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Inter-individual variability
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Changes in diet:

• Consumption of saturated fat

• Cholesterol intake
  Plasma lipids



Schaefer et al., AJCN, 1997

Inter-individual variability after a low-fat diet
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Inter-individual variability
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Changes in diet:

• Consumption of saturated fat

• Cholesterol intake

Different people experienced different responses to the same food

  Plasma lipids



Omega-3 Fatty Acids (n-3 Polyunsaturated fatty acids  (PUFAs))



Omega-3 fatty acids and blood lipids
Study Study Design Recommendations

Harris et al., 2008 Literature review of 2 large controlled 

trials of  32.000 participants 

3 to 4 g/d of EPA and DHA

 20-50% TG

Harris et al., 1997 Review of placebo-controlled, crossover, 

or parallel design studies providing < 7 g 

n-3 fatty acids/d and with treatment

periods of > or = 2 wk duration

2 g/d of EPA and DHA

 25-30% TG

McKenney et al., 2007 Literature Review 4 g/d of EPA and DHA 

 45% TG



Methods: Subject Recruitment

Men and pre- and postmenopausal women who where:
1- overweight (BMI >25 kg/m2) 

2- 18–50 years old
3- Not taking lipid-lowering medications 

http://www.tendancerenovation.fr/images/recrutement.gif
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Supplementation
(6 weeks )

Canada’s Food Guide
+ 5g Fish oil 

(1.9g EPA + 1.1g DHA)

Run-in  
(2 weeks)
Canada’s Food 
GuideScreening

Blood draws, anthropometric measurements, and food 
frequency questionnaires

Study Design: Clinical Trial

Weeks



Non-Responders

(n= 60, 28.8%)

Responders

(n=148, 71.2%)
% Change in TG

Non-responder: no reduction of TG after 6 weeks of consumption of 3g EPA + DHA per day.

Frequency of responders and non-responders to omega-3 in 
the study «Fatty Acid Study»



Frequency of responders and non-responders to omega-3 in the 
study «Fish Oil Intervention and Genotype»

Non-responder: no reduction of TG after 8 weeks of consumption of 1.8 g EPA + DHA per day.

( 31%)



Nutrigenomics

Diet (Food ingredients) Gene

Nutrigenetics



Gene-environment interactions

Environmental factors interact with genetic variations in 

susceptibility to the disease (and its risk factors)
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Relative risks were calculated for each SNP in the GWAS data. The figure shows that the frequency of 13 SNPs (represented by points) were 

significantly different (P <10-5 represented by a line) between responders and non-responders to omega-3 supplementation
Rudkowska et al., JLR 2014 

Genome-Wide Association Study (GWAS) showing differences
in the frequency of genetic variation between responders and 
non-responders to omega-3 supplementation



Nutrigenomics
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Identifies the effect of a nutritional intervention on levels of gene 
expression and metabolites  Metabolic pathways and development 

of certain chronic diseases



Rudkowska et al., 2013

Journal of Nutritional Biochemistry,

Transcriptomic profiles of men and women in omega-3 
supplementation



Men Women 

Altered metabolic pathways in men and women by omega-3 
supplementation

•The same metabolic pathways 

are altered in women and men.

•Inflammatory and atherogenic

pathways are altered.

Rudkowska et al., 2013 

Journal of Nutritional Biochemistry 



Metabolomic profiles of responders and nonresponders to 
omega-3 supplementation
Category Metabolites Responders

(n=6)

Nonresponders

(n=6)

Lipids Glycero-phosphatidylcholine (glyPC) saturation level (n = 77) 

(corresponds to the level of incorporation of omega-3 PUFA)

↓ ↓ but to a lesser 

extent

Ratio glyPC aa C40:5/C40:6

(corresponds to the level of DHA)

↓ ↔

Sphingomyelins (n = 15) 

(corresponds to the level of cholesterol)

↔

Lysophosphatidylcholine (n = 15) 

(corresponds to the level of inflammation)

↔

Others Acylcarnitines (n = 41) 

(corresponds to the level of β-oxidation)

↔

Amino acids (n = 13) ↔

Hexoses 

(corresponds to the glucose)

↓ ↔

Rudkowska et al., Genes & Nutrition 2013 



Conclusions

This study demonstrates:

•Variability in the response 
of plasma triglycerides after 
supplementation with 
omega-3

•Differences in lipid 
metabolism in subjects who 
did not respond to 
supplementation with 
omega-3 were observed

Rudkowska et al., Genes & Nutrition 2013 



Inter-individual variability and blood glucose

•Methods: continuously monitored 

week-long glucose levels in an 800-

person cohort, measured responses to 

46,898 meals 

•Results: Study found high 

variability in the response to identical 

meals, suggesting that universal 

dietary recommendations may 

have limited utility

Zeevi et al.,Cell 2015

Postprandial (postmeal) glycemic responses (PPGR)

AUC (area under the curve)



415 million people have diabetes

By 2040, this number will rise to 642 million

• Insulin resistance

• Lifestyle factors

• Usually adults

Type 2 diabetes

International Diabetes Federation, 2017. http://www.idf.org/diabetesatlas

Diabetes is a huge and growing problem, and the costs to 
society are high and escalating



Polymorphisms associated with the risk of type 2 diabetes

•Large-scale genome-wide 
association (GWA) studies have 
successfully identified genetic loci 
associated with type 2 diabetes:

•fasting plasma glucose (FPG)

•insulin 

•homeostasis model 
assessment of β‐cell function 

(HOMA‐B) 

•glycated hemoglobin (HbA1c)

Kato N. J Diabetes Investig. 2013 



Proportion of risk attributable to genetic factors (%) of traits 
related to type 2 diabetes

22Zheng J-S, et al. PLoS ONE 2013
Carbohydrates Carbohydrates Omega-6



Gijsbers et al. Am J Clin Nutr 2016

Spaghetti plot for the linear association between total dairy intake 
and diabetes risk (RR: 0.97 per 200 g/d; 95% CI: 0.95, 1.00; P = 
0.044), including 16 studies (17 study populations; n = 489,113 

individuals)

The solid black line represents the pooled RR at each quantity of intake, and the dashed black line is the corresponding 95% CI.



