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Abstract

Diet plays a fundamental role in maintaining long-term health, with healthful diets being endorsed by current dietary
guidelines for the prevention and management of type 2 diabetes. However, the response to dietary interventions varies
widely, highlighting the need for refinement and personalisation beyond population-based ‘one size fits all’. This article
reviews the clinical evidence supporting precision nutrition as a fundamental approach for dietary advice in diabetes.
Further, it proposes a framework for the eventual implementation of precision nutrition and discusses key challenges for
the application of this approach in the prevention of diabetes. One implication of this approach is that precision nutrition
would not exclude the parallel goal of population-based healthy dietary advice. Nevertheless, the shift in prioritising
precision nutrition is needed to reflect the dynamic nature of responses to dietary interventions that vary among
individuals and change over the life course.
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Abbreviations nutrients, foods or diets to individuals most likely to
CGM Continuous glucose monitoring benefit from them, while limiting those that are potential-
PREDICT Personalised REsponses to Dletary Composition ~ ly harmful. Conversely, the promotion of certain nutri-

Trial ents, foods or diets in the context of upstream social

determinants of health (i.e. the social, physical and
economic conditions in society that impact upon health
[1]), could reduce health disparities while supporting
environmentally sustainable diets. As a corollary, preci-
sion nutrition advice for optimal health requires consider-
ation of synergistic approaches targeted at the individual
level and those aimed at the population level [2—4].
While the terms ‘personalised nutrition’ and ‘precision
nutrition’ have been used interchangeably, the latter is
more appropriate when defining nutritional approaches
based on the combination of biological, environmental
and social factors that could be targeted to individuals or

Introduction

Precision nutrition is the discipline that studies the health
effects of nutritional exposure in the context of differ-
ences in human biology, environment and social determi-
nants of health. To the extent that a nutrient, food or diet
is beneficial in a subgroup of the population, precision
nutrition information may be clinically useful by offering
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microbiota. Proof-of-concept approaches have been
successful in multi-omics studies, in which detrimental
nutritional responses can be predicted by artificial intelli-
gence algorithms that consider inter-individual differences
arising from genetics, gut microbiome, and other clinical
and lifestyle characteristics [6—10].

To date, several reviews have been published in the topic of
precision nutrition in diabetes [11-13]. However, none of
them has explicitly focused on how emerging data from diabe-
tes heterogeneity and disease subtypes emphasise the need for
precision nutrition. In this narrative review, I summarise the
clinical evidence supporting precision nutrition as a funda-
mental approach for dietary advice in diabetes, propose a
framework for the eventual implementation of precision nutri-
tion, and explore challenges for the implementation of this
approach for the prevention of diabetes.

Precision nutrition is a fundamental approach
for dietary advice

Recommendations aimed at improving overall diet quality are
an essential part of preventing and treating type 2 diabetes, as
reflected in current dietary guidelines. These guidelines
recommend dietary patterns rich in fruits and vegetables,
whole grains, nuts, legumes and seafood, and recommend
reduced intakes from refined and ultra-processed foods
[14-17]. Although dietary guidelines have become more
evidence-driven, with data coming from large observational
studies complemented with short-term human clinical trials,
many areas of disagreement exist on what constitutes an opti-
mal diet for the prevention and management of type 2 diabe-
tes. Expert consensus decreases particularly for the beneficial
effects of dairy, meat and beverages, or dietary patterns such
as ketogenic diets [18-20].

The reasons underlying these discrepancies are complex
and involve many factors, including quality and context of
nutritional studies or the funding ecosystem in nutrition
research [21]. Inter-individual differences also underlie the
divergence regarding the beneficial effect of certain nutrients,
foods or diets. Previous studies have shown that inter-
individual differences in demographic, clinical, genetic, gut
microbiota and lifestyle characteristics result in large variabil-
ity in responses to identical foods [6, 8—10]. As an example, in
the Personalised REsponses to Dletary Composition Trial
(PREDICT), the population CV in postprandial responses of
blood glucose, triacylglycerol and insulin was 68%, 103 % and
59%, respectively [10], stressing the need for precision nutri-
tion to reduce the impact of anomalous postprandial
glycaemic responses on the development of obesity and diabe-
tes. Refinement and personalisation beyond a population-
based ‘one size fits all” approach is needed to reflect the
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dynamics of nutritional responses that vary among individuals
and change over the life course.

