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Key evidence for personalised nutrition: a review
of randomised controlled trials

Tilde Martinsen®® and Lorraine Brennan () %3

The field of personalised nutrition is growing and is based on the concept that delivering personalised
dietary advice will be more effective than generic healthy eating guidelines for individuals to improve their
diet and metabolic health. While there is substantial interest in the field, there is also a need to examine
the evidence base. The objective of this review was to examine existing literature on the efficacy of per-
sonalised nutrition approaches and to identify research gaps and future needs. A literature search was
conducted in PubMed for randomised controlled trials published between 2000 and 2025. Studies inves-
tigating the effects of personalised nutrition were included, and relevant papers were identified through
the reference lists of existing papers. In total, 24 papers were included, with 12 studies investigating per-
sonalised nutrition based on current diet, phenotype, and metabolic biomarkers, five studies examining
the effects of genotype-based personalised nutrition, and seven studies exploring approaches based on
gut microbiome and machine learning algorithms. Overall, evidence from the included studies indicates
that personalised nutrition approaches consistently improved dietary quality and led to significant
improvements in metabolic markers, including HbAlc, triglycerides, and insulin sensitivity. However, few
studies showed significant between-group differences in weight loss, and most studies did not find signifi-
cant differences in blood pressure. While the results are promising, there are key challenges and research
gaps that remain. Some approaches demonstrated potential for targeted improvements, but further high-
quality research is needed to confirm their effectiveness and long-term impact. Future research should
prioritise longer-term studies, better stratification of responders and non-responders, and cost-effective-
ness evaluations to determine where and for whom personalised nutrition adds the most value.

the importance of a varied and balanced diet, a substantial
proportion of the population continues to fall short of these

Noncommunicable diseases, including obesity, type 2 dia-
betes, and cardiovascular disease, account for nearly two-
thirds of global deaths, with healthier diets being a key rec-
ommendation for prevention and management."” Despite
well-established national dietary guidelines that emphasise
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recommendations, particularly regarding fruit and vegetable
intake.® This gap between dietary guidance and actual dietary
behaviour underscores an urgent need for more effective nutri-
tional strategies to improve public health outcomes.

A promising strategy to address this challenge is personal-
ised nutrition, which tailors dietary advice to individual
characteristics and needs, such as metabolic profile, genetics,
lifestyle and environmental factors.* Growing evidence indi-
cates substantial inter-individual variability in responses to
identical meals.>® Studies like The Personalized Nutrition
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Project and the Predict 1 study have demonstrated that individ-
uals consuming the same food exhibit markedly different post-
prandial glycaemic and lipid responses.®” Consistent with
these findings, a recent study reported that seven standardised
carbohydrate meals elicited postprandial glycaemic responses
that were reproducible within individuals but highly hetero-
geneous between individuals.”> This variability in dietary
responses is determined by a complex interplay of genetic,
metabolic, microbiome, circadian, and behavioural factors,
including physical activity, sleep, and meal timing.®
Harnessing this variability is a promising approach for deliver-
ing personalised dietary advice. Concomitant with this is the
more widespread use of omics technologies such as metabo-
lomics and metagenomics.” Combining these with wearable
biosensors and machine learning algorithms is driving
a paradigm shift in healthcare, industry and nutritional
science.*’

However, some criticism exists of the field with a number
of key questions remaining. An example is the lack of evidence
that adherence to the personalised diets compared to adher-
ence to control diets results in improvements in diet and meta-
bolic health parameters. Furthermore, there is no clear indi-
cation on the effect size of personalised dietary advice on the
outcome variables. Despite these and other concerns there is
growing interest in the area and whether it can be moved into
clinical practice. As this field of personalised nutrition con-
tinues to evolve, rigorous research through randomised con-
trolled trials remains essential to validate emerging interven-
tions and understand their impact on health outcomes. Thus,
the objective of this review is to synthesise existing literature
on the efficacy of various personalised nutrition approaches
and to identify research gaps and future needs in the field.

2. Method

2.1 Search strategy

A search was performed in PubMed for studies published up
to June 2025. The inclusion of studies was determined accord-
ing to the Population, Intervention, Comparison, Outcome
and Study (PICOS) framework (Table S1). Briefly, human
studies (>18 years) that collected personalised information
and then used that data to provide dietary advice are included.
To find relevant studies, the following key terms were used:
“Personalised nutrition” or “Personalized nutrition” or “Precision
nutrition”. Relevant articles were identified through the refer-
ence list of the existing papers. The search was restricted to
include only randomised controlled trials. Primary and sec-
ondary outcomes were extracted from each included study and
are presented in summary tables.

3. Results

The search yielded 111 articles, of which 33 were excluded
based on title or abstract screening. A total of 78 full-text
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articles were retrieved, and 56 were excluded due to a lack of
focus on a personalised nutrition intervention. In total, 24
articles were included in this review. Of the included articles,
two relevant papers were found through the reference list of
the existing papers. A flow chart of the search and study selec-
tion is shown in Fig. S1. The included studies were grouped
into three categories: (1) Studies that delivered personalised
nutrition interventions based on one of the following: dietary
intake, phenotype data and metabolic biomarkers. (2) Studies
that delivered genotype-based personalised nutrition. (3)
Studies that employed gut microbiome and machine learning
algorithms to deliver dietary advice.

