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“If we could give  every  
individual the right

amount of nourishment  
and exercise, not too 

little and not too much, 
we would have found the 

safest way to health.”

Hippocrates (460–377 BC)



Why measure diet?

 Self report dietary data provide information on food intake and 
dietary patterns that is not possible to obtain any other way.

 To inform nutrition policy and guidance on diet to the population, 
it is critical to understand current dietary behavior. 

 Linking dietary intake of nutrients, foods and dietary patterns 
with chronic disease is needed to improve behavior to reduce 
health risk and improve the food supply.



Obesity Trends* Among U.S. Adults
BRFSS, 1990

*( BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

 



Prevalence¶ of Self-Reported Obesity Among U.S. Adults by State 
and Territory, BRFSS, 2018

¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 
compared to prevalence estimates before 2011.

*Sample size <50 or the relative standard error (dividing the standard error by the prevalence) ≥ 30%.





Rothman’s Conceptual Scheme

 “What is required is much more than the application of a list of criteria. Instead, one must apply thorough criticism, 
with the goal of obtaining a quantified evaluation of the total error that afflicts the study. This type of assessment is 
not one that can be done easily by someone who lacks the skills and training of a scientist familiar with the subject 
matter and the scientific methods that were employed. Neither can it be applied readily by judges in court, nor by 
scientists who either lack the requisite knowledge or who do not take the time to penetrate the work”.

Rothman 2005 Am J Pub Health



Hill’s criteria for causality in 
cohort studies

• Strength of the association 

• Consistency of findings

• Biological plausibility

• Dose-response

• Time-sequence



Hypothetical Dose-Response Curve



Traditional Assessment Methods

Dietary records
 Participant records own intake as consumed

24-hr recalls
 Detailed intake measured for the previous day

Food frequency questionnaire
 Long term measure of  usual intake

 Uses preset food list



Recalls

Advantages:
 Doesn’t require literacy or highly motivated participants
 Relatively low respondent burden
 Open ended for diverse intake patterns and analytical detail
 Excellent for surveys, group means

Disadvantages:
 Reliance on memory
 Requires repeated measures
 Day to day variability limits ability to assess usual intake





USDA Food Model Booklet







Effect of  Multiple vs. One Day 

Beaton AJCN 1994



Impact of Random Error on Regression Analyses

Beaton AJCN 1994



Intra/inter Individual Variance Ratios

Hartman  Am J Epidemiol 1990



Deattenuation methods

 If random variation is assumed, can use a formula with at least 2 recalls 
or records to adjust for day to day variability with straightforward 
correlation or regression measures.

Variance component            Estimate
inter person Var (id)                 74.5
intra person Var (error)           103

 rt = roSqRt (1+intra/intervarx/nx)

 Gives a better idea of likely true association 

 But: Unclear how this works with complex interactions or diverse 
populations



Food Frequency 
Questionnaire (FFQ)

Advantages:
 Measures usual intake in a single administration

 Uses pattern memory which may be more reliable than episodic memory for some

Disadvantages:
• Defined food list

- Simplified to prevent response fatigue

• Portion size assumptions limit assessment of true variation

• Assumptions for recipes limit true variation

• Underestimates intake for those with unusual eating patterns





Major FFQs

 Willett
 Foods were selected to explain the greatest amount of variance in intakes
 Does not include portion sizes, but specifies size

 “How often do you drink skim milk (8 oz. glass)?”
 “How often do you eat dark bread (slice)?”

 Block/NCI
 Foods were those that contributed the most to the nutrients of interest for the US 

population
 Includes S/M/L portion sizes

 NCI 
 Considers cognitive interview results 



Food Frequency Validity

 Comparison with independent measure 
 Errors in diet recalls are not highly correlated 

 Comparison with biochemical indicator
 Homeostasis, absorption, metabolism; 
 Variability and random lab error

 Correlation with expected physiologic response or disease outcome
 Eg. Showing an association between high potassium intake and 

incident hypertension



Willett FFQ Validation



FFQ vs. 1 y Diet Record



FFQ Folate and Homocysteine

Tucker J Nutr 1994



Carotenoid diet-blood Validation

Tucker J Nutr 1999 



Findings from Cognitive 
Interviewing

 Aggregation
 Had difficulty with aggregate portion size (e.g. 1 apple OR 

½ c applesauce)

