in Translating Nutrigenetics to
Precision Nutrition

Lifestyle Genomics 2024;17:122–135
DOI: 10.1159/000541909

133

D
ow

nloaded from
 http://karger.com

/lfg/article-pdf/17/1/122/4301580/000541909.pdf by guest on 20 D
ecem

ber 2024

https://doi.org/10.3390/genes10030222
https://doi.org/10.3390/genes10030222
https://doi.org/10.3390/nu12103118
https://doi.org/10.3390/nu12103118
https://doi.org/10.1093/jn/134.10.2517
https://doi.org/10.1093/jn/134.10.2517
https://doi.org/10.3390/nu10101524
https://doi.org/10.1097/gim.0b013e31812eece0
https://doi.org/10.1097/gim.0b013e31812eece0
https://doi.org/10.1038/s41431-021-01028-z
https://doi.org/10.1038/s41431-021-01028-z
https://doi.org/10.1016/j.cmet.2024.06.004
https://doi.org/10.1016/j.cmet.2024.06.004
https://doi.org/10.1016/S1474-4422(09)70275-3
https://doi.org/10.1016/S1474-4422(09)70275-3
https://doi.org/10.1136/annrheumdis-2013-204133
https://doi.org/10.1136/annrheumdis-2013-204133
https://doi.org/10.1186/s12863-017-0586-3
https://doi.org/10.1186/s12863-017-0586-3
https://doi.org/10.1161/CIRCGENETICS.109.882696
https://doi.org/10.1161/CIRCGENETICS.109.882696
https://doi.org/10.1136/bmjopen-2021-054417
https://doi.org/10.1136/bmjopen-2021-054417
https://doi.org/10.1093/aje/kwq051
https://doi.org/10.2337/dc12-2211
https://doi.org/10.1038/s41467-023-41969-1
https://doi.org/10.1038/s41467-023-41969-1
https://doi.org/10.3389/fnut.2021.653039
https://doi.org/10.3389/fnut.2021.653039
https://doi.org/10.1186/s40795-023-00743-8
https://doi.org/10.1186/s40795-023-00743-8
https://doi.org/10.1016/j.evalprogplan.2009.11.002
https://doi.org/10.1016/j.evalprogplan.2009.11.002
https://doi.org/10.1161/CIR.0000000000000534
https://doi.org/10.1161/CIR.0000000000000534
https://doi.org/10.1017/s1368980099000658
https://doi.org/10.1017/s1368980099000658
https://doi.org/10.1371/journal.pone.0147601
https://doi.org/10.1371/journal.pone.0147601
https://doi.org/10.1016/j.foodqual.2014.09.014
https://doi.org/10.1016/j.foodqual.2014.09.014
https://doi.org/10.1080/10454446.2014.949990
https://doi.org/10.1080/10454446.2014.949990
https://doi.org/10.1016/j.appet.2019.104544
https://doi.org/10.1016/j.appet.2019.104544
https://doi.org/10.1111/j.1753-4887.2008.00025.x
https://doi.org/10.1111/j.1753-4887.2008.00025.x
https://doi.org/10.1111/j.1753-4887.2007.tb00269.x
https://doi.org/10.1111/j.1753-4887.2007.tb00269.x
https://doi.org/10.1097/00041433-200202000-00002
https://doi.org/10.1097/00041433-200202000-00002
https://doi.org/10.1016/s0140-6736(16)30467-6
https://doi.org/10.1016/s0140-6736(16)30467-6
https://doi.org/10.1016/j.jneb.2023.10.001
https://doi.org/10.1016/j.jneb.2023.10.001
https://doi.org/10.3390/nu12123598
https://doi.org/10.3390/nu12123598
https://doi.org/10.1038/ng.287
https://doi.org/10.1038/ng.287
https://doi.org/10.1159/000541909


85 Dekker LH, Nicolaou M, van Dam RM, de
Vries JH, de Boer EJ, Brants HA, et al. Socio-
economic status and ethnicity are inde-
pendently associated with dietary patterns:
the HELIUS-Dietary Patterns study. Food
Nutr Res. 2015;59(1):26317. https://doi.org/
10.3402/fnr.v59.26317

86 Bennett G, Bardon LA, Gibney ER. A
comparison of dietary patterns and factors
influencing food choice among ethnic
groups living in one locality: a systematic
review. Nutrients. 2022;14(5):941. https://
doi.org/10.3390/nu14050941

87 Charitha Koneru S, Sikand G, Agarwala A.
Optimizing dietary patterns and lifestyle to
reduce atherosclerotic cardiovascular risk
among South Asian individuals. Am J
Cardiol. 2023;203:113–21. https://doi.org/
10.1016/j.amjcard.2023.06.078

88 Oniang’o RK, Mutuku JM, Malaba SJ.
Contemporary African food habits and their
nutritional and health implications. Asia
Pac J Clin Nutr. 2003;12(3):331–6.