Of the 24 studies included, the sample size varied from 23
to 1607 participants, with an age range of 18 to 80 years. Most
studies enrolled generally healthy adults or individuals with
overweight, obesity, prediabetes, or metabolic risk factors.
Trials were conducted across North America (USA, Canada),
Europe (e.g,, Denmark, Spain, UK, Ireland, France,
Netherlands), Asia (India, Israel), and Australia. Study dur-
ations ranged from short-term (2-3 weeks) to longer interven-
tions lasting up to 12 months. Comparator arms typically
included standard  population-level  dietary  advice,
Mediterranean-style diets, low-fat diets, or general health infor-
mation. Some used placebo controls (e.g., micronutrient sup-
plementation), while others used non-personalised versions of
the same digital tools or dietary programs. Primary outcomes
were diverse and included diet quality or adherence scores,
weight loss or body composition, glycaemic control (HbAlc,
fasting glucose, PPGR), lipid profiles, metabolic biomarkers
(e.g., insulin, CRP), and psychosocial outcomes such as health
behaviours or perceived control.

3.1 Studies delivering personalised advice based on dietary
intake, phenotype data and/or metabolic biomarkers

All 12 studies using dietary intake, phenotype data and/or
metabolic biomarkers to tailor dietary advice are presented in
Table 1. A total of five studies used a combination of different
data to personalise the dietary advice. A 10-week randomised
controlled trial (Preventomics) found that personalised nutri-
tion based on biomarker-driven clustering did not result in sig-
nificantly greater weight loss or fat mass reduction compared
to a standardised diet."' Metabolic clusters were primarily
defined by metabolomic profiles from blood and urine, with
single-nucleotide polymorphism data used as a secondary
input. Furthermore, no differences were observed between
groups in improvements in insulin resistance or lipid profile.
The preventomics e-commerce study involving 193 participants
compared two personalised, omics-based Mediterranean diets
with a standardised Mediterranean diet.'*> The personalised
diets were tailored using integrated data, primarily metabolo-
mics and proteomics, with genetic information used as a
complementary factor. Over the 21 weeks, the study observed
no significant differences between groups in Mediterranean
dietary adherence or clinical health outcomes, including body
weight, blood pressure, lipid profiles, glucose levels or inflam-
matory markers.
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nutrition intake status; PN, personalised nutrition; QoL, quality of life; TAT, total adipose tissue; SF-36, 36-item short form health survey; SPPB, short physical performance battery; TAG, triacylglycerol;

TC, total cholesterol; TG, triglycerides; TNFa, tumour necrosis factor alpha; TyG index, triglyceride-glucose index; URI, upper respiratory infection; VAT, visceral adipose tissue.
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The Food4Me study examined delivery of personalised
advice at different levels: dietary intake alone, dietary intake
plus phenotype, and dietary intake plus phenotype and geno-
type.”® Following the six-month intervention period, all three
intervention groups showed greater improvements in dietary
intake, including reduced consumption of red meat, salt, and
saturated fat, as well as higher Healthy Eating Index scores,
compared to those receiving standardised dietary advice.
However, incorporating phenotypic or genotypic data did not
further enhance the effectiveness of the personalised nutrition
approach. In an older adult group (67.7 + 4.8 years), personal-
ised nutrition tailored using biomarkers, dietary intake and
genetic information was compared with generic lifestyle
advice."® After the nine-week intervention the personalised
nutrition group showed improvements in body composition
and certain aspects of wellbeing, such as motivation and resili-
ence. However, there were no substantial short-term benefits
in overall self-perceived health or well-being compared to the
control group. Furthermore, an 18-week randomised con-
trolled trial observed that personalised nutrition advice tai-
lored to each participant’s dietary intake, anthropometrics and
metabolic biomarkers improved adherence to dietary intake
for several food groups compared with generic dietary advice
or no advice."”” Additionally, within the personalised advice
group, participants who set specific goals, such as increasing
whole-grain and unsalted-nut intake, achieved a significantly
greater reduction in LDL-cholesterol levels than those who did
not set such goals.

A total of four studies focused predominantly on dietary
intake or nutrient status to deliver the personalisation.
Personalised micronutrient supplementation based on blood
levels of selenium, zinc, and vitamin D did not improve the
incidence or severity of upper respiratory tract infections, com-
pared to a placebo group in an 18-week randomised controlled
trial.’® In a 12-week randomised controlled trial, participants
were assigned to either a personalised nutrition group receiv-
ing dietary feedback, self-monitoring, and dietitian coaching
or a control group receiving web-based feedback only."”
Following the study period, the intervention group showed
greater improvements in dietary intake compared to the
control group including increased consumption of meat, veg-
etarian alternatives, and dairy, along with reduced intake of
energy-dense and nutrient-poor foods. In the EatWellUK study,
the effectiveness of personalised nutrition based on dietary
intake delivered via a web-based app was compared to stan-
dard dietary advice without personalised feedback.'® The inter-
vention led to significant improvements in diet quality over 12
weeks with increased intake of nuts and legumes, and reduced
red and processed meat consumption. At follow-up, 64% of
participants reported continuing to follow some of the dietary
advice, and 31% remained motivated to improve their diet. In
a randomised controlled trial, 127 older adults (50-80 years)
received either a precision nutrition strategy featuring person-
alised food products and digital tools or standard dietary
advice." At three-month follow-up, improvements in meta-
bolic health were observed in both groups. However, the pre-
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cision nutrition approach demonstrated significantly greater
reduction in body weight, BMI, blood pressure, HbAlc, and
liver function parameters (ALT and AST) compared with stan-
dard advice.

