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Abstract
Introduction: Carbohydrate intake and physical activity are
related to glucose homeostasis, both being influenced by
individual genetic makeup. However, the interactions between these 2 factors, as affected by genetics, on glycaemia
have been scarcely reported. Objective: We focused on analysing the interplay between carbohydrate intake and phys-
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ical activity levels on blood glucose, taking into account a
genetic risk score (GRS), based on SNPs related to glucose/
energy metabolism. Methods: A total of 1,271 individuals
from the Food4Me cohort, who completed the nutritional
intervention, were evaluated at baseline. We collected dietary information by using an online-validated food frequency questionnaire, a questionnaire on physical activity,
blood biochemistry by analysis of dried blood spots, and by
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analysis of selected SNPs. Fifteen out of 31 SNPs, with recognized participation in carbohydrate/energy metabolism,
were included in the component analyses. The GRS included
risk alleles involved in the control of glycaemia or energyyielding processes. Results: Data concerning anthropometric, clinical, metabolic, dietary intake, physical activity, and
genetics related to blood glucose levels showed expected
trends in European individuals of comparable sex and age,
being categorized by lifestyle, BMI, and energy/carbohydrate intakes, in this Food4Me population. Blood glucose
was inversely associated with physical activity level (β =
−0.041, p = 0.013) and positively correlated with the GRS values (β = 0.015, p = 0.047). Interestingly, an interaction affecting glycaemia, concerning physical activity level with carbohydrate intake, was found (β = −0.060, p = 0.033), which also
significantly depended on the genetic background (GRS).
Conclusions: The relationships of carbohydrate intake and
physical activity are important in understanding glucose homeostasis, where a role for the genetic background should
© 2021 The Author(s).
be ascribed.
Published by S. Karger AG, Basel

