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ABSTRACT Assessment of the dietary intake of a population must consider the large within-person variation in
daily intakes. A 1986 report by the National Academy of Sciences (NAS), commissioned by the U.S. Department
of Agriculture (USDA), marked an important milestone in the history of this issue. Since that time, USDA has been
working cooperatively with statisticians at lowa State University (ISU), who have further developed the measure-
ment error model approach proposed by NAS. The method developed by the ISU statisticians can be used to
estimate usual dietary intake distributions for a population but not for specific individuals. It is based on the
assumption that an individual can more accurately recall and describe the foods eaten yesterday than foods eaten
at an earlier time. The method requires as few as two independent days of nutrient intake information or three
consecutive days for at least a subsample of the individuals. It removes biases of subsequent reporting days
compared with the first day, and temporal effects such as day-of-the-week and seasonal effects can be easily
removed. The method developed at ISU is described conceptually and applied to data collected in the 1989-91
USDA Continuing Survey of Food Intakes by Individuals to estimate the proportion of men and women age 20 y
and older having ““usual’’ (long-run average) intakes below 30% of energy from fat, below the 1989 Recommended
Dietary Allowances for vitamin A and folate, and above 1000 ug for folate. These results were compared with the
results from the distributions of 1-d intakes and of 3-d mean intakes to demonstrate the effect of within-person

variation and asymmetry on usual nutrient intakes in a population. J. Nutr. 127: 1106-1112, 1997.
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Food consumption data are collected for a wide variety of
reasons, using a wide variety of methods and procedures. Di-
etary data are collected in surveys that monitor the dietary
and health status of the population, in epidemiologic studies
and in clinical trials. They are used to judge the nutritional
adequacy of diets, to evaluate the effectiveness of food assis-
tance programs and in food safety risk assessments. The pur-
pose of this paper is to review the problems associated with
estimating distributions of usual dietary intakes of populations
and to describe a useful approach for comparing such estimates
with standards set for a variety of assessment purposes. It is
important to note that this approach does not estimate usual
dietary intake distributions for specific individuals.

At present, the most commonly used dietary data collection
methods are interviewer-administered 24-h recalls, self-admin-
istered food records and food-frequency questionnaires, which
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may be either interviewer- or self-administered. In a 24-h re-
call, the interviewer asks the respondent to list all foods and
beverages consumed during the previous day. Probing ques-
tions are used to obtain the desired level of detail for the
descriptions and amounts of foods eaten. Food records require
the respondent to provide a written description of the types
and amounts of foods eaten. Food-frequency questionnaires
provide a list of foods and groups of foods, and respondents
are asked how often they eat each item on the list.

One of the most important estimation issues relates to the
temporal aspects of dietary intake estimation. If each individ-
ual ate the same thing every day, day-to-day, week-to-week or
season-to-season changes would not be of concern, but this is
not the case. Within-individual variation in daily dietary in-
takes presents a difficult problem, and its importance has long
been recognized (Anderson 1988, Beaton et al. 1979, Garn et
al. 1978, Hegsted 1972, Keys 1967, Marr 1971, Sempos et al.
1985). Nutritionists want to measure something called “usual”
or “habitual” or “customary” daily intake, but even a definition
of this concept has seldom been clearly articulated. Here we
define “usual” as “long-run daily average,” where “long-run”
is effectively a year.

Many questions of interest about dietary intake can be an-
swered by determining usual intakes of groups or by comparing
the usual intakes of different groups. Fortunately, a mean of
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1-d intakes by individuals in a group can be an unbiased esti-
mate of the group’s usual mean intake. But this is true only if
those single days are a good representation of all days. That
is, they must represent an appropriate mix of days of the week,
months and seasons if they are to represent the usual intake
of the group. For example, if one wishes to estimate the usual
mean percentage of fat intake for a group and that group is
more likely to eat away from home on Friday than on other
days of the week, Fridays should not be over- or underrepre-
sented in the data collected because food eaten away from
home is typically higher in fat and alcohol content than food
eaten at home (Guenther and Ricart 1990). Similarly, if one
wishes to estimate the usual mean intake of milk by children,
summer should not be over- or underrepresented in the data
because school-age children are less likely to drink milk in the
summer than in other seasons of the year. A study of teenagers’
beverage consumption in the U.S. showed that milk intake
was 20% lower in the summer than in the spring, whereas tea
consumption was 90% higher (Guenther 1986).