The remaining three studies delivered personalised dietary
advice based on assessment, predominantly of phenotypic and
metabolic data. Using a metabotype approach, the Metabodiet
study demonstrated that personalised advice improved overall
diet quality and led to favourable changes in metabolic health
biomarkers, including reduction in total cholesterol, LDL-
cholesterol, triacylglycerol and the triglyceride-glucose index,
compared with generic advice.”® The metabotype approach
classified the intervention group based on four biomarkers
(triacylglycerol, high-density lipoprotein-cholesterol, total
cholesterol and glucose) and delivered advice based on the
metabolic characteristics. In the PERSON study, tailoring diets
to tissue-specific insulin-resistance phenotypes significantly
improved cardiometabolic health.”’ Muscle insulin-resistant
individuals exhibited the most significant response to a low-
fat, high-protein, high-fibre diet. In contrast, liver insulin-
resistant individuals improved most on a high-monounsatu-
rated fat diet. These targeted diets resulted in greater improve-
ments in insulin sensitivity, fasting insulin, 2-hour glucose
and insulin, triacylglycerol, and C-reactive protein indepen-
dent of weight loss. During a 12-month randomised controlled
trial, breast cancer survivors in post-surgical menopause
received personalised nutrition based on body composition
and inflammation markers, while the control group received
no dietary advice.”” The intervention resulted in significant
reductions in insulin and subcutaneous adipose tissue.

3.2 Genetic-based personalised nutrition

All five studies presented in Table 2 focused predominantly on
genetic-based personalised nutrition. The NOW study, a
12-month randomised controlled trial involving 140 partici-
pants, compared the effects of genetically personalised lifestyle
advice with a population-based lifestyle programme.>® The
intervention was tailored to participants’ genetic profiles, par-
ticularly focusing on FTO gene variants associated with nutri-
ent metabolism, physical activity responsiveness and weight
regulation. In contrast to the control group, which exhibited
only short-term improvements, the intervention group demon-
strated sustained enhancements in attitudes, subjective
norms, and perceived behavioural control. These enduring
improvements in key psychological constructs were observed
alongside significant short- to mid-term reductions in body fat
percentage, as well as improved perceptions of friends and
family members healthy eating behaviours (subjective norms).
A randomised controlled trial (ASPIRE-DNA) aimed to assess
the genetic dietary advice, informed by single-nucleotide poly-
morphisms, for non-diabetic hyperglycaemia over 26 weeks.>*
At the 6-week stage, fasting plasma glucose levels were not sig-
nificantly different between the intervention group and the
control group (who followed standard dietary advice).
However, at 26 weeks follow-up, both the intervention and an
exploratory arm (genetic-based dietary advice using an app

This journal is © The Royal Society of Chemistry 2026
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and wearable device) resulted in a significant reduction in
fasting plasma glucose compared to the control group.

In a randomised controlled trial of 138 participants, pre-
cision nutrition advice, based on genetic risk variants associ-
ated with metabolic syndrome and vitamin D metabolism, did
not result in greater weight loss compared to standardised
dietary advice.>® Waist circumference decreased more in males
in the intervention group, but no other anthropometric or
metabolic markers showed significant changes. In a random-
ised controlled trial, participants who received DNA-based per-
sonalised nutrition advice did not exhibit significant dietary
changes at 3 months compared to those given standard dietary
advice.”® However, at 12 months, individuals carrying the risk
allele of the angiotensin-converting enzyme gene who were
advised to limit sodium intake to <1500 mg day ' showed a
significant reduction in sodium consumption. No significant
genotype-specific effects were observed for caffeine. A 12-week
randomised controlled trial investigated whether providing
females with their personal FADS1 genetic information would
influence omega-3 fatty acid intake and blood levels.”” The
control group received general written information about
omega-3 fatty acids recommendations. Both groups signifi-
cantly increased their intake of EPA and DHA; however, receiv-
ing genetic information did not lead to greater changes com-
pared to the control group.

3.3 Algorithm-recommended personalised diet

All seven studies presented in Table 3 employed gut micro-
biome and machine learning to deliver dietary advice. Notably,
four of the seven studies are based on a similar algorithm that
emerged from the initial Personalized Nutrition Project.” The
original algorithm was trained on data from 800 individuals
and validated both by cross-validation and in an independent
cohort of 100 participants to predict personalised postprandial
glycaemic responses. Its utility was further tested in a random-
ised controlled trial in adults with prediabetes, which algor-
ithm-guided dietary intervention significantly improved glycae-
mic outcomes compared with a Mediterranean diet.>® Both
diets improved glycaemic control, but the personalised diet
led to significantly greater reductions than control diet in daily
time spent with glucose above 140 mg dL™' (1.3 vs. 0.3 h
day™") and in HbAlc (0.16% vs. 0.08%). No significant differ-
ence was observed in glucose tolerance between groups. Using
a similar approach in individuals with prediabetes, 156 partici-
pants were randomised to either a personalised, algorithm-rec-
ommended diet or a standardised low-fat diet.”® Over six
months, both groups showed reductions in glycaemic varia-
bility, along with modest declines in HbAlc and improvement
in other glucose monitoring metric, including mean glucose
and glucose standard deviation. However, no significant
between-groups differences were observed for glycaemic out-
comes or HbAlc. Applying the original algorithms to an
American population group with the focus on weight loss
revealed that the personalised approach did not lead to a sig-
nificant difference in weight loss compared to a low-fat diet.*
This highlights the need to ensure that algorithms are trained
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on the desired outcome and population characteristics to
which they are implemented in. Finally, in adults with newly
diagnosed type 2 diabetes a personalised postprandial
glucose-targeting diet significantly outperformed a standard
Mediterranean diet in a two-week crossover trial.*! In a sub-
sequent six-month intervention with the personalised
diet alone, participants showed significant improvements in
glycaemic control, insulin sensitivity, and triglyceride levels,
with 61% achieving diabetes remission (HbAlc < 6.5%).
However, this six-month intervention lacked a control diet.