 Units
 Confused number of eggs with frequency of consumption 

and small, medium and large serving with egg size

 Order of foods was important
 E.g. Include orange juice before oranges

Subar JAND 1995 



https://epi.grants.cancer.gov/dhq/forms/

https://epi.grants.cancer.gov/dhq/forms/


Correlations vs. 4 24 Hr Recalls

Nutrient Men Women
NCI Block Willett NCI Block Willett

Energy .48 .45 .18 .49 .45 .20
Fat .55 .53 .30 .52 .53 .25
Fat adj kcal .66 .67 .65 .62 .55 .60
% fat .67 .66 .64 .66 .60 .65
Vitamin E .43 .28 .17 .55 .39 .23
Vit E adj kcal .51 .19 .46 .57 .24 .48

Subar Am J Epidemiol 2001



DHQIII



Nutritional Biomarkers

• Direct markers of dietary intake (recovery biomarker)
eg: urinary nitrogen, doubly labeled water

• Surrogate markers of dietary intake (concentration marker)
eg: serum vitamin C, carotenoids, folate

• Integrated markers of nutritional status

eg: red blood cell fatty acids, adipose tissue fatty acids

Potischman J Nutr 2003



33

Biomarkers: variation in nutritional physiology and 
metabolism

• Absorption
• Feedback control by tissue load
• Effect of transit time
• Intraluminal concentration

• Tissue distribution of uptake
• Across various body pools

• Turnover 
• Variation in conversion to metabolites
• Presence of cofactors

• Excretion
• Variation in degradative pathways
• Effects of medications, medical conditions

• Effects of the microbiome!
Potischman J Nutr 2003



Biomarker Calibration

 Assess relation of biomarker with measured intake in feeding 
study

 Method using biomarkers to calibrate intake with a subsample

 Regress biomarker values on self report along with other study 
subject characteristics (like BMI)

 Use adjusted values to extrapolate to the full sample

 Limitation: it is sample dependent and not generalizable

Prentice Curr Atheroscler Rep 2013



US Population 2019

Non-Hispanic white 60.1
Hispanic 18.5
African American 13.4
Asian 5.9
American Indian 1.3
Pacific Islander 0.2



Limitations of  FFQ validity for diverse 
populations

 Existing FFQs are designed to capture diet for the majority

 Compromises by grouping foods and assuming relative exposures
 “other fruits” (other than apples, pears, banana, citrus, melon or berries)

 Weighted average of grapes, plums, peaches, pineapple, mango, kiwi…
 This removes important variation!

 Amplified with diverse cultural diets leading to confounding!

 Assume standard recipes
 Eg “soup”

 Weighted averaged of canned chicken soup, beef noodle soup, vegetable soup…
 Ethnic differences are tremendous, can lead to bias!

 Assume standard portions
 Again can remove variation and lead to bias!



Validity coefficients for Block and Harvard FFQs in 
the WIC Dietary Assessment Validation Study

Ethnicity Energy Protein Vit A Vit C Iron Calcium

African American 0.18 0.22 0.00 -0.36 0.02 0.27
Hispanic 0.19 0.13 0.40 0.28 0.28 0.18

White 0.27 0.33 0.28 0.33 0.27 0.40

African American 0.53 0.46 0.28 0.32 0.40 0.46
Hispanic 0.14 0.09 0.15 0.17 -0.01 0.15

White 0.44 0.53 0.62 0.20 0.47 0.56
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WIC Dietary Assessment Validation Study
Final Report -- September 22, 1994



Validity coefficients for the Multiethnic Cohort in 
Hawaii and Los Angeles FFQ

Women Energy Protein Tot Fat Fiber Vit C Calcium

African Americans 0.17 0.22 0.24 0.34 0.38 0.33

Japanese Americans 0.19 0.25 0.32 0.56 0.55 0.59

Latinos 0.40 0.35 0.57 0.40 0.30 0.34

Whites 0.28 0.38 0.39 0.46 0.66 0.49

Stram Am J Epidemiol 2000



Need more inclusive FFQ

 Use of FFQs for 
multicultural-populations are 
currently inadequate and 
may lead to bias

 Need more detail on cultural 
ways of eating
 Ethnic foods

 Portion sizes

 Recipes and preparation 

 Fortified foods



Puerto Rican Health Study FFQ

 Based on 24-hour recall data from Hispanic HANES 
Puerto Rican subset with updating from more recent 
studies and community input

 Using Block method of ranking food contribution to 
nutrients

 Comparing portion sizes

 Recipes!!!



