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Abstract

Background/Objectives: Type 2 diabetes (T2D) is a multifactorial disorder arising from
complex interactions between genetic susceptibility and environmental exposures, includ-
ing diet. This systematic review aimed to synthesize and critically evaluate evidence
on gene—diet interactions in T2D-related phenotypes among adults without diagnosed
T2D at baseline. Methods: The review was conducted according to PRISMA guidelines
and registered in PROSPERO (CRD420251175793). PubMed and Embase were systemati-
cally searched for eligible studies published up to November 2025. Observational studies
and intervention trials examining interactions between dietary exposures and genetic
variants, haplotypes, or genetic risk scores (GRSs) in relation to incident T2D, insulin
resistance, glycemic traits, or 3-cell function were included. Risk of bias was assessed using
study design-specific tools. Results: A total of 61 reports representing 27 unique studies
met the eligibility criteria, comprising 30 reports of randomized trials and 31 reports of
non-randomized studies. Across studies, 55 Single Nucleotide Polymorphisms (SNPs) in
40 genes were examined, while 11 studies evaluated GRSs. The most frequently studied loci
included TCF7L2, ADIPOQ, FTO, IRS1, GIPR and PPM1K. Reported interactions involved
dietary patterns, macronutrient composition, dietary fat quality, fiber/whole-grain intake
and specific foods, influencing incident T2D, insulin-related traits and glycemic outcomes.
However, findings were heterogeneous, frequently inconsistent, and often lacked inde-
pendent replication. Most randomized and non-randomized studies were judged at high
or serious risk of bias. Conclusions: Genetic variation may contribute to interindividual
differences in metabolic responses to diet, although robust and reproducible gene-diet
interactions remain limited. Larger, well-powered, standardized studies across diverse pop-
ulations are needed to establish clinically meaningful applications of Precision Nutrition
(PN) in T2D prevention.

Keywords: nutrigenetics; precision nutrition; polymorphisms; dietary patterns; glycemic
control; personalized nutrition

1. Introduction

Type 2 diabetes (T2D) is a highly prevalent, multifactorial, and heritable metabolic
disorder characterized by a complex and heterogeneous genetic architecture [1,2]. It
represents a major and growing global public health challenge, with approximately one in
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nine adults—nearly 589 million people—currently living with diabetes, of which around
90% of cases are T2D [2,3]. By 2045, this number is projected to reach 700 million [4].
Although T2D predominantly affects adults over 50 years of age, its incidence is rising
among children, adolescents, and young adults [5].

From a pathophysiological perspective, T2D is defined by impaired insulin secretion
due to pancreatic 3-cell dysfunction and reduced tissue responsiveness to insulin. In early
disease stages, compensatory hyperinsulinemia partially preserves glucose homeostasis;
however, progressive (3-cell failure ultimately leads to overt T2D. Functionally, 3-cell dys-
function is reflected in a blunted first-phase postprandial insulin response and prolonged
postprandial hyperinsulinemia [6,7]. Impaired glucose tolerance (IGT), an intermediate
state between normoglycemia and diabetes, is marked by elevated blood glucose concentra-
tions and confers substantial risk for progression to overt T2D, with up to 70% of affected
individuals developing diabetes and an annual conversion rate of 5-10% [8,9].

Beyond metabolic dysregulation, T2D is increasingly recognized as a chronic low-
grade inflammatory condition. Inflammation contributes to insulin resistance and {3-cell
dysfunction, while hyperglycemia and broader metabolic disturbances further amplify
inflammatory processes [10]. Consequently, T2D is associated with both microvascular
and macrovascular complications, notably retinopathy, neuropathy, nephropathy, and
atherosclerotic cardiovascular disease [2]. Individuals with T2D have a two- to three-fold
higher risk of atherosclerotic cardiovascular disease [11] and life expectancy is reduced by
seven years for men and approximately six years for women [12].

T2D arises from a complex interplay between genetic susceptibility and environmental
exposures. Major contributing factors include obesity, physical inactivity, energy-dense
and nutritionally poor dietary patterns, chronic stress, and family history [13,14]. Ethnicity
also influences disease onset and progression, with White and Asian populations showing
lower age-adjusted prevalence than Hispanic and Black populations [15]. At the genetic
level, T2D is associated with variation in pathways regulating 3-cell function and insulin
secretion (e.g., KCNJ11), insulin signaling and action (e.g., IRS1, PPARG, and FTO), appetite
and energy homeostasis (e.g., MC4R), and transcriptional control of glucose metabolism
(e.g., TCF7L2) [6,13]. By 2022, multi-ancestry genome-wide association studies (GWAS)
had identified more than 700 loci associated with T2D; however, these account for only
around 20% of disease heritability, underscoring the problem of “missing heritability,” as
individual common variants generally confer only modest effects on risk (approximately
10-30%) [1,16]. In contrast, family history remains a strong predictor of T2D, with heritabil-
ity estimates ranging from 20% to 80% [17]. The risk of developing T2D is approximately
two- to three-fold higher in individuals with an affected first-degree relative and five- to
six-fold higher in those with both maternal and paternal family history [18].

Dietary and lifestyle modifications, particularly weight management, can prevent
or delay T2D onset, with physical activity and healthy dietary interventions reducing
risk by up to 47%. Protective patterns such as the Mediterranean diet and the Dietary
Approaches to Stop Hypertension (DASH) are rich in whole grains, fiber, and low-fat
dairy, whereas high glycemic load diets high in added sugars and red/processed meat
are associated with increased risk [19,20]. Nevertheless, responses to dietary interventions
vary substantially between individuals, and personalized approaches may yield differing
degrees of glycemic and metabolic improvement compared with standard recommenda-
tions [21]. This heterogeneity underscores the importance of individual genetic architecture
and gene-diet interactions in T2D. Genetic variants and dietary exposures may converge
on shared molecular pathways involved in glucose metabolism, insulin sensitivity, and
inflammation, generating effects that are not simply additive [3,22].
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Understanding gene—diet interactions in T2D is, therefore, critical for advancing
evidence-based, personalized dietary prevention strategies. Historically, progress in this
field was limited by methodological constraints, including incomplete characterization of
genetic risk and reliance on multiplicative interaction models, which may have obscured
genotype-specific dietary responses. Advances in Nutrigenetics and Precision Nutrition
(PN) over the past decade have addressed several of these limitations [23,24]. However,
clinical implementation remains limited due to methodological heterogeneity, technical
constraints, insufficient clinical trial data, limited population diversity, and practical barriers
to translation [25-27].

Previous reviews have summarized the biological rationale and emerging evidence
supporting PN approaches in diabetes prevention and management, including a recent
narrative review of gene—diet interactions [28] and a systematic review of gene-lifestyle
interactions in relation to T2D incidence [29]. However, previous syntheses have primarily
focused on T2D risk, specific lifestyle factors, or broader diabetes populations. A systematic
evaluation focusing on adults without diagnosed T2D at baseline and integrating evidence
from both observational studies and intervention trials remains limited. Therefore, this
systematic review aimed to synthesize and critically evaluate the existing evidence on
gene—diet interactions in this population, with an emphasis on PN and metabolic outcomes.

2. Materials and Methods
2.1. Search Strategy

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Review and Meta-Analyses (PRISMA) guidelines and was registered
in PROSPERO (CRD420251175793). A comprehensive literature search was independently
performed by two investigators in PubMed and Embase to identify relevant studies pub-
lished up to 30 November 2025. The search strategy was developed by consensus and
combined Medical Subject Headings (MeSH) and free-text keywords related to type 2 di-
abetes, gene-diet interactions, genetic variation, dietary exposures and relevant study
designs. The complete database-specific search strategies, including search terms, Boolean
operators, field tags and applied limits, are provided in Supplementary Table S1.

All retrieved records were imported into Rayyan (Rayyan Systems Inc., Doha, Qatar;
web version, accessed 20 December 2025), a web-based platform designed for systematic
review management [30]. Duplicate entries were removed, followed by title and abstract
screening. In addition, the reference lists of all included studies and relevant review
articles were manually screened, and forward citation tracking was performed to identify
additional eligible studies.

2.2. Study Selection

Two investigators independently screened all records for inclusion in the systematic
review using a two-step process: first by reviewing titles and abstracts, and then by evalu-
ating full-text articles, according to predefined inclusion and exclusion criteria. Eligibility
was assessed using the Population, Intervention, Comparator, Outcome, and Study design
(PICOS) framework [31] (Table 1).

Primary outcomes of interest were the incidence or risk of T2D, measures of insulin
resistance such as the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR),
and indicators of glucose homeostasis, including fasting glucose, fasting insulin, glycated
hemoglobin (HbAlc), and results from oral glucose tolerance tests (OGTT). Secondary out-
comes included metabolic biomarkers relevant to glycemic control. Although case-control,
nested case—control, and case—cohort studies were eligible, only analyses relevant to adults
without diagnosed T2D at baseline or those evaluating incident T2D risk among individuals
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free of diagnosed T2D at baseline, as well as intermediate glycaemic phenotypes prior to
diagnosis, were considered for inclusion. Both observational and interventional human
studies were eligible for inclusion, specifically cohort, case—control, and cross-sectional
studies that reported interaction terms, as well as randomized and non-randomized clinical
trials. Studies were excluded if they were conducted in non-human or in vitro models, if
written in a language other than English, or were review articles, letters, case reports, or
study protocols. Furthermore, studies were excluded if they lacked either formal interaction
testing or stratified analyses that allowed for the evaluation of gene-nutrient interactions.

Table 1. Eligibility criteria based on the PICOS framework.

Component Criterion

Adults without diagnosed T2D at baseline, with available

Population (P) genetic and dietary exposure data.

Dietary exposures including (a) habitual nutrient or food
intake (e.g., macronutrients, dietary patterns, specific
foods), and/or (b) nutrient supplementation. All studies

Intervention/Exposure (I) included genotyping for polymorphisms in genes related
to glucose homeostasis, insulin resistance, or T2D risk,
reported as individual SNPs, haplotypes, or genetic risk
scores.

(a) Different levels or categories of dietary intake (e.g., high
vs. low intake), different doses of nutrient

Compearator (C) supplementation, or placebo; and (b) genetic comparisons,
including variant vs. ancestral alleles, different genotype
groups, haplotypes, or categories of genetic risk scores.

Outcomes related to glucose metabolism, including
incident T2D, fasting glucose, HbAlc, insulin, HOMA-IR,
HOMA-B, OGTT-derived measures, and other markers of
insulin resistance or (3-cell function.

Outcomes (O)

Observational studies (cohort, case—control, cross-sectional)
and intervention studies (randomized controlled trials,
crossover trials, non-randomized interventions) examining
gene—diet interactions.

HbA1lc, Glycated hemoglobin; HOMA-B, Homeostatic Model Assessment of 3-cell function; HOMA-IR, Homeo-
static Model Assessment for Insulin Resistance; OGTT, Oral glucose tolerance test.

Study design (S)

There were no restrictions placed on the publication date. Only full-text, peer-reviewed
articles were included in the final analysis. Gray literature (including conference abstracts,
dissertations, trial registries and preprints) was not searched or considered for inclusion.
Investigators were blinded to each other’s decisions during the screening process, and any
discrepancies were resolved by consensus following independent assessments.

2.3. Data Extraction

In this systematic review, outcome data were extracted exclusively from participants
for whom both genetic information and data on nutrient intake or supplementation were
available. Two investigators independently performed the data extraction process, and any
discrepancies were resolved through consensus. For each included study, the following
information was extracted: first author’s name, year of publication, study design, partici-
pant characteristics (including sample size, sex, age and intervention details), the genetic
variant(s) investigated and the primary and secondary outcomes, along with corresponding
statistical findings.
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When studies reported multiple outcomes, dietary exposures, genetic variants, statis-
tical models, or follow-up time points, data were extracted for all gene—diet interactions
relevant to the predefined outcomes of interest and reported in the review. For studies with
repeated measurements, results from the primary intervention time point or main analysis
were extracted, while additional follow-up findings were included where they provided
clinically relevant information. When multiple analyses were available within a study, data
extraction followed a predefined hierarchy prioritizing the prespecified primary outcome,
the primary intervention or follow-up time point, the most fully adjusted statistical model,
and formal tests of gene—diet interaction. Where available, multiplicity-adjusted results
were preferentially extracted. This approach was applied consistently across all included
studies to minimize selective emphasis during data extraction.

All extracted data were systematically organized and grouped according to the re-
ported study outcomes (incident T2D risk, insulin-related traits, and glycemic traits/3-cell
function). This outcome-based approach was selected to facilitate comparison of gene-diet
interactions across clinically related metabolic endpoints. Within each outcome category,
evidence from observational and intervention studies was synthesized narratively, while
study design, methodological characteristics, and risk-of-bias assessments were explicitly
reported and considered during interpretation of the findings. This approach enabled
the integration of evidence across clinically related outcomes while acknowledging the
differing methodological strengths and limitations of the included study designs.

2.4. Risk of Bias Assessment

The risk of bias in the included studies was assessed independently by two inves-
tigators following the Cochrane Review guidelines [32] and conflicts were resolved by
consensus. For randomized controlled trials, the Revised Cochrane risk-of-bias tool for
randomized trials (RoB 2) was applied. The appropriate version—either the parallel-group
or crossover RoB 2 tool—was selected based on study design. Each trial was rated at the
domain level and overall, as having ‘low risk’, ‘some concerns’, or ‘high risk’ of bias [33].

For non-randomized studies, the ROBINS-I (Risk Of Bias In Non-randomized Studies
of Interventions) tool was used. Although ROBINS-I was originally developed for non-
randomized studies of interventions, its conceptual framework is based on the emulation
of a hypothetical target trial and has been applied in systematic reviews, including hetero-
geneous non-randomized study designs [32]. In the context of nutritional epidemiology,
habitual dietary exposures can be conceptualized as modifiable intervention strategies
within this framework, allowing a structured assessment of bias across observational stud-
ies evaluating diet-disease relationships. Accordingly, the hypothetical target trial was
conceptualized as comparing individuals exposed to different dietary patterns or nutrient
intakes while aiming to emulate comparable baseline conditions, recognizing that dietary
exposures were naturally occurring rather than assigned. Nevertheless, because these
studies assessed naturally occurring dietary exposures rather than assigned interventions,
ROBINS-I was applied pragmatically, and the resulting risk-of-bias assessments were in-
terpreted cautiously, considering the methodological limitations inherent to observational
exposure studies [34].

For the confounding domain, study-specific assessments were conducted by consid-
ering factors likely to influence both dietary exposure and the metabolic outcome under
investigation. Rather than applying a uniform set of covariates across all studies, the evalu-
ation was tailored to each study design and research question, considering demographic,
anthropometric, metabolic, lifestyle and clinical characteristics, as well as population
structure where appropriate. Investigators evaluated each study across the relevant bias
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domains and provided an overall risk of bias rating categorized as ‘low,” ‘moderate, ’
‘serious, ” “critical, ” or ‘unclear’ [35].

3. Results
The reporting of the available information is shown in the PRISMA checklist in Table S2
in Supporting Information online.

3.1. Search Procedure

The search yielded 631 records. After removing duplicates (n = 340), 291 records were
screened by title and abstract. Following screening, 142 full-text reports were assessed for
eligibility. Ultimately, 61 reports representing 27 unique studies met the inclusion criteria.
A detailed flow of the study selection process and reasons for exclusion is presented in

Figure 1.
[ Identification of studies via databases and registers ]
s Records identified:
'E PubMed (n = 308) sRcerc;:rrt;Z S;famoved before
;E.. Embase (n'= 323) Duplicate records removed
S _ (n =340)
T Total (n =631)
A4
Records screened Records excluded
—
(n=291) (n=149)
A4
Reports sought for retrieval Reports not retrieved
= (n=142) ’ (n=0)
=
@
2
3 A4
Reports assessed for eligibility
(n =142) —»| Reports excluded:
No comparison by genotype
(n=36)
Intervention not solely based
on diet/nutrition (n = 45)
—
\4
3 Studies included in review
S (n=27)
= Reports of included studies
£ (n=61)

Figure 1. Flow diagram of the literature search process [31].

3.2. Characteristics of Included Studies

The characteristics of the included reports are presented in Tables 2-4. Among the
61 included reports, 23 were randomized controlled trials (RCTs) (37.7%), 7 were crossover
RCTs (11.5%), 10 were cohort studies (16.5%), 8 were cross-sectional studies (13.1%), 8 were
non-randomized dietary interventions (13.1%), 3 were case—control studies (4.9%), 1 was a
case—cohort study (1.6%), and 1 was an exploratory nested case—control with confirmatory

case—cohort design (1.6%).
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Across these reports, 55 distinct SNPs in 40 genes were investigated. In addition,
11 reports used genetic risk scores (GRSs), incorporating between 6 and 116 SNPs or an
unspecified number of diabetes-related variants, while one further report used an aggregate
score based on two variants.

The genes most frequently examined included TCF7L2, ADIPOQ, FTO, IRS1, GIPR,
PPM1K, FABP2 and BDNF, although a wide range of loci involved in glucose metabolism,
insulin signaling, lipid metabolism and energy regulation were represented. The included
reports encompassed populations of predominantly European, Asian, and North American
ancestry, although some studies were conducted in Middle Eastern and other populations.
Dietary exposures included overall dietary patterns, macronutrient composition, dietary fat
quality, specific foods, nutrient intakes, and controlled hypocaloric interventions. Although
all included participants were free of diagnosed T2D at baseline, the study populations
varied considerably with respect to metabolic characteristics, including metabolically
healthy adults, overweight or obese individuals, and participants with cardiometabolic risk
factors. Intervention duration and follow-up, where applicable, ranged from short-term
dietary interventions lasting only a few weeks to prospective cohort studies with several
years of follow-up.

3.3. Outcomes

Three main outcome categories were identified in the included studies: incident T2D
risk (n = 13), insulin-related traits (n = 41), and glycemic traits and (3-cell function (n = 7).
Within each category, studies were further classified by type of dietary exposure. The
findings of the included studies by outcome are shown in Tables 2—4.

Regarding Hardy—Weinberg equilibrium (HWE), 47 studies reported that genotype
distributions were consistent with HWE, 1 study reported deviation from HWE, and
13 studies did not report HWE. HWE is commonly used in genetic studies to assess
whether genotype frequencies in the study population are consistent with those expected
in the source population [36].

3.4. Gene—Diet Interactions on Incident T2D/T2D Risk
3.4.1. Polygenic Risk Scores and Overall Diet Quality/Dietary Patterns

Four studies examined whether overall diet quality or dietary patterns modified the
association between GRS and T2D risk (Table 2A). In two large European cohort studies, no
significant interaction was observed between GRS and adherence to either the EAT-Lancet
diet index or the Mediterranean diet score in relation to incident T2D, although individuals
with both high genetic risk and poorer diet quality had exhibited higher overall risk [37,38].
Similarly, Li et al. (2018) found no evidence that macronutrient composition modified
associations between either a T2D GRS or an insulin-resistance GRS and incident T2D [39].

In contrast, Qi et al. (2009) reported a significant interaction between a 10-SNP GRS
and a Western dietary pattern, such that higher adherence to the Western pattern was
associated with greater T2D risk among individuals with high GRS, whereas no clear
association was observed among lower-risk groups [40]. The same study also identified
significant interactions for specific Western diet components, including red meat, processed
meat, and heme iron intake [40].

3.4.2. Genetic Variants Interacting with Macronutrient Intake

Five cohort studies examined interactions between genetic variants and macronutrient
intake in relation to incident T2D (Table 2B). In a Korean cohort, energy intake modified
the association between a 6-SNP GRS and T2D, with stronger associations observed among
individuals with higher energy intake [41]. However, no significant interactions were
observed for carbohydrate, protein, fat, or calcium intake.
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Table 2. Gene—diet interactions on incident T2D/diabetes risk.

Study

Study
Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s)

EAF

HWE Met

Intervention/Exposure

Outcome (Measure)

Result

A. Polygenic risk scores and overall diet quality / dietary patterns

Langenberg et al.,
2014 ([37])

Cohort

16,154 (49.8/50.2)

51.9+9.5

European

49-SNP GRS

0.08-0.94

Mediterranean
diet score

Incident T2D

Formal interaction test: Not
significant (all interaction
p>0.10).

Main finding: No
SNP-Mediterranean diet
interaction remained significant
after Bonferroni correction.

Zhangetal.,
2023 ([38])

Cohort

23,441 (38.5/61.5)

581+7.7

European

116-SNP GRS

NA

NA

EAT-Lancet diet index

Incident T2D: HRs;
Population attributable
risk (PAR) for highest
diet-index category

Formal interaction test: Not
significant (multiplicative

p =0.59; additive p = 0.44).
Main finding: Participants with
high genetic risk and low
EAT-Lancet diet adherence had
the highest T2D risk (HR 1.79,
95% CI1.63-1.96).

Lietal., 2018 ([39])

Cohort

12,158 (37.9/62.1)

52.3+9.3

European

GRS (number of
SNPs NA)

NA

NA

Habitual dietary intake
as % of total energy
intake

T2D and insulin
resistance incidence

Formal interaction test: Not
significant (T2D GRS: Pint > 0.20;
insulin-resistance GRS:

Pint > 0.21).

Main finding: Macronutrient
composition did not modify the
association between genetic risk
and incident T2D.

Qi etal., 2009 ([40])

Case-Control

1337 (1337/0)

55.0£9.0

European

10-SNP GRS

NA

Prudent dietary pattern
(vegetables, fruit,
legumes, whole grains,
fish, poultry) vs.
Western dietary pattern
(processed /red meat,
butter, high-fat dairy,
eggs, refined grains)

T2D risk

Formal interaction test:
Significant (Western dietary
pattern X< GRS,

Pinteraction = 0.02).

Main finding: Greater adherence
to the Western dietary pattern
was associated with higher T2D
risk only among individuals with
high genetic risk (Q4 vs. Q1: OR
2.06,95% CI1.48-2.88;

Ptrend = 0.01).

Additional findings: The
interaction remained significant
after restricting the analysis to
participants without prevalent
T2D and after excluding smokers.
Significant interactions were also
observed for red meat, processed
meat, and heme iron intake.
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Table 2. Cont.