In the ZOE METHODS study, participants were randomised
to receive either a personalised dietary program, integrating
individual postprandial glycaemic and lipemic responses,

Main results (intervention group
(PN), control group (CG), p > 0.05)
predicted diet compared to higher
predicted diet in 10/12 participants
(p < 0.05); expert arm showed a
comparable within participant
difference (8/14, p < 0.05); overall,
glucose variability improved (p <
0.05) and gut microbiota changes
were observed.

reduced PPGR on the lower

PPGR, variability in glucose PN (algorithm) significantly

§ microbiome composition, dietary intake and health history

g delivered via an app, or standard dietary advice over 18

%,_\ § weeks.*? Following the intervention, the personalised nutrition

%g 'g group exhibited a.significant .redl?ction in' triglyceride levels,

§ g £ whereas changes in low-density lipoprotein cholesterol were
2} o

not significant. The personalised program also led to greater
reduction in weight, waist circumference, HbAlc and greater
improvement in diet quality compared with standard dietary
advice, whereas blood pressure and fasting glucose did not
differ between groups. In a randomised controlled trial, adults
with type 2 diabetes and hyperlipidaemia received either a
microbiota-based personalised dietary intervention or stan-
dard diabetic dietary advice.>® The personalised group showed
a significant reduction in HbAlc levels. However, only within
group comparisons were reported. No significant between group
differences were observed for LDL, HDL or triglyceride levels.

Control group (approach,
(profiling week) to elicit
lower vs. higher PPGR.

delivery)
Control group received

algorithm predicting PPGR. Delivered expert selected diets based response, gut microbiota
on measured PPGRs

Abbreviations: BMI, body mass index; BP, blood pressure; CG, control group; CGM, continuous glucose monitoring; CRP, C-reactive protein; FLI, fatty liver index; HbAlc, haemoglobin Alc; LDL-C,
low-density lipoprotein cholesterol; MAGE, mean amplitude of glycaemic excursions; N, number of participants; OGTT, oral glucose tolerance test; PN, personalised nutrition; PPGR, postprandial

8
- Ek
= © 2w
g Spol .
2 |w2E% ¢
& o w 2 <
S | E=%s E 4. Discussion
— o Xo.2 8 .
o
MEEEE 5
o= [+] = . . .
5 © ag, s Our comprehensive analysis of the randomised controlled
=] gt ] . . . . . . .
2 22~ o trials investigating approaches to deliver personalised dietary
| = Lol - . . . . . .
S| E€s% @ advice has highlighted a large diversity in the approaches used
522553 s d out d. Overall, the review indicates that
=8 = and outcomes measured. Overa e review indicates that per-
ES|2IEE 3 o , y : S et e
S sonalising dietary advice consistently improved diet quality
. o . . . .
g g and, in some studies also improved metabolic health para-
R ﬁ“g’ = meters. However, some key research questions remain to be
) <l a . . . .
o g a 8 answered in order to reach strong clear conclusions in relation
-~ > v
) . -, . . .
E, glg " = to precision nutrition and for the field to reach its full
— .
S xS § = potential.
CICH IS = Most of the included studies used an integrated approach,
5T LER 5 bini I individual-level f h bol
RN = combining several individual-level factors, such as metabolo-
=] . . . . .
o mics, genotyping and phenotyping, to provide personalised
~ =
. g g g 8 dietary advice. While the majority of these studies reported sig-
= T B X oo . : :
gg g I g nificant improvements when compared with generic
27 | 5 § & = E approaches, there is a need to understand which information
=] = v . .
£ 5 % 253 z = contributed to the improved outcomes. To address the added
%]
- S$|% 5 %E £ 2 benefits of each personalised component, future studies
o - g . . . o
s 2 should consider incorporating more nuanced and stratified
(¢} =] ~ O o . . .
Q| 8B KR 2 control groups. Many studies combined multiple data types,
by g2 XN 9] . . .
,,, :S Sr. g g, Iy opening questions about the cost-effectiveness of the
— 50 @ . .
2 s; § s g P 2 g £ § approach. The original Food4Me study demonstrated that per-
Pl 2SI88ELzZA =) sonalisation based solely on diet was as effective as the

654 | Food Funct., 2026, 17, 646-658 This journal is © The Royal Society of Chemistry 2026


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5fo02969d

Open Access Article. Published on 22 Hakihea 2025. Downloaded on 09/06/2026 3:30:10 p.m..

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Food & Function

approaches incorporating phenotype and genotype.'®
Furthermore, an approach using metabotyping based on
common clinical biomarkers demonstrated a clear benefit on
diet quality and metabolic health markers, making it attractive
from a cost-effectiveness viewpoint.>® These findings support
the need for the development of simpler, phenotype-driven
approaches combined with support by dietitians or nutrition-
ists, as an effective strategy in changing diet and improving
metabolic marker outcomes.

Current evidence suggests that genotype-based nutrition
interventions, when delivered in isolation, have a limited and
inconsistent effect on clinical and behavioural outcomes, such
as weight loss, dietary intake or metabolic markers.>>*® While
genetic information may prompt short-term interest or modest
dietary adjustments, sustained change appears to require
structured support. For instance, studies that included behav-
ioural factors, such as those informed by the Theory of
Planned Behaviour or incorporating regular counselling, con-
sistently demonstrated greater improvements in engagement,
self-efficacy and longer-term adherence.’*** For example, in
one of the studies, participants in the personalised nutrition
group who set specific goals, such as increasing whole-grain
and unsalted-nut intake, achieved significantly greater
reduction in LDL-cholesterol underscoring the added value of
structured goal-settings.'> Moreover, the reviewed trials also
indicate that increasing the complexity or breadth of genetic
information does not necessarily enhance efficacy, underscor-
ing the importance of targeting gene-diet interactions that are
relevant to individual risk profiles. Overall, results indicate
that genotype alone is not an effective approach for delivery of
personalised nutrition. However, its impact is significantly
enhanced when integrated into broader, behaviourally
informed personalised nutrition frameworks.

