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Preface

This report is onc of a scrics that rclates o the development of
Dictary Reference Intakes. This report focuscs on applications of
Diclary Reference Intakes (DRIs) in diclary assessment from the
Subcommitice on Interpretation and Uses of Dictary Reference
Intakes (Uses Subcommittee) of the Standing Commitice on the
Scicentific Evaluation of Diclary Reference Intakes (DRI Commit-
ee). A forthcoming rcport from this Subcommitice will address
applications of DRIs in dictary planning.

The Food and Nutrition Board anticipated that considcerable guid-
ancc would be needed to assist Amcerican and Canadian health pro-
fessionals in the transition from using the former Recommended
Dictary Allowances (RDAs) for the United States and Recommended
Nutrient Intakes (RNIs) for Canada to using the new DRIs, and
thus charged the DRI Commitlce and the Uses Subcommitice o
develop advice on the appropriate uscs of these new references,

In the past, RDAs and RNIs were the primary values that were
availablc 1o hcalth profcssionals for planning and asscssing the dicts
of individuals and groups. Howcver, the former RDAs and RNIs
were not ideally suited for many of these applications. The new
DRIs represent a more complete sct of values that were developed
anlicipating diverse uscs for planning and/or asscssment and thus
allow morc robust approaches. To assist hcalth professionals in
their usc of the new DRIs, the Uses Subcommitice divided its work
into two parts: thc current report examings the appropriate usc of
cach of the available DRI valucs in assessing nutrient intakes of
groups and of individuals and a sccond rcport will present informa-

xi



xii TPREFACE

tion on the appropriatc usc of specific DRI valucs in the planning of
dicts for groups and for individuals. Each rcport will present the
slatistical undcrpinnings for the various uscs of the DRI valucs,
present sample applications, and provide guidclines (o help profes-
sionals dclecrmine when specific usces arc inappropriale,

A probability approach 1o asscssing prevalence of nutrient inade-
quacy in groups was developed and presentecd—with extensive statisti-
cal validation and identification of sources of crror—in the National
Rescarch Council Report, Nutrient Adequacy (NRC, 1986). The avail-
ability of Estimated Average Requirements (EARs), onc of the cale-
gorics of DRIs, makes the usc of the probability approach possible.
A modificd approach, using the Estimated Average Requirement
(EAR) as a cutpoint for asscssing the prevalence of nutrient inade-
quacy in groups, is presented in this report. The cut-point method,
howcvecr, is not a new independent approach; it is a modification of
the probability approach. The statistical validation of the EAR cut-
point mcthod (o asscss prevalence of inadequacy in groups is pre-
scnled in this report.

When the initial plan to revise the former RDAs was published
(IOM, 1994), the Food and Nutrition Board cnvisioned the simulta-
ncous cstablishment of the DRI Commitice and two standing sub-
committces, the Subcommitice on Upper Reference Intake Levels
of Nutricnts and the Uses Subcommittee. However, circumstances
precluded the carly convening of the Uses Subcommittee, Tt was
nol cstablished until carly 1998, afier the relcase of the first two
nutricnt reports (IOM, 1997, 1998b).

The Uses Subcommitiee, with cxpertise in nutrition, dictetics,
statistics, nutritional cpidemiology, public health, cconomics, and
consumcr perspeclives, was charged o review the scientific litera-
ture regarding the uses of diclary reference standards and their
applications, and to provide guidance for (1) the appropriatc appli-
cation of DRIs for spccific purposcs and identification of inappro-
priatc applications, (2) appropriatc assumptions rcgarding intake
and rcquircment distributions, (3) adjustments nceded to minimize
polential crrors in diclary intake data, and (4) appropriatc usc of
DRI valucs of spccific nutrients. Starting with the report of the Pancl
on Diclary Antioxidants and Related Compounds, this specific guid-
ancc will be found in the nutrient reports.

This report reflects the work of the Food and Nutrition Board’s
DRI Committee, the Uses Subcommittee, and the Subcommitice
on Uppcer Reference Levels of Nutrients, The support of the gov-
crnment of Canada and Canadian scientists in cstablishing the Uscs
Subcommiltce represents a pioncering first siep in the standardiza-
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tion of nutricnt rcference intakes in North Amcrica. A bricf
description of the overall DRI project is given in Appendix A,

This report has been reviewed by individuals chosen for their
diverse perspectives and technical expertise, in accordance with pro-
ccdurcs approved by the National Rescarch Council’s Report Review
Committce. The purposc of this independent review was Lo provide
candid and critical commenis 1o assist the authors and the Institutle
of Mcdicine in making the published report as sound as possible
and to cnsurc that the report mects institutional standards for
objcclivity, evidence, and responsivencss 1o the study charge. The
contents of the review comments and draft manuscript remain con-
fidential to protect the integrity of the deliberative process.

We wish to thank the following individuals for their participation
in the review of this report: Cynthia M. Beall, Ph.D., Casc Western
Reserve University; William H. Danforth, M.D., Washington Univer-
sity; Mary J. Krctsch, Ph.D., RD, U.S. Dcpariment of Agriculturc;
George P. McCabe, Ph.D., Purduc University; Grace L. Ostenso,
Ph.D., Washington, D.C.; Eric B. Rimm, Sc.D., Harvard School of
Public Health; Christopher P. Scmpos. Ph.D., Statc University of
New York; Helen Smiciklas-Wright, Ph.D., RD, Pennsylvania State
University; Paul D. Stolley, M.D., MPH, University of Maryland at
Baltimorc; and Valcric Tarasuk, Ph.D., Universily of Toronto.

Although the individuals listed above provided many constructive
comments and suggceslions, responsibility for the final content of
this rcport rests solely with the authoring committee and the Insti-
tute of Mcdicine,

The DRI Commitice wishes 1o acknowledge, in particular, the
commitment and dedication shown by Suzannc P. Murphy, chair of
the Uses Subcommitice. Dr, Murphy’s expertise and dircction were
key o the resolution of controversial issucs and o the presentation
of technically complex information and its statistical basis in a clcar
and rcadily understandable manncr. Sincere thanks arc also extended
to George H. Beaton for his willingness Lo participaltc as a technical
consultant to the Uses Subcommitice. His provocative comments
and assislance provided an important impctus (o move the concep-
tual framework, while still in development and far from complete,
forward. Not all issucs have been resolved, but the foundation has
been initiated. We also extend special thanks 1o the staff of the
Food and Nutrition Board and cspccially 1o Mary Poos, study dircclor
for the Uscs Subcommittee, for her many contributions to the
synthesis of the report. We recognize the significant cfforts of the
Subcommitlce and the Food and Nutrition Board staff that were
rcquired o achicve the completion of this report. It is, of course,
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the Food and Nutrition Board staff who get much of the work com-
plcied, so on behalf of the DRI Commitice and the Board, we wish
to thank Allison Yatcs, Dircclor of the Food and Nutrition Board
and study dircctor for the DRI activity, for her continued oversight,
and also rccognize, with appreciation, the contributions of Michcle
Ramscy, Alice Vorosmarti, Karah Nazor, Sandra Schlicker, and Gail
Spcars. We wish also (o thank Carol Suilor for scientific and organi-
zational review, Judith Dickson for cditing the manuscript, and Mike
Edington and Claudia Carl for assistancc with its publication.

Vernon Young
Chair, Standing Commitlce on the Scientific
Evaluation of Diclary Reference Intakes

Cutberto Garza
Chazr, Food and Nultrition Board
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Summary

This report is onc of a serics designed to provide guidance on the
interpretation and uscs of chtary Reference Intakes (DRIs). The
term Dietary Reference Intakes is rclatively new o the ficld of nutrition
and refers o a sct of four nutrient-based reference values that can
be used for assessing and planning dicts and for many other pur-
poscs. Spccifically, this report provides guidance o nutrition and
hcalth professionals for applications of the DRIs in dictary assess-
ment of individuals and groups. It also demonstraies that these uscs
of the DRIs arc bascd on what is rcasonable from a statistical as well
as nutritional point of vicw. The report encourages nutritional cval-
uation from a quantitative perspective and in this regard follows the
1986 National Rescarch Council report on nutrient adequacy by pro-
viding the theorctical underpinnings of the various mecthods dis-
cusscd. The report emphasizes that dictlary asscssment of cither
groups or individuals must b¢ bascd on an cstimaie of usual (long-
tcrm) intake. In a departure from many of the more traditional
analyscs, the usc of standard deviations 1o cstimalc uncertainty is cm-
phasizcd. Tt is hoped that this usc of standard deviations of csti-
matcs of usual intake, nutricnt inadcquacy, nutrient requirements,
or any othcr paramcter of interest will become the norm in nutri-
tional analyscs.

Throughout this report the Subcommittee on Interpretation and
Uscs of Diclary Reference Intakes distinguishes between methods
of cvaluating the nutrient intakes of individuals (Chapter 3), and
mcthods for cvaluating the intakes of groups (Chapters 4-7), as
these are two very different applications. A subscquent report will

1



2 DIETARY REFERENCE INTAKES

address appropriate uscs of the DRIs for planning dicts of groups
and individuals.

THE CONCEPT OF DIETARY REFERENCE STANDARDS

In 1941, the Food and Nutrition Board first proposcd the Recom-
mended Dictary Allowance (RDA) for the U.S. population “to serve
as a goal for good nutrition and as a ‘yardstick’ by which 1o mcasurc
progress loward that goal...” (NRC, 1941, p. 1). Even today, the
many spccific uscs and applications of diclary reference standards
fall into the two gencral categorics defined implicitly in 1941: dict
asscssment and planning. Dict assessment applications involve deter-
mining the probable adequacy or inadequacy of obscrved intakes (a
yardstick by which 10 mcasurc progress). Dictl planning applications
involve using dictlary reference standards to develop recommenda-
tions for what food intakes should be (as a goal for good nutrition).
Obviously, these two genceral applications arc interrelated.

The first dictary standards in Canada were issucd by the Canadian
Council on Nutrition in 1938. At the time it was stated that the
standards were 1o be usced as the basis for cvaluating obscrved dicts.
In 1942, rather than revise the 1938 standards, the Canadian Council
on Nutrition reccommendcd that the 1941 RDAs be applicd in Canada.
However, by 1945 differences in the approach of the Canadian Daily
Recommended Nutrient Intakes (DRNIs) and U.S. standards had
bcecome cvident. The differences were conceptual and related 1o
the application of the standards to individuals versus application o
groups.

The most recent versions of the Canadian (now shortenced 1o Ree-
ommended Nutrient Intakes [RNIs]) (Health and Welfare Canada,
1990) and U.S. (NRC, 1989) standards did not diffcr in the described
derivations of the rccommended intakes but some differences
rcmaincd in how intended uscs were described.

WHAT ARE DIETARY REFERENCE INTAKES?

The new Diclary Reference Intakes (DRIs) differ from the former
Recommended Dictary Allowances (RDAs) and Rccommended
Nutricnt Intakes (RNIs) conceptually. These differences are that:
(1) where specific data on safctly and cfficacy cxist, reduction in the
risk of chronic degencraltive discasc is included in the formulation
of the reccommendation rather than just the absence of signs of
deficiency; (2) upper levels of intake arc cstablished where data
exist regarding risk of adverse health cffects; and (3) components
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of food that may not mcct the traditional concept of a nutricnt but
arc of possible hencfit o health will be reviewed, and if sufficient
data cxist, reference intakes will be established.

Where adcqualtce information is available, cach nutrient has a sct
of DRIs, A nutrient has cither an Estimated Average Requirement
(EAR) and an RDA, or an Adcqualc Intake (Al). When an EAR for
the nutricnt cannot be determined (and thercfore, ncither can the
RDA), then an Al is sct for the nutrient. In addition, many nutricnts
have a Tolerable Upper Intake Level (UL). A bricf definition of
cach of the DRIs is presented in Box S-1.

Like the former RDAs and RNIs, cach DRI refers 1o the average
daily nutricnt intake of apparently healthy individuals over time,
The amount of intake may vary substantially from day 1o day with-
out ill effect in most cascs.

The chosen criterion of nutritional adequacy or adverse cffect on
which the DRI is bascd is diffcrent for cach nutrient and is identi-
ficd in the DRI nutrient reports. In some cascs the criterion for a
nutricnt may differ for individuals at different life stages. In develop-
ing rccommendations, emphasis is placed on the reasons underlying
the particular criterion of adequacy usced 10 cstablish the require-
ment for cach nutrient. This requirement is typically presented as a
single number for various lifc stage and gender groups rather than
as multiple endpoints cven if the criterion of adequacy for the end-

Box 8-1 Dietary Reference Intakes

Estimated Average Requirement (EAR): the average daily nutrient intake level
estimated to meet the requirement of half the healthy individuals in a partic-
ular life stage and gender group.

Recommended Dietary Allowance (RDA): the average daily nutrient intake level
sufficient to meet the nutrient requirement of nearly all (97 to 98 percent)
healthy individuals in a particular life stage and gender group.

Adequate Intake (AD): a reccommendced average daily nutrient intake level based
on abscrved or cxperimentally determined approximations or cstimates of
nutricnt intake by a group (or groups) ol apparently healthy people that arc
assumed to be adequate—used when an RDA cannot be determined.

Tolerable Upper Intake Level (UL): the highest average daily nutrient intake
level likely to posc no risk ol adverse health cllects to almost all individuals
in the general population, As intake increascs above the UL, the potential
risk ol advcrse cllccts increascs.
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point differs. A morce dctailed discussion of the origin and framec-
work of the DRIs is presented in Appendix A, Recommended
intakes for the nutrients examined to date arc presented at the end
of this book,

The introduction of multiple dictlary reference intakes—the EAR,
RDA, AI, and UL—rcquires that applications for cach bc carcfully
developed and clearly explained. Box S-2 provides a bricf introduc-
tion to appropriatc uscs of the DRIs for asscssment, but it lacks the
detail nceded for their application (sce Chapters 3-7).

Various profcssionals applying the former RDAs and RNIs—nutri-
lion rescarchers, policy makers, nutrition educators, cpidemiologists,
and many others—may nced guidance in using and interpreting

Box 5-2 Uses of DRIs for Assessing Intakes of Individuals and Groups

For an Individual For a Group

EAR: usc to cxaming the EAR: usc to cstimate the prevalence
probability that usual intake ofl inadcquate intakes within a

is inadcquatc. group.

RDA: usual intake at or above RDA: do not use to assess intakes of
this level has a low probability groups.

of inadequacy.

Al: usual intake at or above this Al: mean usual intake at or above
level has a low probability of this level implies a low prevalence
inadequacy. of inadequale intakes.“

UL: usual intake above this level UL: use Lo estimale the percenlage
may placc an individual at risk of the population at potential risk
ol adverse clfects [rom excessive ol adverse cffects [rom excessive
nutricnt intake, nutricnt intake,

EAR = Estimated Average Requirement
RDA = Recommended Dietary Allowance
Al = Adequate Intake

UL = Tolerable Upper Intake Level

“When the Al for a nulrient is not based on mean intakes of healthy popu-
lations, this assessment is made with less confidence.
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the new DRI valuces. This report is aimed at meceting this nced as
well as providing the theorctical bacquound and statistical justifica-
tion for application of the DRIs in the arca of diclary asscssment.

USING DRIs TO ASSESS NUTRIENT INTAKES
OF INDIVIDUALS

It can be appropriatc 1o compare intakes of individuals with spe-
cific Dictary Reference Intakes (DRIs), even though diclary intake
data alonc cannot he used 1o ascertain an individual’s nutritional
status. Diclary asscssment is onc component of a nutritional status
asscssment, provided that accurate dictlary intake data arc collected,
the correct DRI is sclected for the assessment, and the results are
interpreted appropriaicly. Ideally, intake data are combined with
clinical, biochcmical, and anthropomectric informaltion (o provide a
valid asscssment of an individual’s nutritional status.

Using the LAR to Assess Individuals

Asscssing individual dicts for apparent nutrient adequacy addresses
the following question, Given an individual’s obscrved intakes on a
small number of days, is that individual’s usual nutrient intake adc-
quatc or not? G omparmg an individual’s intake o his or her require-
ment for a nutrient is difficult because: (1) a given individual’s actual
requirement is nol known; and (2) it is scldom possiblc o mcasurc an
individual’s long-lcrm usual intake of the nutricnt duc o day-lto-day
variation in intake and intake mcasurement crrors. Theorcetically,
the probability of inadequacy can be calculated for an individual’s
usual nutricnt intake using the EAR and standard deviation of
rcquirecment. However, since an individual’s usual intake is almost
ncver known, a statistical approach is suggestied in Chapter 3 and
Appendix B that allows an cvaluation of observed intake and an csti-
maltion of the confidence onc has that usual intake is above (or
bclow) an individual’s requirement, bascd on the observed intake.,
This approach is bascd on the following assumptions:

* The Estimated Average Requirement (EAR) is the best estimale
of an individual’s requircment.

* There is person-lo-person variation in the requirement. The
standard dcviation of the requirement is an indicator of how much
the individual’s requircment for a nutrient can deviate from the
mcdian requircment (EAR) in the population.

* Mcan obscrved intake of an individual is the best estimalte of an
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individual’s usual intake.

* There is day-lo-day variation in intake for an individual. The
within-person standard deviation of intakes is an indicator of how
much obscrved intake may deviate from usual intake,

Inferences about the adequacy of an individual’s dict can be madc
by looking at the diffecrence between observed intake and the median
rcquircment. If this diffcrence is large and positive, that is, if
obscrved intake is much greater than the median requirement, then
it is likely that an individual’s intake is adequatce. Converscly, if the
diffcrence is large and negative, that is, observed intake is much less
than the median requirement, then it is likely that an individual’s
intake is not adequate. In between there is considerable uncertainty
about the adcquacy of the individual’s intake.

For practical purposcs, many uscrs of the DRIs may find it uscful
to consider that obscrved intakes below the EAR very likely need 1o
be improved (because the probability of adequacy is 50 percent or
less), and thosc between the EAR and the Recommended Dictary
Allowance (RDA) probably nced 1o be improved (because the prob-
ability of adcquacy is less than 97 to 98 percent). Only if intakes
have been obscerved for a large number of days and arc at or above
the RDA, or obscrved intakes for fewer days arc well above the RDA,
should onc have a high level of confidence that the intake is ade-
quatc. Itis hoped that compulter software will be developed that will
dctermine these probabilitics (as described in Appendix B), thus
offcring morc objcctive aliernatives when individual intakes arc cval-
vatcd.

Using the Al to Assess Individuals

Some nutrients have an Adcquate Intake (Al) because the cvi-
dence was not sufficient 1o ¢stablish an FAR and thus an RDA for
thce nutricnt in qucstion. The approach described above for the
FEAR cannot be used for nutricnts that have an Al, However, a statis-
tically bascd hypothesis lesting procedure for comparing obscrved
intake to the AT may be usced. This is a simple ztest, which is con-
structed using the standard deviation of daily intake of the nutrient,

What conclusions can be drawn about the adecquacy of individual
intakes for nutricnts with Als? First, if an individual’s usual intake
cquals or cxceeds the Al it can be concluded that the dict is almost
certainly adequate. If, however, their intake falls below the Al no
quantitative (or qualitative) estimatc can be madce of the probability
of nutriecnt inadequacy. Professional judgment, bascd on additional
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types of information ahout the individual, should be exercised when
interpreting intakes below the Al

Using the UL to Assess Individuals

Asscssing individual dicts for risk of adverse cffects from excessive
intake addresses the question, Given an individual’s obscrved intake
on a small number of days, is that individual’s usual nutricnt intake
so high that it poscs a risk of adverse health cffects? The answer is
obtaincd by comparing usual intake to the Tolerable Upper Intake
Level (UL). A hypothesis test similar to the one proposcd above for
the AT can be used 1o decide whether usual intake is below the UL,
For somc nutrients, the intake o be considered is from supple-
ments, fortificants, and mcdications only, while for other nutrients
onc may nced 1o consider intake from food as well.,

The UL is sct at the highest level that is likely 1o posc no risk of
adversc health cffects for almost all individuals in the gencral popu-
lation, including scnsitive individuals; but it is not possiblc 1o know
who is most scnsitive. If usual intake exceeds the UL, it may posc a
risk for somc hcalthy individuals. The conscquences of nutrient
cxeess are much more scvere for some nutricnts than for others,
and for some nutricnts the conscquences may be irreversible.

The Bottom Line: Assessing Individual Diets

In all cascs the individual’s truc requirement and usual intake can
only be approximated. Thus, asscssment of dictary adequacy for an
individual is imprecisc and must be interpreied cautiously in com-
bination with other types of information about the individual.

USING DRIs TO ASSESS NUTRIENT INTAKES OF GROUPS

What proportion of the group has a usual intake of a nutrient that
is less than their requirement for the same nutrient? This is onc of
the most basic questions that can be asked about nutritional nceds
of a group, and is critically important from a public hcalth perspec-
tive. Clecarly, the implications arc different if 30 versus 3 percent of
individuals arc cstimated to be inadequate. Another basic question
is, What proportion of thc group has a usual intake of a nutrient so
high that it places them at risk of adverse health cffects?

The asscssment of intake of groups requires obtaining accuralce
data on intake, sclecling the appropriate Diclary Reference Intakes
(DRIs), adjusting intake distributions for within-person variability
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and survey-related cffects, and interpreting the results appropriatcly.
Asscssment of groups for the adequacy of intake also involves choos-
ing between two mcthods: (1) the probability approach or (2) the
Estimatcd Avcrage chuerInCI‘lL (EAR) cut-point mcthod. Both arc
presenied in detail in Chapter 4.

Individuals in a group vary both in the amounts of a nutrient they
consumc and in their requircments for the nutrient. If information
were available on both the usual intakes and the requirements of all
individuals in a group, dctermining the proportion of the group
with intakes less than their requirements would be straightforward.
Onc would simply obscrve how many individuals had inadcqualc
intakes. Unfortunatcly, collecling such data is impractical. There-
forc, rathcer than actually ohscrving prevalence of inadcquate
intakes in the group, it can only be approximated by using other
mcthods.

Using the EAR to Assess Groups

Regardless of the method chosen o actually cstimale the preva-
lence of inadcquacy, the EAR is the appropriatc DRI 1o usc when
asscssing the adequacy of group intakes. To demonstrate the pivotal
importance of the EAR in asscssing groups, the probability approach
and the EAR cut-point method arc described bricfly below.

The Probability Approach

The probability approach is a statistical mcthod that combincs
the distributions of requircments and intakes in the group to pro-
duce an cstimatc of the expected proportion of individuals at risk
for inadcquacy (NRC, 1986). For this mcthod to perform well, litde
or no corrclation should cxist between intakes and requirecments in
the group. The concept is simple: at very low intakes the risk of
inadequacy is high, whercas at very high intakes the risk of inade-
quacy is ncgligible. In fact, with information about the distribution
of requirements in the group (median, variance, and shapc), a valuc
for risk of inadcquacy can be atlached to cach intake level. Because
there is a range of usual intakes in a group, the prevalence of inad-
cquacy—thc average group risk—is cstimated as the weighted aver-
agc of the risks at cach possible intake level. Thus, the probability
approach combincs the two distributions: the requirecment distribu-
tion which provides the risk of inadequacy at cach intake level, and
the usual intake distribution which provides the intake levels for the
group and the frequency of cach.



SUMMARY 9

To compulc the risk Lo altach 1o cach intake level, one needs o
know thc EAR (the median) of the requirement distribution as well
as ils variancc and its shapc. Without an EAR, thc probability
approach cannot be used (o cstimalte the prevalence of inadequacy.

The EAR Cut-Point Method

With somc additional assumplions, a simplecr version of the prob-
ability approach can bc applicd with cssentially the same success.
The EAR cut-point mcthod can be used if no corrclation cxists
between intakes and requirements (as in the probabilily approach
abovc), if the distribution of requirements can be assumed (o be
symmectrical around the EAR, and if the variance of intakces is greater
than the variance of requirements. Table S-1 indicates whether these
conditions have been met for nutrients for which DRIs have been
dctermined at the time of publication.

The EAR cut-point mcthod is simpler because rather than csti-
mating the risk of inadcquacy for cach individual’s intake level, one
simply counts how many individuals in thc group of interest have
usual intakes that arc below the EAR. That proportion is the csti-
malc of the proportion of individuals in the group with inadcquate
intakes. (For a theorctical justification of this simplificd cut-point
mcthod, sce Chapter 4 or Appendixes G and D.)

Adjusting Intake Distributions

Regardless of the method chosen 1o assess prevalence of inade-
quatc nutrient intakes in a group of individuals, informaltion is
rcquircd about the distribution of usual intakes of the nutrient in
the group. The distribution of thosc usual intakes in the group is
referred o as the usual intake distribution or the adjusted intake distribu-
tion. Adjustments to the distribution of obscrved intakes are needed Lo
partially remove the day-lo-day variability in intakes (within-person
variation). Thc rcsulting cstimated usual intake distribution of a
dictary componcnt should then better reflect the individual-to-
individual variation of intakes of that component within the group.

Usual intake distributions can be cstimated by statistically adjust-
ing the distribution of intake of cach individual in the group. This
general approach was proposced by NRC (1986) and was further
developed by Nusser ct al. (1996). To adjust intake distributions, it
is nccessary 1o have at least two independent days of dictary intake
data for a representative subsample of individuals in the group (or
at lcast three days when data are collected over consccultive days).
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TABLE 8$-1 Summary of Diclary Reference Intakes (DRIs) for
Nutricnts and Assumptions Ncceessary 1o Apply the Estimated
Avcrage Requirement (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 +

2 RDA = Recommended Dictary Allowance; Al = Adequate Intake, cannot be used with
the cut-point method; UL = Tolerable Upper Intake Level.

# Due to little information on the variance of requirements, published DRIs have as-
sumed a coefficient of variation (CV) of 10 percent unless data for a specific nutrient
demonstrale a greater variability, Variance of intake, as calculated from the 1994-1996

If intake distributions are not properly adjusted both for within-
person variation and survey-related effects such as interview method
and interview sequence, the prevalence of nutrient inadequacy will
be incorrectly estimated no matter which of the methods discussed
earlier is chosen. If only one day of intake data is available for each
individual in the sample, it may still be possible to adjust the observed
intake distribution by using an estimate of within-person variation
in intakes estimated from other data sets.
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) for
ated
sing

Meels the Assumplions of the Cul-Point Method

Variance ol Intake and Cocllicient of
Intake is Requirement Variance of the
Greater than Requirement Independent Requirement
Variance of Distributions or Have Low Estimate?
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

Continuing Survey of Food Intake by Individuals, indicates that for all nutricnts intake
variance is well above the assumed requirement variance.

¢Data to determine the shape of requirement distributions are lacking for most nutrients;
therefore, symmeltry is assumed unless there are adequalte data indicaling otherwise.
dThe CV of the requirement eslimale is needed for the probability approach.

Using the RDA Is Inappropriate for Assessing Groups

The Recommended Diclary Allowance (RDA), by dcfinition, is
an intake level that exceeds the requirements of 97 to 98 percent of
all individuals when requirements in the group have a normal dis-
tribution. Thus, the RDA should not bc used as a cut-point for
asscssing nutrient intakes of groups becausc a scrious overcstima-
tion of the proportion of the group at risk of inadcquacy would
rcsult,
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Using the Mean Intake Is Inappropriate for Assessing Groups

Mean or median intake seldom, if ever, can be used to assess
nutrient adequacy of group diets. In the past, nutrient intake data
have frequently been evaluated by comparing mean intakes with
RDAs. In particular, studies that found mean intakes equal to or
exceeding the RDA often concluded that group diets were adequate
and conformed to recognized nutritional standards. However, this
is inappropriate because the prevalence of inadequacy depends on
the shape and variation of the usual intake distribution, not on
mean intake. Indeed, for most nutrients, group mean intake must
exceed the RDA for there to be an acceptably low prevalence of
inadequate intakes. Moreover, the greater the variability in usual
intake relative to the variability in requirement, the greater the
mean usual intake must be relative to the RDA to ensure that only a
small proportion of the group has inadequate intake. If group mean
intake equals the RDA, there will be a substantial proportion of the
group with usual intake less than requirement. Chapter 4 provides
more detail on issues related to comparing mean intakes to the
DRIs. Even stronger caution is needed when comparing group mean
intakes with the EAR. If mean intake equals the EAR, it is likely that
avery high proportion of the population will have inadequate usual
intake. In fact, roughly half of the population is expected to have
intakes less than their requirement (except for energy).

Using the Al to Assess Groups

When the Al represents the group mean intake of an apparently
healthy group (or groups) of people, similar groups with mean
intakes at or above the Al can be assumed to have a low prevalence
of inadequate intakes for the defined criteria of nutritional status.
For Als that were either experimentally derived or developed from
a combination of experimental and intake data, a similar assess-
ment can be made, but with less confidence. Each Al is described in
terms of its derivation and selected criterion of adequacy in the
individual nutrient panel reports (IOM, 1997, 1998b, 2000). When
mean intakes of groups are below the Al it is not possible to make
any assumptions about the extent of intake inadequacy. It is not
appropriate to try to estimate an EAR from an AL
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Using the UL to Assess Groups

The Tolerable Upper Intake Level (UL) is the appropriate DRI to
use to assess the risk of adverse health effects from excessive nutri-
ent intake. As intake increases above the UL, the potential for risk
of adverse health effects increases.

Depending on the nutrient, the UL assessment requires accurate
information on usual daily intake from all sources, or from supple-
ments, fortificants, and medications only. Usual intake distributions
will allow determination of the fraction of the population exceed-
ing the UL. This fraction may be at risk of adverse health effects.

Difficulties arise in attempts to quantify the risk (likelihood) of
adverse health effects in the general population from daily nutrient
intakes exceeding the UL. The use of uncertainty factors to arrive at
the UL reflects inaccuracies in reported nutrient intake data,
uncertainties in the dose-response data on adverse health effects,
extrapolation of data from animal experiments, severity of the
adverse effect, and variation in individual susceptibility. As more
accurate data from human studies become available, predicting the
magnitude of the risk associated with intakes exceeding the UL may
become possible. For now it is advisable to use the UL as a cutoff for
safe intake,

Applications in Group Assessment

The evaluation of dietary survey data merits special attention. This
includes three major components: describing the dietary survey
data, estimating the prevalence of inadequate or excessive intake,
and evaluating differences among subgroups in intake. These appli-
cations are discussed in Chapter 7 and summarized in Table $-2.

Bottom Line: Assessing Group Intakes

Dietary assessment at the group level typically involves comparing
usual nutrient intakes with nutrient requirements to assess the
prevalence of nutrient inadequacy. The preferred outcome mea-
sure used to assess the prevalence of inadequate nutrient intake is
the percentage of a group with usual intake less than the EAR. For
nutrients with an Al, the best that can be done is to look at mean
and median intake relative to the Al. However, when mean intakes
of groups are less than the Al, nothing can be inferred about the
prevalence of inadequacy. To estimate the proportion of the popu-
lation at risk of excessive intake, the outcome measure is the per-
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TABLE $-2 Applications: Evaluating Diclary Survcy Dala

Measures Nutrienis Jommen

What are the characteristics of the distribution of usual nutrient intake?

Mean usual nutrient intake All nutrients under consideration Mean nu

Median usual nutrient intake

Percentiles of usual nutrient intake
distribution

What proportion of the population has inadequate usual nuirient intake?

Percentage with usual intake less than  Vitamins: thiamin, riboflavin, niacin, This mes
the Estimated Average Requirement Bg, folale, By, C, and E inlake
(EAR) Elements: phosphorus, magnesium, This mc:

sclenium and ch

What proportion of the population is at potential risk of adverse effects?

Percentage with usual intake greater Vilamins; niacin, By, folate, choline, There cu
than the Tolcrable Upper Intake G, D, and E and bi
Level (UL) Elements: calcium, phosphorus, advers

magncesium, [luoride, sclenium

Are there differences in nutrient intakes and differences in nutrient adequacy for

different subgroups of the population?