89 Kostinek M, Specht I, Edward VA, Schil-
linger U, Hertel C, Holzapfel WH, et al.
Diversity and technological properties of
predominant lactic acid bacteria from fer-
mented cassava used for the preparation of
Gari, a traditional African food. Syst Appl
Microbiol. 2005;28(6):527–40. https://doi.
org/10.1016/j.syapm.2005.03.001

90 Reardon T, Tschirley D, Liverpool-Tasie LSO,
Awokuse T, Fanzo J, Minten B, et al. The
processed food revolution in African food
systems and the double burden of malnutri-
tion. Glob Food Sec. 2021;28:100466. https://
doi.org/10.1016/j.gfs.2020.100466

91 Raghupathi V, Raghupathi W. Healthcare
expenditure and economic performance:
insights from the United States data. Front
Public Health. 2020;8:156. https://doi.org/
10.3389/fpubh.2020.00156

92 World Health Organisation. Investing in
noncommunicable disease control generates
major financial and health gains. 2018.

93 Springmann M, Spajic L, Clark MA, Poore J,
Herforth A, Webb P, et al. The healthiness
and sustainability of national and global
food based dietary guidelines: modelling
study. BMJ. 2020;370:m2322. https://doi.
org/10.1136/bmj.m2322

94 Martínez-González MA, Kim HS, Prakash
V, Ramos-Lopez O, Zotor F, Martinez JA.
Personalised, population and planetary
nutrition for precision health. BMJ Nutr
Prev Health. 2021;4(1):355–8. https://doi.
org/10.1136/bmjnph-2021-000235

95 Dhanapal ACT, Wuni R, Ventura EF, Chiet
TK, Cheah ES, Loganathan A, et al. Im-
plementation of nutrigenetics and Nu-
trigenomics Research and training activities
for developing precision nutrition strategies
in Malaysia. Nutrients. 2022;14(23):5108.
https://doi.org/10.3390/nu14235108

96 Chen L-S, Goodson P. Entering the public
health genomics era: why must health ed-
ucators develop genomic competencies? Am

J Health Educ. 2007;38(3):157–65. https://
doi.org/10.1080/19325037.2007.10598962

97 Roosan D, Wu Y, Tran M, Huang Y, Baskys
A, Roosan MR. Opportunities to integrate
nutrigenomics into clinical practice and
patient counseling. Eur J Clin Nutr. 2023;
77(1):36–44. https://doi.org/10.1038/
s41430-022-01146-x

98 Whelan K, McCarthy S, Pufulete M. Ge-
netics and diet–gene interactions: involve-
ment, confidence and knowledge of dieti-
tians. Br J Nutr. 2008;99(1):23–8. https://
doi.org/10.1017/S0007114507793935

99 Collins J, Bertrand B, Hayes V, Li SX,
Thomas J, Truby H, et al. The application of
genetics and nutritional genomics in prac-
tice: an International survey of knowledge,
involvement and confidence among dieti-
tians in the US, Australia and the UK. Genes
Nutr. 2013;8(6):523–33. https://doi.org/10.
1007/s12263-013-0351-9

100 Horne J, Madill J, O’Connor C. Exploring
knowledge and attitudes of personal nu-
trigenomics testing among dietetic students
and its value as a component of dietetic
education and practice. Can J Clin Nutr.
2016;4(1):50–62. https://doi.org/10.14206/
canad.j.clin.nutr.2016.01.07

101 Joffe Y, Herholdt H. What will it take to
build an expert group of nutrigenomic
practitioners? Lifestyle Genom. 2020;13(3):
122–8. https://doi.org/10.1159/000507252

102 Sekar P, Ventura EF, Dhanapal ACTA,
Cheah ESG, Loganathan A, Quen PL, et al.
Gene–diet interactions on metabolic
disease-related outcomes in Southeast Asian
populations: a systematic review. Nutrients.
2023;15(13):2948. https://doi.org/10.3390/
nu15132948

