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Dietary biomarkers

Measuring habitual dietary intake should be both accurate and applicable to large 

numbers of free-living individuals, hence measuring dietary exposure is one of the 

greatest challenges in nutritional research. 

Population-based nutritional studies, in which food intake is not accurately defined 

and controlled, have traditionally evaluated the nutritional status using practical self-

reporting tools such as FFQs, dietary records, and 24-h recall. However, all of these 

are subject to measurement error and recall bias.

O'Gorman A, Brennan L. The role of metabolomics in determination of new 

dietary biomarkers. Proc Nutr Soc. 2017 Aug;76(3):295-302.
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Dietary biomarkers

Another issue in interpreting the findings of dietary intervention is compliance 

assessments. 

“Every 15 days, volunteers will be requested for an interview with the dietitian to 

monitor the compliance with the intervention and to pick up the almond sachets (for 

intervention group). We will also assess compliance with the almond consumption 

through measuring changes in plasma concentrations of alpha-tocopherol assessed 

by liquid chromatography.”

O'Gorman A, Brennan L. The role of metabolomics in determination of new 

dietary biomarkers. Proc Nutr Soc. 2017 Aug;76(3):295-302.
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Dietary biomarkers

Brennan L, Hu FB. Metabolomics-Based Dietary Biomarkers in Nutritional Epidemiology-

Current Status and Future Opportunities. Mol Nutr Food Res. 2019 Jan;63(1):e1701064.
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Dietary biomarkers

A single biomarker may be insufficient to fully represent the complex and multi-

dimensional nature of dietary patterns.

Metabolomics can provide a comprehensive picture of overall dietary intake by 

measuring the full profile of small molecule metabolites in biological samples.

Nutritional metabolomics can be applied to discover new biomarkers of nutritional 

exposure and status and can help disentangle the molecular mechanisms by which 

diet affects health and disease. 

Guasch-Ferré M, Bhupathiraju SN, Hu FB. Use of Metabolomics in 

Improving Assessment of Dietary Intake. Clin Chem. 2018 Jan;64(1):82-98.
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The “omics” cascade
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Untargeted vs Targeted Metabolomics

•Untargeted metabolomics approaches involve global profiling of the metabolome. 

This approach is typically employed in hypothesis-generating studies such as 

biomarker discovery. 

•Targeted metabolomics refers to the quantitative measurement of a select group of 

metabolites (e.g. amino acids, lipids, sugars, and/or fatty acids) in order to 

investigate specific metabolic pathways or to validate biomarkers identified using 

untargeted metabolic profiling.

Roberts LD, et al. Targeted metabolomics. Curr Protoc Mol Biol. 2012; Chapter 30:Unit 30.2.1–24.; 

Vinayavekhin N, Saghatelian A. Untargeted metabolomics. Curr Protoc Mol Biol. 2010; Chapter 30:Unit 30.1.1–24.
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Analysis of metabolites by NMR and MS

Stringer KA, et al. Metabolomics and Its Application to Acute Lung Diseases. Front Immunol. 2016 Feb 29;7:44. 
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Metabolomic applications in nutritional research

O'Gorman A, Brennan L. Metabolomic applications in nutritional research: a perspective. J Sci Food Agric. 2015 Oct;95(13):2567-

70.
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Work flow of nutritional metabolomics approaches

Guasch-Ferré M, et al. Clin 

Chem. 2018 Jan;64(1):82-98.



25th – 29th | 2023 September | Sitia

https://1stathenatf.hmu.gr

Even though the Mediterranean diet has been recognized as a powerful 

strategy to improve health, the accurate assessment of exposure to this diet 

has been a major challenge in epidemiological and clinical studies
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Literature Search 

• I summarized the evidence from observational studies and randomized controlled trials (RCTs) 

investigating the impact of the Mediterranean diet on metabolome in adults.

•A comprehensive literature search was conducted in PubMed (last accessed 6th of September 2023).
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The Mediterranean diet, plasma metabolome, and 

cardiovascular disease risk

“In the present study, leveraging dietary and LC–

MS/MS derived metabolomic data in the Spanish 

PREDIMED trial and three US prospective 

cohorts (the Nurses’ Health Study [NHS], NHSII, 

and Health Professionals Follow-Up Study 

[HPFS]), we identified and validated a metabolic 

signature reflecting adherence to a 

Mediterranean diet.”