Introduction

Metabolic pathways affecting body composition and
metabolic markers involve complex interactions concerning energy metabolism [1] including lipid and glucose transport [2], which are under genetic control. Thus,
the consumption of different proportions of carbohydrates and lipids, together with the type, modality, and
duration of exercise, has an impact on body physiology
and composition [3, 4]. In addition, individual genetic
makeup may also influence energy utilization and macronutrient metabolism [5, 6]. Indeed, the dietary content
of protein, carbohydrates, or fibre, as well as the amount
of fat, is important for plasma glucose concentration [6–
9]. Moreover, a potentially causal link between fibre intake and diabetes incidence has been reported [10]. Genotype may also affect how different macronutrients influence glycaemia [11], mediated by the expression of genes
related to insulin function, glucose utilization, and transport or energy homeostasis as well as macronutrient metabolism [12].
Increased physical activity is a useful strategy to reduce
body weight [13] and related complications, such as high
glucose levels, whose outcomes depend not only on the
exercise type and duration but also on the individual’s
genotype [14, 15]. Some studies have assessed interactions between physical activity and macronutrient distri2
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bution on management of chronic diseases [16–18], but
the results are still unclear. Lifestyle-based interventions,
including diet and aerobic and/or resistance training,
have demonstrated to reduce development of type 2 diabetes in at-risk population, by improving glucose tolerance [19]. Moreover, some complementary studies have
assessed interactions between physical activity and macronutrient distribution on fuel metabolism with impact
on blood glucose [16, 17].
Personalized nutrition (PN) in obese and diabetic subjects aims to reduce body weight as well as mitigate hyperglycaemia, which may be affected not only by energy
restriction but also by the inter-individual baseline differences in glucose levels and physical activity depending on
genetics [20]. The different effects of carbohydrate consumption and physical activity on glycaemia are well
known, although the joint influences of both factors on
carbohydrate metabolism have been less investigated, in
particular related to blood glucose regulatory genes. Thus,
the aim of this study was to examine the interaction of
macronutrient intake and physical activity, where also a
genetic risk score (GRS) was computed, to describe effects
on glucose metabolism.
Materials and Methods
The present research includes baseline data from the Food4Me
study [21] including participants from 7 European countries [22].
Study Design
Food4Me is the first large multi-centre RCT concerning a webbased PN approach [21]. The Food4me trial was conducted as a
multi-centre, proof-of-principle study of PN to determine whether providing more personalized dietary advice leads to greater improvements in eating and health compared to conventional population-based advice. A total of 1,607 participants with a mean age
of 39.8 years (ranging from 18 to 79 years) were enrolled. Of these
participants, 60.9% were women and 96.7% were from white-European background. The mean BMI for all randomized participants was 25.5 kg/m2, and 44.8% of the participants had a BMI
≥25.0 kg/m2. The investigation collected auto-referenced anthropometrics data, self-declared dietary information, blood samples
in dried cards, and oral cells collected using swabs. The GRS used
in these analyses in this proof of principle was based only in 15
genes related with glucose utilization and not in all screened genotyped SNPs (n = 31). In brief, this investigation was designed as a
prospective follow-up study with 4 intervention levels based on
information provided to volunteers and 2 intensity levels depending on the frequency of advice [21]. The 4 levels of advice were
level 0, only general feedback and not based on the information
provided by the volunteers; level 1, feedback based on anthropometric and dietary intake data; level 2, level 1 and also biochemical
information; and level 3, level 2 information and provided feedback based on the genetic makeup.
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Participants
Inclusion criteria were to be older than 18 years old, and exclusion criteria were minimum, to obtain a cohort representative of
the adult population. Thus, the minimum exclusion criteria applied were pregnant or lactating; no or limited access to the Internet; following a prescribed diet for any reason, including weight
loss, in the last 3 months; and diabetes, coeliac disease, Crohn’s
disease, or any metabolic disease or condition altering nutritional
requirements such as thyroid disorders (if condition was not controlled), allergies, or food intolerances.
Of the total of 5,562 participants that registered online in the
Food4Me study, only 2,764 completed the screening process and
signed the 2 informed consent forms, and of those, 1,157 were excluded because they exceeded the sample size calculated (in chronological order at each intervention site, respecting the male/female
ratio). From the 1,607 participants who were enrolled in the trial
[21], 1,271 completed the 6-month intervention [23]. Out of the
336 dropouts, 127 were immediately after randomizing (10 of
them due to unrealistic measures), 165 before the 3 months, and
46 before the end of the study. Only volunteers who finished the
nutritional intervention and provided complete data on anthropometric measures and supplied adequate samples for biochemical
and genetic analyses at baseline (n = 1,271) were included in the
current analyses (Fig. 1).
Dietary, Lifestyle, and Anthropometric Measures
A validated Food Frequency Questionnaire (FFQ) and dietary
habits questionnaire [24–26] were completed by participants to
self-report dietary intake and habits, which focused on the present
carbohydrate intake, as well as energy consumption. The FFQ was
based on the EPIC-FFQ, and validated information related to macronutrients was used [24, 25].
Self-reported anthropometrical measures (weight, height, and
waist circumference) were collected following validated procedures [27]. Moreover, participants completed the online Baecke
questionnaire providing information about work, sports, and nonsport leisure activities during the last month to estimate the physical activity score ranging from 3 to 15 points [28, 29].

Participants who registered
online for the Food4Me study
n = 5562
Participants who did not
finish the screening process
n = 2798
Participants who completed
the screening process
n = 2764
Excluded due to study design
and exceeding sample size
n = 1157
Participants randomised
into the Food4Me intervention
n = 1607
Drop-out during
the intervention study
n = 337
Completed the study
n = 1271

Fig. 1. Flowchart of the participants in the Food4Me study.

the CONSORT guidelines. The signature on 2 online consent
forms was required for all the candidates interested in participating in the Food4Me study.

Ethics
All the participating centres obtained ethical approval for the
study protocol from their corresponding local research ethics
committees. The Food4Me project was registered on February 9,
2012, with the Trial Registration: NCT01530139 at clinicaltrials.
gov (http://clinicaltrials.gov/show/NCT01530139) and followed

Genetic Risk Score
A GRS was “a priori” computed by adding the number of risk
alleles concerning selected SNPs, which were initially chosen as
related to glucose utilization traits. Such selection criteria meant
that from 31 genes within the panel in Food4me (online suppl.
Table 1; see www.karger.com/doi/10.1159/000515068 for all online suppl. material), only 15 meet the standards to be accounted
on the devised GRS as related to glycaemia regulation, whose selection criteria are provided (online suppl. Table 2). Thus, the inclusion of SNPs for this proof-of-principle approach was based on
attesting accepted statistical screening criteria based on associations (p < 0.10) of the carried risk allele numbers with the main
variable (glycaemia), to be carried by at least n = 10 subjects in each
genotype, to appear in the OMIM database as involved in glucose
metabolism, or to have identified at least 2 independent studies
showing relationships with the investigated traits (online suppl.
Table 2). All of them were found in HWE except for MAOA
rs6323, although in this case, there is evidence of it being in equilibrium in European ancestries [32] or Caucasian [33] populations. The GRS analyses implemented as unweighted account for
this conceptual research, given the lack of reliable and harmonized
beta values for all SNPs. In any case, the analyses revealed a role for
genetics in blood glucose determinations.