Mecan usual nutrient intake lfor
subgroups

Median usual nutrient intake for
subgroups

Percentiles of the usual nutrient
intake distribution for subgroups

Percentage with usual intake less
than the EAR for subgroups

Percentage with usual intake
greater than the UL for subgroups

All nutricnts under consideration

Vitamins: thiamin, riboflavin, niacin,
B6, folate, 312’ C,and E

Elements: phosphorus, magnesium,
selenium

Vitamins: niacin, BB’ folate, choline,
C, D, and E

Elements: calcium, phosphorus,
magncsium, [luoride, sclenium

Gonduct
adjustc
Regressic
adequ:

Statistica
subgro
This mes:
intake
This mc:
acid, b

Statistica
subgro
This me:
(thiam
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|
Commenls
n Mean nutrient intake should not be used to assess nutrient adequacy
acin, This measure is not appropriate for food energy, given the correlation between
intake and requirement
1m, This measure is not appropriate for calcium, vitamin D, pantothenic acid, biotin,
and choline, since they currently do not have an EAR
line, There currently is no UL for thiamin, riboflavin, vitamin By, pantothenic acid,
and biotin, thus no conclusion can he drawn regarding potential risk of
adverse cllcets.
n
r
I Conduct multiple regression analyses ol nutrient intakes; compare regression-
adjusted mean intake for the different subgroups
Regression-adjusted mean nutrient intake should not be used to assess nutrient
adequacy
acin, Statistical tests of significance can be used to determince il the dillferences across
subgroups in percentages less than the EAR are statistically significant
am, This measure is not appropriate for food energy, given the correlation between
intake and requirement
This measure is not appropriate for calcium, vitamin D, fluoride, pantothenic
acid, biotin, and choline, since they currently do not have an EAR
line, Statistical tests of significance can be used to determine if the differences across
subgroups in percentages greater than the UL are statistically significant
This measure is nol appropriale for nutrients for which a UL has not been sel
hiamin, ribofllavin, vitami 5, pantothenic acid, : ioti
n (thiamin, ribollavin, vitamin By, pant thenic acid, and biotin)
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centage of the population or group with usual intakes cxceeding
the UL,

MINIMIZING POTENTIAL ERRORS IN ASSESSING INTAKES

Uscrs of the Dictary Reference Intakes (DRIs) have many oppor-
tunitics lo incrcasc the accuracy of dictlary assessments by ensuring
that the dictary data arc complcle, portions arc corrcctly specified,
and food composition data arc accuralc, and by sclecling appropri-
ate mcthodologics and plans for sampling group intakes.

When assessing the dictary adequacy of populations, having accu-
ralc information on the distribution of usual (habitual) intakes
bascd on accuratc and quantitative food intake information for cach
individual is nccessary. Thus, the use of semi-quantitative food-
frequency questionnaires is scldom appropriale for asscssing the
adcquacy of dictary intake of groups.

Physiological mcasurcs arc helpful when assessing the dictlary status
of individuals or of groups of pcople. They can be used 1o supple-
ment or confirm ¢stimatces of inadcquacy based on diclary data.

Despite the occurrence of unavoidable crrors, it is worthwhilce o
comparc high-quality intake data with accurate rcquircmcnt data
for asscssing intakes. AL a minimum, such a comparison identifics
nutricnts likely to be cither under- or overconsumed by the individ-
val or the group of intcrest.

RECOMMENDATIONS FOR RESEARCH TO ENHANCE
USE OF THE DRIs

In scveral parts of this report, only somce very gcncral guidclincs
for applying the Diclary Reference Intakes (DRIs) in dictlary asscss-
ment arc provided. It became clear during development of the
report that much rescarch is still nceded in this arca. By highlight-
ing these arcas, it is hoped that there will be a greater chance that
rcscarch on these topics will be undertaken,

The topics given below are not necessarily in order of priority.
Incrcascd knowledge in any of the arcas listed would be bencficial
in cnhancing usc of the DRIs for dictary asscssment.

Research to Improve Lstimates of Nutrient Requirements

Even for nutrients for which an Estimated Average Requirement
(EAR) is available, the EARs and Recommended Dictary Allowances
(RDAs) arc often based on just a fcw experiments with very small
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samplc sizcs. For nutrients with an Adcquate Intake (Al) for age
groups older than infants, new rescarch and data that allow replace-
mcent of the Als with EARs and RDAs will greatly aid the assessment
of nutrient adequacy. In addition, information on the distribution
of requirements is neceded so that the appropriate method for asscss-
ing the prevalence of inadcquacy for groups can be delermined
(EAR cut-point mcthod vs. full probability approach).

Rescarch should be undertaken to allow Tolerable Upper Intake
Levels (ULs) to be sct for all nutrients and to gencrate information
on ways 1o identify and conceptualize the risk of exceeding the UL,

Research to Improve the Quality of Dietary Intake Data

The cstimation and amclioration of bias (such as undcr- or over-
rcporling of food intake) is a relatively unexplored ficld. Efforts in
the management of bias during data analysis arc very preliminary
and far from satisfactory at present. This is scen as a high priority
arca wailing for ncw initiatives and innovative approaches.

Advances in behavioral rescarch o determine why people under-
rcport food intake would allow development of improved dictary
data collection tools that would not trigger this behavior, Such infor-
mation would also hclp in the derivation of statistical Lools Lo cor-
rccl the bias associaled with this phenomenon.

Betler ways o quantify the intake of supplements arc needed. A
large proportion of the population in the United States and Canada
consumcs dictary supplements, Using intakes only from food sources
in dictlary asscssment is certain 1o result in a faulty estimate of nutri-
enl inadequacy, as well as inaccurate cstimaites of the percentage of
the population with intakes above the UL,

Food composition dalabascs will nced to be updated to include
the forms and units that arc specificd by the DRIs. Chemical meth-
odology 1o facilitatc analysis of various forms of certain nutrients
(c.g., a-locophcrol vs. y-locopherol) may be required for compari-
son 1o the DRIs,

Research to Improve Statistical Methods for
Using DRIs to Assess Intakes of Groups

Mcthods for developing standard crrors for prevalence estimates
should be investigated. Some sources of variance (primarily associ-
ated with intake data) can currently be quantificd but many (such
as thosc associated with requirement estimates) cannot. Without a
standard crror cslimatc, it is not possible o0 dcierming if an csti-
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malcd prevalence of X percent is significantly different from zero
or if prevalence cstimates for two groups of individuals differ signif-
icantly from cach othcr or from zcro,

Additional rescarch is nceded for applications that asscss the
nutricnt intakes of different subgroups of the population. In partic-
ular, further rescarch is needed o apply the methods included in
this report 1o cstimate differences in the prevalence of inadequacy
between subgroups afier controlling for other factors that affect
nulricnt intake,

Ways 1o asscss the performance of mcthods o cstimaie preva-
lence of inadequacy should be investigated. A detailed investigation
of the cffect of violatling assumptions for the EAR cut-point method
discusscd in this report is a high rescarch priority, This would best
be done using well-designed, well-planned, and well-implemented
simulation studics. Results of such studics would permit identifica-
tion of rccommendations as to the bhest approach to be used in
asscssments for cach nutrient and would provide an cstimatc of the
cxpecled bias in prevalence estimates when the conditions for appli-
cation of the¢ cut-point mcthod arc not idcal.
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Historical Perspective
and Background

Part I presents an overview of the report and information on the
cvolution of dictary reference standards.

Chapter 1 oudines the purpose of this report and provides an
introduction to Dictary Reference Intakes (DRIs), a sct of four
nutricnt-bascd reference values, cach of which has special uscs.

A discussion of the concept of using dictary reference standards
along with the identification of their past uses (specifically the
former Recommended Dictary Allowances [RDAs] and Recom-
mended Nutrient Intakes [RNIs]) is detailed in Chapter 2,






Introduction and Background

The purposc of this repori—onc of a scrics resulling from a com-
prchensive effort initiated by the Institute of Medicine’s Food and
Nutrition Board to ¢xpand the approach (o the development of
diclary rcference standards—is (o assist nutrition and hcalth
rcscarchers and other professional users of dictary reference stan-
dards in thc transition from using thc former Recommended
Diclary Allowances (RDAs) and Canadian Recommended Nutrient
Intakes (RNIs) 1o using all of the new Dictary Reference Intakes
(DRIs) approprialcly (a detailed discussion of the origin and frame-
work for devclopment of the DRIs is presented in Appendix A).
This rcport reviews the scientific litcrature regarding the uscs of
dictary rcference standards and their applications, and provides
guidancc on the application of DRIs to asscss the nutrient intakes
of groups and individuals. Application of DRIs in planning dicts of
groups and individuals will be presented in a subscquent report.

PURPOSE OF THE REPORT

This report focuses on application of the DRIs in dietary assessment
and is mcant as both a “how 10” manual and a “why” manual. In this
light, spccific examples of both appropriatle and inapproprialc uscs
of the DRIs in asscssing the nutrient adequacy of intakes for groups
and for individuals arc included. The statistical background that
justifics the usce of DRIs as described in this report is also included.
The detailed statistical approachces for the methods described here
have been grouped into appendixes; the text in the main body of

21
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the report is precise, but should not require extensive background
in statistics 1o be uscful.

An important considcration in the application of the DRIs in both
asscssment and planning is that a nutricnt requircment is defined
as the lowest continuing intake level of a nutrient that will maintain
a defined level of nutriture in an individual. The criterion of nutri-
tional adequacy on which requirecments arc basced differs among
nutricnts, and may also differ for a given nutrient depending on
the life stage of individuals. The critcrion used, the rationale for its
sclection, and any functional indicators arc described in depth in
cach of the nutrient reports in this scrics (TOM, 1997, 1998b, 2000).
The criterion or crileria chosen for a specific nutrient is for the
hcalthy U.S. and Canadian populations and may not be the most
approprialc critcrion for other populations. This has important
implications for thosc using thc DRIs in asscssment or planning.
For examplc, agreement between assessment of dictary intake and
asscssment of nutritional status cannot he expecled if the criterion
uscd o determine the requirement and the criterion used in clini-
cal and biochemical examination for other purposcs arc not the
samec,

For thc DRIs published at the time this report went o press, the
rcquircment for cach nutrient is presented as a single reference
intake (amount) for various lifc stage and gender groups rather
than as multiple endpoints. This approach diffcrs from that of the
joint World Hcalth Organization and Food and Agriculturc Organi-
zation Expert Consultation on rcquirements of vitamin A, iron,
folaic, and vitamin B, (FAO/WHO, 1988), which rccommended
both a basal requirement (the amount of nutrient needed to pre-
vent clinically detectable impairment of function) and a normative
storagc requircment (the amount of nutrient needed o maintain a
desirable level in tissucs). The single endpoints cstablished for DRIs
currcntly available arc more in keeping with a normaltive storage
rcquircment than a basal requircment.

WHAT ARE DRIs?

Dictary Reference Intakes (DRIs) are relatively new o the ficld of
nutrition. The DRIs arc a sct of at lcast four nutricnt-based refer-
cnce values that can he used for planning and asscssing dicts and
for many other purposcs. They are meant 1o replace the former
Recommended Diclary Allowances (RDAs) in the United States and
Recommended Nutrient Intakes (RNIs) in Canada. The DRIs differ
from thc former RDAs and RNIs in that (1) where specific data on
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safcly and cfficacy cxist, reduction in the risk of chronic degencra-
tive discasc—rathcer than just the absence of signs of deficiency—is
included in the formulation of the recommendation; (2) where data
arc adcqualc, upper levels of intake are cstablished o prevent risk
of adverse cffccts; and (3) components of food that may not fit the
traditional concept of an essential nutrient but arc of possible bene-
fit to hcalth will be reviewed and if sufficient data cxist, reference
intakes will be cstablished.

Where adcquate information is available, cach nutrient will have
a sct of DRIs. A nutrient will have cither an Estimated Average
Requirement (EAR) and RDA, or an Adcquatc Intake (Al). When
an EAR for thc nutrient cannot be determined (and thercfore,
ncither can the RDA), then an Al is provided for the nutrient. In
addition, most nutricnts will have a Tolcrable Upper Intake Level
(UL). Like the former RDAs and RNIs, cach type of DRI refers o
the average daily nutrient intake of apparcently healthy individuals
over lime, although the amount may vary substantially from day (o
day without ill cffect in most cascs.

In developing recommended intakes, ecmphasis is placed on the
rcasons undcrlying the particular criterion of adequacy used (o
cstablish the requirement for cach nutrient. A table of the recom-
mcended daily intakes developed using the DRI process, at the time
this report was printed, can be found at the end of this book.

The EAR

The EAR! is the median usual intake value that is cstimated (o
mccl the requirement of half the healthy individuals in a lifc stage
and gcndcr group. Al this level of intake, the other half of the
individuals in the specificd group would not have their needs met.
The EAR is bascd on a specific criterion of adequacy, derived from
a carcful review of the literature. Reduction of discasc risk is consid-
cred along with many other health paramcters in the sclection of
that critcrion, The EAR is usced 1o calculate the RDA,

11t is recognized thal the definition of the EAR implies a median as opposed (o
a mean or average. The median and average would be the same if the distribution
of requircments [ollowed a symmetrical distribution such as the normal, and would
diverge as a distribution became skewed. Two considerations prompted the choice
of the term EAR: (1) data are rarely adequate to determine the distribution of
requirements, and (2) precedent has been set by other countries that have used

the term EAR for reference values similarly derived (COMA, 1991).
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The RDA

The RDA is the average daily dietary intake level that is sufficient
to meet the nutrient requirement of nearly all healthy individuals
in a particular life stage and gender group. If the distribution of
requirements in the group is assumed to be normal, then the RDA
is the value that exceeds the requirements of 97 to 98 percent of the
individuals in the group (Figure 1-1). Under the assumption of nor-
mality, the RDA can be computed from the EAR and the standard
deviation of requirements (SDREQ) as follows:

RDA = EAR + 2 SDypo

If the distribution of requirements is normal, 97 to 98 percent of
the individuals in the group will have a requirement that is below
the RDA. The RDA is intended for use primarily as a goal for usual
intake of individuals. Because the RDA is derived directly from the
EAR, if data are insufficient to establish an EAR, no RDA can be set.
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FIGURE 1-1 Dietary reference intakes. This figure shows that the Estimated Aver-
age Requirement (EAR) is the intake at which the risk of inadequacy is 0.5 (50
percent) Lo an individual. The Recommended Dietary Allowance (RDA) is the
intake at which the risk of inadequacy is very small—only 0.02 o 0.03 (2 o 3
pereent), The Adequate Intake (AT) docs not bear a consistent rclationship to the
EAR or the RDA because it is sct without being able to cstimate the requirement,
At intakes between the RDA and the Tolerable Upper Intake Level (UL), the risks
of inadequacy and of excess are hoth close to (). At intakes above the UL, the risk of
adverse effects increases.
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The AT

If sufficient scientific evidence is not available to establish an EAR
and set an RDA, an Al is derived instead. The Al is based on experi-
mentally derived intake levels or approximations of observed mean
nutrient intakes by a group (or groups) of apparently healthy
people who are maintaining a defined nutritional state or criterion
of adequacy. Examples of defined nutritional states include normal
growth, maintenance of normal levels of nutrients in plasma, and
other aspects of nutritional well-being or general health.

The Al would not be consistently related to the EAR and its RDA
even if they could be established. For example, for young infants,
the Al is usually based on the daily mean nutrient intake supplied
by human milk for healthy, full-term infants who are exclusively fed
human milk. For adults, the Al may be based on data from a single
experiment (e.g., the Al for choline [IOM, 1998b]), based on esti-
mated dietary intakes in apparently healthy population groups (e.g.,
the Als for biotin and pantothenic acid [IOM, 1998b]), or result
from a review of data from different approaches (e.g., the Al for
calcium, based on calcium retention, factorial estimates of require-
ments, and limited data on bone mineral density and bone mineral
content changes in adult women [IOM, 19971). The Al is expected
to exceed the EAR and the RDA for a specified criterion of nutri-
tional adequacy. When an RDA is not available for a nutrient (since
there is no EAR), the Al can be used as the goal for an individual’s
intake. However, as is explained later in this report, the Al has
limited uses in assessment.

The issuance of an Al indicates that more research is needed to
determine, with some degree of confidence, the mean and distribu-
tion of requirements for that specific nutrient. When this research
is completed, it should be possible to replace estimates of Als with
EARs and RDAs,

The UL

The UL is the highest level of continuing daily nutrient intake
that is likely to pose no risk of adverse health effects in almost all
individuals in the specified life stage group (Figure 1-1). As intake
increases above the UL, the potential risk of adverse effects increases.
The term tolerable intake was chosen to avoid implying a possible
beneficial effect. Instead, the term is intended to connote a level of
intake with a high probability of being tolerated biologically. The

UL is not intended to be a recommended level of intake. Unless
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specifically identified in the nutrient reports (c.g., for folale in the
prevention of ncural wibe defects [TOM, 1998b]), there is no currently
cstablished bencfit 1o healthy individuals associated with ingestion
of nutricnts in amounts cxceeding the RDA or Al

The UL is based on an cvaluation conducted using the methodology
for risk asscssment of the adverse cffects of nutrients (IOM, 1998a).
The need 1o cstablish ULs grew out of the incrcasingly common
praclice of fortification of foods with nutrients and the incrcased
usc of diclary supplements. For somce nutrients, data may not be
sufficient for developing a UL. This indicates the need for caution
in consuming high intakes and should not be interpreted as mean-
ing that high intakes posc no risk of adversc cffects.

General Properties of DRIs

Unless otherwise stated, all valucs given for EARs, RDAs, Als, and
ULs represent the total quantity of the nutrient or food component
to be supplicd by foods (including nutrients added to foods) and by
nutricnts ingested as supplements. These values are also bascd on
usual or continuing intakes. The DRIs apply (o the apparently
hcalthy population. RDAs and Als arc not expccied to replete indi-
viduals who arc alrcady malnourished, nor arc they intended to be
adcquatc for thosc who may have incrcased requirements because
of certain discasc stalcs. Appropriale goals for intake should be
provided to thosc with greatly incrcascd nutrient requircments,
Although the RDA or Al may scrve as the basis for such guidance,
qualificd medical and nutrition personncl should make nccessary
adaptations for spccific situations,

Comparison of the AI with the RDA

In general, both values arc intended 1o cover the needs of ncarly
all members of a life stage group. For both RDAs and Als, valucs for
children and adolescents may be extrapolated from adult valucs if
no other usable data arce available. However, there is much less cer-
lainty about an Al valuc in comparison to an RDA valuc.

The RDA is bascd on specific knowledge of the requirement and
assumptions aboult its distribution and is sct to mccet the require-
ments of almost all (97 to 98 percent) of the population, In con-
trast, the Al is an cxperimentally derived or observed mean intake
that appcars o maintain a spccific critcrion of adequacy in a group
of apparcntly hcalthy pcople. Thercfore, by dcfinition, the RDA
incorporatcs only the cstimated variability in requirements, where-
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as the Al if bascd on obscrved mcan intakes, incorporaltes the vari-
ability of both rcquircments and intake. The Al represents an
informed judgment about what scems o be an adequalce intake for
an individual bascd on available information, whercas the RDA is a
morc data-bascd and statistically rclevant cstimate of the required
level of intake for almost all individuals, For this rcason, Als must
be used more carcfully than RDAs.

Criteria of Adequacy

In the derivation of the EAR or Al, closc atiention has been paid
to determining the most appropriate criteria of adequacy. A key
question is, Adequatce for what? In many cascs a continuum of bene-
fits may bc ascribed (o various levels of intake of the same nutrient.
Each EAR and Al is described in terms of the sclectled criterion or,
in somc cascs, critcria. For example, the EAR, and thus the RDA,
for folatc for women of childbearing age is based on a combination
of biochcemical indicators or critcria. A scparale rccommendation is
madc for women capable of becoming pregnant to reduce the risk
of a ncural tube dcfect in the offspring if pregnancy occurs. There
arc many possible and cqually legitimale criteria of adcquacy. The
criteria arc discussed in cach nutrient report as part of the rationale
for the DRIs developed (IOM, 1997, 1998b, 2000).

Uncertainty in Requirement LEstimations

The task of sciling both median requirecments (EARs) and UlLs
for apparcntly healthy persons of all ages and both genders in vari-
ous physiological statcs is ambitious. Idcally, data from the larget
population on intakes at various levels and the functional cffccts of
these intakes would be available. In reality the information basc is
ofien limited, and its rcliability varics from nutrient (o nutrient,
These limitations arce discussed in detail in cach of the nutrient
rcports (IOM, 1997, 1998b, 2000). Uscrs of these reports should
rccognize that the DRIs arc cstimalces basced on available data, and
that cven when an EAR, RDA, and a UL for a nutrient arc provided
for a lifc stage and gendcer group, there is considerable uncertainty
aboul these valucs, The DRIs will continuce 1o evolve as betier infor-
mation becomes available. When interpreting the results of asscss-
mcents of individuals or groups, il is approprialc lo consider possi-
blc limitations in the information basc that was uscd Lo gencrate
the relevant DRI, -
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ORGANIZATION OF THE REPORT

This report is organized to take the user step-by-step through
methodology for using the Dietary Reference Intakes (DRIs) to
assess the adequacy of nutrient intakes. An overview of the concept
of using dietary reference standards along with the identification of
their past uses (specifically the former Recommended Dietary Allow-
ances [RDAs] and Recommended Nutrient Intakes [RNIs]) is pre-
sented in Chapter 2.

Chapter 3 describes how DRIs can be used for assessing the appar-
ent nutrient adequacy of individuals, and includes a discussion of
obtaining and interpreting information on individual intakes and
the effect of the large within-person variation. Examples of specific
applications are also provided.

Chapter 4 provides the statistical basis for the use of the Estimated
Average Requirement (EAR) in assessing nutrient adequacy of
groups. The chapter begins with a basic discussion of the concept
of assessing the prevalence of inadequate nutrient intakes and then
develops the statistical approaches for estimating this prevalence.
Assumptions required for the use of the statistical models are dis-
cussed, as is the need for adjusting intake distributions.

In Chapter 5, the focus is on group-level assessment of nutrient
adequacy using the Adequate Intake (AI). Chapter 6 provides guid-
ance on the extent to which the Tolerable Upper Intake Level (UL)
can be used to estimate the prevalence of potential risk for adverse
effects in groups.

Specific guidance with examples on appropriate applications of
the DRIs for group assessment purposes is provided in Chapter 7—
the methodological approaches described in Chapters 4, 5, and 6
are applied to some of the specific uses of dietary reference stan-
dards reported in Chapter 2. Three specific applications are pre-
sented and discussed.

A brief description of limitations in the measurement of intakes
and requirements, and the importance of accurate sampling tech-
niques are highlighted in Chapter 8. Chapter 9 provides recom-
mendations for research needed to improve and refine nutrient
assessments.
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Current Uses of
Dietary Reference Standards

This chapter begins with a bricf discussion of the history of dictary
rccommendations for nutricnts in the United Siates and Canada.
This discussion includes a conceptual framework that both describes
lwo main gcncral uscs of the dictary reference standards and is the
basis for organizing the remainder of this report. The next scction
calalogucs the current uscs of dictary reference standards on the
basis of information provided by the U.S. and Canadian federal
agencics involved in health and nutrition policy.

CHANGES OVER TIME

Since the publication of the first Recommendced Diclary Allow-
ancces (RDAs) for the United States in 1941 and Daily Recommended
Nutricnt Intakes (DRNIs) for Canada in 1938 (now shortcned o
RNIs), applications of quantitative recommended intakes have
cxpandced hoth in scopce and diversily. Uses range from their origi-
nal objcclive 1o scrve as a goal for good nutrition to such diverse
uscs as food planning and procurement, design and cvaluation of food
assistancc programs, development of nutrition cducation maitcrials,
food labcling, food fortification, and dictlary rcscarch.

Primary Applications

In 1941, the Food and Nutrition Board first proposcd the RDAs
“lo scrve as a goal for good nutrition and as a “yardstick’ by which to
mcasurc progress loward that goal...” (NRC, 1941, p. 1). Even today,

29
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many of the specific uses and applications of diclary rcference
standards fall into the two gencral categorics defined implicitly in
1941—dict planmng and dict asscssment. Dict planning applica-
lions involve using dictary reference standards to develop recom-
mcendations for what intakes should be (i.c., as a goal for good
nutrition). Dict asscssment applications involvc dciermining the
probable adequacy or inadcquacy of obscrved intakes (i.c., a yard-
stick by which 1o mcasurc progress). These two gencral applications
of diclary reference standards arc interrclated.

The first Canadian dictlary standards—DRNIs—wecrc issucd by the
Canadian Council on Nutrition (1938) and stated that the stan-
dards wcere 10 be used as the basis for cvaluation of obscrved dicts. Tt
was not clcar whether group dicts (group mcan intakes) or individ-
ual dicts were intended.

The 1990 version of the RNIs and 1989 RDAs did not differ in the
described dcerivations of the recommended intakes bult differences
rcmain about how intended uscs arc described, resulting in some
confusion for the uscrs of both reports. The joint U.S. and Canadian
development of the new Dictary Reference Intakes (DRIs) should
rcsolve this confusion.

Conceptual Framework

Figurc 2-1 illustratcs a conceptual framework adapted from onc
first developed by Beaton (1994) which can be applicd (o the uscs
of dictary reference standards. As shown in this figure, knowledge
about distributions of requirements and intakes feeds into the two
genceral applications of dict planning and asscssment. Within cach
of these gencral calegorics, the applications differ according 10
whcther they arce for an individual or for population groups.

The simplicity of this conceptual framcwork belics the complexity
in using and interpreting DRIs to plan and asscss dicts. In the past,
both planning and asscssment applications rclicd primarily on the
formcr RDAs or RNIs because these were the only quantitative
nutricnt reference standards widcely available. The concepts under-
lying the former RDAs ofien were not well understood and thus
somc applications of thc former RDAs for both asscssment and plan-
ning were not appropriate (IOM, 1994). For the three newly intro-
duced dictlary reference intakes—the Estimated Average Require-
ment (EAR), Adcquate Intake (Al), and Tolcrable Upper Intake
Level (UL )—guidancc is nceded (o differentiate which should be
uscd in various applications in dict asscssment and planning. As
discusscd in the next scction, the wide range of uscs for dictary
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FIGURE 2-1 Conceptual framework—uses of dietary standards. *Food plus sup-
plements.
SOURCE: Adapted from Beaton (1994).

rcference standards represents both the importance of developing
scientifically bascd standards and the nced 1o assist the uscr in
undcrstanding fully how cach DRI should be used and interpreted.

USES OF THE FORMER RDAs AND RNIs

Uscers of diclary reference standards include those who plan meals
for individuals and groups; individual consumers who decide what
foods 1o cat and how much; the food industry which produccs, vol-
untarily fortifics, and markcts foods; federal, state, and local govern-
ment agencics that design, operate, and cvaluate food and nutrition
assistancc programs; scicntific and regulatory bodics thal formulate
standards and rcgulations 1o cnsurc markcted foods arc safe and
appropriatcly advertised; and nutrition and hcalth profcssionals
who cducale, counscl, cvaluaie, and monitor public health.

Tablc 2-1 and the following text includes the major applications
for which the¢ Recommended Dictary Allowances (RDAs) and Rec-
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TABLE 2-1 Rcported Usces of Dictary Reference Standards®

Assessment (A)

General Use ol Dictary Reference Standards or Planning (P) Specilic
Evaluation of Dietary Data

Assess nutrient intake of individuals A Compare
(RDA)
Asscss nutricnt intakes of groups A Compare
popul:
Compare
or RN]
consid
Compare
pereer
beclow
Monitor
populs

Nutrition Education and Guides for Food Selection
Evaluatc an individual’s dict as a basis [or reccommending A Comparc
specific changes in food patterns and nutrient needs identif
inadeq
Evaluate nutrient intakes of groups as a hasis for nutrition A Compare
cducation scssions slanda
reducc
contril
Provide guidance Lo individuals and groups on how Lo P Counsel
obtain a nutritious dict nutriti
Develop food guides and dictary guidclines r Usc in d
Guidel
Guide

foods |
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nent (A)
ning (P)

Specific Identificd Uses of Dictary Relerence Standards

Compare an individual’s nutrient intake with Recommended Dietary Allowances
(RDA) or Recommended Nutrient Tntakes (RNT)

Compare nutrient intakes with RDA or RNI to cstimate the percentage of the
population at risk ol inadequate intake based on percent of RDA or RNI

Compare nutrient intakes—mean, median, and distributions of intake—with RDA
or RNI for population subgroups to determine the size and type of populations
considered Lo be al risk of inadequale intake

Comparce nutrient intakes with RDA or RNI 1o asscss variations over time in the
percentage of the population at risk of inadequate intake bascd on prevalence
beclow RDA or RNI

Monitor the potential of the food supply to meet the nutritional needs of the
population, examine trends, and evaluate changes over time in diets

Comparc an individual’s nutrient intake with dictary reference standards and
identify changes in food consumption patterns that might reduce the risk of
inadequate intake

Comparce nutrient intakes of population subgroups with dictary reference
standards and identily changes in [ood consumption patterns that might
reduce the risk of inadequate intake; identily foods that arc important
contributors of nutrients

Counsel individuals and educate groups on selecling foods Lo meel required
nutritional standards

Usc in developing and revising the U.S. Department of Agriculture’s Dictary
Guidelines for Americans and the Food Guide Pyramid, and Canada’s Food
Guide to Healthy Eating, which provide information on types and amounts of
foods thal meel nutritional requirements

continued
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TABLE 2-1 Conltinucd

Assessment (A)

General Use ol Dictary Reference Standards or Planning (P) Specilic
Food and Nutrition Assistance Programs
Develop plans for feeding groups o meel nutritional P Use diel:
standards and [or food budgcting and purchasing four o
Plan,
and lil
(4) the
other !
Design
slanda
Progra
Scrvie
Develop food packages for program benefits AP Use as a
the Sp
(WIC)
Comm
Evaluate meals and foods offered by programs A Compare
progra
Design [ood and nutrition assistance programs A Compare
dictary
interve
Evaluate the dietary effects of food and nutrition A Compare
assislance programs dietary
and cs
inadeq
Determine eligibility for the Special Supplemental A Compare
Nutrition Program for Women, Infants, and whethe
Children (WIC)
Military Food and Nuirition Planning and Policy
Nutrition research A Determis
condit
Compare
of the
Food procurcment and mcal planning r Usc dict:

use of
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nent (A)
ning (P)

Specific Identificd Uses of Dictary Relerence Standards

Use dielary reference standards and typical food-purchasing patterns Lo define
four ollicial U.8. Department of Agriculture food plans: (1) the Thrifty Food
Plan, uscd as the basis for the Food Stamp Program; (2) and (3) the moderate
and liberal [ood plans, uscd as the basis [or military [ood allowances; and
(4) the low-cost food plan, used for financial planning in bankruptcy and
other similar court cases

Design meal patlerns that provide a specified percentage of the dielary reference
standards lor the National School Lunch Program, the School Breakfast
Program, the Child and Adult Carce Feeding Program, and the Summer Food
Scrvice Program

Use as a basis for evaluating and modifying nutrient content of food packages for
the Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC), the Food Distribution Program on Indian Rescrvations, and the
Commodity Supplemental Food Program

Compare nutrients offered at meals—means, medians, and distributions—with
program regulations

Compare nutrient intakes—mecan, median, and distributions ol intake—with
dictary rcelerence standards to identify population subgroups lor possible
intervention with [ood assistance, [ortification, and cducation

Compare nutrient intakes—mean, median, and distributions of intake—with
dietary reference standards, by program participation; estimale program effects
and estimate the percentage, by program participation status, at risk ol
inadequate intake

Compare individual nutrient intake with dietary reference standards to assess
whether an individual is at nutritional risk on the basis of an inadequate diet

Determine whether dietary reference standards need to be adjusted for field
conditions (peacetime, peacetime overseas, conflict, war)

Compare nutrient intakes with dietary reference standards o evaluate the ability
of the military meal planning to mcct nutritional standards

Usc dictary reference standards as a basis [or planning mecals [or the military and
use of fortified foods, supplements, special food products

continued
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TABLE 2-1 Conltinucd

Assessment (A)
General Use ol Dictary Reference Standards or Planning (P) Specilic

Military rations and deployment policies P Use diet:
Determis
condit

Nutrition cducation P Develop
to mcc

Institutional Dietary Assessment and Planning AP Use diet:
planni
and m

Assessment of Disease Risk A Usc cpid
status

Food Labels and Nuiritional Marketing P Use diel:
relered

Usc dict:

conter

Clinical Dietetics

Develop therapeutic dict manual P Usc dict:
groups

Counsel patients requiring modified diets and plan P Use diet:
modified diets indivic
Asscss paticnt intakes to determine if nutritional A Usc dict:
supplementation is nceded intake
Food Fortification and Development of New or Modified AP Compare
Food Products standa
forlitic

Usc by ir

Food Safety Considerations A Comparc
and ty]

identif

food a

2 This table is based on a survey of [ederal agencies in the United States and Canada and other users conducted in 19€
appropriatcncss.
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nent (A)
ning (P)

Specific Identificd Uses of Dictary Relerence Standards

Use dietary reference standards to set military rations
Determine military rations based on adjusted dietary reference standards for field
conditions—Nulritional Standards for Operational Ralions

Develop nutrition education material for military personncl to counsel them how
to mect required nutritional standards and how to avoid overconsumption

Use dietary reference standards to assess the adequacy of, and as a basis for,
planning meals in institutional sellings such as hospitals, dormitories, prisons,
and nursing homes

Usc cpidemiological analyses rclating nutrient intakes to health and nutritional
status

Use dielary reference standards as reference points for deriving nutrient
relerence standards for (ood labels

Usc dictary reference standards (o communicate information on the nutrient
content of [oods

Usc dictary reference standards as a basis for modifying menu plans for paticnt
groups rcquiring therapeutic dicts

Use dietary reference standards as benchmark for modifying the diets of
individual patients requiring therapeutic diets

Usc dictary reference standards as a basis [or assessing the individual's observed
intake

Compare nutrient intakes of population subgroups with dietary reference
standards to determine which nutrients are inadequately consumed;
fortification may be mandated by government or voluntary by the food industry

Usc by industry as a guide lor developing new or modificd lood products

Comparc nutrient intakes with dictary relerence standards to identifly the size
and type of populations at risk from use of particular foods and food products;
identify extreme and unusual patterns of intakes of foods, food ingredients, or
food addilives; and delermine the need Lo enact or modity regulations

and Canada and other users conducted in 1998, It summarizes reported uses and does not represent any judgment about
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ommended Nutrient Intakes (RNIs) have been used in the past,
although there may he other uscs that arc not identified here.

