Using the Estimated Average
Requirement for Nutrient
Assessment of Groups

This chapter describes the use of Estimated Average Requirements
(EARs) for asscssing the nutrient intakes of groups. It begins with a
basic discussion of how lo asscss conceptually the prevalence of
inadcquate nutrient intakes and then develops statistical approaches
for cstimaling this prevalence. For some nutrients (those with Ade-
quatc Intakes [Als] rather than EARs such as calcium, vitamin D,
fluoride, pantothenic acid, biotin, and cholinc), the amount and
quality of data currently available for both nutrient intakes and
rcquircments may not be sufficient to apply these statistical modcls
in their entirctly for purposcs of rescarch and policy. Morcover, in
addition 1o asscssing nutricnt intakes, asscssment of health and
nutritional status of groups or individuals must includc biochemical,
clinical, and anthropometric data.

INTRODUCTION

Individuals in a group vary both in thc¢ average amounts of a
nutricnt they consume and in their requirements for the nutrient.

To accuratcly determine the proportion of a group that has a
usual intake of a nutrient less than the requircment, information
on hoth usual intakes and nutrient requirements for cach individual
in the group is nceded. With this information, asscssing how many
individuals have intakes that do not mect their individual require-
ments is straightforward. They can just be counted. That is, deter-
minc whether cach person’s usual intake is below his or her require-
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mcnt, and then count the number of people in the group who do
nol mect their requirement,

What proportion of individuals in a group has a usual intake of a nutri-
ent that is less than the requirement for that nutrient?

This is one of the mosl basic queslions thal can be asked aboul nulrieni
tnlakes, and is enilically imporlant from a public health perspective. Clearly,
the implications would differ if 30 versus 3 percent of individuals in Lhe
population had usual inlakes thal were inadequale lo meel eslimaled needs.
Presenled in this chapler is an abbrevialed descriplion of a slalistical approach
Lo esimaling the prevalence of inadequale inlakes—Lhe probabilily approach
and a shorlcul lo the probabilily approach referved lo as the EAR cul-poini
method. Both of these require the use of the EAR.

Consider a purely hypothetical example ol a group comprised of
24 individuals, whose intakes ol and requirements for a nutrient are
known. The data [or these individuals are plotted in Figure 4-1.

In this figure, the 45° line represents the points at which intake
equals requirement. The individual labeled “A” in the plot has an
intake of the nutrient of 7 units and a requirement for the nutrient
ol 11 units. Points that [all below (or to the right of) the 45° line are
for individuals whose usual intakes are greater than their require-
ments, whereas points above (or to the lelt of) the line (the shaded
area) are [or individuals whose usual intakes are less than their
requirements. Six individuals have inadequate intakes, correspond-
ing to the six points above the line. Thus, [or this group, the preva-
lence of inadequate intakes is (6/24) x 100, or 25 percent.

A second example illustrates the same approach with a larger sam-
ple. Figure 4-2 shows hypothetical intakes and requirements for a
nutrient in a group of 3,000 people. Both the requirement distribu-
tion and the intake distribution are assumed to be normal, and not
correlated. That is, people who have high requirements do not have
a tendency to consume more and thus have greater intakes. The
average requirement for the nutrient is 1,200 units and the stan-
dard deviation of the requirement is 180 units. The mean of the
usual intakes of 3,000 people is 1,600 units and the standard devia-
tion [or intake [or this group is 450 units. Note that the average
usual intake (1,600) is greater than the average requirement (1,200)
and that there is more variability (spread) in intakes than there is in
requirements. This is the usual situation [or most nutrient intakes
and requirement distributions.
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FIGURE 41 Plot of usual intakes and requirements of 24 hypotheltical individuals
in a group. The 15° line represents the points where nutrient intake cquals nutrient
requircment, Thus, the points to the right ol the linc are those individuals whosc
intakcs arc greater than their requirements, The points to the lelt of the line (the
shaded area) are those individuals whose intakes are less than their requirements.

As before, the 45° line in Figurc 4-2 dcenotes those individuals
whosc usual intake cquals their own requirement. Determining the
proportion of individuals in the population with inadcquale intakes
is simply donc by counting how many points fall above the line (the
shadced arca).

Nole from his example: Even lhough lhe average usual inlake is 25
percenl higher than the average requivement (1,600 vs. 1,200 unils), some
people in the population still have inlakes below Lheir vequiremenls. Simply
comparing the average inlake lo the average requirement does not answer the
question aboul how many in a group have inadequale inlakes.
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FIGURE 4-2 Plot of usual intakes and requirements of 3,000 hypothetical individ-
uals in a population. By counting the points that fall to the left of the 45° line
where intakes equal requirements (the shaded area), the proportion of the popu-
lation with inadequate intakes can be determined.

Unforwunatcly, collecling data on the joint distribution of usual
intakc and rcquirements, such as thosc presented in Figurces 4-1
and 4-2, is impractical because rarcly is an individual’s requirement
known (if it were, it could be used to answer the question). There-
fore, rather than obscrving the prevalence of inadequate intakes in
the group, the prevalence can only be approximated by using other
mcthods. The next two scctions describe statistical approaches 1o
cstimating the prevalence of inadequate intakes—the probability
approach (NRC, 1986) and a shoricut 1o thc probahility approach
called the EAR cut-point method (Beaton, 1994; Carriquiry, 1999).

THE PROBABILITY APPROACH

The data typically available for nutrient assessment include csti-
matcd univariale distributions of usual intakes for a group of indi-
viduals and information from cstimated univariate distributions of
nutricnt requircments of other groups that arc similar 1o the group
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of interest. These univariate distributions can be combined and the
prevalence of inadequate nutrient intakes can be estimated statisti-
cally by using thc probability approach (NRC, 1986).

The probability approach rclates individual intakes 1o the distribu-
tion of requirements. The probability approach applics a continuous
risk-probability function 1o cach individual’s estimated intake and
then averages the individual probabilitics across the population or
group. The first siep in applying the probability approach is 1o con-
struct a risk curve uvsing the information on the requirement distri-
bution of the group (median and variance). The risk curve specifics
the probability that any given intake is inadequate for the individual
consuming that intake. Figurc 4-3 shows an cxample of a risk curve.,
An intake at the level of the average requirement has a probability
of inadcquacy of approximatcly 50 pereent for all nutricnts whosc
rcquircments follow a normal distribution.