Intake, Physical Activity, and Genetics in
Relation to Glucose Metabolism
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Biochemical Parameters
Fingertip fasting blood samples were self-collected on filter papers and dried (dried blood spots ) and afterwards posted to the
recruitment centre and shipped to the analytical laboratories of
Vitas and DSM (Vitas Ltd, Oslo, Norway; DSM NV, Heerlen, The
Netherlands) for the determination of glucose, total cholesterol,
carotenoids, and fatty acid patterns [30, 31].
Genetic Characteristics
Buccal cell samples were collected using swabs at baseline by all
participants. LGC Genomics, Teddington, United Kingdom, performed DNA isolation and analyses of the samples by KASPTM
genotyping assays following validated procedures, where 31 SNPs
were screened.
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Table 1. Characteristics of the participants in the Food4Me study according to demographic and anthropometric parameters (n = 1,271)

Characteristics

All

Sex
men

N
Women, %
Age, years
Weight, kg
BMI, kg/m2
Glucose, mmol/L
Cholesterol, mmol/L
Cancer, %
Hypertension, %
Cardiovascular disease, %
Diabetes, %
Physical activity, points
Energy intake, kcal/d
Protein intake, %
Total fat intake, %
Carbohydrate intake, %
Mediterranean diet, points
GRS, points

1,271
58.8
39.9±13.2
75.0±15.3
25.4±4.6
3.7±0.8
4.6±0.9
1.3
7.6
1.5
0.7
7.8±1.5
2,403±762
17.1±3.7
35.2±5.0
46.5±7.1
4.3±1.7
10.1±3.2

BMI, kg/m2

Age, years
women

524
747
0
100
41.6±13.5 38.6±12.8*
83.5±12.9 68.9±14.0*
26.1±3.8
25.0±5.0*
3.8±0.8
3.7±0.8
4.7±1.0
4.5±0.9*
1.5
1.2
9.0
6.6
2.7
0.7*
0.8
0.7
8.0±1.5
4.5±0.9*
2,377±741 2,420±777
17.1±3.8
17.1±3.6
35.3±5.0
35.1±5.1
45.8±7.3
47.0±6.8*
4.4±1.8
4.3±1.7
10.1±3.5
10.1±3.1

<39.0

≥39.0

<25.0

≥25.0

628
62.4
28.3±5.2
71.7±14.7
24.2±4.2
3.7±0.8
4.4±0.9
0.3
1.9
0.6
0.3
7.8±1.5
2,396±776
17.2±3.6
34.9±4.9
46.9±7.0
4.3±1.7
10.1±3.2

643
55.2*
51.1±7.7*
78.2±15.3*
26.6±4.6*
3.8±0.8*
4.7±0.9*
2.3*
13.1*
2.3*
1.1
7.8±1.5
2,409±750
17.1±3.7
35.4±5.1
46.1±7.1
4.3±1.7
10.1±3.3

686
585
65.3
51.1*
36.7±13.3 43.5±12.1*
65.5±9.4
86.0±13.4*
22.2±1.7
29.3±3.8*
3.7±0.8
3.8±0.8
4.5±0.9
4.7±1.0*
1.0
1.7
3.4
12.5*
1.7
1.2
0.4
1.0
8.0±1.5
7.6±1.5*
2,396±741 2,410±787
17.1±3.8
17.1±3.5
35.3±4.9
35.0±5.2
46.6±6.9
46.3±7.2
4.3±1.7
4.3±1.8
10.0±3.1
10.3±3.4

Values are expressed as mean ± SD or percentages. GRS, genetic risk score. *p < 0.05, t test comparisons of higher versus lower values
(median of the values applied).