103 Delisle H, Shrimpton R, Blaney S, Du Plessis
L, Atwood S, Sanders D, et al. Capacity-
building for a strong public health nutrition
workforce in low-resource countries. Bull
World Health Organ. 2017;95(5):385–8.
https://doi.org/10.2471/BLT.16.174912

104 Geissler C. Capacity building in public
health nutrition. Proc Nutr Soc. 2015;74(4):
4 3 0 –6 . h t t p s : / / d o i . o r g / 1 0 . 1 0 1 7 /
S0029665114001736

105 Shrimpton R, du Plessis LM, Delisle H,
Blaney S, Atwood SJ, Sanders D, et al. Public
health nutrition capacity: assuring the
quality of workforce preparation for scaling
up nutrition programmes. Public Health
Nutr. 2016;19(11):2090–100. https://doi.
org/10.1017/S136898001500378X

106 Prowse RJL, Richmond SA, Carsley S,
Manson H, Moloughney B. Strengthening
public health nutrition: findings from a sit-
uational assessment to inform system-wide
capacity building in Ontario, Canada. Public
Health Nutr. 2020;23(16):3045–55. https://
doi.org/10.1017/S1368980020001433

107 Scaling Up Nutrition. SUN movement 2022
annual report. 2022.

108 Gavin-Smith B, van Zutphen-Kü£ Er KG,
Bedsaul JR, Monroy-Gomez J. Precision

nutrition for low-and middle-income
countries: hype or hope? 2022.

109 Adams SH, Anthony JC, Carvajal R, Chae L,
Khoo CSH, Latulippe ME, et al. Perspective:
guiding principles for the implementation of
personalized nutrition approaches that
benefit health and function. Adv Nutr. 2020;
11(1):25–34. https://doi.org/10.1093/
advances/nmz086

110 Floris M, Cano A, Porru L, Addis R,
Cambedda A, Idda ML, et al. Direct-to-
consumer nutrigenetics testing: an over-
view. Nutrients. 2020;12(2):566. https://doi.
org/10.3390/nu12020566

111 Duarte M, Leite-Lais L, Agnez-Lima LF,
Maciel BLL, Morais AHA. Obesity and
nutrigenetics testing: new insights. Nutri-
ents. 2024;16(5):607. https://doi.org/10.
3390/nu16050607

112 Kaufman DJ, Bollinger JM, Dvoskin RL,
Scott JA. Risky business: risk perception and
the use of medical services among customers
of DTC personal genetic testing. J Genet
Couns. 2012;21(3):413–22. https://doi.org/
10.1007/s10897-012-9483-0

113 Kuehn BM. Inconsistent results, inaccurate
claims plague direct-to-consumer gene tests.
JAMA. 2010;304(12):1313–5. https://doi.
org/10.1001/jama.2010.1328

114 Imai K, Kricka LJ, Fortina P. Concordance
study of 3 direct-to-consumer genetic-
testing services. Clin Chem. 2011;57(3):
518–21. https://doi.org/10.1373/clinchem.
2010.158220

115 ACMG Board of Directors. Direct-to-
consumer genetic testing: a revised posi-
tion statement of the American College of
Medical Genetics and Genomics. Genet
Med. 2016;18(2):207–8. https://doi.org/10.
1038/gim.2015.190

116 Oliveri S, Ferrari F, Manfrinati A, Pravettoni
G. A systematic review of the psychological
implications of genetic testing: a compara-
tive analysis among cardiovascular, neuro-
degenerative and cancer diseases. Front
Genet. 2018;9:624. https://doi.org/10.3389/
fgene.2018.00624

117 Roberts JS, Gornick MC, Carere DA, Uhl-
mann WR, Ruffin MT, Green RC. Direct-to-
Consumer genetic testing: user motivations,
decision making, and perceived utility of
results. Public Health Genomics. 2017;20(1):
36–45. https://doi.org/10.1159/000455006

118 Boeldt DL, Schork NJ, Topol EJ, Bloss CS.
Influence of individual differences in disease
perception on consumer response to direct-
to-consumer genomic testing. Clin Genet.
2015;87(3):225–32. https://doi.org/10.1111/
cge.12419

119 Poínhos R, Oliveira BMPM, van der Lans
IA, Fischer ARH, Berezowska A, Rankin A,
et al. Providing personalised nutrition:
consumers’ trust and preferences regarding
sources of information, service providers
and regulators, and communication chan-
nels. Public Health Genomics. 2017;20(4):
218–28. https://doi.org/10.1159/000481357