Li J, et al. Eur Heart J. 2020 Jul 21;41(28):2645-2656.
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The Mediterranean diet, plasma metabolome, and 

cardiovascular disease risk

• The metabolic signature was trained using 

PREDIMED baseline measurements and tested with 

PREDIMED year-1 (interval validation) and the 

NHS/HPFS baseline measurements (external 

validation).

• In the training set, the unbiased metabolic signature 

acquired using the leave-one-out cross-validation 

approach was significantly correlated with MEDAS 

with a similar magnitude (r = 0.37). At PREDIMED 

year-1 (internal testing set) and NHS/HPFS baseline 

(external testing set), we found that the metabolic 

signature was significantly correlated with MEDAS 

(PREDIMED year-1: r = 0.31; NHS/HPFS: r = 0.28).

Li J, et al. Eur Heart J. 2020 Jul 21;41(28):2645-2656.
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The Mediterranean diet, plasma metabolome, and 

cardiovascular disease risk
• The blood metabolome reflects the overall metabolic homeostasis resulting from the interactive effects of all 

metabolism-influencing factors, including diet and genetics.

• Self-reported dietary instruments (MEDAS) is a combination of true dietary intakes and reporting errors. 

• The metabolome can be changed by diet but is expected to be independent of reporting errors (A). 

• By regressing MEDAS on metabolites (B formula #3), the resulting metabolic signature captured cumulative 

changes in the metabolome that are correlated with dietary adherence, incorporated individual metabolic 

variations from other factors that influence dietary metabolism, while minimized measurement errors from self-

reported dietary assessments (A and B).

Li J, et al. Eur Heart J. 2020 Jul 21;41(28):2645-2656.
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The Mediterranean diet, plasma metabolome, and 

cardiovascular disease risk

Li J, et al. Eur Heart J. 2020 Jul 21;41(28):2645-2656.
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The Mediterranean diet, plasma metabolome, and 

cardiovascular disease risk

Li J, et al. Eur Heart J. 2020 Jul 21;41(28):2645-2656.
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Aims:

1) We aimed to analyze plasma metabolites using a high-throughput NMR platform and 

identify a metabolite profile of adherence to the MedDiet among 1250 Greek Middle-aged 

adults from the Epirus Health Study.

2) We also investigated cross-sectional associations between the identified metabolite profile 

and domain-specific cognitive tests.

The Epirus Health Study is an innovative prospective cohort study designed to investigate 

the aetiology of complex multifactorial chronic diseases in Greece. A total of 10,000 residents 

of Epirus, aged 25-70 years, will be recruited.

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.
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14-item Questionnaire of Mediterranean diet adherence

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.
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Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.

Distribution of the MEDAS score Plot of the 250 metabolites according to the % of missingness 

Missing values of these metabolites were imputed using the random forest imputation approach. 

The inverse normal transformation, which generates a rank-based standard normal distribution (mean = 0, SD = 1) was applied to the 248 metabolites.



25th – 29th | 2023 September | Sitia

https://1stathenatf.hmu.gr

To identify a metabolite profile for adherence to the MedDiet, we regressed MEDAS on the 248 NMR 

metabolites. Due to the high dimensionality and collinear nature of the data, we performed Gaussian 

linear regression with elastic net penalty.

1) We split 90% of the data selected randomly into training set and the remaining 10% sample into 

validation set.

2)  We applied a 10-fold CV on the training set to find the best combination of alpha and lambda 

parameters keeping those with the lowest root mean-squared error (RMSE).

We evaluated the alpha parameter from 0.1 (we did not use Ridge regression [alpha = 0] as not being able to perform variable 

selection) to 1 (Lasso regression) in ~0.05 increments, together with the tuning parameter (lambda), using a 10-fold cross-

validation (CV) approach, to identify the optimal combination regarding model accuracy and complexity.

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.
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3)  In the initial validation set we computed the RMSE and the Pearson correlation coefficient for these 

tuning parameters.