Study

No. of
Participants—All
(M/F%)

Study
Design

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s) EAF HWE Met Intervention/Exposure

Outcome (Measure)

Result

B. Genetic variants interacting with macronutrient intake

Hongetal.,,
2018 ([41])

Cohort 8842 (53.8/46.2)

523 £89

Korea

Habitual intake of 23
nutrients (Korean food
composition table)

6-SNP GRS NA NA

T2D (definition using
fasting glucose/2 h
OGTT
glucose/antidiabetic
medication); glucose
intolerance; HbAlc;
fasting insulin;
HOMA-IR; HOMA-B.

Formal interaction test:
Significant only for energy intake
(Pinteraction = 0.0105).

Main finding: Higher energy
intake strengthened the
association between the GRS and
T2D risk. Compared with the
medium genetic-risk group, the
OR for T2D in the high
genetic-risk group increased from
1.557 (95% CI11.204-2.013) in the
low-energy intake stratum to
2.080 (95% CI1.416-3.058) in the
high-energy intake stratum.
Additional findings: No
significant gene—diet interactions
were observed for HOMA-B.

Kimetal.,
2018 ([42])

Cohort 8842 (47.3/52.7)

40-69

Korea

Habitual energy,
protein, carbohydrate,
fat and calcium intake

10-SNP GRS 0.19-0.48 Y

T2D risk; HbAlc;
HOMA-IR; HOMA-B

Formal interaction test: Not
significant for carbohydrate
intake (Pinteraction = 0.0727). No
significant interactions were
observed for HOMA-IR

(p =0.3888) or HOMA-B
(p=0.1122).

Main finding: The association
between the GRS and T2D risk
appeared stronger among
individuals with lower
carbohydrate intake. In the
low-carbohydrate group, the ORs
for T2D were 1.91 (95% CI
1.52-2.40) for the medium GRS
and 2.27 (95% CI 1.72-2.99) for
the high GRS (vs. low GRS),
compared with 1.94 (95% CI
1.18-3.18) for the high GRS in the
high-carbohydrate group.
Additional findings: Reduced
HOMA-B with increasing genetic
risk was observed primarily
among individuals with lower
carbohydrate intake.
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Table 2. Cont.

No. of
Participants—All
(M/F%)

Study

Study Design

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s) EAF HWE Met Intervention/Exposure

Outcome (Measure) Result

Sonestedt etal.,

2012 ([43]) Cohort

24,840 (38.6/61.4)

45-74

Caucasian

macronutrient intake as

GIPR rs10423928 0.22 Y
% of non-alcohol energy

Main finding: Higher
carbohydrate intake reduced T2D
risk among TT carriers by 23%
(Ptrend = 0.005). (Ptrend = 0.005),
whereas higher fat intake reduced
T2D risk among AA carriers by
69% (HR =0.31;95% CI10.14-0.71;
P trend = 0.04).

Additional findings: No
significant interactions were
observed for HbAlc or
HOMA-IR.

Formal interaction test:
Significant for carbohydrate
(Pinteraction = 0.0005) and fat
intake (Pinteraction = 0.0006).
Main finding: Higher
carbohydrate intake was
associated with a 23% lower risk
of T2D among TT homozygotes
(95% CI5-38%; Ptrend = 0.005),
whereas it was associated with an
increased risk among AA
homozygotes (Ptrend = 0.04).
Conversely, among AA
homozygotes, the highest quintile
of fat intake was associated with a
69% lower risk of T2D (HR 0.31,
95% CI0.14-0.71) compared with
the lowest quintile.

Incident T2D

Fisher etal., 2011
([44])

nested

case—control 2248 (38/62)

35-65

Germany

total fat, SFA, MUFA,
PUFA intake as %
energy

CAV21s2270188 0.5 Y

Formal interaction test:
Significant for total fat
(Pinteraction = 0.02) and
saturated fat

(Pinteraction = 0.002).

Main finding: Higher total fat and
saturated fat intake increased
T2D risk among TT homozygotes
(per +1% energy: fat RR = 1.06;
p=0.002 and SFARR =1.12;

p =0.0006).

Incident-T2D (HR/RR)
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Table 2. Cont.

Study

No. of
Participants—All
(M/F%)

Study
Design

Age (Years,

Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s)

EAF

HWE Met Intervention/Exposure Outcome (Measure)

Result

Ericson et al.,
2013 ([45])

Cohort 24,841 (38.7/61.3)

45-74

Sweden

IRS1 152943641

0.37

Incident T2D (mean
follow-up 12 years);
fasting glucose/insulin
and HOMA-IR in
6103-person subsample

carbohydrate, protein,
Y fatas % of energy
and fiber

Formal interaction test:
Significant for sex x genotype x
carbohydrate (p = 0.01) and sex x
genotype x fat (p =0.01)
interactions on incident T2D.
Main finding: The protective
association of the T allele with
incident T2D differed according
to sex and macronutrient intake.
In women, the protective effect
was observed only with low- and
moderate-carbohydrate intake
(both Ptrend = 0.01), with the
lowest T2D risk among TT
homozygotes consuming a
low-carbohydrate diet (HR 0.51,
95% CI0.32-0.81). In men, the
protective effect was evident with
low-fat intake (Ptrend = 0.01) and
high-carbohydrate intake
(Ptrend = 0.04), with the lowest
T2D risk among TT homozygotes
consuming a low-fat diet (HR
0.62,95% CI0.37-1.02).

Hindy etal.,
2012 ([46])

Cohort 5216 (41/59)

M:57.5+6.0,
F:57.3+59

Sweden

TCF7L2 rs7903146

0.26

Total energy (kJ);
carbohydrate, fat,

v protein (% of
non-alcohol energy);
fiber (g per 4184
kJ /1000 kcal)

Incident T2D; baseline
HbA1lc; baseline fasting
glucose

Formal interaction test:
Significant for fiber intake
(Pinteraction = 0.049).

Main finding: Higher fiber intake
was associated with a lower risk
of incident T2D only among CC
homozygotes (OR 0.74, 95% CI
0.58-0.94), whereas no protective
association was observed among
CTor TT carriers.

Additional findings: The fiber x
genotype interaction remained
significant after excluding energy
misreporters (p = 0.006) and
dietary changers (p = 0.046). A
significant interaction was also
observed for baseline HbAlc
(Pinteraction = 0.020), with the T
allele associated with higher
HbAlc only in the highest fiber
quintile (Ptrend = 0.002), whereas
no interaction was observed for
fasting glucose.
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Table 2. Cont.

Study

Study
Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s) EAF

HWE Met

Intervention/Exposure

Outcome (Measure)

Result

C. Gene—food interactions

Fisher etal.,
2009 ([47])

Case—Cohort

2318 (NA) 35-65

Germany

TCF7L2 rs7903146 0.25

NA

Whole-grain intake
modeled per 50 g/day
portion

Incident T2D (weighted
Cox; HR)

Formal interaction test:
Significant (Pinteraction = 0.016).
Main finding: Higher
whole-grain intake was
associated with lower T2D risk
among C homozygotes (HR per
50 g/d =0.86,95% CI0.75-0.99)
but not among T-allele carriers
(HR per50 g/d =1.08,95% CI
0.96-1.23).

Corellaetal.,
2016 ([48])

RCT

M: 55-80/F:

7098 (42.7/57.3) 080

Caucasian

CLOCK rs4580704 0.38

Mediterranean diet
(MedDiet) +
extra-virgin olive oil
(EVOO) or MedDiet +
nuts vs. low-fat control
diet

Fasting glucose
(baseline, non-T2D);
incident T2D

Formal interaction test: Not
significant (Pinteraction = 0.052).
Main finding: G-allele carriers
had a lower risk of incident T2D
than CC homozygotes (HR = 0.68,
95% CI0.54-0.86; multivariable
HR =0.69, 95% CI10.54-0.87). The
protective association was more
pronounced in the Mediterranean
diet intervention groups

(HR =0.58, 95% CI 0.43-0.78)
than in the low-fat control group
(HR 0.95,95% CI0.63-1.44).

Lamrietal.,

2016 ([49])

Cohort

5212 (NA) 30-65

Caucasian

FFAR4 rs116454156 0.01

Dietary fat intake as
g/day and % energy

Incident T2D (ADA:
fasting plasma glucose
> 7.0mmol/L or
diabetes treatment)
over 9 years

Formal interaction test:
Significant for dietary fat
expressed as g/day
(Pinteraction = 0.04) and
sex-specific tertiles
(Pinteraction = 0.03); not
significant when fat was
expressed as percentage of energy.
Main finding: Among low-fat
consumers, RH carriers had a
higher risk of incident T2D than
RR homozygotes (OR 4.81
[1.52-13.64], p = 0.004).

ADA, American Diabetes Association; CHO, carbohydrate; CI, confidence interval; EAF, effect allele frequency; EVOO, extra-virgin olive oil; HR, hazard ratio; kcal, kilocalories; k],
kilojoules; MedDiet, Mediterranean diet; M/F, male/female; MUFA, monounsaturated fatty acids; NA, not available/not reported; OR, odds ratio; PAR, population attributable risk;
PUFA, polyunsaturated fatty acids; Q, quartile; RCT, randomized controlled trial; RH, Arg/His heterozygote; RR, Arg/Arg homozygote; R270H, Arg270His variant; RR, relative risk;
SFA, saturated fatty acids; %E, percentage of total energy intake.
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Table 3. Gene—diet interactions for insulin resistance/insulin sensitivity /insulin-related traits.

No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result
A. Macronutrient composition in energy-restricted diets
Formal interaction test: Significant
Hypocaloric diet enriched genotype—-diet interaction for
in PUFA (sunflower oil insulin (Pinteraction = 0.01) and
30 mL/day + fish + nuts; HOMA-IR (Pinteraction = 0.02).
~1448 kcal /day) vs. Main finding: Following the
de Luisetal., . hypocaloric diet enriched Plasma glucose; MUPFA-enriched hypocaloric diet,
2017a [50] RCT 361(28/72) 448499 Caucasian BDNF 1510767664 0.16 Y irzl II\J/IUFA (virgin olive oil insulin; ?IJLIOMA—IR non-T allele carriel?;pshowed greater
30 mL/day; reductions in insulin (—2.1 £+ 2.0 vs.
~1442 kcal/day); —0.7+£291U/L; p=0.009) and
macronutrient HOMA-IR (—0.7 £ 0.9 vs.
distributions similar. —0.3 4 1.0; p = 0.008) than
T-allele carriers.
Formal interaction test: Significant
genotype—carbohydrate interaction
for fasting insulin during the
weight-loss phase
(Pinteraction = 0.04), with stronger
interactions in adjusted analyses for
fasting insulin and HOMA-IR
(Pinteraction = 0.001 for both).
low- vs Main finding: During the first
. ’ 6 months, the G allele was
high-carbohydrate . . .
A . . associated with greater reductions
Huangetal.,, RCT 730(39/61 3070 Mixed PCSK7 1236918 012 NA weggl;\t-lé)ss dllets (ldlet:(airy Fasting insulin; in fasting insulin and HOMA-IR in
2015 ([51]) (89/61) g e s ’ carbohydrate level usedas 5\ 4 1p participants assigned to

effect modifier; adherence
supported by biomarkers)
for 2 years

high-carbohydrate diets, whereas
opposite genotype effects were
observed in low-carbohydrate diets.
Additional findings: Gene-diet
interactions were attenuated during
the weight-regain phase but
remained evident for HOMA-IR in
the overall cohort

(Pinteraction = 0.034), with stronger
interactions when the most extreme
carbohydrate diets were compared.
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Table 3. Cont.

Study

Study
Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-

ity/Nationality Gene(s)—SNP(s)

EAF

HWE Met

Intervention/
Exposure

Outcome
(Measure)

Result

Gonietal.,
2017 ([52])

RCT

757 (25/75)

20-50

Caucasian PPM1K rs1440581

0.51

Low-fat/high-
carbohydrate vs.
high-fat/low-
carbohydrate weight-loss
diets for 10 weeks

Fasting glucose;
fasting insulin;

HOMA-IR; HOMA-B

Formal interaction test: Significant
genotype—diet interactions for
insulin after adjustment for weight
loss (Pinteraction = 0.006),
HOMA-IR (Pinteraction = 0.01), and
HOMA-B (Pinteraction = 0.002).
Main finding: In the
low-fat/high-carbohydrate group,
each T allele was associated with
smaller improvement in insulin
markers (Ainsulin

B =+0.69 nU/mL,p =0.07;
AHOMA-IR 3 =+0.21,p=0.04). In
the high-fat/low-carbohydrate
group, the T allele was associated
with greater improvement (e.g.,
Ainsulin 3 = —0.64, p = 0.09; and
AHOMA-B decreased by 12.5 units
per T allele, p = 0.006).

Hanetal.,
2017 ([53])

RCT

680 (39.6/60.4)

30-70

Mixed (white

and black) 8-SNP GRS

NA

NA

2 x 2 factorial diets:
low-fat vs. high-fat x
average-protein vs.
high-protein

Fasting glucose;
fasting insulin;
HOMA-IR

Formal interaction test: Significant
GRS x dietary fat interactions for
fasting insulin (Pinteraction = 0.023)
and HOMA-IR

(Pinteraction = 0.022) at 6 months.
Main finding: At6 months,
participants assigned to the low-fat
diet exhibited progressively greater
reductions in fasting insulin and
HOMA-IR across increasing GRS
tertiles, whereas no significant
association between GRS and
changes in these glycaemic traits
was observed in the high-fat

diet group.

Additional findings: No significant
GRS x dietary fat interactions were
observed after 2 years.
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Table 3. Cont.

No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF Exposure (Measure) Result
Formal interaction test: Significant
genotype x high-fat diet
interactions for fasting glucose
(Pinteraction = 0.001), HOMA-IR
(Pinteraction = 0.008), and
ivGTT-derived glucose response
(iAUC glucose; Pinteraction = 0.014).
Main finding: During the HF diet,
Sequential isocaloric diet: ~ Fasting glucose, GG increased fasting glucose by
6-wk carbohydrate-rich fasting insulin, +0.5 £ 0.1 mmol/L (p =0.009) vs. no
Non- low-fat (LF: 55% HOMA-IR; changein AA/AG (p=0.191).
Schiiler et al randomized carbohydrate, 30% fat, ivGTT-derived HOMA-IR increased in GG
2017 ([54]) v interven- 92 (37/63) 31.0£14.0 Caucasian ACE rs4343 0.42 15% protein) — 6-wk glucose/insulin (p=0.002) but not AA/AG
- tion high-fat (HF: 40% responses (IAUC (p =0.075); GG was higher than
carbohydrate, 45% fat, glucose, iIAUC AA/AG at completion (p = 0.022).
15% protein; emphasison  insulin, 2h glucose; iAUC glucose increasing in GG only
saturated fat). AIRg (p=0.001) and AiAUC glucose
differing by genotype (p = 0.009);
iAUC insulin higher in GG at
completion (p = 0.027); 2h glucose
higher in GG at HF (p = 0.003).
Fasting insulin increased in both
genotypes (p = 0.038 AA/AG;
p =0.039 GG), but was higher in GG
vs. AA/AG at completion (p = 0.042).
Formal interaction test: No formal
genotype-diet interaction test
. orted.
le tHP (1050 kcal/diy, %in finding: Only CC carriers
. 33% carbohydrate, 33% . M S
de Luis etal C/C529 +11.2; fat, 34% protein) vs. DietS  Fasting glucose experienced significant reductions in
2016 v RCT 283(26.5/73.5) T-carriers Caucasian UCP3 rs1800849 0.15 >3 /op enoy . 8 & i fasting glucose (—5.2 + 2.2 mg/dL),
([55]) 503+ 104 (1093 kcal/day; 53% insulin, HOMA-IR insulin (—39 + 3.1 mIU/L), and
' . carbohydrate, 27% fat, sulin (—3! ) ), an
20% protein), 9 months HOMA-IR (—0.6 £ 0.1) (all p < 0.05)
p 4 following the HP diet, whereas
T-allele carriers showed no significant
improvements.
Formal interaction test: No formal
genotype—diet interaction test
Diet I: hypocaloric reported.
moderate-carbohydrate Main finding: GG homozygotes
(1507 kcal/day; 38% showed significant reductions in
de Luis et al. ADIPOQ carbohydrate, 26% Fasting glucose, fasting insulin and HOMA-IR after
2018 [56] M RCT 284 (26.8/73.2) 4824109 Caucasian 51501299 0.29 protein, 36% fat) vs. Diet fasting insulin, weight loss with both hypocaloric
II: hypocaloric low-fat HOMA-IR diets, with no difference in the

(1500 kcal/ day; 53%
carbohydrate, 20%
protein, 27% fat), 12 weeks

magnitude of improvement between
dietary patterns (Insulin: DietI —4.7
+1.4vs. Dietll =59 £1.9mIU/L;
p=0.76. HOMA-IR: DietI —1.4 +
0.6 vs. Diet II —2.0 +0.7; p = 0.56).
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Table 3. Cont.

No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result
Formal interaction test: Significant
genotype—diet interaction between
dietary protein and GRS for fasting
insulin (Pinteraction = 0.02),
HOMA-IR (Pinteraction = 0.05),
2 x 2 factorial weight-loss HOMA-B (Pinteraction = 0.01), and
diets varying protein (15% HbA1c (Pinteraction = 0.04) among
Huane et al Mixed (white vs. 25% energy) and fat Fasting insulin; White participants.
201 6%[57]) v RCT 744 (NA) 30-70 and black) 31-SNP GRS NA NA (20% vs. 40% energy) over ~ HOMA-IR; HOMA-B; = Main finding: Lower GRS was
2 years (carbohydrate HbAlc associated with greater
accordingly 35-65% improvements in fasting insulin,
energy) HbAlc, HOMA-IR and HOMA-B
(Ptrend= 0.04, 0.0001, 0.02 and 0.004)
in participants consuming the
low-protein diet. In the high-protein
group, the insulin pattern was
opposite (Ptrend = 0.03).
Formal interaction test: No formal
Diet HP genotype-diet interaction test
(high-protein/low- reported,
% }1? drat Main finding: after 9 months, CC
carbonydrate severe homozygotes showed greater
hypocaloric): RSO R .
~1023.9 keal/d; 33.5% ) reductions in fasting insulin qnd
de Luis et al MTNR1B carbohydrate, é2 5% fat, Fasting glucose, HOMA-IR than CG/ GG carriers
2020 ([58]) M RCT 270 (NA) 494+62 Caucasian 510830963 0.27 Y 34.5% 4 tei vs. Di tS, fasting insulin, following both the HP (insulin: A
: 270 protem vs. Le HOMA-IR —47+08vs. —0.9 £ 1.0;p=0.03;

(standard protein severe
hypocaloric):

~1028.7 kcal/d; 52.9%
carbohydrate, 27.2% fat,
19.9% protein, 9 months

HOMA-IR: A —0.8 £ 0.2 vs.
—0.2+£0.1;p=0.03)and S
hypocaloric diets (insulin:
A—-34+06vs. —1.24+04;p=0.02
and HOMA-IR: A —1.1 £0.2vs.
—0.14+0.1;p=0.01).
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Table 3. Cont.

Study

Study
Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s)

EAF HWE Met

Intervention/
Exposure

Outcome
(Measure)

Result

Qietal., 2015 ([59])

RCT

732(38.8/61.2)

30-70

DHCR7
rs12785878;
CYP2R1
rs10741657; GC
152282679

Mixed (white
and black)

1512785878
(T)=0.67;
1510741657
(A) =0.36;
152282679
(C)=0.24

Energy-reduced diets
(=750 kcal/day); 2 x 2

factorial: low-fat (20%) vs.

high-fat (40%) and
low-protein (15%) vs.
high-protein (25%) for
2 years

Fasting insulin,
fasting glucose,
HOMA-IR

Formal interaction test: Significant
protein x DHCR7 rs12785878
interaction for fasting insulin
(Pinteraction = 0.0008) and
HOMA-IR (Pinteraction = 0.0009) at
6 months.

Main finding: In the high-protein
diet group, each T allele of DHCR7
rs12785878 was associated with
greater reductions in fasting insulin
(B =—0.13 £ 0.04; p = 0.0009) and
HOMA-IR (3 = —0.13 £ 0.04;

p =0.002), whereas no genotype
effect was observed in the
low-protein diet group.
Additional findings: The
associations were attenuated after
2 years. No significant gene—diet
interactions were observed for
CYP2R1 or GC variants after
correction for multiple testing.

Xuetal., 2013 ([60])

RCT

734 (39.0/61.0)

30-70

Mixed PPMI1K rs1440581

0.55 Y

Energy-reduced diets;
low-fat (20%) vs. high-fat
(40%) (2 x 2 factorial also
varying protein 15% vs.
25%), 2 years

Insulin resistance:
fasting insulin
(1U/mL; log-change)
and HOMA-IR
(log-change)

Formal interaction test: Significant
genotype—fat interaction for fasting
insulin (Pinteraction = 0.006) and
HOMA-IR (Pinteraction = 0.006) at 6
months.

Main finding: At 6 months, CC
homozygotes assigned to the
low-fat diet exhibited greater
reductions in fasting insulin
(log-change: —0.33 vs. —0.27 and
—0.14 for CT and TT, respectively)
and HOMA-IR (—0.36 vs. —0.29 and
—0.18), whereas TT homozygotes
assigned to the high-fat diet showed
the greatest improvements (fasting
insulin: —0.34 vs. —0.30 and —0.16;
HOMA-IR: —0.38 vs. —0.32 and
—0.17 for TT, CT and CC,
respectively).

Additional findings: No significant
genotype x dietary fat interactions
were observed after 2 years
(Pinteraction > 0.13).
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Table 3. Cont.

Study

Study
Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s)

EAF

Intervention/
Exposure

Outcome
(Measure)

Result

Qietal., 2012 ([61])

RCT

737 (39.0/61.0)

51.0+9.0

Mixed

GIPR 152287019

0.17

Energy-reduced diets;
low-fat (20%) vs. high-fat
(40%) (2 x 2 factorial also
varying protein 15% vs.
25%), 2 years

% change from
baseline in fasting
glucose, fasting
insulin, HOMA-IR

Formal interaction test: A
significant genotype x dietary fat
interaction was observed for fasting
glucose (Pinteraction = 0.04),
whereas the interactions for fasting
insulin (Pinteraction = 0.10) and
HOMA-IR (Pinteraction = 0.07)
were not statistically significant.
Main finding: At 6 months, among
participants assigned to the low-fat
diet, T-allele carriers showed greater
reductions in fasting glucose

(B =—2.3340.86%; p = 0.006),
fasting insulin (3 = —8.76 £ 4.13%;
p=0.03),and HOMA-IR

(B =—10.52 + 4.39%; p = 0.01),
whereas no genotype effect was
observed in the high-fat diet.
Additional findings: The
genotype-specific improvements
observed at 6 months were
attenuated after 2 years.