Most dietary interventions, some focusing on macronutri-
ents such as carbohydrate or fat reduction and others on over-
all dietary patterns, result in progressive weight loss and
improvement in cardiovascular risk factors over 6 months,
followed by plateau and weight regain after 1 year [22, 23].
While many observers assume that voluntary resumption of
old habits explains the lack of efficacy of diet interventions,
strong physiological adaptations contribute to the high rate of
relapse among people who have initially lost weight. Previous
studies have reported that changes in mitochondrial efficiency
and energy expenditure serve to attenuate the effect of energy
restriction in the short term [24, 25]. Further, increased appe-
tite has been shown to play a primordial role during weight
loss maintenance [26]. This distinction implies that strategies
to maintain weight lost should be fundamentally different
from the ones used for initial weight loss. Further, it suggests
that a better understanding of the molecular, behavioural and
social drivers of appetite could potentially increase compli-
ance with dietary interventions and prevent weight gain—
weight loss cycles (Fig. 1).

Diabetes heterogeneity stresses the need
for precision nutrition

Albeit with the common final denominator of
hyperglycaemia, diabetes is a complex disease with substan-
tial aetiological and clinical heterogeneity [27]. People at
increased risk of type 2 diabetes can range from those with a
clinical phenotype characterised by increased adiposity to
those who may have primary defects in insulin secretion path-
ways with normal weight. Consequently, individuals with
hyperglycaemia differ considerably in their propensity to
respond to preventive interventions, clinical presentation or
the likelihood of developing complications.

During the last decade, complementary studies have been
conducted to discriminate major diabetes subtypes that might
enable targeting of therapeutic strategies. A study using infor-
mation from six clinical variables measured in patients with
newly diagnosed diabetes identified five clusters of individ-
uals with different clinical presentation [28]. The five diabetes
subtypes (severe autoimmune diabetes, severe insulin-
deficient diabetes, severe insulin-resistant diabetes, mild
obesity-related diabetes, and mild age-related diabetes) also
showed varying degrees of risk of diabetic complications.
For example, individuals with severe insulin-resistant diabetes
were at increased risk of diabetic kidney disease, while those
with severe insulin-deficient diabetes had the highest risk of
retinopathy.

Beyond the use of clinical information to identify diabetes
subtypes, the stable nature of genetic susceptibility offers a
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Fig. 1 Precision nutrition stresses the need to understand better how
people interact with food to enhance compliance with dietary interven-
tions. Short-term signalling from the gastrointestinal tract, which includes
hormones such as glucagon-like peptide 1 (GLP1) or glucokinase (GCK),
and long-term signalling from the adipose tissue due to the action of leptin
or insulin are sensed by the brain and modulate appetite. Characterisation
of these nutrient-sensing pathways through genetic, epigenetic and tran-
scriptome profiling could identify individuals sharing similar molecular
characteristics underlying appetite control (represented as Groups 1, 2 and

useful tool to aid in the characterisation of individuals at
increased risk of diabetes. Two recent genetic studies have
identified clusters of genetic variants that increased diabetes
risk through specific intermediary processes [29, 30]. These
included two processes related to insulin deficiency due to
either beta cell dysfunction or impaired proinsulin synthesis,
three processes linked to insulin resistance including obesity-
mediated insulin resistance, adverse body fat distribution and
disrupted liver lipid metabolism, and a group of genetic vari-
ants only identified in the Mahajan study [30] with less precise
phenotypic characterisation. The generation of ‘pathway-
specific’ polygenic scores with cluster-specific variants
showed that individuals whose diabetes risk is driven by
adverse body fat distribution were at increased risk of coro-
nary artery disease, while those with beta cell dysfunction
were at increased risk of stroke [29]. These findings support
the notion that differential aspects of diabetes pathophysiolo-
gy and clinical outcomes could be detected by pathway-
specific polygenic scores, although further work is needed to
define their use for precision nutrition.