134 Lifestyle Genomics 2024;17:122–135
DOI: 10.1159/000541909

Wuni and Vimaleswaran

D
ow

nloaded from
 http://karger.com

/lfg/article-pdf/17/1/122/4301580/000541909.pdf by guest on 20 D
ecem

ber 2024

https://doi.org/10.3402/fnr.v59.26317
https://doi.org/10.3402/fnr.v59.26317
https://doi.org/10.3390/nu14050941
https://doi.org/10.3390/nu14050941
https://doi.org/10.1016/j.amjcard.2023.06.078
https://doi.org/10.1016/j.amjcard.2023.06.078
https://doi.org/10.1016/j.syapm.2005.03.001
https://doi.org/10.1016/j.syapm.2005.03.001
https://doi.org/10.1016/j.gfs.2020.100466
https://doi.org/10.1016/j.gfs.2020.100466
https://doi.org/10.3389/fpubh.2020.00156
https://doi.org/10.3389/fpubh.2020.00156
https://doi.org/10.1136/bmj.m2322
https://doi.org/10.1136/bmj.m2322
https://doi.org/10.1136/bmjnph-2021-000235
https://doi.org/10.1136/bmjnph-2021-000235
https://doi.org/10.3390/nu14235108
https://doi.org/10.1080/19325037.2007.10598962
https://doi.org/10.1080/19325037.2007.10598962
https://doi.org/10.1038/s41430-022-01146-x
https://doi.org/10.1038/s41430-022-01146-x
https://doi.org/10.1017/S0007114507793935
https://doi.org/10.1017/S0007114507793935
https://doi.org/10.1007/s12263-013-0351-9
https://doi.org/10.1007/s12263-013-0351-9
https://doi.org/10.14206/canad.j.clin.nutr.2016.01.07
https://doi.org/10.14206/canad.j.clin.nutr.2016.01.07
https://doi.org/10.1159/000507252
https://doi.org/10.3390/nu15132948
https://doi.org/10.3390/nu15132948
https://doi.org/10.2471/BLT.16.174912
https://doi.org/10.1017/S0029665114001736
https://doi.org/10.1017/S0029665114001736
https://doi.org/10.1017/S136898001500378X
https://doi.org/10.1017/S136898001500378X
https://doi.org/10.1017/S1368980020001433
https://doi.org/10.1017/S1368980020001433
https://doi.org/10.1093/advances/nmz086
https://doi.org/10.1093/advances/nmz086
https://doi.org/10.3390/nu12020566
https://doi.org/10.3390/nu12020566
https://doi.org/10.3390/nu16050607
https://doi.org/10.3390/nu16050607
https://doi.org/10.1007/s10897-012-9483-0
https://doi.org/10.1007/s10897-012-9483-0
https://doi.org/10.1001/jama.2010.1328
https://doi.org/10.1001/jama.2010.1328
https://doi.org/10.1373/clinchem.2010.158220
https://doi.org/10.1373/clinchem.2010.158220
https://doi.org/10.1038/gim.2015.190
https://doi.org/10.1038/gim.2015.190
https://doi.org/10.3389/fgene.2018.00624
https://doi.org/10.3389/fgene.2018.00624
https://doi.org/10.1159/000455006
https://doi.org/10.1111/cge.12419
https://doi.org/10.1111/cge.12419
https://doi.org/10.1159/000481357
https://doi.org/10.1159/000541909


120 Fallaize R, Macready AL, Butler LT, Ellis JA,
Berezowska A, Fischer ARH, et al. The
perceived impact of the National Health
Service on personalised nutrition service
delivery among the UK public. Br J Nutr.
2015;113(8):1271–9. https://doi.org/10.
1017/S0007114515000045

121 Ronteltap A, van Trijp JCM, Renes RJ.
Consumer acceptance of nutrigenomics-
based personalised nutrition. Br J Nutr.
2009;101(1):132–44. https://doi.org/10.
1017/S0007114508992552

122 Vallée Marcotte B, Cormier H, Garneau V,
Robitaille J, Desroches S, Vohl M-C. Nu-
trigenetic testing for personalized nutrition:
an evaluation of public perceptions, atti-
tudes, and concerns in a population of
French Canadians. Lifestyle Genomics.
2019;11(3–6):155–62. https://doi.org/10.
1159/000499626