Grauetal.,
2010 ([62])

RCT

739 (24.9/75.1)

20-50

European

TCF7L2 rs7903146

0.28

Hypoenergetic diet
(~2600 kcal/d)
randomized to HF
(40-45% energy from fat;
low-carbohydrate) vs. LF
(20-25% energy from fat;
high-carbohydrate),

10 weeks

AHOMA-IR

Formal interaction test: Significant
genotype—diet interaction
(Pinteraction = 0.0025).

Main finding: Among TT
homozygotes, the LF diet produced
a greater reduction in HOMA-IR
than the high-fat diet

(difference = 1.33 units; p = 0.004).
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Table 3. Cont.

Study

Study Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s)

EAF

Intervention/
Exposure

Outcome
(Measure)

Result

Grauetal.,

2009 ([63]) RCT

771(24.9/75.1)

20-50

European

FTO 159939609

0.42

Two hypo-caloric diets
(~600 kcal/day deficit): LF
(20-25%E fat; 60-65%E
carbohydrate) vs. HF
(40-45%E fat; 40-45%E
carbohydrate)

AHOMA-b,
AHOMA-IR,

Formal interaction test: Significant
genotype x dietary fat interactions
were observed for HOMA-f3
(Pinteraction = 0.0083) and
HOMA-IR (Pinteraction = 0.047).
Main finding: TT homozygotes
exhibited greater improvements in
{3-cell function following the
low-fat diet than the high-fat diet,
with a 19-unit greater reduction in
HOMA- (p =0.006). Compared
with AT/AA carriers on the low-fat
diet, TT homozygotes also showed
an 18-unit greater reduction in
HOMA- {3 (p =0.004). For
HOMA-IR, TT homozygotes
assigned to the low-fat diet showed
a 0.44-unit greater reduction than
AT/AA carriers (p = 0.013), whereas
the difference between low-fat and
high-fat diets within TT
homozygotes did not reach
statistical significance (0.30 units;
p=0.14).

Zhengetal,,

2015 ([64]) RCT

743 (38.8/61.2)

30-70

Mixed (white
and black)

FTO rs1558902;
FTO 159939609

151558902
A =040;

159939609
A =045

Four energy-limited diets
(750 kcal /d deficit): fat
20% vs. 40% x protein
15% vs. 25%
(carbohydrate
accordingly)

Fasting glucose,
Fasting insulin,
HOMA-IR, HOMA-b

Formal interaction test: Significant
genotype x dietary fat interactions
were observed for FTO rs1558902 on
fasting insulin (Pinteraction = 0.004)
and HOMA-IR

(Pinteraction = 0.003). No
significant genotype-diet
interactions were observed for

FTO rs9939609.

Main finding: At6 months, the
effect of the rs1558902 A allele
differed according to dietary fat
intake. In the low-fat diet group,
each A allele was associated with
smaller reductions in fasting insulin
(B =+0.05 for Alog insulin; p = 0.06)
and HOMA-IR (3 = +0.05 for Alog
HOMA-IR; p = 0.06), whereas no
significant genotype effects were
observed in the high-fat diet group
(B = —0.04 for both outcomes;
p>0.1).
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Table 3. Cont.

No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result
Formal interaction test: Significant
genotype x dietary fat interactions
were observed for fasting glucose
(Pinteraction = 0.007), HOMA-IR
(Pinteraction = 0.045), and HOMA-S
(Pinteraction = 0.028) at 6 months.
Main finding: At 6 months, a higher
GRS was associated with less
favorable glycaemic changes,
Four enerev-reduced diet mcl}ldu?g fas'tmg glucose (p <0.001),
S0l ddeicy e e oo, L HOMAS
20/15/65;20/25/55; Fasting glucose, (p=0.043) ?I?’l;he hi {’:}ralt dieterou
Wang et al 40/15/45;40/25/35 fasting insulin, fZStiI‘l. hicose incr%ased sronp
getat, RCT 733 (39.2/60.8) 30-70 Mixed 14-SNP GRS 0.02-0.71 Y (%fat/%protein/— HOMA-IR, HOMA-S &8 )
2016 ([65) carbohydrate). Analyses (changes at 6 months progressively across GRS tertiles
combined into low-fat and 2 years) %10_120;6‘: 02'09’ T21. /%Oéti 0'29’
(20%) vs. high-fat e L9 mmol/L; Ftrend <
(40%) groups 0.001), whereas no significant trend

was observed in the low-fat diet
group (Ptrend = 0.087).
Additional findings: After further
adjustment for weight loss, the
genotype x dietary fat interaction
remained significant for fasting
glucose (p =0.015). AllGRS
associations and genotype-diet
interactions were attenuated after
2 years.
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No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result

Formal interaction test: Significant
genotype x dietary carbohydrate
interaction for changes in log fasting
insulin (Pinteraction = 0.024) and
log HOMA-IR (Pinteraction = 0.025)
at 6 months.
Main finding: At 6 months, CC
homozygotes assigned to the
highest-carbohydrate /low-fat diet
(65% carbohydrate, 20% fat)
exhibited greater reductions in log
fasting insulin (p = 0.006) and log

Energy-reduced diets HOMA-IR (p = 0.009) than CT/TT

randomized to carriers. Conversely, in the

four macronutrient targets lowest-carbohydrate diet (35%

(%fat/%protein/ . carbohydrate), CC homozygotes

Qietal., 2011 ([66]) RCT 738 (39.0/61.0) 51.0 +9.0 Mixed IRS1 rs2943641 0.34 Y %carbohydrate): Sll(‘)‘if[’iflg‘“h“’ showed smaller reductions in these

20/15/65;20/25/55; markers than CT/TT carriers

40/15/45;40/25/35 (borderline significance).

(carbohydrate-rich foods Additional findings: At 2 years, the

lower GI) genotype—diet interactions were

attenuated after correction for
multiple testing. In secondary
analyses comparing the most
extreme diets, CC homozygotes
benefited more from the
high-carbohydrate than the
low-carbohydrate diet (fasting
insulin p = 0.016; HOMA-IR

p =0.009), whereas the opposite
pattern was observed among
non-CC carriers (fasting insulin
p =0.03; HOMA-IR p = 0.05).
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No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result
Formal interaction test: Significant
genotype x dietary fat interactions
were observed for fasting insulin
(Pinteraction = 0.02) and HOMA-IR
(Pinteraction = 0.03) at 6 months.
Main finding: In the pooled
Hypocaloric diets varying analysis, T-allele carriers assigned
macronutrients; primary to the }}igh—_fat die't exhibitgd greater
FOUNDS Lo 7 UsA rouNDSs Convast o o 071+ rtonsn s
2018%[ 7)) v RCT DIRECT 17(’) 30-70 Lost); Israel HNF1A rs7957197 0.05 Y high-fat Insulin, HOMA-IR than ﬁon—carriers In contrast ;10
(DIRECT) (40%/low-carbohydrate); P ’ - 4
(87.1/12.9) . significant genotype differences
protein contrasts .-
also tested. were observed among pa.rtlapar}ts
assigned to the low-fat diet (fasting
insulin: p = 0.81, HOMA-IR:
p=0.67).
Additional findings: No significant
genotype x dietary fat interactions
were observed after 2 years in
either trial.
B. Fat quality and Mediterranean-type diets
Formal interaction test: A
significant diet x genotype
interaction was reported for SSPG,
and fasting insulin concentrations
(exact Pinteraction not reported).
Three controlled diet Main finding: Switching from the
periods (4 weeks each): SFA-rich diet to either the
SFA-rich (38% fat; 20% Steady-state plasma MUFA-rich or high-carbohydrate
Moreno et al SFA) — then randomized glucose (SSPG; diet reduced SSPG in GG and GT
2005 ([68]) M RCT 43(51.2/48.8) 231+18 Spain APOE rs405509 0.52 NA crossover to MUFA-rich insulin suppression carriers (p < 0.05), but not in TT
(38% fat; 22% MUFA) and test; insulin homozygotes, indicating greater
carbohydrate-rich (30% sensitivity proxy) improvement in insulin sensitivity

fat; 55% carbohydrate);
cholesterol ~300 mg/d

among carriers of the —219G allele.
Overall SSPG concentrations were
lowest in GG homozygotes

(4.85 + 0.86 mmol /L), followed by
GT (6.43 £0.48 mmol/L)and TT
homozygotes (7.30 + 0.77 mmol/L;
p=0.045).
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Table 3. Cont.

Study

Study Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-

ity/Nationality Gene(s)—SNP(s)

Intervention/

EAF HWE Met
Exposure

Outcome
(Measure)

Result

Marin etal., Crossover
2005 ([69]) RCT

59 (NA)

21.0+2.0

Spain FABP2 rs1799883

Three diets, 4 weeks each:
SFA-rich (38% fat; 20%
SFA) — then randomized
crossover to carbohydrate
(28% fat; <10% SFA) and
Mediterranean/MUFA
(38% fat; 22% MUFA)

0.29 NA

Steady-state plasma
glucose (SSPG;
insulin suppression
test; insulin
sensitivity proxy)

Formal interaction test: Borderline
significant genotype x diet
interaction for SSPG

(Pinteraction = 0.050).

Main finding: Thr54 carriers
exhibited improved insulin
sensitivity following the MUFA-rich
and high-carbohydrate diets
compared with the SFA-rich diet,
with SSPG decreasing from

7.8 + 4.2 mmol/L after the SFA-rich
diet to 6.7 & 3.1 mmol /L after the
high-carbohydrate diet and

6.1 £ 2.5 mmol/L after the
MUFA-rich diet (p < 0.05 for both
comparisons). In contrast, Ala54
homozygotes showed no significant
differences in SSPG across diets
(64+28,5.6+24,and

5.5 + 2.8 mmol/L, respectively).

de Luisetal.,

2019 [70] RCT

363 (28.1/71.9)

49779

ADIPOQ

Caucasian 51501299

Diet M (enriched MUFA
hypocaloric) vs. Diet P
(enriched PUFA
hypocaloric), 12 weeks

0.73 Y

Insulin (mU/L),
HOMA-IR

Formal interaction test:

Not reported.

Main finding: GG homozygotes
showed greater improvements in
insulin resistance than GT/TT
carriers following both hypocaloric
diets. After the P diet, fasting
insulin decreased by —3.2 + 1.0 vs.
—0.6 £04mU/L (p=0.01) and
HOMA-IRby —1.140.2vs.

—0.3 4+ 0.4 (p =0.02). After the M
diet, fasting insulin decreased by
—3.7+£09vs. —=04+0.5mU/L
(p=0.01) and HOMA-IR by
—1.0£0.2vs. =04+ 0.3 (p=0.03).

Dworatzek etal., Crossover
2004 ([71]) RCT

52 (46/54)

30.2+2.0

Canada FABP2 rs1799883

safflower oil vs. olive oil

0.22 Y vs. butter

postprandial glucose,
insulin, C-peptide
(including
incremental AUC),
insulin:C-peptide
ratio

Formal interaction test:

Not reported.

Main finding: Thr54 carriers
exhibited lower postprandial
insulin responses than Ala54
homozygotes across all dietary
interventions, with insulin AUC
(0-3h) 0f 293 £+ 52 vs.

384 + 37 pmol-h/L (safflower oil),
322 + 54 vs. 454 + 63 pmol-h/L
(olive oil), and 320 £ 51 vs.

436 + 62 pmol-h/L (butter)
(genotype main effect p = 0.05).
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Study

Study Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-

ity/Nationality Gene(s)—SNP(s)

EAF HWE Met

Intervention/
Exposure

Outcome
(Measure)

Result

Pérez-Martinez Crossover
etal., 2008 ([72]) RCT

59 (50.8/49.2)

231+1.8

ADIPOQ
rs17300539;
15266729;
1s2241766;
rs1501299

Spain

15266729
(G)=0.25;
1517300539
(A)=0.16;
152241766
(G)=0.14;
151501299
(T)=027

3 x 4-week diets: SFA-rich
(baseline) — MUFA-rich
and carbohydrate-rich in
randomized crossover
(SFA: 38% fat/20% SFA,;
MUFA: 38% fat/22%
MUEFA; carbohydrate:
~30% fat/55%
carbohydrate)

Insulin resistance
(SSPG from insulin
suppression test;
mmol/L)

Formal interaction test: Significant
sex X genotype x diet interaction
for ADIPOQ rs266729 (p = 0.016).
Main finding: Among men only, CC
homozygotes exhibited greater
improvements in insulin sensitivity
after switching from the SFA-rich
diet to the MUFA-rich (SSPG:

8.95 £ 0.60 — 6.04 £ 0.31 mmol /L)
or high-carbohydrate diet

(8.95 4 0.60 — 6.35 £ 0.38 mmol /L)
than G-allele carriers (MUFA:

6.65 £ 0.40 — 6.45 £ 0.40;
carbohydrate: 6.65 £ 0.40 —

5.83 £ 0.30 mmol/L).

Luanetal.,

2001 ([73]) Cohort

592 (43.8/56.2)

53.9 £10.9

Caucasian PPAR+y rs1801282

0.12 Y

Dietary P:S ratio

fasting insulin

Formal interaction test: Significant
genotype x dietary
polyunsaturated-to-saturated fat
(P:S) ratio interaction for fasting
insulin (Pinteraction = 0.0097).
Main finding: As the dietary P:S ratio
increased, fasting insulin
concentrations progressively
decreased in Alal2 carriers, whereas
no corresponding trend was
observed in Pro12 homozygotes,
consistent with a significant genotype
x dietary fat interaction (interaction
coefficient 3 = 0.548; p = 0.0097).
Additional findings: The interaction
was attenuated after adjustment for
BMI (p = 0.18), suggesting that the
association was partly mediated

by adiposity.

Non-
randomized
interven-
tion

de Luisetal.,
2013 ([74])

126 (23/77)

483 +14.2

Spain LEPR rs1805094

0.18 Y

Three-month hypocaloric
high-MUFA diet

(~1342 kcal; 46.6%
carbohydrate, 34.1% fat,
19.2% protein; fat: 67.5%
MUFA, 21.7% SFA,

10.8% PUFA)

insulin, HOMA-IR

Formal interaction test:

Not reported.

Main finding: Following the
high-MUFA hypocaloric diet,
Lys/Lys homozygotes showed
significant reductions in fasting
insulin (13.6 &= 8.5 —
121+£9.1mU/L; A -15+ 46,

p <0.05)and HOMA-IR (3.4 £2.4
—3.0£24;,A-04£19,p<0.05),
whereas Asn carriers showed no
significant changes.

Additional findings:
Between-genotype differences in
response were not formally tested.
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Table 3. Cont.

No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partlillvpi/aFnt;os)—All Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result
Formal interaction test: Significant
sex-specific genotype x diet
interaction in men (p = 0.040).
Main finding: Male T-allele carriers
exhibited greater improvements in
3 x 4-week diets: SFA-rich insulin sensitivity after switching
(38% fat, 20% SFA; . . from the SFA-rich diet to either the
Pérez-Martinez Crossover 59 190 23141 . APOB 15934197 1 v basoe hfne);}zlf n1\1>[/[ I{:FAA-ricC}; g;;l(l;nf;grs::riESEn IfUFﬁ-rich O;high-carbohydrgte
etal,, 2007 ([75]) RCT (50.8/49.2) 3. 8 Spain OB rs93419 0.19 (381;0 at,d %o 'U ) a101 suppression test; iet than CfC omozygotes. SSPG
?ar Ol’:y rate-rich (~30./0 mmol/L) decreased rom 9.18 =+ 1.35mmol/L
at, 55% carbohydrate) in after the SFA-rich diet to
randomized crossover 6.55 £ 0.74 mmol /L after the
MUFA-rich diet and 6.31 4 0.93
mmol/L after the
high-carbohydrate diet. No
genotype effect was observed in
women (p = 0.391).
Formal interaction test:
Not reported.
Main finding: After the MUFA-rich
28 d SFA-enriched run-in, diet, G/ A carriers exhibited lower
then randomized Insulin sensitivity SSPG than G/G homozygotes
Pérez Martinez  Crossover 59 (50.8/49.2 2B1+18 Spai SCARBI rs4238001 0.14 Y MUFA-en '28hdd live oil Comeaong i (44 (1J 3;(1).59 i g poent m'mOI{'L /
etal., 2005 ([76]) RCT (50.8/49.2) . k pain & . -enriche (olive oil) suppression test; p=0.03C ), indicating greater insulin
and 28 d high- lower = higher sensitivity. No genotype differences
carbohydrate/low-fat diet  sensitivity) were observed after the SFA-rich
(sequence randomized) diet (p = 0.957), and only a
non-significant trend was observed
after the high-carbohydrate diet
(p=0.177).
Formal interaction test: Significant
diet x genotype interaction in men
(Pinteraction = 0.042).
Main finding: Among men, —514T
. . allele carriers (CT/TT) exhibited
Elgh.t d SFA-enrlche(;l significantly higher SSPG (lower
run-in, then randomized insulin sensitivity) after the
Gomez etal Crossover crossover: 28.d Insulin sensitivity SFA-rich diet tha}rll after both the
2005 ([77]) v RCT 59 (50.8/49.2) 22.6+1.4 Spain LIPC rs1800588 NA NA high-MUFA (SSPG); fasting high-carbohvdrate and
Mediterranean (olive FFA/NEFA & th

oil-enriched) and 28 d
low-fat high-carbohydrate

Mediterranean diets (p < 0.05 for
both comparisons), whereas CC
homozygotes showed no significant
differences in SSPG across dietary
interventions. No significant diet,
genotype, or diet x genotype effects
were observed in women.
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Study

Study
Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s)

EAF HWE Met

Intervention/
Exposure

Outcome
(Measure)

Result

Marin etal.,
2011 ([78])

RCT

59 (50.8/49.2)

231+18

Spain IRS1 151801278

0.05 Y

28 d SFA-enriched diet
(run-in), then randomized
crossover 28 days high-
carbohydrate /low-fat diet
and 28 days high-MUFA
Mediterranean (olive oil)
diet (cholesterol constant)

Fasting glucose,
Insulin sensitivity
(SSPG)

Formal interaction test: Significant
genotype x diet interaction for
SSPG (Pinteraction < 0.001).

Main finding: Following the
high-carbohydrate diet, G972R (GR)
carriers exhibited significantly
lower SSPG than GG homozygotes
(p <0.05), whereas no genotype
differences were observed after the
SFA-rich or MUFA-rich diets.
Additional findings: Overall, SSPG
was lower following both the
MUFA-rich (6.2 + 3.1) and
high-carbohydrate (6.6 & 3.1) diets
than after the SFA-rich diet

(8.1 £4.1), irrespective of genotype.

C. Other dietary exposures

Holzbach et al.,
2022 ([79])

Cross-
Sectional

116 (27.6/72.4)

225+35

Brazil PLIN1 rs894160

0.25 Y

Dietary intake reported as
% of total energy intake

HOMA-IR; HbAlc;
insulin

Formal interaction test: Significant
carbohydrate x genotype
interaction for HOMA-IR
(Pinteraction = 0.027), remaining
significant after multivariable
adjustment (Pinteraction < 0.001).
Main finding: Dietary carbohydrate
intake modified the association
between PLIN1 rs894160 and
HOMA-IR. In the unfolded model,
GA/AA carriers showed a
marginally higher HOMA-IR than
GG homozygotes (3 =0.032,

p =0.053), whereas the
carbohydrate x genotype
interaction remained significant
after adjustment.
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No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result

Formal interaction test: A diet x
genotype interaction was observed
for ISIy_120 (exact Pinteraction not
reported). No significant genotype
% diet interactions were observed
for HOMA-IR, BIGTT-Si,
BIGTT-AIR, fasting glucose, fasting

Two 4-week diet periods: insulin, 2 h insulin, or HbAlc

Traditional Inuit diet (high ~ FPG; OGTT glucose (p=0.368).

fat >40%E; low (30 min, 120 min); Main finding: Following the

carbohydrate IFG/1GT/diabetes Traditional Inuit diet, TBC1D4

<30%E; marine (WHO); HbAlc; variant carriers had lower ISIy_129

Lewis et al Crossover TBC1D4 mammals/fish/reindeer; CGM metrics (24 h than non-carriers (1.0 [IQR 1.0-1.2]
2023 ([80])‘, RCT 63 (46/54) 56.0 +10.0 Greenland Inuit 61736969 0.17 N minimal grains/imported ~ mean/min/max/ vs. 1.8 [1.5-2.3]). After the Western

foods) vs. Western diet range); insulin resis- diet, this difference was attenuated

(high carbohydrate tance/sensitivity (1.3[1.0-1.5] vs. 1.8 [1.4-2.1]),

55-65%E; moderate fat indices (HOMA-IR, indicating attenuation of the

30-35%E; lower marine 1SIy_120, BIGTT-Si, genotype difference in insulin

fats, higher saturated fats BIGTT-AIR). sensitivity.

from imported meats). Additional findings: No overall
dietary effect was observed on
OGTT-derived outcomes or HbAlc
(B =0.04,95% CI —0.01 to 0.09;
p=0.136). No genotype x diet
interactions were observed for
continuous glucose
monitoring outcomes.
Formal interaction test: Significant
HEI x FADS2 rs174583 interactions
were observed for insulin (p <0.001),
HOMA-IR (p <0.001), and QUICKI
(p=0.001).

Mahmoudinezhad Cross- Serum glucose; Main finding: TT homozygotes
. 347 (58.2/41.8) 40.8 +9.2 Iran FADS2 rs174583 0.24 NA HEI and DQI-I insulin, HOMA-IR; exhibited the highest insulin and
etal., 2023 ([81]) Sectional

QUICKI

HOMA-IR levels even among
participants with high adherence to
the HEI, indicating a less favorable
insulin-related metabolic profile
than C-allele carriers despite better
diet quality.
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Table 3. Cont.

