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Dietary Assessment
• Limitation: objective assessment of dietary intake in “free-living” 

populations

• Self reported food intake
• Food Frequency Questionnaire (FFQ)

• Dietary recall

• Diet diaries

• Problem:
• Misreporting → 30-88%



Bias
• Underreporting → unhealthy foods

• Dietary energy intake of obese individuals as well

• Overreporting → fruits and vegetables

• Leads to 
• Data inaccuracy

• Misinterpretation

• Inadequate dietary reporting 



Dietary Biomarkers

• Track intake of specific 
nutrients

•Urine and plasma 
contain metabolites 
reflective of self 
reported food intake 
data



Proposal
• New approach: proton nuclear 

magnetic resonance (H-NMR) 
spectroscopic profiling
• Simultaneously measures hundreds 

of metabolites

• Enhance the understanding of the 
relation between food 
consumption and disease risk

• Few reports have linked 
metabolite profiles with dietary 
patterns
• Self reported food intake 



Hypothesis

• Metabolic profiles of urine samples from volunteers exposed to a 
range of diets based on WHO dietary guidelines for the prevention of 
non-communicable disease risks, developed under controlled feeding 
conditions will reflect dietary intake and can be used to model and 
classify dietary patterns of free-living populations from large cross-
sectional cohorts, without requiring self reported food intake. 

• Aim → to quantify the effect of diverse dietary patterns on urinary 
metabolic profiles 



Study Type

• Randomized

• Controlled

• Crossover 

Treatment

Treatment

2,4,1,3

1,2,3,4



Breakdown

1. Developed a metabolic profiling strategy using NMR spectroscopy of 

urine samples

2. Showed that urinary metabolite models, developed in a controlled 

environment, can be used to classify populations into consumers of a 

dietary profile 

3. Validated the model using both internal controlled clinical trial data 

and external cohort data



Previous Studies
PubMed 

Search: 58 
studies

45 studies

27 studies

self-
reported 

dietary data

Claim: no independent 
objective method exists for 
assessing dietary patterns 



Inclusion & Exclusion Criteria
Inclusion Criteria Exclusion Criteria

• Healthy volunteers
• 21-65 years
• BMI 20—35 kg/m2

• Clinical illness
• Weight loss/gain of ≥ 3 kg (2 months)
• Prescription medication
• Smoker
• Substance abuser
• Abnormalities (physical examination, ECG, blood 

tests)
• Pregnant
• Breastfeeding 



PICO
• Population: 19 healthy volunteers (UK NIHR/Wellcome Trust Imperial 

CRF) 



Figure 1: Trial 
recruitment 
process of 
volunteers



PICO
• Population: 19 healthy volunteers (UK NIHR/Wellcome Trust Imperial 

CRF) 

• Intervention: 
• 4 inpatient stays; 72 hours long; separated by at least 5 days

• Four intervention diets



Table 1: 
Macronutrient 

content and 
characteristics of the 

four dietary 
interventions



PICO
• Population: 19 healthy volunteers (UK NIHR/Wellcome Trust Imperial 

CRF) 

• Intervention: 
• 4 inpatient stays; 72 hours long; separated by at least 5 days

• Four intervention diets

• Control/Comparison: self reported dietary intake

• Outcome: urinary metabolite models can be used to classify 
populations into consumers of a dietary profile 



Sampling 
Procedures

• Urine collected 3x/day

• Pool 3 samples = 24 hour urine sample

• H-NMR spectroscopy

• Identify metabolites → create a urinary 
metabolite model for each diet →
identified associated metabolic profiles 
→ validated the model



Statistical Analysis
• No formal power calculation

• PLS-DA →modelling data

• MCCV → assess model robustness

• MCCV-PLS-DA → predict 24 hour global profiles

• Positive mean prediction (Tprod) = resembles diet 1

• Negative mean prediction (Tprod) = resembles diet 4



RESULTS

Figure 2: Data 
from the third 
24 hour urine 

collection



RESULTS 
Figure 3: 
Metabolite 

concentrations for 
diets 1 and 4 



Findings
• 28 metabolites in total

• 19 metabolites were present in higher concentrations in urine after diet 1

• 9 metabolites were present in higher concentrations in urine after diet 4

• All individuals had consistent, significant changes in excretion of 28 
metabolites