Evaluation of Dietary Data

Dictary rcference standards have been used (o cvaluate dictary
intake data for individuals, frequently in conjunction with biochem-
ical, clinical, or anthropomectric data. They can also be used Lo cval-
valc intake data for groups of individuals. Possiblc uscs in cvaluat-
ing groups includc: estimating the percentage of the population at
risk of inadcqualc or cxcessive intake; idcntifying subgroups al risk
of inadcqualtc or excessive inlake; examining changes over time in
the percentage of the populatlon and of population subgroups at
risk of inadcquale or cxcessive intake; monitoring the potential of
the food supply to mcct the nutritional needs of the population;
and cxamining trends and changces in food consumplion over time.,

Nutrition Education and Guides for Food Selection

Nutricnt standards (spccifically, the former RDAs and RNIs) have
long been the foundation for discussing nutrient nceds, for com-
paring the nutritional valuc of foods, and for counscling individuals
and groups on how 1o mccl nutritional requirements as part of
nutrition cducation (Sims, 1996). Diclary asscssment also provides
information for nutrition cducation cfforts and guides food sclec-
tion, By lmkmg findings from diclary asscssment with foods con-
sumcd, it is possiblc 1o identify foods that arc important contributors
of nutricnts, specify food consumption patierns that might reduce
the probability of diclary inadcquacy, and cducate individuals and
groups aboul appropriatc foods and food consumpltion paticrns,
The difficulty encountered in applying dictary reference standards
for this purposc is in translaling quantitative nutricnt rccommenda-
tions into food-bascd information for dictary planning. Food guidcs,
such as the U.S. Department of Agriculture’s (USDA) Food Guide
Pyramid and Hcalth Canada’s Food Guidc (o Healthy Eating, atempt
1o do just this, These guides group foods according 1o their nutrient
contributions and provide recommendations for sclecting the types
and amounts of foods that provide the recommended intakes for
most nutricnts (Welsh ct al., 1992). Tt may be difficult, however, 1o
develop food guides which mect the RDAs and Als for all nutrients,
and considcration of the Tolerable Upper Intake Level (UL) in
developing or modifying food guides will provide an additional
challenge.
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CURRENT USES OTF DIETARY REFERENCE STANDARDS

Food and Nutrition Assistance Programs

Quantitative nutrient recommendations have been the corner-
stone of food and nutrition assistance programs. In the United
States, the RDAs have been used: (1) as the basis for specified meal
patterns in child nutrition programs and other institutional feeding
programs; (2) as the nutritional goals of the Thrifty Food Plan, a
low-cost food plan that determines benefit levels for the Food Stamp
Program; (3) in development of food packages and benefits for
various targeted nutrition programs such as the Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC); and
(4) in assessment of compliance with USDA nutrition program reg-
ulations. There are few government-operated nutrition assistance
programs in Canada and thus, no equivalent reported uses of the
RNIs.

Similarly, dietary reference standards—typically the former RDAs
and RNIs—have been used as guidelines for planning meals by
incorporation into regulations for feeding groups (e.g., school chil-
dren or elderly adults) and for making food purchasing and bud-
geting decisions.

In general, when the former RDAs were used to plan diets, the
goals were set such that a certain percentage of the RDA was
achieved over a period of a week or longer. The challenge for those
who have used the former RDAs and RNIs for planning meals and
designing food and nutrition program benefits will be how to incor-
porate the new reference standards of Estimated Average Require-
ments (EARs), RDAs, Adequate Intakes (Als), and ULs to enhance
and improve the nutritional dimension of diet planning,.

Military Food and Nutrition Planning and Policy

The U.S. Department of Defense uses dietary reference standards
for dietary assessment, food procurement and meal planning, set-
ting nutrient levels of military rations for deployment, and develop-
ing nutrition education materials for military personnel. Nutrient
standards are used by the military to plan menus and meals for
garrison feeding and to assess whether provision of fortified foods,
nutrient supplements, or special food products are needed in oper-
ational conditions. For example, in the past the military adapted
the former RDAs to reflect variations in physical activity or stress or
to emphasize performance enhancement (rather than to prevent

deficiencies) (AR 40-25, 1985).
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Institutional Dietary Assessment and Planning

People who are fed in institutional settings vary in demographic
and life stage characteristics (e.g., day care centers vs. long-term
care facilities), health status, expected duration of residence (e.g., a
school vs. a correctional facility), and proportion of total dietary
intake obtained from institutional food services (e.g., a single con-
gregate meal program vs. a nursing home). Institutions also vary in
their characteristics, such as whether clients consume food in the
facility or at another location (e.g., congregate vs. home-delivered
meals), availability and degree of food choice offered to clients or
residents, food budgets, ownership (public or private), legal require-
ments pertaining to food or nutrient composition of the diet served,
and the means used to assess and monitor whether nutrient needs
of clients are met.

In general, institutions that cater to individuals at high nutritional
risk and those that provide clients with most or all of their food on a
long-term basis have a particular need to plan diets or menus that
allow individuals to consume nutrients at levels comparable to
nutrient recommendations.

The former RDAs and RNIs have been widely used as the basis for
menu planning for groups and as goals to achieve in interventions
aimed at improving the nutritional quality of individual meals or
overall diets. They have also been used as benchmarks against which
intakes are assessed (e.g., the proportion of residents achieving the
RDA or RNI). Specific categories of DRIs may be more appropriate
for some of these purposes.

Assessment of Disease Risk

Much of the knowledge of the relationships between nutrients
and specific diseases comes from clinical and epidemiological
studies of diet and disease in diverse human populations. Thus,
epidemiological research is used to identify possible relationships
between specific dietary components and observed disease patterns.
In turn, the dietary reference standards can be used to assess intakes
and exposure to nutrients in the study of a nutrient’s relationship
to risk of dietary deficiency diseases, chronic diseases, or adverse
effects resulting from excessive intake or exposure.
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Food Labels and Nutritional Marketing

Food labeling is a highly visible application of the use of quantita-
tive nutrient standards. As of 2000, food labels in both the U.S. and
Canada still use values based on older standards (1983 Recommended
Daily Nutrient Intakes in Canada and 1968 RDAs in the United
States). In addition to providing consumers with information on
the nutrient content of food products, the nutrient standards serve
as a basis for nutrient content claims and health claims. For exam-
ple, in the United States, if a food label contains a claim that the
food is a good source of a vitamin, that food must contain at least
10 percent of the Daily Value (DV) for that vitamin in the serving
portion usually consumed. The DV is based on the Reference Daily
Intake, which was usually based on the highest RDA for adolescents
or adults as established in the 1968 RDAs (NRC, 1968). To make a
health claim with regard to lowering the risk of a chronic disease, a
food must meet specific regulatory guidelines with respect to the
required content of the nutrient for which the health claim is made.
The food industry often uses messages on food labels to communi-
cate and market the nutritional benefits of food products.

Clinical Daetetics

RDAs and RNIs have also been used as the basis for planning
menus for groups of hospital patients, as a reference point for mod-
ifying diets of patients, and as a guide for the formulation of oral
nutritional supplements or of complete enteral and parenteral feed-
ing solutions. The use of quantitative nutrient standards for devel-
oping therapeutic diets and counseling patients requires caution
since in the past, and now with the DRIs, these standards were
established to meet the needs of almost all apparently healthy indi-
viduals. Those with therapeutic needs may not have their needs
met, or they may have specific clinical conditions that would be
worsened by consuming a nutrient at the recommended level. In
developing therapeutic diets for patients with a specific disease, the
usual procedure is first to use recommended intakes for nutrients
that are not affected by the disease. For other nutrients, estimates
are based on the best evidence of needs during illness. These
assumptions are usually specified in the diet manuals of hospitals
and professional associations.
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Food Fortification and Development of New or Modified
Food Products

Public health professionals and the food industry also use the
results from dietary assessment to identify nutrients that appear to
be inadequate in groups evaluated and then to consider either for-
tifying foods or developing new foods to assist in meeting nutrient
needs. Fortification can be of significant benefit when a large seg-
ment of the population has usual intakes of a nutrient below the
dietary standard and nutrition education efforts have been ineffec-
tive. Food fortification in the United States may be mandatory, such
as in the folate, iron, and selected B vitamin fortification of cereal
grains, or voluntary, as in the addition of a large array of vitamins in
ready-to-eat cereals. The effects of fortification on intake distribu-
tions depend on the choice of food fortified.

Food Safety Considerations

Dietary assessment provides information for people concerned
with the food safety considerations associated with the prevalence
of very high intakes of nutrients. Information on how to apply the
UL should be helpful here.

LOOKING AHEAD: APPLYING THE DRIs

The introduction of the Dietary Reference Intakes (DRIs), espe-
cially the Estimated Average Requirement (EAR) and Tolerable
Upper Intake Level (UL), provides better tools for many of the uses
described here and presented in Table 2-1. This report presents
how specific DRIs should be used for dietary assessment. While some
examples of application in the assessment of individuals and of
groups are provided, not all of the uses described above are specifi-
cally addressed. A subsequent report will discuss using specific DRIs
in planning.
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Application of DRIs for
Individual Diet Assessment

In Part IT, the focus is on how (o asscss nutrient adequacy of indi-
viduals using the Dictlary Reference Intakes (DRIs).

Chapter 3 demonstraies how Lo comparce an individual’s intake (o
the appropriatc DRI of a nutrient to decide, with a predetermined
level of confidence, whether an individual’s intake of a nutrient is
adcqualc or cxcessive. A discussion on obtaining and intcrpreting
information on individual intakes and the cffect of the large within-
person variation is included and cxamples of specific applications
arc provided.






Using Dietary Reference Intakes
for Nutrient Assessment
of Individuals

This chapicr provides a statistical approach Lo those wishing o
quantitatively asscss an individual’s dict rclative to the Diclary Ref-
crence Intakes (DRIs). The information presented in this chapter
should bc kept in context. Those who actually conduct individual
asscssments typically have access 10 a varicty of information sourccs,
including: (1) types of foods in the dict and information on usual
dictary patierns; (2) lifestyle practices (c.g., smoking, alcohol con-
sumpltion, cxcrcisc patlerns); (3) anthropometric data; (4) clinical
diagnosis (c.g., diabclcs, cholesieremia, hyperiension, cardiovascular
discasc); and (5) information on nutrient intakes from analysis of
food rccords or recalls. Although the information presented in this
chapter focuscs on nutrient intake dala, it should always be consid-
cred in combination with other information in dictary asscssment
of individuals.

Throughout the chapier, the fact that an individual’s obscrved
mcan intake over a few days may not be an accurate cstimate of that
individual’s usual intake is cmphasized. When comparing mean
obscrved intake to a DRI, it is important to take into account the
day-lo-day variability in intake, In addition, an individual’s requirc-
mcent of a nutrient is almost always unknown, and this uncertainty
must also be accounted for in individual asscssment. Specifically,
this chapter demonstrates how Lo compare an individual’s intake 1o
the appropriatc DRI of a nutrient to decide, with a predetermined
level of confidence, whether an individual’s intake of a nutrient is
adcqualc or excessive.

The slatistical approachces proposcd in this chapter arc not appli-

45
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cablc to all nutrients because they assume normal distributions of
daily intakes and requirements. A different methodology needs 1o
be developed for nutrients for which the requirement distribution
in the population is skewed (such as the iron requirements of men-
strualing women) or for which the distribution of daily intakes is
skewed (as in the casc of vilamin A, vilamin B,,, vitamin C, vitamin E,
and pcrhaps scveral others). Unitil these new mcthods arc avail-
able, individual asscssment for these nutrients should continue o
placc emphasis on the types of information mentioned above for a
qualitative asscssment,

INTRODUCTION

When an Estimated Average Requirement (EAR) for a nutrient is
availablc, it is possiblc 1o make a quantitative asscssment of the adce-
quacy of the individual’s usual intake of the nutrient. When an
Adcquatc Intake (AI) is all that is available, it is still possible 1o
dctermine whether the individual’s usual intake is above the Al
with a predetermined level of confidence. No conclusions can be
drawn, however, when usual intake is below the Al In this chapter,
guidancc is provided on how Lo dciermine whether an individual’s
usual intake of a nutrient exceeds the Tolerable Upper Intake Level
(UL), suggesting that the usual intake is excessive. Note that usc of
the Recommended Dictary Allowance (RDA) is not recommended for
individual assessment.

Whether onc is interested in asscssing the adequacy of the indi-
vidual’s usual intake or in deciding whether usual intake exceeds
the UL, the relevant information must include both the obscerved
mcan intake and the standard deviation (SD) of daily intakes for
the individual. In the next scection it is emphasized that usual intake
is unohscrvable in practice, but for the purposcs of asscssment, it
sufficcs 10 obscrve the individual’s daily intake over a few days and
Lo have a rcliable estimate of the SD of daily intake.

PROPOSED NEW METHOD FOR INDIVIDUAL ASSESSMENT

Is an individual’s dict mecting nutrient needs? This question is
fundamenial to individual nutrition counscling and cducation. Answer-
ing this qucstion is not an cxact science, and the answer is consider-
ably lcss precise than might be anticipated, especially because of
the appearance of accuracy in compulcer printouls providing nutricnt
analysis of dictary intakc data.

The Dictary Reference Intakes (DRIs) can he used o asscss the
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apparcnl adequacy of an individual’s intake 1o maintain the statc of
nutriturc uscd to dcfine a requircment. However, DRIs can ncither
provide precise quantitative assessments of the adequacy of dicts of
individuals nor be uscd 1o cxactly asscss nutritional status, Dict sofi-
warc programs bascd on the DRIs cannot do so cither,

Asscssing diclary adcquacy by comparing an individual’s intake
and requirement for a nutrient is problematic for two rcasons: first,
the individual’s requirement for a given nutrient must be known, and
sccond, the individual’s usual intake of the nutrient must be known,
As described in Chapter 1, requirement is defined as the lowest con-
tinuing intake level of a nutrient that will maintain a defined level
of nutriturc in an individual for a given criterion of nutritional
adcquacy. Usual intake is dcfined as the individual’s average intake
over a long period of time. As is cvident from these definitions,
dciermining an individual’s exact requirement would involve a con-
trolled clinical sctling in which the individual would be fed graded
levels of a particular nutricnt over a period of time, while under-
going numcrous physiological and biochcmical mcasurcments.
Dclermining usual intake requires a prohibitivcly large numbcer of
accurale dict records or recalls assessed using accurale food compo-
sition information (scc Chapter 8 for further discussion of the
importance of accuratc intake and food composition data). Because
ncither type of information is usually availablc, it is simply not possi-
ble to exactly dclermine whether an individual’s dict mects his or
her individual requirement.

For somc nutricnts, however, il is possible 1o approximatcly asscss
whether an individual’s nutrient intake mects his or her require-
mcent. The remainder of this chapter and Appendix B provide spe-
cific guidancc 10 help professionals asscss individual dictary intake
data rclative o the DRIs. To do so, it is nccessary 1o obtain informa-
tion on an individual’s usual intake, choosc the appropriate refer-
cnce standard, and then interpret the intake data.

Whencever possible, the asscssment of apparent diclary adequacy
should consider biological paramcters such as anthropometry (c.g.,
weight for height), biochemical indices (c.g., scrum albumin, blood
urca nitrogen, creatining, rctinol binding protcin, hemoglobin),
diagnoscs (c.g., renal discasc, malabsorption), clinical status, and
other faclors as well as dict. Dictary adcquacy should be asscssed
and dict plans formulated bascd on the totality of the evidence, not
on diclary intake data alonc.
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Obtain Information on the Individual’s Usual Intake

The first step in individual assessment is to obtain the most accu-
rate information possible on total dietary intake (food and supple-
ments), recognizing that this is always a challenge because of the
documented high incidence of underreporting (Johnson et al.,
1998; Lichtman et al., 1992; Mertz et al., 1991), and the large day-
to-day variation in intake (Beaton et al., 1979, 1983; Gibson, 1990;
Sempos et al., 1985; Tarasuk and Beaton, 1991b, 1992; Van Staveren
et al., 1982). Intake on one or even several days may give very inac-
curate estimates of usual intake, especially if the individual’s food
choices vary greatly from one day to the next, which is a common
occurrence. Following are some issues to consider when determin-
ing the magnitude of day-to-day variation:

® Factors that affect day-to-day variation in nutrient intake include:
— variety versus monotony in an individual’s food choices (Basiotis
et al., 1987; Sempos et al., 1985; Tarasuk and Beaton, 1991b,
1992)
— day of the week (Beaton et al., 1979; Tarasuk and Beaton,
1992; Van Staveren et al., 1982)
— season
— holidays and special occasions
— appetite (which may be related to changes in physical activity,
the menstrual cycle, etc. [Barr et al., 1995; Tarasuk and Beaton,
1991al)
* The number of days needed to estimate usual intake also varies
according to the desired precision of the estimate (see examples in
Box 3-1). Obtaining an estimate within £ 10 percent of the usual

BOX 3-1 The Number of Days Needed to Estimate Usual Intake Varies with
the Specific Nutrient and the Desired Precision

Consider trying to estimate an individual’s usual intake of niacin and
vitamin C. In a study of 13 men over 1 year, il was estimated thal delermining
mean niacin intake within £ 10 percent of their true usual intake required
55 days of intake datla, whereas 249 days of inlake dala were needed Lo
cstimatc usual vitamin C intake with the same precision, In a study of 16 adult
women over 1 year, an average of 222 days of intake data was nceded to
cstimatc their vitamin C intake within = 10 percent of truc usual intake,
while an estimate within + 20 percent of true usual intake required only
55 days (Basiotis et al., 1987).
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intake requires morce days of intake data than obtaining an cstimalc
within + 20 percent of the usual intake (Basiotis ¢t al,, 1987),

* Spccial attention must be given o nutrients that arc highly con-
centrated in a few foods that are consumed only occasionally (sce
vilamin A cxample in Box 3-2). It takes fewer days Lo cstimate usual
intakc of nutriecnts found in lower concentrations in many foods,
cspecially if thosc foods arc dictlary staples (Gibson ct al., 1985).

Nutrient intakes of individuals arc cstimated using instruments
(c.g., dict rccords, recalls, dict historics, or food-frequency ques-
tonnaires) that arc scldom capable of capturing long-tcrm usual
intake. With carcful attention to technique (i.c., instruments that
captlurc total nutriecnt intake such as food rccords and diclary
rccalls), and access 1o complete food composition databascs, these
instruments may provide an accurale rcflection of the individual’s
intake during a spccificd time period (c.g., a 3-day record). Sugges-
tions for improving the accuracy of dictlary intake data collcction
arc discusscd further in Chapter 8. Sce Box 8-1 for a list of issucs o
consider when estimating dictary intake,

Howecver, because of day-to-day variation in intake (within-pcrson
variation), this observed intake is probably not the samc as long-term
usual intake, In all likelihood, an individual’s obscrved intake dur-
ing onc 3-day pcriod will differ from obscrved intake in another
3-day pcriod, and both 3-day obscrved intakes will differ from truc
usual intake. There is also crror duc Lo within-person variation with
instruments such as food-frequency questionnaires, and some authors
have estimated this crror (o be similar o that scen with 3-day records
and rccalls (Beaton, 1991; Liu, 1988). Dict historics may have less

BOX 3-2 The Challenge of Estimating Usual Vitamin A Intake

Considcr trying to cstimatc an individual’s usual intake ol vitamin A, On
four consccutive days, a person might consume 600, 750, 250, and 100 retinol
equivalents (RE). Does the average of these four values (500 RE) represent
usual intake over a longer time, such as 1 year? In most cases it would not,
because vitamin A intake is often extremely variable. The intake on the next
day might be 100 or 4,000 RE, changing the estimated usual intake to 420 or
to 1,200 RE, respectively. Very different conclusions would be drawn about
the likely adequacy of this individual’s diet from these different estimates,
but would any of these estimales be correct? Probably nol. Estimaling usual
vitamin A intake requires months, if not years, of records.
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crror from within-pcrson variation, but the size of this crror has not
been quantified.

It is clcar that cstimating an individual’s usual intake for a nutri-
cnt from the individual’s obscrved intake alonc may Icad Lo an
undcr- or overcstimation of that individual’s usual intake of the
nutricnt. However, it is still possiblc 1o cvaluate the potential error
if somcthing is known about the magnitudc of the within-person
variation in intakes for that nuiricnt. The individual’s obscrved
mecan inlake is the best estimate available of the individual’s usual
intake of the nutrient. A pooled cstimate of the within-person vari-
ability in intakes has been compuled for a number of nutrients
from nationwide food consumption surveys (scec Appendix Tables
B-2 through B-5). The magnitude of the day-lo-day variation in
intakes of a nutricnt will indicatlc whether the obscerved mean intake
calculated from a few daily records or recalls is a more or less pre-
cisc ¢stimator of the individual’s usual intake of that nutrient, The
obscrved mcan intake and the pooled cstimate of day-lo-day vari-
ability in intakes will be used subscquently to guide individual
dictary asscssments,

Choose the Appropriate Reference Standard

The second step in individual asscssment is 1o choosc the appro-
priatc DRI 1o usc as a reference standard. In asscssing the apparent
adcquacy of an individual’s intake, interest is in whether the indi-
vidual’s nutricnt recquircment is met. Unfortunaicly, information
on an individual’s requirecment is scldom, if cver, available. There-
fore, the best estimate for an individual’s unobscrvable requirement
is the Estimated Average Requirement (EAR), defined as the median
rcquircment of a nutrient for a given life stage and gender group.
Obviously there is variation in requirements among individuals, and
assumplions have been made about the shape of the requirement
distribution. A cocfficicnt of variation (CV) (standard deviation of
the requirement divided by the mcan requirement X 100) of 10
percent has been assumed for most of the nutrients for which EARs
have been cstablished (IOM, 1997, 1998b, 2000). If requircments
arc normally distributed, a CV of 10 percent means that about 95
percent of individuals would have requirements between 80 and
120 percent of the EAR (£ 2 standard deviations), With a CV of 15
percent, as has been estimalted for niacin (IOM, 1998b), the corre-
sponding rangc would be between 70 and 130 percent of the EAR,
For somc nutrients the CV of the requirement distribution may be
cven higher, and for other nutrients (c.g., iron requircments of
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mcenstruating women) the requirement distribution is known o be
skewed rather than normal. For nutrients with skewed requirement distri-
butions, the approach to assess individual intakes proposed in this chapter is
not appropriate.

The larger the CV (and thus the standard deviation), the larger
the rangce of possible valucs for an individual’s requirement for that
nutricnt, and the greater the uncertainty about what the individual’s
rcquircment for that nutricnt might be. Even in the hypothctical
casc in which the individual’s usual nutrient intake is known, uncer-
lainly rcmains about whether the usual intake is adequate, because
that individual’s requirecment is not known,

Rcecommended Diclary Allowances (RDAs) have been established
as a largct or goal for intake by an individual, and it can be assumed
that individuals whosc usual intakes arc above the RDA arc likely (o
be mecting their individual requirements and thus have adequale
intakes. However, the converse is not truc, For this rcason the RDA
is not a uscful reference standard for asscssing an individual’s intake.
Intakes below the RDA cannot be assumed 1o indicate that an indi-
vidual’s intake is inadequate. The RDA, by definition, exceeds the
actual requirements of all but 2 1o 3 pereent of the population, so
many of thosc with usual intakes below the RDA may be mecting
their individual requircments, The likclihood of nutrient inadequacy,
however, increascs as the usual intake falls further below the RDA,

As discusscd in the previous scction, however, usual intakes arc
unobscrvable in practice. Thus, onc is limited 1o comparing the
obscrved mcan intake to the DRIs in order 1o asscss adequacy. Sub-
scquently in this chapter it will be demonstrated that duc to the
typically high day-lo-day variability in intakes for most nutricnts,
onc may not be able to conclude that an individual’s usual intake is
adcqualc cven if the observed mean intake is larger than the RDA,
Thus, comparing an individual’s observed mean intake to the RDA s not
recommended as a means for determining nutrient adequacy for the individual.

If an Adcquatc Intake (AT) rather than an EAR was sct for a nutri-
cnl (c.g., calcium, vitamin D), it may be uscd in a morc limited way
as described in the next scction,

Interpret Individual Dietary Intake Data

The third step in individual asscssment is Lo asscss the data o
answcr the question, On the basis of an individual’s obscrved intake
over a small number of days, is that individual’s usual intake of the
nutricnt adequaltce and at low risk of adversc cffects?
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Using the Estimated Average Requirement

As described earlier in this chapter, trying to compare an individ-
ual’s intake to his or her requirement for a nutrient is difficult for
two main reasons: (1) one needs to know an individual’s require-
ment; and (2) one needs to know an individual’s long-term wusual
intake of the nutrient. Neither the individual’s requirement nor the
usual intake of an individual is known.

Appendix B presents in detail a proposed approach, summarized
below, to address this issue, recognizing that nutrient requirement
and usual intake are not observable for a given individual. This
approach is based on the following assumptions:

* The EAR is the best estimate of an individual’s requirement.

® There is person-to-person variation in requirements. The stan-
dard deviation of the requirement is an indicator of how much the
individual’s requirement for a nutrient can deviate from the median
requirement (EAR) in the population.

® Mean observed intake of an individual is the best estimate of an
individual’s usual intake.

® There is day-to-day variation in intake for an individual. The
within-person standard deviation of intakes is an indicator of how
much observed intake may deviate from usual intake.

Inferences about the adequacy of an individual’s diet can be made
by looking at the difference between observed intake and the
median requirement. That is, D is the difference between the mean
obscrved intake for an individual (y) and the median requirecment
(EAR, called rfor simplicity) for the life stage and gender group to
which the individual belongs,

D= y-—nr

If the difference D is large and positive, that is, if observed intake
is much greater than the median requirement, then it is likely that
an individual’s intake is adequate. Conversely, if the difference D is
large and negative, that is, observed intake is much less than the
median requirement, then it is likely that an individual’s intake is
not adequate. In between, there is considerable uncertainty about
the adequacy of the individual’s intake.

The obvious question then, concerns how large D would have to
be before it could be concluded with some degree of assurance that
the individual’s unobservable usual intake exceeds the individual’s
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unobscrvable actual requirement. To answer this question, it is ncc-
cssary 1o know the standard deviation of D (SD,)). The SD,, depends
on the number of days of intake available for the individual, the
standard deviation of the requirement (estimated as 10 to 15 per-
cent of the EAR for most nutrients), and the within-person stan-
dard deviation of intake. The latler can be cstimated from large
surveys of similar groups of pcople (such as the Continuing Survey
of Food Intakes by Individuals [CSFII] data presented in Appendix
Tables B-2 through B-5). Once D and SD,, have been estimated, the
probability that intake is above (or below) the requirement can be
determined by examining the ratio of D to SD,,

To illustratc this approach, supposc a 40-ycar-old woman had a
magncsium intake of 320 mg/day, bascd on three days of diclary
rccords. The question is whether this observed mean intake of 320
mg/day of magncsium over three days indicates that her usual mag-
ncsium intake is adequate. The following information is uscd in
conducting this asscssment:

* The EAR for magncesium for women 31 to 50 ycars of age is 265
mg/day, with an SD of rcqulrcmcm of 26.5 mg/day.

* The day-lo-day SD in magncsium intake for women this age is
85.9 mg/day bascd on data from the CSFII (sce Appendix Table B-2).

The following sieps can now be usced 1o determine whether an
intake of 320 mg/day is likcly 1o be adequatce for this woman,

1. Calculate the difference D between intake and the EAR as
320 — 265 = 55 mg.

2. Usc the formula for the SD,! and determine that the 8D, is
56 mg. The valuc of SD,, is computed as follows: (a) from Appendix
Table B-2, the poolcd 8D of daily intake for magnesium in women
aged 19 to 50 ycars is 86 mg/day, and thercfore the variance of
daily intake is the squarce of the SD or 7,379 mg; (b) divide 7,379 by
the number of days of obscrved intake data (3) 1o obtain 2,460;

18Dy =V, + Vaiin / n) , where V, denotes the variance of the distribution of
requirements in the group, and Vi, denotes the average variance in day-lo-day
intakcs ol the nutricnt, Both variances arc computed as the squarc of the corre-
sponding standard deviations. Intuitively, as the number n of intake days available
on the individual increases, the variance of the observed mean intake should de-
crease (i.e., the accuracy of the estimate for y increases). Thus, the dividing Vmin
by n when compuling the standard deviation of the difference D.
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(c) add this to the squarc of the SD of requirements ([26.5 mg/
(1&)’]2 = 702 mg/day), rcsulting in a valuc of 3,162; and (d) the SD,,
is then obtained as the squarc root of 3,162, which is 56,

3. Thercfore, D (55) divided by SD,, ('36) is just slightly less than 1,
As shown in Appendix Table B-1, a valuc of about 1 implics an 85
percent probability of correctly Concludmg that this intake is ade-
quatc for a woman in this age calcgory. (Dctails and further cxpla-
nation arc given in Appendix B.)

It is important 1o notc that this woman’s intake was cxactly cqual
to the RDA of 320 mg/day, yct since there are only three days of
dictary rccords, there is only 85 percent confidence that this intake
is adequate. Only if truc long-term intake had been mcasured for
this woman (which is scldom feasible) could there be 97.5 pereent
confidence that intake at the RDA is adequate. With only three days
of diclary rccalls, it would be ncceessary for her magnesium intake 1o
be 377 mg/day (which is well above the RDA) in order to have 97.5
percent confidence that intake was adequate (sce Table 3-1).

Notc that the SD of daily intake for the woman is not cstimated
from her own 3-day rccords. Insicad, the estimated SD of daily intake
of magncsium obtaincd from the CSFIT is used. This cstimaie is a
pooled (across all sampled individuals of the samc life stage and
gendcer group) SD of daily intake.

Why not usc the woman’s three days of intake records o cstimate
her SD of daily intake? As discussed carlicr in this chapter, daily
intakes may vary considerably from onc day to the next. Unless the
three days of intake recorded for the woman represent her entire
rangc of intakes of magnesium, the SD that is estimated from her
own rccords is likely Lo be severely biased. Thus, it is recommended
that the pooled 8D of daily intake obtained from the CSFII (or from
other similar large-scale dictary surveys) be used for individual
asscssment, This has onc scrious drawback, however, as it is well
known that the SD of daily intake also varics from individual 1o
individual. In parueular it has bcen suggesied that the within-
person SD of intake is larger in thosc individuals with higher con-
sumption of the nutrient (Tarasuk and Beaton, 1991a). Nusser ct
al. (1996) suggcsied that for some nutrients the association between
mcan intake and SD of intake for the individual is approximatcly
lincar, At this time, however, no cxtensive studics have been con-
ducted 1o allow rcliable cstimation of the within-person SD of intakes
from thc individual’s intake records. Therefore, cven though the
pooled SD obtained from CSFII (or other large-scalc dictary surveys)
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TABLE 3-1 Tllustration of Obscrved Mcan Intakes of
Magncsium That Would Be Ncecessary to Have 85 Percent or
97.5 Perceent Confidence That Usual Intake Is Greater Than
the Requirement for a Woman 40 Ycars of Age

Using SD of Assuming the Assuming the
Iniake [rom SD is 25 SD is b0
CSFIIA Percent Larger Percent Larger

mg % RDA? mg % RDA mg % RDA

Magnesium EAR® 265 265 265

8D of requirement 26.5 26.5 26.5
Magncsium RDA 320 320 320
Assumecd 8D of intake? 86 107 129
Obserued mean inlake with 85 % (:()’rlﬁde’m:e ()f adequacy ()_/‘ usual imilake

1 d of intake 355 111 376 117 397 124
3 d of intake 321 100 332 104 344 107
7 d of intake 307 96 313 98 320 100
Observed mean intake with 97.5% confidence of adequacy of usual intake

1 d of intake 445 139 486 152 528 165
3 d of intake 377 118 400 125 423 132
7 d of intake 349 109 362 1138 376 117

NOTE: Obscrved mean intake with xx percent confidence ol adequacy = observed mean
intake nccessary to have approximately xx percent conflidence that the woman'’s intake
is greater than her requirement.

@ 8 = standard deviation; CSFII = Continuing Survey of Food Intake by Individuals.

& RDA = Recommended Dietary Allowance for women 31 through 50 years of age.

¢ EAR = Estimatced Average Requirement for women 31 through 50 years ol age.

4 8D of magnesium intake for women 19 through 50 years of age taken [rom GSFIL
(Appendix Table B-2).

is not the best cstimate of the individual’s SD of daily intake, the
Subcommitice still recommends its usc in individual asscssment,

Tablc 3-1 cxpands this example (o further illustrate the cffect of
day-lo-day variation on the cvaluation of magncsium intake for a
woman in the 31-50 ycars age group.