The answers to many other important questions, however,
require knowledge of the distributions of usual daily intakes.
Such distributions are desired for risk analyses related to dietary
adequacy and food safety and for measuring progress towards
dietary objectives. For example, not only do we want to know
the mean usual percentage of energy from fat for a certain
population, but we also want to know the proportion of that
population with a usual percentage of energy from fat of 30%
or less. The second question is more difficult to answer than
the first because it requires that the entire distribution of usual
intakes be estimated, not just the mean.

A decade ago, the U.S. Department of Agriculture (USDA)
commissioned the National Academy of Sciences (NAS) to
investigate the question of how to assess the adequacy of nutri-
ent intake (Subcommittee on Criteria for Dietary Evaluation
1986). That report marked an important milestone. The Ten-
Year Comprehensive Plan for the National Nutrition Monitor-
ing and Related Research Program calls for implementing the
NAS recommendations (Department of Health and Human
Services and Department of Agriculture 1993). The method
discussed here implements the probability approach outlined
in the NAS report, improving it where necessary. The center-
piece of the approach is a measurement error model that treats
the intake observed for any individual on any given day as
the sum of that individual’s true usual intake and a random
“disturbance” or “measurement error” for that individual on
that day. The NAS approach requires estimating two popula-
tion distributions, the distribution of nutrient requirements
and the distributions of usual nutrient intakes.

We focus here on the challenge of estimating usual intake
distributions and recognize the difficulties associated with esti-
mating nutrient requirements. Even without the requirements
distributions, it will be possible to use the usual intake distribu-
tions to determine what proportion of the population meets
various dietary standards and objectives that have been prom-
ulgated. Reliable estimates of usual intake distributions should
also be helpful to those who formulate such standards and
objectives, for example, the Recommended Dietary Allow-
ances (Subcommittee on the Tenth Edition of the RDAs
1989) and the Healthy People 2000 nutrition objectives (U.S.
Department of Health and Human Services 1990).

Our approach to estimating usual intake distributions is
based on the assumption that an individual can more accu-
rately recall and describe the types and amounts of foods eaten
yesterday than the types and amounts of foods eaten over any
longer period of time. We also assume that the nutrient data-

base used can adequately reflect the nutrient content of the
foods eaten at that time.

METHODS

USDA has worked cooperatively with statisticians at lowa State
University (ISU) who have developed a method for estimating usual
intake distributions based on the NAS recommendations. We de-
scribe the method only in a conceptual manner here. Nusser et al.
(1996) present the technical details and discuss a simulation study
conducted to validate the method by assessing its performance and
comparing it with other procedures.

The method developed at ISU controls the within-person varia-
tion, or the day-to-day variability, of nutrient intake. Dietary data
contain both within- and between-person variation. When analyzing
such data, only the between-person variation is of interest. That is,
the within-person variation should be removed, i.e., the variation of
“usual” intakes is of interest.

Nutritionists have sought to remove or minimize this within-
person variation by lengthening the observation period from 1 to 3,
6, 7, 14, 30, 90 or 365 d. After having done so, questions remain
about the accuracy of the dietary intake information collected (see,
for example, Smith et al. 1991) and the accuracy of the nutrient
intake estimates. Is it at all possible to find subjects who provide this
information accurately over what may be an extended period of time
yet still represent populations of interest in a scientifically defensible
manner? If not, can the errors be measured and dealt with successfully
in the estimation process?

The method developed at ISU takes much of the burden of esti-
mating usual intake away from the subjects. Because the procedure’s
main goal is to obtain usual intake distributions at the population
level, only a few days of intake data for sampled individuals are
required. If dietary intake data are collected on independent days, 2
d suffice for at least some individuals in the sample; if data are col-
lected on consecutive days, 3 d are needed for at least some individuals
in the sample. It should be noted, however, that the method does
not produce estimates of usual intakes for particular individuals in
the sample.