The risk curve in Figurc 4-3 is from a hypothctical nutricnt require-
ment distribution. For simplicily, the requirements arc normally dis-
tributed and the mean requirement is 100 units, Intake Iess than 50
units is associatcd with 100 percent risk of inadcquacy whercas
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FIGURE 4-3 Risk curve [rom a normal requirement distribution having a mcan of
100 units, Intakes lcss than 50 units arc associated with 100 percent risk of inade-
quacy whilc intakes above 150 units have 0 percent risk of inadequacy. Intake
equal to the mean requirement of 100 units has a 50 percent risk of inadequacy
(the definition of the Estimated Average Requirement [EAR]).
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intake greater than 150 is associated with 0 percent risk. As usual
intake incrcases from 50 1o 150 units, the risk of inadcquacy associ-
ated with a specific intake declings,

The next siep in the probabilily approach is 1o compare the risk
curve 1o the distribution of usual intakes for the population to deter-
minc what proportion of the population has an inadcquatc intake.,
Figurcs 4-4 through 4-6 illustralc the relationship between the risk
curve and the distribution of usual intakes in situations represent-
ing populations with high, medium, and low probabilitics of inade-
qualc intakes.

The example in Figurce 4-4 shows what would happen when the
usual intake distribution has a mcan of about 50, and consists almost
cnlircly of valucs less than 90. Because an intake of 90 units is asso-
ciated with a risk of inadequacy of about 75 percent, almost all
individuals in thc population have intakes that reflect high risk of
inadequacy. For a population with this distribution of intakes, the
probabhility of inadcquacy is—from visual inspcction of the figure—
very high. The average risk of inadcquacy in this population is well
above 75 percent as indicated in Figure 4-4 because the vast majori-
ly of intakes arc below 90.
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FIGURE 44 Risk curve combined with a usual intake distribution where the mean
intakc is less than the Estimated Average Requirement (EAR). The mean of the
usual intake distribution is 50 units and the majority ol the intake valucs arc less
than 90 units. At 90 units, the risk of inadequacy is about 75 percent. Therefore, in

this population, the probability of inadequacy is high.
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A sccond scenario shown in Figure 4-5 illustrates a different usual
intake distribution with a mcan of about 150 units and most of the
valucs above 100. Most intakes fall o the right of the risk curve
which translaics to a lower population risk. Only individuals with
intakes below 130 units (shaded arca) have a risk of inadequacy
above 5 pereent,

Morc commonly though, a grcater degree of overlap exists between
the risk curve and the usual intake distribution. A morce realistic
cxample is provided in Figurc 4-6. In this cxamplc, the usual intake
distribution is for a population with a mcan intake of 115 units and
a standard deviation of 20 units. As expected, when the mean intake
is 115 units and mcan requirement is 100 units, some individuals
arc at risk of inadequacy (shadced arca) and somc arc not. For cxam-
ple, aboul half of the population has a usual intake that exceeds
115 units, which is associated with a risk of 25 percent or less. An
intake of 110 has about a 35 pcreent probability of inadequacy, an
intake of 100 units (the median requirement) has about a 50 per-
cent probability of inadequacy, and an intake of 80 units has about
an 85 percent probability of inadequacy.
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FIGURE 4-5 Risk curve combincd with a usual intake distribution where the mean
intakc is much higher than the Estimated Average Requirement (EAR). Nearly the
cntirc intake distribution [alls to the right ol the risk curve, Only thosc individuals

in the population with intakes below 130 units have a risk of inadequate intake
(shaded area).
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FIGURE 4-6 Risk curve combined with a usual intake distribution where mean
intake (115 units) is slightly higher than thc Estimated Average Requircment
(EAR) (100 units). The risk curve and usual intake distribution have signilicant
overlap, The proportion of individuals at risk of inadcquacy (shaded arca) at the
mean intake is about 25 percent. The risk of inadequacy increases as intake
becomes closer to the EAR.

Dciermining the prevalence of inadequale intakes for the popula-
tion will depend on how many pceople have cach particular valuc of
intakc and what the distribution of intakes looks like. Appendix G
demonstrales how 1o carry out the necessary calculations (o obtain a
prevalence estimate for the group. Statistical programs (such as SAS
or similar sofiwarc) can bc uscd Lo carry oul these procedurcs,

Two key assumpltions underlic the probability approach: (1) intakes
and rcquircments arc independent, and (2) the distribution of
rcquircments is known. Frequently, it is assumed that the distribu-
tion of requircments is normal; however for some nutrients, such as
iron for mecnstruating women, this assumption is not warranted
(some women have very large menstrual losses of iron, which lcads
Lo a distribution that is positively skewed—i.c., more women have
higher requirements than indicated by a normal distribution). For
other nutrients the numbers of pcople for whom requirements have
been experimentally determined is so small that it is just not possi-
ble to determine whether the assumption of normality is warranted
(IOM, 1997, 1998b, 2000; NRC, 1986, 1989).
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THE EAR CUT-POINT METHOD

The Estimated Average Requirement (EAR) cut-point method,
proposed by Beaton (1994), is a shortcut derived from the probability
approach described above. In contrast to the probability approach,
the EAR cut-point method simply requires the distribution of require-
ments to be symmetrical. It is not necessary to know the actual
variance of the requirement distribution, only its size relative to the
intake variance. Like the probability approach, the EAR cut-point
method requires knowledge of the median requirement (the EAR)
for the nutrient and the distribution of usual intakes in the popula-
tion.

Table 4-1 summarizes whether nutrients for which Dietary Refer-
ence Intakes (DRIs) have been established as of this writing (IOM,
1997, 1998b, 2000) meet the assumptions necessary to apply the
EAR cut-point method for assessing the prevalence of inadequacy
for groups.

The cut-point method is very simple. The population prevalence
of inadequate intakes is computed as the proportion of the group

Box 4-1 The FAR cut-point mcthod—what it is, and why it works

This method is very straightforward, and surprisingly, can sometimes be as
accurate as the probability approach. With this method, the population prev-
alence of inadequate intakes is simply the proportion of the population with
intakes below the median requirement (EAR). Modest departures from any
of the assumptions listed below are likely to have only a small effect on the
performance of the EAR cul-point method. However, the method does not
work with nutrients such as energy where it is known that intakes and require-
ments are highly correlated, or with iron requirements in menstrualing wom-
¢n where the requirement distribution is known to be highly skewed rather
than symmetrical.