* For a given confidence level, the number of days of intake data
affccts the level of nutrient intake judged o be adequate. Based on
the SD in intake of 85.9 mg/day for an individual (again using the
information in Appcendix Table B-2), observed intake would need



56 DIETARY REFERENCE INTAKES

to be 445 mg/day (139 percent of the RDA) 1o have a 97.5 pereent
confidence that intake was adequatce with only onc day of obscrved
intakc. Howcever, a mcan obscrved intake of only 349 mg/day (109
pereent of the RDA) would be needed with 7 days of observed intake,
* For a given confidence level, the larger the SD of daily intake,
the greater the intake level needed for intake to be asscssed as
adcqualc, If the 8D of magncsium intake were 25 percent larger,
then intake would need to be 486 mg/day (152 percent of the RDA)
to have a 97.5 percent confidence of adequacy with onc day of
obscrved intake, and 362 mg/day (113 percent of the RDA) with 7
days. If the SD were 50 percent larger, then the intakes would need
to be still higher to have 97.5 percent confidence of adequacy.

To simplify this approach for nutrition professionals, institutions,
and agencics may wish 1o cstablish levels of intake that they con-
sider adequatc for a given nutrient, For the example shown here, a
level of 377 mg/day might be chosen as the level of adequacy of
magngcsium intake for women 31 to 50 yecars of age, by an institu-
tion that typically collects three days of diclary data for its patients,
and wanled a high level of confidence (97.5 percent) that intake
was adcqualc.

To summarizc, despile the fact that ncither individual require-
ment nor usual individual intake is available for diclary asscssments
of individuals, somc infcrences about individual adequacy can be
madc by looking at the diffcrence between obscrved intake and the
mcdian requirement. Shortcomings of this approach arc described
in Appendix B, For example, the approach cannot be used when
obscrved daily intakes arc not normally (or symmetrically) distributed
around the individual’s usual intake. An indication that the within-
person intake distribution is not normal (or symmectrical) is the size
of the within-person standard deviation in intake rclative o the
mcan intake. When the SD of daily intake is high cnough so that the
CV of daily intake is larger than approxlmalcly 60 to 70 pcrcent,
then the approach proposced here is not appropriate. Appendix
Tables B-2 and B-3 indicatc that for vitamin A, carolcnoids,
vitamin C, and vitamin E, among others, the CV of daily intake is
very large, above 70 percent. For those nutrients, it would be incor-
rcct Lo apply the mcthod described in this section 1o asscss adequacy
of an individual’s dict. Al this lime, no alicrnative can be offcred, as
much rcscarch is nceded in this arca.

It is also possiblc 1o calculale obscrved nutrient intake levels with
an 85 or 97.5 percent confidence of inadequacy. Intakes with a high
probability of inadcquacy arc below the EAR. For confidence (at
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97.5 pereent) that an obscrved intake is below an individual’s require-
ment, it is necessary 10 have cither a large number of days of intake
or for the intake to be substantially below the EAR, Taking magnec-
sium for women 19 through 50 ycars of age as an example, with 7
days of obscrved intake, an intake of about 180 mg/day (comparcd
with the EAR of 265 mg/day) would have a high probability (97.5
percent) of being below an individual’s requirement. However, it is
ofien the casc that a nutrition professional wants 10 have a high
level of confidence when concluding that intakes arc adequate but
will find a much lower level of confidence acceplable when con-
cluding that intakce is inadequate. For cxamplc, cven if the probability
of inadequacy was only 50 pereent, most professionals would urge a
client 1o try 1o increcasc intake of that nutrient. Onc would want o
be much more certain before concluding that a client’s intake was
adcqualc and that no action to improve intake was nceded.

Thus, for practical purposcs, many uscrs of the DRIs may find it
uscful to consider that obscrved intakes below the EAR very likely
nced to be improved (because the probability of adequacy is 50
percent or less), and thosc between the EAR and the RDA probably
nced 1o be improved (because the probability of adequacy is less
than 97.5 percent), Only if intakes have been observed for a large
number of days and arc at or above the RDA, or obscrved intakes
for fewer days arc well above the RDA, should onc have a high level
of confidence that the intake is adequatce. It is hoped that computer
softwarc will be developed that will compute these probabilitics (as
described in Appendix B), thus offering morc objective aliernatives
when individual intakes are cvaluated.

In summary, for nutricnts for which an EAR has heen cstablished,
it is possiblc o asscss the adequacy of an individual’s usual intake
for a nutricnt. The approach described above takes into account
the uncertainty about the truc valuc of the individual’s usual intake,
and also thc unccrtainty aboul the individual’s requirement for the
nutricnt. The method cannot be employed when the distribution of
rcquircments for the nutrient is skewed (as in the casce of iron
rcquircments for menstruating women), or when the distribution
of daily intakes for an individual is not normal (as is the casc with
nutricnts for which the CVofintake has been calculated 1o be above
60 1o 70 pereent, sce Appendix Tables B-2 through B-5). There arc
three additional sources of potentially large crror when using this
approach (o asscssing an individual’s intake:

* Thc assumced 10 percent CV estimate applicd 1o many nutricnts
to date (IOM, 1997, 1998b, 2000) may not be a rcliable estimator of
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the SD of requircment. Since the SD of requirement is an important
component of the S, an inaccurate valuc for the SD of require-
ment will result in an inaccurate valuc for SD), and hence the ratio
of D/SD,,

* The SD of daily intake for the individual is considcrably larger
(or smaller) than the pooled SD of daily intake obtained from CSFIT
(or from the National Health and Nutrition Examination Survey).

* The individual’s intake is underreported, so that the mcan
obscrved intake is a biased cstimator of the individual’s usual intake.

The described approach should not be used in isolation from
other information available (o nutrition professionals. Most profcs-
sionals combinc the nutricnt intake data with other sources of infor-
mation such as food guides and answers 10 questions about whether
intakc was typical or atypical.

This statistical approach (o individual asscssment is based on quan-
litative dictary records and recalls, where the method for deriving
the crror term (the within-person standard deviation of intakes) is
known and casy Lo apply. Many rescarchers and health professionals
usc other mcthods of cstimating usual intakes, such as food fre-
quencics or dict historics, or a combination of various mcthods.
With aliernative asscssment methodologics, the overall objective of
the asscssment remains the same—to delermine whether usual intake
by the individual cxceeds the individual’s requirement—and pro-
fessionals must rely on estimates of both usual intake and require-
mcent. The important consideration is that diffcrent methodologics
for dciermining dictary intake have different sources and magni-
tudes of random crror in cstimating usual intake—the cquivalent of
the within-person standard deviation of intake discusscd above—
and may nol provide adequale quantitative estimates of total nutri-
cnl intake over the period of obscrvation. Additional discussion of
dictary intake mcasurcment instruments is provided in Chapter 8,
Howecver, a detailed discussion of these methods is beyond the scope
of this report, and uscrs will need 1o turn o other sources Lo find
cstimales of the crror associaled with aliernative mcethods for csti-
maling usual intake.

Using the AI

If an Al must be uscd 1o interpret diclary intake data because an
EAR has not been sct, the process described above cannot be used
in the samc way. Before discussing a statistical approach (o individual
asscssment for nutrients with an Al, it is crilical to emphasize the
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diffcrence between these two DRIs, The EAR represents the median
nutricnt requircment of a given life stage and gender group, and by
dcfinition, an intake at the level of the EAR will be inadequate for
half the group. In contrast, the Al represents an intake (not a
rcquirement) that is likely to exceed the actual (but unknown)
rcquircments of almost all hecalthy individuals in a lifc stage and
gender group. In this respect it is analogous (o the RDA; howcever,
because of the nature of the data used to cstablish Als, they may
often be higher than the RDA would be if approprialc data were
available to calculaie onc.

The approach discusscd previously o asscss nutricnt adequacy
comparcs an individual’s obscrved intake to the EAR, and considers
variability in both intakes and requirements when determining how
confident onc can be in concluding that an individual’s intake is
adcqualte. In other words, intakes arc compared o the median require-
ment. In the casc of the Al, however, intakes arc comparced Lo an
intake valuc in excess of the median requirement, perhaps by a very
large margin. Thus, when intakes arc compared to the Al all one
can truly concludc is whether intake is above the Al or not.
Although an intake that is significantly above the Al is certainly
adcquale, intakes below the Al are also likely 1o be adequate for a
considcrable proportion of individuals. Thus, grecat caution must be
excrcised when interpreting intakes relative 1o Als.,

What conclusions can be drawn about individual intakes for nutrients
with Als?

Tirst, of an individual’s usual intake exceeds the Al il can be concluded
thal their diel was almosl cerlainly adequale. However, if their usual inlake
Jalls below the Al, no quantilalive estimale can be provided of the hkelihood
of nulrienl inadequacy.

Risk of inadequacy increases at some point below the Al If the
usual nutrient intake [rom all sources was zero, the risk ol inade-
quacy would be virtually 100 percent. However, because the point
where risk increases cannot be determined, quantitative estimates
ol risk cannot be made.

Even il the observed intake is above the Al, it should not be
assumed that usual intake is above the Al unless a large number of
days of intake data were collected. As discussed in the previous sec-
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tion on the EAR, it is difficult 1o collect diclary intake data that truly
rcflect usual intake.

Can an approach similar 1o the onc described carlicr be devel-
opcd o asscss whether an individual’s usual intake is above the AT?
The answer o this question is yes, but with some reservations. When
the EAR is not available, there is no information about the distribu-
tion of requircments in the population. Onc can, noncthcless, test
whether an individual’s usual intake exceeds the Al, and if so, con-
clude that the individual’s usual intake is likcly to be adequate. A
test similar 1o the one presented in the preceding scction incorpo-
ratcs the day-lo-day variability in intakes in order to dclermine
whether usual intake for the individual is above the Al

As an cxample, consider a nutrient for which the Al has heen
determined to be 500 units/day, the individual being asscssed is a
woman 40 ycars of agc, with three dictary recalls, and a mean obscrved
intake of 560 units/day. The SD of daily intake for this nutrient is 50
units (as might be listed in Appendix Table B-2). To decide whether
the woman’s usual intake is above the Al, onc would follow thesc
sleps:

1. Compulc the difference between the woman’s observed mean
intake and the Al In this example, the difference is 560 - 500 = 60
units,

2. Divide the difference by the SD of daily intake over the squarc
root of the number of days of intake available for the woman. In
this example, 50/ @ =29, and 60/29 = 2.07.

3. Compare 2.07 to the tabulated values shown in Appendix Table
B-6, and find the confidence level with which one could conclude

that the woman’s usual intake was above the Al In this case, 2.07
corresponds to a high confidence level of about 98 percent.

For this woman, it can be confidently concluded that her usual
intake of the nutrient is at or above the Al and thus adequate. This
procedure, therefore, can be used to determine whether usual intake
is larger than the Al given the observed intake for a few days.

Given an observed mean intake for the individual the confidence
with which one can determine usual intake to be above the Al
depends on: (1) the number of days of observed intake available for
the individual, and (2) the SD of daily intake for the nutrient. An
example using calcium intake is provided in Table 3-2. In this exam-
ple, observed mean intake of calcium relative to the Al for calcium
is assessed for a woman 40 years of age. Different numbers of daily
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TABLE 3-2 Tllustration of the Compultations Nccessary 1o Test
Whether Usual Intake Is Above the Adequate Intake (Al) for
Diffcrent Numbers of Days of Obscrved Intake for a Woman
40 Ycars of Agc

Using SD If §Dis 25 If 8§D is 50
[rom CSFII¢ Percent Larger Percent Larger
Mean intake 1,200 mg 1,200 mg 1,200 mg
SD of intake? 325 mg 406 mg 488 mg
Al for calcium? 1,000 mg 1,000 mg 1,000 mg
z-Values = (mean intake — Al) /(SD/square vool [n])
1 d of intake 0.61 0.19 0.11
% d of intake 1.07 0.85 0.71
7 d of intake 1.69 1.30 1.08

Percentage confidence that the woman'’s usual intake exceeds the AT

1 d of intake 73 69 66
3 d ol intake 86 80 76
7 d of intake 95 90 86

NOTE: The confidence with which one can conclude that usual intake is greater than
the AT decreases when Lthe number of days of daily intake records for the individual
decreases, or when the 8D ol daily intake increascs.

% 8D = standard deviation; CSFII = Continuing Survey ol Food Intake by Individuals.

b SD of calcium intake for women 19 through 50 years of age taken [rom GSFII (Appen-
dix Table B-2).

¢ Adequate Intake for women 31 through 50 years of age.

d Confidence values were Laken from a standard z-able (Snedecor and Cochran, 1980).
The z-table is used because the 8D ol daily intake is assumed (o be known (c.g., [rom
CSFIL), and is not compuicd from the woman’s daily obscrvations.

intake records and different SDs of daily intake for calcium were
assumed. For each case, the confidence with which one would con-
clude that her usual intake is above the Al was calculated and is
shown in the table.

If one can conclude that in fact usual intake appears to be larger
than the Al with desired accuracy, then there is considerable assur-
ance that the individual’s intake is adequate. However, if the test
does not result in the conclusion that usual intake is larger than the
Al with the desired precision, then it cannot be inferred that intake
is inadequate.

As discussed earlier, this approach is not appropriate when daily
intakes for an individual are not approximately normally distributed.
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TABLE 3-3 Qualitative Interpretation of Intakes Relative to
the Adcquate Intake (AT)

Intake Relalive 1o AT Suggested Qualitative Inlerpretation

Greater than or cqual to the Al Mecan intake is likely adequate il obscrved
over a large number of days

Less than the Al Adequacy of intake cannot be determined

Any nutrient for which the CV of daily intakes exceeds about 60 o
70 pereent has a skewed daily intake distribution and thercfore the
test described here cannot be appliced. In those cascs, a qualitative
interpretation of the ohserved mean intake may be all that is avail-
able. Table 3-3 gives some guidance on 1o how to interpret mean
obscrved intake rclative to the Al qualitatively.

Using the UL

If a nutricnt has a UL, that valuc can be¢ uscd (o asscss the likeli-
hood that an individual may be at risk of adverse affccts from high
intakc of the nutrient. Doing so requires a good understanding of
the definition of the UL and the type of intake (c¢.g., foods, fortificd
foods, and/or supplements) that should be considered during the
asscssment,

The UL is a level of chronic daily nutrient intake that is likely to
posc no risk of adverse health cffects for almost all individuals in
the gencral population, including sensitive individuals, For many
nutricnts, the UL reflects intake from all sources, including food,
walcr, nutrient supplements, and pharmacological agents. However,
in some cascs the UL applics only to intakes from fortificd foods
and supplements or intakes from supplements only. As stated previ-
ously (scc Chapter 1), ULs do not rcpresent optimal or desivable
intakes but instcad arc intakes that should generally not be exceeded
by hcalthy individuals. An occasional intake above the UL by a small
margin is not a rcason for major concern. However, becausc it is
not possible 1o know who is most susceptible 1o adverse cffects of
intakes above the UL, such intakes should be avoided.
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What if an individual has an intake above the UL on a chronic basis? For
example, what if a person’s magnesium intake from a nonprescribed ant-
acid is 500 mg per day and the UL for magnesium (based on supplemen-
tal intake only) is 350 mg?

The most prudent advice in this siluation would be lo recommend thal Lhe
individual reduce inlake lo below the UL. In this example, choosing a differ-
enl lype of anlacid mighl be appropriale.

The consequences associated with nutrient excess—severity and
reversibility ol the adverse ellect—vary [or dillerent nutrients. More-
over, little is known about nutrient-nutrient interactions at high
doses. Without good evidence [or an expected benelit, or unless
under the supervision of a physician, there is no justilication [or
intake above the UL.

If an individual decides to take a supplement for nontherapeutic purposes,
should a supplement that contains the UL of a nutrient be selected?

No, supplements should not be chosen on this basis.

Use of a supplement containing the UL for a nutrient, when com-
bined with intakes from foods, would place the individual at poten-
tial risk of adverse effects. Accordingly, a supplement which contains
nutrients at levels below, or approximating the RDA or Al would be
a more appropriate choice.

A test similar to the one described in the preceding section for
the Al can be implemented to decide whether usual intake is below
the UL given the observed mean intake. The test is constructed in
exactly the same manner, but now the UL is subtracted from the
mean observed intake for the individual. Again, this test cannot be
used for nutrients with a large CV of daily intake such as vitamin A,
vitamin B, ,, vitamin G, and vitamin E (see Appendix Tables B-2 and
B-3).

An example similar to the one presented in Table 3-2 is presented
in Table 34. In the example, again the assessment is for a woman
who is 40 years old. This woman has a normal activity pattern,
energy intake not exceeding 2,500 kcal/day, and a mean phospho-
rous intake of 3.8 g (see IOM [1998b] for discussion of high phos-
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TABLE 3-4 Tllustration of the Compultations Necessary 1o Test
Whether an Individual’s Usual Intake of Phosphorus Is Below

the Tolerable Upper Intake Level (UL) for Different Numbers
of Days of Obscrved Intake for a Woman 40 Ycars of Age

Using SD If 8D is 25 If 8D is 50
[rom CSFII4 Percent Larger Percent Larger

Mean intake 38¢g 38¢g 38¢g

SD of intake? 04g 05¢g 06g

UL for phosphorus® 40¢g 40¢g 40¢g

z-Values = (mean intake — UL) /(SD/square ool [n])

1 d of intake -0.19 -0.39 -0.32

3 d of intake -0.84 —-0.68 —-0.56

7 d of intake -1.29 -1.03 —0.85

Percentage confidence that the woman's usual intake is below the UL d

1 d of intake 69 65 63
3 d ol intake 80 75 71
7 d of intake 90 85 80

NOTE: The confidence with which one can conclude that usual intake is below the UL
decreases when the number of days of daily intake records for the individual decreases
or when the 8D of daily intakes increasces.

% 8D = standard deviation; CSFII = Continuing Survey ol Food Intake by Individuals.

b 8D of phosphorus intake for women 19 through 50 years of age taken [rom CSFII
(Appendix Table B-2).

¢ Tolerable Upper Intake Level for women 31 through 50 years of age.

d Confidence values were Laken from a standard z-able (Snedecor and Cochran, 1980).
The z-table is used because the 8D ol daily intake is assumed (o be known (c.g., [rom
CSFIL), and is not compuicd from the woman’s daily obscrvations.

phorous intakes associated with high energy expenditure). The UL
for phosphorus has been determined to be 4.0 g/day, and the SD of
phosphorous intake, from CSFII, is 0.41 g. Given that her obscrved
mecan intake is below the UL, can we conclude with desired assur-
ance that her usual intake of phosphorus is below the UL and that
she is not at polential risk of adverse health cffects? Again, situa-
tions arc shown with 1, 3, and 7 days of intake data.

From the cxample in Table 34, it can be scen that even when
observed mean intake is 1css than the UL, somclimes it cannot be
concluded with desired accuracy that usual intake is also bclow the
UL. When only onc day of intake data is available for the individual,
onc would have only between 63 and 69 percent (depending on the
SD of daily intake) confidence in concluding that her intake of 3.8 g
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rcflects a usual intake below the UL, In this example, only the 7
days of intake data provide levels of confidence of 85 1o 90 percent
for concluding that this woman’s usual intake is below the UL given
her obscrved mean intake.

Since this 1est would be conducted only in cases where the observed
mcan intake for the individual is high cnough (o suggest a problem,
the SD of daily intake as calculated in CSFIT or the National Health
and Nutrition Examination Survey may underestimate the individual’s
truc SD of daily intake. This is because there is some cvidence that
the 8D of daily intake incrcascs as the mean intake increcases (Nusser
ctal., 1996). Using a SD of daily intake that is too small may lcad to
the conclusion that usual intake is below the UL when in reality it is
not (at a given level of assurancce).

As described previously, this test can be performed when daily
intakes can be assumed 1o approximale a normal distribution. An
indication that daily intakes arc not normally distributed is a high
CVof intake. From Appendix Tables B-2 through B-5, it can be scen
that for scveral nutrients the CV of daily intake is above 60 to 70
percent, In those cascs, this test approach is nol recommended,
and onc should make a qualilative assessment of the individual’s
intake. Table 3-5 presents qualitative interpretations of an individual’s
intake in rclation to the UL, The impact of within-person variation
at high intake levels (c.g., levels approaching the UL) has not been
studicd extensively.,

When using the proposcd method it is important o note that the
pooled cstimates of the within-person standard deviation of intakes
in Tablcs B-2 to B-5 arc bascd on data on nutrients from food only,
nol food plus supplements. This suggests the nced for caution in
using these cstimaies in asscssing individual intakes rclative to the
UL. For somc nutricnts, ULs arc defined on the basis of lotal intake
(food plus supplements), and the cstimates of the within-person

TABLE 3-5 Qualitative Interpretation of Intakes Relative to
the Tolerable Upper Intake Level (UL)

Intake relative to the UL Suggested Qualitative Interpretation

Greater than or equal to the UL Potential risk of adverse effects if observed
over a large number of days

Less than the UL Intake is likely sale il obscrved over a large
number of days
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standard dcviation of intakes bascd on food alonc may not be the
samc as thosc bascd on food plus supplements. For other nutrients,
ULs rcfer only to nutrient intake from food fortificants, supple-
ments, and pharmacological products. In these cascs, the proposced
mcthods arc cven less rcliable, as currently there are no cstimates
of the within-person standard deviation of intakes from supplement
usc alonc,

APPLICATIONS

The following ecxamples show how the Diclary Reference Intakes
(DRIs) might be used as part of an asscssment of an individual’s
dict. Notc that information other than intake rclative to the DRIs is
also considered, and in many instances may provide data that arc
morc uscful in the asscssment than are the nutrient intakes,

Application 1. Assessing the Diet of an Older Individual in an
Assisted Living Setting

Background and Data

Mr. G is a 78-ycar-old man who lives in an assisted-living institu-
tion where he cats most of his mcals in the dining room. He docs
not currcntly take supplements. By obscrving what he cats, it is possi-
ble to obtain dircct cstimates of his dictary intake, rather than rcly
on his reports alone, and this is donc for scveral days. Anthropo-
mctric data (weight changes), physical activity level, and other infor-
mation on his health status arc available.

Question

The nutritionist who is a consultant to the assisted living facility
wants 1o determine whether Mr, G's food intake is sufficient (0 mect
his nutrient needs.

Assessment

Becausc it is difficult to determine cnergy balance, cven from
scveral days of intake, the nutritionist determines whether Mr, G is
maintaining weight. This is a much more dircct method of assessing
the adequacy of his energy intake than cstimating his caloric intake,
In addition o such non-dictary cvaluations, the nutritionist oblains
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an indication of the adequacy of his intake of other nutrients by
comparing them o the appropriatec DRIs. The assessments that
might be¢ madc arc shown in Table 3-6 for scveral nutrients from
Mr. G’s diclary rccord analysis,

Application 2: Assessing the Diet of a Young Woman
Planning a Pregnancy

Background

Ms. T, who is a hcalth-conscious 30-ycar-old woman, consultls a
nulritionist in private practice. Before her visit, she keeps a 7-day
rccord of her food and supplement intake, which has been analyzed
using a compulcr program,

Question

Before she becomes pregnant, Ms. T wants (o know whether her
dict is optimal.

Assessment

With the caveat that 7 days is not long cnough to provide accurate
information on her usual nutrient intake, her mean observed intake
can he evaluated relative 1o the DRIs, For nutrients with an Estimated
Avcrage Requirement (EAR), the nutritionist should calculate the
confidence of adequacy using the algorithms described in Appendix
B and summarizcd in this chapter. For nutrients with an Adequate
Intake (AI), her intake was adequaltc if it was likely 1o exceed the Al
(as concluded from the test described in this chapter), whercas no
conclusive asscssment can be madc if her intake was below the Al
Finally, if her intake was not below the Tolerable Upper Intake
Level (UL) (as concluded from the test described in this chapter),
onc would conclude that her usual intake is ¢xcessive and she is
potentially at risk of adverse cffects, This asscssment is not appro-
priatc for nutricnts with highly skewed requirement distributions
(c.g., iron) or large cocfficients of variation (CV5) of intake (c.g.,
vitamin A, vitamin B ,, vitamin €, and vitamin E).

Notc that data on nutrient intake in relation to the DRIs arc only
onc componcent of the assessment, and would be interpreted in
conjunction with other types of information before counscling was
offcred. For cxample, additional information could include: her
rccent weight history (as an indicator of the likely adequacy of her
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cnergy balance); other information about her dict (o determine
how typical her intake was during the 7-day period); whether Ms, T
was consuming fortificd foods or supplements containing 400 pg of
folalc (as rccommended for women capable of becoming preg-
nant), a rccommendation distinct from the Recommended Dictary
Allowance (RDA) and intended 1o minimize the risk of ncural tubce
dcfects; and additional information about her lifestyle (c.g., physi-
cal aclivily, usc of alcohol).

SUMMARY

The Dictlary Reference Intakes (DRIs) can be used in assessment
of thc apparcnt adequacy or excess of an individual’s diclary intake.,
Such an asscssment requires using the individual’s obscrved mcan
intakc as an cstimale of long-term usual intake and using the Esti-
matcd Average Requirement (EAR) of the appropriate life stage
and gendcer group as an cstimate of the individual’s requirement.

For nutriecnts with an EAR and Recommended Dictary Allowance
(RDA), the individual’s obscrved intake in conjunction with mca-
surcs of variability of intakes and requirecments can be used Lo asscss
the likelihood of inadequacy. For nutriecnts with an Adequate Intake
(AT), the ztest described above for the Al can be applied to deter-
minc if usual intakes arc at or above the Al and can thus be asscssed
as adcquatc. For nutrients with a Tolcrable Upper Intake Level
(UL), the method deseribed above for the UL can be used 1o deter-
minc with a given degree of confidence whether an individual’s
usual intake is truly below the UL, and thercefore is not at risk of
adverse health cffects.

Remember that in all cascs, the individual asscssments should be
interpreted cautiously, in combination with other types of informa-
uon,
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Application of DRIs for
Group Diet Assessment

The focus of Part IIT is on applying the appropriatc DRIs for
dictary asscssment of groups.

Chapter 4 provides the statistical basis for the usce of the Estimated
Avcrage Requirement (EAR) in assessing nutricnt adequacy of groups.
The chapter begins with a basic discussion of the concept of asscss-
ing the prevalence of inadcquale nutrient intakes and then develops
the statistical approaches for cstimating this prevalence.  Assump-
tions required for the usc of the statistical approaches arc discusscd,
as is the need for adjusting intake distributions,

Using the Adcquale Intake (Al) for group-level asscssment of
nutricnt adcquacy is discussed in Chapter 5. Guidance on the
extent o which the Tolerable Upper Intake Level (UL) can be used
to cstimalc the prevalence of risk of adverse cffects in groups is
provided in Chapter 6.

Spccific guidance with examples on appropriatc applications of
the DRIs for group asscssment purposcs is provided in Chapter 7.
In this chapter, the mcthodological approaches described in Chap-
ters 4, 5, and 6 arc applicd to some of the specific uses of dictary
rcference standards reported in Chapter 2. Three specific applica-
tions arc presenled and discussed.
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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-

73
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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).



TSE OF EARs FOR NUTRIENT ASSESSMENT 81

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.
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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

Intake=EAR
3000 :
i &
- ; $
2400  Individual intakes //@0\
< individual i > Individual intakes
@ requirements LA A > individual requirements
1= : .
2 1800 | .o
£ : L L
; R A
£ Eppre e
3 ¢ AT
i EAR—‘“;’# """ - i t-"w?': LA
IR s ot ::}'.’ . R )
600 : :
B ;
07 | | | | | |
0 600 1200 1800 2400 3000 3600

Usual intakes

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



100 DIETARY REFERENCE INTAKES

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
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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.



p

Using the Adequate Intake
for Nutrient Assessment of
Groups

This chapter bricfly describes the inherent limitations of the Ade-
quatc Intake (AI) as a Diclary Reference Intake, and its limited
application in asscssing nutricnt adequacy of groups.

DERIVATIONS OF THE Al

How is the Adequate Intake (Al) defined?

The Al is a recommended average datly nulrient inlake level, based on
experimenlally derived inlake levels or approximalions of observed mean
nulrient intake by a group (or groups) of apparenily healthy people thal are
assumed lo be adequale.

An Al is established when there is insullicient scientific evidence
to determine an Estimated Average Requirement (EAR). In the
judgment of the Standing Committee on the Scientific Evaluation of
Dietary Reference Intakes, the Al is expected to meet or exceed the
amount needed to maintain a deflined nutritional state or criterion
ol adequacy in essentially all members of a specilic apparently healthy
population. Examples ol deflined nutritional states include normal
growth, maintenance of normal circulating nutrient values, or other
aspects ol nutritional well-being or general health. The Al is devel-
oped as a guide [or individuals about an appropriate level of intake
for nutrients for which data are insulflicient to establish a requirement.

106
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When the Al is based on obscrved mcean intakes of population
groups, it is likely 1o always cxcced the average requirement that
would have been experimentally determined.

In the Diclary Reference Intake (DRI) nutrient reports (IOM,
1997, 1998b, 2000), the Al has been cstimated in a number of dif-
ferent ways (sce Appendix F), Because of this, the exact meanings
and intcrprclations differ. In some cascs, the Al was hased on the
obscrved mcean intakes of groups or subpopulations that arc main-
ltaining hcalth and nutritional status consisient with an apparent
low incidence of inadequacy. In other cascs, the Al was derived
from the lowest level of intake at which all subjccts in an cxperi-
mental study met the criterion of adequacy; this is different from
(and gencerally lower than) the group mean intake that is consistent
with all subjccts mecting the criterion of adequacy. The Al was some-
times cstimated as an approximation of intake in a group with
knowledge of actual requirements of only a few individuals.

The methods of derivation of the Al may differ substantially
among nutricnts and among lifc stage groups for the same nutri-
ents; it follows that intcrpretlation and appropriate usc of the Al
must differ also, In Table 5-1, Als that represent estimaites of desir-
able group mcan intakes arc identified. Note that the indicators of
adcquacy arc nol always indicators of a classical nutricnt deficiency
slalc; in some cascs they also include factors that may be dirccted o
dccercasing risk of chronic, degencrative discascs. Following, and
shown in dctail in Appendix F, arc some examples of nutricnts with
an Al and thce basis for their derivation:

e Calcium: For infants the Al is a dirccl estimate of a suitable
intakc bascd on average content of human milk for an assumed
volumc of intake. For adolescents and adults the Al is an approxi-
mation of the calcium intake that would be sufficient to maintain
desirable rates of calcium rciention, as determined from balance
studics, faclorial cstimates of requirements, and limited informa-
tion on bonc mineral content and bone mincral density (IOM, 1997).

* Viltamin D: The Al is a valuc that appcars (o be needed 1o main-
tain—in a dcfined group with limited, but uncertain, sun exposurc
and storcs—scrum 25-hydroxyvitamin D above the concentration
bclow which vitamin D deficiency rickets or ostcomalacia occurs.
This concentration is rounded o the nearest 50 TU and then doubled
as a safcly factor 1o cover the needs of all people regardless of sun
cxposurc.

* Fluoride: For infants the Al is based on reported group mcan
intakes; for children and adults the Al is based on factorial c¢sti-
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TABLE 5-1 Nultricnts with Adcquale Intakes (Als)

Nutrient

Life Stage Group

Group Mean Intake?®

Calcium

Fluoride

Magnesium
Phosphorus
Selenium
Biotin

Cholinc

Folale
Niacin
Pantothenic Acid

Riboflavin
Thiamin
Vitamin Bg
Vitamin Byg
Vitamin C
Vitamin D

Vitamin E

0-12 mo
1-18y
19-50 y
51y
Pregnancy and lactation (all ages)
0-12 mo
1-18 y
19-50 y
>bly
Pregnancy and lactation (all ages)
0-12 mo
0-12 mo
0-12 mo
0-12 mo
1-18 y
19-50 y
=hly
Pregnancy and lactation (all ages)
0-12 mo
1-18y
19-50 y
51y
Pregnancy and lactation (all ages)
0-12 mo
0-12 mo
0-12 mo
1-18 y
19-50 y
>bly
Pregnancy (all ages)
Lactation (all ages)

0-12 mo
0-12 mo
0-12 mo
0-12 mo
0-12 mo

0-12 mo
1-18 y

19-50 y

=hly

Pregnancy and lactation (all ages)
0-12 mo

Yos
No
No
No
No
Yes
Yos
Yos
Yes
Yes

Yes
Yes
Yes

Yes
No
No
No
No
Yos
No
No
No
No
Yes
Yes
Yes
Yos
Yos
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
Yes

% See Appendix F for details
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malcs of suilable group mcan intakes. The criterion of adequacy
was an intake that would be associated with low occurrence of dental
carics,

* Cholinc: The Al is based on a single experiment in adult men,
Cholinc’s potential role in reducing chronic discasc risk was consid-
cred in developing its Al

* Biotin: For infants exclusively fed human milk, the Al is based
on the biotin content of human milk, This Icvel is extrapolated for
all other age groups.