A second fundamental problem addressed by the method devel-
oped at ISU is that distributions of usual nutrient intakes are often
right-skewed. Furthermore, USDA food intake data are often col-
lected in surveys having complex designs. Many statistical procedures
are based on the assumptions that data are normally distributed and
are from simple random samples. These procedures typically are not
robust to violations of those assumptions. The method developed at
ISU deals with both problems directly. Furthermore, because the
method does not require that intake distributions be normal, intake
values that are extreme, but perhaps valid, need not be discarded.

The method developed at ISU assumes that a reported 1-d nutrient
intake for an individual found in a food intake survey dataset can be
represented conceptually as

Vies = Xi + Ce + bs + €ic (1)

where vy, is the reported nutrient intake by individual i for date t,
on day s, which is the sequence number of the day for which the
individual has provided intake information for the survey. The value
we are interested in estimating is x;, the usual intake of individual i.
The second term on the right side of Equation (1), c., represents the
temporal effect on nutrient intake caused by the particular day of the
week and time of the year. The third term, b,, denotes the bias
associated with intakes on a particular reporting day of the survey.
The last term, e, is simply the difference between the reported intake,
Yis, and the other three terms.

It is assumed that the bias effects, b,, for the first day’s reported
nutrient intake values are negligible. This means not only that the
individual reports food intakes for that day without systematic bias,
but also that the nutrient values assigned to those intakes are unbi-
ased.

Whether or not there is bias caused by underreporting of food
intake on the first day of reported intake should not obscure one of
the important attributes of the ISU method, namely, it removes biases
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TABLE 1

Outline of steps in the method developed at lowa State
University for estimating usual nutrient intake distributions

1. Initial data adjustments

Shift of data away from zero

Initial power (or log) transformation

Regression adjustment for nuisance effects
Homogenization of subsequent intake days to match
distribution of first day

E. Creation of equal-weight sample

F. Back transformation to original scale

cowyr

2. Measurement error model

A. Full transformation to normal scale (power transformation
followed by grafted polynomial)

B. Estimation of within- and between-individual variances

C. Test for heterogeneity of within-individual variances and

D

E

consequent adjustment of variance component estimates

Estimation of usual intake distribution in normal scale
Bias-adjusted back transformation to original scale of a
representative sample from the intake distribution

3. Estimation of usual intake distribution in original scale

of subsequent reporting days compared with the first, such as training
or conditioning effects (Pao et al. 1985, U.S. Department of Agricul-
ture 1987). In addition, temporal effects, such as day-of-the-week and
time-of-year effects, can also be removed from datasets in which such
temporal factors are recorded.

The output of the method developed at ISU is an estimation of
the distribution of usual intakes in the population. The procedure
involves a number of steps, which are summarized in Table 1. First,
the temporal effects are removed using a power transformation fol-
lowed by a regression adjustment that has been modified to avoid
negative adjusted intake values.

This regression adjustment corrects only for the bias in the means
of reported intake for days following the first survey day. Biases in
higher-order moments, such as variances, also have to be removed
from the later-day reported intakes. The technique for doing this in
the method developed at ISU can be called homogenization because
it results in each day having virtually the same distribution of intake
values.

After the regression adjustment and homogenization, the basic
question still remains: what is the distribution of the x;, the usual
intakes? Intakes of many nutrients, even after they have been regres-

sion-adjusted and homogenized, still do not have normal distribu-
tions. The ISU method produces a continuous transformation that
maps homogenized intakes for a nutrient into a standard normal
distribution. This step goes beyond the simple transformations sug-
gested in the NAS report (Subcommittee on Criteria for Dietary
Evaluation 1986). By rigorously transforming to normality, we can
properly take advantage of standard statistical techniques developed
for the normal distribution when estimating parameters such as be-
tween-person variances in intakes.