Despite the heterogeneity that characterises diabetes,
there is a notion that weight loss should be considered a
central target for diabetes prevention regardless of the
mechanisms influencing disease risk [31]. While recent
studies support the benefits of losing body weight on the

3). Further, integrating molecular aspects with environmental and social
pressures influencing food intake could identify people who are more
vulnerable to our modern food environment. This is particularly impor-
tant in the context of diet-induced body-weight loss and maintenance, in
which physiological adaptations targeted to increase appetite contribute to
the high rate of relapse among people who have initially lost weight.
Precision nutrition offers an opportunity to improve compliance with
dietary interventions and prevent weight gain—weight loss cycles. This
figure is available as part of a downloadable slideset

risk of developing diabetes [32], diabetes-related cardio-
vascular complications [33, 34] or diabetes remission
[35], there is still enormous variability in individual
response to weight-loss interventions. For example, in
the Diet Intervention Examining The Factors Interacting
with Treatment Success (DIETFITS) study, a randomised
clinical trial to investigate the effect of a healthy low-fat
diet vs a healthy low-carbohydrate diet on weight change
at 12 months, weight change varied widely within each
study group, ranging from a loss of approximately 30 kg
to a gain of approximately 10 kg [36]. The study showed
that neither genetic variation underlying fat and carbohy-
drate metabolism nor insulin secretion interacted with
diet, suggesting that these factors did not significantly
explain weight loss variability. To identify factors associ-
ated with long-term weight-loss success, a post hoc
analysis of the Diabetes Prevention Program Outcomes
Study showed that losing more than 5% of body weight
during the first year of the intervention, achieved either
by an intensive lifestyle intervention or metformin, was an
independent predictor of long-term weight loss success and
diabetes risk after 15 years of follow-up [37]. These findings
reinforce the continued effort to identify molecular, environ-
mental and social characteristics underlying the variable
response to diabetes prevention interventions.
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Evidence of precision nutrition studies
in diabetes

Gene X diet interaction studies in diabetes The foundation for
anew era of precision nutrition has been set by recent techno-
logical advances in omics and wearable monitoring that
enable deep molecular and physiological profiling. Previous
studies have yielded convincing examples of how environ-
mental pressures have enriched the human genome with
specific variants that could affect an individual’s response to
therapeutic interventions [38]. One such study, among people
of Mexican or Latin American descent, identified a common
risk haplotype in the SLC16A11 locus associated with ~20%
increased risk of type 2 diabetes [39]. Carriers of the risk
haplotype have low plasma levels of monocarboxylate trans-
porter 11 (the protein encoded by SLC16A11) in the plasma
membrane of hepatocytes and, under energy overload, there is
a metabolic shift towards triacylglycerol accumulation [40].
While population-wide dietary advice to avoid energy-dense
foods is beneficial in reducing the risk of obesity and diabetes,
limiting energy intake could be particularly valuable among
carriers of this risk haplotype.

Beyond specific genetic variants, a critical question is
whether polygenic scores, which provide a quantitative
measure of genetic risk to a disease, could be relevant to
precision nutrition. In a prospective study including male
health professionals, the association between a polygenic
score for type 2 diabetes and the risk of the disease was ampli-
fied by a western dietary pattern [41]. However, no evidence
of significant interactions was detected between genetic risk
and the Mediterranean diet on the development of diabetes in
the InterAct study [42]. Null findings were also reported in an
individual-participant-data meta-analysis to investigate inter-
actions between genetic risk and diet fat quality [43], and in a
UK Biobank study showing that diet was associated with inci-
dent diabetes within and across genetic risk groups [44].
While it is possible that genetic and dietary factors interact
in ways that can be difficult to disentangle with current
methods, these studies suggest that genetic variation alone is
not enough to target dietary recommendations and that more
holistic approaches through the integration of biological, envi-
ronmental and social metrics are needed to target dietary
advice.