Study

Study
Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region, Ethnic-
ity/Nationality

Gene(s)—SNP(s)

EAF

HWE Met

Outcome
(Measure)

Intervention/
Exposure

Result

Ramos-Lopezetal.,
2019 ([82])

Cross-
Sectional

179 (72/28)

453+£0.7

Caucasian

95-SNP GRS

NA

Dietary intake (% energy
from carbohydrates
[simple/complex], protein
[animal/plant], fat
[SFA/MUFA /PUFA]; plus
dietary cholesterol,

fiber, water)

Glucose; insulin;
HOMA-IR

Formal interaction test: Significant
interaction between weighted
genetic risk score (WGRS) and
dietary cholesterol for HOMA-IR
(Pinteraction = 0.002).

Main finding: Higher dietary
cholesterol was associated with
higher HOMA-IR only among
participants with a high wGRS

(p <0.001), whereas no association
was observed in those with a low
wGRS (p =0.185).

Noumi et al.,
2018 ([83])

Cross-
Sectional

1981 (36/64)

30-79

Japanese

RETN rs1862513

NA

NA

Nutrient intake by FFQ
(quartiles), focus on n-3
PUFA (also fish/meat)

Serum resistin

Formal interaction test: Significant
genotype x n-3 PUFA interaction
(Pinteraction = 0.004).

Main finding: Serum resistin
decreased across increasing dietary
n-3 PUFA quartiles (Q1-Q4: 12.5,
12.5,12.2,and 11.5ng/mL;

Ptrend = 0.007), with the strongest
inverse association observed in GG
homozygotes (Q1-Q4: 18.9,19.5,
18.4,and 14.5ng/mL;

Ptrend =0.001).

Additional findings: The inverse
association remained significant in
CG (Ptrend = 0.015) and CC carriers
(Ptrend = 0.020), although the
magnitude of the association

was smaller.

de Luisetal.,
2017b [84]

Non-
randomized
interven-
tion

80(26.3/73.7)

472+93

Caucasian

BDNF 510767664

0.22

3-month standard
hypocaloric diet

fasting insulin;
HOMA-IR

Formal interaction test:

Not reported.

Main finding: Following the
3-month hypocaloric diet, non-T
allele carriers showed greater
reductions in fasting insulin
(=21+£19vs. —0.3+1.0mIU/L;
p=0.01) and HOMA-IR (—-0.9 £+ 0.4
vs. —0.1 +0.8; p=0.01) than
T-allele carriers.
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No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result
Formal interaction test:
Not reported.
Main finding: Following the
3-month hypocaloric diet, GG
Non- homozygotes exhibited greater
de Luisetal., randomized . ADIPOQ 3-month standard Fasting glucose; reductions in fasting glucose
2017c [85] interven- 82(244/75.6) 471£103 Caucasian rs1501299 027 Y hypocaloric diet insulir% HOMALIR (—48+25vs. o fo mg/dL;
tion p =0.02), fasting insulin (—3.6 £ 1.5
vs. +0.6 = 1.1 mIU/L; p =0.02), and
HOMA-IR (=12 4+ 0.9 vs.
—0.1+1.1;p =0.03) than
GT/TT carriers.
1572723587 Formal interaction test:
A0.19; Not reported.
r:}?ggéé 177850702 Main finding: Following 6-week n-3
LOC1019295 é 3 G0.15; PUFA supplementation, the genetic
1577850702; 1572703546 _risk score was gssociated with an
LOCI01 9295é3 C0.13; increased likelihood of HOMA-IR
Non- Hich risk: 28.2 + 1572703546 rs17174795 6-week n-3 PUFA HOMA-IR (pre vs. deterioration (OR = 3.16, 95% CI
Francketal., randomized 210 (NA) ég 4 LO“} ris.k' Canada PTPRO rs1717. 4’795_ C0.12; v supplementation: 5g/day  post); high-risk vs. 1.85-7.14) in the testing cohort.
2019 ([86]) interven- '32 688 ’ TPMT rs1243798 6', 1512437986 fish oil (EPA1.9-2.2 g+ low-risk classification ~ Additional findings: Overall, 23.2%
tion ’ ’ RPHBAL A0.24; DHA 1.1 g/day) by HOMA-IR change  (32/138) of participants exhibited
$35621498: rs35621498 increased HOMA-IR after
RPHBAL A0.58; supplementation. The genetic
$55842940; 1555842940 model explained approximately
TNRC6B rs 6001,872 A0.44; 40% of the variation in HOMA-IR
156001872 response and achieved a predictive
G0.39 accuracy of 0.85.
Formal interaction test: No formal
genotype x diet interaction
test reported.
Main finding: Following the
high-carbohydrate /low-fat diet,
female S447S homozygotes showed
. o significant increases in fasting
Conr i o1 i
1 ClNon— . 1s328: then FIC/LE diet% d 1 6.02 +3.17 uU/mL; p < 0.01) and
Huangetal., randomize . . 0.12; o o HOMA IR, Glucose, HOMA-IR (0.84 £+ 0.59 —
2011%[87]) interven- 56 (482/51.8) 29+18 China LPL rs328;rs320 rs320: Y (13.8% fat, 70'1. /U. . Insulin 1.17 +0.65; p < 0.01), whereas
tion 0.25 carbohydrate); similar female 447X carriers showed no

fatty-acid composition; no
energy restriction

significant changes.

Additional findings: Among males,
447X carriers showed lower fasting
glucose after the intervention
(87.21+6.54 —77.24+7.38
mg/dL; p <0.05). Similar
sex-specific findings were observed
for the HindIII polymorphism.
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No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;;s)_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result
Formal interaction test:
Not reported.
Main finding: Following the 8-week
calorie-restricted intervention,
improvements in fasting glucose,
insulin, and HOMA-IR did not
. . differ according to ADIPOQ
8-week calorie-restricted
balanced diet (55% rs17300539 genotype.
o Additional findings: During the
Non- carbohydrate, 15% 60-week weight-maintenance
Goyenecheaetal,,  randomized 180 (51.7/48.3) 35.0 4 5.0 Spain ADIPOQ 0.12 Y prrlozemf()t"ﬁ f?it;r:)?’(t)zon Glucose, Insulin, period, GG h%mozygotes exhibited
2009 ([88]) interven- SIS s pa 1517300539 ' energy res riction), the HOMA-IR a greater rebound in HOMA-IR
. weight-maintenance .
tion period with dietary than A-allele carriers (genotype
guidance (no calorie effect p = 0.037). HOMA-IR
restriction) increased significantly in GG
homozygotes (p < 0.001) but not in
A-allele carriers (p = 0.317). GG
homozygotes also regained weight
(+1.4 £1.0kg; p =0.021), whereas
A-allele carriers showed no
significant weight regain
(=0.3+ 0.7 kg; p=0.271).
Formal interaction test: No
significant genotype x treatment
interactions were observed for
fasting glucose, insulin, or
HOMA-IR.
Main finding: n-3 PUFA
s -week run-in: olive-oi supplementation did not modi
17300539 4 k in: oli il ppl ion did dify
ADIPOQ (A)=0.08; placebo capsules + restrict fasting glucose, insulin, or
517300539 15266729 oily fish; then 12 months: HOMA-IR according to
AlSaleh etal., . ! (G)=0.27; EPA + DHA supplements Glucose, Insulin, ADIPOQ genotype.
2013 ([89]) RCT 312(38.1/61.9) 55.0£7.0 Mixed rr55222§16177269é 152241766 Y (0.45,09,0r 1.8g/d; 1.5:1)  HOMA-IR Additional findings: A nominal
rsl 501299’ (G)=0.14; vs. placebo; oily fish 1rs2241766 x treatment x age
151501299 limited to interaction was observed for
(T)=0.27 1 portion/month adiponectin (p = 0.029), with TT

homozygotes aged >58 years
showing an approximately 22%
increase in adiponectin following
1.8 g/day EPA + DHA, whereas no
comparable response was observed
in G-allele carriers.
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Table 3. Cont.

No. of . . .
Study . . Age (Years, Region, Ethnic- Intervention/ Outcome
Study Design Partli;\z/a;o;;_Au Range/Mean) ity/Nationality Gene(s)—SNP(s) EAF HWE Met Exposure (Measure) Result
Formal interaction test: No
Dictary fat intake from ieractonewere shserved.
Moradi et al Cross- PPARGC1A 3-day 24 hrecalls; fat %E Main finding: Fasting in Iin
oradietat, 058 288 (0/100) 385+12.1 Iran 1511290186, 0.42 Y categorized vs. RDA (30%  Insulin -2 g ~asting mnsu
2018 ([90]) Sectional 152970847 energy) and SFA vs. RDA differed according to genotype for
7 gz ) : 12970847 (p = 0.004) and rs11290186
o energy. (p =0.03), independent of dietary
fat intake.
AIRg, acute insulin response to glucose; AUC, area under the curve; BIGTT-AIR, BIGTT-derived acute insulin response; BIGTT-Si, BIGTT-derived insulin sensitivity index; BMIL, body
mass index; 3, beta coefficient CGM; continuous glucose monitoring; DHA, docosahexaenoic acid; DQI-I, Diet Quality Index-International; EPA, eicosapentaenoic acid; FFA, free fatty
acids; FFQ, food frequency questionnaire; FPG, fasting plasma glucose; GI, glycemic index; HC/LE, high-carbohydrate/low-fat; HEI, Healthy Eating Index; HE, high-fat; HOMA-S,
Homeostatic Model Assessment of insulin sensitivity; HP, high-protein; iAUC, incremental area under the curve; IFG, impaired fasting glucose; ISIy_129, insulin sensitivity index from 0
to 120 min; ivGTT, intravenous glucose tolerance test; LCD, low-calorie diet; LF, low-fat; NEFA, non-esterified fatty acids; P:S, polyunsaturated-to-saturated fat ratio; Q, quartile; QUICKI,
quantitative insulin sensitivity check index; Padd, p value under the additive genetic model; Pdom, p value under the dominant genetic model; Pint, p value for interaction; Ptrend,
p value for trend; RDA, recommended dietary allowance; SE, standard error; SSPG, steady-state plasma glucose; SSPI, steady-state plasma insulin; wGRS, weighted genetic risk score;
WHO, World Health Organization.
Table 4. Gene—diet interactions and glycemic traits/3-cell function.
No. of Region,
Study Stu.d y Participants—All Age (Years, Ethnic- Gene(s)—SNP(s) EAF HWE Intervention/Exposure Outcome (Measure) Result
Design o Range/Mean) . . . Met
(M/F%) ity/Nationality
A. Macronutrient intake
Formal interaction test: Significant
protein x TCF7L2 rs7901695
interaction for HbAlc (3 =0.37,95%
CI10.01-0.74; p = 0.05).
Main finding: Among TT
homozygotes, higher protein intake
Macronutrient intake OGTT (>18% energy) was associated with
categories (quantiles): 1 /insulin (0 higher HbAlc (3 =0.37,95% CI
B tal Cross. protein < 18% vs. >18%  §"C 710 e 0.01-0.74; p = 0.05), higher HOMA-IR
AUEr e A ross 810 (47.5/52.5) 421+145 Caucasian TCF7L2 17901695 0.26 Y energy; carbohydrate s 0Ly Lo T (p = 0.014), higher fasting insulin
2021 ([91]) Sectional <489, o HbAlc; HOMA-IR; )
<48% vs. >48% energy; corrected insulin (p=0.03), and higher glucose and
fat < 30% vs. . nse (CIR30) insulin responses during the OGTT
>30% energy esponse (p<0.012andp=5.7 x 1075,

respectively).

Additional findings: Among TT
homozygotes, lower carbohydrate
intake (<48% energy) was associated
with higher HbAlc (p = 0.041) and
lower CIR30 (p = 0.032).
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Table 4. Cont.

Study No. of Age (Years Region, HWE
Study . Participants—All ’ Ethnic- Gene(s)—SNP(s) EAF Intervention/Exposure Outcome (Measure) Result
Design (M/F%) Range/Mean) ity/Nationality Met
Formal interaction test: Not reported
Main finding: Among rs12255372 TT
Energy-reduced diets homozygotes, weight loss predicted
(=750 kcal/day) greater reductions in fasting glucose
randomize'd to4 an i.n;ulin cg}ly ig tAhel low—fa(tﬁdieg 8
macronutrient targets; weight predicted Aglucose (3 =0.58,
Mattei et al TCF7L2 rs7903146, (51?)9930138 primary comparison for Fasting glucose and 95% C10.20-097; p = 0.006) and
2012 ([921)" RCT 591 (43.2/56.8) 30-70 Caucasian 512255372 ’ r512£5537’2 Y gene—diet interaction: insulir% & Ainsulin (3 =0.47,95% C10.14-0.81;
(T)=0.28 low-fat (20% energy) vs. p =0.009), whereas these associations
e high-fat (40% energy) were not significant in the high-fat diet
(secondary: low vs. (glucose p = 0.362; insulin p = 0.265).
high protein; extreme Additional findings: No genotype
carbohydrates), 2 years differences were observed in baseline
glycaemic measures or in overall
changes at 6 months or 2 years.
B. Food-specific dietary exposures
Formal interaction test: Significant
dessert intake x TCF7L2 rs7903146
interaction for fasting glucose
(Pinteraction = 0.02).
Main finding: Among non-diabetic
participants consuming
>1 dessert/day, the T allele was
associated with higher fasting glucose
FFQ-based concentrations (p = 0.03), whereas no
classification of genotype effect was observed among
Ouhaibi-Diellouli Cross- participants as low vs. Fasting elucose: those with lower dessert intake.
otal 2051] (193)) Sectional 787(48/52) 42.8+9.6 Algeria TCF7L2 rs7903146 043 Y moderate/high HOM i -%R' HOl’V[ A-B Additional findings: Dessert intake
M consumers using the ’ also modified the association between
median intake for TCF7L2 rs7903146 and type 2 diabetes
each food. risk. Among participants consuming

>1 dessert/day, T-allele carriers had
2.61-fold higher odds of T2D

(OR =2.61,95% CI11.51-4.52;

p =0.0006), whereas no increased risk
was observed among low dessert
consumers. A similar interaction was
observed for milk intake and T2D risk
(Pinteraction = 0.01).
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Table 4. Cont.

Study

Study
Design

No. of
Participants—All
(M/F%)

Age (Years,
Range/Mean)

Region,
Ethnic-

ity/Nationality

Gene(s)—SNP(s) EAF

HWE
Met

Intervention/Exposure Outcome (Measure)

Result

Wangetal.,
2021 ([94])

Case-
Control

4202 (51.6/48.4)

56.9 £11.0

China

INAFM2

1567839313 03

Egg intake grouped by
median: <4 eggs/week
vs. >4 eggs/week

Fasting glucose

Formal interaction test: Significant egg
intake x INAFM2 rs67839313
interaction for fasting glucose
(Pinteraction = 0.003).

Main finding: The T allele was
associated with a 0.188 mmol/L
increase in fasting glucose among
participants consuming <4 eggs/week,
buta 0.152 mmol/L decrease among
those consuming >4 eggs/week.

Ortega-Azorin
etal., 2012 ([95])

Case-
Control

3192 (NA)

55-80

Caucasian

FTO
rs9939609:
FTO rs9939609; 0.18
MC4R rs17782313 MC4R
1s17782313:
0.05

Mediterranean diet
adherence score; folate
intake (low <406
ug/day vs. high >406
ug/day)

Fasting glucose

Formal interaction test: Significant
folate x FTO rs9939609 interaction for
fasting glucose (Pinteraction = 0.023).
Main finding: Among non-diabetic
participants with low folate intake
(<406 ng/day), carriers of the FTO
rs9939609variant allele had higher
fasting glucose concentrations than
wild-type individuals, whereas this
genotype difference was not observed
among those with higher folate intake.
Additional findings: The interaction
remained significant after adjustment
for waist circumference

(Pinteraction = 0.018) and dietary fiber
(Pinteraction = 0.028). A significant
aggregate genetic score X folate
interaction was also observed
(Pinteraction = 0.026; 0.021 after
adjustment for waist circumference;
0.047 after adjustment for dietary fibre).

C. Other diet—gene associations

Enhorning et al.,
2009 ([96])

Cross-
Sectional

6055 (42.2/57.8)

57.5+59

Caucasian

151042615
T=045;
rs10747983
A=0.16;
rs10784339
C=0.16;
157308855
T=0.09

AVPR1A
151042615,
rs10784339,
rs7308855,
rs10747983

Dietary fat intake
quartiles (Q1-Q4;
energy-adjusted

residual method)

Fasting glucose

Formal interaction test: Significant
dietary fat x AVPR1A rs1042615
interaction for fasting glucose in men
(Pinteraction = 0.044).

Main finding: In men within the
highest dietary fat intake quartile,
T-allele carriers (CT/TT) had higher
fasting glucose than CC homozygotes
(5.27 vs. 5.13 mmol/L; adjusted
p=0.061).

Additional findings: No genotype
differences were observed in lower
fat-intake quartiles or among women.
No associations were identified for the
other AVPRIA polymorphisms.
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Stud No. of Age (Years, Region, HWE
Study Desi );1 Participants—All Raf . /Mearll) Ethnic- Gene(s)—SNP(s) EAF Met Intervention/Exposure Outcome (Measure) Result
8 (M/F%) 8 ity/Nationality
Formal interaction test: Not reported.
Non- 2 months low-calorie Main finding: Following the 2-month
Touzaki et al randomized diet (5023 k] /day) with low-calorie diet, G-allele carriers
2009 ([97]) v interven- 32(0/100) 50.0 + 8.0 Japanese ADIPOQ rs266729 0.29 Y dinner meal ) Fasting glucose (CG / GG) exhibited greater reductions
tion replacement; ha'bltual in fasting glucose than CC
lifestyle maintained homozygotes (—7 & 8 vs.

—2+4mg/dL; p=0.044).

CIR30, corrected insulin response at 30 min; FBG, fasting blood glucose.
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In another Korean cohort, carbohydrate intake did not significantly interact with a
10-SNP GRS in relation to T2D risk, although stratified analyses suggested stronger genetic
associations among individuals consuming lower-carbohydrate diets [42].

Evidence of gene-macronutrient interactions was reported in a large Swedish cohort,
where GIPR rs10423928 interacted with both carbohydrate and fat intake in relation to
incident T2D [43]. Higher carbohydrate intake was associated with lower T2D risk among
TT individuals, whereas higher fat intake was associated with reduced risk among AA
individuals.

In the European Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam
cohort, CAV2 rs2270188 interacted with total fat and saturated fat intake, with higher fat
and SFA intake associated with increased T2D risk among TT homozygotes [44].

Finally, a Swedish cohort study reported sex-specific interactions between IRS1
rs2943641 and macronutrient intake. The protective T allele was associated with lower
T2D risk among women consuming low or moderate carbohydrate diets and among men
consuming low-fat diets [45].

3.4.3. Gene-Food Interactions

Four studies examined interactions between genetic variants and specific foods or
dietary components in relation to incident T2D (Table 2C). Two cohort studies reported
interactions between TCF7L2 rs7903146 and fiber or whole-grain intake. In a Swedish
cohort, higher fiber intake was associated with lower T2D risk only among individuals
with the CC genotype, whereas no protective association was observed among T-allele
carriers [46]. Similarly, in the EPIC-Potsdam study, whole-grain intake was inversely
associated with T2D risk in CC individuals but not in carriers of the T allele [47].

A randomized controlled trial from the Prevencion con Dieta Mediterrdnea (PRED-
IMED) study evaluated the CLOCK rs4580704 variant and adherence to a Mediterranean
diet. G-allele carriers had a lower incidence of T2D compared with CC individuals; how-
ever, the formal interaction between genotype and diet assignment was not statistically
significant [48].

Finally, a cohort study reported a nominal interaction between FFAR4 rs116454156
and dietary fat intake, in which carriers of the R270H variant had increased T2D risk under
low-fat intake, while no differences were observed in higher fat intake categories [49].

3.5. Gene—Diet Interactions for Insulin Resistance/Insulin Sensitivity/Insulin-Related Traits
3.5.1. Macronutrient Composition in Energy-Restricted Diets

Eighteen studies evaluated whether genetic variants modify metabolic responses to
energy-restricted diets differing in macronutrient composition (Table 3A). Interactions
with dietary fat or carbohydrate intake were frequently reported. For example, PPM1K
rs1440581 modified responses to low-fat versus high-fat diets, with T-allele carriers showing
smaller improvements in insulin resistance on low-fat/high-carbohydrate diets but greater
improvements on high-fat/low-carbohydrate diets [52,60]. Similarly, TCF7L2 rs7903146
influenced changes in insulin resistance during weight-loss interventions, with TT individ-
uals experiencing smaller reductions in HOMA-IR on high-fat diets compared with low-fat
diets [62].

Interactions with dietary carbohydrate were also observed. PCSK7 rs236918 modified
responses to diets differing in carbohydrate content, with greater reductions in fasting
insulin among G-allele carriers assigned to high-carbohydrate diets [51]. The IRS1 rs2943641
variant similarly interacted with macronutrient composition, with CC individuals showing
greater improvements in insulin and HOMA-IR on higher-carbohydrate diets [66]. In
addition, GIPR rs2287019 modified responses to dietary fat intake, with greater reductions
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in fasting glucose, insulin, and HOMA-IR among T-allele carriers assigned to low-fat diets
at 6 months [61].

Other studies reported genotype-dependent responses to hypocaloric diets in-
volving variants in BDNF, MTNR1B, FTO, HNF1A, and genes related to vitamin D
metabolism (DHCR?), influencing changes in insulin resistance or related metabolic
markers [50,58,59,64,67]. Additional studies also reported differential responses according
to variants in ACE, UCP3, ADIPOQ, and FTO, as well as a 31-SNP GRS, in relation to
fasting glucose, insulin, HOMA-IR, HOMA-B, or HbAlc during energy-restricted inter-
ventions [54-57,63]. Genetic risk scores were also investigated; both an 8-SNP GRS and a
14-SNP GRS showed interactions with dietary fat intake for changes in insulin resistance
markers at 6 months, although these effects were attenuated over longer follow-up [53,65].

Overall, gene—diet interactions on insulin resistance responses to weight-loss diets
were reported across multiple loci, although these effects were often short-term and varied
by dietary macronutrient composition.

