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Why biomarkers of food intake?
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Current state of dietary assessment
Subjective dietary instruments

FFQs
Food diaries
24-hour recalls/interviews

Current state of dietary assessment
Subjective dietary instruments

FFQs
Food diaries
24-hour recalls/interviews

Time consuming
Based on memory and food composition tables
Time consuming
Based on memory and food composition tables

Systematic and Random Errors Systematic and Random Errors 

Could we improve that by using biomarkers of food intake?



Biomarkers and their overall classes
Biomarkers in general are defined as “objective measures used to characterize the 
current condition of a biological system”.
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Gao et al., Genes & nutrition. 2017
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Biomarkers and their overall classes
Biomarkers in general are objective measures used to characterize the current 
condition of a biological system.
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Figure.  Diversity of interaction between the biological system with intrinsic system variables 
and the surrounding environmental variables. 
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Validation of food intake biomarkers
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cereals and wholegrain

alcoholic beverages

fruit and vegetables

Food groups covered in the FoodBAll project
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Meats, eggs  and dairy

fats and oils

legumes

non-alcoholic 
beverages

confectionary

spices and herbs



Food groups and subgroups
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Dairy 
products

Meat
Eggs

Red Meat
Fish and Seafood
Poultry and other 
white meat
Offal meat

Milk

Butter 

Cheese 

Yoghurt 

Whey

Casein Processed Meat 
Heated Meat

Foods of 
Animal Origin

Enriched Eggs



The food- and other metabolomes

Depends on sample e.g. serum, urine, stool, tissue, etc.
Scalbert et al (2014) Amer. J. Clin. Nutr. 99(6) 1286-1308



Sample extraction (removal of protein and other large molecules) and analysis

Data is pre-processing

LC-MS metabolomics workflow

Data analysis

PCA
ASCA

Univariate/FDR PLS-DA

Feature identification and biological interpretation



Some of the better validated food intake biomarkers
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Reproduci-
bility

Analytical 
perform-

ance
Chemical 
stabilityReliabilityRobustnessTime-

response
Dose-

responsePlausibility

Allyl 
mercapturic 
acid (urine)

Proline 
betaine 
(urine)

Ethyl 
sulphate
(urine)

DHA or EPA 
(serum)
CMPF or TMAO 
(urine)

Guanidino
acetate 
(urine)

Curcumin
(plasma)

Others include markers of WG rye and wheat, some legumes, oils, meat, and dairy 
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No test food consumption 2 days prior
Test Day

Blood Collection

8 am

24 h pooled

0 1h 2h 3h 24h

Urine Collection330 ml Test 
Food/Drink

MEAL STUDY DESIGNS 
– finding biomarkers with metabolomics 

Metabolomics

+ a suitable 
control food
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Discovery

Fully validated biomarker

n=12

Meal studies

+ Additional studies



MultiBiomarker for  banana intake 

The KarMen 
Study

AUC=0.89

AUC=0.89

Discovery Validation

Vazquez-Manjarrez et al., 2019; J. Nutr. (149, 10) 1701-1713



Meat multimarkers – stepwise assessment

PREVIEW

Cuparencu et al, 2020, Eur. J. of Nutr. (accepted)
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Hypothesis:
Beer biomarkers =    dried barley germ markers 

+ boiled hops markers 
+ fermentation 
(+ biotransformation

and/or  degradation)
e.g. hordenine

e.g. Iso-a-acids

+ ‘breakdown’
products

e.g. ethyl malate (not EtOH !)
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The interplay of kinetics, consumption frequency, and sampling frequency

Food Consumption 
intervals

Rarely           
(~monthly)

Intermittently 
(~weekly)

Frequently       
(~daily)

Date : 02/05/2022

Frequent Once or rarely

Sampling frequencies

t½           <2 hrs                                4 hrs                                      8 hrs                          12+ hrs

Using several markers may provide better coverage due to variation in kinetics
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Markers of recent coffee intake

2-furoylglycine

4-ethylcatechol-gluc

Independent analyses in NU-AGE samples

y = 0.7767x + 36.099
R² = 0.6701
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UNINA intervention
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https://clinicaltrials.gov/ct2/show/study/NCT03071718
ClinicalTrials.gov Identifier: NCT03071718

T1: Baseline T2: 4 weeks T2: 8 weeks

Missing samples
Faeces: 1
Urine: 1
Serum: 2

Missing samples
Urine: 1

CT

MED

Missing samples
Faeces: 1

T1: Baseline T2: 4 weeks T2: 8 weeks

82 subjects

334 subjects

Screening

Data
• Anthropometrics 
• Food diaries 
• Metabolic markers
• Metagenomics (16S+WGS)
• Metabolomics

Meslier, Laiola, Roager et al (2020) Gut (Online) doi: 10.1136/gutjnl-2019-320438



Biomarkers of nut consumption
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Found in e.g. 
pomegranate, 
walnuts, berries 
and grapes
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Comparable results in 
urine metabolome

ID level 1

Meslier, Laiola, Roager et al (2020) Gut (Online) doi: 10.1136/gutjnl-2019-320438



Study design and subjects 

• Finland (Kuopio and Oulu)
• Iceland (Reykjavik) 
• Sweden (Lund and Uppsala)
• Denmark (Aarhus)

A randomized controlled multi-centre intervention

Inclusion criteria 
Age 30–65 years, BMI 27–38 kgm-2

Sample collection

Uusitupa M et al. J Intern Med 2013;274: 52–66

weeks

Diet level classification – SYSDIET – healthy Nordic diet vs. average

. .

.

.

.
.
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Classifying urine metabolites – Nordic 
diets

CD HND

Fish

WG
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Classifying serum metabolites – Nordic 
diets

Aq-F

Ter-F

CD HND



Current state of Biomarkers of Food Intake
Issues:

- Substitution of dietary records doesn’t seem possible at this time

- The one biomarker/one food approach doesn’t seem realistic

Reframed purpose

• To increase the trust in dietary assessment

• To get a more refined idea of the human diet (foods vs. food groups)

• To identify misreporters in observational studies and non-compliant 
participants in intervention studies, and to correct for them

• To gain objectivity, though not necessarily accuracy

• To assess adherence to a dietary pattern
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More useful correlates to health 
(by correcting for measurement errors)



Conclusions and funding

By accurately classifying, validating and 
combining biomarkers it is possible to 

1) Classify the recent  intake of 
several foods and drinks correctly

2) Identify misreporting in short-
term dietary assessment 

3) Apply markers in longer-term 
clinical studies to assess dietary 
intakes

However, much basic work on 
biomarkers is still needed to optimize 
their use and figure out the 
quantitative aspects!
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