Diet and gut microbiome studies in diabetes In parallel with
the identification of genetic profiles for precision nutrition,
there is a growing interest in discovering gut microbiota signa-
tures that interact or mediate the effect of diet in diabetes. The
Men’s Lifestyle Validation Study, a substudy of the long-
running Health Professionals Follow-Up Study, represents
one of the most comprehensive biorepositories to date to iden-
tify such signatures. By leveraging longitudinal
metagenomics and metatranscriptomics profiles from 307
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healthy men, a recent study showed that the cardioprotective
benefits of the Mediterranean diet are particularly relevant
among individuals with decreased abundance of Prevotella
copri in the gut [45]. The study documented that higher adher-
ence to Mediterranean diet was associated with an 18% lower
risk of myocardial infarction among those with decreased
abundance of P. copri (95% CI 0.69, 0.95) and a non-
significant 30% increase in myocardial infarction risk among
P. copri carriers (95% CI1 0.83, 2.07). While P. copri encom-
passes four distinct clades that are widespread in non-
westernised populations [46], the study confirmed that
P. copri in this study population consisted entirely of clade
A. In a separate study, higher habitual intake of red meat was
significantly associated with increased HbA . levels only
among participants with a microbial profile enriched with
trimethylamine N-oxide (TMAO)-producing bacteria [47].
Of these microorganisms, Alistipes shahii magnified the posi-
tive association between red meat intake and HbA . levels, in
which red meat was associated with higher HbA,. among
participants with microbial profile enriched with A. shahii
and lower HbA . among those without A. shahii. Elsewhere,
a gut microbiome signature including 21 fibre-fermentation
bacteria mediated 60% of the beneficial effect of overall diet
quality, measured by the Alternate Healthy Eating Index
2010, on the risk of diabetes [48]. While these studies are
preliminary and lack independent replication, the discovery
of gut microbiota profiles modulating the effect of dietary
and lifestyle exposures, and their incorporation into risk
scores, could help advance precision nutrition in diabetes.

Integrated omics and diet studies in diabetes Beyond single
omics approaches, clinical studies collecting personal, dense
and dynamic data are inspiring new venues for complex
disease prevention and treatment through better understanding
of inter-individual variability. The Personalised Nutrition
Project showed large inter-individual variability in glycaemic
responses to exact same meals and demonstrated the accuracy
of a machine learning algorithm to predict postprandial
glycaemic response to real-life meals [6]. The algorithm,
which was validated in an independent cohort of 100 partici-
pants, predicted individual postprandial glycaemic responses
better than models based on other approaches such as carbo-
hydrate counting or glycaemic index scores. In a follow-up
double-blinded randomised crossover trial of 26 individuals,
algorithm-informed dietary advice resulted in improved
glycaemic variables after 1 week [6]. The recent PREDICT
study showed similar wide variation in postprandial responses
to identical foods and demonstrated that people who display
poor metabolic responses to a given food are likely to respond
poorly to other similar foods [10]. Meal composition and
genetic factors were the main predictors of postprandial
glycaemic responses, while serum lipid and glycaemic
markers explained the larger variation in postprandial lipid
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responses. These studies highlight the potential of precision
nutrition to reduce the unfavourable impact of postprandial
glycaemic responses on health outcomes.

A framework for the eventual implementation
of precision nutrition in diabetes

Major scientific guidelines already emphasise flexible and
culturally adapted healthy dietary patterns for the prevention
and management of type 2 diabetes [14—17] but there are
likely to be additional benefits of a precision nutrition
approach based on differences in genetics, gut microbiome
composition and other clinical, social and environmental
factors. A recent clinical trial including adults with impaired
fasting glucose randomised to either a personalised diet based
on predicted glucose responses or a Mediterranean diet for
6 months, and an additional 6 month follow-up, showed that
the personalised diet was superior to the Mediterranean diet in
terms of HbA . reduction and daily time spent with glucose
levels >7.8 mmol/l (140 mg/dl) [49]. These findings imply

that diet advice focused on favourable postprandial glycaemic
responses is effective in improving glycaemic control in
prediabetes.