The SNPs included in generating the current GRS were the following (online suppl. Table 2): FTO (rs9939609 and rs1121980),
FADS1 (rs174546), ApoE (rs429358), MTHFR (rs1801133), GPX1
(rs1050450), GSTP1 (rs1695), SLC6A4 (rs16965628), VDR
(rs2228570), GC (rs2282679, rs4588, and rs7041), CETP
(rs3764261), MAOA (rs6323), and BCMO1 (rs6564851). All the
SNPs were selected because they were recognized to be involved in
carbohydrate/energy metabolism (online suppl. Table 2), as found
in gene cards, SNPedia, or PubMed [34], or showed compatible
trends to significance in this population. The cutoff points were
selected for both sexes, as well as by the median distribution in our
sample, concerning factors later analysed (age, BMI, GRS, carbohydrate intake, and energy intake).
Statistics
Conventional descriptive statistics were carried out for comparisons of sex, age, and BMI, as well as for energy and carbohydrate intake, lifestyle (physical activity) criteria, and the GRS as
relevant variables in this study. The sample characteristics concerning the distribution by sex, age, and BMI were tabulated and
statistically analysed as well as the features concerning energy
(kcal/day), carbohydrate (% E), physical activity (Baecke scores
units), and GRS (alleles account) as putative variables required for
the regression analyses. Linear regression mixed analyses were
performed at baseline to investigate the association between blood
glucose levels and the GRS. Regression analyses were performed to
discern the potential influence of different factors, such as age and
sex (model 1), physical activity (model 2), carbohydrate intake
(model 3), the GRS (model 4), and the interaction of physical ac-
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tivity and carbohydrate intake (model 5). A statistical interaction
term (carbohydrate intake × physical activity level) was added to
the model to investigate the role of the GRS, being the dependent
variable of glucose levels, and independent variables carbohydrate
intake and physical activity; we also adjusted for confounders such
as age, sex, and BMI. Statistical analyses were performed using
STATA statistical software (Stata IC version 12.0; StataCorp, College Station, TX, USA), and p values <0.05 were considered significant.

Results

The characteristics of the study sample, total and dichotomized by sex or between high or low values of age,
BMI, physical activity levels, GRS, and energy and carbohydrate intake, are reported (Tables 1, 2). Differences between groups related to age and BMI were observed, as
well as anthropometric, biochemical, diet, lifestyle, and
GRS. As hypothesized, there was a negative relationship
between physical activity and blood glucose concentration, whereas there were positive correlations between
blood glucose concentration and BMI as well as the GRS
(Fig. 2) but not with carbohydrate intake alone.

Navas-Carretero et al.
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1,271
58.8
39.9±13.2
75.0±15.3
25.4±4.6
3.7±0.8
4.6±0.9
1.3
7.6
1.5
0.7
7.8±1.5
2,403±762
17.1±3.7
35.2±5.0
46.5±7.1
4.3±1.7
10.1±3.2

N
Women, %
Age, years
Weight, kg
BMI, kg/m2
Glucose, mmol/L
Cholesterol, mmol/L
Cancer, %
Hypertension, %
Cardiovascular disease, %
Diabetes, %
Physical activity, points
Energy intake, kcal/d
Protein intake, %
Lipid intake, %
Carbohydrate intake, %
Mediterranean diet, points
GRS, points
635
57.6
39.8±13.1
75.1±15.2
25.5±4.4
3.7±0.8
4.6±0.9
0.9
6.8
1.1
0.8
7.8±1.5
1,794±330
17.7±3.8
34.9±4.9
46.0±7.1
4.4±1.7
10.2±3.3

636
59.9
39.9±13.3
74.8±15.4
25.4±4.7
3.7±0.8
4.6±0.9
1.7
8.3
1.9
0.6
7.8±1.5
3,010±561*
16.6±3.4*
35.4±5.1
47.0±6.9*
4.3±1.8
10.1±3.2

635
55.4
40.4±13.0
76.2±15.2
25.5±4.4
3.7±0.8
4.6±0.9
1.6
7.7
1.4
0.6
7.9±1.5
2,380±725
18.4±4.0
37.6±4.3
40.9±4.4
4.1±1.7
10.2±3.3

636
62.1*
39.4±13.4
73.7±15.4
25.3±4.8
3.7±0.8
4.5±0.9
1.1
7.4
1.6
0.8
7.7±1.5
2,425±797
15.9±2.8*
32.7±4.4*
52.1±4.2*
4.5±1.7*
10.1±3.2

