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Dietary assessment and validity: 
To measure what is meant to measure 

By Maria Lennernas 

Abstract 
Nutritional assessment is the interpretation of information obtained from dietary, biochemical, 
anthropometric and clinical studies. In individuals, qualitative or quantitative food consumption 
data may be collected by food frequency questionnaires or interviews (retrospective methods), 
by use of food records (prospective methods); weighed food record, estimated food record or 
menu record, or by observations. Nutrient values derived from food composition data or direct 
chemical analysis represent the maximum available to the body and not the amount actually 
absorbed and utilized. The design of the study is crucial and the methods for carrying it out are 
aimed at minimizing bias to improve internal and external validity. 

This paper will focus on factors of importance to improve the internal validity of dietary 
assessment studies; selection of method; data collection, assessment of nutrient intakes from 
food consumption data and evaluation of data. 

Introduction 
A major distinction between food con- 
sumption and nutrient intake is at the level 
of analysis. When food consumption is 
measured, the nutrient intake of an indi- 
vidual is often estimated by use of food 
composition tables. In some cases, indi- 
viduals are asked to keep samples of foods 
that they consumed, and the nutrient com- 
position of these foods is analyzed. Food 
consumption differs from nutrient intake 
in that consumption is a behavior, and 
nutrient intake is an outcome; a result of 
the consumption behavior (1). Thus, indi- 
viduals may have similar nutrient intakes, 
but display a variety of consumption beha- 
viors, e.g. with respect to frequency and 
timing of eating, choosing between food 
items of similar type when purchasing, 
composition of meals and cooking tech- 
niques. Also, dietary intake may have 
different effects on body weight and 
nutritional status in individuals depending 
on energy expenditure, genetic and life- 
style factors. 

Consequently, the general design of a 
nutritional or dietary assessment system, 
and the measurement or indices selected, 
should be dictated by the study objectives. 
The design of the study is crucial and the 
methods for carrying it out are aimed at 
minimizing bias to improve internal vali- 
dity (2-9). This paper will focus on factors 
of importance to improve the validity of 
dietary assessment studies; selection of 
method; data collection, assessment of 
nutrient intakes from food consumption 
data and evaluation of data (10-11). 
Sampling of subjects, which is important 
for external validity, statistical assess- 
ments of precision and validity will be 
discussed elsewhere (12). 

Nutritional assessment 
Nutritional assessment can be defined as 
the interpretation of information obtained 
from dietary, biochemical, anthropomet- 
ric and clinical studies (10). 

As to the diet, food consumption may be 
measured at the national level (per capita), 
household level, or individual level (13). 
In individuals, qualitative or quantitative 
information may be collected by self-re- 
port data obtained by food frequency 
questionnaires or interviews (retrospec- 
tive methods) or by use of food records 
(prospective methods); weighed food re- 
cord, estimated food record or menu re- 
cord. Data may be collected by obser- 
vation methods or by reports from rela- 
tives and family members close to the 
target subject of the study. The latter is 
sometimes the case in children and elderly 
people (10). 

Study design 
The general design of the assessment 
system and the measurement, indices or 
variables selected should be dictated by 
the study objectives (2- 10). The objectives 
might be to assess past or present dietary 
intake, long-term effects of diet on nutri- 
tional status parameters, diet as an initiator 
or promotor of cancer, the impact of inter- 
ventions on dietary intake in a specific 
high-risk group, etc. 

The variables selected to reflect "eating 
behavior" or "diet" determines the dietary 
assessment method and the time frame of 
a study. Dietary variables may be selected 
food items or categories of food items, 
selected nutrients, the "usual" intake of 
energy and nutrients, periodicity and 
timing of eating, etc. When it is of interest 
to study determinants and also conse- 

quences of eating behavior, comprehen- 
sive dietary surveys are needed. They 
include assessment of dietary intake, food- 
related behavior, nutritional status para- 
meters (anthropometric, biochemical, be- 
havioral, physiological and clinical para- 
meters) and also information on lifestyle, 
demographic and other factors of interest. 