A framework for the eventual implementation of precision
nutrition in diabetes should be grounded on the set of physi-
ological processes that contribute to the development of the
disease (Fig. 2). The rationale for this approach is based on
McCarthy’s ‘Palette’ model of type 2 diabetes, in which the
aetiological processes that contribute to diabetes risk are the
same across individuals (base colours) but different individ-
uals have different components of each process (mixture and
saturation of hues) that results in a heterogeneous disease risk,
presentation and progression [50]. These physiological
processes and components are highly influenced by environ-
mental, social and clinical factors such as ageing or body-
weight gain. Thus, genetic information for physiological
processes underlying diabetes risk needs to be combined with
orthogonal axes of molecular, environmental and social data
collected over time. In combining this information, it is impor-
tant to preserve complexity by tracking each process involved
separately and to consider gradation of risk rather than
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Fig. 2 A framework for the eventual implementation of precision nutri-
tion in diabetes. Precision nutrition in diabetes should be grounded on the
set of physiological processes that contribute to the development of the
disease. This concept is illustrated using a model of three hypothetical
diabetes components (shown in purple, yellow and grey, with different
tones and shades to denote different mechanisms affecting each process)
present many years before the development of the disease. Deep pheno-
typic, environmental and social data collected at different time points
would be fed into a predictive algorithm to identify nutrients, foods and

diets with optimal, neutral or detrimental profiles (denoted as green,
yellow and red). For example, purple individuals would benefit the most
from peppers, while people whose diabetes risk is driven by grey would
benefit from lettuce. With the proposed framework, precision nutrition
advice needs to be readjusted with data collected at different time points
through the life course. Further, rapid changes in body weight or physical
activity levels are likely to modify food responses, reinforcing the notion
of dynamic nutritional advice. This figure is available as part of a
downloadable slideset
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collapsing rich quantitative information into rigid clinical
categories [51]. This approach is consistent with the observed
large inter-individual variable response to healthful dietary
interventions, in which most people benefit from the healthy
diet irrespective of underlying susceptibility to disease, but
refinement is necessary among those who might benefit less.
For example, the Diabetes Prevention Program showed that a
lifestyle intervention is effective in all study subgroups but
that its effect is significantly attenuated among individuals
with impaired fasting glucose [32]. Similarly, a post hoc anal-
ysis of the Look AHEAD (Action for Health in Diabetes)
study showed that individuals with a diabetes phenotype
characterised by poor glucose control are less likely to benefit
from a lifestyle intervention in terms of body-weight loss and
cardiovascular protection [52], implying that targeted advice
based on underlying alterations could optimise the health-
enhancing effects of diet.

The dynamic and adaptable nature of human metabolism
implies that the set of physiological processes underlying
disease risk would have different impacts along the life course
[53]. A recent study suggests that changes in components of
body composition at different stages of the life course are a
source of metabolic variability associated with diabetes risk
[54]. Consequently, the order in which pathophysiological
stages appear may not be the same for everyone [55], high-
lighting the need of multi-dimensional, high-resolution and
time-series data to characterise metabolic status and inform
targeted dietary advice. In general, early beta cell failure is
characterised by a reduction in the first phase of glucose-
stimulated insulin release, leading to hyperinsulinaemia and
diabetes. While dietary advice should be targeted at preserv-
ing beta cell function among people whose diabetes risk is
mainly driven through alterations in insulin synthesis and
secretion, for someone with established beta cell insufficiency
weight loss could be more relevant to delay progression to
diabetes. There is consistent evidence showing that glucose
variability and postprandial glycaemic peaks induce
glucotoxicity effects and consequent beta cell dysfunction
[56]. Therefore, dietary advice to avoid foods or meals that
produce large glycaemic fluctuations could be particularly
beneficial in individuals with early beta cell failure.

Previous studies have shown that weight loss increases beta
cell function because of an increase in both beta cell glucose
sensitivity and whole-body insulin sensitivity [57]. Short-term
weight loss can be achieved through different healthful diets, as
significant weight loss is often observed when people are
randomised to a range of different diets [23]. To maintain
weight lost, a personalised approach to mitigate physiological
adaptations related to increased appetite would be necessary.
Physiological adaptations underlying increased energy intake
are heterogeneous and may change over time [58], implying
that frequent assessment of fluctuations in psychological, social
or molecular factors is necessary to capture this dynamic
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adaptation and offer targeted dietary advice. There is early
evidence that reducing blood glucose dips is associated with
lower energy intake [59], suggesting that the promotion of
nutrients, foods and meals that mitigate glycaemic dips, rather
than glycaemic peaks, could be relevant for counterbalancing
increased energy intake and achieving long-term body weight
maintenance.