¢ Pantothenic acid: The Al is based on cstimated mcean intakes of
apparcnlly healthy populations.

COMPARISON OF THE Al, RDA, AND FAR

In general, how does the Adequate Intake (Al) compare with the Estimated
Average Requirement (EAR) and the Recommended Dietary Allowance
(RDA)?

The amounl of evidence suilable for selling the Al is less than thal avail-
able for selling the EAR and deriving the RDA. When the Al represenis a
suilable group mean intake, by definilion, il is above the (unknown) FAR
and generally should be above the (unknown) RDA.

Like the RDAs (which are derived [rom the EARs), the Als are
levels of nutrient intake that should be associated with a low risk of
developing a condition related to a nutrient defliciency or some
other negative [unctional outcome (see Appendix F [or details).
Intakes at the level of the RDA or Al would not necessarily replete
or rehabilitate individuals previously undernourished, nor would
they be adequate [or persons alllicted by a disease that increased
requirements.

LIMITATIONS OF THE AI IN DIETARY ASSESSMENT

Can the Adequate Intake (AI) be used to determine the prevalence of
inadequate nutrient intakes in a group?

No.




110 DIETARY REFERENCE INTAKES

The Al cannot be used 1o calculate the prevalence of inadequale
nutricnt intakes for groups. However, for nutricnts with appropri-
atcly estimated Als (scc Table 5-1), groups with mcan intakes at or
abovc the Al can gencrally be assumed (o have a low prevalence of
inadequate intakes (low group risk) for the defined criterion of
nutritional status. When mean intakes of groups arc below the Al
assumplions cannol h¢ made about inadequacy of intakes (cxcept
when intakes arc zcro, in which casc intake is clearly inadcqualc).
Thus, the following statecments can be madc:

* If the mcan intakc of a group is al or above the Al, and the
variance of intake is similar 1o the variance of intake in the popula-
tion originally uscd to sct the Al, the prevalence of inadequaltc
nultricnt intakes is likcly 1o be low (although it cannot be estimated)
(scc Table 5-1 and Appendix F). This cvaluation can be uscd with
confidence when the Al is based dircctly on intakes of healthy pop-
ulations (as is the casc for all Als except for vitamin D for infants 0
through 12 months of age, for pantothenic acid, and fluoride for
children and adulis). Howcever, onc would have less confidence
making this typc of cvaluation when the Al is not bascd dircctly on
the intakes of healthy populations.

* If thec mcan intake is below the Al, the adequacy of the group’s
intake cannot be determined.

Can the proportion of the population below the Al be used as an indicator
of the percentage of the population whose intakes are inadequate?

No.

Because the Al should be above the true Estimated Average Re-
quirement (EAR), any prevalence estimates of nutrient inadequacy
calculated by counting individuals with intakes below the Al would
be overestimates—potentially major overestimates—ol the true prev-
alence. Thus, although the EAR may be used as a cut-point, the AT
may nol be used as a cul-poini lo estimale the percentage of a population
wilh inadequale inlakes.
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Can the relative adequacy of two groups—or of one group at two different
times—be assessed by comparing mean intakes with the Al or by compar-
ing the proportion of the groups below the AlI?

No.

Because the Al may be above the (unknown) Recommended
Dietary Allowance (RDA), mean intakes well below the Al may still
have a low prevalence of nutrient inadequacy. It is not possible to
know exactly where the mean intake as a percentage ol the Al
becomes associated with an increased risk ol inadequacy. For exam-
ple, mean intakes at 70 and 90 percent of the Al may have virtually
identical very low risks of inadequacy. Therelore, comparisons of

this type should be avoided.

Can we calculate back from the Al to a proxy for a nonexistent EAR?

No.

Another potential misuse of the Al is calculating back under the
assumption that a proxy for the EAR can be determined. Because
the Al is used as a target in counseling individuals—just as the RDA
is used as an intake target—there is a strong possibility that the Al
will be misused in much the same way as the former RDAs were
misused. Some may assume that it is appropriate to use an actual
standard deviation of intake or assume a certain coefficient of varia-
tion of requirements to calculate back from the Al to a value that
might be assumed to be close to the EAR.

Two times the assumed coefficient of variance of requirements
(approximately 10 percent) might be subtracted from the Al with
the assumption that the resulting number would be a proxy for the
requirement. In fact this would only be the case if the Al were set so
that only 2 to 3 percent of the population was below the EAR and
the requirement was normally distributed (Beaton, 1994). Concep-
tually this may be the case, but in actuality the Al is derived from a
different perspective. In fact, the Al involves significantly more
assumptions and judgment, and is set differently for each nutrient.
For all of these reasons it is not appropriate to calculate a pseudo
EAR from the Al Such attempts will result in estimates of the prev-
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alence of nutrient inadequacy that arc crroncous and usually too
high.

SUMMARY

Since the Adequate Intake (Al) is sct in different ways for differ-
enl nutrients and its relationship to the requirement for the nutri-
cntl is unknown, it cannot be used to ¢stimalte the proportion of the
population with inadequate intake.



Using the
Tolerable Upper Intake Level
for Nutrient Assessment of
Groups

This chapter bricfly describes the concepts underlying the develop-
ment of the Tolerable Upper Intake Levels (Uls). It also provides
guidancc on the usc of the UL in conjunctlion with the appropriate
usual intake distributlion to determine the proportion of individuals
in a group who may be potentially at risk of adverse cffects duc o
excessive intake of a nutrient.

THEORY AND DEFINITIONS

Just as quantitative guidclines are needed o help ensure adequacy
of nutricnt intake, guidclines arc needed (o help ensure that usual
intake levels are not so high that they posc a risk of adverse health
cffcets 1o an individual or group of individuals, The introduction of
the Tolerable Upper Intake Level (UL) is a long overduc contribu-
tion o nutritional ¢valuation. Great cffort has been taken in cvalu-
ating thc published litcrature relevant o adverse health cffeets of
overconsumption of specific nutrients, The UL is meant 1o inform
the public of risk of excess nutrient intakec—it is not a recommended
intake level,

The UL is determined using a risk asscssment modcl that was
devcloped specifically for nutrients (IOM, 1998a). The modcl con-
sists of a sysicmalic scrics of scientific considerations and judgments
madc by cxperts knowledgeable in both the nutrients of interest
and the practice of risk asscssment. These Uls reflect the maxi-
mum daily intake levels at which no risk of adverse health cffects is
expectled for almost all individuals in the gencral population—
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including scnsitive individuals—when the nutrient is consumed over
long pcriods of time. In other words, the UL is the highest usual
intake level of a nutrient that poscs no risk of adverse cffects. In
some cascs subpopulations with extreme and distinct vulnerabilitics
may be at risk with intakes at or even below the ULD The process
uscd Lo sct the UL considers the intakes from all sources: food,
walcr, nutricnt supplements, and pharmacological agents, although
in somc cascs the UL may apply only Lo spccific sourccs.

The dosc-responsc asscssment, which concludes with an estimate
of the UL, is buill upon thrce toxicological concepts commonly
uscd in asscssing the risk of exposures 1o chemical substances: no-
obscrved-adverse-cffect level (NOAEL), lowest-observed-adversecffect
level (LOAEL), and uncertainty factor (UF), These arc defined as:

* NOAEL is thc highest continuing intake of a nutricnt at which
no adverse cffects have been observed in the individuals or groups
studicd. In somc cascs it may be derived from experimental studics
in animals. When the available data arc not sufficient to reveal the
NOAEL, it is nccessary to rcly on a LOAEL.

* LOAEL is thc lowcst continuing intake at which an adverse
cffcct has been identified. For some nutrients, it may be derived
from cxpcrimental studics in animals,

* UFs arc applicd to the NOAEL, and if nccessary 1o the LOAEL,
in an attempt to address both gaps in data and incomplcic knowl-
cdge regarding the inferences required (c.g., the expected variability
in responsc within the population, or cxtrapolation from cxperi-
mental animal 10 human data).

Scientific judgments arc used Lo assign UFs for cach of the specific
sources of uncertainty associated with the data available for a nutri-
cnl. A Composuc UF for that nutrient is derived by multiplying the
assigned UFs, Larger UFs arc apphcd when animal data arc used
rather than human data, and in instances where the consequence
of overconsumption is scrious discasc. A UF uscd (o estimate a UL
from a LOAEL will be larger than onc used if a NOAEL is availablc.
UFs cstablishcd when this document was written arce presented in
Table 6-1; they range from 1 (expressing great confidence in the
NOAEL) 1o 36 (rcflecling extrapolation from cxperimental animal
to human data and from a LOAEL to a NOAEL and othcr limitations

1 In this case, the subpopulations are identified and discussed in the individual

chapters of the DRI nutrient reports (IOM, 1997, 1998b, 2000).
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TABLE 6-1 Tolcrable Upper Intake Levels, No-Obscrved-

Adversce-Effccet Levels, Lowest-Obscerved-Adverse-Effect Levels,
Unccertainty Factlors, and Critical Adverse Effccts for Various
Nutricents, by Lifc Stage Group

Critical

Nutricnt UL%  NOAELY LOAELY UF?  Adverse Effcct

Calcium (mg/d) IIypercalcemia
Infants (0-12 mo) ND¢ —f — — and renal
Toddlers (1-3 y) 2,500¢ — — — insufficiency
Children (4-8y) 2,600  — — — (milk-alkali
Children (9-13 y) 2,5008 — — — syndromc)
Adolescents (14-18y) 25008 — — —

Adults (19-70 y) 2,500 —h 5,000 2
Pregnant women 2,500 — — —
Lactating women 2,500 — — —
Older adults (> 70 y) 2,500 — — —

Fluoride (mg/d) Modcrate cnamel
Infants (0—6 mo) 0.7 — 0.1 1 fluorosis/
Infants (6-12 mo) 09 — 01t 1
Children (1-3 y) 1.3 — 01' 1
Children (4-8y) 292 — 0.1% 1
Children (9-13 y) 10 10 — 1 Skeletal Muorosis
Adolescents (11-18 y) 10 10 — 1
Adults (19-70 y) 10 10 — 1
Pregnant women 10 10 — 1
Lactating women 10 10 — 1
Older adults (> 70 y) 10 10 — 1

Magncsiumk’ (mg/d) Diarrhca
Infants (0-12 mo) ND — — —

Toddlers (1-3 y) 65 — — —
Children (4-8 y) 1100 — — —
Children (9-13 y) 350 — 360 ~1
Adolescents (11-18 y) 350 — 360 ~1
Adulis (19-70 y) 350 — 360 ~1
Pregnant women 350 — — —
Lactating women 350 — — —
Older adults (> 70 y) 350 — 360 ~1

continued
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TABLE 6-1 Conltinucd

Critical

Nutricnt UL*  NOAELY LOAELY UF?  Adverse Effcct

Phosphorus (g/d) Hyperphosphatemia
Infants (0-12 mo) ND — — —

Toddlers (1-3 y) 30 1027 — 3.3
Children (4-8y) 30 1027™ — 3.3
Children (9-13 y) 4.0 102" — 2.5
Adolescents (14-18 y) 1.0 10.2™ — 2.5
Adulis (19-70 y) 1.0 10.2 — 2.5
Pregnant women 3.5 — — —

Lactating women 4.0 102 — 25
Older adults (> 70 y) 3.0 102 — 3.3

Sclenium (pg/d) Sclenosis
Infants (0-6 mo) 157 7pg/kg — 1
Infants (7-12 mo) 60" — — —

Children (1-3 y) gokn — —
Children (4-8 y) 15067 — — —
Children (9-13 y) 9g80kn — —
Adolescents (11-18 y) 100 — — —
Adulis (19-70 y) 100 800 2
Pregnant women 400 — — —
Lactating women 400 — — —
Older adults (> 70 y) 400! — — —

a-Tocopherol ko(m g/d) Increased
Infants (0-12 mo) ND — — — tendency to
Children (1-3 y) 20047 — —_ —_ hemorrhage
Children (4-8 y) 30067 — — seen in rats
Children (9-13 y) 60047 — — —

Adolescents (14-18 y) T L C— — —
Adulis (19-70 y) 1,000"%  — 500 mg/kg 36
Pregnant women 1,000 — — —
Lactating women 1,0007 — — —
Older adults (> 70 y) 1,000 — — —

Choline (g/d) Hypotension
Infants (0-12 mo) ND — — — lishy body odor
Children (1-3 y) Lobn — —

Children (4-8 y) 1.0t — — —
Children (9-13 y) 2.0tn — — —
Adolescents (14 -18 y) 3.0bn — —

continued
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TABLE 6-1 Conltinucd

Critical

Nutrient UL®  NOAELY! LOAELY UF¢  Adverse Effcet
Adulis (19-70 y) 5.5% — 7.5 2
Pregnant women 35" — — —

Lactating women 35" — — —
Older adults (> 70 y) 35" — — —

Folatc® (pg/d) Precipitation or
Infants (0-12 mo) ND — — — cxacerbation of
Toddlers (1-3 y) 300b7  — — — ncuropathy in
Children (4-8 y) 400bn — — vitamin 312
Children (9-13 y) 60047 — — — deficient-
Adolescents (14-18 y) 11 L — — — individuals
Adulis (19-70 y) 1,000 — 5,000 5
Pregnant women 1,000 — — —

Lactating women 1,000 —_ —_ —_
Older adults (> 70 y) 1,000 — 5,000 5

Niacin® (myg/d) Vasodilation
Infants (0-12 mo) ND — — — (Mlushing; can
Toddlers (1-3 y) 1T L — — — involve burning,
Children (4-8 y) 1560 — —_ —_ tingling, and
Children (9-13 y) 20tn — — itching sensation,
Adolescents (14-18 y) R — — — as well as
Adults (19-70 y) 35 — 50 1.5 reddened skin;
Pregnant women 35 — — — occasionally
Lactating women 35 — — — accompanicd by
Older adults (> 70 y) 35 — — — pain)

Vitamin Bg (mg/d) Sensory
Infants (0-12 mo) ND — — — neuropathy
Toddlers (1-3 y) 30bn — —

Children (1-8 y) 10— — —
Children (9-13 y) 6047 — — —
Adolescents (14-18 y) gokn — —
Adults (19-70 y) 100 200 — 2
Pregnant women 100 — — —
Lactating women 100 — — —
Older adults (> 70 y) 100 — — —

continued
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TABLE 6-1 Conltinucd

Critical

Nutrient UL®  NOAELY LOAELY UF?  Adverse Elfcet
Vitamin G (mg/d) Osmotic diarrhca

Infants (0-12 mo) ND — — — and

Children (1-3 y) 400bn — — Gastrointestinal

Children (4-8 y) 65047 — — disturbances

Children (9-13 y) 1,2006%  — — —

Adolescents (11-18 y) 1,8006m — —

Adulis (19-70 y) 2,000 — 3,000 1.5

Pregnant women 2,000 —_ —_ —_

Lactating women 2,000 — — —

Older adults (> 70 y) 2,000 — — —
Vitamin D (pg/d)? Hyperealcemia

Infants (0-12 mo) 25 15 — 1.8

Toddlers (1-3 y) 506 — — —

Children (4-8 y) 508 — — —

Children (9-13 y) 508 — — —

Adolescents (14-18 y) 508  — — —

Adulis (19-70 y) 50 — —

Pregnant women 50 60 — 1.2

Lactating women 50 — — —

Older Adults (> 70 y) 50 — — —

a L. = Tolerable Upper Inlake Tevel: The highest level of daily nutrient intake that is
likcly 1o posc no risk of adverse health cifects to almost all individuals in the genceral
population. Unless otherwise specilied, the UL represents total intake from [ood, water,
and supplements. Because of lack of suitable data, ULs could not be established [or
thiamin, riboflavin, vitamin B)9, pantothenic acid, biotin, or any carotenoids. This sig-
nifies a need for data. It does not necessarily signify that people can tolerate chronic
intakes of these vitamins al levels exceeding the RDA or AT,

b NOAEL = no-obscrved-adverse-cfleet level: the highest intake (or experimental oral
dosc) of a nutricnt at which no adverse clfects have been obscerved in the individuals
studicd.

¢ LOAEL = lowest-observed-adverse-effect level: the lowest intake (or experimental oral
dose) at which an adverse effect has been identified.
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dUF = uncertainty factor: a number that is applied to the NOAEL (or LOAEL) to
obtain the UL, The UF incorporates uncerlainties associated with extrapolating from
the obscrved data to the general population. UFs established at the time this document
was writlcn, some of which are presented in this table, range [rom 1 (expressing great
confidence in the NOAEL) to 36 (rellecting extrapolation from animal to human data
and significant limitations in the data).

¢ ND = not determined or identified. Except for vitamin D, selenium, and fluoride, ULs
could not be established for infants, Because of the unique nutritional needs and toxi-
cological sensitivity of infants (0-12 mo), the UL for adults was not adjusted on a body-
weight basis to derive a UL for infants (as was donc for children and adolescents).
JFNo data available to identify NOAELs or LOAELs.

& Increased rates of bone formation in toddlers, children, and adolescents suggest the
adult UL is appropriate for these age groups.

A solid value for the NQOAEL is nol available; however, researchers have observed that
daily calcium intakes of 1,500 to 2,400 mg did not result in hypercalcemic syndromes.
iIn mg/kg/day.

J7Modcrate and scvere forms of cnamel [(Inorosis are characterized by csthetically objcc-
tionable changes in tooth color and surface irregularities. This is regarded as a cosmetic
effect rather than a functional adverse effect.

kUL represents inlake from supplements, food fortificants, and pharmacological agents
only and docs not include intake from [ood and water.

I'The UL value for adulis was adjusted on a body-weight basis 10 estimate the UL [or
children.

" The NOAEL of 10.2 g/d for adults was used to set ULs for all other life stage groups
except for pregnant women. The UL for pregnant women was set by decreasing the UL
for adults by 15 percent,

% UL valucs have been rounded.

2 The UL lor a-tocopherol applics to any form of a-tocopherol.

# As cholccalciferol. 1 pg cholecalciferol = 40 IU vitamin D.

SOURCES: IOM (1997, 1998b, 2000).
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in the data). UFs greater than 100 may be required for some nutri-
cnts in future cvaluations, particularly if data on humans arc not
available, great uncertaintics arc found in the dosc-responsc curve,
and thc adverse cffect is not reversible, At a UF of 1, the NOAEL
cquals the UL,

Information uscd to cstablish ULs is summarized in Table 6-1.
Readcrs arc rcferred o the report Dietary Reference Intakes: A Risk
Assessment Model for Establishing Upper Intake Levels for Nutrients (IOM,
1998a) and thc individual nutrient reports (IOM, 1997, 1998b,
2000) for additional information.

EVALUATING THE RISK OF ADVERSE EFFECTS
USING THE UL

How to Use ULs

Becausce the actual risk curve (probability of adverse cffect at cach
level of intake) is unknown, it is not possible 1o determinge the actual
risk (likclihood) of adverse health effects for cach individual in the
general population. Until more rescarch is done in this arca, the
UL is mcant to be used as a guidepost for potential adverse cffects
and 1o help cnsurce that individual intakes do not cxceed a safe
intake or do so only rarcly.

The procedure for applying the UL in asscssing the proportion
of individuals in a group who arc potentially at risk of adverse health
cffccts from excess nutrient intake is similar 1o the EAR cut-point
mcthod described carlier (Chapter 4) for asscssing nutrient inadc-
quacy. In this casc, onc simply determines the proportion of the
group with intakes above the UL. Howcever, because the Uls for
nutricnts arc bascd on diffecrent sources of intake, onec must be
carcful Lo usc the appropriailc usual intake distribution in the asscss-

Box 6-1 Factors io consider when assessing the risk of high intakes:

¢ the accuracy of the intake data

* the percentage of the population consistently consuming the nutrient
at intake levels in excess of the UL

* the seriousness of the adverse effect

e the extent Lo which the adverse effect is reversible when intakes are
reduced Lo levels less than the UL.
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ment. For some nutrients (c.g., fluoride, phosphorus, vilamin C) the
distribution of usual intake would nced 1o include intake from all
sourccs, while for others (c.g., magnesium, folate, niacin, vitamin E)
only the distribution of usual supplement intake would be needed.

Figurc 6-1 provides a hypothctical example of the rclationship
between population median intakes and the risk function for intakes
at all levels. It can be scen that the percentage of the population at
risk would diffcr depending on the steepness of the risk function,
As noted above, however, the risk function (the dosc-responsc
curve) for all nutrients is unknown.,

Figurc 6-2 illustrales a distribution of usual nutrient intakes in a
population; the proportion of the population with usual intakes
abovc the UL represents the potential at-risk group. An cvaluation
of the public health significance of the risk (o the population con-
suming a nutricnt in excess of the UL would be required to deter-
minc if action was nccded.

If no discernible portion of the population consumes the nutrient
in cxcess of the UL, no public health risk should cxist. However, if

Distribution of usual intake /

/
l / +—— Hypothetical risk curve
for adverse effacts

Frequency of intake

Risk of adverse health effects {%)

UL NOAEL LOAEL

L J

Increasing intake

FIGURE 6-1 Hypothetical example of risk of adverse effects compared Lo popula-
tion intake, The fraction ol the population having usual nutricnt intakes above the
Tolcrable Upper Intake Level (UL) is potentially at risk; the probability ol adverse
cllects increascs as nutricnt intakes increasc above the UL, although the true risk
function is not known for most nutrients. NOAEL = no-observed-adverse-etfect
level, LOAEL = lowest-observed-adverse-effect level.
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Population distribution of
usual intake

Population potentially at
risk at adverse effects

Frequency of intake

Mean UL

L 4

Increasing intake

FIGURE 6-2 Population polentially al risk from excessive nulrient intakes. The
fraction ol thc population consistently consuming a nutrient at intake levels in
cxcess of the Tolerable Upper Intake Level (UL) is potentially at risk ol adverse
hcalth cllccts. Additional information is nccessary to judge the signilicance of the
risk.

somc portion of the population has intakes above the UL, a risk
may cxist and the nced to ake action to reduce population intakes
should bc cvaluated. For cxamplc the UL for niacin for adults is 35
mg/day The LOAEL for niacin is 50 mg/day and the uncertainty
factor is 1.5 (indicating a good level of confidence in the data). The
adversc cffeet noted is a relatively benign vasodilation causing flush-
ing of the skin that may be accompanicd by a burning, itching, or
tingling scnsation; this cffect is rcadlly reversible by a reduction in
intake, The UL for vitamin B, is 100 mg/day for adults and the
NOAEL is 200 mg/day with a UF of 2. The adversc cffect observed—
scnsory ncuropathy—is a scrious and irrcversible condition, There-
fore, public health concern over a segment of the population rou-
tincly consuming niacin in ¢xcess of the UL would not be as great
as if a scgment of the population were routinely consuming vitamin
B in cxcess of the UL,

F1gurc 6-3 illustrates a situation in which usual dictlary intake from
foods represents no discernible risk but the addition of intakes from
supplement usage makes a fraction of the population potentially at
risk. Figurc 6-4 represents the type of analysis that would apply when
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Population distribution

of usual intakes

(from diet only) Population distribution
of usual intakes

(from diet plus
supplements)

T

— Population potentially
at risk of adverse effects
(from diet plus supplements)

-

Frequency of intake

Mean Mean uL
intake intake
(diet only)  (diet plus
supplement)

L 2

Increasing intake

FIGURE 6-3 Effect of including supplement intakes on the population potentially
at risk. In this case, nutrient intakes from diet alone are risk-free, but intakes from
supplement plus diet put a fraction of the population at risk. The Tolerable Upper
Intake Level (UL) here applies to all sources of intake. The significance of the risk
is judged by consideration of additional factors.

Population distribution
of usual supplement intakes

Population potentially at
risk for adverse effects
from supplement use

Frequency of intake

1
Mean supplement intake UL

Increasing supplement intake
FIGURE 64 Risk analysis when the Tolerable Upper Intake Level (UL) applics

only to supplements. The significance of the risk is judged by consideration of
additional factors.
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the data reveal that only supplement usage poscs a risk (the UL
applics only to the supplement); in this casc only the supplement
intake distribution requires analysis. For example, for nutrients such
as magncsium, folaie, niacin, and vitamin E no information cxists
on adverse cffccts occurring from the nutrient when consumption
is from foods; adverse cffects have been seen only when the nutri-
cnt was consumcd as a supplement, as a fortificant added 1o food
(c.g., folalc), or in over-the-counter medications (c.g., magnesium
in antacids). In cach of thesc cascs the significance of the risk
rcquires consideration of more than the fraction of the population
that ¢xcceds the UL, Currently, population usual intake distribu-
tions can bc cstimated, but the shape of the UL risk curve is
unknown. When this information is availablc, however, the proba-
bility approach, as described in Chapter 4, can be used (o asscss the
proportion of the population potentially at risk of adverse cffects.
The underlying assumption is that there is a threshold below which
there is ncgligible risk from overconsumption and above which
dosc-responsc curves for toxicological asscssment can be lincar,
cxponcnlial, or some other shape.

Although members of the gencral population should be advised
not to routinely exceed the UL, intake above the UL may be appro-
priatc for investigation within well-controlled clinical trials. Clinical
trials of doscs above the UL should not be discouraged as long as
subjccts participating in thesc trials have signed informed consent
documents regarding possible adverse cffects, and as long as these
trials employ appropnalc safcly monitoring of trial subjccts. In addi-
tion, the UL is not meant o apply to individuals who arc recciving a
high dosc of a nutricnt under medical supervision,

The UL is typically derived 1o apply Lo the most sensitive members
of the gencral population. For this rcason, many members of the
population may rcgularly consume nutricnts at or cven somewhat
above the UL without expericncing adverse cffects. However, because
there is no way (o cstablish which individuals arc the most sensitive,
it is nccessary Lo interpret the UL as applying o all individuals.

Supplement Use

The need for Uls derives largely from regular, sclf-prescribed usc
of largc amounts of highly fortificd foods, regular consumption of a
large number of modcraicly fortificd foods, or nonfood sourccs
such as nutritional supplements, or any combination of the three,
by significant proportions of thc population. Few nutrients arc con-
sumcd through the food supply in amounts that could causc loxicity.
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When this docs occur it may be duc o composition of the soil,
extremely unusual food choices, or crrors during food fortification.,

The usc of nutrient supplements is growing in the United States
and Canada, with rcports from the Third National Health and Nutri-
tion Examination Survey (NHANES IIT) suggestling that half the
population is using nutritional supplements. Although this infor-
mation is not sufficicntly quantitative for estimations of population
intakes, it is known that in somc population subgroups nutrient
intakes ecxceed the UL, Supplements should not be treated casually
cven though excessive intakes appear to be harmless because they
arc cxcreled or do not incur a toxic responsc. It is important o
rcmember that the Uls arc bascd on chronic exposurcs. The
amounts of a nutricnt considered toxic upon acule cxposurc arc
generally considerably higher than the UL, but have not been cstab-
lished for many nutrients.

SOME FREQUENTLY ASKED QUESTIONS

How serious s the risk of adverse effects for individuals chronically con-
suming nuirients at levels greater than the Tolerable Upper Intake Level
(UL)?

The crilical adverse effecls used lo sel the UL are listed in Table 6-1. The
dose, Lhe seriousness of the adverse effects, and Lhe exienl lo which (he effecls
are reversible upon inlake reduction should be considered in evalualing Lhe
risk of adverse effects.

If the mean intake of a population equals the UL, is there no risk?

A population mean inlake al the UL suggesis thal a large proportion (as
much as half) of the population is consuming levels above the UL. This
would represent a very serious populalion risk of adverse effects.

How different are the ULs from doses that would confer acute toxicity?

The ULSs are the maximum levels thal can be consumed daily on a chronic
basis withou! adverse effects. The ULs will generally be much lower than the
levels thal are necessary lo produce adverse effecls afler a single exposure.
Few evalualions of the acule loxic inlake of nulrienls have been made.
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Houw close are the Recommended Dietary Allowances (RDAs) and ULs?

There is no standard or definable mathematical relationship between the
RDA and the UL. For some nutrients, the two values are widely separated
(for example, the RDA for vitamin B, for adult women is 1.3 mg/day,
whereas the UL is 100 mg/day). In some cases the two standards cannot be
compared dirvectly because the UL is to be applied only to sources of the
nutrient that are not naturally in foods (e.g., the UL for magnesium is only
Jor intake from supplements).

Will we find out in a few years that the RDA and Adequate Intake (Al)
are too low and that higher nutrient intakes are better to prevent specific
diseases such as cancer?

As our ability to study the chronic effects of various levels of nutrient
intakes on humans improves, our knowledge of the relationships between
single nutrients and disease prevention will improve. As a vesull, suggested
desirable intake may increase or decrease. Higher nutrient intakes may not
be found to be better. In some clinical intervention trials, high doses of
B-carotene being studied for cancer prevention were reporied to actually
increase the risk of lung cancer in long-term current smokers. This demon-
strates that it is difficult to speculate about even the direction of an effect
when an individual consumes high doses of a nutrient (those that greatly
exceed the amounts found in foods).
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Specific Applications:
Assessing Nutrient Intakes
of Groups Using the
Dietary Reference Intakes

This chapter focuses on specific applications of the Dictary Refer-
cnce Intakes (DRIs) o asscss the nutrient adequacy of groups, in
particular describing and cvalualing dictary survey data. The meth-
odological approaches described in Chapters 4, 5, and 6 arc applicd
to somc of the specific uses reported in Chapier 2. (Chapter 3
presents an application for asscssing the nutrient adequacy of indi-
vidual dicts.) A subscquent report will examine applications of the
DRIs for planning nutricnt intakes of groups and individuals, which
includes many of the other uscs presented in Chapter 2,

INTRODUCTION

Asscssment of the apparent nutrient adequacy of groups typically
has uscd the former Recommendcd Dictary Allowances (RDAs) and
Recommended Nutrient Intakes (RNIs) because these were the
primary dictlary standards that were available. In many instanccs,
howcever, the former RDAs and RNIs were used inappropriately in
dictary asscssment applications (c.g., RDAs uscd for dictlary asscss-
ment of groups, with some arbitrary pereentage of the RDA usced as
a cut-point for determining nutricnt adequacy of a group).

The applications considered in this chapter are designed (o ana-
lyz¢ information about the distribution of average daily intakes over
time, referred o as usual nutrient intakes, Typically, though, survey
data on nutricnt intakes of the same individual arc only available
for onc or two days; somclimes (wo or morc nonconsccutive days of

127
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dictary rccall data arc available for a subsamplc of individuals, with
onc day of rccall dala available for the remainder of the sample.

Thus, 10 conduct cvaluations of diclary survey data, it is usually
nccessary first 1o adjust the intake distributions bascd on at lcast
two nonconscculive days of dictlary recalls Lo obtain the usual nutri-
entintake distribution. If these adjustments arc not madc, outcome
variablcs that rcly on any mcasurc other than the group’s mcan
intake arc biascd (Carriquiry ct al,, 1997; Nusscr ct al,, 1996). For
cxample, the percentage of individuals in a group with intakes less
than a spccificd cutoff level would be biased (cither over- or under-
cstimated) if determined from unadjusied data on nutrient intakes.
Sce Chapier 4 for methods 1o adjust intake distributions,

APPLICATION 1: DESCRIBING DIETARY SURVEY DATA

What are the characteristics of the distributions of usual nutrient intake?
How variable are usual intakes?

Data available: 24-hour dielary recall dala on a nalionally represenialive
sample of individuals, with two or more nonconseculive days of dala collecled
Jor al least a subsample of individuals.

This discussion assumes that dietary recall data are available [rom
a nationally representative sample ol individuals and have been used
to estimate the usual nutrient intakes ol the population [rom [ood
and supplements.

The [ollowing summary descriptive measures could be examined:
mean, median, and other percentiles ol the usual nutrient intake
distribution. An example ol appropriate descriptive statistics is given
in Table 7-1.

Many researchers have expressed intakes as a percentage ol the
Recommended Dietary Allowance (RDA) primarily to aid the inter-
pretation of descriptive statistics across life stage and gender groups
that have diflerent requirements. Although expressing mean intake
as a percentage ol the RDA is not incorrect, it is easily misinterpret-
ed. These statistics cannot be used to assess nutrient adequacy.
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TABLE 7-1 Dcscribing Nutricnt Intakes of Children 4 through
8 Ycars of Agc—Characteristics of Usual Nutrient Intake

Nultrient Reference Intake® Usual Nutrient Intake®
Mcan Median
Nutrient Unit FAR RDA Al Intake Intake
Calcium mg/d Na® NA 800 838 808
Phosphorus mg/d 405 500 NA 1,088 1,059
Magncsium mg/d 110 130 NA 212 2056
Thiamin mg/d 0.5 0.6 NA 1.141 1.10
Riboflavin mg/d 0.5 0.6 NA 1.91 1.84
Niacin mg/d 6 8 NA 17.6 17.1
Vitamin Bg mg/d 0.5 0.6 NA 1.53 1.48
Folate® pe/d 160 200 NA 2392 221
Vitamin By, pg/d 1.0 1.2 NA 3.83 3.62
Vitamin C mg/d 22 25 NA 96.5 90.0
Vitamin E%¢  mg/d 6 7 NA 5.8 5.6
Selenium? pg/d 23 30 NA 86.8 85.0

aFAR = Estimaled Average Requirement; RDA = Recommended Dietary Allowance;
Al = Adcequatce Intake.

b NA = not applicable.