This method works well when:

¢ intakes are accurately measured

¢ actual prevalence in the group is neither very low nor very high

* estimated usual intakes of individuals are independent of each indi-
vidual’s requirement

* the distribution of requirements is approximately symmetrical

® variability in intakes among individuals in the group is greater than the
variability in requirements of the individuals.
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TABLE 4-1 Summary of Nutricnts to Datc with Diclary
Reference Intakes (DRIs), and Whether They Mcect the
Assumplions Nccessary Lo Apply the Estimated Average
Requirecment (EAR) Cut-Point Mcthod for Asscssing the
Prevalence of Inadequacy for Groups

Established DRIs% Meels th

Variancc
Intake is
Greater 1
Variance

Nutrient FEAR RDA AT 171, Requirer

Magncsium + + + Yes

TPhosphorus + + + Yes

Selenium + + + Yes

Thiamin + + Yes

Riboflavin + + Yes

Niacin + + + Yes

Vitamin Bg + + + Yes

Folate + + + Yes

Vitamin 312 + + Yes

Vitamin C + + + Yes

Vitamin E + + + Yes

Calcium + +

Fluoride + +

Biotin +

Choline + +

Vitamin D + +

Pantothenic Acid +

¢ RDA = Recommended Dictary Allowance; Al = Adequate Intake—the Al cannot be
uscd with the EAR cut-point method; UL = Tolerable Upper Intake Level.

b/\lthough there is little information on the variance of requirements, DRIs published
to date have assumed a coefficient of variation (CV) of 10 or 15 percent. Variance of
intake as calculated from the Continuing Survey of Food Intakes by Individuals 1994—

with intakes below the median requirement (EAR). In the example
uscd when discussing the probability approach, population preva-
lence according to the EAR cut-point method would be the propor-
ton of individuals with usual intakes below 100 units, the EAR,

Figurc 4-7 illustraics the EAR cut-point mcthod. The shaded arca
corrcsponds o the proportion of individuals in the group whosc
intakes arc less than the EAR and the unshaded arca corresponds
o the proportion with usual intakes greater than the EAR. A discus-
sion of why this approach works follows.



USE OF FARs FOR NUTRIENT ASSESSMENT 33

Meels the Assumplions of the Cul-Point Method

Variance ol Intake and

Intake is Requirement

Greater than Requirement Independent CV of the
Variance of Distribution or Have Low Requirementd
Requiremen W Symmelrical® lorrelation (%)

Yes Assumcd Yes 10

Yes Assumed Yes 10

Yes Assumed Yes 10

Yes Assumed Yes 10

Yes Assumed Yes 10

Yes Assumcd Yes 15

Yes Assumcd Yes 10

Yes Assumed Yes 10

Yes Assumed Yes 10

Yes Assumed Yes 10

Yes Assumed Yes 10

1996 indicates that for all nutrients, intake variance is well above the assumed require-
ment variance.

¢Data to determine the shape of requirement distributions are lacking for most nutrients;
therefore, symmetry is assumed unless there are data adequate to indicate otherwise.

4 CV of the requirement is needed for the probability approach,

Figurc 4-8 shows the same hypothctical (simulated) joint distribu-
tion of intakes and requirements for the group of individuals pre-
scnied in Figurce 4-2. The figurce includces joint intake and require-
ment data from 3,000 pcople, with a mean intake of 1,600 units and
a mcan rcquirecment of 1,200 units. As before, intakes and require-
ments arc independent (i.c., individuals with higher intakes arc not
morg likely to have higher requirements).

As discusscd carlicr, the proportion of the population with inadc-
quatc intakes could be oblained simply by counting the pcople who
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FIGURE 4-7 The Estimated Average Requirement (EAR) cut-point method. The
shaded area represents the proportion of individuals in the group whose intakes
are below the EAR, while the unshaded area represents the proportion with usual
intakes above the EAR.

were above the 45° line. Most of the people who do not mect their
rcquircments have intakes below 1,200 units—the median require-
mcent, denoted in Figure 4-8 by the vertical line labeled intake =
EAR. Howcver, somce individuals who have intakes greater than the
EAR arc still below their own individual requirements. The points
for these individuals fall within the triangle-shaped arca (referred
o here as a triangle) A in Figure 4-8, boundcd by the intake = EAR
lin¢ and the 45° linc to the right of the intake = EAR linc. Conversc-
ly, some of the pcople who have intakes less than the EAR do not
have inadequalte intakes—cven though their intakes are below the
mcdian rcquirement of the group, they arc still exceeding their
individual requirements. The points for these people fall within
triangle B in Figurc 4-8, boundcd by the intake = EAR linc and the
45° lin¢ 1o the left of the intake = EAR ling,

Unfortunatcly, it is very difficult 1o identify individuals represented
by points in triangle A (intakc greater than the EAR but Iess than
the individual requirement), becausce information would be needed
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FIGURE 4-8 Joint distribution of intakes and requirements from a hypothetical
population of 3,000 individuals. Intakes are independent of requirements. The
mean intake is 1,600 units and the median requirement (Estimated Average
Requirement [EAR]) is 1,200 units. The triangle labeled A is bounded by the
intake = EAR line and the 45° line where intake = requirement Points above the
15° linc (shaded arca), represent thosc individuals whose intakes arc above the
EAR, but below their own individual requirement, Individuals in triangle B have
intakcs below the FAR, yet above their own requirement, The number ol people in
triangle A is approximately equal to the number in triangle B.

on both their usual intake and their requirement and such informa-
tion is rarcly availablc. A similar numbcr of individuals arc repre-
scnicd by points in triangle A and in triangle B, and thercfore the
numbecr above the 45° line (where intake = requirement) can be
approximated by counting the number to the left of the intake =
EAR linc. Esscentially, the EAR cut-point method substitutes the indi-
viduals in B for the individuals in A. Tt is casicr 1o count the number
of individuals 1o the left of the intake = EAR line than thosc above
the 45° line because this only requires information on cach individ-
ual’s intake. Thercefore, 1o usce this mcthod, the only information
rcquired is cach individual’s usual intake of the nutrient and the
EAR of the group; individual requirements arc not nceded.
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Because the number of pcople in triangle A is approximatcly
cqual to the number in triangle B, these two groups cancel cach
other out, and the proportion of the population above the 45° line
(inadcquatc intakes, shaded arca of graph) is approximaltcly cqual
o the proportion of the population 1o the left of the intake = EAR
linc. In other words, the proportion of the population with intakes
bclow their requirements (from the joint distribution approach) is
about the samc as the proportion of the population with intakes
less than the EAR, cven though some of the individuals in these two
groups arc not the same.

Box 42 The EAR cut-point method—uwhen it works

The EAR cut-point method works best (produces an almost unbiased esti-
male of prevalence of nutrient inadequacy) when:

1. intakes and requircments arc independent

2. the requirement distribution is symmetrical around the EAR

3. the variance in intakes is larger than the variance of requirements

4. true prevalence of inadequacy in the population is no smaller than 8 to
10 percent or no larger than 90 to 92 percent.

If the true prevalence in the group is about 50 percent—so that the mean
intake is approximaltely equal Lo the EAR—then the EAR cut-point method
results in almost unbiased estimates of prevalence of inadequacy even if
conditions 1 and 3 are not met (see Appendix D).!

The EAR cut-point method—uwhen it does not work

What happens when the assumptions required for the cut-point method
are not met? In the following section, examples are provided of situations in
which the assumptions do not hold. The cut-point method can either under-
estimate or overestimate the population prevalence of inadequacy under
such circumstances.