RESULTS

Figure 4: MCCV-
PLS-DA model of 

metabolic patterns 
of the four diets 

for each 
participant



Validation
• To assess the ability of the model to predict healthy eating

• 2 sample cohorts
• INTERMAP UK (n=225)

• Danish (n=66)

• DASH index
• High DASH score = low risk of NCD

• Low DASH score = high risk of NCD

• Association between urinary metabolic and dietary profiles confirmed 
(p < 0.0001)



INTERMAP Validation
• Urine sample data was stratified 

into percentile groups

• Urine from participants with high 
DASH score had an increased 
abundance of biomarkers 
associated with fruit and 
vegetable intake – clustered next 
to diet 1

• Urine from participants with low 
DASH score clustered next to diet 
4 samples

• Urine from the intermediate 
DASH score participants 
clustered between diets 1 and 4



RESULTS 

Figure 5: Applicability 
of the model to 

predict adherence to 
diverse diets in the 

INTERMAP UK cohort



INTERMAP Validation
• Metabolites from the model that 

are known to be linked with 
healthy eating were also found in 
high concentrations in the urine 
of the INTERMAP participants 
with high DASH scores 
• Hippurate: fruits and vegetables

• S-methyl-L-cysteine-sulfoxide: 
cruciferous vegetables

• 4-hydroxyhippurate: fruits



INTERMAP 
Validation 
Outcome

Global urinary metabolic profiles measured 
by H-NMR spectroscopy was a more 
accurate predictor of dietary patterns 
compared to single markers of individual 
consumed foods



Danish Validation
• Used as a second cohort to account for misreporting bias

• Metabolite profiling was done with spot urine samples
• Collected in the morning following a 10 hour overnight fast

• Compared spot urine samples with morning samples from this trial

• Metabolite profiles resembled that of diets 1 and 2

• Suggests that the model is robust across different populations



Outcomes
• Urinary metabolite models developed in a highly controlled 

environment can classify groups of populations into consumers of 
diets associated with low or high NCD risk on the basis of metabolite 
patterns

• Enabled an objective approach to dietary patterns

• Enhances the validity of dietary reporting 

• The metabolic profile patterns have the potential to classify dietary 
intake of individuals as seen with the two independent 
epidemiological datasets



Outcomes Con’t 
• Urinary biomarkers of healthy foods 

were higher after consuming diet 1 than 
diet 4
• Dimethylamine and TMAO (fish)
• 1-methylhistidine and 3-methylhistidine 

(oily fish and chicken)

• The global pattern of metabolites is 
more important 

• Changes in individual diet-associated 
metabolites were consistent across the 
interventions 



Clinical Context

• Existing methods are inadequate

• Existing methods are expensive
• ~$101.00 CDN

• Is a cost effective and time effective alternative
• ~$34.00 CDN

• < 5 mins to run NMR/sample

• Offers an objective method for dietary screening of a large group



Strengths & Limitations
Strengths Limitations

• First of its kind: global urinary metabolic 
profiles

• Objectively assessed dietary patterns
• Predictive of dietary patterns in two 

other cohorts
• Showed a clear distinction between diets 

1 and 4
• Circumvents bias caused by misreporting  
• Without the use of dietary surveys –

misreporting, bias, incompleteness
• Does not have arbitrary thresholds/cut 

offs

• Based on limited types of foods
• Lack of population variety (disease 

groups or ethnicities) 



Conclusion
• Showed that urinary metabolic profiles developed in a controlled 

environment have the potential to be used to assess adherence to 
dietary patterns in free-living populations without the need to collect 
dietary data

• Provides an objective method to survey dietary intakes 

• Implementation of this strategy for urine based dietary pattern 
analysis might 
• Enhance understanding of the relationship between diet and health

• Improve clinical nutrition practice by providing health professionals with 
objective data on the adherence to healthy eating guidelines



Limitations to metabolic profiles
Willett, W. (1990). Nutritional epidemiology (Vol. 15). New York: Oxford University Press.

1. Homeostatic mechanisms → plateau affect

2. Bioavailability 

3. Time integration 

4. Nondietary determinants

5. Proper collection and storage
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