An assumption underlying the very existence of such a transforma-
tion is that the distribution of the original 1-d intakes is continuous.
This means, for example, that individual 1-d intakes cannot cluster
at specific values. A transformation to normality can be developed
for nutrients because they have continuous 1-d distributions; but for
many foods, 1-d distributions cluster at zero. As a result, the method
developed at ISU cannot at present be directly applied to foods.
Research on estimating usual food intake distributions is underway
(Nusser et al. 1997).

Another important feature of the method developed at ISU is
that survey sampling weights can be incorporated into the homoge-
nized intake distribution so that it truly estimates the intake distribu-
tion of the target population and not just the sample. In the example
below, the weights for the 1989-91 USDA Continuing Survey of
Food Intakes by Individuals are calibrated so that the weighted sample
matches what is known about the U.S. population with respect to
13 variables believed to be associated with eating behavior. These
variables range from the presence of children in the household to
income level (Fuller et al. 1994, Kott and Guenther 1993).

After the homogenized data are transformed into a normally dis-
tributed data set, our equation is the same as before

h# = x¥ + e (2)

but now the transformed intake values, the h¥, are normally distrib-
uted. Standard statistical techniques are then applied to this measure-
ment error model to estimate the distribution of usual intakes from
the transformed variables, the x in Equation (2). Then these esti-
mated, normally distributed x}* values are mapped into the original
scale through a bias-adjusted back transformation, and the distribu-
tion of original-scale usual intakes is estimated. A more technical
discussion of these steps is found in Nusser et al. (1996).

RESULTS

The method described above has been implemented in a
software package called SIDE (Software for Intake Distribution
Estimation) at ISU (Department of Statistics and Center for

TABLE 2

Estimated distributions of a single day’s intake of fat, means of 3 d of intake and usual daily intake in populations
of men and women 20 y and older, 1989-91

Fat
Men Women
Three-day mean Three-day mean
Percentile One day % of energy Usual? One day % of energy Usual?
10 23.2 26.4 29.0 21.5 24.5 27.3
25 29.2 30.7 32.0 27.6 29.3 30.5
50 35.3 35.3 35.1 34.2 34.2 34.0
75 411 39.7 38.3 40.4 38.7 37.4
90 46.6 434 411 45.9 42.8 40.4

1 Pregnant and lactating women excluded.

2 Adjusted for day of week, month of year, and sequence of surveyed days.
Source: U.S. Department of Agriculture, Continuing Survey of Food Intakes by Individuals (1996) (3,371 men; 4,606 women; these numbers

exclude individuals who fasted on one of the three reported intake days).
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TABLE 3

Folate: Estimated distributions of a single day’s intake of folate, means of 3 d of intake, and usual daily intake in populations
of men and women 20 y and older, 1989-91

Folate
Men Women
Three- Three-
Percentile One day day mean Usual2 One day day mean Usual2
pg/d ug/d
10 101 128 158 72 96 118
25 148 173 202 115 133 153
50 233 242 269 182 188 205
75 355 342 353 281 264 270
90 533 489 454 398 357 344

1 Pregnant and lactating women excluded.

2 Adjusted for day of week, month of year, and sequence of surveyed days.
Source: U.S. Department of Agriculture, Continuing Survey of Food Intakes by Individuals (1996) (3,381 men; 4,621 women).

Agricultural and Rural Development, ISU 1996). This soft-
ware (Version 1.0) was applied to data from the 1989-91
Continuing Survey of Food Intakes by Individuals (CSFII) to
estimate the distributions of usual dietary intakes for men and
nonpregnant, nonlactating women age 20 y and older (U.S.
Department of Agriculture 1996). The data were collected
using an interviewer-administered 24-h recall of food intake,
followed by a self-administered 2-d food record (U.S. Depart-
ment. of Agriculture 1995). Intake estimates do not include
nutrients consumed in the form of dietary supplements. The
method developed at ISU does not require that all individuals
in the sample have the same number of days of intake data;
however, here we used only those individuals who provided
all 3 d of intake information.