123 Brennan L. Metabolomics in nutrition re-
search: current status and perspectives. Bi-
ochem Soc Trans. 2013;41(2):670–3. https://
doi.org/10.1042/BST20120350

124 Olivier M, Asmis R, Hawkins GA, Howard
TD, Cox LA. The need for multi-omics
biomarker signatures in precision medi-
cine. Int J Mol Sci. 2019;20(19):4781. https://
doi.org/10.3390/ijms20194781

125 Brennan L, de Roos B. Nutrigenomics: les-
sons learned and future perspectives. Am J
Clin Nutr. 2021;113(3):503–16. https://doi.
org/10.1093/ajcn/nqaa366

126 Tebani A, Bekri S. Paving the way to pre-
cision nutrition through metabolomics.
Front Nutr. 2019;6:41. https://doi.org/10.
3389/fnut.2019.00041

127 Hernández-Alonso P, Giardina S, CañuetoD,
Salas-Salvadó J, Cañellas N, Bulló M.
Changes in plasmametabolite concentrations
after a low-glycemic index diet intervention.
Mol Nutr Food Res. 2019;63(1):e1700975.
https://doi.org/10.1002/mnfr.201700975

128 Anwar MA, Barrera-Machuca AA, Calder-
on N, Wang W, Tausan D, Vayali T, et al.
Value-based healthcare delivery through

metabolomics-based personalized health
platform. Healthc Manage Forum. 2020;
33(3):126–34. https://doi.org/10.1177/
0840470420904733

129 Mills S, Stanton C, Lane JA, Smith GJ, Ross
RP. Precision nutrition and the microbiome,
Part I: current state of the science. Nutrients.
2019;11(4):923. https://doi.org/10.3390/
nu11040923

130 Jardon KM, Canfora EE, Goossens GH,
Blaak EE. Dietary macronutrients and the
gut microbiome: a precision nutrition ap-
proach to improve cardiometabolic health.
Gut. 2022;71(6):1214–26. https://doi.org/10.
1136/gutjnl-2020-323715

131 Salonen A, Lahti L, Salojärvi J, Holtrop G,
Korpela K, Duncan SH, et al. Impact of diet
and individual variation on intestinal mi-
crobiota composition and fermentation
products in obese men. ISME J. 2014;8(11):
2218–30. https://doi.org/10.1038/ismej.
2014.63

132 Zeevi D, Korem T, Zmora N, Israeli D,
Rothschild D, Weinberger A, et al. Per-
sonalized nutrition by prediction of glyce-
mic responses. Cell. 2015;163(5):1079–94.
https://doi.org/10.1016/j.cell.2015.11.001

133 Riscuta G, Xi D, Pierre-Victor D, Starke-
Reed P, Khalsa J, Duffy L. Diet, microbiome,
and epigenetics in the era of precision
medicine. Methods Mol Biol. 2018;1856:
141–56. https://doi.org/10.1007/978-1-
4939-8751-1_8

134 Li X, Qi L. Epigenetics in precision nutri-
tion. J Pers Med. 2022;12(4):533. https://doi.
org/10.3390/jpm12040533

135 Habib N, Idrissi Azami A, Aberkani K,
Motaib I, Bakkali F, Ghazal H. Nu-
trigenomics and transcriptomics for a per-
sonalized nutrition. Nutrition and human
health: effects and environmental impacts.
Springer; 2022; p. 131–50.

136 van Erk MJ, Blom WAM, van Ommen B,
Hendriks HFJ. High-protein and high-
carbohydrate breakfasts differentially
change the transcriptome of human blood

cells. Am J Clin Nutr. 2006;84(5):1233–41.
https://doi.org/10.1093/ajcn/84.5.1233

137 Bouwens M, Grootte BM, Jansen J, Müller
M, Afman LA. Postprandial dietary lip-
id–specific effects on human peripheral
blood mononuclear cell gene expression
profiles123. Am J Clin Nutr. 2010;91(1):
208–17.