Bias 
The design of the study is crucial and the 
methods for carrying it out are aimed at 
minimizing bias. Once a design is named, 
then the paper must meet design criteria. 
Bias refers to a distortion in the estimate of 
an &ect measure - or variable - that is 
reported to be higher or lower than it 
would be if we could obtain a less biased 
or unbiased estimate. 
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Figure 1. Examples of errors that might occur in degree to which internal validity is ques- it describes the adequacy with which any 
dietary assesment studies. tionable. It follows that the critique should measurement or index reflects the dietary 

Collection of food consumption data be targeted toward evaluating these same or nutritional parameter of interest. In 

Foods or eating events are omitted (over- sources of potential bias (2,443). other words, validity describes the degree 
or underestimated) The three major sources of bias are a) to which a dietary method measures what 
~~~d types are not sufficiently described selection bias (the manner in which sub- it purports to measure. Quantitative 
(conten; and type of fat, salt, dietary fibre, 
ingredients) 
Amounts of foods are not correctly quan- 
tified (pictures, drawings, standard portions) 
Time frame and number of observations is 
not adequate (past, current, habitual diet; 
group level; individual level) 
Method not designed to assess certain 
nutrients (salt, fatty acids, food supple- 
ments), it needs to be completed by target 
questions 
Design of questionnaires "shapes7, diet 
(preprinted alternatives for foods, portion 
sizes and number of meals) 
The study itself affects dietary intake 
(burdensome to weigh food, obscuring 
to report diet) 
Interviewers probe for information to a 
varying degree, "leading questions" are 
not consistently used 

Coding and calculation of data 
* Wrong food code selected in nutrient 

database (type of spread, milk powder 
instead of consumption milk, low-fibre 
instead of high-fibre bread) 

* Database values differ from nutrients in 
consumed foods due to seasonal varia- 
tions, gains and losses during storage and 
cooking, use of standard recipes 

* Volume to weight conversion factors 
may be wrong 

* Categorization of eating events is not 
reliable and does not reflect types of foods 
and key nutrients consumed 

Conclusions from dietary 
assessment studies 

"Current" diet instead of past diet is used 
to explain the initiation of a cancer that 
was initiated 20-30 years ago 
Dietary intake assessed on group level 
(e.g. one observation per individual) 
is used to explain data that require 
repeated measurement on the individual 
level (relationship between diet and 
nutritional statusldisease) 
Dietary intake (exposure variables) and 
nutritional status or health (outcome 
variables) are falsely "assumed" to show a 
linear dose-response relationship Nutrient 
values derived from both food composi- 
tion data and direct chemical analysis 
represent the maximum available to the 
body and not the amount actually absor- 
bed and utilized 
Conclusions should be supported by 
measures of nutritional status and energy 
exnendi ture 

jects are selected in a study population), b) 
measurement bias (systematically or ran- 
dom errors in data collection or treatment 
of data), c)  confounding bias. A confound- 
ing factor operates through its association 
with both the independent (exposure) and 
dependent (outcome) variables, produc- 
ing an indirect statistical association. 

Precision 
The errors that affect the precision of a 
dietary method are random. The disper- 
sion (variation) around the true value ex- 
presses the precision. The less random 
variation, the greater the precision and the 
~ a l ; o h ~ l ; + x r  
I b u a u u l ~ y .  

The precision is a function of the mea- 
surement errors and uncertainty resulting 
from true variations in daily nutrient in- 
takes. consequently, although the dietary 
survey results from two separate occa- 
sions may disagree, the method may not be 
imprecise: the food intakes may indeed 
have changed. In free living conditions, 
true precision cannot be determined be- 
cause replicate observations of the same 
eating events are impossible (1 1,14). For a 
group of individuals, true variability ari- 
ses because dietary intakes differ among 
individuals (between- or inter-subject 
variation) and within one individual over 
time (within- or intra-subject variation). 

In general, the precision of a dietary 
assessment method depends on the time 
frame of the method, the popu1ation"group 
under study, the nutrient of interest, the 
technique to measure (estimate) foods and 
quantities consumed. As to the time frame, 
a seven-day rhythm in food intake related 
to work and leisure is often the case (15). 

Probably, monthly and seasonal rhythms 