3.5.2. Fat Quality and Mediterranean-Type Diets

Eleven studies examined whether genetic variants modify metabolic responses to diets
differing in fat quality, including saturated (SFA), monounsaturated (MUFA), and polyun-
saturated fatty acids (PUFA), as well as Mediterranean-type dietary patterns (Table 3B).
In crossover trials, switching from SFA-rich diets to MUFA- or carbohydrate-rich diets
improved insulin sensitivity in some genotype groups. For example, APOE rs405509 influ-
enced responses to fat quality, with reductions in steady-state plasma glucose observed
in GG and GT individuals but not in TT carriers following MUFA- or carbohydrate-rich
diets [68]. Similarly, FABP2 rs1799883 interacted with dietary fat composition, with Thr54
carriers showing higher insulin resistance after SFA-rich diets compared with MUFA or
carbohydrate-rich diets [69].

Other studies reported genotype-dependent responses involving genes related to lipid
metabolism and adiposity. Variants in ADIPOQ were associated with differential changes in
insulin resistance during hypocaloric diets enriched in MUFA or PUFA [70], while PPARy
rs1801282 interacted with the dietary polyunsaturated-to-saturated fat ratio in relation to
fasting insulin levels [73]. Interactions with Mediterranean-type diets were also observed
for variants in LEPR, APOB, SCARB1, LIPC and IRS1, influencing measures of insulin sensi-
tivity or insulin resistance in several crossover feeding trials [74-78]. Additional sex-specific
diet-genotype interactions were also reported for ADIPOQ variants in a crossover feeding
study [72]. In addition, FABP2 rs1799883 was associated with differences in postprandial
insulin responses following consumption of oils differing in fatty acid composition [71].

Overall, these findings suggest that genetic variation may influence metabolic re-
sponses to dietary fat quality and Mediterranean-type dietary patterns.

3.5.3. Other Dietary Exposures

Twelve studies examined gene—-diet interactions involving dietary factors beyond
macronutrient composition or fat quality (Table 3C). In a cross-sectional study, PLIN1
rs894160 interacted with carbohydrate intake in relation to HOMA-IR, although the geno-
type main effect was not significant [79]. A crossover trial in Greenland Inuit participants
reported an interaction between TBC1D4 rs61736969 and dietary pattern for insulin sensi-
tivity indices, with differences between variant carriers and non-carriers persisting after a
traditional Inuit diet but attenuated following a Western diet [80].

Diet quality indices were also investigated. In an Iranian cohort, FADS2 rs174583
interacted with the HEI and DQI-I in relation to insulin-related traits, with TT carriers
showing higher insulin and HOMA-IR despite higher diet quality [81]. In addition, a
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95-SNP genetic risk score interacted with dietary cholesterol intake for HOMA-IR, with
higher cholesterol intake associated with greater insulin resistance among individuals with
higher genetic risk [82].

Other studies examined interactions involving specific nutrients or dietary interven-
tions. RETN 151862513 modified the association between n—3 PUFA intake and circulating
resistin concentrations [83]. Improvements in insulin resistance following hypocaloric
diets differed according to variants in BDNF, ADIPOQ and LPL in short-term interven-
tions [50,84,87], and HOMA-IR rebound during the weight-maintenance phase also differed
according to ADIPOQ rs17300539 [88]. A gene-based analysis of n—3 PUFA supplementa-
tion identified several loci associated with changes in HOMA-IR and constructed a genetic
risk score predictive of insulin resistance response [86]. In contrast, no significant treatment—
genotype interactions were observed for insulin resistance outcomes following long-term
n—3 PUFA supplementation in a randomized trial examining ADIPOQ variants [89], and
dietary fat intake did not significantly modify associations between PPARGC1A variants
and insulin levels [90].

3.6. Gene—Diet Interactions and Glycemic Traits/B-Cell Function
3.6.1. Macronutrient Intake

Two studies examined interactions between genetic variants and macronutrient intake
in relation to glycemic traits and {3-cell function (Table 4A). In a cross-sectional study,
TCF7L2 rs7901695 interacted with dietary protein intake in relation to glycemic markers.
Individuals with the TT genotype consuming higher protein diets (>18% energy) had
higher HbAlc compared with CT and CC carriers, and among TT carriers, higher protein
intake was associated with higher HOMA-IR and greater glucose and insulin responses
during oral glucose tolerance testing [91]. Lower carbohydrate intake was also associated
with lower corrected insulin response among TT carriers.

In a randomized controlled trial of energy-restricted diets differing in macronutrient
composition, TCF7L2 rs12255372 modified glycemic responses to weight loss. Decreases
in fasting glucose and insulin associated with reductions in body weight or BMI were
observed in G-allele carriers across both low-fat and high-fat diets, whereas in individuals
with the TT genotype these improvements were observed primarily in the low-fat diet
group [92].

Together, these studies reported interactions between TCF7L2 variants and macronu-
trient intake in relation to glycemic outcomes.

3.6.2. Food-Specific Dietary Exposures

Three studies examined interactions between genetic variants and specific foods or
dietary components in relation to glycemic traits (Table 4B). In a cross-sectional study,
the TCF7L2 rs7903146 variant interacted with dessert consumption in relation to fasting
glucose, with the T allele associated with higher fasting glucose only among individuals
consuming at least one dessert per day [93].

In a case—control study, INAFM2 rs67839313 interacted with egg intake in relation
to fasting blood glucose. The T allele was associated with higher fasting glucose among
individuals consuming fewer than four eggs per week but with lower fasting glucose
among those consuming four or more eggs per week [94].

Another case—control study reported an interaction between FTO rs9939609 and folate
intake, where variant-allele carriers with low folate intake had higher fasting glucose levels
compared with wild-type individuals, whereas this difference was not observed among
those with higher folate intake [95]. A significant interaction was also observed between
folate intake and a combined genetic score, including FTO and MC4R variants.
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3.6.3. Other Gene-Diet Associations

Two studies reported additional gene—diet interactions related to glycemic traits
(Table 4C). In a cross-sectional study, AVPR1A rs1042615 interacted with dietary fat intake
in relation to fasting glucose among men, with T-allele carriers in the highest fat-intake [96].

In a dietary intervention study, ADIPOQ rs266729 modified the glycemic response to a
low-calorie diet. Individuals carrying the G allele experienced greater reductions in fasting
glucose following a two-month calorie-restricted diet compared with CC homozygotes [97].

3.7. Risk-of-Bias Assessment

The overall and domain risk-of-bias assessment results are displayed in Figures 2-5.
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® © © ® 0 0
© © © © 6 ©
©0 0 e @
©® 0 ® 0 @
© 0 0 e 0 @
0 C e 0 e
© 0 0 ® 0 @
©® ® ® 0 O
© 00 e 0 e
©0 0@ 0 @
©0 ® ®© 0 @
©0 0 e 0 @
© 00 e 0 e
© ©6 6 ® 60 0

©® ® ® 0 0

3 ©©® ® ® 0 0O
@000 e
© 0 ® ® 0 O
©® ® e 0 @
© © ® ® 0 0
© 0 ® ® 6 0
© 00 e 0 e
© 0 00 0 @
© 00 ® 0 @
© 0 6 @ 6 06
© 6 © ® 6 0
© 00 @ 0 e
© 0 0 e e e
©® ® ® © ©
© 0 e e 0 e

Domains: Judgement

D1: Bias arising from the randomization process. .

D2: Bias due to deviations from intended in(ervenlio. High

D3: Bias due to missing outcome data. =) Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. . Low

Figure 2. Risk-of-bias assessment using the RoB 2 tool for crossover and parallel-group RCTs. The
majority of RCTs (63.33%, n = 19) were classified as having high overall risk of bias, while 11 studies
(36.67%) were judged to raise some concerns overall. High overall risk of bias was attributable to bias
arising from the randomization process (1 = 1), deviations from intended interventions (1 = 9), missing
outcome data (1 = 10), and the selection of the reported result (1 = 4). At the domain level, judgments
of some concerns were more frequent for the randomization process (1 = 27), followed by selection of
the reported result (n = 26), deviations from intended interventions (1 = 16), and missing outcome
data (n = 11). Visualization generated using the Risk-of-bias VISualization (robvis) web application
(University of Bristol, Bristol, UK; accessed February 2026) [48,50-53,55-72,75-78,80,89,92,98].
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Figure 3. Summary of risk-of-bias assessment for randomized controlled trials (crossover RCTs, 1 = §;
parallel-group RCTs, n = 22; total n = 30). Bias arising from the randomization process (low risk [ = 2,
6.67%], some concerns [n = 27, 90.00%], high risk [n = 1, 3.33%]); bias due to deviations from intended
interventions (low risk [n =5, 16.67%], some concerns [n = 16, 53.33%], high risk [ = 9, 30.00%]);
bias due to missing outcome data (low risk [ = 9, 30.00%], some concerns [n = 11, 36.67%], high risk
[n =10, 33.33%]); bias in measurement of the outcome (low risk [# = 30, 100.00%]); bias in selection
of the reported result (some concerns [1n = 26, 86.67%], high risk [n = 4, 13.33%]); overall risk of bias
(some concerns [n = 11, 36.67%]; high risk [n = 19, 63.33%]). Visualization generated using the robvis
web application (University of Bristol, Bristol, UK; accessed February 2026) [98].
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Figure 4. Risk-of-bias assessment using the ROBINS-I for non-randomized studies of interventions.
Overall, 1 study (3.23%) demonstrated moderate risk of bias, 28 studies (90.32%) demonstrated a serious
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risk of bias, while 2 studies (6.45%) demonstrated a critical risk of bias. Bias due to confounding was
the domain most frequently judged as serious (1 = 22, 70.97%), followed by bias due to deviations
from intended interventions (1 = 21, 67.74%), bias in selection of the reported result (n = 18, 58.06%),
and bias due to missing data (1 = 16, 51.61%). In contrast, bias in measurement of outcomes was most
frequently judged as low risk (n = 25, 80.65%). Bias in classification of interventions was most often
rated as moderate (1 = 19, 61.29%), whereas bias due to selection of participants was predominantly
judged as low risk (1 = 16, 51.61%). Visualization generated using the robvis web application
(University of Bristol, Bristol, UK; accessed February 2026) [37-47,49,54,73,74,79,81-88,90,91,93-98].

Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

25% 50% 75% 100%

Q
2
B

| B o [ vosmorsc [l sorousic [l crnea ik

Figure 5. Summary of risk-of-bias assessment for non-randomized studies of interventions (1 = 31).
Bias due to confounding (moderate risk [ = 9, 29.03%)], serious risk [n = 22, 70.97%]); bias due
to selection of participants (low risk [n = 16, 51.61%], moderate risk [n = 9, 29.03%], serious risk
[n = 6,19.36%]); bias in classification of interventions (low risk [# = 10, 32.26%], moderate risk [n = 19,
61.29%], serious risk [n = 2, 6.45%]); bias due to deviations from intended interventions (low risk
[n =3, 9.68%], moderate risk [n =7, 22.58%], serious risk [n = 21, 67.74%]); bias due to missing
data (low risk [ =5, 16.13%], moderate risk [n = 10, 32.26%], serious risk [n = 16, 51.61%]); bias in
measurement of outcomes (low risk [n = 25, 80.65%], moderate risk [1 = 6, 19.35%]); bias in selection
of the reported result (moderate risk [1 = 13, 41.94%], serious risk [n = 18, 58.06%)]); overall risk of bias
(moderate risk [ = 1, 3.23%)], serious risk [n = 28, 90.32%]; critical risk [n = 2, 6.45%]). Visualization
generated using the robvis web application (University of Bristol, Bristol, UK; accessed February
2026) [98].

4. Discussion

This systematic review included 61 reports examining gene—diet interactions in rela-
tion to incident T2D, insulin-related traits, and glycemic outcomes among adults without
diagnosed T2D at baseline. Reported interactions spanned dietary patterns, macronutrient
composition, dietary fat quality, and selected food-based exposures, with TCF7L2, IRS1,
GIPR, ADIPOQ, FTO, and genetic risk scores among the most frequently investigated
factors. However, the evidence base was heterogeneous across study design, dietary assess-
ment, genetic modeling, and outcome definitions, and several reported interactions were
identified in single studies without independent replication. These considerations limit
confidence in the consistency and clinical applicability of the current evidence. Across the
reviewed literature, the most repeatedly studied and comparatively more coherent signals
were observed for TCF7L2 in relation to fiber /whole-grain or macronutrient exposures, and
for several loci examined in short-term weight-loss interventions differing in macronutrient
composition; however, even these findings require stronger independent replication.

4.1. Gene—Diet Interactions and Incident T2D Risk

Evidence for gene-diet interactions in relation to incident T2D was mixed and ap-
peared to differ depending on whether studies examined broad dietary patterns or specific
dietary exposures. The clearest evidence for an interaction between overall dietary pat-
tern and genetic susceptibility was reported by Qi et al. (2009) [40], who showed that
adherence to a Western dietary pattern amplified T2D risk among individuals with higher
genetic susceptibility. In contrast, other large cohort studies did not observe significant
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interactions between genetic risk scores and adherence to healthier dietary patterns, includ-
ing the Mediterranean diet and EAT-Lancet diet index (Langenberg et al., 2014; Zhang
et al., 2023) [37,38]. Similarly, Li et al. (2018) [39] found no evidence that macronutrient
composition modified the association between polygenic risk and incident T2D. Taken
together, these findings suggest that interactions between overall diet quality and polygenic
susceptibility are likely modest and not consistently detectable across cohorts.

By contrast, somewhat more specific signals were reported for individual loci in rela-
tion to macronutrient intake. For example, Sonestedt et al. (2012) [43] observed significant
interactions between GIPR rs10423928 and carbohydrate and fat intake, while other studies
reported interactions involving CAV2 and IRS1 in relation to fat or carbohydrate exposure.
However, these findings were locus-specific, not widely replicated, and in some cases
differed by sex or dietary metric. Overall, the available evidence suggests that gene—diet
interactions influencing incident T2D risk may be more detectable for selected candidate
loci and specific dietary exposures than for broad measures of overall diet quality.

4.2. Gene—Diet Interactions Affecting Insulin Resistance and Metabolic Traits

The largest number of reported gene—diet interactions in this review involved insulin
resistance and related metabolic traits, particularly in dietary intervention studies compar-
ing weight-loss diets that differed in macronutrient composition. Several trials reported
possible genotype-dependent responses to dietary fat or carbohydrate content. For exam-
ple, PPM1K rs1440581 was associated with differential changes in insulin-related markers
in response to low-fat versus high-fat diets [52,60], while TCF7L2 rs7903146 and IRS1
rs2943641 were linked to differential responses to diets varying in carbohydrate or fat com-
position [62,66]. Additional interaction signals were reported for loci such as PCSK7, GIPR,
FTO, HNF1A and selected GRS, suggesting that insulin-related traits may be particularly
sensitive to genotype-dependent variation in response to controlled dietary interventions.

A second group of studies suggested that genetic variation may also influence
metabolic responses to dietary fat quality. Small crossover feeding trials reported differen-
tial insulin sensitivity responses to saturated, monounsaturated, or carbohydrate-rich diets
according to variants in APOE, FABP2, PPARy, SCARB1, LIPC, and other loci [68,73,76,78].
However, these studies were generally short in duration and small in sample size, and
many findings have not been independently replicated.

Overall, this area provides some of the more promising signals in the review, particu-
larly for short-term responses to weight-loss diets differing in macronutrient composition.
Nevertheless, findings were not uniform across studies, and several reported interactions
attenuated over longer follow-up [53]. This pattern suggests that any true genotype-
dependent dietary effects may be modest, context-dependent, and sensitive to behavioral
factors such as adherence and weight regain.

An additional consideration when interpreting findings from weight-loss interventions
is that improvements in insulin sensitivity, glycemic control, and other metabolic outcomes
are strongly influenced by weight reduction itself. Consequently, it may be difficult to
disentangle the independent effects of dietary macronutrient composition or gene-diet
interactions from the metabolic benefits associated with weight loss. This distinction is
particularly important given evidence suggesting that weight loss is among the strongest
determinants of improvements in T2D-related outcomes, often overshadowing differences
attributable to dietary macronutrient composition alone [99,100]. Future nutrigenetic inter-
vention studies should therefore carefully account for weight change, both as a potential
confounder and as a mediator of genotype-dependent dietary responses.
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4.3. Gene—Diet Interactions and Glycemic Traits

Evidence for gene-diet interactions affecting glycemic traits and (3-cell-related out-
comes was more limited than for incident T2D or insulin-related traits. Among the loci
examined, TCF7L2 emerged as the most repeatedly implicated, particularly in relation
to macronutrient intake and selected food-based exposures. For example, Bauer et al.
(2021) [91] reported that higher protein intake was associated with less favorable glycemic
profiles among individuals carrying the TCF7L2 rs7901695 TT genotype, including higher
HbAIlc and insulin responses during oral glucose tolerance testing. Similarly, Ouhaibi-
Djellouli et al. (2014) [93] found that dessert consumption modified the association between
TCF7L2 rs7903146 and fasting glucose, with the T allele associated with higher fasting
glucose only among frequent dessert consumers.

Beyond TCF7L2, the evidence was more fragmented. Ortega-Azorin et al. (2012) [95]
reported an interaction between FTO 159939609 and folate intake in relation to fasting glu-
cose, while Tsuzaki et al. (2009) [97] and Enhorning et al. (2009) [96] described interactions
involving ADIPOQ and AVPRI1A, respectively. However, these findings were based on
relatively few studies, involved different dietary exposures and outcomes, and have not
been extensively replicated.

Taken together, the available evidence is compatible with the possibility that genetic
variation influences glycemic responses to dietary exposures, although this area remains
underdeveloped. In particular, 3-cell-related outcomes and glycemic traits were examined
in comparatively few studies, making it difficult to determine which reported interactions
are robust.

4.4. Quality of Evidence

The overall quality of the evidence was limited by important methodological concerns
across both randomized and non-randomized studies. Among the 30 randomized trials
assessed with RoB 2, 19 (63.33%) were judged to be at high overall risk of bias and 11
(36.67%) were judged to raise some concerns. The domains contributing most frequently to
these judgments were the randomization process, deviations from intended interventions,
missing outcome data, and selection of the reported result, whereas measurement of
outcomes was generally judged to be at low risk of bias.

Among the 31 non-randomized studies assessed with ROBINS-I, 28 (90.32%) were
judged to have serious risk of bias, 2 (6.45%) critical risk, and 1 (3.23%) moderate risk. The
most frequent concerns related to confounding, deviations from intended interventions or
exposures, missing data, and selection of the reported result. In contrast, bias in measure-
ment of outcomes was most often rated as low risk. Although ROBINS-I was originally
developed for non-randomized studies of interventions, it provided a consistent frame-
work for evaluating risk of bias across the heterogeneous non-randomized study designs
included in this review. Given that several observational studies assessed habitual dietary
exposures rather than assigned interventions, the resulting risk-of-bias assessments were
interpreted cautiously and in the context of the methodological characteristics of each study
design, consistent with current methodological guidance [34,35]. These findings indicate
that, although several studies reported statistically significant gene—diet interactions, the
overall body of evidence should be interpreted cautiously, particularly when findings were
based on single studies or lacked independent replication.

Substantial heterogeneity in study design, dietary assessment methods, genetic mod-
eling strategies, and outcome definitions further limits confidence in the consistency and
interpretability of the findings. A formal GRADE assessment was not undertaken be-
cause the marked heterogeneity across study designs, exposures, outcomes, and analytical
approaches also precluded meta-analysis.
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Overall, the body of evidence differed across outcome domains. Evidence relating to
incident T2D was largely derived from larger prospective studies, whereas evidence for
insulin-related and glycaemic traits originated from a more heterogeneous body of observa-
tional and intervention studies that differed substantially in study design, dietary exposures,
genetic variants, outcome assessment, and methodological quality. Consequently, confi-
dence in individual gene—diet interactions remains limited, particularly where findings
were based on single studies without independent replication and where substantial risk of
bias was identified.

4.5. Methodological Heterogeneity Across Studies

A major characteristic of the included literature was the substantial methodological
heterogeneity among studies investigating gene—diet interactions. This variability likely
contributed to the inconsistency of reported findings and limited their comparability. First,
study designs ranged from cross-sectional analyses and prospective cohort studies to
controlled dietary intervention trials. Observational studies often relied on self-reported
dietary intake, frequently assessed using food frequency questionnaires, which are suscepti-
ble to recall bias and measurement error. Such measurement error may attenuate gene—diet
interactions, particularly when dietary exposures are broadly categorized [37,39]. In con-
trast, controlled feeding and dietary intervention trials generally provide more precise
assessment of dietary exposures but are often limited by shorter intervention periods and
smaller sample sizes. The inclusion of both observational and intervention studies enabled
a more comprehensive evaluation of the available evidence on gene—diet interactions across
clinically relevant metabolic outcomes. However, these study designs differ substantially
in their methodological strengths and capacity to support causal inference. Accordingly,
the findings were interpreted in the context of study design, methodological quality and
risk of bias rather than statistical significance alone.

Second, statistical power varied substantially across studies. Detecting gene-diet
interactions generally requires larger sample sizes than detecting main genetic or dietary
effects. Although several cohort studies included large populations, many intervention
studies enrolled fewer than 500 participants, which may have limited their ability to detect
modest interaction effects.

Third, the genetic approaches used were not uniform. Some studies assessed single
candidate SNPs, whereas others used genetic risk scores incorporating multiple loci. Al-
though polygenic approaches may capture a greater proportion of genetic susceptibility,
the composition and weighting of genetic risk scores varied considerably across studies,
thereby limiting direct comparison across studies [40,65]. In addition, the genetic models
used to evaluate interactions (e.g., additive, dominant, recessive, or allele-based models)
differed considerably between studies and were often selected post hoc or inconsistently
reported. This methodological variability further complicated comparison across studies
and may have contributed to inconsistent findings.

Fourth, dietary exposure definitions also varied substantially. Macronutrient intake
was expressed as a percentage of total energy, absolute intake, or broader dietary pattern
scores, while dietary fat quality was represented by indices such as the polyunsaturated-to-
saturated fat ratio, Mediterranean diet adherence, or controlled manipulation of fatty acid
composition. These differences further complicate cross-study comparison.