The tables and figures display estimates of the population’s
intake on any day (based on each respondent’s first day of
intake data), estimates of the population’s mean daily intake
during any 3-d period (based on each respondent’s 3-d mean
intake), and estimates of the population’s usual daily intake
(based on each respondent’s 3 d of intake data). The percen-

tiles (Tables 2—4) show the general patterns of the distribu-
tions shrinking towards the center as we move from the 1-d
to the 3-d mean to the usual intake distributions, that is, the
10th and 25th percentiles increase and the 75th and 90th
decrease. For the more asymmetric distributions, folate and
vitamin A, the median values (50th percentile) increase
slightly from the 1-d to the 3-d mean to the usual. The means
of the distributions (Table 5) are quite similar to each other
as expected.

In Table 6, we show the proportion of the population meet-
ing recommended levels of intake on any single day, the pro-
portion meeting the recommendation during any 3-d period,
and the proportion whose usual intake met the recommenda-
tion. For other nutrients not shown here, the extent of over-
or underestimation of the proportion of the population having
usual intakes above or below any cut point caused by using
only 1 d or the mean of a few days will be a function of the
ratio of the within-person variation to the between-person
variation in intake, of how skewed the true distribution is, and
of where the cut point lies on the distribution.

TABLE 4

Estimated distributions of a single day’s intake of vitamin A, means of 3 d of intake, and usual daily intake in populations of men
and women 20 y and older, 1989-91

Vitamin A
Men Women1
Three- Three-
Percentile One day day mean Usual? One day day mean Usual2
ug RE/d ug RE/d
10 212 345 508 161 262 388
25 404 510 603 313 415 551
50 746 834 987 608 680 789
75 1345 1341 1455 1061 1139 1171
90 2281 2085 2076 1942 1728 1683

1 Pregnant and lactating women excluded.

2 Adjusted for day of week, month of year, and sequence of surveyed days.
Source: U.S. Department of Agriculture, Continuing Survey of Food Intakes by Individuals (1996) (3,381 men; 4,621 women).
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TABLE 5

Estimated mean intakes of selected nutrients using 1 d of intake per individual, individual 3-d means, and usual intake program
described in text in populations of men and women 20 y and older, 1989-91

Estimated mean nutrient intake

Population

group Nutrient n One day Three days Usuall

Men Energy from fat, % 3371 35.0 35.1 35.1
Folate, ug/d 3381 286 290 292
Vitamin A, ug RE/d 3381 1117 1149 1182

Women2 Energy from fat, % 4606 33.9 33.9 33.9
Folate, pg/d 4621 219 220 221
Vitamin A, ug RE/d 4621 912 928 947

1 Adjusted for day of week, month of year, and sequence of surveyed days.

2 Pregnant and lactating women excluded.

Source: U.S. Department of Agriculture, Continuing Survey of Food Intakes by Individuals (1996).

High fat intake is a current public health concern in the
United States (Federation of American Societies for Experi-
mental Biology, Life Sciences Research Office 1995). A recom-
mended level of intake is 30% of energy or less (U.S. Depart-
ment of Agriculture 1995). If this level is considered to be the
target level for the population’s usual intake, as it is in the Year
2000 Objectives (Department of Health and Human Services
1990), then using any of the estimated mean or median intakes
as an indicator of usual intake would yield similar conclusions:
the population’s usual intake of fat was 34—35% of energy in
1989-91 (Tables 2 and 5). However, if 30% is considered to
be the desired level of usual intake for all individuals in the
population, then using either the 1-d or the 3-d mean distribu-
tion or the usual intake distribution yields conclusions that
are quite different. As illustrated in Figure 1, for example, on
any given day in 1989-91, 28% of men had a fat intake below
30% of energy and during any 3-d period, 22% of men had a
mean daily intake below that level. However, what is of inter-
est is their usual daily intake, and only 15% of men had usual
intakes below the recommended level. Differences of this mag-
nitude have important implications for nutrition and public
health policy.

We note that the percentage of energy from fat should not
be treated as a single nutrient because it is a ratio of two
variables, fat and energy. It is known that, in general, ratios
have different statistical properties than single variables. For
illustrative purposes here, however, the example is appropriate.