¢The EAR and RDA [or [olatc arc cxpresscd as pg dictary [olate equivalents (DFE).
However, insufficient information was available to convert intake data from the Con-
tinuing Survey of Food Intakes by Individuals to DFEs, thus for this example, folate
intake is expressed in micrograms,

d Mcan and median intake expressed as mg of a-locopherol.

¢ Dictary intake data for sclenium and vitamin E are [rom the Third National Health
and Nutrition Examination Survey, 1985-1994.

SOURCE: 1994-1996 Continuing Survey of Food Intakes by Individuals.

*NOTE: Does not include intake from supplements.

APPLICATION 2: ASSESSING THE PREVALENCE OF
INADEQUATE OR EXCESSIVE INTAKE

What proportion of the population has inadequate nutrient intake? What
proportion of the population is at risk of excessive nutrient intake?

Data available: 24-hour dietary recall data on a nationally representative
sample of individuals, with two or more nonconsecutive days of data collect-
ed for at least a subsample of individuals.
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Comparing Usual Intakes unth the FAR and the UL

Table 7-2 is an example of an evaluation of the intakes of children
4 through 8 years of age. Under certain assumptions an effective
estimate of the prevalence of inadequate intake is the percentage of
a group with usual nutrient intake less than the Estimated Average
Requirement (EAR). Dietary Reference Intakes (DRIs) have not yet

TABLE 7-2 Asscssing Nutrient Intakes of Children 4 through 8
Ycars of Age—What Proportion Has Inadcquate Intake? What
Proportion Is Potentially at Risk of Excessive Intake?

Percentage Percentage
Less than Greater than
Nutricnt Unit EAR®  thc FAR uL? the UL
Calcium mg/d NAF NA 2,500 <1
Phosphorus mg/d 405 <] 3,000 <]
Magnesium mg/d 110 5 1104  UKR*
Thiamin mg/d 0.b <1 NA NA
Riboflavin mg/d 0.b <1 NA NA
Niacin mg/d 6 <l 15 UK
Vitamin Bg mg/d 0.5 <1 40 <1
Folate/ pg/d 160 35 400 UK
Vilamin Bqg pe/d 1.0 <1 NA NA
Vitamin C mg/d 22 <1 650 <1
Vitamin E&P mg/d 6 604 300/ UK
Sclenium?” pg/d 23 <l 150 <l

a EAR=Estimated Average Requirement.

b UL=Tolerable Upper Intake Level,

¢ NA = not applicable.

4 UL for magnesium applics o supplements only, not dict plus supplement.

¢ UK = Unknown becausce the UL applics only to intakes [rom supplements (magnesium)
or from supplemental and fortification sources (niacin, folate, and vitamin E).

J/The EAR and RDA for folate are expressed as pg dietary folate equivalents (DFE).
However, insufficient information was available (o convert intake data from the Con-
tinuing Survey of Food Intakes by Individuals to DFEs, thus [or this example, [olate
intake is expressed in pg. Intake data were collected prior to folate fortification of grain
products and thus underestimate current [olate intake.

&8The EAR is expressed in mg of o-tocopherol.

L Dietary intake data for selenium and vitamin E is from the Third National Health and
Nutrition Examination Survey, 1988-1994,

i Accurale measurcs of vitamin E intake are dilficult to obtain duc to undecrreporting ol
[at intake; it is likely that the pereent less than the EAR is an overestimate (I0M, 2000).
7 Applics to any form of supplemental o-tocopherol.

SOURCE: 1994-1996 Continuing Survey of Food Intakes by Individuals.
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becen established for all nutrients, and some nutrients have Ade-
quatc Intakes (Als) rather than EARs. As a result the only nutrients
to which the probability approach or the EAR cut-point mcthod
(described in Chapter 4) can be applicd (o asscss adequacy in this
Cxamplc arc vilamin B, vitamin B,, , vitamin C, vilamin E, folalc,
niacin, rihoflavin, thamm magncsium, phosphorus, and sclenium,
Additional nutricnts will be added as DRIs arc developed for them,

To cstimalc the proportion of the population potentially at risk
from cxcessive intake, the pereentage of the group with usual nutri-
ent intake exceeding the Tolerable Upper Intake Level (UL) is
dctermined (sce Chapter 6). Again, because ULs have not yet been
cstablished for all nutrients, the only nutrients for which the pro-
portion at risk for cxcessive intake can be cstimated arc niacin,
vitamin By, folalc, choling, vitamin G, vitamin D, vitamin E, calcium,
phosphorus magncsium, fluoride, and Sclcmum Addltlonal nutri-
cnts will also be added 1o this list as DRIs arc developed for them, Tt
should bc noted however, that cven though EARs or ULs arc cur-
rently available for some nutrients (c.g., vitamin D, fluoride, and
cholinc¢), asscssment of adequacy or potential risk of cxcess is not
possiblc because these nutrients are not included in the national
intake surveys.

Common Mistakes in Fvaluating Dietary Survey Data

Somc of the most common mistakes in cvalualing dictlary survey
data arisc from inappropriatc conclusions drawn from comparing
mcan nutricnt intakes with Recommended Diclary Allowances
(RDAs). When mean nutrient intake exceeds the RDA, rescarchers
often conclude—inappropriatcly—that dicts mecet or cven exceed
rccommended nutritional standards. At onc time, when the RDA
was defined as the average intake of a population, this mistake was
understandable. Howcever, the current definition of the RDA (and
the definition implicd in the last two revisions [NRC, 1980, 1989])
spcmﬁcally dcfines the RDA as a goal for the individual. In fact, as
discusscd in Chaptcr 4, hccausc the variance of usual intake typically
exceeds the variance of nutrient requirement for most nutricnts,
the mcan usual nutrient intake of a group must exceed the RDA (o
have a low prevalence of inadequale intakes. Even if mean usual nutri-
ent intake cquals or exceeds the RDA, a significant proportion of
the population may have inadcquate nutrient intake, This is clearly
shown in Tables 7-1 and 7-2, where both the mcean and mcedian of
usual intake of folate exceced the RDA, yet approximatcly 35 per-
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cent of children 4 through 8 ycars of age arc cstimated 1o have
usual intake less than the requirement.

Mcan or median intakes of nutrients with EARs scldom, if cver,
can bc used 1o asscss adequacy or cxcessive intake of group dicts.
The prevalence of inadequacy depends on the shape and variation of the
usual intake distribution, not on mean intake. For food cnergy, however,
mcan intake relative 1o the EAR is a possible mcasurc 1o usc in
asscssing the adequacy of group dicts. Because there is a high corrcla-
tion beiween energy intake and encrgy expenditure (requirement),
mcdian intake of food encrgy should be closc 1o the requirecment
for there o be low risk of inadequate or excessive intake.

Caution also is nccessary when interpreting descriptive statistics
for nuitricnis with an AI. When mean usual intake of a group exceeds
the Al the expected prevalence of inadequalc intake is low. When
mcan usual nutricnt intake of a group is less than the Al, however,
nothing can hc inferred about the probability of madcquacy (scc
Chapter 5).

In short, comparing mcan intake cither o the EAR or RDA or
simply looking at mcan intake levels should not be used 1o asscss or
imply relative nutrient adcquacy.

APPLICATION 3: EVALUATING DIFFERENCES IN INTAKE

Do different subgroups of the population (food stamp participants and
nonparticipants, for example) differ in their mean nutrient intakes?

s What are Lthe characleristics of the usual nulvienl inlake distvibulion for
different populalion subgroups? Do populalion subgroups have different
distribulions of usual nutvienl inlake?

® Do population subgroups differ in the proportion wilh inadequale nulri-
enl inlake?

® Do population subgroups differ in the proportion al risk of excessive
nulrienl inlake?

Research studies often [ocus either on dillerences in nutrient
intake for population subgroups or on the relationship between
certain [actors and nutrient intakes. Such studies are simply exten-
sions of the dietary survey applications discussed above. They typi-
cally use both descriptive and multiple regression analyses to examine
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diffcrences in nutrient intakes across population subgroups. Descrip-
tive analyscs comparc differences across subgroups in mceans, medi-
ans, and pcrcentlages with intake less than the Estimated Average
Requirement (EAR) or exceeding the Tolerable Upper Intake Level
(UL). Multiple regression analyses usc individual data on nutrient
intakes Lo cstimate the cffects of various faclors on nutrient intake.
The results can be used o present regression-adjusied differences
in mcasurcs among the subgroups.

As an cxample of this application, consider an cvaluation of the
Food Stamp Program (FSP) that involves cstimating the relation-
ship between FSP participation and nutrient intakes. In this applica-
tion, 24-hour diclary rccall data arc available on a nationally repre-
scnlative sample of individuals cligible for the FSP, This sample
includes both FSP participants and low-incomce nonparticipants.

Descriptive Analyses of Nutrient Intakes

Decscriptive analyses would examine the mean, median, and other
sclected percentiles of the usual nutrient intake distribution.

Statistical tests can be conducted o determine whether FSP par-
licipation is associalcd with differences in nutrient intake, In this
casc, if comparison of thc mcans is all that is wanted (although of
limited valuc), no adjustments for usual intake arc nceessary and a
-lest can be used. Howcever, before performing these tests, it is
important to consider survey weights and survey design cffects. If
sampled individuals have different survey weights attached to them
(scc Chapter 4), the mcan and the standard crror of the mcan
nced 1o be computed using these weights, If the survey design is
clusiered, the variance can be artificially reduced and thus nceds 1o
be adjusted. Various software programs can be uscd for this purpose.!

Howcever, if interest is on information at the tails of the distribu-
tions (i.c., pereentiles), adjustment of the intake distributions o
obtain the usual nutrient intake distributions from the obscrved
nutricnt intake distributions is nceded 1o more accurately reflect

1 Software programs exist to calculate ttests of the differences between means
when sample individuals have different survey weights and the survey has a cluster
design. Software programs that can be used include SUDAAN (Sofiware for the
Statistical Analysis of Corrclated Data, Rescarch Triangle Institute, 3010 Cornwallis
Road, PO Box 12194, Research Triangle Park, NC 27709-2194), WESVAR (Westat
Variance, Westat, 1650 Research Blvd., Rockyille, MD 20850), and PC-CART (Per-
sonal Computer Cluster Analysis and Regression Program, Statistical Laboratory,

TIowa State Universily, Ames, IA 50011-1210).
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the individual-to-individual variation in intake. For cxample, onc
might wish to determine whether the proportion of individuals with
inadequaltce intakes is different among FSP participants and low-
incomc nonparticipants.

To describe differences in the prevalence of apparently inade-
qualc nutrient intakes between subgroups, the percentages of FSP
participants and low-incomc nonparticipants with usual nutrient
intake less than the EAR (for nuirients with an EAR) should be
calculated and comparcd. Similarly, 1o describe differences in the
percentage potentially at risk from excessive nutrient intakes by sub-
group, lhc pereentages of FSP participants and low-income non-
participants with usual nutricnt intake greater than the UL (for
nutricnts with a UL) should be calculated and comparcd. Tests
such as t-lests can then be conducted o delermine whether these
diffcrences arc statistically significant,

Multiple Regression Analyses of Nutrient Intake

Onc important objective of multiple regression analysis is 1o cor-
rcct the simple difference in group mean intake discussed above for
other differences between subgroups. For cxample, supposc FSP
participants and low-income nonparticipants differ in their charac-
Leristics (such as houschold income or family siz¢) and that these
diffcrences also affect nutrient intake, Multiple regression analyses
(straightforward analyscs of covariance) can adjust the simple dif-
ference in mean nutrient intake between FSP participants and non-
participants for diffcrences attributed to houschold income and
family sizc. The results of these analyses can he used 1o calculate
rcgression-adjusted differences in nutrient intake for different pop-
ulation subgroups.

In multiplc regression analysis, the dependent variable refers 1o
an individual, not to a group. As notcd previously, individual nutri-
cnt intake obscrved on onc day is not the same as usual nutrient
intake for that individual. Although adjustments can be made o
the intake distribution of a group (o ¢stimatc the usual intake distri-
bution (scc Chapter 4), adjustments cannot usually be made to indi-
vidual valucs 1o cstimatle usual individual intake. The discussion
bclow focuses on using obscrved nutrient intake data for individuals
to define dependent variables for multiple regression analyscs, how
o interpret the results from the regression analyscs, and how 1o usc
the results of these analyses 1o asscss differences in nutrient adequacy
across subgroups.
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Regression-Adjusted Differences in Mean Nutrient Intakes

For a multiple regression analysis of nutrient intakes, the depen-
dent variable is usually the observed individual nutrient intake. In
the context of the FSP, the dependent variable would be observed
nutrient intakes while predictor variables might include—in addi-
tion to food stamp participation—household income, family size,
education, region of residence, and other important characteristics
influencing nutrient intake. This type of multiple regression analysis
typically produces a set of regression coefficients and their standard
deviations. On the basis of the estimated coefficient for FSP partici-
pation, regression-adjusted differences in mean nutrient intake can
be calculated between FSP participants and low-income nonpartici-
pants, controlling for other differences between participants and
nonparticipants that may also influence nutrient intake. In addi-
tion, just as the mean of observed nutrient intake is an unbiased
estimate of mean usual nutrient intake, these regression-adjusted
differences in mean observed intakes are unbiased estimates of
regression-adjusted mean usual nutrient intake.

Multiple regression analysis of nutrient intakes has been used to
assess the relationship between program participation and nutrient
intakes in FSP eligible individuals (Gordon et al., 1995; Oliveira and
Gunderson, 2000; Rose et al., 1998). Specifically, the regression-
adjusted differences in mean intake between program participants
and a comparison group of nonparticipants were interpreted, with
certain caveats, as the estimated effects of program participation.
However, as noted previously, mean intakes cannot be used to assess
nutrient adequacy. Similarly, differences in mean intakes between
subgroups cannot be used to draw conclusions about the effects of
program participation on nutrient adequacy. They can be used only
to make inferences about differences in mean intakes between pro-
gram participants and nonparticipants. The approach described
below provides a method of estimating the effect of FSP participa-
tion on nutrient adequacy.

Comparison of the Prevalence of Inadequate Nutrient Intakes

As discussed above, multiple regression analysis can be used to
estimate differences in mean intakes between two subgroups such
as FSP participants and eligible nonparticipants, while controlling
for other factors that affect nutrient intake. A more difficult research
question, however, is testing the difference between subgroups in
the prevalence of apparent nutrient inadequacy, after controlling for
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other factors that affect nutrient intake. This analysis involves compar-
ing changcs (o the tail of the intake distributions. In the context of
the FSP, the question is whether the proportion of individuals with
usual intakes below the EAR is different between FSP participants
and nonparticipants, aficr controlling for other factors that affect
nutricnt intake,

A proposed approach that enables users to control for effects of potentially
confounding variables through regression analysis is outlined below, using
the FSP as an example. The required data include:

® one day of inlake dala for each person

® [wo independent days of inlake for al least a subsample of each group
(however, one day of inlake dala on each individual suffices if only Lhe
difference in group mean inlake is of inlevesi)

® each person’s values for each of the polentially confounding variables
(e.g., income, educalion, age, elc.), or al leasl a reliably impuled value, as
well as an indicalor for ISP participation slalus (e.g., participant, non-
parlicipant).

Step 1. First, a regression equation is [itted to the observed intake
data. Variables in the regression model would include FSP partici-
pation (coded as 0 or 1) and any other variables thought to allect
intakes. For example, il age were the only other variable considered
relevant, the equation would be:

Observed intake (Y) = constant + B, (age) + B,(FSP participation) + error.

The [itted regression equation would contain estimated values [or
the constant and the regression coelflicients for FSP participation
and [or any other variable that was included in the model. These
estimated values are denoted as b, b,, b;, etc.

Step 2. Given the estimated regression coellicients [rom the first
step, a standard predicted intake value is generated [or each indi-
vidual by inserting the values ol the covariates for the individual,
approprialely cenlered, into the [itted regression equation. The modifier
“standard” is used because in this step, one standardizes individual
intakes to those that would be observed il everyone in the sample
had been, for example, the same age and had the same income.
Suppose that the sample consisted ol all women aged 20 to 50. A
good centering or standardizing age would be 35, the midpoint of
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the sample age range. This siep thercefore, standardizes all intakes
Lo valucs that would have been observed had all sampled individuals
diffcred only in the FSP participation status. If age were the only
othcr covariate, the standardized predicied intakes would be calcu-
lated as:

Standardizcd predicted intake = obscrved intake (Y) - b,(age — 35),

where b, is the estimated regression cocfficient associated with age.

If agc is the only covariate (other than FSP participation) belicved
Lo be associated with intake, the standard predicted intakes above
would correspond o intake values adjusied o a standard age (in
this casc 35). In cssence, step 2 removes the cffect of the covariates
other than FSP participation on intakes. If the cffect of age is o
increasc intake (i.c., if 4, is positive), then the standard predicted
intakes for individuals who arc younger than 35 will be larger than
the obscrved intake for those individuals, On the other hand, the
standard precdicted intakes for individuals who arc older than 35
will be smaller than the intakes obscrved.

Step 3. Next, the cffect of day-lo-day variability is removed from
the standardized predicied intakes to produce an adjusted usual
intake distribution, This siep, described previously in Chapier 4,
would be donc scparatcly for the two groups. Once an adjusted
usual intake distribution has been obtained (standardized, for exam-
plc, to age 35) for cach group of individuals, the proportion of cach
group with intakes below the EAR can then be determined and
comparcd using a simplc t-test.

It is important o notc that:

* The cstimalcs of prevalence of inadequacy in cach of the two
groups oblaincd using the adjusted standardized intakes will be
biascd, and pcrhaps scvercely so. This is because the adjusted stan-
dardizced intakes have a variability that is 100 small. When using the
standardizcd intakes in the adjustment procedure, one procceds as
if the regression cocfficient b, was a known, fixed valuc. In reality,
b, is an cstimalc, and as such has a variancc that is not “added” 1o
the variance of obscrved intakes. However, the difference between the
prevalence estimates for the two groups will still be approximately unbiased,
as long as the distribution of ages among the two participation
groups is approximaicly similar, or as long as individuals in onc
group tend to be younger than individuals in the other group. If,
however, all individuals in onc group have ages clusicred around
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the centering age value, while all individuals in the other group
have ages that arce cither much lower or much higher than the
centering value, then the adjustment above will lead (o biased infer-
cnces aboul the cffeet of FSP participation on the prevalence of
inadcquacy.

* Only onc covariatc has been included in this example. The
approach above cxtends naturally to the case of more than onc
covariate, and the same centering principle would hold. Tf, for exam-
plc, income was a sccond covariate and if the range of incomes in
the sample went from $10,000 1o $40,000, then the appropriate
centering value for income would be Lhc midpoint ($40,000 -
$10,000) /2 + $10,000 = $25,000. In this casc, onc would be adjust-
ing obscrved intakes 1o look like the intakes that would have been
obscrved if all individuals had been 35 years of age and carned
$25,000.

* Thc adjustment above relics on the ability Lo accuratcly specify a
regression modcl for intake. The modcl needs (o contain all covariates
thought 1o bc associated with intake, particularly if they are also
thought to be corrclated with FSP participation. The cstimated
rcgression cocfficients will have betler statistical propertics when
intakes arc approximatcly normally distributed.

The hypothcetical cxample below (sce also Table 7-3) illustrates
the first four sieps of this approach to asscss whether FSP participa-
tion affccts the mean intake of the group or the prevalence of inad-
cquacy of nutricnt A. In this example, it is suspected that age may
influence intake of nutrient A and may also be associated with FSP
participation. For cach of a large group of individuals, 2 days of
intake data arc availablc, and the age of cach individual is known,
Somc arc FSP participants (FSP = 1) and others arc not (FSP = 0),
The overall group mean intake of nutrient A is 772 units, Tablc 7-3
shows data for six of these individuals.

Step 1. In the first siep, a regression modecl is fitted o the intake
data (column 4 of the table). The resulting prediction cquation is:

Obscrved intake = -9 + 21,7 X age + 68.7 X FSP

Step 2. Next, standard predicted intakes are calculated for cach
individual for cach day of intake. The regression cocfficient associ-
ated with age gencrated from the intake data is used, but the cocffi-
cient for FSP participation and the intercept arc not included. The
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TABLE 7-3 Data for Six Individuals from a (Hypothctical)
Largc Survey of Food Stamp Program (FSP) Participants and
Nonparticipants

FSP Parlicipant Standardized

Individual (1=yes; O=no) Agce Obscrved Intake®  Predicted Intake?
1 1 23 HbH8 819
657 918
2 1 39 825 738
1,024 937
3 1 36 871 850
9641 913
151 0 44 995 800
922 726
152 0 37 799 755
740 696
153 0 10 890 781
874 765

@These values represent the actual intakes for each individual on the 2 days for which
diet records were kept.

b Slandardized predicled intake is calculaled as: observed intake (¥) — bj(age — 85), The
value for b7 is 21.7 in this cxample.

centering value chosen for age is 35, the midpoint of the range of
ages among individuals. Thus, the equation used is:

Standardized predicted intake = observed intake (Y) —21.7 X (age — 35),

these intakes are shown in the last column of the table.

Step 3. Age-standardized intakes are then used in transformations
to remove the effect of day-to-day variability, leading to age-
standardized usual intake distributions for FSP participants and FSP
nonparticipants (see Chapter 4). Note that these distributions will
have the incorrect spread relative to the distribution of usual intakes
that would be obtained if individuals had not been standardized to
have the same age.

Step 4. Finally, the proportion of individuals with intakes below
the EAR in each age-adjusted usual intake distribution can be com-
pared to determine whether FSP participation affects the preva-
lence of nutrient inadequacy. The actual estimates of inadequacy in
each group are meaningless; only the difference between the two
prevalence estimates is approximately unbiased.
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Cautions Regarding the Use of Binary Variables for Inadequacy

In an analysis of the probability of inadequacy, researchers might
be tempted to determine differences in nutrient adequacy between
two groups by obtaining an estimate of each individual’s usual intake
(perhaps by using the observed mean intake as the estimate) and
then determining whether the individual is consuming adequate
amounts of the nutrient by comparing the intake to the EAR. In
this way, a categorical variable with two values (0 for inadequate, 1
for adequate) can be created and used as a response variable in a
regression.

Dependent variables should not be binary variables for inadequacy, defined
on the basis of nutrient intake below the EAR or below any other threshold
value. This is because an individual’s true requirement is unknown.
Individuals whose usual nutrient intake is below the EAR may still
be meeting their own nutrient requirement; while individuals whose
usual nutrient intake is above the EAR may not be satisfying their
individual nutrient requirement. As a result, a binary variable denot-
ing whether an individual’s usual nutrient intake is less than the
EAR will misclassify some individuals.?

A second problem associated with using a binary variable to denote
nutrient inadequacy is that observed nutrient intake for an individ-
ual differs from usual nutrient intake. Therefore, some individuals
will be classified as below the EAR on the basis of observed nutrient
intake although their usual nutrient intake would put them above
the EAR, and vice versa. In general, because of underreporting,
using observed nutrient intake data overstates the proportion of
individuals with usual nutrient intakes less than the EAR.

As a result of both of these considerations, a logistic regression
for multivariate analysis in which the response variable is a binary
variable constructed by comparing the individual’s intake to the
EAR will lead to biased estimates of the effects of the covariates on
the probability of inadequacy.

2For a group, the percentage with usual intake less than the EAR is a good
cstimatc of the proportion with inadequate usual nutrient intake because thosc
individuals who are misclassified cancel each other out. That is, the individuals
with usual nutrient intake less than the EAR who are still meeting their require-
ment are offset by the individuals with usual nutrient intake above the EAR who
are nol meeling their requirement (triangles A and B of Figure 4-8).
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SUMMARY

Table 7-4 summarizes these applications of the Dietary Reference
Intakes (DRIs) to assess nutrient intakes of groups. Answers to many
of the descriptive questions—such as those regarding the character-
istics of the distribution of usual nutrient intake and differences in
mean nutrient intakes between population subgroups—do not depend
on the DRIs. However, determining the proportion of a group with
inadequate usual nutrient intake is only possible for nutrients with
Estimated Average Requirements (EARs). Determining the propor-
tion of a group potentially at risk of adverse effects due to excessive
usual nutrient intake is only possible for nutrients with Tolerable
Upper Intake Levels (ULs). DRIs have not yet been established for
many important nutrients and either an EAR or a UL has not yet
been determined for others. An important issue, therefore, is what
to do until the DRIs are established for these other nutrients.
Descriptive applications (such as the example in Table 7-1) might
combine information for nutrients with DRIs along with nutrients
for which only the older Recommended Dietary Allowances (RDAs)
or Recommended Nutrient Intakes (RNIs) are available. However,
for evaluation measures (such as the example summarized in Table
7-2), nutrients or food components which do not yet have EARs and
ULs under the DRI process should be omitted from applications
that assess the prevalence of inadequate intakes or those at poten-
tial risk of adverse effects due to excessive intakes.
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TABLE 7-4 Applications: Evaluating Dictary Survey Data

Measures Nutrienis Jommen

What are the characteristics of the distribution of usual nutrient intake?

Mean nutrient intake All nutrients under consideration Mean nu

Median usual nutrient intake

Percentiles of usual nutrient intake
distribution

What proportion of the population has inadequate usual nuirient intake?

Percentage with usual intake less Vitamins: thiamin, riboflavin, niacin, Bﬁ, This mes
than the Estimaled Average folate, By, C, E inlake
Requircment (EAR) Elements: phosphorus, magnesium, This mc:

sclenium

What proportion of the population is at potential risk of adverse effects?

Percentage with usual intake greater Vilamins: niacin, Bg, folale, choline,
than the Tolerable Upper Intake G, D,E
Level (UL) Elements: calcium, phosphorus,

magncsium, [luoride, sclenium

Are there differences in nutrient intakes and differences in nutrient adequacy for different
subgroups of the population?

Mcan nutricnt intake for subgroups All nutricnts under consideration
Median usual nutricnt intake for

subgroups
Percentiles of the usual nutrient

intake distribution for subgroups

Percentage with usual intake less Vitamins: thiamin, ribollayin, niacin, By,
than the EAR for subgroups [olate, B12' C, E
Elements: phosphorus, magnesium,
selenium
Percentage with usual intake greater Vitamins: niacin, By, folate, choline,
than UL for subgroups C,DE

Elements: calcium, phosphorus,
magnesium, fluoride, selenium

This me:

Gonduct
adjuste
Regressic
adequs

Statistica
ACross
This mes:
hetwee
This me:

Statistica
ACross
signifi

This mes:




SPECIFIC APPLICATIONS OT DRIs 143

Commenls

11

acin, Bﬁ,

11m,

line,

r different

11

acin, Bg,

am,

ling,

Mean nutrient intake should not be used to assess nutrient adequacy.

This measure is not appropriate for food energy, given the correlation between
intake and requirement.
This measure is not appropriate [or nutricnts for which an EAR has not been sct.

This measure is nol appropriate for nutrients for which a UL has not been sel,

Conduct multiple regression analyses ol nutrient intakes; compare regression-
adjusted mean intake for the dillerent subgroups.

Regression-adjusted mean nutrient intake should not be used to assess nutrient
adequacy.

Statistical tests of significance can be used to determine whether the differences
across subgroups in percentages less than the EAR arc statistically significant.

This measure is not appropriate for food energy because of the correlation
between intake and requirement.

This measure is nol appropriate for nutrients for which an EAR has not been sel

Statistical tests of significance can be used to determine whether the differences
across subgroups in percentages greater than the UL are statistically
significant.

This measure is not appropriate for nutrients for which a UL has not been set.







IV

Fine-Tuning Dietary
Assessment Using the DRIs

In Part IV, the report examinges issucs that may affect the dictary
asscssment methods that are described in Parts IT and TIT and high-
lights arcas of rescarch that need attention,

A bricf description of ways 1o incrcasce the accuracy in the mcasure-
ment of intakes and requirements, and the importance of represen-
lative sampling tcchniques arc highlighted in Chapter 8. Chapter 9
provides recommendations for rescarch nceded o improve and
rcfine nutrient assessments,
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Minimizing Potential Errors in
Assessing Group and
Individual Intakes

This chapter presents information on ways (o minimize crrors in
dictary asscssments, including tailoring the Diclary Reference Intakes
(DRIs) to the specific group or individual, ensuring that the intake
data have the highest accuracy feasible, minimizing sampling crrors
when collecting intake data on groups, and dctermining standard
deviations of prevalence cstimalcs.

Dictary asscssments involve comparing nutrient intakes of individ-
uals or groups with the DRIs. Thus, there arc two primary arcas
where potential measurement errors can influence asscssment results:
(1) determining nutrient requirements; and (2) mcasuring dictary
intake, including using approprialc sampling stratcgics, and accu-
ralc nutricnt composition for foods consumed.

Intake data nced to be collected with the most accuraie tech-
niqucs available, with cost and fcasibility of cvaluations taken into
account. Furthcrmore, the assessment must usc appropriatc DRIs,
and consider the age, gender, physiological status, and other rele-
vant characteristics (c.g., smoking status) of the individual or group
being asscssed. If cstimates of intakes or requirements (or upper
limits) arc incorrcct, the assessment of inadequate or excess nutri-
cnl intakes for the individual or the group will also be incorrect.

TAILORING REQUIREMENTS FOR
SPECIFIC GROUPS AND INDIVIDUALS

The Dictary Reference Intakes (DRIs) can be adjusted Lo be more
appropriatc for spccific individuals or groups. For cxample, adjust-
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ments might be made for body size, energy intake, or physiological
status. However, such adjustments arc usually not nccessary since
the DRIs arc assumcd (o apply o all healthy individuals in the spcci-
ficd lifc stage and gendcer group.

Are there situations when adjustments to the Estimated Average Require-
ment (EAR), and thus the RDA, should be made for certain individuals to
ensure that they are at little or no risk of nutrient inadequacy?

In most cases, adjustmenls are nol lkely lo be required because the EAR
already accounts for normal individual variability. Howevey, adjusimenls
may be warranted for individuals who have unusually high or low body
weight, experience physiological changes al unusual ages, experience unusual
physiological changes, or have unusually high energy requivements. These
stlualions are discussed below.

Body Weight

When nutrient recommendations are established in relation to
body weight, the weight of a reference individual is olten used to
derive DRIs. (See Appendix A for relerence weights used in devel-
oping the DRIs.) For example, the RDA for protein has traditionally
been related to body weight and in the 10th edition ol the RDAs
(NRC, 1989) the RDA [or protein was set at 0.8 g ol protein per kg
body weight. Summary tables list RDAs of 63 and 50 g/day of pro-
tein, respectively, [or reference adult men and women weighing 79
and 63 kg (NRC, 1989). Recommendations for individuals above or
below these reference weights would be modilied accordingly. For
example, the RDA for individuals weighing 45 and 100 kg would be
36 and 80 g/day ol protein, respectively. When this adjustment is
made the individuals are assumed to have relatively normal body
composition because protein requirements are related more
strongly to lean body mass than to adipose tissue mass. Thus, a
protein intake of 160 g/day would not be recommended for an
obese individual weighing 200 kg. None of the DRIs established at
the time this report went to press have been expressed in relation to

body weight.
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Age and Physiological Stage

For some nutrients, requirements change across the lifespan in
association with physiological changes that are assumed to occur at
various average ages. For example, the Al for vitamin D is higher
for adults older than 50 years than for those younger than 50 years,
and the recommendation for vitamin B, is that individuals older
than 50 years obtain most of their vitamin B, from fortified foods
or supplements. For these nutrients, the changes in recommenda-
tions are associated with age-related changes in vitamin D metabo-
lism and in gastric acidity, respectively. These changes do not occur
abruptly at age 50 and it could reasonably be suggested that average
dietary requirements would be increased at the upper end of the
51- through 70-year age range.

In other situations the physiological changes that result in differ-
ent requirements occur over a shorter time or can be identified by
individuals. An example would be iron requirements of women.
The requirements for women ages 31 through 50 years are intended
to cover losses associated with menstruation whereas for women
older than 50 years it is assumed that menopause has occurred.
Onset of menopause, then, rather than age, is the physiologically
significant event.

Energy Intake

Although the EARs for intake of thiamin, riboflavin, and niacin
are not set based on energy intake (IOM, 1998b), it may be appro-
priate to evaluate intake of these vitamins as a ratio to energy intake
for some populations.

The DRI report on the recommended intakes for the B vitamins
(IOM, 1998b) notes that no studies were found that examined the
effect of energy intake on the requirements for thiamin, riboflavin,
or niacin and thus these EARs and RDAs were not based on energy
intake. Despite this lack of experimental data, the known biochem-
ical functions of these nutrients suggest that adjustments for energy
intake may be appropriate, particularly for individuals with very high
intakes (such as those engaged in physically demanding occupa-
tions or who spend much time training for active sports). Adjust-
ments may also be appropriate for healthy people with low intakes
due to physical inactivity or small body sizes.