Dairy products intake in 233 French Canadians

•Subjects consumed 2.5 ± 1.4 portions of dairy 

products daily, including:1.6 ± 1.3 portions of 

low-fat dairy products

•However, nearly 45 % of the French 

Canadian population in this study do not 

meet the Canada’s Food Guide 

recommendations of at least 2 portions of 

dairy products a day.

•Total (r = -0.21; p = 0.001) and low-fat dairy 

(r = -0.20; p = 0.003) intakes were inversely 

correlated with fasting plasma glucose level.

Da Silva et al., Appl. Physiol. Nutr. Metab. 2014

Composition of the low-fat and high-fat dairy 

products and portions



Glucokinase (GCK) polymorphisms

•Common variation in GCK

predominantly influences glycolysis and 

the rate of glucose oxidation in 

hepatocytes (Takeuchi et al., 1996)

•Nutritional components, such as amino 

acids, can increase GCK expression in 

liver cells (Higuchi et al., 2011)

Haeusler RA et al., Mol Met. 2014

 Expression of GCK when HbAc <7.0 mmol/L



Da Silva et al.,  JPM 2017

Effect of the interaction between rs1799884 (GCK) and dairy 
intake (median: 2.17 portions/day) on glucose-related 
parameters



Effect of dairy proteins on gene expression of FASN and IRS-1
gene in HepG2 cells

Da Silva et al., JPM 2017

Key enzymes involved in glycogenosis and lipogenesis pathways, such as 

insulin receptor substrate-1 (IRS-1) and fatty acid synthase (FASN)

HepG2 cells were incubated for 24h with dairy proteins: whey protein hydrolysate (WPH) or isolate (WPI) (5 mg.ml-1), caseins (CN) (1 mg.ml-1) and a mixture of 

WPI and CN (WPCN, 1:4 w/w); or amino acids (20 mM). NaOH was used as a vehicle for the CN and WPCN treatments. 



Preliminary conclusions

•Intake of dairy products may influence glucose-insulin homeostasis in individuals with 

specific SNPs related to the risk factors of type 2 diabetes

•Replication studies such as clinical trials with individuals at risk of type 2 diabetes are 

needed

•Future mechanistic studies could confirm gene-diet interactions



Visit 1 Visit 2 Visit 3 Visit 4

6 weeks 6 weeks 6 weeks

2 servings 

per day or 

less

4-5 servings 

per day

2 servings 

per day or 

less

4-5 servings 

per day
Washout

PRODIGE project

Washout

Visit 0
Telephone

screening

ClinicalTrials.gov identifier: NCT02961179

Funding: Canadian Institutes of Health Research (CIHR)- Project Bridge Grant (Spring 2016) 



Preliminary results
Telephone screenings 

276

Visit 0

46 
Exclusion

26 

Inclusion

20

Drop-out before 

study onset

1

High-dairy// Low-

dairy

10

Low-dairy // High 

dairy

9

Drop-out

3

Drop-out

1

Completed Visit 4

3
Completed Visit 4

4

Baseline characteristics

Characteristics All (n=19)

Sex 17 ♂

2 ♀

Age (yrs) 54.2 (15.44)

BMI (kg/m2) 30.9 (2.8)

Waist 

circumference (cm)

110.2 (13.2)

Fasting glucose 

(mmol/L)

5.9 (0.6)

Fasting insulin 

(pmol/L)

138.0 (43.2)

HbA1c (%) 5.6 (0.3) 

Data analysis from12/09/2017. Means (Standard deviation). 



Research in nutrigenomics

Nutrigenomic
research

Traditional
biomarkers

Genetic
variations

Gene 
expression

Metabolome

New 
technologies 

"-Omic"

31Personalized nutrition



Personalized medicine

➢Personalized medicine is individualized care

➢3 objectives: 

➢Refine the diagnosis 

➢Rationalizing therapeutic management 

➢Engage the patient in a preventive approach

Becquemont, Thérapie 2012



Personalized nutritional approach

Individuals can be 

grouped according 

to their genetic 

profile or other 

criteria

Diet A: 

Pre-diabetes

Diet B: 

Predisposition to obesity

Diet C: 

Metabolic features

Diet D: Genetic background 

Caucasian, Chinese, Indian, etc.

Diet E: Children, seniors

Diet F: Disorders of the 

metabolism of amino acids



DNA tests



Why customize the diet?
Objective: To compare the impressions of participants receiving general dietary 

recommendations (control group (C)) or personalized ones from genetic tests 

(intervention group (I))

Population: 149 men and women in the City of Toronto aged 20 to 35

Results: Participants in the intervention group were more likely to say that personalized 

dietary recommendations received would be useful (88% (I) versus 72% (C)) and wanted 

to know more (95% (I) versus 76% C))

9% of participants in the intervention group reported feeling uncomfortable learning their genetic 
information

Conclusions: Individuals find that dietary recommendations based on genetics are more 

understandable and useful than general dietary advice

Nielsen and El-Sohemy, Genes and Nutr., 2012



Summary of research in nutrigenomics

Nutrigenomics has the potential to promote the development of 

nutritional interventions capable of:

(1) favorably modify gene expression and metabolism in individuals 

(2) develop a personalized nutrition approach where food intake is 

optimized based on an individual's genetic profile to reduce the risk of 

disease

36
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