Foods Used by Boston area Latinos 
added to the FFQ

 Mango

 Fruit nectar

 Avocado

 Cassava

 Green plantain

 Ripe plantain

 Meat pie, fritter

 Rice with chicken

 Rice with pigeon peas

 Rice with beans

 Rice with meat

 Custard-Flan

 Homemade soup



Portion Size: Chicken Soup



Mean Folate Estimates of Intake for 
Hispanic and non-Hispanic White 

Elders

Tucker Am J Epidemiol 1998 



Comparison of mean intakes by differing 
methods in Hispanic elders

Mean ± SE 24-hr recall
Original

FFQ Revised FFQ
Revised FFQ 

open portions
Energy (kcal) 1464 ± 64 1163 ± 45**** 1202 ± 44**** 1409 ± 64

Protein (g) 60.0 ± 3.0 14.6 ± 2.4**** 53.5 ± 2.5*** 62.0 ± 3.4*

Fat (g) 52.5 ± 2.9 48.7 ± 2.4 43.3 ± 2.1**** 51.4 ± 2.9

Carbohydrate (g) 191 ± 8.7 134 ± 5.6**** 151 ± 5.6**** 176 ± 8.2**

Vitamin A (µg RAE) 732 ± 120 330 ± 44**** 454 ± 75**** 487 ± 76*

Calcium (mg) 573 ± 31 454 ± 32**** 431 ± 26**** 549 ± 31**

* P < 0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001, by paired f-test statistics for Ho: mean from food
frequency = mean from 24-hour recall. For differences with non-normal distributions, significance levels were
determined with the non-parametric sign test. Tucker Am J Epidemiol 1998



Delta NIRI Need for region-specific FFQ 

 Widely used FFQs capture foods commonly consumed in the 
United States but not in all sub-areas

 Foods of Our Delta Study (FOODS 2000)
 Dietary survey of residents of the Delta region
 USDA funded

Tucker Pub Health Nutr 1995



46 Tucker Pub Health Nutr 1995



Jackson Heart Study

 Noted in the ARIC study that FFQ data (based on the 
Willett questionnaire) seemed less valid in Jackson MS 
than in other sites

 Developed shortened version (158 items) of the DELTA 
NIRI FFQ for use in the JHS

Carithers Ethn Dis 2005



JHS validation study vs 4 24HR*

Nutrient Men, n=163 Women, n=273

JHS FFQ DELTA NIRI JHS FFQ DELTA NIRI

Energy 0.41 0.38 0.33 0.33

Protein 0.39 0.45 0.37 0.50

Carbohydrate 0.70 0.67 0.44 0.53

Vitamin C 0.55 0.56 0.49 0.65

Vitamin B6 0.49 0.70 0.40 0.59

Iron 0.57 0.73 0.37 0.49

Calcium 0.48 0.57 0.49 0.56

*Energy adjusted and deattenuated correlations
Carithers J Am Diet Assoc 2009



Personalized Nutrition

 Important to be sure we are using the right tools for each 
specific population 

 Some existing cohorts are fairly homogeneous and 
diet*gene interactions are valid there, but also need to 
expand to other populations.

 Ethnic variation exists in diet and in genetic 
polymorphisms

 Precision becomes even more important in multiethnic 
cohorts



Genes, Environment & Disease
“An individual’s phenotype 
is the result of a complex 
interaction between their 

genotype and 
environmental exposure”

Penn et al. Genes Nutr 2010;5:205-13



Apolipoprotein genes and 
dietary fat intake

APOA1 -75 and waist (cm)

P=0.005

APOA5 S19W and systolic BP (mmHg)

P=0.002

 











APOA4 N147S and systolic BP (mmHg)

P=0.001

 











Common genotype.          Minor allele

Mattei Nutr Metab Cardiovasc Dis. 2010
Mattei J Nutr. 2009 



Next Steps

• Using technology to improve measurement

• Combining methods to improve estimates

• Improved statistical modeling for correction of measurement error

• Using biomarkers to enhance estimates of association with 
outcomes

• Improve precision for personalized nutrition, including differences 
in dietary quality within food groups

• Using complex data approaches to approach to personalized 
nutrition with consideration of genomics, metabolomics, etc.



Conclusions

 Chronic diseases are of extreme importance in this 
country and the world

 Diet is of major importance for the health of the nation

 We must invest in optimal dietary assessment and in 
understanding its contribution to health and disease in 
diverse populations
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