The review provides emerging evidence for the effectiveness
of machine learning driven personalised nutrition approaches
in improving glycaemic outcomes. Overall, four out of five
studies reviewed that specifically targeted glycaemic measures
demonstrated significant improvements, including reductions
in HbA1c, postprandial glucose, and CGM-derived metrics.”*%3'>
This consistency across varied populations and study designs
strengthens confidence in the clinical relevance of this
approach. The one study that did not report superior glycae-
mic outcomes compared to a standard dietary intervention
still observed within-group improvements,?® suggesting that
factors such as algorithm accuracy, intervention duration, indi-
vidual variability and the choice of the control group may
influence effectiveness. The findings underscore the potential
of algorithm-based personalisation to support glycaemic
control in individuals at metabolic risk. However, a key ques-
tion emerging from these studies is which specific input fea-
tures are most influential in driving improvements in clinical
parameters. Identifying the most predictive inputs and under-
standing their underlying mechanisms could inform algor-
ithm refinement and enable more precise, targeted dietary
interventions. Furthermore, there is a need to demonstrate
that these machine learning-based algorithms are delivering

This journal is © The Royal Society of Chemistry 2026
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more than low carbohydrate dietary advice and that individ-
uals receive different patterns of dietary advice. The suitability
of these diets for long-term adherence is also lacking.

4.1 Research gaps and future needs in personalised nutrition

Despite significant progress in personalised nutrition
research, several critical research gaps and challenges remain.
Most studies to date have been conducted in small and rela-
tively homogenous populations, which restricts generalisability
across diverse populations. Additionally, many interventions
are short-term, often lasting only weeks or months, limiting
assessment of long-term efficacy and adherence. This may also
partly explain the less consistent findings across the included
trails for outcomes such as weight loss and blood pressure,
which are influenced by multiple determinants beyond dietary
composition and show substantial within and between individ-
ual variability.>* Detecting meaningful between differences in
these endpoints may therefore require larger samples size and
longer follow up. Furthermore, behavioural and psychological
determinants such as motivation, digital literacy, and readi-
ness to change are rarely measured, despite their known influ-
ence on dietary adherence.>® Methodological limitations also
include the use of generic control groups, which may not ade-
quately isolate the effects of personalisation. The optimal
choice of a comparator group is not easy and may require
more than a single control group to adequately capture differ-
ential responses. In certain cases, a factorial design or multi-
arm trial may be necessary not only to compare personalised
dietary approaches with standard dietary advice but also to
isolate the effects of individual intervention components and
evaluate their potential interactions. Additionally, the reprodu-
cibility and long-term stability of algorithm-based dietary
advice remain largely untested, raising concerns about their
consistency and biological relevance.” To be effective, machine
learning algorithms need to demonstrate that individuals are
receiving truly personalised advice and that it leads to measur-
able health outcomes. This requires not only tailoring advice
to individual characteristics but also subjecting these rec-
ommendations to systematic evaluation. Overall, to date the
results from published studies reported no adverse effects,
suggesting that personalised dietary advice is unlikely to pose
long-term risks. However, extended follow-up is necessary to
confirm its long-term safety and efficacy. Finally, consider-
ations of sustainability and environmental impact remain
largely absent from personalised nutrition frameworks,
despite their critical importance for ensuring long-term viabi-
lity, equitable access, and the resilience of global food systems.

To realise the clinical potential and public health value of
personalised nutrition, future research must prioritise rigor-
ous, long-term randomised controlled trials. These studies
should assess whether personalised approaches offer advan-
tages over optimised generic diets, such as the Mediterranean
or DASH diets, in improving cardiometabolic outcomes.
Moreover, future trials must control for intensity of behaviour-
al support and blinding, as unbalanced study designs risk
overestimating personalised nutrition benefits due to placebo

Food Funct, 2026, 17, 646-658 | 655
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or engagement effects. A key concern previously raised is that
many existing algorithms provide similar advice across individ-
uals, often recommending lower carbohydrate or higher fibre
diets, regardless of complex input variables like genotype or
microbiome profile,>® which raises questions about the dis-
tinctiveness and reproducibility of personalised nutrition
advice. As such, within-subject repeatability testing and com-
parative effectiveness studies are crucial to validate whether
personalised recommendations truly differ between individ-
uals and meaningfully impact outcomes. Most personalised
nutritional trials to date lack demographic diversity, with par-
ticipants skewing towards European and North American
ancestry, higher socioeconomic status, and lower comorbidity
profiles. Diverse recruitment, across age, ethnicity, gender,
health status, and socioeconomic backgrounds, will be critical
for identifying differential responses and ensuring real-world
applicability. Consistent with our findings, a previous systema-
tic review reported that interventions relying solely on geno-
type data produced inconsistent results.>® This highlights the
need for future models to focus on mechanistic insights
derived from systems biology and to investigate which combi-
nations of clinical, behavioural, and biological inputs most
effectively predict dietary responses. As machine learning
algorithms become more central to personalised nutrition,
transparency is paramount. The “black box” nature of machine
learning models obscures which variables drive dietary rec-
ommendations, limiting understanding of key predictive fea-
tures. Developing interpretable models with clear and reprodu-
cible decision pathways will be essential for the broader
implementation of personalised nutrition, including its inte-
gration into both clinical practice and public health strategies.