Fifth, several studies evaluated total carbohydrate or total fat intake without ade-
quately accounting for dietary quality. However, growing evidence suggests that carbo-
hydrate source (e.g., whole grains and dietary fiber versus refined carbohydrates) and fat
subtype (e.g., saturated, monounsaturated, and polyunsaturated fatty acids) may exert
distinct effects on insulin sensitivity, glucose homeostasis, and T2D risk [101,102]. Conse-
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quently, dietary quality may be more biologically informative than macronutrient quantity
alone when evaluating gene—diet interactions. Future Nutrigenetics studies should there-
fore incorporate more refined measures of dietary quality to improve comparability and
enhance the biological interpretation of gene—diet interactions.

Moreover, study populations differed in ethnicity, age, metabolic status, and preva-
lence of obesity. Because allele frequencies, linkage disequilibrium patterns, and gene—
environment interactions may vary substantially across populations, some reported in-
teractions may be population-specific rather than broadly generalizable [80,81]. These
differences also complicate replication across independent cohorts and may partly explain
inconsistencies between studies.

Finally, multiple testing and limited independent replication remain important con-
cerns. Many studies evaluated numerous dietary exposures and genetic variants without
adequate correction for multiple comparisons or validation in independent cohorts, increas-
ing the likelihood of false-positive findings. Collectively, these methodological limitations
likely explain part of the inconsistency observed across studies and reinforce the need for
larger, standardized, and independently replicated investigations.

Finally, an additional methodological limitation was the incomplete reporting of
Hardy-Weinberg equilibrium (HWE). Thirteen studies did not report HWE, limiting the
assessment of genetic data quality and contributing to uncertainty in the evaluation of
study quality. In contrast, one study deviated from HWE, a finding that may reflect
genotyping error, population stratification, or selection bias, and was therefore interpreted
with greater caution.

4.6. Strengths and Limitations

A key strength of this review is the inclusion of both observational studies and dietary
intervention trials, which broadens the scope of the evidence captured across diverse
dietary exposures and metabolic outcomes. This comprehensive approach enhances the
generalizability of findings and reflects the complexity of Nutrigenetics research. Reviews
limited solely to RCTs may fail to capture long-term nutrient exposure effects or may
overlook relevant findings due to the scarcity of trials available on certain gene—nutrient
interactions. Including observational studies helps fill these evidence gaps and broadens
the scope of analysis [32].

The inclusion of both randomized and observational studies was grounded in method-
ological considerations, acknowledging that randomization remains the most effective
method to minimize confounding, whereas confounding can persist even in well-conducted
observational research [103]. To ensure a robust evaluation of study quality, design-specific
risk-of-bias assessment tools were employed. Specifically, the Cochrane Risk of Bias 2 (RoB
2) tool was used for randomized controlled trials, applying the versions developed for
parallel-group and crossover designs as appropriate, whereas ROBINS-I was used for non-
randomized intervention and observational studies [35]. This methodological framework
enhances the transparency and consistency of quality assessment and facilitates a more
balanced interpretation of the available evidence.

Several limitations should also be acknowledged. First, substantial heterogeneity in
study design, dietary assessment methods, genetic modeling, outcome definitions, and
statistical approaches precluded meta-analysis and limits comparability across studies.
Second, many reported gene—diet interactions were based on single studies and lacked
independent replication. Third, dietary assessment in observational studies was often
based on self-reported intake, which is vulnerable to measurement error and may attenuate
interaction effects. Fourth, the overall quality of the evidence was constrained by the high
proportion of randomized trials at high risk of bias and non-randomized studies at serious
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risk of bias. Fifth, only full-text, peer-reviewed articles published in English were included,
while gray literature (e.g., conference abstracts, dissertations, trial registries, and preprints)
was not searched. This may have introduced language and publication bias by underrepre-
senting unpublished, non-significant, or less prominent findings [32]. Consequently, this
review may have disproportionately captured studies with more prominent or statistically
significant findings, potentially underrepresenting smaller or non-significant effects [104].
Finally, a formal assessment of reporting bias and a structured certainty-of-evidence assess-
ment (e.g.,, GRADE) were not undertaken because of the substantial methodological and
clinical heterogeneity of the included studies. Although these approaches were not consid-
ered feasible in the context of the available evidence, their absence represents an additional
limitation and should be considered when interpreting the overall body of evidence.

4.7. Mechanistic Considerations and Future Directions in PN Research

PN offers a biologically plausible framework for improving the prevention and man-
agement of T2D because metabolic responses to diet are shaped by substantial interindi-
vidual variability, including variability related to genetic background. More broadly, PN
aims to tailor dietary advice using combinations of genetic, metabolic, behavioral, and
environmental information, and has been proposed as a promising strategy for chronic
disease prevention and management, including T2D [105,106].

In the context of T2D, there is a reasonable premise for the use of PN because many
loci implicated in gene-diet research map to pathways involved in insulin secretion, insulin
signaling, adiposity, lipid metabolism, and postprandial glycemic regulation. At the same
time, recent reviews emphasize that nutrigenetic and genotype-based PN strategies remain
at an early translational stage: biological plausibility is strong, but the evidence base is still
limited by heterogeneous study designs, small or selected samples, insufficient ancestral
diversity, and a lack of robust independent replication.

Beyond genetic influences, evidence from major lifestyle intervention trials has consis-
tently demonstrated that dietary modification, weight loss, and increased physical activity
can substantially reduce T2D risk, irrespective of genetic predisposition [100]. Although
the present review focused on gene—diet interactions, physical activity represents another
key determinant that may modify metabolic responses to dietary interventions [99]. Several
studies included in this review adjusted their analyses for physical activity; however, as-
sessment methods varied considerably, and structured exercise interventions were not the
primary focus of the included studies. Future Precision Nutrition studies should therefore
consider integrated gene—diet-physical activity interactions using standardized measures
of physical activity and cardiorespiratory fitness. More recent evidence further suggests
that individuals at elevated genetic risk may derive comparable or even greater benefit
from lifestyle interventions [99]. Therefore, genetic susceptibility should not be viewed as a
determinant of disease inevitability, but rather as one factor that may contribute to interindi-
vidual variability in metabolic responses to dietary exposures [107]. Within this framework,
PN approaches aim to refine and optimize established lifestyle recommendations rather
than replace them.

These considerations also highlight several priorities for future PN research. Rather
than simply identifying additional candidate interactions, future studies should focus
on generating replicable and clinically interpretable evidence. Future studies should
be adequately powered, prospectively designed, and include prespecified interaction
models, harmonized dietary exposures and metabolic outcomes, and replication across
independent and ethnically diverse populations. Greater integration of genomics with
other layers of information—such as metabolomics, microbiome data, continuous glucose
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monitoring, and behavioral phenotyping—may also improve the prediction of individual
dietary responses [25,105,108].

At the same time, future PN strategies should not focus exclusively on individual
gene—nutrient interactions. Increasing evidence supports the importance of whole dietary
patterns, particularly plant-based diets, as effective non-pharmacological strategies for im-
proving insulin sensitivity and reducing the risk of T2D. Their beneficial effects are thought
to arise from the combined action of dietary fiber, unsaturated fatty acids, antioxidants,
and phytochemicals, which collectively influence multiple pathways involved in glucose
homeostasis and insulin sensitivity [109,110]. As PN continues to evolve, future approaches
should move beyond individual gene—nutrient interactions and integrate evidence-based
dietary patterns with genetic, metabolic, behavioral, and other biological information to
provide more comprehensive and individualized prevention strategies. Complementary
interventions—including functional foods, nutraceuticals, and, where clinically appropri-
ate, pharmacological therapies—may further enhance the implementation of PN; however,
robust evidence supporting their interaction with genetic susceptibility remains limited
and warrants further investigation.

Another promising avenue for future PN research involves the gut microbiota. In-
teractions between host genetics suggest that the gut microbiota represents an impor-
tant mediator of individual metabolic responses to dietary interventions. Interactions
between host genetics, dietary exposures, and gut microbial composition may influence
glucose homeostasis, insulin sensitivity, inflammatory pathways, and the production of
bioactive metabolites, thereby contributing to interindividual variability in metabolic out-
comes [111,112]. Consequently, integrating gut microbiome profiling with genomic and
metabolic data may further enhance the accuracy and clinical applicability of PN. However,
none of the studies included in the present review incorporated microbiome assessments,
highlighting an important gap that should be addressed in future Nutrigenetics research.

Overall, the findings of this review indicate that PN and Nutrigenetics hold consider-
able promise for T2D prevention and management, but the evidence remains insufficient to
support routine clinical implementation. At present, the field is supported more strongly
by biological rationale and early proof-of-concept studies than by consistently replicated
intervention evidence [21]. Translation into routine clinical practice will ultimately depend
on the generation of robust, reproducible, and clinically meaningful evidence demon-
strating that genotype-informed or multi-omic dietary strategies provide benefits beyond
current evidence-based dietary recommendations. Particular emphasis should be placed
on the independent replication of previously reported gene—diet interactions, especially
those involving frequently studied loci such as TCF7L2, IRS1, GIPR, FTO, and polygenic
risk scores. Establishing the reproducibility and clinical relevance of these interactions
across diverse populations will be essential before their incorporation into routine Precision
Nutrition strategies can be justified.

5. Conclusions

This systematic review identified 61 reports examining gene—diet interactions in
relation to incident T2D, insulin-related traits and glycemic outcomes among adults without
diagnosed T2D at baseline. Reported interactions involved a range of dietary exposures
and loci, most commonly TCF7L2, IRS1, GIPR, ADIPOQ and FTO.

However, the evidence base was heterogeneous in design, exposure assessment, out-
come definition and analytical approach, and many reported interactions were based on
single studies without independent replication. In addition, the overall quality of the
evidence was limited by substantial risk of bias in many included studies.
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Although numerous statistically significant gene—diet interactions were reported,
confidence in individual findings should be interpreted in light of the corresponding risk-
of-bias assessments, with many studies judged to be at high or serious risk of bias. Taken
together, the literature supports the biological plausibility of gene—diet interactions in
T2D-related phenotypes, but robust, reproducible, and clinically actionable findings remain
limited. Future research should prioritize larger and more diverse populations, standard-
ized dietary assessment, prespecified analytical strategies, and independent replication.
At present, the available evidence does not support the routine use of genotype-based di-
etary recommendations for T2D prevention outside research settings or carefully validated
clinical contexts.
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ROBINS-I Risk Of Bias In Non-randomized Studies of Interventions

ROBVIS Risk of Bias Visualization

SNP Single Nucleotide Polymorphism

2D Type 2 diabetes

https://doi.org/10.3390 /nu18152439


https://www.mdpi.com/article/10.3390/nu18152439/s1
https://www.mdpi.com/article/10.3390/nu18152439/s1
https://doi.org/10.3390/nu18152439

Nutrients 2026, 18, 2439 48 of 53

References

1.  DeForest, N.; Majithia, A.R. Genetics of Type 2 Diabetes: Implications from Large-Scale Studies. Curr. Diab. Rep. 2022, 22, 227-235.
[CrossRef] [PubMed]

2. Magliano, D.; Boyko, E.J. Diabetes Atlas, 11th ed.; International Diabetes Federation: Brussels, Belgium, 2025.

3. Ortega, A.;Bern4, G.; Rojas, A.; Martin, E; Soria, B. Gene-Diet Interactions in Type 2 Diabetes: The Chicken and Egg Debate. Int.
J. Mol. Sci. 2017, 18, 1188. [CrossRef] [PubMed]

4. Dilworth, L.; Facey, A.; Omoruyi, E. Diabetes Mellitus and Its Metabolic Complications: The Role of Adipose Tissues. Int. . Mol.
Sci. 2021, 22, 7644. [CrossRef] [PubMed]

5. Bjornstad, P; Chao, L.C.; Cree-Green, M.; Dart, A.B.; King, M.; Looker, H.C.; Magliano, D.].; Nadeau, K.J.; Pinhas-Hamiel, O.;
Shah, A.S.; et al. Youth-Onset Type 2 Diabetes Mellitus: An Urgent Challenge. Nat. Rev. Nephrol. 2023, 19, 168-184. [CrossRef]
[PubMed]

6.  Brunetti, A.; Chiefari, E.; Foti, D. Recent Advances in the Molecular Genetics of Type 2 Diabetes Mellitus. World ]. Diabetes 2014, 5,
128-140. [CrossRef] [PubMed]

7. Drexel, H,; Festa, A.; Schmidt, T.A.; Rocca, B.; Dobrev, D.; Agewall, S.; Tamargo, J.; Kaser, S. Management of Dyslipidaemia in
Patients with Comorbidities: Facing the Challenge: Type 2 Diabetes Mellitus. Eur. Heart . Cardiovasc. Pharmacother. 2025, 11,
698-711. [CrossRef] [PubMed]

8.  Echouffo-Tcheugui, ].B.; Selvin, E. Prediabetes and What It Means: The Epidemiological Evidence. Annu. Rev. Public Health 2021,
42,59-77. [CrossRef] [PubMed]

9. Tabak, A.G,; Herder, C.; Rathmann, W.; Brunner, E.J.; Kiviméki, M. Prediabetes: A High-Risk State for Diabetes Development.
Lancet 2012, 379, 2279-2290. [CrossRef] [PubMed]

10. Gallagher, EJ.; LeRoith, D.; Karnieli, E. Insulin Resistance in Obesity as the Underlying Cause for the Metabolic Syndrome. Mt.
Sinai J. Med. ]. Transl. Pers. Med. 2010, 77, 511-523. [CrossRef] [PubMed]

11. Rana,].S.; Farrukh, F; Moffet, H.H.; Liu, ].Y.; Bhatt, A.S.; Sabouret, P,; Karter, A.J. Diabetes and Risk of Premature Atherosclerotic
Cardiovascular Disease. Nutr. Metab. Cardiovasc. Dis. 2025, 35. [CrossRef] [PubMed]

12.  Ezzatvar, Y.; Lopez-Gil, ].F.; Yafiez-Septlveda, R.; Hurtado-Almonacid, J.; Garcia-Hermoso, A. Life Expectancy in Individuals
with Type 1, Type 2 Diabetes and without Diabetes: A Systematic Review and Meta-Analysis. Front. Endocrinol. 2025, 16.
[CrossRef] [PubMed]

13.  Ercegovi¢, V.; Dzimbeg, M.; Gelemanovi¢, A. Genetic Susceptibility of Type 2 Diabetes and Metabolic Syndrome. Diabetology 2025,
6, 11. [CrossRef]

14. Lisco, G.; Giagulli, V.A.; Pergola, G.D.; Guastamacchia, E.; Jirillo, E.; Vitale, E.; Triggiani, V. Chronic Stress as a Risk Factor for
Type 2 Diabetes: Endocrine, Metabolic, and Immune Implications. Endocr. Metab. Immune Disord.-Drug Targets 2024, 24, 321-332.
[CrossRef] [PubMed]

15. Spanakis, E.K.; Golden, S.H. Race/Ethnic Difference in Diabetes and Diabetic Complications. Curr. Diab. Rep. 2013, 13, 814-823.
[CrossRef] [PubMed]

16. So, H.-C.; Gui, A.H.S.; Cherny, S.S.; Sham, P.C. Evaluating the Heritability Explained by Known Susceptibility Variants: A Survey
of Ten Complex Diseases. Genet. Epidemiol. 2011, 35, 310-317. [CrossRef] [PubMed]

17.  Feng, Y; Li, X.; Mao, Z.; Huo, W.; Hou, J.; Wang, C.; Li, W.; Yu, S. Heritability Estimation and Environmental Risk Assessment for
Type 2 Diabetes Mellitus in a Rural Region in Henan, China: Family-Based and Case-Control Studies. Front. Public Health 2021,
9, 690889. [CrossRef] [PubMed]

18. Sami, A.; Javed, A.; Ozsahin, D.U.; Ozsahin, I.; Muhammad, K.; Waheed, Y. Genetics of Diabetes and Its Complications: A
Comprehensive Review. Diabetol. Metab. Syndr. 2025, 17, 185. [CrossRef] [PubMed]

19. Toi, PL.; Anothaisintawee, T.; Chaikledkaew, U.; Briones, J.R.; Reutrakul, S.; Thakkinstian, A. Preventive Role of Diet Interventions
and Dietary Factors in Type 2 Diabetes Mellitus: An Umbrella Review. Nutrients 2020, 12, 2722. [CrossRef] [PubMed]

20. Uusitupa, M.; Khan, T.A.; Viguiliouk, E.; Kahleova, H.; Rivellese, A.A.; Hermansen, K.; Pfeiffer, A.; Thanopoulou, A.; Salas-
Salvadé, J.; Schwab, U.; et al. Prevention of Type 2 Diabetes by Lifestyle Changes: A Systematic Review and Meta-Analysis.
Nutrients 2019, 11, 2611. [CrossRef] [PubMed]

21. Munawaroh, E.F; Herawati, D.M.D.; Megawati, G.; Wijayakesuma, A.; Apriani, L.; Sofiatin, Y.; Dani, D. Effectiveness of
Personalized Nutrition on Management Diabetes Mellitus Type 2 and Prediabetes in Adults: A Systematic Review. Diabetes Metab.
Syndr. Obes. Targets Ther. 2025, 18, 2783-2796. [CrossRef] [PubMed]

22.  Westerman, K.E.; Walker, M.E.; Gaynor, S.M.; Wessel, ].; DiCorpo, D.; Ma, ].; Alonso, A.; Aslibekyan, S.; Baldridge, A.S.; Bertoni,
A.G,; et al. Investigating Gene-Diet Interactions Impacting the Association Between Macronutrient Intake and Glycemic Traits.
Diabetes 2023, 72, 653-665. [CrossRef] [PubMed]

23. Livingstone, K.M.; Ramos-Lopez, O.; Pérusse, L.; Kato, H.; Ordovas, ] M.; Martinez, J.A. Precision Nutrition: A Review of Current

Approaches and Future Endeavors. Trends Food Sci. Technol. 2022, 128, 253-264. [CrossRef]

https://doi.org/10.3390 /nu18152439


https://doi.org/10.1007/s11892-022-01462-3
https://www.ncbi.nlm.nih.gov/pubmed/35305202
https://doi.org/10.3390/ijms18061188
https://www.ncbi.nlm.nih.gov/pubmed/28574454
https://doi.org/10.3390/ijms22147644
https://www.ncbi.nlm.nih.gov/pubmed/34299261
https://doi.org/10.1038/s41581-022-00645-1
https://www.ncbi.nlm.nih.gov/pubmed/36316388
https://doi.org/10.4239/wjd.v5.i2.128
https://www.ncbi.nlm.nih.gov/pubmed/24748926
https://doi.org/10.1093/ehjcvp/pvaf076
https://www.ncbi.nlm.nih.gov/pubmed/41143728
https://doi.org/10.1146/annurev-publhealth-090419-102644
https://www.ncbi.nlm.nih.gov/pubmed/33355476
https://doi.org/10.1016/S0140-6736(12)60283-9
https://www.ncbi.nlm.nih.gov/pubmed/22683128
https://doi.org/10.1002/msj.20212
https://www.ncbi.nlm.nih.gov/pubmed/20960553
https://doi.org/10.1016/j.numecd.2025.103869
https://www.ncbi.nlm.nih.gov/pubmed/39986940
https://doi.org/10.3389/fendo.2025.1704277
https://www.ncbi.nlm.nih.gov/pubmed/41323965
https://doi.org/10.3390/diabetology6020011
https://doi.org/10.2174/1871530323666230803095118
https://www.ncbi.nlm.nih.gov/pubmed/37534489
https://doi.org/10.1007/s11892-013-0421-9
https://www.ncbi.nlm.nih.gov/pubmed/24037313
https://doi.org/10.1002/gepi.20579
https://www.ncbi.nlm.nih.gov/pubmed/21374718
https://doi.org/10.3389/fpubh.2021.690889
https://www.ncbi.nlm.nih.gov/pubmed/34307284
https://doi.org/10.1186/s13098-025-01748-y
https://www.ncbi.nlm.nih.gov/pubmed/40452079
https://doi.org/10.3390/nu12092722
https://www.ncbi.nlm.nih.gov/pubmed/32899917
https://doi.org/10.3390/nu11112611
https://www.ncbi.nlm.nih.gov/pubmed/31683759
https://doi.org/10.2147/DMSO.S528619
https://www.ncbi.nlm.nih.gov/pubmed/40821750
https://doi.org/10.2337/db22-0851
https://www.ncbi.nlm.nih.gov/pubmed/36791419
https://doi.org/10.1016/j.tifs.2022.08.017
https://doi.org/10.3390/nu18152439

Nutrients 2026, 18, 2439 49 of 53

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Merino, J.; Guasch-Ferré, M.; Li, J.; Chung, W.; Hu, Y,; Ma, B.; Li, Y.,; Kang, ].H.; Kraft, P; Liang, L.; et al. Polygenic Scores,
Diet Quality, and Type 2 Diabetes Risk: An Observational Study among 35,759 Adults from 3 US Cohorts. PLoS Med. 2022,
19, €1003972. [CrossRef] [PubMed]

Wauni, R.; Vimaleswaran, K.S. Barriers in Translating Existing Nutrigenetics Insights to Precision Nutrition for Cardiometabolic
Health in Ethnically Diverse Populations. Lifestyle Genom. 2024, 17, 122-135. [CrossRef] [PubMed]

Do Rosario, N.A.D.; Gokhale, D.; Gore, M. Exploring the Future of Nutrigenomics: Dietitians’ Perceptions on Integration in
Indian Practice. Genes Nutr. 2025, 20, 7. [CrossRef] [PubMed]

Elsayed, H.H.; Saleh, R.T. Review of: Nutritional Genomics and Precision Nutrition. Bull. Natl. Nutr. Inst. Arab Repub. Egypt 2024,
64,204-234. [CrossRef]

Kapellou, A.; Salata, E.; Vrachnos, D.M.; Papailia, S.; Vittas, S. Gene-Diet Interactions in Diabetes Mellitus: Current Insights and
the Potential of Personalized Nutrition. Genes 2025, 16, 578. [CrossRef] [PubMed]

Dietrich, S.; Jacobs, S.; Zheng, ] .-S.; Meidtner, K.; Schwingshackl, L.; Schulze, M.B. Gene-Lifestyle Interaction on Risk of Type 2
Diabetes: A Systematic Review. Obes. Rev. 2019, 20, 1557-1571. [CrossRef] [PubMed]

Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—a Web and Mobile App for Systematic Reviews. Syst. Rev.
2016, 5, 210. [CrossRef] [PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A_;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BM] 2021, 372, n71.
[CrossRef] [PubMed]

Higgins, J.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.].; Welch, V. Cochrane Handbook for Systematic Reviews of
Interventions (Version 6.5). Available online: https://www.cochrane.org/authors/handbooks-and-manuals/handbook/current
(accessed on 22 January 2026).