138 Corella D, Tai ES, Sorlí JV, Chew SK, Coltell
O, Sotos-Prieto M, et al. Association be-
tween the APOA2 promoter polymorphism
and body weight in Mediterranean and
Asian populations: replication of a gen-
e–saturated fat interaction. Int J Obes. 2011;
35(5):666–75. https://doi.org/10.1038/ijo.
2010.187

139 Lai C-Q, Smith CE, Parnell LD, Lee Y-C,
Corella D, Hopkins P, et al. Epigenomics
and metabolomics reveal the mechanism of
the APOA2-saturated fat intake interaction
affecting obesity. Am J Clin Nutr. 2018;
108(1):188–200. https://doi.org/10.1093/
ajcn/nqy081

140 Khorraminezhad L, Leclercq M, Droit A,
Bilodeau JF, Rudkowska I. Statistical and
machine-learning analyses in nutritional
genomics studies. Nutrients. 2020;12(10):
3140. https://doi.org/10.3390/nu12103140

141 Sanchez-Cabo F, Rossello X, Fuster V, Be-
nito F, Manzano JP, Silla JC, et al. Machine
learning improves cardiovascular risk defi-
nition for young, asymptomatic individuals.
J Am Coll Cardiol. 2020;76(14):1674–85.
https://doi.org/10.1016/j.jacc.2020.08.017

142 Dao MC, Sokolovska N, Brazeilles R, Affeldt
S, Pelloux V, Prifti E, et al. A data integration
multi-omics approach to study calorie
restriction-induced changes in insulin sen-
sitivity. Front Physiol. 2018;9:1958. https://
doi.org/10.3389/fphys.2018.01958

143 Owino V, Kumwenda C, Ekesa B, Parker
ME, Ewoldt L, Roos N, et al. The impact of
climate change on food systems, diet quality,
nutrition, and health outcomes: a narrative
review. Front Clim. 2022;4:941842. https://
doi.org/10.3389/fclim.2022.941842

Barriers in Translating Nutrigenetics to
Precision Nutrition

Lifestyle Genomics 2024;17:122–135
DOI: 10.1159/000541909

135

D
ow

nloaded from
 http://karger.com

/lfg/article-pdf/17/1/122/4301580/000541909.pdf by guest on 20 D
ecem

ber 2024

https://doi.org/10.1017/S0007114515000045
https://doi.org/10.1017/S0007114515000045
https://doi.org/10.1017/S0007114508992552
https://doi.org/10.1017/S0007114508992552
https://doi.org/10.1159/000499626
https://doi.org/10.1159/000499626
https://doi.org/10.1042/BST20120350
https://doi.org/10.1042/BST20120350
https://doi.org/10.3390/ijms20194781
https://doi.org/10.3390/ijms20194781
https://doi.org/10.1093/ajcn/nqaa366
https://doi.org/10.1093/ajcn/nqaa366
https://doi.org/10.3389/fnut.2019.00041
https://doi.org/10.3389/fnut.2019.00041
https://doi.org/10.1002/mnfr.201700975
https://doi.org/10.1177/0840470420904733
https://doi.org/10.1177/0840470420904733
https://doi.org/10.3390/nu11040923
https://doi.org/10.3390/nu11040923
https://doi.org/10.1136/gutjnl-2020-323715
https://doi.org/10.1136/gutjnl-2020-323715
https://doi.org/10.1038/ismej.2014.63
https://doi.org/10.1038/ismej.2014.63
https://doi.org/10.1016/j.cell.2015.11.001
https://doi.org/10.1007/978-1-4939-8751-1_8
https://doi.org/10.1007/978-1-4939-8751-1_8
https://doi.org/10.3390/jpm12040533
https://doi.org/10.3390/jpm12040533
https://doi.org/10.1093/ajcn/84.5.1233
https://doi.org/10.1038/ijo.2010.187
https://doi.org/10.1038/ijo.2010.187
https://doi.org/10.1093/ajcn/nqy081
https://doi.org/10.1093/ajcn/nqy081
https://doi.org/10.3390/nu12103140
https://doi.org/10.1016/j.jacc.2020.08.017
https://doi.org/10.3389/fphys.2018.01958
https://doi.org/10.3389/fphys.2018.01958
https://doi.org/10.3389/fclim.2022.941842
https://doi.org/10.3389/fclim.2022.941842
https://doi.org/10.1159/000541909

	Barriers in Translating Existing Nutrigenetics Insights to Precision Nutrition for Cardiometabolic Health in Ethnically Div ...
	Introduction
	Genetic Diversity
	Methodological Factors
	Cultural and Lifestyle Factors
	Socio-Economic Factors
	Financial and Technological Challenges
	Consumer Attitudes towards Nutrigenetics and Personalised Nutrition
	Integration of Data from Multiple Fields
	Conclusion
	Acknowledgments
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