! Estimates of prevalence of inadequacy obtained using the EAR cut-point method
arc, by construction, slightly biascd c¢xcept when the mean intake and the EAR arc
similar. The relative bias in the prevalence estimate increases as the dillerence between
the mean intake in the group and the EAR of the nutrient increases. When true
prevalence of inadequacy in the group is moderate (perhaps no less than 10 percent),
the bias in the estimalte arising from the EAR cul-point method is negligible as long as
the condilons listed above are mel. When true prevalence in the group is very small
(perhaps between 1 and 3 percent), the relative bias can be very large—that is, the
EAR cut-point method may result in an estimate ol prevalence of 3 percent when the
true prevalence is 1 or 2 percent.
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The results of some preliminary simulation studics conducted to
asscss the performance of the EAR cut-point mcthod in different
sitluations arc presented in Appendix D,

What Happens if Intakes and Requirements Are Not Independent?

Intakes for cerlain nutricnts—cencergy for example—increasc with
incrcasced nceds. This leads 1o a situation in which individuals with
higher requirecments usually have higher intakes. In other words,
rcquirecments and intakes arc corrclated rather than independent.

The implications of this corrclation for ¢stimating the proportion
of a population with inadequatc intakes can be ohscrved in Figure
4-9, which shows the scatter plot of usual intakes and requircments
sloping upward, rcflceling a positive corrclation between intake and
rcquircment. Noltc the number of data points in triangle A, which
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FIGURE 4-9 Intakes and requircments arc positively coarrclated, In this scenario,
the number of individuals in trianglc A is less than the number in triangle B, Using
the Estimated Average Requirement (EAR) cut-point method would overestimate
the number of people with inadequate intakes.
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rcpresent individuals with intakes greater than the EAR, who still
do not mcct their requirements (they arc 1o the right of the intake
= EAR linc in the shaded arca above the 45° line where intake
cquals requirement). Next, note the number of data points in trian-
gle B which represent individuals with intakes below the EAR but
whosc intakes arc adequatce. The EAR cut-point method works when
intakes and requirecments arc independent (sce Figure 4-8) and the
number of points in triangles A and B arc virtually identical. In
Figurc 4-9 there arc morce points in triangle B than in triangle A.
Accordmgly, when uvsual intake and requirement arc corrclated,
using thc EAR cut-point mcthod (i.c., delermining the number of
individuals 10 the left of the intake = EAR linc) would overestimate
the number of people with inadcquate intakes (thosc in the shaded
arca abovce the 45° line where intake = requirement),

This example is illustrative, but docs not indicatc what the expected
bias resulting from using the cut-point method might be. The bias
of the cut-point mcthod will be scvere for encrgy because the cor-
rclation between usual cnergy intakes and requirements (expenditure)
is high, How scvere a bias is expected if the association between
intakes and requirements is not as extreme? This question is diffi-
cult 1o answer because usual intakes and requirements cannot be
obscrved for a sufficiently large sample of individuals. Howcever,
limited empirical evidence suggests that the expected bias is likely
1o be low as long as the corrclation belween intakes and require-
ments is moderatc—no larger than 0.25 or 0.30 (Carriquiry, 1999).
Furthcrmore, when the mean intake of a group and the EAR arc
approximalcly the same, the cffcct of the corrclation on the bias of
the cut-point mcthod is likcly to be very low even al corrclations
grcater than 0.30. An cxception o this rulc is the extreme casc in
which the corrclation between intakes and requirements of the
nutricnt is cqual to 1. In this unlikcly cvent, the prevalence csti-
maltcs obtained from the EAR cut-point method will be severely
biascd, cven if mean intake and the EAR arc identical. This purcly
hypothetical casc is used in an illustrative example in the next section,

Do the probability approach and the EAR cut-point method work for food
energy?

No, because empivical evidence indicales a strong correlalion belween energy
tnlake and energy requirements. This correlalion most Likely veflecls eilher the
regulalion of energy inlake lo meel needs or the adjusiment of energy expends-
lures lo be consistenl with intakes (FAO/WHO/UNU, 1985). Because of
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this strong correlation, neither the EAR cut-point method nor the probability
approach can be used to assess the probability of inadequacy of food energy
intake.

The problem with using the EAR cut-point method for [ood
energy can best be illustrated by considering an admittedly extreme
example of both a perfect correlation between individual intakes
and requirements and mean intake equal to the average require-
ment. Because each individual in the group has a usual intake equal
to his or her requirement, the prevalence of inadequacy is zero.
However, because one-hall of the group has usual intakes less than
the average requirement and one-halfl has usual intakes exceeding
the average requirement, the cut-point method would estimate that
50 percent ol the group is at risk of inadequate intakes when, in
[act, the prevalence of inadequacy is zero.

Therelore, to assess energy adequacy, information other than intakes
could be used, such as body weight [or height, body mass index, or
other anthropometric measures.

Situations in which nutrient intakes and requirements may be
related to a third variable (e.g., energy and thiamin, body weight
and protein) have not been well studied.

What Happens if the Requirement Distribution Is Not Symmetrical?

A good example ol an asymmetrical requirement distribution is
iron requirements in menstruating women. The iron requirement
includes the need to replace urine, fecal, and dermal iron losses,
and this aspect of the requirement does appear to be symmetrically
distributed in the population (FAO/WHO, 1988). For menstruat-
ing women, iron lost in menstrual [low varies considerably—the
mean loss averaged over 1 month has been estimated at 0.5 mg/day
but about 5 percent of women have losses averaging more than 1.4
mg/day (FAO/WHO, 1988; Hallberg et al., 1966). This means that
the distribution of iron requirements in women is skewed—there
are more women with needs 25 percent or more above the mean,
for example, than with needs 25 percent or more below the mean.
In this case, the mean requirement is different [rom the median
requirement (or EAR) in the group.

Figure 4-10 illustrates this situation, which is modeled after the
information about iron requirements in women given in the FAO/
WHO report of 1988. The median requirement (EAR) is 10 mg but
the distribution of requirements is not symmetrical around the
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FIGURE 4-10 The distribution of requirements is not symmetrical. In this exam-
ple, the number of individuals in triangle A is greater than the number in triangle
B. The Estimated Average Requirement (EAR) cut-point method would result in
an underestimate of the true prevalence of inadequacy. The shaded area repre-
sents individuals with usual intakes less than their requirements. The unshaded
area represents individuals with usual intakes greatler than their requirements.

10 mg mecdian horizontal linc; virtually no onc has a requircment
bclow about 6 mg but many have requirements above 14 mg (a
similar distancc from the median requirement of 10 mg). Put another
way, there is a grealer sprcad of requirements above than below the
median,

In this example, more individuals arc represented by points that
fall in the shaded arca above the 45° line where intake = require-
ment (and henee have inadequate intakes) than fall 1o the left of
the intake = EAR line, where they would be cstimated as being at
risk by the EAR cut-point mecthod. To continuc using the triangle
approach, the numbcr of points in trianglec A (grcater than the
EAR butstill inadcquate [shaded arca]) is considerably greater than
the number in triangle B (Icss than the EAR but adcquatce). Thus,
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when the distribution of requirecment is skewed, the EAR cut-point
mecthod results in a biased cstimalte (in this casc, an underestimate) of
the truc prevalence of inadequacy.