5. Conclusion

In conclusion, personalised nutrition interventions are a
promising approach to improving diet-related behaviours and
certain health outcomes. Compared to standard dietary advice,
personalised strategies, tailored to individual characteristics
often led to better adherence to healthy eating and improve-
ments in specific biomarkers. However, the overall benefits
compared to standard dietary advice were often small or incon-
sistent, especially for outcomes like weight loss or long-term
health effects. While some personalised methods, particularly
those using digital tools and machine learning, show potential
for more targeted improvements, further high-quality research
is needed to confirm their effectiveness and long-term impact.
Future research should prioritise longer-term studies, better
stratification of responders and non-responders, and cost-
effectiveness evaluations to determine where and for whom
personalised nutrition adds the most value.

Conflicts of interest

There are no conflicts to declare.

656 | Food Funct., 2026, 17, 646-658

View Article Online

Food & Function

Data availability

No primary research results, software or code have been
included and no new data were generated or analysed as part
of this review.

Supplementary information is available. See DOI: https://
doi.org/10.1039/d5f002969d.

Acknowledgements

We acknowledge funding from Horizon Europe for Marie
Sklodowska-Curie Actions for Nutriome (Marie Sklodowska-
Curie Actions (GAP-101119497)).

References

1 World Health Organization, Noncommunicable diseases,
https://www.who.int/health-topics/noncommunicable-dis-
easesfftab=tab_1, (accessed 5 June 2025).

2 World Health Organization, Healthy diet, https:/www.who.
int/news-room/fact-sheets/detail/healthy-diet, (accessed
5 June 2025).

3 E. Gorynska-Goldmann, A. Murawska and G. Balcerowska-
Czerniak, Consumer Profiles of Sustainable Fruit and
Vegetable Consumption in Europe, Sustainability, 2023, 15,
15512.

4 B. R. da Silva, L. Brennan, M. A. Horst, D. S. Wishart and
C. M. Prado, Advancing precision nutrition: bridging
mechanistic insight and clinical implementation, Nat. Rev.
Endocrinol., 2025, 21(9), 515-517.

5 Y. Wu, B. Ehlert, A. A. Metwally, D. Perelman, H. Park,
A. W. Brooks, F. Abbasi, B. Michael, A. Celli, C. Bejikian,
E. Ayhan, Y. Lu, S. M. Lancaster, D. Hornburg, L. Ramirez,
D. Bogumil, S. Pollock, F. Wong, D. Bradley, G. Gutjahr,
E. S. Rangan, T. Wang, L. McGuire, P. Venkat Rangan,
H. Reeder, Z. Shipony, D. Lipson, T. McLaughlin and
M. P. Snyder, Individual variations in glycemic responses to
carbohydrates and underlying metabolic physiology, Nat.
Med., 2025, 31, 2232-2243.

6 S. E. Berry, A. M. Valdes, D. A. Drew, F. Asnicar, M. Mazidi,
J. Wolf, J. Capdevila, G. Hadjigeorgiou, R. Davies, H. Al
Khatib, C. Bonnett, S. Ganesh, E. Bakker, D. Hart,
M. Mangino, ]J. Merino, I. Linenberg, P. Wyatt,
J. M. Ordovas, C. D. Gardner, L. M. Delahanty, A. T. Chan,
N. Segata, P. W. Franks and T. D. Spector, Human postpran-
dial responses to food and potential for precision nutrition,
Nat. Med., 2020, 26, 964-973.

7 D. Zeevi, T. Korem, N. Zmora, D. Israeli, D. Rothschild,
A. Weinberger, O. Ben-Yacov, D. Lador, T. Avnit-Sagi,
M. Lotan-Pompan, J. Suez, J. A. Mahdi, E. Matot, G. Malka,
N. Kosower, M. Rein, G. Zilberman-Schapira, L. Dohnalova,
M. Pevsner-Fischer, R. Bikovsky, Z. Halpern, E. Elinav and
E. Segal, Personalized Nutrition by Prediction of Glycemic
Responses, Cell, 2015, 163, 1079-1094.

This journal is © The Royal Society of Chemistry 2026


https://doi.org/10.1039/d5fo02969d
https://doi.org/10.1039/d5fo02969d
https://doi.org/10.1039/d5fo02969d
https://www.who.int/health-topics/noncommunicable-diseases#tab=tab_1
https://www.who.int/health-topics/noncommunicable-diseases#tab=tab_1
https://www.who.int/health-topics/noncommunicable-diseases#tab=tab_1
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5fo02969d

Open Access Article. Published on 22 Hakihea 2025. Downloaded on 09/06/2026 3:30:10 p.m..

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Food & Function

8 L. Qi, Nutrition for precision health: The time is now,
Obesity, 2022, 30, 1335-1344.

9 O. Ramos-Lopez, J. A. Martinez and F. 1. Milagro, Holistic
Integration of Omics Tools for Precision Nutrition in
Health and Disease, Nutrients, 2022, 14, 4074.

10 J. R. Sempionatto, J. A. Lasalde-Ramirez, K. Mahato,

J. Wang and W. Gao, Wearable chemical sensors for bio-
marker discovery in the omics era, Nat. Rev. Chem., 2022, 6,
899-915.

11 M. A. Aldubayan, K. Pigsborg, S. M. O. Gormsen, F. Serra,

M. Palou, S. Galmés, A. Palou-March, C. Favari, M. Wetzels,
A. Calleja, M. A. Rodriguez Gomez, M. G. Castellnou,
A. Caimari, M. Galofré, D. Sufiol, X. Escoté, J. M. Alcaide-
Hidalgo, J. M. Del Bas, B. Gutierrez, T. Krarup, M. F. Hjorth
and F. Magkos, A double-blinded, randomized, parallel
intervention to evaluate biomarker-based nutrition plans
for weight loss: The PREVENTOMICS study, Clin. Nutr.,
2022, 41, 1834-1844.