Practical considerations and challenges
for implementing precision nutrition
in diabetes

There are important considerations when redefining dietary
advice for diabetes prevention and management based on
precision nutrition (see text box). First, precision nutrition is
not a competitor but an addition to what we know about
healthy eating for the prevention and management of diabetes.
In the same way that promotion of physical activity and
weight loss do not replace the need to adhere to a healthy diet,
precision nutrition advice would not exclude the parallel goal
of healthy dietary patterns nor replace other evidence-based
strategies for decreasing the risk of diabetes, such as novel
weight-loss or glucose-lowering medications. However, the
shift in emphasis to prioritise precision nutrition is important
to reflect the dynamic and divergent nature of responses to
dietary interventions.

Second, precise tools are needed for the eventual imple-
mentation of precision nutrition. The use of objective
biomarkers of diet is necessary to mitigate random and
systematic error from self-reported dietary assessment
methods [60]. Further, scientific scrutiny should precede the
introduction of emerging tools, such as continuous glucose
monitoring (CGM) devices, for precision nutrition. A recent
domiciled-feeding study including 16 healthy adults connect-
ed to two CGM devices showed that foods categorised as
favourable by one device were not always considered
favourable by the other device [61]. While these results call
into question the use of CGM devices for precision nutrition
applications, a post hoc study within the PREDICT cohort,
including 34 individuals connected to two CGM devices,
provided evidence that most of the glycaemic rankings were
concordant between devices [62]. Discordant rankings were
mainly observed for foods or meals with lower carbohydrate
content. Technological advances to improve interstitial
glucose-sensing accuracy are needed, especially during the
postprandial state in which rapid changes in glucose, blood
flood rate or temperature could impact measurement preci-
sion. In addition, there is a need to develop new technologies
that go beyond changes in blood glucose levels and monitor
other components that change in response to diet.

Third, clinical trials specifically designed to capture the
nuances of dynamic nutritional responses are needed for the
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Top ten considerations for the implementation of precision

nutrition in diabetes

Precision nutrition should be an addition to the parallel goal of population-based healthy dietary advice
for the prevention and management of type 2 diabetes

Scientific scrutiny should precede the introduction of emerging tools for precision nutrition

There is a need to go beyond changes in blood glucose levels and monitor other components that
change in response to diet

More research is needed to appreciate the clinical importance of glycaemic fluctuations in individuals
without diabetes and to define normal/abnormal nutritional responses

Machine learning algorithms to predict nutritional responses may require more than 2 weeks of testing
to capture the nuances of dynamic nutritional responses

Investment in research programmes that aim to determine molecular, behavioural and social drivers
of appetite regulation is needed to increase compliance with dietary advice

The success of precision nutrition will be parallel to the regulation of the modern food system

Synergistic approaches targeted at population and individual levels that address social determinants
of health are needed to ensure equitable access and reduce health disparities

New technologies and methods supporting precision nutrition require careful consideration of the
ethical, regulatory/legal and social implications

0000000000

eventual implementation of precision nutrition. Most precision
nutrition evidence comes from post hoc analysis of clinical
trials and observational studies, and independent replication in
new intervention studies is usually missing. Due to their short
follow-up periods, these studies do not adequately capture the
dynamic complexity of dietary and behavioural modification. It
is unlikely that our increasing understanding of the pathophys-
iology of diabetes will translate into precision nutrition unless
clinical trials overcome three main aspects: (1) the implemen-
tation of repeated-crossover clinical studies to investigate an
individual’s response to diet at different cycles [63]; (2) the
specification of a clear and precise outcome definition that goes
beyond rigid disease categories [64]; and (3) the development
of reproducible algorithms and statistical methods that could
help solve challenges related to complex datasets [64].