For which nutrients are the requirement distribution not symmetrical?

One nulrient for which il is known thal requiremenls are nol symmelrical
aboul the EAR is iron in mensirualing women. Because requirement dala
are so scarce, il is oflen difficull lo investigale the shape of the distribulion of
requirements for every nulrienl in every life slage and gender group. Indeed,
there is virtually no informalion on the aclual characleristics of any require-
menl distribulions excepl perhaps prolein in adull men and iron in adull
women (FAO/WHQO, 1988; FAO/WHO/UNU, 1985).

In the absence of additional information about the shape of the
requirement distribution of a nutrient, it is implicitly assumed in
this report (and the DRI nutrient reports) that the unknown distri-
bution is symmetrical around the median requirement (the EAR).

When it is known that the distribution ol requirements is skewed,
the full probability approach can be used by computing a risk curve
that reflects the skewed requirements. The FAO/WHO (1988)
adopted a log normal distribution to model iron requirements in
women and applied the probability approach under the log normal
assumption.

The eflect of skewness on the bias ol the EAR cut-point method is
likely to be signilicant. Even moderate amounts ol skewness in the
distribution of requirements may result in noticeable biases in prev-
alence estimates with the cut-point method. Therefore, when the
distribution of requirements is known to be asymmetrical, as [or
iron in menstruating women, the probability approach, not the EAR
cut-point method, is recommended for assessing the prevalence of
nutrient inadequacy.

What Happens if the Variance of Requirement Is
Greater Than the Variance of Intake?

At least in North America, the situation where variation in indi-
vidual requirements is greater than variation in individual usual
intakes is most likely to arise [or institutionalized subpopulations—
for example, prison inmates or residents ol a long-term care flacili-
ty—who are all [ed similar diets. Figure 4-11 illustrates this scenario:
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FIGURE 4-11 The variancec of requircments is greater than the variance ol intakes,
In this case, the number of individuals in triangle A is greater than the number in
B. The Estimated Average Requirement (EAR) cut-point method would under-
estimate the true prevalence of inadequacy. Points in the shaded area represent
individuals with usual intakes below their requirements while points in the unshaded
area represent individuals with usual intake above their requirements.

the median requirement (EAR) has been sct at 1,400 units and the
mcan of the wsual intake distribution has been sct at 1,600 units.
Notc that although the mean intake exceeds the median require-
mcnt, there is much more spread in requirements than there is in
intake.

The proportion of the population with inadcquate intake (i.c.,
points in the shaded arca above the 45° line where intake = require-
mcent) is not the same as the proportion whosc intake falls 1o the
left of the intake = EAR linc (estimated as being at risk using the
cut-point mcthod). The number of points in triangles A and B is
diffcrent, with more points in triangle A than in trianglc B. This
mcans that the cut-point method, in this example, would under-
estimate the proportion of the population with inadcquate intakes.
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The bias resulting from the usc of the cut-point method here is
rather noticcable; thus, caution nceds o be exercised when using
the EAR cul-point method in situations in which requirecments for a
nutricnt may b¢ more variable than intakes of the nutrient.

The extent and direction of the bias that occurs when requirements
arc morc variable than intakes will differ depending on whether the
mcan intake is above (as in Figurc 4-11), cqual to, or bclow the
mcan rcquirement. Carriquiry (1999) asscssced the expected bias in
scveral of these scenarios using a limited simulation study in which
the rclative sizes and standard deviations of the mcan intake and
thc mcan requircment were varicd. The results suggest that in situa-
tions where the variance of requirement exceeds the variance of
usual intake, the following cascs arisc:

1. When mean intake cquals median requirement, usc of the EAR
cul-point mcthod accuraicly estimates the proportion of the popu-
lation with inadcqualce intakes,

2. When mean intake exceeds median requirement, use of the
EAR cut-point mcthod underestimates the proportion with inadequate
nutricnt intake.

3. When mean intake is less than median requirement, usc of the
EAR cul-point mcthod overestimates the proportion with inadequate
nutricnt intake.

4. In the last two cascs, the bias in the prevalence estimalte can be
significant cven when the standard deviation of requircments is only
slightly larger than the variation of usual intakes. The over- or
undcrestimation of truc prevalence is more pronounced when the
truc prevalence in the group is cither very low or very high,

ADJUSTING INTAKE DISTRIBUTIONS

Regardless of the method chosen 1o assess prevalence of inade-
quatc nutrient intakes in a group of individuals, informaltion is
rcquired aboult the distribution of intakes of the nutricnt in the
group. Because the chronic cffcet of dict on an individual’s well
being is ofien of interest, the estimation of the distribution of long-
term average intakes—that is, usual intakes—for the group is a con-
cern, The vsual intake distribution of a dicltary component should
have a sprcad (or variance) that reflects the individual-to-individual
variation of intakes of that nutricnt within the group.

Usual intake distributions can be cstimated by adjusting the distri-
bution of the mcan of a few days of intake of cach individual in the
group. This general method was proposcd by the National Rescarch
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Council (NRC, 1986) and was furthcr developed by Nusser ct al.
(1996). As dcscribed below, 1o apply these mcethods of adjusting
intake distributions it is nccessary 1o have at Icast two independent
24-hour rccalls or dict rccords for at lecast some individuals in the
group (or at lcast three days when dala arce collected over consccu-
tive days). Indcpendent obscrvations arc obtained by collecling
intakc dala over nonconsccultive days.

Reasons for Adjusting Intake Distributions

Scveral characteristics of dictary intake data make cstimating the
distribution of usual intakes for a group a challenging problem,
This scction focuses on the nced for adjustment of distributions,
illustrates the usc of two of the most widely used approachces, and
discusscs the conscquences of poorly estimating usual intake distri-
butions.

Dictary intake data have characieristics that nced to be taken into
account when cstimating the usual intake distribution of a nutrient
for a group of individuals. If intakc distributions arc not properly
adjusted, the prevalence of nutrient inadequacy will cither be over-
cstimated or undcrestimalted, regardless of whether the probability
approach or the cut-point mcthod is chosen,

Should the distribution of observed intakes be used as an estimate of the
usual intake distribution?

No. Although (he mean of the distribulion of observed inlakes in lhe
group is an unbiased estimale of lhe mean usual inlake in thal group
(assuming thal inlakes have been accuralely measured), the variance of the
distribulion of observed inlakes is almost always loo large (NRC, 1986;
Nusser el al., 1996). This is because il includes bolth the within-person (day-
lo-day) variation and the individual-lo-individual variation, thus leading
Lo estimales of prevalence of inadequacy or excess thal are likely lo be higher
than the lrue prevalence. In order lo gel accurale prevalence eslimales, Lhe
distribulion of observed inlakes must be adjusled to more closely reflect only
the individual-lo-individual variabilily in inlakes.