Sterne, J.A.C.; Savovi¢, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A Revised Tool for Assessing Risk of Bias in Randomised Trials. BM] 2019, 366, 14898. [CrossRef] [PubMed]
Theozor-Ejiofor, Z.; Savovi¢, J.; Bowater, R.J.; Higgins, J.P.T. The Application of ROBINS-I Guidance in Systematic Reviews of
Non-Randomised Studies: A Descriptive Study. Res. Synth. Methods 2026, 17, 265-276. [CrossRef] [PubMed]

Sterne, J.A.; Herndn, M.A.; Reeves, B.C.; Savovi¢, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T,;
Boutron, I.; et al. ROBINS-I: A Tool for Assessing Risk of Bias in Non-Randomised Studies of Interventions. BM] 2016, 355, i4919.
[CrossRef] [PubMed]

Neamatzadeh, H.; Dastgheib, S.A.; Mazaheri, M.; Masoudi, A.; Shiri, A.; Omidi, A.; Rahmani, A.; Golshan-Tafti, A.; Aghasipour,
M.; Yeganegi, M.; et al. Hardy-Weinberg Equilibrium in Meta-Analysis Studies and Large-Scale Genomic Sequencing Era. Asian
Pac. J. Cancer Prev. APJCP 2024, 25, 2229-2235. [CrossRef] [PubMed]

Langenberg, C.; Sharp, S.J.; Franks, P.W.; Scott, R.A.; Deloukas, P.; Forouhi, N.G.; Froguel, P.; Groop, L.C.; Hansen, T.; Palla,
L.; et al. Gene-Lifestyle Interaction and Type 2 Diabetes: The EPIC InterAct Case-Cohort Study. PLoS Med. 2014, 11, e1001647.
[CrossRef] [PubMed]

Zhang, S.; Stubbendorff, A.; Olsson, K.; Ericson, U.; Niu, K.; Qi, L.; Borné, Y.; Sonestedt, E. Adherence to the EAT-Lancet Diet,
Genetic Susceptibility, and Risk of Type 2 Diabetes in Swedish Adults. Metabolism. 2023, 141, 155401. [CrossRef] [PubMed]

Li, $.X,; Imamura, E; Schulze, M.B.; Zheng, |.; Ye, Z.; Agudo, A.; Ardanaz, E.; Aune, D.; Boeing, H.; Dorronsoro, M.; et al. Interplay
between Genetic Predisposition, Macronutrient Intake and Type 2 Diabetes Incidence: Analysis within EPIC-InterAct across
Eight European Countries. Diabetologia 2018, 61, 1325-1332. [CrossRef] [PubMed]

Qi, L.; Cornelis, M.C.; Zhang, C.; van Dam, R.M.; Hu, E.B. Genetic Predisposition, Western Dietary Pattern, and the Risk of Type 2
Diabetes in Men2. Am. . Clin. Nutr. 2009, 89, 1453-1458. [CrossRef] [PubMed]

Hong, K.-W.; Kim, S.H.; Zhang, X.; Park, S. Interactions among the Variants of Insulin-Related Genes and Nutrients Increase the
Risk of Type 2 Diabetes. Nutr. Res. 2018, 51, 82-92. [CrossRef] [PubMed]

Kim, D.S,; Kim, B.C,; Daily, ] W,; Park, S. High Genetic Risk Scores for Impaired Insulin Secretory Capacity Doubles the Risk for
Type 2 Diabetes in Asians and Is Exacerbated by Western-Type Diets. Diabetes Metab. Res. Rev. 2018, 34. [CrossRef] [PubMed]
Sonestedt, E.; Lyssenko, V.; Ericson, U.; Gullberg, B.; Wirfélt, E.; Groop, L.; Orho-Melander, M. Genetic Variation in the Glucose-
Dependent Insulinotropic Polypeptide Receptor Modifies the Association between Carbohydrate and Fat Intake and Risk of Type
2 Diabetes in the Malmo Diet and Cancer Cohort. J. Clin. Endocrinol. Metab. 2012, 97, E810-818. [CrossRef] [PubMed]

Fisher, E.; Schreiber, S.; Joost, H.-G.; Boeing, H.; Doring, F. A Two-Step Association Study Identifies CAV2 Rs2270188 Single
Nucleotide Polymorphism Interaction with Fat Intake in Type 2 Diabetes Risk. J. Nutr. 2011, 141, 177-181. [CrossRef] [PubMed]
Ericson, U.; Rukh, G.; Stojkovic, I.; Sonestedt, E.; Gullberg, B.; Wirfilt, E.; Wallstrom, P.; Orho-Melander, M. Sex-Specific
Interactions between the IRS1 Polymorphism and Intakes of Carbohydrates and Fat on Incident Type 2 Diabetes123. Am. . Clin.
Nutr. 2013, 97, 208-216. [CrossRef] [PubMed]

Hindy, G.; Sonestedt, E.; Ericson, U.; Jing, X.-J.; Zhou, Y.; Hansson, O.; Renstrom, E.; Wirfélt, E.; Orho-Melander, M. Role of
TCF7L2 Risk Variant and Dietary Fibre Intake on Incident Type 2 Diabetes. Diabetologia 2012, 55, 2646-2654. [CrossRef] [PubMed]

https://doi.org/10.3390 /nu18152439


https://doi.org/10.1371/journal.pmed.1003972
https://www.ncbi.nlm.nih.gov/pubmed/35472203
https://doi.org/10.1159/000541909
https://www.ncbi.nlm.nih.gov/pubmed/39467522
https://doi.org/10.1186/s12263-024-00760-7
https://www.ncbi.nlm.nih.gov/pubmed/40097997
https://doi.org/10.21608/bnni.2024.396356
https://doi.org/10.3390/genes16050578
https://www.ncbi.nlm.nih.gov/pubmed/40428400
https://doi.org/10.1111/obr.12921
https://www.ncbi.nlm.nih.gov/pubmed/31478326
https://doi.org/10.1186/s13643-016-0384-4
https://www.ncbi.nlm.nih.gov/pubmed/27919275
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://www.cochrane.org/authors/handbooks-and-manuals/handbook/current
https://doi.org/10.1136/bmj.l4898
https://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1017/rsm.2025.10048
https://www.ncbi.nlm.nih.gov/pubmed/41635947
https://doi.org/10.1136/bmj.i4919
https://www.ncbi.nlm.nih.gov/pubmed/27733354
https://doi.org/10.31557/APJCP.2024.25.7.2229
https://www.ncbi.nlm.nih.gov/pubmed/39068553
https://doi.org/10.1371/journal.pmed.1001647
https://www.ncbi.nlm.nih.gov/pubmed/24845081
https://doi.org/10.1016/j.metabol.2023.155401
https://www.ncbi.nlm.nih.gov/pubmed/36682448
https://doi.org/10.1007/s00125-018-4586-2
https://www.ncbi.nlm.nih.gov/pubmed/29549418
https://doi.org/10.3945/ajcn.2008.27249
https://www.ncbi.nlm.nih.gov/pubmed/19279076
https://doi.org/10.1016/j.nutres.2017.12.012
https://www.ncbi.nlm.nih.gov/pubmed/29673546
https://doi.org/10.1002/dmrr.2944
https://www.ncbi.nlm.nih.gov/pubmed/29048714
https://doi.org/10.1210/jc.2011-2444
https://www.ncbi.nlm.nih.gov/pubmed/22399504
https://doi.org/10.3945/jn.110.124206
https://www.ncbi.nlm.nih.gov/pubmed/21178094
https://doi.org/10.3945/ajcn.112.046474
https://www.ncbi.nlm.nih.gov/pubmed/23221578
https://doi.org/10.1007/s00125-012-2634-x
https://www.ncbi.nlm.nih.gov/pubmed/22782288
https://doi.org/10.3390/nu18152439

Nutrients 2026, 18, 2439 50 of 53

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Fisher, E.; Boeing, H.; Fritsche, A.; Doering, F.; Joost, H.-G.; Schulze, M.B. Whole-Grain Consumption and Transcription Factor-7-
like 2 (TCF7L2) Rs7903146: Gene-Diet Interaction in Modulating Type 2 Diabetes Risk. Br. J. Nutr. 2009, 101, 478-481. [CrossRef]
[PubMed]

Corella, D.; Asensio, E.M.; Coltell, O.; Sorli, ].V.; Estruch, R.; Martinez-Gonzélez, M.A.; Salas-Salvadé, J.; Castanier, O.; Aros,
F; Lapetra, J.; et al. CLOCK Gene Variation Is Associated with Incidence of Type-2 Diabetes and Cardiovascular Diseases in
Type-2 Diabetic Subjects: Dietary Modulation in the PREDIMED Randomized Trial. Cardiovasc. Diabetol. 2016, 15, 4. [CrossRef]
[PubMed]

Lamri, A.; Bonnefond, A.; Meyre, D.; Balkau, B.; Roussel, R.; Marre, M.; Froguel, P.; Fumeron, F; D.E.SIR. Study Group
Interaction between GPR120 p.R270H Loss-of-Function Variant and Dietary Fat Intake on Incident Type 2 Diabetes Risk in the
D.E.S.LR. Study. Nutr. Metab. Cardiovasc. Dis. NMCD 2016, 26, 931-936. [CrossRef] [PubMed]

de Luis, D.A.; Romero, E.; Izaola, O.; Primo, D.; Aller, R. Cardiovascular Risk Factors and Insulin Resistance after Two Hypocaloric
Diets with Different Fat Distribution in Obese Subjects: Effect of the Rs10767664 Gene Variant in Brain-Derived Neurotrophic
Factor. J. Nutr. Nutr. 2017, 10, 163-171. [CrossRef] [PubMed]

Huang, T.; Huang, J.; Qi, Q.; Li, Y.; Bray, G.A.; Rood, J.; Sacks, EM.; Qi, L. PCSK7 Genotype Modifies Effect of a Weight-Loss Diet
on 2-Year Changes of Insulin Resistance: The POUNDS LOST Trial. Diabetes Care 2015, 38, 439-444. [CrossRef] [PubMed]

Goni, L.; Qi, L.; Cuervo, M.; Milagro, F.I; Saris, W.H.; MacDonald, I.A.; Langin, D.; Astrup, A.; Arner, P.; Oppert, ].-M.; et al.
Effect of the Interaction between Diet Composition and the PPM1K Genetic Variant on Insulin Resistance and 3 Cell Function
Markers during Weight Loss: Results from the Nutrient Gene Interactions in Human Obesity: Implications for Dietary Guidelines
(NUGENOB) Randomized Trial. Am. J. Clin. Nutr. 2017, 106, 902-908. [CrossRef]

Han, L.; Ma, W.; Sun, D.; Heianza, Y.; Wang, T.; Zheng, Y.; Huang, T.; Duan, D.; Bray, ].G.A.; Champagne, C.M.; et al. Genetic
Variation of Habitual Coffee Consumption and Glycemic Changes in Response to Weight-Loss Diet Intervention: The Preventing
Overweight Using Novel Dietary Strategies (POUNDS LOST) Trial. Am. . Clin. Nutr. 2017, 106, 1321-1326. [CrossRef] [PubMed]
Schiiler, R.; Osterhoff, M.A.; Frahnow, T.; Mohlig, M.; Spranger, J.; Stefanovski, D.; Bergman, R.N.; Xu, L.; Seltmann, A.-C,;
Kabisch, S.; et al. Dietary Fat Intake Modulates Effects of a Frequent ACE Gene Variant on Glucose Tolerance with Association to
Type 2 Diabetes. Sci. Rep. 2017, 7, 9234. [CrossRef] [PubMed]

de Luis, D.A,; Aller, R.; Izaola, O.; Romero, E. Effect of -55CT Polymorphism of UCP3 on Insulin Resistance and Cardiovascular
Risk Factors after a High Protein/Low Carbohydrate versus a Standard Hypocaloric Diet. Ann. Nutr. Metab. 2016, 68, 157-163.
[CrossRef] [PubMed]

de Luis, D.A.; Izaola, O.; Primo, D.; Aller, R.; Ortola, A.; Gémez, E.; Lopez, ].J. The Association of SNP276G>T at Adiponectin
Gene with Insulin Resistance and Circulating Adiponectin in Response to Two Different Hypocaloric Diets. Diabetes Res. Clin.
Pract. 2018, 137, 93-99. [CrossRef] [PubMed]

Huang, T,; Ley, S.H.; Zheng, Y.; Wang, T.; Bray, G.A.; Sacks, EM.; Qi, L. Genetic Susceptibility to Diabetes and Long-Term
Improvement of Insulin Resistance and 3 Cell Function during Weight Loss: The Preventing Overweight Using Novel Dietary
Strategies (POUNDS LOST) Trial. Am. J. Clin. Nutr. 2016, 104, 198-204. [CrossRef] [PubMed]

de Luis, D.A ; Izaola, O.; Primo, D.; Aller, R. A Circadian Rhythm-Related MTNR1B Genetic Variant (Rs10830963) Modulate Body
Weight Change and Insulin Resistance after 9 months of a High Protein/Low Carbohydrate vs a Standard Hypocaloric Diet. J.
Diabetes Complicat. 2020, 34, 107534. [CrossRef] [PubMed]

Qi, Q.; Zheng, Y.; Huang, T.; Rood, ].; Bray, G.A.; Sacks, EM.; Qi, L. Vitamin D Metabolism-Related Genetic Variants, Dietary
Protein Intake and Improvement of Insulin Resistance in a 2 Year Weight-Loss Trial: POUNDS Lost. Diabetologia 2015, 58,
2791-2799. [CrossRef] [PubMed]

Xu, M.; Qi, Q.; Liang, J.; Bray, G.A.; Hu, EB.; Sacks, EM.; Qi, L. Genetic Determinant for Amino Acid Metabolites and Changes in
Body Weight and Insulin Resistance in Response to Weight-Loss Diets. Circulation 2013, 127, 1283-1289. [CrossRef] [PubMed]
Qi, Q.; Bray, G.; Hu, EB.; Sacks, EM.; Qi, L. Weight-Loss Diets Modify Glucose-Dependent Insulinotropic Polypeptide Receptor
Rs2287019 Genotype Effects on Changes in Body Weight, Fasting Glucose, and Insulin Resistance: The Preventing Overweight
Using Novel Dietary Strategies Trial. Am. J. Clin. Nutr. 2012, 95. [CrossRef] [PubMed]

Grau, K,; Cauchi, S.; Holst, C.; Astrup, A.; Martinez, J.A.; Saris, WH.; Blaak, E.E.; Oppert, ].-M.; Arner, P; Rossner, S.; et al.
TCF7L2 Rs7903146-Macronutrient Interaction in Obese Individuals” Responses to a 10-Wk Randomized Hypoenergetic Diet. Am.
J. Clin. Nutr. 2010, 91, 472-479. [CrossRef] [PubMed]

Grau, K; Hansen, T.; Holst, C.; Astrup, A.; Saris, WH.M.; Arner, P; Rossner, S.; Macdonald, I.; Polak, J.; Oppert, ].-M.; et al.
Macronutrient-Specific Effect of FTO Rs9939609 in Response to a 10-Week Randomized Hypo-Energetic Diet among Obese
Europeans. Int. J. Obes. 2009, 33, 1227-1234. [CrossRef] [PubMed]

Zheng, Y.; Huang, T.; Zhang, X.; Rood, J.; Bray, G.A.; Sacks, EM.; Qi, L. Dietary Fat Modifies the Effects of FTO Genotype on
Changes in Insulin Sensitivity. J. Nutr. 2015, 145, 977-982. [CrossRef] [PubMed]

https://doi.org/10.3390 /nu18152439


https://doi.org/10.1017/S0007114508020369
https://www.ncbi.nlm.nih.gov/pubmed/19149908
https://doi.org/10.1186/s12933-015-0327-8
https://www.ncbi.nlm.nih.gov/pubmed/26739996
https://doi.org/10.1016/j.numecd.2016.04.010
https://www.ncbi.nlm.nih.gov/pubmed/27212621
https://doi.org/10.1159/000485248
https://www.ncbi.nlm.nih.gov/pubmed/29339649
https://doi.org/10.2337/dc14-0473
https://www.ncbi.nlm.nih.gov/pubmed/25504030
https://doi.org/10.3945/ajcn.117.156281
https://doi.org/10.3945/ajcn.117.156232
https://www.ncbi.nlm.nih.gov/pubmed/28931532
https://doi.org/10.1038/s41598-017-08300-7
https://www.ncbi.nlm.nih.gov/pubmed/28835639
https://doi.org/10.1159/000444150
https://www.ncbi.nlm.nih.gov/pubmed/26848765
https://doi.org/10.1016/j.diabres.2018.01.003
https://www.ncbi.nlm.nih.gov/pubmed/29325772
https://doi.org/10.3945/ajcn.115.121186
https://www.ncbi.nlm.nih.gov/pubmed/27281308
https://doi.org/10.1016/j.jdiacomp.2020.107534
https://www.ncbi.nlm.nih.gov/pubmed/32057567
https://doi.org/10.1007/s00125-015-3750-1
https://www.ncbi.nlm.nih.gov/pubmed/26416604
https://doi.org/10.1161/CIRCULATIONAHA.112.000586
https://www.ncbi.nlm.nih.gov/pubmed/23446828
https://doi.org/10.3945/ajcn.111.025270
https://www.ncbi.nlm.nih.gov/pubmed/22237064
https://doi.org/10.3945/ajcn.2009.27947
https://www.ncbi.nlm.nih.gov/pubmed/20032493
https://doi.org/10.1038/ijo.2009.159
https://www.ncbi.nlm.nih.gov/pubmed/19687793
https://doi.org/10.3945/jn.115.210005
https://www.ncbi.nlm.nih.gov/pubmed/25761503
https://doi.org/10.3390/nu18152439

Nutrients 2026, 18, 2439 51 of 53

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Wang, T.; Huang, T.; Zheng, Y.; Rood, J.; Bray, G.A.; Sacks, EM.; Qi, L. Genetic Variation of Fasting Glucose and Changes in
Glycemia in Response to 2-Year Weight-Loss Diet Intervention: The POUNDS LOST Trial. Int. . Obes. 2016, 40, 1164-1169.
[CrossRef] [PubMed]

Qi, Q.; Bray, G.A ; Smith, S.R.;; Hu, EB.; Sacks, EM.; Qi, L. Insulin Receptor Substrate 1 Gene Variation Modifies Insulin Resistance
Response to Weight-Loss Diets in a 2-Year Randomized Trial. Circulation 2011, 124, 563-571. [CrossRef] [PubMed]

Huang, T.; Wang, T.; Heianza, Y.; Sun, D.; Ivey, K; Durst, R.; Schwarzfuchs, D.; Stampfer, M.].; Bray, G.A.; Sacks, EM.; et al.
HNF1A Variant, Energy-Reduced Diets and Insulin Resistance Improvement during Weight Loss: The POUNDS Lost Trial and
DIRECT. Diabetes Obes. Metab. 2018, 20, 1445-1452. [CrossRef] [PubMed]

Moreno, J.A.; Pérez-Jiménez, F.; Marin, C.; Pérez-Martinez, P.; Moreno, R.; Gémez, P.; Jiménez-Goémez, Y.; Paniagua, J.A.;
Lairon, D.; Lépez-Miranda, J. The Apolipoprotein E Gene Promoter (—219G/T) Polymorphism Determines Insulin Sensitivity in
Response to Dietary Fat in Healthy Young Adultsl. J. Nutr. 2005, 135, 2535-2540. [CrossRef] [PubMed]

Marin, C.; Pérez-Jiménez, F.; Gémez, P.; Delgado, J.; Paniagua, J.A.; Lozano, A.; Cortés, B.; Jiménez-Gémez, Y.; Gémez, M.];
Loépez-Miranda, ]. The Ala54Thr Polymorphism of the Fatty Acid-Binding Protein 2 Gene Is Associated with a Change in Insulin
Sensitivity after a Change in the Type of Dietary Fat. Am. J. Clin. Nutr. 2005, 82, 196-200. [CrossRef] [PubMed]

de Luis, D.A.; Izaola, O.; Primo, D.; Aller, R. Single Nucleotide Polymorphisms at the ADIPOQ Gene Locus Rs1501299 Interact
with Different Type of Dietary Fatty Acids in Two Hypocaloric Diets. Eur. Rev. Med. Pharmacol. Sci. 2019, 23, 2960-2970.
[CrossRef] [PubMed]

Dworatzek, PD.N.; Hegele, R.A.; Wolever, T.M.S. Postprandial Lipemia in Subjects with the Threonine 54 Variant of the Fatty
Acid-Binding Protein 2 Gene Is Dependent on the Type of Fat Ingested. Am. J. Clin. Nutr. 2004, 79, 1110-1117. [CrossRef]
[PubMed]

Pérez-Martinez, P.; Lopez-Miranda, J.; Cruz-Teno, C.; Delgado-Lista, J.; Jiménez-Goémez, Y.; Ferndndez, ] M.; Gémez, M.].; Marin,
C.; Pérez-Jiménez, F.; Ordovas, ] M. Adiponectin Gene Variants Are Associated with Insulin Sensitivity in Response to Dietary
Fat Consumption in Caucasian Men. J. Nutr. 2008, 138, 1609-1614. [CrossRef] [PubMed]

Luan, J.; Browne, P.O.; Harding, A.H.; Halsall, D.J.; O’'Rahilly, S.; Chatterjee, V.K.; Wareham, N.J. Evidence for Gene-Nutrient
Interaction at the PPARgamma Locus. Diabetes 2001, 50, 686—689. [CrossRef] [PubMed]

de Luis, D.A.; Aller, R.; Izaola, O.; Conde, R.; Eiros Bouza, J. Lys656Asn Polymorphism of Leptin Receptor Gene Is Related with
Leptin Changes after a High Monounsaturated Fat Diet in Obese Patients. |. Investig. Med. Off. Publ. Am. Fed. Clin. Res. 2013, 61,
286-290. [CrossRef] [PubMed]