≥46.5

<46.5

<2,296

≥2,296

Carbohydrate intake, %

Energy intake, kcal/d

563
62.7
39.7±12.5
75.4±16.1
26.0±4.8
3.7±0.8
4.6±0.9
0.7
8.2
1.1
0.7
6.6±0.8
2,416±761
17.0±3.5
35.3±5.2
46.7±7.1
4.3±1.8
10.3±3.2

<7.9
567
54.7*
39.5±13.2
74.1±14.4
24.8±4.1*
3.7±0.8
4.5±1.0
1.8
5.8
1.8
0.4
9.0±0.9*
2,399±786
17.3±3.8
35.3±4.9
46.1±6.9
4.3±1.7
10.0±3.2

>7.9

Physical activity, points
≥10

520
634
57.5
59
40.6±13.4 39.6±0.0
74.6±15.1 75.5±15.5
25.2±4.4
25.6±4.7
3.7±0.8
3.8±0.8
4.6±0.9
4.6±1.0
1
1.7
8.3
7.1
1.3
1.9
0.8
0.6
7.9±1.4
7.7±1.6
2,394±765 2,417±768
17.2±3.8
17.2±3.7
35.1±5.1
35.4±5.1
46.4±7.2
46.3±7.0
4.3±1.7
4.3±1.8
7.3±1.7
12.4±2.2*

<10

GRS, points

Values are expressed as mean±SD or percentages. GRS, genetic risk score. *p < 0.05, t test comparisons of higher versus lower values (median of the values applied).

All

Characteristics

Table 2. Characteristics of the study sample according to behavioural and biological parameters

Blood glucose concentration, mmol/L
Blood glucose concentration, mmol/L

4.0

4.0

3.9

3.9

3.8

3.8
p = 0.019

3.7
3.6
3.5

3.6

4

6

8
10
Physical activity, Baecke score

3.5

12

4.0

4.0

3.9

3.9

3.8

.2

.3

.4
.5
Carbohydrate intake, %

.6

.7

3.8
p = 0.019

3.7
3.6
3.5

p = 0.661

3.7

p = 0.019

3.7
3.6

20

25

30
35
Body mass index, kg/m

40

45

3.5

0

5

10
15
Genetic risk score, points

20

Fig. 2. Relationship between blood glucose concentrations and physical activity, carbohydrate intake, BMI, and
the GRS. Statistical analyses were performed to investigate the associations at baseline between blood glucose
levels with carbohydrate intake (% E), BMI (kg/m2), and GRS (sum of risk alleles). GRS, genetic risk score.

Fig. 3. Interaction of blood glucose concen-

trations and physical activity level depending on the median carbohydrate intake
(p for interaction = 0.0033), where the median CHO intake was 46.5 % E.
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Blood glucose concentration, mmol/L

Percentage of carbohydrates intake below the median
Percentage of carbohydrates intake above the median
3.9
3.8

p = 0.247

3.7
3.6

p = 0.030

3.5
3.4

4

6
8
10
Physical activity, Baecke score

Navas-Carretero et al.
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Regarding the regression analyses (Table 3), the contribution of genetic, dietary, and lifestyle factors was
quantified in the model 5 to being significant contributors, the GRS (1.5%, p = 0.047) and the interaction between physical activity and carbohydrate intake (−6.0%,
p = 0.033) to blood glucose concentration. The interaction between physical activity and carbohydrate consumption is illustrated in Figure 3 and should be interpreted as the most relevant result in the current analyses.
Discussion

Our data indicate an interaction between physical activity
and carbohydrate intake on circulating blood glucose concentration, which is influenced by individual genetic makeup as
expressed in the GRS. These results suggest that glycaemia
may depend on interplay of both modifiable factors as the
product term (carbohydrate consumption × energy expenditure) is associated with the degree of physical activity.
PN involves integration of phenotypical and genotypical data as well as individual food preferences and the
clinical background, to provide precise nutritional management of healthy and diseased subjects [35]. Thus,
identifying traits such as glycaemia with interpersonal
differences affecting energy metabolism may result in a
more individualized management of obesity and diabetic
complications [35], depending on the macronutrient distribution as well as on the genotype [36].
The Food4Me project was designed to evaluate the role
of individualized approaches using internet tools [37].
This strategy displayed some interesting benefits on providing nutritional advice, also related to genetics [31], anthropometric determinations [38], biochemical parameters like glucose and cholesterol [39, 40], and lifestyle information concerning physical activity and dietary intake
[39, 41, 42]. A GRS was built with 15 recognized genes
involved in CHO metabolism or energy-related processes
with a potential impact on glucose metabolism [43].
In research on genetic determinants concerning insulin [43], some metabolic features like hyperglycaemia
have been screened through linkage studies, candidate
genes association studies, GWAS, exome sequencing, and
epigenetic approaches [44], as well as by meta-analyses in
Asian and European populations [45], where the genetic
makeup exhibited a role in glycaemic control. Physical
activity may exert beneficial effects on glucose metabolism via specific genes, which may impact glucose levels
and risk of developing full-blown diabetes [46] or cardiometabolic conditions [47].
Intake, Physical Activity, and Genetics in
Relation to Glucose Metabolism