For thiamin, riboflavin, and niacin, an energy-adjusted EAR may
be calculated as the ratio of the EAR to the median energy require-
ment for an individual or population. Because DRIs have not been
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sct for cnergy as of the wriling of this report, the requirements for
cnergy recommendced in the 10th cdition of the RDAs (NRC, 1989)
can be uscd, For example, the thiamin EAR for men 19 through 50
years is 1.0 mg/day and for women is 0.9 mg/day. The recommended
mecdian cnergy intake for men and women 24 through 50 ycars of
agc is 2,900 and 2,200 kcal/day, respectively (NRG, 1989). Thus, an
cnergy-adjusied thiamin EAR for adults in this age group would be
0.34 mg/ 1,000 kcal for men and 0.41 mg/ 1,000 kcal for women. As
was suggcesied in 1989, for adults with intakes below 2,000 keal/day,
the requirecment should not be further reduced (i.c., 0.68 mg/day
for men and 0.82 mg/day for women).

An cnergy-adjusicd RDA can be calculated from the cencrgy-
adjusicd EAR by adding two standard deviations of the requirement.
For thiamin, the cocfficient of variation of the requirecment is 10
percent, so the energy-adjusted RDA would be 20 percent higher
than the energy-adjusied EAR, or 0.41 mg/ 1,000 kcal for men and
0.49 mg/1,000 kcal for women,

MINIMIZING ERRORS IN MEASURING DIETARY INTAKES

Faclors influencing food and nutrient intakes arc ofien the same
as thosc influencing requirements, such as lifc stage, body sizc, lifc-
style, genclic determinants, environment, cle. Food availability and
culture also influcnce intakes but arc not related to individual bio-
logical rcquircments. Box 8-1 summarizcs points to consider in min-
imizing crror in collecling dictlary intake data.

Dictary intakes arc determined using a varicty of rescarch instru-
ments (c.g., 24-hour rccall questionnaires, food rccords, food-
frequency questionnaires, dict historics) that clicit information on
lypes and amounts of food and beverage ilems consumed. This
information is uscd with valucs from a nutrient composition data-
basc (o determine diclary nutrient intake. Contributions of nutrient
supplements Lo dictary intakes arc similarly asscssed. Following arc
somc lecchniques for intake mcasurcment that apply to most dictary
data collection processes and can help avoid bias and mcasurement
crror—and therefore help 1o ensure the accuracy of individual and
group intakc mcasurcments. For a more complele review of these
issucs, scc Camcron and Van Staveren (1988), LSRO (1986), NRC
(1986), and Thompson and Bycrs (1994).
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BOX 8-1 Key Steps in Measuring Dietary Intake

®  Sclect the appropriatc mcthodology
®*  Ascertain all food consumed
— consider omissions, additions, and substitutions of foods in recalls
— consider water consumption and over-the-counter medications for
nutrient contributions
— use memory probes to improve accuracy
— keep interview frustrations to a minimum
— keep interview atmosphere neutral with respect to social values
— use interviewers with knowledge of cullure and language related Lo
food
*  Accuralely determine portion sizes consumed
— usc food or partion modcls
— train for usc of modcls
*  Dctermine nutrient supplement usc
¢ Consider whether intakes may vary systematically as a result of
— seasonality or periodicity of food use
— chronic or systemic illness
— rapid dietary transitions
*  Consider the unit of observation (individual, household, or population)
*  Use accurate food composition data, considering
— variabilily in nutrient levels in foods as consumed
— nutrient values in databases thal are missing or calculated rather
than measured
— whether the databases include culture-specific food
— bioavailability

Select the Appropriate Methodology

Dietary intake data are commonly collected using one or more
days of recall or records. However, collection of dietary intake data
using methods other than a few days of direct reporting of all foods
and amounts consumed (e.g., food-frequency questionnaires, diet
histories, and household inventories) may appear to be attractive
alternatives. Because of the ease of administration and entry of con-
sumption data, semi-quantitative food-frequency questionnaires are
widely available and often used in epidemiological studies. These
types of questionnaires may be appropriate for ranking intakes in
epidemiological studies, but, as noted below, are seldom accurate
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cnough 1o usc Lo asscss the adequacy of diclary intakes of cither
individuals or groups duc to scveral limiting characteristics of semi-
quantitative food frecquencics.

Firs(, there is no dircct quantitative assessment of individual amounts
consumcd (Kohlmcicr and Bellach, 1995). Either an average por-
tion for all individuals in a group is assumcd or the options arc
limited to a few calegorics, such as small, medium, and large. Asscss-
ment requires a precise quantification of nutrient intakes, and for
this, accuralc portion sizcs arc nceded. Frequencics of consump-
tion arc truncated in a limited number of calcgorics (usually five or
scven).,

Sccond, a food-frequency questionnaire docs not asscss intakes of
all availablc foods. Foods arc limiled (o thosc that are considered
major contributors to the nutrients under study (Block ct al., 1986),
or 10 the foods that contributed most Lo the variance in intake in a
specific group at the time the questionnaire was designed (Willew
ct al,, 1987). Food-frequency questionnaires do not attlempt Lo cap-
ture all food sources of a nutrient quantitatively.

Third, because of the discrepancy between thousands of foods
being offered in a supermarket and a sct of questions limited 1o a
fcw hundred at most, many foods arc combined in onc question.
Food composition dala arc averaged in somce way across these foods,
and thc individual who consumcs only onc or another of these or
cats these in other proportions will be incorrectly assessed with the
nutricnt databasc being uscd. As a result intakes may he cither over-
or undcrestimated. Also often overlooked is that food-frequency
questionnaires arc only applicablce Lo the population for which they
arc designed and arc bascd on their consumption patlerns at a
specific time, Continually changing food consumpltion paticrns and
ncw food offerings require that periodic changes be made in food-
frequency questionnaires.

Dict historics, like food frequencics, altempt 1o capture usual dict
but, unlike food frequencics, include quantitative asscssment of por-
tions and includc the asscssment of all foods calen in a cognitively
supportive fashion (mcal by mcal) (Burke, 1947). Becausce they arc
quantlitative and do not truncatc information on frequency, amount,
or the actual food itlems consumed, dict historics overcome many of
the limitations of food-frequency questionnaires for asscssment of
the total nutrient intakes of individuals (Kohlmcicr and Bellach,
1995). Dict historics have also been shown o capture total encrgy
intakc morc accuraicly than other mcthods (Black ct al., 1993).
Howecver, if conducted by an interviewer, rather than a presct com-
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puler program, they may show between-interviewer differences in
responscs (Kohlmeier ct al., 1997).

Houschold inventories arc weak mcasures of otal food intake
because of food waste, food consumed by gucests or pets, and the
large amount of food consumed outside of the home. They also
rcquirc assumptions about the distribution of food consumption
among the pcople within a houschold when the houschold includes
morc than onc person.

Maintaining weighed food records over multiple days can provide
a solid basis for nutricnt asscssment as long as the recording of food
intake docs not influence usual intake behavior and as long as sca-
sonalily in nutrient intake, where it cxists, is adcqualtcly caplured.

In summary, inlakes assessed by 24-howr recall, diel records, or quaniila-
live diel histories remain the sirongest bases for quanlilalive assessmeni of
nulnent adequacy using the Dielary Reference Inlakes (DRIs). Quantilalive
assessmenls require bolth accurale delerminalion of the quantilies of foods
consumed by an individual and inclusion of all of the foods thal conlribule
even. modestly (more than 5 percent) lo the lolal nulrient inlake. Nol all
drelary inlake instrumenls are designed Lo meel these requirements. Their use
Jor this purpose is likely lo vesull in inaccurale assessmends.

Ascertain All Foods Consumed

Either because of poor memory or a reluctance to report foods
[elt to be inappropriate, people often omit, add, or substitute foods
when recalling or reporting dietary data. On average, total energy
intake tends to be underreported by about 20 percent, although
the degree ol underreporting varies with weight status, body mass
index, etc. (Johnson et al., 1998; Lichtman et al., 1992; Mertz et al.,
1991). The most common additional [ood items that were remem-
bered alter prompting in the U.S. Department of Agriculture’s Con-
tinuing Survey of Food Intake by Individuals (1994-1996, Day 1)
were beverages, including alcoholic beverages, and snack [ood, with
5 to 10 percent of nutrient totals being added alter prompting (B.
Perloll, U.S. Department of Agriculture, unpublished observations,
1998). If foods—and therelore nutrients—are underreported, then
the prevalence of inadequate intakes for a population or the proba-
bility of inadequacy for an individual may be overestimated. Little is
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known abhout the rclative sizes of nutrient versus cnergy under-
rcporling.

Various tcchniques may be used 1o encourage accurale reporting,
Because many studics of dictary intake rcly on subjects’ memory of
food, food ingredicnts, and portion sizces, dictary survey instruments
often specify the use of memory probes and cucs 1o improve accuracy
(Domel, 1997). Thosc with poor memory, such as some clderly
adults and young children, are not good candidates for dictary
intake interviews (Van Staveren ct al., 1994; Young, 1981).

Somc retrospective dict studics depend on the individual’s long-
term rccall of past food intake and rcly on memory that is morc
generic than that for recent intake. Complete food lists and probes
using spccific circumstances of life arc helpful in these swudics (Dwyer
and Colcman, 1997; Kuhnlcin, 1992; Smith ct al., 1991a). Thce inter-
view atmosphere should be kept ncutral so that rcspondcms do not
feel they must report (or not report) ilems because of their social
desirability (Hebert ct al,, 1997),

When diclary intakes arc asscssed for individuals with strong cul-
tural or cthnic identitics, it is uscful 1o cmploy interviewers from
the same background who spcak the language of the intervicwees
and can knowlcdgcably guidce dictary informaltion exchange about
the food, its ingredicnts, and portion sizes. Food composition data-
bascs uscd should contain the appropriate culture-specific food
items. Respondents must be literate if written survey instruments
arc uscd (Hankin and Wilkens, 1994; Kuhnlcin ct al., 1996; Tcufcl,
1997).

Accurately Determine Portion Sizes Consumed

To minimizc portion sizc as a sourcc of crror, various kinds of
food modcls, portion-sizc modcls, and houschold mcasurcs have
been used to assist the respondent (Burk and Pao, 1976; Guthric,
1984; Haraldsdottir ct al., 1994; Thompson ct al,, 1987; Tsubono ct
al,, 1997). Training the interviewer in usc of portion-sizc modcls
improves accuracy of reporting (Bolland ct al., 1990).

Determine Nutrient Supplement Use

Supplement usc needs o be determined, and quantified, to obtain
accurate cstimaltces of the prevalence of inadequate nutrient intakes
for a group. Othcrwisc, the prevalence of inadequacy will be over-
cstimated, as will the probability of inadequacy for an individual,
Howecver, the proportion of individuals with intakes above the
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Tolcrable Upper Intake Level (UL) may be undcerestimated. The
extent of under- or overcstimation will depend on the dosages and
frequency of usc, and for groups, on the percentage of the group
using supplements. Currently, the only national surveys available
which quantify supplement usage along with diclary nutrient intakes
arc the 1987 National Health Interview Survey and the Third National
Hcalth and Nutrition Examination Survey.

Mecrging wwo diffcrent databascs—once dealing with food usc and
the other dcaling with supplcmcm usc—1Lo cslimatc the distribu-
tion of usual total intakes is complex because supplements provide
rclatively high doscs of specific nutricnts but may be taken intermit-
tently. More accurate methods for mceasuring nutrient supplement
intake arc nceded.

When assessing adequacy of intake, it may be helpful 1o average
supplement intake over time when the supplement is consumed
intermittently (c.g., once per week or month). This will mask or
smooth oul the high intake associated with the day the supplement
was actually consumed. This smoothing cffecl might be appropriate
when assessing for chronic high intakes using the UL. However, if
acule cffects on health are possible from cxcessive intake of a nutri-
cnl, then a different approach 1o combining food and supplement
intake neceds o be proposcd An additional drawback of smoothing
supplement intakes is that the day-lo-day variability in nutrient
intake cannot be cstimated. This crecates a problem when cstimat-
ing the usual nutrient intake distribution in a group.

Consider Whether Intakes May Vary Systematically

When diclary intakes of a population or a population subsct (c.g.,
athlctes in training) vary sysicmatically, rcasons for this variation
must be understood and incorporated into data gathering, These
lechniques also arc part of defining what is usual intake (for example,
over a calendar year). If systemalic variations arc not considered,
prevalence of inadequalce intakes may be undcer- or overestimalted.

Seasonality and Other Issues of Periodicity

Scasonal cffccts on diclary intakes arc reflected in changing pat-
terns of food availability and usc. These cffects are usually greater
for food items than for cnergy or nutrients (Hartman ct al., 1996;
Joachim, 1997; Van Staveren ct al., 1986). The scason of collccting
ycarly diclary data may bias results because the data will sclectively
ovcremphasize items consumed during the scason of the interview
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(Subar ct al., 1994). Scasonally availablc local cultural food may
affcct scasonal and ycarly average nutrient intakes (Kuhnlein ct al.,
1996; Receveur ct al., 1997). The cffects of scasonality on cstimated
nutricnt intakes can be alleviated by a well-designed data collection
plan.

Within-pcrson variability also may include other nonrandom com-
ponents (Tarasuk and Bealon, 1992), somc of which may be related
Lo sociocultural factors (c.g., intakes may differ between weekdays
and weckend days) (Beaton ct al., 1979; Van Staveren ct al,, 1982)
and somc of which is physmloglcal (c.g., women’s cnergy mtakcs
vary across the menstrual cycle) (Barr ct al.,, 1995; Tarasuk and
Bcaton, 1991a).

Iliness and LEating Practices

Chronic illncss affccling intakes of a part of the population is
rcflected in group dictary intakes and may bias the prevalence of
inadequaltc intakes in what is assumed 1o be a normal, healthy pop-
ulation (Kohlmcicr ¢t al., 1995; McDowcll, 1994; Van Staveren ct

, 1994). Parasitism, caling dlsordcrs and dicting—which may be
prcvalcnt in scgments of a population—may affcct food intake,
Unlike dicting, illncss presents a problem not only with regard 1o
intake data but also in the assumptions underpinning the asscss-
ment of adequacy because the DRIs were cstablished for normal,
hcalthy populations.

Rapid Dietary Transition Including LEffects of Interventions

Data may bhc biascd by individuals whosc dictary intakes arc affecled
by rapidly changing lifc circumstances (such as migration or rcfu-
gcce slatus) or by succcssfully implemented nutrition intervention
programs. Thus, it is important Lo consider how many affected indi-
viduals arc included in the data sample (Cranc and Green, 1980;
Immink ctal., 1983; Kristal ct al., 1990, 1997; Yang and Rcad, 1996).

Constider the Unit of Observation (Individual, Household,
or Population)

Data on nutrient intakes arc sometimes collected for houscholds
rather than for individuals. When this is the case, the level of aggre-
gation of the dictary data must be matched with an appropriate
level of aggregation for the requirements, Appendix E - discusscs
how requirement data may be aggregated at the houschold level. Tt
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is somctlimces of interest Lo comparce population-level consumption
data (such as food disappcarancc data for a country) with a require-
mcent eslimale. Approprialc ways 1o make such comparisons arc also
discusscd in Appendix E. Howcver, the mcthods involve many
assumplions, and crrors may be large.

Use Accurate Food Composition Data

Decriving nutrient intake dala from dictary intake data requires
the usc of a food composition databasc. Accuracy of the food com-
position dala and thc¢ sofiwarc Lo access il arc critical for asscss-
ments of dictary adequacy. Nutrient databascs nced to be kept cur-
rent and contain data on dictary supplements. In the United States
and Canada thc primary sourccs of nutricnt composition data arc
the U.S. Department of Agriculture Nutrient Databasc for Standard
Reference, Relcase 13 and its revisions (USDA, 1999; Waul ct al.,
1963).

Databascs should be cvaluated for the number of food items
included that arc relevant 1o the population undcer study (Kuhnlcin
and Soucida, 1992; Smith ct al., 1991b). The currency of data for
foods derived from recipes is important; they should reflect changes
in fortification levels of primary ingredicents. Ideally, the databasc
should not have missing valucs, and valucs calculated from similar
food items should be identified (Buzzard ct al., 1991; Juni, 1996;
Nicman ct al., 1992),

Other considcrations when cvaluating databascs include whether
the valucs arc for food as consumed (rather than as purchascd);
nutricnt analytical mcthodology uscd, including cxtent of sampling
rcquircd and feasibility of addressing variability in nutrient content;
and conventions and modcs of data cxpression (Greenficld and
Southgate, 1992; Rand ct al., 1991).

When accurate food consumption data arc not available, it may
be more mceaningful to comparce food intake 1o food-based dictary
standards (such as the Food Guidc Pyramid [USDA, 1992]) than to
comparc nultricnt intake o the DRI,

Other Factors to Consider

For nutricnts with a wide range of hiological availahility in food, a
population’s prevalence of inadequate intakes will be inaccurately
cstimated if the average bioavailability for foods chosen by individuals
in the population diffcers from the bioavailability assumed when sct-
ting the Estimated Average Requirement (EAR). The distribution
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of nutricnt intakes also may be inaccurate if bioavailability varics
within the population but is not considered when nutrient intake is
cstimated for cach individual. Zinc, niacin, iron, and provitamin A
carolcnoids arc nutricnts with well-known issucs of bioavailability.
Nutrient cquivalcms arc somclimes uscd (c.g., niacin cquivalcnts
for asscssing niacin intake and rctinol cquivalents for asscssing
intakes of provitamin A carotcnoids) (IOM, 1998b, 2000). The usc
of dictary folatc cquivalents to reflect the hioavailability of supple-
mental folate in contrast to folalc naturally present in food has
bcen recommended for cvaluating dictary data (IOM, 1998b).

ISSUES OF VARIANCE IN DIETARY ASSESSMENT

Selecting a Representative Subsample of a Group

For largc groups of pcople, it is not usually practical 1o asscss the
intake of every individual. Thus, a representative subsample is sclected
and asscssed and the ﬁndmgs arc cxtended to the full population,
The mcthods used for ensuring that a sample is truly representative
can bc complex, but the results of an assessment can be mislcading
if the individuals who arc asscssed differ from the rest of the group
in cither intakes or requirements. Errors can arisc if the sample is
nonrcprcscntativc For cxample, a Lclcphonc survey might sclect
morc high-income participants by missing familics who arc 100 poor
to own a tclephone. Aliernalively, the people who refusce 1o partici-
palc arc not a random subsample (c.g., working mothers might be
much more likely to rcfuse than retired pcoplc) Thercfore, assis-
lance from a slatistician or other expert in survey sampling and
design should be obtained (Dwyer, 1999; Van Staveren ct al,, 1994),

Determining Standard Deviations of Prevalence Lstimates

Is the estimated prevalence of nutrient inadequacy in a population signifi-
cantly different from zero?

Answering this queslion requires eslimaling the standard devialions asso-
cialed with the prevalence estimales.

The prevalence estimates obtained [rom the application of either
the probability approach or the Estimated Average Requirement
(EAR) cut-point method are exactly that: estimates. As such, there
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is uncertainty associatcd with them and this uncertainty can, in
principle, be reflected in a standard deviation for the prevalence.
Uncertainty in the prevalence cstimates can come from three
sourccs: sampling variability, variability associated with the EAR, and
variability associatcd with collection of intake data.

Sampling Variability

Any lime a samplc of individuals is uscd to make inferences about
a larger group, a statistical crror (ofien called sampling variability)
is incurrcd. In the casc of diclary asscssment, not only arc the intake
data obtaincd for just a samplc of individuals in the group, but also
the sample of intake days is small for cach of thosc individuals,
Thercfore, two sourcces of sampling variability arc immediatcly iden-
tifiable—onc arising from not obscrving the entire population and
onc arising from not obscrving intake on all days for cach individual.

Statistical tcchniques can be used to cstimate the amount of sam-
pling variability associated with prevalence estimates, although the
compultations arc complex. When standard deviations can be calcu-
lated, it is approprialc Lo report not only the prevalence cslimate
but also its standard deviation. For example, for group X the preva-
lence of inadequalce intake of nutrient Y was a pereent £ b pereent,
where ais the estimated percent prevalence of nutrient inadequacy
and & is the standard deviation of the prevalence cstimate. When &
is small rclative o g, the prevalence has been estimated with a good
degree of accuracy.

An additional considcration when determining the sampling vari-
ability is thc cffcet of the survey design. Diclary intake data arc
lypically collccled in complex surveys, and thus the survey design
must be taken into account when cstimating standard devialions,
Additional information on thc cstimation of standard deviations
undcr complex survey designs, or in particular, about the cstima-
tion of standard dcviations for prevalence estimates can be found in
Nusscr ct al, (1996) and Wolier (1985).

Variability Associated with the EAR

Variabilily associated with the EAR may incrcasc the uncertainty
around prevalence cstimates. Both the probability approach and
the cut-point mcthod usc the EAR when cstimalting prevalence of
inadequacy. However, the EAR is itsclf an cstimalte, and thus has its
own unccrlainty. Practical statistical approachces have not yet been
developed for combining the two uncertaintics—thosc around intake
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cstimates and those around requircment cstimates—into a single
valuc that reflects the uncertainty around the prevalence cstimalce,

Variability Associated with the Collection of Intake Data

Other characicristics of dictary studics complicate the matier cven
further, Diclary intake data suffer from inaccuracics duc 1o under-
rcporling of food, incorrect specification of portion sizes, incom-
plete or imprecise food composition tables, cte. These factors may
have a compound cffect on prevalence estimates. In addition, sys-
lecmalic crrors in mcasurcment (such as cnergy undcrreporting)
may increcasc the bias of the prevalence estimate. All of these factors
have an cffect on how preciscly (or impreciscly) the prevalence of
nutricnt adequacy in a group can be cstimated, and it is difficult 1o
quantify their cffect with confidence.

The softwarc developed at Towa Stale University (called SIDE)
(Dodd, 1996) to cstimatc usual intake distributions also produccs
prevalence cstimates using the cut-point mcethod and provides an
cstimatc of the standard deviation associaled with the prevalence
cstimatc. However, it is important to remember that the standard devia-
tions frroduced by the program are almost certainly an underestimate of the
true standard deviations because they do not consider variability associated
with the EAR or with the collection of intake data.

Why should standard deviations be a concern?

Slandard deviations of prevalence eslimales are needed lo delermine, for
example, whether a prevalence estimale differs from zero or any olher largel
value or lo compare (wo prevalence eslimales.

The evaluation of differences in intakes requires the estimation ol
standard deviations of quantities such as prevalence of nutrient
inadequacy or excess (e.g., Application 3 in Chapter 7). As another
example, suppose that prevalence of inadequate intake ol a nutri-
ent in a group was measured at one point in time as 45 percent. An
intervention is applied to the group and then a new estimate of the
prevalence of inadequate intake ol the nutrient is found to be 38
percent, a decrease ol 7 percent. However, to accurately assess the
ellectiveness ol the intervention, the standard deviations around
the 45 and 38 percent prevalence estimates are also needed. If the
standard deviations are small (e.g., 1 percent), then one could con-
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clude that the intervention was associated with a statistically signifi-
cant decrcasc in the prevalence of inadequacy. If the standard devi-
ations arc large (c.g., 10 percent), then once could not conclude
that the 7 percent decrcase was significant or that the intervention
worked.

Finally, the part of the intake distribution being asscssed affects
the crror associated with the estimate. Valucs in the tail of the distri-
bution arc harder 1o cstimate (i.c., cstimates arc less precisc) than
valucs in the center of a distribution (such as mcans or medians).
Thus, cstimating prevalence of inadequacy of a nutricnt is expected
Lo be less precise for nutrients for which prevalence of inadequacy
in the group is very low or very high (c.g., 5 or 95 percent) com-
parcd with nutrients for which prevalence of inadequacy is towards
the center of the distribution (c.g., 30 to 70 percent) for the same
sampling design and samc cstimation mcthod.

SUMMARY

Uscrs of the Dictary Reference Intakes (DRIs) have many oppor-
tunitics 10 minimizc crrors when asscssing group and individual
intakes, This chapter has focused on ways (o increase the accuracy
of both the requirement cstimates (by considering the specific char-
acleristics of the individual or the population) and the intake csti-
maltcs (by cnsuring that dictary data arc complele, portions arc
corrcelly specificd, and food composition data arc accurate) and
thc importance of an appropriatc sampling plan for group intakes.

Although uscrs of the DRIs should strive 1o minimize¢ crrors, per-
fection usually is not possible or necessary, Comparing high-quality
intake data with tailored requirement data (o asscss intakes is a
mcaningful undcrtaking and can, at a minimum, identify nutrients
likcly 1o be cither under- or overconsumed by the individual or the
group of intcrest.



Research Recommended to
Improve the Uses of
Dietary Reference Intakes

This rcport has attempted to provide the necessary information
to uscrs of the Dictary Reference Intakes (DRIs) for assessing the
intakes of groups and individuals. Rcadcers of the report may notice,
however, that at various points only very gencral guidclines arc pro-
vided. Tt is clear that much rescarch is still needed in this arca. In
this last chaptcer, thercfore, arcas arc listed in which rescarch results
arc cither unavailable or inconclusive. By highlighting these topics,
it is hoped that rescarch on these topics will be undertaken. The
lopics arc not nccessarily in order of priority; incrcascd knowledge
in any of thc arcas listed below would be of benefit 1o those who
wish to usc the DRIs for diclary asscssment.

RESEARCH TO IMPROVE ESTIMATES OF
NUTRIENT REQUIREMENTS

Even for nutrients for which an Estimated Average Requirement
(EAR) is available, rcquirecment data on which the EAR is based arc
ypically very scarce. Estimated EARs and Recommended Dictary
Allowances (RDAs) arc ofiecn based on just a few experiments or
studics with very small sample sizes, and therefore considerable
uncertainty cxists about the truc median and standard deviation of
the distribution of requirecments within a group. Additional rescarch
is nceded in this arca (o:

* improvc cxisting cstimatcs of the EAR and RDA;
* provide better information on requirements so it becomes pos-
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sible 1o cstablish an EAR (and an RDA) for nutricnts for which
information is currcently insufficient; and

* improve cstimates of the distribution of requirements so that
the appropriatc mcthod for asscssing the prevalence of inadequacy
for groups can bc determined (cut-point mcethod vs. probability
approach).

For nutricnts currently with an Adequate Intake (AI) (for age
groups oldcr than infants), rescarch that allows replacement of the
Als with EARs will allow for additional applications. As discusscd in
carlicr chapters, EARs present more possibilitics for assessing indi-
vidual and group prevalence of inadequacy. Whenever the data
permit, EARs rather than Als should be established.,

Although there is nced o improve the databasce of controlled
experimental studics relevant to the EAR, there is cven greater need
to broaden the approach to estimating requirements. Congrucnce
of cvidence should be expected from different sources—including
cpidemiological and clinical investigations as well as experimental
and factorial approachcs—hcfore being confident with an EAR,
What is nceded now is aclion in this dircction and both financial
and pccer support for such approachcs.

Establishment of Tolerable Upper Intake Levels (ULs) provides
an opportunily 1o cvaluate the risk of adverse cffects for individuals
and populations, and is an cxtremely important siep forward in
asscssing intakes. Rescarch should be undertaken to allow ULs 1o
he sct for all nutrients. In addition, information on the distribution
of the UL (i.c,, risk curves) would allow greatly expanded applica-
tions of the UL, particularly for population groups. Morc informa-
tion is nceded on ways lo identify and conceptualize the risk of
exceeding the UL,

Rescarch on the faclors that can aller requirements or upper
limits is also nceded to cnable more accurate applications of the
Diclary Reference Intakes (DRIs) 1o specific individuals and popu-
lations. Adjustment faclors for considcrations such as body sizc,
physical activily, and intakes of ¢cnergy and other nutrients may be
appropriatc but arc often unknown,

RESEARCH TO IMPROVE THE QUALITY OF
DIETARY INTAKE DATA

Much has been written about ways to improve the quality of the
intake data on which asscssments are based; a number of these issucs
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were discussed in Chapter 8. Some of these topics arc revisited now
and spccific arcas in which rescarch is still necded arce identified.

Pcrhaps onc of the most important advances Lo improve applica-
tion of human nutrient requircment estimates has been the further
development and refinement of statistical proccdurcs lo reducce if
not climinate the distorting cffcct of random crror in dlctary dala,
What has become apparent in dealing with the random crror is that
the rcmaining issuc of paramount importance in dictary data col-
lection and analysis is the presence and truc exient of bias (such as
undcr- or over-reporting of food intake). The same amount of cffort
that went into determining statistical approaches for estimation and
rcduction of the cffect of random error should be directed toward
the estimation and amclioration of bias. This is a rclatively unexplored
ficld. Mcthods for dircclly cstimating bias regarding cnergy intake
have been developed and used 1o demonstrate that the problem is
scrious. Efforts have begun in the management of bias during data
analysis but these are far from satisfactory at present. The handling
of bias is scen as a very high-priority arca awailing new initiatives
and innovalivc approachcs,

Another arca of nced is behavioral rescarch to determine why
pcople under-report food intake. Advances in this arca would allow
development of improved dictary data collection tools that would
not trigger this behavior. Such information would also help in the
derivation of statistical 1ools Lo correct the bias associaled with this
phcnomenon,

Beuer ways 1o quantify the intake of supplements are needed.
Mcthods for collecling accurate supplement intake data have not
been widely investigated. For the Third National Health and Nutri-
tion Examination Survey, different instruments were used Lo collect
food intake data and supplement intake data, and the corrcct meth-
odology for combining these data is uncertain., Furthermore, the
intake distribution from supplements usually cannot be adjusted
becausce the current data do not permit the estimation of the day-lo-
day variability in supplement intake. Despile the difficultics in main-
laining a supplement composition databasc for the rapidly changing
market, investigation of better methods of quantifying supplement
intakes is a high-priority rescarch arca.

Food composition databascs nced 1o be updated 1o include the
forms and units that arc spccificd by Diclary Reference Intakes
(DRIs). Chemical methodology to facilitate analysis of various forms
of certain nutrients (¢.g., O~ vs. Y-locophcrol) may be required. The
DRI recommendations also imply that databascs nced Lo scparaic
nutricnts inherent in foods from thosc provided by fortification,
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particularly when intakes arc compared with the Tolerable Upper
Intake Level (UL) for nutricnts such as niacin. For somc nutricnts,
it may also be nccessary 1o change the units of mcasurement (c.g.,
diclary folatc cquivalents [DFEs], as suggesied for folate [IOM,
1998b] and thc milligrams of a-locophcrol, suggesied for vitamin E
in placc of t-locophcrol cquivalents [TOM, 2000]).

RESEARCH TO IMPROVE STATISTICAL METHODS FOR
USING THE DRIs TO ASSESS INTAKES OF INDIVIDUALS

Chapter 3 and Appendix B present an approach to assess the
adcquacy of an individual’s usual intake of nutrients with an Esti-
maltcd Avcrage chmrcmcm (EAR) or with an Adcquatc Intake
(AT). The following two scrious limitations in the application of the
mcthod were identified:

* Currcntly there is not sufficient information (o permit calcula-
tion of the standard deviation (SD) of daily intake for cach individual,
It is well known that the 8D of daily intake is typically hcteroge-
ncous across individuals; however, no rescarch has been conducted
to allow the adjustment of a pooled SD cstimaie (o betier reflect an
individual’s daily variability in intakes.

* The approach for testing whether usual intake is greater than
rcquircments (or grcater than the Al or less than the Tolerable
Uppecr Intake Level [UL]) makes the critical assumption that daily
intakes for an individual arc normally distributed. No alternative
mcthodology cxists for the many instances in which this assumption
is unicnable. Rescarch is needed o devise methods for quantitatively
asscssing individual intakes when the distribution of daily intakes is
not symmectrical around the individual’s usual intake.

RESEARCH TO IMPROVE STATISTICAL METHODS FOR
USING THE DRIs TO ASSESS INTAKES OF GROUPS

The asscssment of diclary intake data for groups is challenging
because these analyses (presented carlier in this report) do not lend
themsclves Lo standard statistical methods. Scveral methodological
issucs descrve attention from the scientific community.

Mcthods for developing standard deviations for prevalence csti-
malcs (somelimes referred (o as the standard crror of the estimaic)
should bc investigated. As discussed in Chaplter 8, cstimatcs of the
prevalence of inadequacy arc not precise becausce of the uncertainty
existing both in rcquirement cstimates and in intake asscssments,
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When the standard deviation of the prevalence cslimate is not
known, formal infcrences cannot be made about the prevalence of
nutricnt inadequacy in a group; for cxample, onc cannot deter-
minc whether a prevalence estimate differs from zcro, or whether
prevalence cstimates in two groups arc different. The statistical
approachcs included in this report can be used to partially cstimatc
the standard deviation of a prevalence estimaie, but these approaches
account only for the uncertainty in the estimates of usual intakes in
the group.