For these examples, we computed the ratio of fat to energy for
each individual day prior to any further analysis.

Folate is a nutrient of current public health interest in part
because of its relationship to the development of neural-tube
defects. About two fifths of nonpregnant, nonlactating women
and one fourth of men had usual intakes of folate from food
below the 1989 Recommended Dietary Allowances (Subcom-
mittee on the Tenth Edition of the RDAs 1989) (Table 6).
Dietary guidance to increase fruit and vegetable consumption
and fortification of the food supply have been proposed to
improve this situation. Because high folate intake can mask
the hematologic signs of pernicious anemia, an upper limit of
1000 pg/d of folate (from all sources) has been proposed (U.S.
Department of Health and Human Services 1992). We esti-
mate that in 1989-91, 1.4% of men and 0.6% of women had
intakes (from food only) as high as the upper limit on any
single day, and 0.05% of men and <0.01% of women had
usual intakes exceeding that level. Figures 2 and 3 show the
differences in the distributions of 1-d intakes, distributions of
3-d mean intakes, and the usual distributions for folate and
vitamin A intakes by men. The vertical lines indicate the
1989 Recommended Dietary Allowances.

For vitamin A, a nutrient having a notoriously skewed in-
take distribution, it is interesting to note that although the
means of the three distributions are similar (Table 5), the
medians differ greatly (Table 4). Among both men and
women, the median value for the estimated distribution of

TABLE 6

Estimated proportion of the population meeting recommended intake levels for selected nutrients on 1 d, on 3 d, and the
estimated proportion whose usual intake meets the recommendation in populations of men and women 20 y and older, 1989-91

Proportion meeting recommended level

Population Recommended

group Nutrient level One day Three days Usuall

Men Fat2 30% of energy 0.28 0.21 0.14
Folate 200 pg/d 0.59 0.65 0.76
Vitamin A 1000 ng RE/d 0.37 0.40 0.49

Women3 Fat2 30% energy 0.33 0.28 0.22
Folate 180 pg/d 0.49 0.53 0.61
Vitamin A 800 ng RE/d 0.36 0.42 0.49

1 Adjusted for day of week, month of year, and sequence of surveyed days.
2 Individuals who fasted on one of the three reported intake days excluded.

3 Pregnant and lactating women excluded.

Source: U.S. Department of Agriculture, Continuing Survey of Food Intakes by Individuals (1996) (3,381 men; 4,621 women).
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FIGURE 1 Estimated density functions of fat intake (expressed as
a percentage of energy intake) on a single day, during a 3-d period,
and the distribution of usual daily intakes, for the population of men
age 20y and older based on data from the Continuing Survey of Intakes
by Individuals, 1989-91 (U.S. Department of Agriculture 1996). Total
area under each curve is equal to 1 (100%). Area under solid curve to
the left of the vertical line estimates the proportion of men with usual
intakes meeting the 30% recommendation. The analogous area under
the 1-d (or 3-d) curve estimates the proportion of men with 1-d (or 3-
d mean) intakes meeting the recommendation.

1-d intakes is about 23% lower than the estimated median of
the usual intakes. The first quartile is more than 40% lower,
whereas the third quartile of the 1-d intakes is within 6% of
the third quartile of usual intakes.

These results demonstrate the effects of not removing
within-person variation. In addition, the ISU method accom-
modates any skewed distributions directly.
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FIGURE 2 Estimated density functions of folate intake on a single
day, during a 3-d period, and the distribution of usual daily intakes, for
the population of men age 20 y and older based on data from the
Continuing Survey of Intakes by Individuals, 1989-91 (U.S. Department
of Agriculture 1996). Total area under each curve is equal to 1 (100%).
Area under the solid curve to the right of the vertical line estimates the
proportion of men with usual intake meeting the Recommended Dietary
Allowance. The analogous area under the 1-d (or 3-d) curve estimates
the proportion of men with 1-d (or 3-d mean) intakes meeting the rec-
ommendation.
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FIGURE 3 Estimated density functions of vitamin A intake on a
single day, during a 3-d period, and the distribution of usual daily in-
takes, for the population of men age 20 y and older based on data
from the Continuing Survey of Intakes by Individuals, 1989-91 (U.S.
Department of Agriculture 1996). Total area under each curve is equal
to 1 (100%). Area under the solid curve to the right of the vertical
line estimates the proportion of men with usual intake meeting the
Recommended Dietary Allowance. The analogous area under the 1-d
(or 3-d) curve estimates the proportion of men with 1-d (or 3-d mean)
intakes meeting the recommendation.