Table 3. Linear regression analyses between blood glucose

concentrations and genetic, dietary, and lifestyle factors

Model
Model 1
Age
Sex
Model 2
Age
Sex
Physical activity
Model 3
Age
Sex
Physical activity
Carbohydrate intake
Model 4
Age
Sex
Physical activity
Carbohydrate intake
GRS
Model 5
Age
Sex
GRS
Interaction physical activitycarbohydrate intake

Coefficient β

p value

0.008
−0.029

<0.001
0.560

0.007
−0.049
−0.041

0.001
0.329
0.013

0.007
−0.047
−0.041
−0.186

0.001
0.353
0.013
0.595

0.006
−0.057
−0.037
−0.193
0.015

0.001
0.260
0.025
0.583
0.050

0.006
−0.051
0.015

0.001
0.312
0.047

−0.060

0.033

A regression analysis was performed to examine the potential
influence of different factors, such as age and sex (model 1), physical activity (model 2), carbohydrate intake (model 3), GRS (model 4), and the interaction of physical activity and carbohydrate intake (model 5), on glycaemia. A statistical interaction term (carbohydrate intake × physical activity level) was added to the model to
investigate the role of the GRS, being the dependent variable of
glucose levels, and independent variables carbohydrate intake and
physical activity, as well as adjusting for confounders such as age,
sex, and reported BMI. GRS, genetic risk score.

High intake of carbohydrates and glycaemia have been
related to enhanced glucose oxidation and reduced lipid
utilization, where different mechanisms have been involved such as muscle glucose uptake and phosphorylation-mediated gluconeogenesis, glycolysis, glycogen storage, and conversion to acetyl CoA depending on exercise
[48]. The shared pathways of carbohydrate and lipid metabolism during exercise are less well known, where transport of fat into the muscle, specific binding proteins for
mitochondrial translocation of fat, and new roles for lipases have been investigated [49].
Interactions between physical activity and macronutrient composition of energy-restricted diets may affect
body fat reduction and blood glucose concentration beLifestyle Genomics
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cause less-active individuals with a high-carbohydrate/
low-fat diet showed greater fat loss than those more active
with a lower-CHO/high-fat diet [17]. These findings support the notion that precision nutrition for control of glycaemia or body weight may benefit from considering
phenotypic as well as genotypic data [20, 50].
Gene-environment interactions in energy and glucose
homeostasis are relevant for understanding glucose/fat
utilization during exercise [47], with important influence
on health outcomes [51]. Moreover, the interplay between degree of physical activity and dietary fat intake
could play a role to understand the influence of dietary
carbohydrates on energy balance [52], but in our case, the
effects were not statistically significant (data not shown).
One of the most novel results of the current analyses is
that in addition to the influence of physical activity and
the genetic background on blood glucose concentration,
we observed an interaction between physical activity and
the proportion of energy supplied by carbohydrates.
Our study has some limitations like the online questionnaire completion, although the procedure was validated [25, 27]. Moreover, we only used 15 SNPs from the
panel, although scientific, statistical, genetic, and epidemiological cautions and criteria implemented as previously detailed to produce this proof of concept revealed
that genes regulate energy utilization depending on carbohydrate intake and physical activity. Furthermore, the
study could benefit from separate analyses of total carbohydrates and simple sugars, which was not achievable by
the features of the food composition database, neither
measurements of the body fat content.
The Food4Me study also exhibits some strengths like a
fairly high number of individuals included from 7 different
European communities [21]. In conclusion, blood glucose
concentration is under influence of some specific genes related to carbohydrate metabolism, as included in the GRS,
physical activity, and the proportion of carbohydrate intake.
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