Pérez-Martinez, P.; Pérez-Jiménez, F.; Ordovas, ].M.; Moreno, J.A.; Moreno, R.; Fuentes, E; Ruano, J.; Gémez, P.; Marin, C.;
Lépez-Miranda, J. The APOB -516C/T Polymorphism Is Associated with Differences in Insulin Sensitivity in Healthy Males
during the Consumption of Diets with Different Fat Content. Br. J. Nutr. 2007, 97, 622-627. [CrossRef] [PubMed]
Pérez-Martinez, P; Pérez-Jiménez, F.; Bellido, C.; Ordovas, ].M.; Moreno, ].A.; Marin, C.; Gémez, P.; Delgado-Lista, ].; Fuentes, F,;
Lépez-Miranda, J. A Polymorphism Exon 1 Variant at the Locus of the Scavenger Receptor Class B Type I (SCARB1) Gene Is
Associated with Differences in Insulin Sensitivity in Healthy People during the Consumption of an Olive Oil-Rich Diet. J. Clin.
Endocrinol. Metab. 2005, 90, 2297-2300. [CrossRef] [PubMed]

Gomez, P; Pérez-Jiménez, F.; Marin, C.; Moreno, J.A.; Gémez, M.]; Bellido, C.; Pérez-Martinez, P.; Fuentes, F; Paniagua, J.A;
Loépez-Miranda, J. The -514 C/T Polymorphism in the Hepatic Lipase Gene Promoter Is Associated with Insulin Sensitivity in a
Healthy Young Population. J. Mol. Endocrinol. 2005, 34, 331-338. [CrossRef] [PubMed]

Marin, C.; Pérez-Martinez, P; Delgado-Lista, J.; Gémez, P.; Rodriguez, F; Yubero-Serrano, E.M.; Garcia-Rios, A.; Camargo, A.;
Pérez-Jiménez, F.; Lépez-Miranda, J. The Insulin Sensitivity Response Is Determined by the Interaction between the G972R
Polymorphism of the Insulin Receptor Substrate 1 Gene and Dietary Fat. Mol. Nutr. Food Res. 2011, 55, 328-335. [CrossRef]
[PubMed]

Holzbach, L.C,; Silveira, A.G.Z.; Franco, L.P.; Horst, M.A.; Cominetti, C. Polymorphism PLIN1 11482 G>A Interacts with Dietary
Intake to Modulate Anthropometric Measures and Lipid Profile in Adults with Normal-Weight Obesity Syndrome. Br. J. Nutr.
2022, 128,1004-1012. [CrossRef] [PubMed]

Lewis, ].I; Lind, M.V.; Mgller, G.; Hansen, T.; Pedersen, H.; Christensen, M.M.B.; Laursen, J.C.; Nielsen, S.; Ottendahl, C.B.;
Larsen, C.V.L.; et al. The Effect of Traditional Diet on Glucose Homoeostasis in Carriers and Non-Carriers of a Common TBC1D4
Variant in Greenlandic Inuit: A Randomised Crossover Study. Br. J. Nutr. 2023, 130, 1871-1884. [CrossRef] [PubMed]
Mahmoudinezhad, M.; Khosravaniardakani, S.; Saljoughi Badelou, L.; Fayyazishishavan, E.; Kahroba, H.; Farhangi, M.A. The
Integrative Panel of Fatty Acid Desaturase-2 (FADS2) Rs174583 Gene Polymorphism and Dietary Indices (DQI-I and HEI) Affects
Cardiovascular Risk Factors among Obese Individuals. BMC Endocr. Disord. 2023, 23, 41. [CrossRef] [PubMed]

Ramos-Lopez, O.; Riezu-Boj, ].I.; Milagro, E1.; Cuervo, M.; Goni, L.; Martinez, J.A. Interplay of an Obesity-Based Genetic Risk
Score with Dietary and Endocrine Factors on Insulin Resistance. Nutrients 2020, 12, 33. [CrossRef] [PubMed]

https://doi.org/10.3390 /nu18152439


https://doi.org/10.1038/ijo.2016.41
https://www.ncbi.nlm.nih.gov/pubmed/27113490
https://doi.org/10.1161/CIRCULATIONAHA.111.025767
https://www.ncbi.nlm.nih.gov/pubmed/21747052
https://doi.org/10.1111/dom.13250
https://www.ncbi.nlm.nih.gov/pubmed/29424957
https://doi.org/10.1093/jn/135.11.2535
https://www.ncbi.nlm.nih.gov/pubmed/16251607
https://doi.org/10.1093/ajcn.82.1.196
https://www.ncbi.nlm.nih.gov/pubmed/16002819
https://doi.org/10.26355/eurrev_201904_17577
https://www.ncbi.nlm.nih.gov/pubmed/31002147
https://doi.org/10.1093/ajcn/79.6.1110
https://www.ncbi.nlm.nih.gov/pubmed/15159243
https://doi.org/10.1093/jn/138.9.1609
https://www.ncbi.nlm.nih.gov/pubmed/18716158
https://doi.org/10.2337/diabetes.50.3.686
https://www.ncbi.nlm.nih.gov/pubmed/11246892
https://doi.org/10.2310/JIM.0b013e31827c2e4e
https://www.ncbi.nlm.nih.gov/pubmed/23266707
https://doi.org/10.1017/S0007114507659005
https://www.ncbi.nlm.nih.gov/pubmed/17349073
https://doi.org/10.1210/jc.2004-1489
https://www.ncbi.nlm.nih.gov/pubmed/15671101
https://doi.org/10.1677/jme.1.01627
https://www.ncbi.nlm.nih.gov/pubmed/15821100
https://doi.org/10.1002/mnfr.201000235
https://www.ncbi.nlm.nih.gov/pubmed/20824664
https://doi.org/10.1017/S0007114521004396
https://www.ncbi.nlm.nih.gov/pubmed/34725012
https://doi.org/10.1017/S000711452300106X
https://www.ncbi.nlm.nih.gov/pubmed/37129117
https://doi.org/10.1186/s12902-023-01289-3
https://www.ncbi.nlm.nih.gov/pubmed/36788508
https://doi.org/10.3390/nu12010033
https://www.ncbi.nlm.nih.gov/pubmed/31877696
https://doi.org/10.3390/nu18152439

Nutrients 2026, 18, 2439 52 of 53

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.
101.

102.

Noumi, Y.; Kawamura, R.; Tabara, Y.; Maruyama, K.; Takata, Y.; Nishida, W.; Okamoto, A.; Nishimiya, T.; Onuma, H.; Saito, L;
et al. An Inverse Association between Serum Resistin Levels and N-3 Polyunsaturated Fatty Acids Intake Was Strongest in the
SNP-420 G/G Genotype in the Japanese Cohort: The Toon Genome Study. Clin. Endocrinol. (Oxf.) 2018, 88, 51-57. [CrossRef]
[PubMed]

de Luis, D.A.; Fernandez Ovalle, H.; I1zaola, O.; Primo, D.; Aller, R. RS 10767664 Gene Variant in Brain Derived Neurotrophic
Factor (BDNF) Affect Metabolic Changes and Insulin Resistance after a Standard Hypocaloric Diet. J. Diabetes Complicat. 2017, 32,
216-220. [CrossRef] [PubMed]

de Luis, D.A.; Izaola, O.; Primo, D.; Gémez-Hoyos, E.; Ortola, A.; Lopez-Gémez, ].J.; Aller, R. Role of Rs1501299 Variant in the
Adiponectin Gene on Total Adiponectin Levels, Insulin Resistance and Weight Loss after a Mediterranean Hypocaloric Diet.
Diabetes Res. Clin. Pract. 2017, 148, 262-267. [CrossRef] [PubMed]

Franck, M.; de Toro-Martin, J.; Guénard, F.; Rudkowska, I.; Lemieux, S.; Lamarche, B.; Couture, P.; Vohl, M.-C. Prevention of
Potential Adverse Metabolic Effects of a Supplementation with Omega-3 Fatty Acids Using a Genetic Score Approach. Lifestyle
Genom. 2019, 13, 32-42. [CrossRef] [PubMed]

Huang, X.; Gong, R.; Lin, J.; Li, R;; Xiao, L.; Duan, W.; Fang, D. Effects of Lipoprotein Lipase Gene Variations, a High-Carbohydrate
Low-Fat Diet, and Gender on Serum Lipid Profiles in Healthy Chinese Han Youth. Biosci. Trends 2011, 5, 198-204. [CrossRef]
[PubMed]

Goyenechea, E.; Collins, L.J.; Parra, D.; Abete, I.; Crujeiras, A.B.; O’Dell, S.D.; Martinez, J.A. The - 11391 G/ A Polymorphism of
the Adiponectin Gene Promoter Is Associated with Metabolic Syndrome Traits and the Outcome of an Energy-Restricted Diet in
Obese Subjects. Horm. Metab. Res. Horm. Stoffwechselforschung Horm. Metab. 2009, 41, 55-61. [CrossRef] [PubMed]

AlSaleh, A.; Crepostnaia, D.; Maniou, Z.; Lewis, EJ.; Hall, W.L.; Sanders, T.A.B.; O'Dell, S.D. Adiponectin Gene Variant Interacts
with Fish Oil Supplementation to Influence Serum Adiponectin in Older Individuals1l—4. ]. Nutr. 2013, 143, 1021-1027. [CrossRef]
[PubMed]

Moradi, S.; Mirzaei, K.; Maghbooli, Z.; Abdurahman, A.A.; Keshavarz, S.A. Variants in the PPARGC1A Gene May Influence the
Effect of Fat Intake on Resting Metabolic Rate in Obese Women. Lipids 2018, 53, 291-300. [CrossRef] [PubMed]

Bauer, W.; Adamska-Patruno, E.; Krasowska, U.; Moroz, M.; Fiedorczuk, J.; Czajkowski, P; Bielska, D.; Gorska, M.; Kretowski, A.
Dietary Macronutrient Intake May Influence the Effects of TCF7L2 Rs7901695 Genetic Variants on Glucose Homeostasis and
Obesity-Related Parameters: A Cross-Sectional Population-Based Study. Nutrients 2021, 13, 1936. [CrossRef] [PubMed]

Mattei, J.; Qi, Q.; Hu, EB.; Sacks, EM.; Qi, L. TCF7L2 Genetic Variants Modulate the Effect of Dietary Fat Intake on Changes in
Body Composition during a Weight-Loss Intervention. Am. J. Clin. Nutr. 2012, 96, 1129-1136. [CrossRef] [PubMed]
Ouhaibi-Djellouli, H.; Mediene-Benchekor, S.; Lardjam-Hetraf, S.A.; Hamani-Medjaoui, I.; Meroufel, D.N.; Boulenouar, H;
Hermant, X.; Saidi-Mehtar, N.; Amouyel, P.; Houti, L.; et al. The TCF7L2 Rs7903146 Polymorphism, Dietary Intakes and Type 2
Diabetes Risk in an Algerian Population. BMIC Genet. 2014, 15, 134. [CrossRef] [PubMed]

Wang, X.; Wang, Z.; Wu, J.; Wang, M.; Wang, J.; Wu, T.; Chen, D.; Tang, X.; Qin, X.; Wu, Y,; et al. Interactive Associations of
the INAFM2 Rs67839313 Variant and Egg Consumption with Type 2 Diabetes Mellitus and Fasting Blood Glucose in a Chinese
Population: A Family-Based Study. Gene 2021, 770, 145357. [CrossRef] [PubMed]

Ortega-Azorin, C.; Sorli, ].V.; Asensio, EM.; Coltell, O.; Martinez-Gonzalez, M.A.; Salas-Salvado, J.; Covas, M.-L; Ar6s, F; Lapetra,
J.; Serra-Majem, L.; et al. Associations of the FTO Rs9939609 and the MC4R Rs17782313 Polymorphisms with Type 2 Diabetes Are
Modulated by Diet, Being Higher When Adherence to the Mediterranean Diet Pattern Is Low. Cardiovasc. Diabetol. 2012, 11, 137.
[CrossRef] [PubMed]

Enhorning, S.; Leosdottir, M.; Wallstrom, P.; Gullberg, B.; Berglund, G.; Wirfélt, E.; Melander, O. Relation between Human
Vasopressin 1a Gene Variance, Fat Intake, and Diabetes. Am. . Clin. Nutr. 2009, 89, 400-406. [CrossRef] [PubMed]

Tsuzaki, K.; Kotani, K.; Nagai, N.; Saiga, K.; Sano, Y.; Hamada, T.; Moritani, T.; Yoshimura, M.; Egawa, K.; Horikawa, C.; et al.
Adiponectin Gene Single-Nucleotide Polymorphisms and Treatment Response to Obesity. J. Endocrinol. Invest. 2009, 32, 395-400.
[CrossRef] [PubMed]

McGuinness, L.A.; Higgins, ].PT. Risk-of-Bias VISualization (Robvis): An R Package and Shiny Web App for Visualizing
Risk-of-Bias Assessments. Res. Synth. Methods 2021, 12, 55-61. [CrossRef] [PubMed]

Lankinen, M.A.; Nuotio, P; Kauppinen, S.; Koivu, N.; Tolonen, U.; Malkki-Keindnen, K.; Oravilahti, A.; Kuulasmaa, T.; Uusitupa,
M.; Schwab, U.; et al. Effects of Genetic Risk on Incident Type 2 Diabetes and Glycemia: The T2D-GENE Lifestyle Intervention
Trial. J. Clin. Endocrinol. Metab. 2024, 110, 130-138. [CrossRef] [PubMed]

The Diabetes Prevention Program (DPP). Diabetes Care 2002, 25, 2165-2171. [CrossRef] [PubMed]

Reynolds, A.; Mann, J.; Cummings, J.; Winter, N.; Mete, E.; Te Morenga, L. Carbohydrate Quality and Human Health: A Series of
Systematic Reviews and Meta-Analyses. Lancet 2019, 393, 434—445. [CrossRef] [PubMed]

Imamura, F.; Micha, R.; Wu, J.H.Y.; de Oliveira Otto, M.C.; Otite, FO.; Abioye, A.I; Mozaffarian, D. Effects of Saturated Fat,
Polyunsaturated Fat, Monounsaturated Fat, and Carbohydrate on Glucose-Insulin Homeostasis: A Systematic Review and
Meta-Analysis of Randomised Controlled Feeding Trials. PLoS Med. 2016, 13, €1002087. [CrossRef] [PubMed]

https://doi.org/10.3390 /nu18152439


https://doi.org/10.1111/cen.13500
https://www.ncbi.nlm.nih.gov/pubmed/29044636
https://doi.org/10.1016/j.jdiacomp.2017.10.005
https://www.ncbi.nlm.nih.gov/pubmed/29174117
https://doi.org/10.1016/j.diabres.2017.11.007
https://www.ncbi.nlm.nih.gov/pubmed/29154912
https://doi.org/10.1159/000504022
https://www.ncbi.nlm.nih.gov/pubmed/31779001
https://doi.org/10.5582/bst.2011.v5.5.198
https://www.ncbi.nlm.nih.gov/pubmed/22101375
https://doi.org/10.1055/s-0028-1087204
https://www.ncbi.nlm.nih.gov/pubmed/18949681
https://doi.org/10.3945/jn.112.172585
https://www.ncbi.nlm.nih.gov/pubmed/23658423
https://doi.org/10.1002/lipd.12024
https://www.ncbi.nlm.nih.gov/pubmed/29663401
https://doi.org/10.3390/nu13061936
https://www.ncbi.nlm.nih.gov/pubmed/34200102
https://doi.org/10.3945/ajcn.112.038125
https://www.ncbi.nlm.nih.gov/pubmed/23034957
https://doi.org/10.1186/s12863-014-0134-3
https://www.ncbi.nlm.nih.gov/pubmed/25491720
https://doi.org/10.1016/j.gene.2020.145357
https://www.ncbi.nlm.nih.gov/pubmed/33333222
https://doi.org/10.1186/1475-2840-11-137
https://www.ncbi.nlm.nih.gov/pubmed/23130628
https://doi.org/10.3945/ajcn.2008.26382
https://www.ncbi.nlm.nih.gov/pubmed/19056558
https://doi.org/10.1007/BF03346474
https://www.ncbi.nlm.nih.gov/pubmed/19794286
https://doi.org/10.1002/jrsm.1411
https://www.ncbi.nlm.nih.gov/pubmed/32336025
https://doi.org/10.1210/clinem/dgae422
https://www.ncbi.nlm.nih.gov/pubmed/38888187
https://doi.org/10.2337/diacare.25.12.2165
https://www.ncbi.nlm.nih.gov/pubmed/12453955
https://doi.org/10.1016/S0140-6736(18)31809-9
https://www.ncbi.nlm.nih.gov/pubmed/30638909
https://doi.org/10.1371/journal.pmed.1002087
https://www.ncbi.nlm.nih.gov/pubmed/27434027
https://doi.org/10.3390/nu18152439

Nutrients 2026, 18, 2439 53 of 53

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Schiinemann, H.J.; Cuello, C.; Akl, E.A.; Mustafa, R.A.; Meerpohl, ].J.; Thayer, K.; Morgan, R.L.; Gartlehner, G.; Kunz, R,;
Katikireddi, S.V,; et al. GRADE Guidelines: 18. How ROBINS-I and Other Tools to Assess Risk of Bias in Nonrandomized Studies
Should Be Used to Rate the Certainty of a Body of Evidence. J. Clin. Epidemiol. 2019, 111, 105-114. [CrossRef] [PubMed]

Garg, A X.; Hackam, D.; Tonelli, M. Systematic Review and Meta-Analysis: When One Study Is Just Not Enough. Clin. J. Am. Soc.
Nephrol. CJASN 2008, 3, 253-260. [CrossRef] [PubMed]

Ordovas, ].M.; Ferguson, L.R; Tai, E.S.; Mathers, ].C. Personalised Nutrition and Health. BM] 2018, 361, bmj.k2173. [CrossRef]
[PubMed]

Wang, D.D.; Hu, F.B. Precision Nutrition for Prevention and Management of Type 2 Diabetes. Lancet Diabetes Endocrinol. 2018, 6,
416-426. [CrossRef] [PubMed]

Birk, R. Nutrigenetics in Disease Prevention: Mechanistic Pathways and Risk Biomarkers. Nutrients 2025, 17, 2165. [CrossRef]
[PubMed]

Corella, D.; Ordovas, J.M. [The role of omics in precision nutrition: Strengths and weaknesses]. Nutr. Hosp. 2018, 35, 10-18.
[CrossRef] [PubMed]

Marini, H.R. Mediterranean Diet and Soy Isoflavones for Integrated Management of the Menopausal Metabolic Syndrome.
Nutrients 2022, 14, 1550. [CrossRef] [PubMed]

Banaszak, M.; Goérna, I.; Przystawski, ]J. Non-Pharmacological Treatments for Insulin Resistance: Effective Intervention of
Plant-Based Diets-A Critical Review. Nutrients 2022, 14, 1400. [CrossRef] [PubMed]

Merra, G.; Noce, A.; Marrone, G.; Cintoni, M.; Tarsitano, M.G.; Capacci, A.; De Lorenzo, A. Influence of Mediterranean Diet on
Human Gut Microbiota. Nutrients 2021, 13, 7. [CrossRef] [PubMed]

Mashal, R.; Al-Muhanna, A.; Khader, S.; Khudair, A.; Khudair, A.; Butler, A.E. The Role of the Gut Microbiome in Type 2 Diabetes
Mellitus. Int. J. Mol. Sci. 2025, 26, 11412. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /nu18152439


https://doi.org/10.1016/j.jclinepi.2018.01.012
https://www.ncbi.nlm.nih.gov/pubmed/29432858
https://doi.org/10.2215/CJN.01430307
https://www.ncbi.nlm.nih.gov/pubmed/18178786
https://doi.org/10.1136/bmj.k2173
https://www.ncbi.nlm.nih.gov/pubmed/29898881
https://doi.org/10.1016/S2213-8587(18)30037-8
https://www.ncbi.nlm.nih.gov/pubmed/29433995
https://doi.org/10.3390/nu17132165
https://www.ncbi.nlm.nih.gov/pubmed/40647270
https://doi.org/10.20960/nh.2119
https://www.ncbi.nlm.nih.gov/pubmed/30070116
https://doi.org/10.3390/nu14081550
https://www.ncbi.nlm.nih.gov/pubmed/35458114
https://doi.org/10.3390/nu14071400
https://www.ncbi.nlm.nih.gov/pubmed/35406013
https://doi.org/10.3390/nu13010007
https://www.ncbi.nlm.nih.gov/pubmed/33375042
https://doi.org/10.3390/ijms262311412
https://www.ncbi.nlm.nih.gov/pubmed/41373570
https://doi.org/10.3390/nu18152439

	Introduction 
	Materials and Methods 
	Search Strategy 
	Study Selection 
	Data Extraction 
	Risk of Bias Assessment 

	Results 
	Search Procedure 
	Characteristics of Included Studies 
	Outcomes 
	Gene–Diet Interactions on Incident T2D/T2D Risk 
	Polygenic Risk Scores and Overall Diet Quality/Dietary Patterns 
	Genetic Variants Interacting with Macronutrient Intake 
	Gene–Food Interactions 

	Gene–Diet Interactions for Insulin Resistance/Insulin Sensitivity/Insulin-Related Traits 
	Macronutrient Composition in Energy-Restricted Diets 
	Fat Quality and Mediterranean-Type Diets 
	Other Dietary Exposures 

	Gene–Diet Interactions and Glycemic Traits/-Cell Function 
	Macronutrient Intake 
	Food-Specific Dietary Exposures 
	Other Gene–Diet Associations 

	Risk-of-Bias Assessment 

	Discussion 
	Gene–Diet Interactions and Incident T2D Risk 
	Gene–Diet Interactions Affecting Insulin Resistance and Metabolic Traits 
	Gene–Diet Interactions and Glycemic Traits 
	Quality of Evidence 
	Methodological Heterogeneity Across Studies 
	Strengths and Limitations 
	Mechanistic Considerations and Future Directions in PN Research 

	Conclusions 
	References