DISCUSSION

As stated above, our approach to estimating the usual intake
distribution of a population is based on two assumptions about
the survey data: 1) individuals report their food intakes on the
first day of the survey without systematic bias, and 2) these
intakes are linked correctly to the food composition database,
which contains accurate quantities of particular nutrients in
100 g of each food. Although sources of error may exist to
varying degrees in the estimates compiled in the food composi-
tion database, we believe that the overall error in the average
nutrient content of a food is small compared with the variation
in nutrient composition across foods of different types—small
enough to be ignored in most cases. For example, even poten-
tial errors for folate, such as those described by Martin et al.
(1990), are less important than the differences in the folate
content of oranges vs. apples, beef liver vs. roast beef, or a
folate-fortified cereal vs. a nonfortified cereal.

The method developed at ISU assumes that the first day of
intake data is free from systematic reporting bias but that
the subsequent days are not because of potential training or
conditioning effects. The assumption that the first reported
day has the least bias is reasonable with the CSFII data used
here. Data from other sources may behave differently, however,
and the optional adjustments of subsequent-day data to the
first day’s mean and variance may not be necessary.

Another technical assumption implicit in the method de-
veloped at ISU is that the measurement errors in the adjusted
and transformed data are not correlated with the individual
means. This assumption does not appear to be violated in any
of the data we have investigated.

The method developed at ISU removes the within-person,
or day-to-day variability of nutrient intake and addresses any
skewness in the data. This within-person variation can be a
combination of true variation in an individual’s daily intake
and random error in the reporting of intake. The method
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developed at lowa State does not handle any systematic bias
due to underreporting, however. To reduce the potential for
such a bias, USDA has worked with researchers at the Census
Bureau’s Center for Survey Methods Research to investigate
the cognitive aspects of the 24-h dietary recall task (DeMaio
et al. 1993, Guenther et al. 1996). We have developed a
multiple-pass approach to the 24-h recall that gives the respon-
dents more opportunities to recall foods initially forgotten.
Continuing research is required to improve the completeness
of the reported list of foods eaten and other types of reporting
error such as error in estimating the amounts of foods eaten.
Such research could reduce the degree of underreporting and
improve the quality of the estimates of nutrient intakes, in-
cluding estimates of usual intake distributions.

Research in statistical methodology is required to develop
estimates of the reliability of the estimated usual intake distri-
butions, for example, standard errors for the percentiles. Some
ratio variables are important for population assessment, for
example, vitamin B-6/protein and thiamin/energy. Research
must address such ratios. Researchers at ISU have proposed a
method for estimating the usual intake distributions for ratios
of dietary components (Carriquiry et al. 1995), but the results
are preliminary. Further work is required in this area.

The problem of estimating the proportion of the population
at risk for dietary inadequacy has yet to be resolved. Beaton
(1993) has suggested that the proportion of the population
having usual intakes below the mean requirement could be
used as an estimate of the proportion at risk, at least for some
nutrients. It is clear that an assessment of nutrient adequacy
of a population requires reliable estimates of usual intake distri-
butions. In addition, estimates of mean requirements are
needed. They should be expressed in terms of nutrients as
consumed in foods in order to correspond to available food
composition databases. At present, statistical methods are
available that are fit for use for estimating the proportion of
the population above or below a given standard.

In this paper, we have applied the method developed at
ISU to the problem of estimating usual nutrient intake distri-
butions. The method can also be applied to estimate many
other distributions of interest to nutritionists, ranging from the
number of hours of television usually watched to biochemical
indices of nutritional status.
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