Large Within-Person Variation in Intakes

Individuals usually vary the types and amounts of the [oods they
consume [rom day to day. This translates into a large variability in
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the within-person intake of nutrients. For some nutricnts, morc
within-person (or day—lo-day) variation than beclween-person varia-
tion may occur. Vitamin A is a good cxample of this. Intake can be
5,000 rctinol cquivalents (RE) on a day when the individual snacked
on carrots, and closc (o 0 RE on another day when few fruits, vege-
lables, and dairy products were consumed. Thus, for some nutri-
cnts, the day-lo-day variability in intakes for an individual may be
larger than the between-person vanablllly in the group. For vitamin
A, the within-person variability in intakes may be as much as six
times larger than the between-person variability in intakes in typical
North Amcrican dictary data (Basiotis ct al., 1987). For other diclary
componcents such as cnergy, the day-lo-day variability in intakes is
aboul as largc as the between-person variability in intakes in the
group (Basiotis ct al.,, 1987; Beaton ct al., 1983; Guenther ct al.,
1997; Liu ct al., 1978; Lookcr ct al., 1990; NRC, 1986; Nusscr ¢t al.,
1996; Scmpos ct al., 1985). This mcans that if the aim is (o cstimate
the usual intake distribution of a nutrient in a group and have its
sprcad reflect only the belween-person variation in intakes, then
statistical mcthods that help reduce this nuisance variance must be
uscd.

Heterogeneous Within-Person Variation in Intakes

Not only do individual intakes differ from day to day, as discussed
above, but also how much they differ varics from onc person 1o
another. In addition, this variability is not complcicly random. Indi-
viduals with highcr average intakes also tend 1o have more variable
nuakcs than do individuals with lower average intakes (Nusser ct

., 1996),

Skewed Intake Distributions

For most nutricnts, the distribution of ohscrved mcan intakes
(and presumably, the usual intake distribution as well) is skewed o
the high end rather than being symmectrical. This is particularly
truc when intakes from supplements are included in the dict. Con-
sider calcium as an example. Mcan intake in a group might be 600
mg/day. Very few people would have intakes 500 mg or morce below
the mcan (and it would be impossible 1o have an intake more than
600 mg bclow the mcan), but there could casily be people in the
group consuming intakes 500, 1,000, or cven 1,500 mg above the
mcan, Thercfore, the intake of this nutrient has a skewed, asymmect-
rical distribution. Because most nutrients have skewed, asymmetrical
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intake distributions, statistical proccdurces that assumc that nutrient
intakc data arc normally distributed cannot be applicd to these
data.

Day-to-Day Correlation in Intake Data Collected over Consecutive
Days

When intake datla arc collected over consccutive days, obscrva-
tions for an individual cannot be assumed to be independent because
what is consumed on onc day often affects what is consumed on the
next. This effect can work scveral ways—the same mcal may be
rcpealed the next day (as with lefiovers) or the same food may be
avoided two days in a row (as with liver). In cither casc, the assump-
tion of independence for within-person ohscrvations docs not hold
unless dictlary intake data arc collected scveral days apart. The
length of time needed belween obscrvations so that independence
can he assumced depends on the dictary component, For encergy, for
examplc, it suffices 10 spacce daily obscrvatlions onc or two days apart,
but for vitamin A, which is not present in all foods, a three- 1o four-
day gap beiween 24-hour recalls for the same individual might be
ncceessary lo guaranice independence among obscrvations.

Other Survey-Related or Nuisance Lffects

Dictary intake data arc ofien collected in nationwide food con-
sumption survcys that have a complex design and responsc rates
undcr 100 pereent. In these cascs, cach respondent carrics a sam-
pling weight that corrects that individual’s importance in the sam-
ple. These weights must be carried throughout the procedure for
cstimating usual intake distributions if this cstimated distribution is
to bc used 1o make inferences aboul the wider population from
which the group was drawn,

Overview of Methods to Adjust Mean Intake Distributions

Because of the above attributes of dictary intake data, obtaining
rcliable cstimates of usual intake distributions is not straightforward.
The NRC, in its 1986 report, sct forth the concept of a usual intake
distribution, and proposcd a slatistical approach to adjust obscrved
mcan intake distributions 1o partially remove the day-lo-day vari-
ability in intakes. The resulting estimated usual intake distribution
has a sprcad that approximaicly reflects the between-individual vari-
ability in intakes (NRC, 1986). Aickin and Ritenbaugh (1991) pro-
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poscd an algorithm—called the unmixing algorithm—for adjusting
vilamin A intake distributions. Nusser and collcagucs (1996),
Stefanski and Bay (1996), Eckert and coworkers (1997), and morc
rccently Chen (1999) started from the mcthod proposced by the
NRC (1986) and suggcsicd mcthods for cstimating usual intake dis-
tributions that address diffcrent scts of characiceristics of dictary
intake data. Bricf descriptions of two approaches, the NRC (1986)
mcthod and the mcthod developed at Towa State University (ISU
mcthod, Nusscr ¢t al., 1996) arc provided because they are most
uscd today (Beaton, 1994; Carriquiry ct al., 1997).

Supposc that daily intake data for a group of individuals arc avail-
ablc, These data may have been collected via 24-hour recall methods
or perhaps from multiple-day dict records. For cach of the individuals,
multiple days of diclary intake data were recorded. Even though it
is assumcd here that cach individual in the group has the samc
numbcr of independent daily intake obscrvations, ncither of the
mcthods described below require that cach individual in the group
have the same number of obscrvations. It is possiblc (o adjust intake
distributions as long as some individuals in thc group have two or
morc daily intake obscrvations, cven if for many of the individuals
only onc obscrvation is availablc.

For multiple daily intake obscrvations for cach individual in the
samplc, it is possiblc 1o obtain, for cach individual, the mcan intake
over the multiple days of rccording. As is discussed in Chapter 3,
obscrved mcan intakes can he used as estimales of individual usual
intake, albcit imprecisc oncs. Estimating the usual intake distribution
in the group as the distribution of the observed mean intakes, however
intuitively appealing, is incorrect. The individual daily intakes must be
uscd, rather than the mean intake, in order to adjust the usual
intake distribution.

The National Research Council Method to Adjust Intake
Distributions

In rccognizing that daily intakes for an individual vary from day to
day, and that daily intakc data arc not normally distributed, the
NRC (1986) proposcd that day-lo-day variabilily in intakes be par-
tially removed by filling a mcasurcment error modcl to daily intake
data which had been power transformed. Power transformation
rcfers 1o a family of mathematical conversions that includes, for
cxample, the square root, the cube root, and log transformations
(Fuller, 1987). The powcer transformation reduces the skewness typ-
ically obscrved in the distribution of daily intakes. The mcasure-
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ment error modcel establishes that, in the transformed scale, the
nutricnt intake obscrved for an individual on a day is a deviation
from that individual’s usual intake of the nutrient. That is,

(transformed) observed intake = usual intake + deviation from usual intake.