of human food intake exist, being regu- 
lated by endogenous (e.g. female menst- 
ruation cycle) and environmental (rain- 
fall, cold, changes in light and darkness) 
factors (16). Still, "how many and which 
days". is a question difficult to answer 
since data on longer than 24-hours rhythms 
of food intake seem to be lacking (17-18). 

Validity 
The errors that affect the validity of a 
dietary method are systematic. Validity 

methods (recalls or records) are designed 
to measure actual or usual nutrient intakes 
at an individual or group level, depending 
on the number of measurements days, and/ 
or the size of the study group. 

Dietary history or food frequency 
questionnaire provide retrospective infor- 
mation on food consumption patterns 
during a longer, less precisely defined 
time period. Such methods are most app- 
ropriate for measuring average use of 
foods (sometimes for estimation of nut- 
rient intakes) on both an individual and a 
group basis (10). 

Measurement 
of a relative validity 
It is difficult to measure the absolute 
validity of dietary intake. Using multiple 
methods for assessment therefore helps to 
counteract and detect systematic biases. In 
this approach, a "test" dietary method is 
evaluated against another "reference" 
method. The reference method chosen 
must also be designed to measure similar 
parameters over the same time frame as 
the test method. However, good agree- 
ment between methods does not ne- 
cessarily indicate validity: agreement may 
merely indicate similar errors in both 
methods. On the other hand, poor agree- 
ment between the two methods suggests 
that at least one of the dietary methods is 
invalid (3,19-21). 

To measure relative validity of dietary 
assessment methods biochemical markers 
are used: 24-hour nitrogen excretion, 3- 
methylhistidine excretion, urinary mine- 
ral excretion and fatty acid content of 
adipose tissue (22-24). The (expensive) 
doubly labelled water method enables 
total, long term (10-15 days) average 
energy expenditure (TEE) to be measured 
under free-living conditions (25). 

Consumed amounts of foods 
To characterize the average usual intake of 
a large group, one single 24-hour recall 
per individual is appropriate, provided the 
sample is representative of the population 
of the study, and all days of an "eating- 
cycle" equally represented (weekdays, 
seasons, work days, days off). 

- .- r - can be assessed when the true state can be Depending on the day-to-day variation 
measured (which in practice is very diffi- within individuals, and thus the number of 

Thus, a study that is sufficiently un- cult to do). Accuracy is a quantitative measurement days, repeated 24-hour 
biased is internally valid. Likewise, the measure of the validity of an instrument. recalls or replicate weighed or estimated 
research report should include informa- Accuracy = measured value - true value. food records can be used to determine 
tion necessary for a skilled reader to eva- Validity is of importance in the design actual or usual nutrient intakes of an 
luate potential sources of bias and the ofnutritional assessment systems because individual. Repeated measurements are 
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needed to assess nutritional status, or 
when data should be related to biological 
indicators or health parameters within the 
same individual (1 0). 

The d i e t a r y  h is tory  and the food fre-  
quency ques t i onna i r e  can be used to 
assess usual food consumption patterns 
over a relatively long time period. With 
certain modifications they can also be 
used to provide an estimate of usual in- 
takes of nutrients. 

In the weighed food record scales are 
used. When foods are not weighed in 
observation, record or recall methods, 
drawings, photographs or household mea- 
sures are used to estimate consumed 
amounts of foods and beverages. Con- 
sumed volumes are subsequently con- 
verted into weight by using of density 
factors (26). Sometimes standard portions 
are used (not reflecting the true portion 
sizes at the individual level). 

Nutrient intakes 
-food consumption data 
Energy and nutrient intakes are calculated 
from quantitative food consumption data 
by using food composition data from tab- 
les (27) or correspondent nutrient data 
bases (28). Such data on food composition 
are based on quantitative nutrient analysis 
of samples of foods more or less represen- 
tative of the average composition of a par- 
ticular foodstuff on a year-round, nation- 
wide basis (or market basis). 

Both random and systematic errors may 
occur in food composition data including 
inadequacies in the sampling protocols 
and analytical methods, use of incorrect 
conversion factors, inconsistencies aris- 
ing from methods of food preparation and 
decisions about the proportions of ingre- 
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