12 L. Calderdn-Pérez, X. Escoté, J. Companys, J. M. Alcaide-

Hidalgo, M. Bosch, M. Rabassa, A. Crescenti, R. M. Valls,
A. Pedret, R. Sola, R. Mariné, K. Gil-Cardoso,
M. A. Rodriguez, H. Palacios, A. Del Pino, M. Guirro,
N. Canela, D. Suiiol, M. Galofré, S. Galmés, A. Palou-
March, F. Serra, A. Caimari, B. Gutiérrez and ]. M. Del Bas,
A single-blinded, randomized, parallel intervention to
evaluate genetics and omics-based personalized nutrition
in general population via an e-commerce tool: The
PREVENTOMICS e-commerce study, Am. J. Clin. Nutr.,
2024, 120, 129-144.

13 C. Celis-Morales, K. M. Livingstone, C. F. Marsaux,

A. L. Macready, R. Fallaize, C. B. O’Donovan, C. Woolhead,
H. Forster, M. C. Walsh, S. Navas-Carretero, R. San-
Cristobal, L. Tsirigoti, C. P. Lambrinou, C. Mavrogianni,
G. Moschonis, S. Kolossa, ]J. Hallmann, M. Godlewska,
A. Surwillo, I. Traczyk, C. A. Drevon, J. Bouwman, B. van
Ommen, K. Grimaldi, L. D. Parnell, J. N. Matthews,
Y. Manios, H. Daniel, J. A. Martinez, J. A. Lovegrove,
E. R. Gibney, L. Brennan, W. H. Saris, M. Gibney and
J. C. Mathers, Effect of personalized nutrition on health-
related behaviour change: evidence from the Food4Me
European randomized controlled trial, Int. J. Epidemiol.,
2017, 46, 578-588.

14 E. L. Doets, I. M. de Hoogh, N. Holthuysen, S. Wopereis,

M. C. D. Verain, J. van den Puttelaar, K. Hogenelst,
A. Boorsma, E. P. Bouwman, M. Timmer, W. J. Pasman,
M. van Erk and M. J. Reinders, Beneficial effect of person-
alized lifestyle advice compared to generic advice on well-
being among Dutch seniors - An explorative study, Physiol.
Behav., 2019, 210, 112642.

15 F. P. M. Hoevenaars, C. M. M. Berendsen, W. J. Pasman,

T. J. van den Broek, E. Barrat, I. M. de Hoogh and
S. Wopereis, Evaluation of Food-Intake Behavior in a
Healthy Population: Personalized vs. One-Size-Fits-All,
Nutrients, 2020, 12, 2819.

16 M. Haas, B. Brandl, L. Schinhammer and T. Skurk,

Individualized  Supplementation of Immunoactive

This journal is © The Royal Society of Chemistry 2026

17

18

19

20

21

22

23

24

25

View Article Online

Review

Micronutrients and Severity of Upper Respiratory Infection
Symptoms-A Randomized Intervention Study, Nutrients,
2024, 16, 1400.

M. E. Rollo, R. L. Haslam and C. E. Collins, Impact on
Dietary Intake of Two Levels of Technology-Assisted
Personalized Nutrition: A Randomized Trial, Nutrients,
2020, 12, 3334.

R. Zenun Franco, R. Fallaize, M. Weech, F. Hwang and
J. A. Lovegrove, Effectiveness of Web-Based Personalized
Nutrition Advice for Adults Using the eNutri Web App:
Evidence From the EatWellUK Randomized Controlled
Trial, J. Med. Internet Res., 2022, 24, €29088.

C. Galarregui, S. Navas-Carretero, M. A. Zulet,
C. J. Gonzalez-Navarro, J. A. Martinez, B. de Cuevillas,
H. Marcos-Pasero, E. Aguilar-Aguilar, G. Reglero,
A. Ramirez de Molina, P. Chausa, ]J. M. Iniesta,
M. E. Hernando, E. J. Gdmez, A. Garcia-Rudolph, A. Garcia-
Molina, V. Loria-Kohen and 1. Abete, Precision nutrition
impact on metabolic health and quality of life in aging
population after a 3-month intervention: A randomized
intervention, J. Nutr., Health Aging, 2024, 28, 100289.

E. Hillesheim, X. Yin, G. P. Sundaramoorthy and
L. Brennan, Using a Metabotype Framework to Deliver
Personalized Nutrition Improves Dietary Quality and
Metabolic Health Parameters: A 12-Week Randomized
Controlled Trial, Mol. Nutr. Food Res., 2023, 67, €2200620.

I. Trouwborst, A. Gijbels, K. M. Jardon, E. Siebelink,
G. B. Hul, L. Wanders, B. Erdos, S. Péter, C. M. Singh-Povel,
J. de Vogel-van den Bosch, M. E. Adriaens, I. C. W. Arts,
D. H. J. Thijssen, E. ]J. M. Feskens, G. H. Goossens,
L. A. Afman and E. E. Blaak, Cardiometabolic health
improvements upon dietary intervention are driven by
tissue-specific insulin resistance phenotype: A precision
nutrition trial, Cell Metab., 2023, 35, 71-83.e5.

K. M. Sturgeon, W. Foo, M. Heroux and K. Schmitz,
Change in Inflammatory Biomarkers and Adipose Tissue in
BRCA1/2(+) Breast Cancer Survivors Following a Yearlong
Lifestyle Modification Program, Cancer Prev. Res., 2018, 11,
545-550.

J. R. Horne, J. A. Gilliland, M. C. Vohl and ]. Madill,
Exploring Attitudes, Subjective Norms and Perceived
Behavioural Control in a Genetic-Based and a
Population-Based Weight Management Intervention: A
One-Year Randomized Controlled Trial, Nutrients, 2020, 12,
3768.