The simple modcl above is called a mcasurement crror modcl
(Fuller, 1987), becausce it states that obscrved intakes mcasure usual
intakes with crror, Mcasurcment crror, in a statistical sensc, denotes
a (random) deviation from a variable of interest—in this casc the
usual intake. The crror is modcled as a random variable with zcro
mcan and with a variance that rcflects the day-lo-day variability in
intakes.

The adjustment described by the NRC mcthod is relatively
straightforward to implement, once the magnitude of the day-to-
day variation in intake has been determined for the group. After
any nccessary transformations (o cnsurc normality, the difference
beiween cach person’s intake and the mcean intake of the group is
multiplicd by the ratio of day-lo-day variation o the total variation,
and then added back to the mean intake for the group. These
adjusted intakes can then be transformed back o the original scale,
as appropriatc, and uscd for further analyscs,

In the NRC mcthod the variance of the mcasurement crror was
assumcd o be constant across individuals, This mcans that the NRC
mcthod cstablishes that the day-lo-day variabilitly in intakes is con-
slant across individuals, A morc general version of this basic method
developed at ISU by Nusser and colleagucs (1996) docs not require
the mceasurcment crror variance 1o be constant across individuals.

The Towa State University Method to Adjust Intake Distributions

In general, the statistical method developed at ISU (Nusser ct al.,
1996) claboratcs on the NRC mcthod and produces cstimates of
usual intake distributions with good statistical propertics. Dctails
about the procedure can be found clsewhere (Guenther ct al., 1997;
Nusscr ct al., 1996). The following cxample illustrates how its usc
can affcct the conclusions drawn when a dictary survey is used 1o
asscss intakes for a group.

How large a samplc sizc¢, and what proportion of replicate obscr-
vations arc nceded for the ISU method of estimating usual nutrient
intake distributions? An c¢xact answer Lo this question is difficult o
provide. Regarding actual sample size, the performance of the ISU
mcthod improves as sample sizc incrcascs; small sample sizes of
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fewer than about 50 or 60 individuals result in unrcliable cstimates
of usual intake distributions (Nusscr ¢t al., 1996). Because only the
rcplicale ohscrvations in the sample contain information about the
day-lo-day variability in intakes, it is important to have a modcralcly
large numbcer of individuals in the replicale sample, perhaps not
fewer than 30 or 40, and thesc individuals should be representative
of the full group. Each person in this sample must have at least two
indcpendent daily intake mcasurements or three daily intake mea-
surcments if data arc collecied on consccutive days.

Carriquiry and collcagucs (1997) successfully applicd the ISU
mcthod to adjust intake distributions and distributions of blood
biochemical mcasurements using data collected in the Third
National Health and Nutrition Examination Survey (NHANES TIIT),
cven though sample sizes for some life stage and gender groups
were modcrately small (fewer than 70 to 80 individuals) and the
proportion of replicale obscrvations was low (approximaicly 6 per-
cent). In gencral however, having a minimum number of replicate
rccords in the samplce is morc important than having a minimum
proportion of replicale obscrvations.

The following cxample is bascd on cstimated usual intake distri-
butions for two dictary componcents—phosphorus and vitamin B—
for women aged 19 through 50 ycars who were ncither pregnant
nor laclating at the time the data were collected. Only intakes from
food were considered (i.c., intake from supplements is not included
in these cxamples). The diclary intake data were collected in
NHANES II1, so only a small proportion of individuals in the sample
had a replicate obscrvation collected several weeks after the first,
Estimated Average Requirements (EARs) have been established for
the two nutricnts in this example (IOM, 1997, 1998b). Using the
EAR cut-point mcthod, the proportion of women at risk of nutrient
inadequacy can be estimated by compulting the percentage of indi-
viduals in thc group with usual intakes below the corresponding
EAR.

For purposcs of illustration, the usual intake distributions of phos-
phorus and vilamin B; were cstimated by two different approaches:
(1) using only the first day of intake data for cach individual in the
sample; and (2) using replicate intake data (whenever available)
and applying thc ISU mcthod to adjust the distribution. It is antici-
patcd that the cstimale of the usual intake distribution obtained
using onc day of intake data will have the incorrect variance; the
variance of the cstimaled distribution will contain an unwanted day-
lo-day variability component. Thercfore, estimates of the prevalence
of nutricnt inadcquacy will be biascd. The two estimatces of the usual
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intake distribution arc shown in Figurc 4-12 for vitamin By and
Figurc 4-13 for phosphorus.

The adjusted cstimate of the usual intake distribution has a smaller
variance than docs the cstimate oblained using onc day of intake
data. This is 10 bc cxpected because once of the features of the
mcthod (and also of the mcthod proposcd by NRC) is that it par-
tially removes the day-to-day variability in intakes. Thus, the cstimated
usual intake distribution obtained by applying the adjustment has a
variance that reflects only the between-person variability in intakes,
whereas the cstimaice obtained using onc-day data has a variance
that is inflatcd by day-lo-day variability.

The shapcs of the two distributions in Figurc 4-12 arc quite differ-
cnl, Morc importantly, the conclusions drawn about the proportion
of individuals in the group whosc intakes of vitamin By arc inade-
quatc also diffcr, depending on which estimate of the usual intake
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FIGURE 4-12 FEstimatcs of a usual intake distribution of vitamin By obtained from
onc day of intake data and adjusted using replicate intake data via the Towa State
University method. The yaxis shows the likelihood of each level of intake in the
population.
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FIGURE 4-13 Estimates of a usual intake distribution of phosphorus obtained
from one day of intake data and adjusted using replicate intake data via the lowa
State University method. The yaxis shows the likelihood of each level of intake in
the population.

distribution is uscd. As was discusscd previously, the prevalence of
nutricnt inadcquacy in a group is cstimated as the proportion of
individuals in the group whosc usual intakes arc below the EAR
cstablished for the nutrient. The vertical line in Figure 4-12 rcpre-
scents the intake level that is equal 1o the EAR for vilamin B, for
women ages 19 through 50 years; this valuc is 1.1 mg/day (IOM,
1998h).

If only onc day of intake data is available for cach individual in
the sample and thercfore adjusting the intake distribution to
rcmove day-lo-day variability in intakes is not possiblc, the cstimate
of prevalence of inadequacy in this group of women is 37 percent.
If, instcad, the prevalence estimate is based on the adjusted distri-
bution, the conclusion is that 23 percent of women arc not consum-
ing an adcquatc amount of vitamin B,. The 14 percent difference
beiween the two estimates is duc exclusively to the method used 1o
cstimatc the usual intake distribution. Using a singlc day of intake



102 DIETARY REFERENCE INTAKES

data for cach individual in the samplc is indcfensible from a statistical
viewpoint if the objective is 1o estimate prevalence of inadequacy.