Running this loop 10 times, in 7 out of 10 iterations, the alpha parameter had a value of 0.1 giving the lowest RMSE.

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.

Plot of the lambda and RMSE for different alpha values after the 10 iterations with the elastic net penalty
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4)  For this alpha value (alpha=0.1), we performed 200 times a 10-fold CV to our main data set to find 

200 different values of lambda with the lowest RMSE, keeping the mean value. 

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.

Plot of the 200 simulated identified lambda for Alpha = 0.1. As the simulations increase the mean lambda converges to its value 0.0788
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Finally, for lambda = 0.0788 (95% confidence interval [CI]: 0.0777-0.0797) and with permutation test to 

find the 95% CI, we had the expected lambda with the lowest RMSE. 

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.

Plot of the Mean-Squared Error as functions of log(λ) for the 200 times 10-fold cross-validation regression analyses with the elastic net penalty
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To obtain the metabolites coefficients, we randomly split the data 10 times to training and validation sets as 

before. From each of the 10 iterations, we applied these alpha and lambda values in each elastic net regression 

for every training set. Then, we built the metabolite model by keeping the mean value of those metabolites that 

were consistently selected on each iteration (i.e., metabolites selected 10 times). Finally, we calculated the 

metabolite score as the weighted sum of the averaged coefficients from the 10 iterations for each selected 

metabolite.

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.

Plot of the beta coefficients of metabolites in the model as functions of Lambda for the 10-fold cross-validation analyses with the elastic net penalty
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Pearson correlation was calculated to evaluate the performance of the metabolite profile in assessing 

adherence to the MedDiet. To avoid overfitting, a 10-fold CV procedure was performed diving the 

complete dataset into training and validation sets (90% and 10%, respectively).

Associations of individual metabolites that with each food component and MEDAS were estimated 

using Spearman's rank correlations. After merging the two olive oil and the two fruit components, a P-

value = 0.05/(12 x 15) was considered as statistically significant for the metabolites-food components 

associations (Bonferroni correction for 12 MEDAS components x 15 independent clusters of 

metabolites) and P-value = 0.05/15 for the associations with MEDAS.

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.
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Papandreou C, et al. Clin 

Nutr. 2023 Feb;42(2):173-181.
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Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.

Pearson correlation between the MEDAS score and the metabolite 

profile

Spearman’s correlations of the 42 metabolites selected in the metabolite 

profile for MEDAS with MEDAS components and total MEDAS score



25th – 29th | 2023 September | Sitia

https://1stathenatf.hmu.gr

The identified metabolite profile showed no associations with cognitive performance.

Papandreou C, et al. Clin Nutr. 2023 Feb;42(2):173-181.
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This randomized, controlled, crossover 2-months dietary-intervention trial, with a 1-month wash-out 

period, examined changes in plasma metabolites after following a MedDiet compared to the consumption 

of a single healthy food such as nuts in the context of a non-MedDiet among 44 adults with Metabolic 

Syndrome.

Galié S, García-Gavilán J, Papandreou C, et al. Clin Nutr. 2021 Jun;40(6):3798-3806.

Effects of Mediterranean diet on Metabolome
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Galié S, García-Gavilán

J, Papandreou C, et al. Clin 

Nutr. 2021 Jun;40(6):3798-

3806.

Effects of Mediterranean diet on Metabolome
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Galié S, García-Gavilán

J, Papandreou C, et al. 

Clin Nutr. 2021 

Jun;40(6):3798-3806.

Effects of Mediterranean diet on Metabolome
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Grouping individuals based on similarities in their metabolic phenotype—that is, metabotypes—is a novel concept, 

and different definitions have been used.

The underlying idea behind metabotyping is to identify metabolic phenotypes based on factors such as diet, 

anthropometric measures, clinical parameters, metabolomics data, and the gut microbiota.

An optimal diet can then be tailored to fit each metabotype specifically.

Palmnäs M, et al. Adv Nutr. 2020 May 1;11(3):524-532.

Metabotyping—A Potential Personalized Nutrition Strategy for 

Precision Prevention of Diseases