Fourth, a key consideration for precision nutrition in diabe-
tes is whether deep phenotyping is better than a simple clinical
determination of insulin resistance/secretion. Recent studies
have provided evidence that deep ‘omics’ profiling could
detect subtle changes in health markers at the earliest possible
time point [65, 66], allowing anticipatory prevention strategies
targeted towards disrupted processes. The identification of

Collective responsibility is required for the effective implementation of precision nutrition

actionable biomarkers of early alterations in insulin homeo-
stasis is an unmet need in diabetes given that clinical tests such
as the OGTT cannot describe the nuances of glycaemic and
insulin fluctuations [67]. While the costs of deep phenotyping
are greater than those of routine clinical testing, diabetes is
now a national priority and the most expensive chronic illness
in the USA. Cost—effect studies have consistently shown that
investing in diabetes prevention is cost-effective [68], imply-
ing that the costs of acquiring deep phenotype data would be
amortised by enhanced prevention. However, no comprehen-
sive attempts have been made to rigorously evaluate the cost-
effectiveness of precision nutrition in diabetes.

Fifth, equitable access to effective precision nutrition
advice should be ensured [69]. Among the nearly half-
billion people with diabetes globally, three out of every four
people live in low- and middle-income countries, and the
prevalence of the disease in high-income countries tends to
be higher among ethnic minorities or people living in areas
with higher deprivation [70]. There is a need to embrace diver-
sity in the design, implementation and clinical validation of
studies to reduce diabetes disparities and bias towards under-
represented minorities. Further, addressing upstream social
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determinants of health, particularly those related to the food
environment, is critical for helping people sustain targeted
dietary advice [71]. Our food system is overflowing with
energy-dense and highly palatable foods that are almost
perfectly designed to maximise food reward properties and
promote overconsumption. Policies that affect food pricing,
sales and advertising have been successful in reducing
consumption of unhealthy foods [72, 73], implying that the
success of precision nutrition will be parallel to the implemen-
tation of strategies that modify the structural and environmen-
tal context in which eating behaviours occur.

Finally, important questions about the efficacy, sustainabil-
ity and delivery of precision nutrition need to be answered
before translating precision-based strategies into clinical prac-
tice or guidelines. Long-term clinical trials specifically designed
to assess head-to-head comparisons between precision nutrition
interventions and population-wide approaches are needed. One
of the main reasons for low compliance with dietary recommen-
dations is the physiological adaptations targeted at increasing
energy intake. The development and validation of clinical algo-
rithms that could predict and mitigate processes underlying
increased appetite or food reward is needed. Another important
question is how precision nutrition recommendations would be
delivered. Right now, the gold standard for delivering dietary
advice is to follow a standardised programme consisting of
group counselling combined with individualised advice.
Using advanced methods of communication and education
through personal websites or medical portals, precision nutri-
tion aims to engage individuals in their own care by incorpo-
rating real-time collection of data and providing real-time feed-
back to reinforce positive behaviours. In a new era of remote
clinical testing and citizen science, in which various commer-
cial companies are offering precision nutrition advice based on
clinical, lifestyle, genetic and gut microbiome variation, it is
important to address the current challenges by establishing a
solid evidence base, protocols and guidelines that could benefit
individuals and populations.

Conclusion

Early evidence stresses the potential of precision nutrition in
diabetes. This approach would address the inter-individual
response observed in diet and weight-loss interventions, target
main pathophysiological processes underlying the continuum
of glycaemic alterations, and reap the benefits of population-
based dietary advice for the prevention of diabetes and related
complications. Shifting from population-based ‘one size fits all’
dietary advice to targeted recommendations would recognise
individual-level factors as predominant drivers of the effect of
food intake on disease risk while considering the importance of
social and environmental pressures on shaping how people
interact with and respond to foods. Precision nutrition is still
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in its infancy and only time and much more research will tell if
the initial prospects can be realised, and whether precision nutri-
tion could be implemented as a frontline intervention for the
prevention and management of diabetes.

Supplementary Information The online version of this article (https://doi.
org/10.1007/s00125-022-05721-6) contains a slideset of the figures for
download, which is available to authorised users.
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