Results from the same analyses applicd 1o phosphorus intakes arc
shown in Figurc 4-13. For phosphorus, prevalence of inadequacy
cstimates computed from the onc-day and the adjusted intake dis-
tributions arc 25 and 11 pereent, respectively.

In these two cascs (where the mceans of the intake distributions
arc grecater than the EAR), the bias in the prevalence estimate that
rcsults from not removing the day-lo-day variabilily in intakes lcads
to an gverestimation of the proportion of individuals in the group
whosc intakes arc inadequate. This is not always so; if the mcan of
the usual intake distribution is less than the EAR, using the onc-day
distribution to cstimate prevalence may result in underestimation.

INAPPROPRIATE APPROACHES FOR GROUP-LEVEL
ASSESSMENT USING THE RDA

Should the Recommended Dietary Allowance (RDA) be used to assess the
proportion of individuals in a group who are at risk of nutrient inadequacy?

No.

Estimating prevalence of nulrienl inadequacy in a group by compuling
the proportion in the group with inlakes below the RDA always leads lo an
overeslimalion of the lrue prevalence of inadequacy.

By delinition, the RDA is the intake level that exceeds the require-
ments ol a large proportion of individuals in the group. In fact,
when requirements in the population are distributed as normal
random variables, the RDA exceeds the requirement of more than
97 percent of all individuals in the group.

As indicated previously in this chapter, the proportion of individ-
uals in a group with nutrient intakes below their requirements can
be estimated by using the Estimated Average Requirement (EAR)
cut-point method (calculating the proportion of individuals in the
group with intakes below the EAR). Examples were presented in
which the cut-point method was shown to perform well. That is,
when populations were simulated [or which both nutrient intakes
and requirements were known, approximately the same prevalence
estimates resulted either by counting the actual number of individ-
uals with nutrient intakes below their requirements or the number
of individuals with intakes less than the EAR.
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It is cvident, then, that comparing usual nutrient intakes with the
RDA, which by construction is always larger than the EAR (i.c., RDA
= EAR + 2 standard dcviations of requirements), will lcad to csti-
malcs of inadcquacy thal arc oo large.

Comparing Group Mean Initakes with a Percentage of a
Reference Value

Somec of thc most common mistakes in cvaluating diclary data
arisc from comparisons of mcan intakes with RDAs, In particular,
when studices find group mean intakes cqual o or cxceeding the
RDA, the conclusion has ofien been that group dicts are adequate
and conform to rccogm/cd nulritional standards, Somctimes,
group-mcan intake is cven compared with some percentage of the
RDA. However, these comparisons arc inappropriate and may result
in very mislcading conclusions.

For most nutricnts (except food encrgy), group mean intake must
cxceed the RDA for there 1o be an acceplably low prevalence of
inadcqualc intakes, To achicve a low prevalence of inadequate intakes
(c.g., such that almost all individuals would mcct their require-
ments), the group-mean intake would need 1o be equal 1o the EAR
plus two standard deviations of intake (when intakes arc normally
distributed). Recall that the variability of intakes usually cxceeds
the variability in requirements and that the RDA is cqual to the
EAR plus two standard deviations of requircment. Thus the group
mcan intake nceded for there (o be a low prevalence of inadequalce
intake must cxceed the RDA, The greater the variability in usual
intakes relative Lo variabilily in requirements, the greater the mean
intakc must he rclative 1o the RDA (o ensure that only a small pro-
portion of the group has inadcquatc intakes.

It follows from thec above discussion that if the group mean intake
cquals the RDA, a substantial proportion of thce group will have
intakes less than their own requirements. Even if mcan intake
exceeds the RDA, there may be a substantial proportion of a group
with intakes lcss than rcquircmcnts

An cven stronger caution is nccded when comparing group mcan
intakes with the EAR. If mcan intake cquals the average require-
mcent (EAR), a very high proportion of the population will have
inadcqualte usual intake, In fact, roughly half the population is
cxpected 1o have intake Iess than requirement (except for encrgy).

In summary, cxcept for food cnergy, group-mcan intakes must
cxceed the RDA 1o have a relatively low prevalence of inadequate
intakes. In gencral, however, group mean intakes should not be
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uscd 1o asscss the prevalence of inadequaltce dictary intakes. Tt is far
preferable to usc the EAR cut-point method and the adjusted distri-
bution of usual intakes 1o cstimate the proportion of a group with
inadcqualtc intakes,

UNITS OF OBSERVATION OTHER THAN THE INDIVIDUAL

In the preceding discussion, the unit of obscrvation implicitly
assumcd in the dictary asscssment is the individual, What if the unit
of obscrvation is cither the houschold or the population? Consump-
tion data arc frequently gathered for houscholds rather than for
individuals. Disappcarance data (or food balance sheets) may be
collected for a group or an cnlirc population such as a country.
However, published requirement cstimates usually arc rclated 1o
individuals. For diclary asscssment applications, however, cstimaltces
of nutricnt requircments and nutrient intakes must be at the same
level of aggregation: individual, houschold, or population. Appen-
dix E suggcests approachces for cvaluating dictary adequacy when the
unit of obscrvation is not the individual,

SUMMARY

Asscssing the proportion of a group or population that is al risk of
nutricnt inadequacy is an important public hecalth and policy con-
cern, The Dictary Reference Intake (DRI) that is rclevant to this
lype of asscssment is the Estimated Average Requirement (EAR).
Thc probability approach, described by the National Rescarch Council
(NRC) in 1986, pcrmits an cstimation of the prevalence of inade-
quacy within a group by comparing intakes with the distribution of
rcquircments. This method assumes that the corrclation between
intakc and rcquirement is low and that the distribution of require-
mcents is known. A shortcut o the probability approach—thce EAR
cut-point mcthod—allows determination of the prevalence of inad-
cquacy in a group by determining the number of individuals with
intakes below the EAR. Like the probability approach, the cut-point
mcthod assumcs that the corrclation between intake and require-
ment is low and that the variability in intakes is greater than the
variability of rcquircments. Howcever, unlikc the probability
approach, the cut-point mcthod doces not require that the actual
shapc of the requirement distribution be known, but docs require
that the distribution be symmetrical. Examples demonstrated the
biascs that occur when the assumpltions of the cut-point method arc
violated. Asscssing the prevalence of inadequacy of iron intake in
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women rcequires usc of the probability approach because of the
highly skewed nature of the requirement distribution. Because of
the very high corrclation between intakes and requirements, ecnergy
is the onc nutrient for which ncither the probahility approach nor
the cut-point mcthod can be used 1o assess adequacy. The preva-
lence of nutrient inadequacy for a group will usually be overestimated
by cither method if dictary intake data arc not adjusted for day-lo-
day within-pcrson variation. Thus, a minimum of two nonconsccu-
live or three consccutive days of intake data on at Icast a representa-
tive samplce of the group is nceded for diclary assessment of groups.