M. Karvela, C. T. Golden, N. Bell, S. Martin-Li, J. Bedzo-
Nutakor, N. Bosnic, P. DeBeaudrap, S. de Mateo-Lopez,
A. Alajrami, Y. Qin, M. Eze, T. K. Hon, ]J. Simon-Sanchez,
R. Sahoo, ]J. Pearson-Stuttard, P. Soon-Shiong,
C. Toumazou and N. Oliver, Assessment of the impact of a
personalised nutrition intervention in impaired glucose
regulation over 26 weeks: a randomised controlled trial,
Sci. Rep., 2024, 14, 5428.

M. S. McCarthy, Z. T. Colburn, K. Y. Yeung, L. H. Gillette,
L. H. Hung and E. Elshaw, A Randomized Controlled Trial
of Precision Nutrition Counseling for Service Members at

Food Funct, 2026,17, 646-658 | 657


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5fo02969d

Open Access Article. Published on 22 Hakihea 2025. Downloaded on 09/06/2026 3:30:10 p.m..

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Review

26

27

28

29

30

31

Risk for Metabolic Syndrome, Mil. Med., 2023, 188, 606-
613.

D. E. Nielsen and A. El-Sohemy, Disclosure of genetic infor-
mation and change in dietary intake: a randomized con-
trolled trial, PLoS One, 2014, 9, €112665.

K. Roke, K. Walton, S. L. Klingel, A. Harnett, S. Subedi,
J. Haines and D. M. Mutch, Evaluating Changes in Omega-
3 Fatty Acid Intake after Receiving Personal FADS1 Genetic
Information: A Randomized Nutrigenetic Intervention,
Nutrients, 2017, 9, 240.

0. Ben-Yacov, A. Godneva, M. Rein, S. Shilo, M. Lotan-
Pompan, A. Weinberger and E. Segal, Gut microbiome
modulates the effects of a personalised postprandial-target-
ing (PPT) diet on cardiometabolic markers: a diet interven-
tion in pre-diabetes, Gut, 2023, 72, 1486-1496.

A. Y. Kharmats, C. Popp, L. Hu, L. Berube, M. Curran,
C. Wang, M. L. Pompeii, H. Li, M. Bergman, D. E. St-Jules,
E. Segal, A. Schoenthaler, N. Williams, A. M. Schmidt,
S. Barua and M. A. Sevick, A randomized clinical trial com-
paring low-fat with precision nutrition-based diets for
weight loss: impact on glycemic variability and HbAlc,
Am. J. Clin. Nutr., 2023, 118, 443-451.

C. J. Popp, L. Hu, A. Y. Kharmats, M. Curran, L. Berube,
C. Wang, M. L. Pompeii, P. Illiano, D. E. St-Jules,
M. Mottern, H. Li, N. Williams, A. Schoenthaler, E. Segal,
A. Godneva, D. Thomas, M. Bergman, A. M. Schmidt and
M. A. Sevick, Effect of a Personalized Diet to Reduce
Postprandial Glycemic Response vs a Low-fat Diet on
Weight Loss in Adults With Abnormal Glucose Metabolism
and Obesity: A Randomized Clinical Trial, JAMA Netw.
Open, 2022, 5, €2233760.

M. Rein, O. Ben-Yacov, A. Godneva, S. Shilo, N. Zmora,
D. Kolobkov, N. Cohen-Dolev, B. C. Wolf, N. Kosower,

658 | Food Funct, 2026,17, 646-658

32

33

34

35

36

View Article Online

Food & Function

M. Lotan-Pompan, A. Weinberger, Z. Halpern, S. Zelber-
Sagi, E. Elinav and E. Segal, Effects of personalized diets by
prediction of glycemic responses on glycemic control and
metabolic health in newly diagnosed T2DM: a randomized
dietary intervention pilot trial, BMC Med., 2022, 20, 56.

K. M. Bermingham, I. Linenberg, L. Polidori, F. Asnicar,
A. Arre, J. Wolf, F. Badri, H. Bernard, ]J. Capdevila,
W. J. Bulsiewicz, C. D. Gardner, J. M. Ordovas, R. Davies,
G. Hadjigeorgiou, W. L. Hally L. M. Delahanty,
A. M. Vvaldes, N. Segata, T. D. Spector and S. E. Berry,
Effects of a personalized nutrition program on cardiometa-
bolic health: a randomized controlled trial, Nat. Med.,
2024, 30, 1888-1897.

G. Kallapura, A. S. Prakash, K. Sankaran, P. Manjappa,
P. Chaudhary, S. Ambhore and D. Dhar, Microbiota based
personalized nutrition improves hyperglycaemia and
hypertension parameters and reduces inflammation: a pro-
spective, open label, controlled, randomized, comparative,
proof of concept study, Peer/, 2024, 12, €17583.

P. Muntner, D. Shimbo, R. M. Carey, J. B. Charleston,
T. Gaillard, S. Misra, M. G. Myers, G. Ogedegbe,
J. E. Schwartz, R. R. Townsend, E. M. Urbina, A. J. Viera,
W. B. White and J. T. Wright Jr., Measurement of Blood
Pressure in Humans: A Scientific Statement From the
American Heart Association, Hypertension, 2019, 73, e35-
€66.

N. Guess, Big data and personalized nutrition: the key evi-
dence gaps, Nat. Metab., 2024, 6, 1420-1422.

R. Jinnette, A. Narita, B. Manning, S. A. McNaughton,
J. C. Mathers and K. M. Livingstone, Does Personalized
Nutrition Advice Improve Dietary Intake in Healthy Adults?
A Systematic Review of Randomized Controlled Trials, Adv.
Nutr., 2021, 12, 657-6609.

This journal is © The Royal Society of Chemistry 2026


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5fo02969d

	Button 1: 


