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Purposes of diet methods

� Individual assessments, clinical 
situations

� Epidemiology

� Developing dietary guidelines & health 
policy

� Monitoring change in intervention studies

� Monitoring public health interventions



24-hour recalls - methodology

� Self-reported paper 
based

� EPIC-SOFT, 
software led 
interviewer

� Multiple-pass
method

� On-line, interactive

Extract from the DINER program – EPIC-Norfolk



24-hour recalls & validation - issues

� Increased variability in food supply & food composition

� Recall all consumption over 24-hour period – forget 
items?

� Single 24h & capture of episodic foods

� Measurement error 



Overview

� Measurement error: causes, effects, 
identification

� Biomarkers: quantitative, concentration

� Biomarkers: issues



Validation - purpose

� Determine optimal method
� Greater understanding of measurement error

Further

� Calibration for systematic bias

� Correction for measurement error



Methodological 
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omissions
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databases
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social 
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Measurement 
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Episodic foods, nutrient intake & 24-h
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Measurement error - effects

� Epidemiology:
� Bias & inconsistency in study results
� Main exposure error: Attenuation of findings, loss of 

power to detect exposure-disease associations 
(Kipnis V AJE 2003) 

� Covariate exposure error: both attenuation or 
inflation possible (Schatzkin A J Nat Can I 2004)

� Public health, policy diet recommendations:
� Over-estimates in absolute intakes        incorrect 

public health policy



Measurement error - identification

1 Comparison - diet methods

‘Relative validity’

2 Predictor reference methods 
eg Goldberg or percentile cut-
points for energy mis-reporting

3 Validation - biomarkers

Quantitative 

recovery

biomarkers

Concentration 

biomarkers

(relative ranking)

4 Disease risk 
biomarkers eg
saturated fat and LDL
cholesterol

5 Comparative 
prediction of disease 
risks eg saturated fat 
and breast cancer



Biomarkers

Quantitative recovery
� Absolute value over 

period of time
� 24-hr urine
� N, Na, K, sucrose, 

thiamin
� Energy – Doubly Labelled 

Water (DLW)

Concentration 
� Relative ranking
Blood
� nutrients Vitamins C, E, 

D, B12, folate, 
carotenoids, fatty acids

� bioactive phyto-
chemicals flavonoids, 
phenolic acids

� contaminants
acrylamide, mercury

Adipose tissue
� nutrients fatty acids, 

vitamin



Comparison diet methods – relative validity

� Biomarkers errors independent of reported intake

� Previously thought individual reports of diet with 
different methods were independent

� Recent evidence: errors are correlated

� Quantitative recovery biomarkers urine N & energy 
DLW

� Correlation of person-specific biases in FFQ and 24-hour 
recall (Kipnis V AJE 2003)

� Women: Energy 0.28, Protein 0.24, protein density 0.94



Evidence of person-specific reporting

Individuals report in same direction with different methods

Black A & Cole T, JADA 2001

Comparison – relative validity – not recommended



Examples of biomarkers for 
determining measurement error

� Quantitative recovery biomarkers

� Urine nitrogen

� Concentration biomarkers

� Vitamin C

� � – tocopherol, folic acid, carotenoids, 
retinol

� Plasma n-3 PUFA



Quantitative recovery biomarker

� Urine nitrogen excretion = nitrogen 
intake (providing individuals in balance)

� Measurement N in urine over 24 hours 
allows direct estimates of intake (Bingham 1983 
AJCN, Isaakson 1980 AJCN)

� Completeness using PABA (para amino 
benzoic acid)

� EPIC-Europe – 10 country study –
comparison of 2 diet methods



Urine nitrogen & measurement 
error EPIC-Europe data

N 24-HDRs vs N 24H URIN
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Comparison – triads method

� Statistical method to estimate ‘true long-
term intake’ (Ocke M & Kaaks R AJCN 1997)

� Paired correlations between biomarker 
and 2 other diet methods



Urine & multiple 24-h - 6 x 24-h

FIGURE 1 "Method of triads": correlations and validity coefficients (VCs) - FFQ, 6 X 
24HRs, 3 X 24-h urine collections, and 2 blood measurements as biochemical 
markers (M) n = 161. (Shai I, J Nutr 2005)



Concentration biomarkers



Example of plasma vitamin C – 24-h vs
multiple days of records

Dehghan M, Nut J 2007



Anti-oxidant nutrient biomarkers – correlations

0.140.28� -cryptoxanthin

0.080.12Lycopene

0.140.12Retinols

0.190.15Total � -tocopherol

0.200.15Vitamin C

0.240.33� -carotene

24-hQNutrient

Q=Questionnaire – ‘Antioxidant nutrient questionnaire - 24-h –
mean of 4 days, Whites, African Americans   (Satia JA JADA 2009)



Folic acid & � -tocopherol – 6 x 24-h

FIGURE 1 "Method of triads": correlations and validity coefficients (VCs) FFQ, 6 x 
24HRs, 3 x 24-h urine collections, and 2 x blood measurements as biochemical 
markers (M), n = 161. (Shai I, J Nutr 2005)

Compared 8 days (Knutson SF Ann Epi 2001)
� -tocopherol r= 0.50 (adjusted for cholesterol) Folate r=0.55



Plasma n-3 PUFA (polyunsaturated fatty 
acids)

� Plasma n-3 PUFA – n=4949 aged 40-
79y

� Fish intake estimated: 7-day diary, 1st-
day recall, FFQ, short FFQ (2 questions)



Plasma n-3 PUFA & fish intake

women n=2352   P < 0.001
Welch AA et al, AJCN 2006
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Variance in nutrient intake

� Number of days to record intake 
accurately

� Nutrient distribution



Variance in nutrient intake – number 
of days to record

� Number of days to capture 
intake adequately & classify 
individuals (Nelson M 1989 
AJCN)

� Variance women > men

regularly consumed/normal 
distribution

energy, protein, fat, 
carbohydrate 
irregularly 
consumed/skewed 
distribution
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Number of 24-h & energy intake

Method

� DLW study – 14d

� 79 women 

� 7 x 24h over 14d

Results

� > Under-reporting D1 –
regardless of day

� 3 x 24h optimum

� > 3 x 24h no benefit

� 1 weekend day

� Discard day 1

� Implications for many 
studies
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Biomarkers - issues

� Genetic

� Gender
� Homeostatic influences

� Behavioural influences (smoking & plasma 
vitamin C)

� Non-linear associations (vitamin C plateaus)

� Measurement error in lab
� Limited number



Validation & 24-h what does it tell us?

� 24-h generally perform well against more 
complex methods

� Multiple 24-h required for episodic foods and 
skewed nutrient distributions

� DLW
� Coverage of weekend as well as week days
� ? Discard 1st day – serious issue for NHANES and 

other studies

� Further validation, developments for 
calibration and statistical modelling required