Unccrtainty also cxists in rcqulrcmcnt cstimatcs, Although the
Estimated Avcrage chmrcmcm (EAR) is a fixed and known quan-
lity, bascd on data reported in the scientific literature, it is also an
cstimate of an unobscrvable median rcquircment for a group.
Statistical mcthods for ¢stimating the standard deviation of the EAR
and the standard deviation of the usual intake distribution are, in
principle, available. More difficult from a statistical point of view is
combining thc two sources of uncertainty into an cstimate of the
standard dceviation for the prevalence of nutrient inadcquacy.

Rescarch is nceded on ways 1o better match the biomarkers used
Lo sct requircments with the cffect of dictlary intake on thosc samce
biomarkers. Rescarch is also nceded on the appropriate biochemi-
cal data 1o collect so that these data can be combined with dictary
intake data in asscssment. Biomarker and other biochemical data
arc usually oo cxpensive, lime-consuming, or hoth, to collect on
large numbers of individuals. However, when this information is
available, il can be used in combination with intake data 1o give a
morc accurale cstimate of the probability of inadcquacy. Becausc
biomarker and intake data arc very different proxics for the same
unobscrvablc variable (nutricnt status), combining the information
they provide into an estimate of nutritional status for cach individual
in a group is a challenging statistical task.

Additional rescarch is also necded for applications that asscss the
nutricnt intakes of different subgroups of the population. In partic-
ular, cvaluations of nutrition assistance programs typically comparc
nutricnt intakes for program participants and a similar group of
nonparticipants, A difficult and not fully cxplored rescarch ques-
tion is how to cstimalce diffecrences in the prevalence of inadequacy
between subgroups, afier controlling for other factors that also affect
nutricnt intake, Chapter 7 describes a posmblc approach to address-
ing this question bascd on multiple regression analysis, but rescarch
is nceded o apply this approach (o ¢xisting survey dala scts such as
the Continuing Survey of Food Intakes by Individuals and the National
Hcalth and Nutrition Examination Surveys.
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Ways 1o asscss the performance of methods used to estimate the
prevalence of inadequacy should be investigaied. Both the proba-
bility approach and the cut-point method assume that intakes and
rcquircments arc not corrclated or exhibit only low corrclation. In
addition, the cut-point mcthod rcquires that the distribution of
rcquircments in the population is approximatcly symmectrical and
that the variability of intakes is larger than the variability of require-
mcents. The results presented in Appendix D (that assess the perfor-
mancc of the EAR cut-point mcthod for cstimating the prevalence
of inadcqualc intakes) arc from simulation studics that should be
considered preliminary, A detailed investigation of the cffect of vio-
lating thesc assumptions was beyond the scope of this report, but is
a high rescarch priority. This investigation would best be donce using
well-designed, well-planned, and well-implemented simulation studics.
This typc of study would permit recommendations to be made regard-
ing the hest approach for assessing cach nutrient and would pro-
vide an cstimate of the expected bias in prevalence cstimates when
the conditions for application of the cut-point method arc not idcal.

Many of the slatistical approaches suggesied in this report for
adjustling intake distributions and cstimating the prevalence of
inadcquacy for groups can only be implemented with the aid of
compuler softwarc. Although initial cfforts have hecen made 1o
develop these types of programs, a wider varicty of software that can
assist uscrs of the Dictary Reference Intakes (DRIs) in correctly
applying the mcthods reccommendcd in this report is needed. There
is also a nced 1o upgrade the sofiwarc used in dictary asscssment o
incorporatc the appropriate statistical mcthodology described in
this rcport.
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A

Origin and Framework of
the Development of
Dietary Reference Intakes

This report is onc of a scrics of publicalions resulting from the
comprchensive cffort being undertaken by the Food and Nutrition
Board’s Standing Committce on the Scientific Evaluation of Dictary
Reference Intakes and its pancls and subcommittices.

ORIGIN

This initiative began in June 1993, when the Food and Nutrition
Board (FNB) organized a symposium and public hcaring entiled
“Should the Recommended Dictary Allowances Be Revisedr” Shortly
thereafier, o continuc its collaboration with the larger nutrition
community on the futurc of the Recommended Dictary Allowances
(RDAs), the FNB took two major sicps: (1) it prepared, published,
and disscminaied the concept paper “How Should the Recommended
Diclary Allowances Be Revisedr” (IOM, 1994), which invited com-
ments regarding the proposed concept, and (2) it held several sym-
posia al nutrition-focuscd profcssional meetings 1o discuss the FNB's
lentative plans and Lo reccive responscs 1o this initial concepl paper.
Many aspccts of the conceptual framework of the Dictary Reference
Intakes (DRIs) camc from the United Kingdom’s report Dietary
Reference Values for Food Energy and Nutrients for the United Kingdom
(COMA, 1991),

The five gencral conclusions presented in the FNB's 1994 concept
paper arc as follows:

1. Sufficient new information has accumulated to support a
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rcasscssment of the RDAs,

2. Where sufficient data for cfficacy and safcly exist, reduction in
the risk of chronic degencraltive discasc is a concept that should be
included in the formulaton of future reccommendations.

3. Upper levels of intake should be cstablished where data exist
rcgarding risk of adverse cffects.

4. Components of food of possible benefit o health, although not
mccling the traditional concept of a nutrient, should be reviewed,
and if adequate data cxist, reference intakes should be established.

5. Scrious considcration must be given 1o developing a new format
for presenting future recommendations.

Subscquent o the symposium and the release of the concept
papcr, the FNB hcld workshops at which invited experts discussed
many issucs rclated o the development of nutrient-based reference
valucs, and FNB mcembers have continued to provide updates and
cngage in discussions at profcssional mectings. In addition, the FNB
gavc atlention 1o the international uscs of the carlicr RDAs and the
expeclation that the scientific review of nutrient requirements
should be similar for comparable populations.

Concurrently, Health Canada and Canadian scienlists were review-
ing the nced for revision of the Recommended Nutrient Intakes (RNIs)
(Hcalth and Welfarc Canada, 1990). A conscnsus was rcached fol-
lowing a symposium for Canadian scicnlists cosponsorcd by the
Canadian National Institutc of Nutrition and Hcalth Canada in
April 1995, This conscnsus was that the Canadian government
should pursuc the extent to which involvement with the developing
FNB process would be of benefit 1o both Canada and the United
States in terms of leading toward harmonization,

On the basis of extensive input and dcliberations, the FNB initiated
action lo provide a framework for the development and possible
international harmonization of nutricnt-hasced reccommendations
that would scrve, where warranted, for all of North Amcerica, To this
cnd, in December 1995, the FNB began a closce collaboration with
the government of Canada and took action 1o cstlablish the Stand-
ing Commitlce on the Scientific Evaluation of Diclary Reference
Intakes.

THE CHARGE TO THE COMMITTEE

In 1995 the Standing Commitice on the Scientific Evaluation of
Diclary Referencee Intakes (DRI Committee) was appointed 1o over-
scc and conduct this project. To accomplish this task, the DRI Com-
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mitice devised a plan involving the work of expert nutrient group
pancls and two ovcrarching subcommittces (Figurc A-1).

The Subcommittce on Interpretation and Uses of Diclary Refer-
ence Intakes (Uses Subcommitiee) is composed of experts in nutri-
tion, diclclics, slatistics, nutritional cpidemiology, public hcalth,
cconomics, and consumer perspectives. The Uses Subcommiticee is
charged (o review the scientific litcrature regarding the uscs of
dictary reference standards and their applications and (1) provide
guidancc for the appropriatc application of DRIs for spccific pur-
poscs and identify inapproprialc applications, (2) provide guidance
for adjustments 1o be made for potential crrors in dictary intake
data and the assumptions regarding intake and requirement distri-
butions, and (3) provide spccific guidance for usc of DRI valucs of
individual nutrients,

The Uses Subcommitice was charged with examining the appro-
priatc usc of cach of the DRI valucs in assessing nutrient intakes of
groups and of individuals for this recport; a futurc report will present
information on the appropriaic usc of specific DRI valucs in the
planning of dicts for groups and for individuals. Each rcport will
present the statistical underpinnings for the various uscs of the DRI
valucs and also will indicatc when specific uses are inapproprialte.
This report reflects the work of the DRI Commitiee, the Uses Sub-
commitlce, and the Subcommitice on Upper Reference Levels of
Nutricnts, all undcr the oversight of the Food and Nutrition Board.

PARAMETERS FOR DIETARY REFERENCE INTAKES

Life Stage Groups

Nutrient intake recommendations arc expressed for 16 life stage
groups, as lisied in Table A-1 and described in more detail in the
first Diclary Reference Intake (DRI) nutrient report (IOM, 1997).
If data arc 100 sparsc Lo distinguish diffcrences in requirements by
lifc stagc and gender group, the analysis may be presented for a
larger grouping. Diffcrences will be indicated by gender when war-
rantcd by the data.

Reference Heights and Weights

The reference heights and weights sclected for adults and children
arc shown in Tablc A-2, The valucs arc bascd on anthropomctric data
collected from 1988 through 1994 as part of the Third National Health
and Nutrition Examination Survey (NHANES III) in the United Statcs.
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TABLE A-1 Thc 16 Lifc Stage Groups for Which Nutrient
Rccommendations Arc Expressed®

Life Stage Groups

Inlants Femalces
0-6 mo 9-13y
7-12 mo 14-18 y

19-30y

Children 31-50y
1-3y 51-70 y
1-8 y =70y

Males Pregnancy
9-13y <18y

14-18 y 19-30y
19-30y 31-60y
31-h0y
51-70y Lactation
>70y =18y
19-30y
31-50y

4 Dilferences will be indicated by gender when warranted by the data.

TABLE A-2 Reference lleights and Weights for Children and
Adults in the United States®

Median Reference Reference
Body Mass Height Weight?
Gender Agce Index cm (in) kg (Ib)
Male, [emale 2-6 mo - 64 (25) 7 (16)
7-11 mo - 72 (28) 9 (20)
1-3y - 91 (36) 13 (29)
4-8y 15.8 118 (46) 22 (48)
Male 9-13y 18.5 147 (58) 10 (88)
11-18 y 21.5 171 (68) 64 (112)
19-30y 24.4 176 (69) 76 (166)
Female 9-13y 18.3 148 (58) 40 (88)
14-18y 21.3 163 (64) 57 (125)
19-30 y 22.8 163 (64) 61 (153)

% Adapted from the Third National Health and Nutrition Examination Survey, 1988—
1994. Body mass index cxpressed as kg/ m2,
b Calculated from body mass index and height for ages 4 through 8 y and older.
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The reference weights chosen for this report were based on
NHANES IIT data because these are the most recent data available
for cither the United States or Canada. The most recent nationally
rcpresentative data available for Canadians arc from the 1970-1972
Nutrition Canada Survey (Demirjian, 1980).

Reference weights are used primarily when sctting the Estimated
Avcrage Requirement (EAR), Adequate Intake (Al), or Tolcrable
Upper Intake Level (UL) for children or when relating the nutrient
nceds of adults to body weight. For the 4- through 8-ycar-old age
group, it can be assumed that a small 4-ycar-old child will require
less than a large 8-ycar-old. Howcever, the RDA or Al for the
4- through 8-ycar-old agc group should mcct the nceds of both,
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Nutrient Assessment
of Individuals:
Statistical Foundations

Chapter 3 provides an approach that can be used 1o answer the
following question for nutrients with an Estimatced Average Require-
ment (EAR), Can an individual’s intake, observed for a small num-
ber of days, be used to determinc if that individual’s wsual intake of
a nutricent is adequate? Similarly, guidance on how 1o dcterming,
for a given confidence level, whether an individual’s usual intake
cxceeds the Adequale Intake (Al) or the Tolerable Upper Intake
Level (UL) is also presented in Chapter 3. The statistical under-
pinnings and thc implementation of the approaches provided arc
described in this appendix.

To begin, two important terms must be defined:

* Thc observed intake of a nutricnt by an individual on a given day
is denoted by Y, where jdenoles the day on which the intake Ywas
rccorded. In this appendix, j = 1,...,n, is uscd (o indicatc that the
number of daily intake obscrvations for an individual can bc any
number (some arbitrary valuc n). In practice, 7 is typically less than
scven, and is often no more than two or three, The observed mean
intake for the individual over the = days is denoted by ¥, and is
computed as:

y=(Y,+Y,+...4Y ) /n
* The usual intake of a nutricnt by an individual is an unobscrv-
ablc long-run average intake of the nutrient denoted as y. Conceplu-

ally, the usual intake y could be computed as above if the number of

185
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intake days (n) available for the individual was very large. In practice
an individual’s usual intake is scldom known; instcad, the individual’s
ohscrved mcan intake y is used as an c¢stimate of the individual’s
usual intake y.

When assessing an individual’s dictlary intake, usual intake and
not observed intake should be compared with the requirement to
dctermine whether the intake is adequate (or whether it exceeds
the UL).

Asscssing the adcquacy of an individual’s intake of a nutricnt by
using only dictary information is difficult because ncither the usual
intakc nor the actual requirement of the individual is known. The
approach dctailed here for assessing the adequacy of an individual’s
intake requires four types of information: the median requirement
of the nutrient for the individual’s life stage and gender group (the
EAR), the variability in the requirement for the individual’s life
stage and gender group, the mcean obscrved intake for the individual,
and thc day-lo-day variability in intake of the nutrient for the indi-
vidual. By combining this information appropriatcly, a mcthod for
cstimating the adequacy of an individual’s usualintake of a nutrient
can bc derived. A similar approach may be used o compare
obscrved intake 1o an Al or UL, and will be discussed later in this
appendix.

USING THE EAR TO ASSESS ADEQUACY OF AN
INDIVIDUAL’S OBSERVED INTAKE

Following arc the assumptions for the statistical approach 1o
cvaluatling the adequacy of an individual’s obscrved intake:

1. The Estimated Average Requirement (EAR) is the best estimale
of the individual’s unobservable truc requirecment, denoted by p. The
cstimatc for the individual’s requirement is denoted by 7, and ris
sct 1o be cqual o the EAR of the appropriate life stage and gender
group. The standard deviation of requirements in the population,
dcenoted hy SD, is proportional Lo the uncertainty aboutl how pre-
ciscly r estimates p. If cvery individual had the exact same require-
ment for the nutrient, then r (which is sct 1o be equal 1o the EAR)
would be a precise cstimate of cach individual’s requircment,
Because individuals vary in their requirement for a nutrient, it is
important to consider the extent of the variability in the group; the
SD, is an indicator of how variablc recquirements arc in the group.
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2. The mcan of n days of intake of the nutrient by the individual,
¥, is the best estimate for y, the individual’s usual intake. The day-
lo-day variation in intake for a given individual, also rcferred to as
the within-person standard deviation of daily intakes, 8D, , is pro-
portional (o the uncertainty about the accuracy of y as an cstimalte
of y. The mcan (y) will be a reliable estimale of the usual intake y
when the number of intake days » from which the mcan was com-
puted is large or when the 8D ;. is low. If an individual cats the
samc dict day aficr day, then the day-lo-day variability in intakes for
that individual would bc very low, and onc or two days of intake
information might be sufficient (o preciscly cstimate that individu-
al’s usual intake of the nutrient. Conversely, a large number 7 of
dictary intake obscrvalions is nceded o cstimale the usual intake of
a nutricnt for an individual whosc dict is variable from onc day (o
the nexit.

It is implicitly assumed that food intake can be mcasured accu-
ratcly in terms of quantity of food and food composition. There-
fore, results from individual assessments should be interpreted with
caution and where possible, should he combined with other inter-
prclive data.

Thus the following statements can be made:

If y > p, then the individual’s usual intake of the nutrient is
adcqualc.

If y < p, then the individual’s usual intake of the nutrient is
inadcquatc,

Because neither ynor p is observed, y and rmust be used instead.
Inferences about the adequacy of the individual’s dict can be made
by looking at the obscrved difference (D), where

D=7y -

Imuitivcly, if D is largc and positive, it is likcly that the truc differ-
cnce y — p is also large and that the individual’s dict is adcqualc
Converscly, if D is a large negative number, then it is likely that p is
larger than y and that the individual’s intake is not adequate. The
ohvious qucstion Lo be poscd is, How large would D have 1o be
before it can be concluded, with some degree of assurance, that the
unobscrvable usual intake is larger than the unobscrvable require-
ment?
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To interpret this difference belween obscerved mean intake (y)
and the median requirement (EAR, the best cstimate [7] of the
unobscrvablc p), onc nceds a measure of the variability of D. The
standard deviation of requirecments (SD) and the standard devia-
tion of intakes (8D, or SD) can bc uscd 1o cstimalc the SD of D,
the difference hetween observed mean intake and r for the individ-
ual, as

SDp =V, + (V ithin / n) '

un

V_dcnotes the variance of the distribution of requirements in the
group and V.. dcnotes the variance in day-lo-day intakes of the
nutricnt. Both variances arc computed as the squarc of the corre-
sponding standard deviations. As the number (n) of days of intake
availablc on the individual increascs, the variance of the obscrved
mcan intake should decrcase (i.c., the accuracy of the cstimate for y
incrcascs). This is why V .. is divided by » when compuling the

standard deviation of the difference D.
The SD,; incrcascs as the

* 8D, incrcascs,
* 8D, incrcascs, or
* numbecr of intake days (#) available for the individual decrcascs.

That is, the morc uncerlainty that cxists about the accuracy of the
valuc D, the larger D will need to be before it can be confidently
statcd that the individual’s usual intake is adcquate. The following
extreme cascs illustrate this approach:

1. If the intake of an individual could be obscrved for a very large
(infinitc) number of days, then the sccond term (V. /n) in the
expression for SD;, would tend (o zero. The uncertainty about the
adcquacy of the individual’s intake would result primarily from not
knowing where in the distribution of requirements that individual’s
unobscrvable requirecment p is located. The degree of uncertainty
aboul adcquacy would then be proportional to the variability of
rcquircments in the group.

2. If the individual were 1o consume the same dict day afier day,
then the sccond term (V. /n) would again be very small, cven
with small %, becausce the variability in intakes from day (o day would
be very small for that individual. Again, the uncertainty about the
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adcquacy of the individual’s intake would refleet the uncertainty
about that individual’s requircment for the nutrient.

3. Hypothctically, if an individual’s requircment could he observed,
then the first term in the expression for SD), would be zcro, and the
uncertainty would reflect only the fact that the individual’s usual
intake for the nutrient cannot be obscrved.,

The three sitnations above arc extreme and typically do not oc-
cur. A morc common siluation is when there is some information
about the individual’s daily intake (allowing for an cstimalc of ¥)
and somc idca of the distribution of rcquirements in the group. For
cxample, the median requirecment (EAR) and the cocfficient of
variation (CV) of requirecments might be known, allowing the 8D, 10
be derived.

Supposc that a level of confidence of at lcast 85 percent is desired
before concluding that an individual’s usual intake is adequate. To
find out how large the ratio D/SD,, would nced o be 1o rcach this
conclusion, comparc the D/S‘DD 1o the zvalucs listed in a standard
zlable (c¢.g., a valuc of 0.85 in the able corresponds 1o a zvaluc of 1),
Thus, if the ratio D/SD,, is approximatcly cqual to 1, it can be con-
cluded with an 85 percent level of confidence that the individual’s
usual intake is larger than the requirement. Sclected zvalucs, corre-
sponding to diffecrent levels of assurance, are given in Table B-1.
The criterion for using the ratio D/SD , and the qualitative conclu-
sions from the quantitative analysis can bc summarizcd as follows:

» If D/SD,, is grcater than 1, then there is rcasonable ccrtamly
that the individual’s usual intake is adcquatc. In other words, it is
rcasonably certain that the unobscrvable truc difference between
the individual’s usual intake and requirement (y — p) is positive and
thus the individual’s usual intake exceeds requirement,

» If D/SD,, is lcss than -1, then it is rcasonably certain that the
individual’s wsual intake is inadcquate. In other words, the truc
diffcrence hetween the individual’s usual intake and requirecment
(y —p) is ncgaltive and thus the individual’s usual intake is less than
the requirement.

» If D/SD,, is anywhere between —1 and 1, it cannot be determined
with certainty whether the individual’s intake is adequate or inade-
quailc.

The criterion above is derived by using principles from hypothesis
lesting and construction of confidence intervals under normality
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TABLE B-1 Valucs for the Ratio D/SDD and Corrcsponding
Probability of Corrcctly Concluding that Usual Intake Is
Adcquatce or Inadequate

Probability of

Criterion Conclusion Corrceel Conclusion
D/SDD = 2.00 Usual intake is adcequatce 0.98
D/SDD > 1.65 Usual intake is adequate 0.95
D/SDD » 1.50 Usual intake is adequate 0.93
D/SDp, = 1.00 Usual intake is adequale 0.85
D/SDp > 0.50 Usual intake is adequate 0.70
D/SDp > 0.00 Usual intake is adequate (inadequate) 0.50
D/SDD < (.50 Usual intake is inadequate 0.70
D/SDD <« —1.00 Usual intake is inadequate 0.85
D/SDD < —1.50 Usual intake is inadequate 0.93
D/SDp, < —-1.65 Usual intake is inadequale 0.95
D/SDpy < =2.00 Usual intake is inadequate 0.98

SOURCE: Adaptced [rom Sncdccor and Cochran (1980).

and is only approximatc. The assumptions that arc implicit in the
criterion include:

1. The distribution of daily intakes Y around the mean intake y is
approximalcly normal, or at lcast symmectrical, for the individual.
Any nutricnt with a skewed distribution of daily intakes would not
salisfy this assumption, such as thosc nutricnts in Tablcs B-2 through
B-5 with a CVlarger than about 60 (o 70 percent.

2. The distribution of requirements in the group is approximalcly
normal.

3. The daily intake Y accurately reflects the individual’s truc in-
take of the nutrient for the day.

4. A rcliable cstimatc of the day-lo-day variability in intake for the
individual is availablc.

5. Intakes arc independent of requirements,

In probabilistic terms, the value of 1 for the ratio D/SD,, corre-
sponds o an approximate 0.15 pvaluc for the test of the hypothesis
that y > p. That is, when it is concluded that intake is adequalc,
there is approximatcely an 85 percent chance of rcaching the cor-
rcet conclusion and approximaicly a 15 percent chance of making a
mistake (crroncously concluding that intake is adequaltce). Because
the criterion is formulated on this probabilistic basis, the level of
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TABLE B-2 Estimatcs of Within-Subjcct Variation in Intake,
Expressed as Standard Deviation (SD)“ and Cocfficient of
Variation (CV) for Vitamins and Mincrals in Adults Aged 19
and Over

Nutrient? Adults Ages 19-50 y Adults, Ages 51 y and Over

Femalcs Malecs Femalcs Malecs
(n = 2,480)¢ (n =2,538) (n=2,162) (n =2,280)

cv cv cv cv
SD (%) SD (%) SD (%) SD (%)

Vitamin A (pg) 1,300 152 1,160 115 1,255 129 1,619 133
Carotcne (RE) 799 175 875 177 796 147 919 153
Vitamin E (mg) 5 76 7 176 6 65 9 60
Vitamin C (mg) 73 87 93 92 61 69 72 71
Thiamin (mg) 0.6 47 0.9 46 0.5 41 0.7 40
Riboflavin (mg) 0.6 5o 1.0 14 0.6 12 0.8 410
Niacin (mg) 9 17 12 11 7 12 9 39
Vitamin By (mg) 0.8 53 1.0 48 0.6 44 0.8 42
Folate (pg)® 181 62 180 61 12 52 150 53
Vitamin B|s (pg) 12 204 13 212 10 237 14 226
Calcium (mg) 325 51 492 54 256 44 339 44
Phosphorous (mg) 395 39 573 38 313 33 108 32
Magncsium (mg) 86 38 122 38 71 33 91 52
Iron (mg) 7 53 9 51 5 44 7 44
Zinc (mg) 6 61 9 63 5 58 3 66
Copper (mg) 0.6 53 0.7 48 0.5 53 0.7 56
Sodium (mg) 1,839 44 1,819 4% 1,016 41 1,523 38
Potassium (mg) 851 38 1,147 36 725 31 922 31

NOTE: When the CVis larger than 60 to 70 pereent the distribution of daily intakes is
nonnormal and the methods presented here are unreliable.

@ Square root of the residual variance after accounting for subject, and sequence of
observation (gender and age controlled by classifications),

b Nutricnt intakes are for [ood only, data docs not include intake [rom supplements.
¢Sample size was inadequale to provide scparate cstimates for pregnant or lactating
women.

dFolate reported in pg rather than as the new dietary folate equivalents (DFE).
SOURCE: Data from Continuing Survey of Food Intakes by Individuals 1994-1996.

certainty can be adjusted by cither incrcasing or decrcasing the
valuc of the cutoff for D/SD), (c.g., if 0.5 or —0.5 was uscd, then the
level of certainty would decrcase to about 70 percent), Table B-1
indicates the probability, or level of certainty, of corrcetly conclud-
ing that the usual intake is adequale (or inadequate) when D/SD,,
rangcs from 2.00 10 -2.00.



192 DIETARY REFERENCE INTAKES

TABLE B-3 Estimatcs of Within-Subjcct Variation in Intake,
Expressed as Standard Deviation (SD)“ and Cocfficient of
Variation (CV) for Vitamins and Mincrals in Adolcscents and
Children

Nutrient ¥ Adolescents, Ages 9-18 y Children, Ages 4-8'y
Females Males Females Males
(n =1,002) (n =998) (n =817) (n = BB3)
cv cv cv cv

SD (%) SD (%) SD (%) SD (%)

Vitamin A (pg) 852 109 898 91 808 103 723 86
Carotcne (RE) 549 180 681 197 452 167 454 166
Vitamin E (mg) 4 67 5 62 3 54 3 57
Vitamin C (mg) 81 90 93 89 61 69 74 76
Thiamin (mg) 0.6 43 0.8 42 0.5 35 0.5 87
Riboflavin (mg) 0.7 42 1.0 411 0.6 35 0.7 35
Niacin (mg) 8 16 11 13 6 36 7 38
Vitamin By, (pg) 0.7 49 1.0 49 06 42 07 43
Folate (pg) ¢ 128 58 176 60 99 48 117 50
Vitamin B|s (pg) 5.5 142 50 93 9.6 254 4.7 118
Calcium (mg) 374 48 505 48 313 40 353 41
Phosphorous (mg) 110 38 h42 37 521 32 352 32
Magncsium (mg) 86 11 109 39 61 31 71 33
Iron (mg) 6 47 9 50 5 45 6 43
Zinc (mg) 5 50 8 58 3 41 4 42
Copper (mg) 0.5 52 0.6 48 0.4 47 0.4 41
Sodium (mg) 1,313 45 1,630 42 930 38 957 35
Potassium (mg) 866 11 1,130 11 631 32 750 35

NOTE: When the CVis larger than 60 to 70 pereent the distribution of daily intakes is
nonnormal and the methods presented here are unreliable.

@ Square root of the residual variance after accounting for subject, and sequence of
observation (gender and age controlled by classifications),

b Nutricnt intakes are for [ood only, data docs not include intake [rom supplements.

¢ Folate reported in pg rather than as the new dictary [olate equivalents (DFE).
SOURCE: Data from Continuing Survey of Food Intakes by Individuals 1994-1996.

Notc that D/SD,, depends on the size of the difference between
obscrved mean intake and the FAR and the standard deviation of
that difference. For very large differences between observed mean
intakc and the EAR, it is likcly that the ratio will exceed 1 and usual
intakc cxceeds requirement. For smaller differences, the ability o
critically interpret individual diclary intake data depends on the
standard deviation of the difference between the observed intake
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TABLE B-4 Estimatcs of Within-Subjcct Variation in Intake,
Expressed as Standard Deviation (SD)“ and Cocfficient of
Variation (CV) for Macronutricnts and Cholesterol in Adults
Agcd 19 and Over

Nutrient? Adults, Ages 19-50 y Adults, Ages 51 y and Over

Femalcs Malecs Femalcs Malecs
(n=2,480)¢ (n =2,583) (n=2,162) (n =2,280)

cv cv cv cv
SD (%) SD (%) SD (%) SD (%)

Encrgy (kcal) 576 31 854 31 118 31 590 29
Fat (total, g) 29.9 48 42.7 44 24.0 45 31.8 42
Fat (saturated, g) 10.9 52 15.9 49 8.6 50 11.4 45
Fat (mono-

unsalurated, g) 12.0 50 17.4 46 9.7 48 13.0 44
Fat (poly-

unsaturated, g) 8.4 64 11.3 59 7.0 61 8.8 b7
Carbohydrate (g) 75.2 35 109 35 59.9 32 795 32
Protein (g) 26.6 42 40.4 41 22.1 37 28.6 35
Fiber (g) 6.5 49 9.2 51 5.9 43 7.7 43
Cholesterol (mg) 168 77 2927 66 144 70 201 66

NOTE: When the CVis larger than 60 to 70 pereent the distribution of daily intakes is
nonnormal and the methods presented here are unreliable.

@ Square root of the residual variance after accounting for subject, and sequence of
observation (gender and age controlled by classifications).

bNutrient inlakes are for food only, data does nol include inlake from supplements,
¢Sample size was inadequale to provide scparate cstimates for pregnant or lactating
WOICH.

SOURCE: Data from Continuing Survey of Food Intakes by Individuals 1994-1996.

and the EAR. This standard dcviation depends, among other factors,
on the number of days of intake data that arc available for the
individual. The fewer days of intake data available for the individual,
the larger the standard deviation of the difference (resulting in a
smaller ratio D/SDD) and the lowcer the likclihood of being able to
asscss adcquacy or inadcquacy.

Implementation of the Individual Assessment Approach

To implecment the approach described above, the following infor-
mation is nceded:
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TABLE B-5 Estimatcs of Within-Subjcct Variation in Intake,
Expressed as Standard Deviation (SD)“ and Cocfficient of
Variation (CV) for Macronutricnts and Cholesicrol in
Adolcscents and Children

Nutrient ? Adolescents Apes 9-18 y Children Ages 4-8 y
Femalcs Malecs Femalcs Malecs
(n=1,002) (n =998) (n =817) (n =833)
cv cv cv cv

SD (%) SD (%) SD (%) SD (%)

Encrgy (keal) 628 51 800 33 127 27 178 27
Fat (total, g) 29.8 45 38.2 42 21.3 37 23.9 37
Fat (saturated, g) 11.53 48 15.3 48 8.5 40 9.6 40
Fat (mono-

unsaturaled, g) 124 48 15.5 44 8.6 39 9.9 41
Fat (poly-

unsaturated, g) 7.3 60 8.7 bb 5.1 52 5.h b2
Carbohydrate (g) 88.1 35 113 35 61.7 29 70.8 30
Protein (g) 26.2 42 33.9 39 19.2 34 20.4 33
Fiber (g) 6.2 51 8.7 56 4.6 43 5.3 45
Cholesterol (mg) 145 79 199 71 129 70 187 66

NOTE: When the CVis larger than 60 to 70 pereent the distribution of daily intakes is
nonnormal and the methods presented here are unreliable.

@ Square root of the residual variance after accounting for subject, and sequence of
observation (gender and age controlled by classifications).

bNutrient inlakes are for food only, data does nol include inlake from supplements,
SOURCE: Data from Continuing Survey of Food Intakes by Individuals 1994-1996.

* y, the mcan of n days of intake for the individual;

* SD_ ... thc day-lo-day standard deviation of the individual’s
intake for the nutrient;

* EAR, the¢ mcdian nutrient requirement; and

* SD, the standard deviation of requirecments in the group.

For nutricnts that do not have an EAR, this approach cannot be
uscd., (Guidancc on how to asscss an individual’s usual intake by
comparing it to thec Adcquatc Intake [AI] is provided later in this
appendix.) When an EAR for the nutrient is provided in a DRI
rcport, the standard deviation of requirements is also available in
the form of a cocfficient of variation of requirecment or percentage
of the EAR. In mosl cascs, it is assumed Lo be 10 percent,

The day-lo-day standard dcviation in intakes is harder o dcter-
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min¢ because data that permit the calculation are scarce. Using
data collected in the Beltsville One Year Dictlary Survey (Mertz and
Kclsay, 1984), Tarasuk and Beaton (1992) investigaled intake palt-
terns for several nutrients and produced cstimates of, among other
paramclers, the day-lo-day variance in intakes for thosc nutricnts,
Other cstimates have been developed from rescarch databascs and
from large survey data scts with replicale obscrvations (c.g., the
Conlinuing Survey of Food Intakes by Individuals [CSFII]). Tables
B-2 through B-5 present pooled estimates of the day-lo-day variance
in intakes bascd on an analysis of the 1994-1996 CSFII data. Since a
rcliable cstimatc of the day-lo-day variability in intakes for a spccific
individual is not typically available, the pooled cstimates in Tables
B-2 through B-5 should b¢ used. This introduccs other uncertaintics,
however,

Limitations of Using the EAR for Individual Assessment

The method described to compare an individual’s obscrved intake
to the EAR for the purposc of drawing conclusions about the usual
intakc of the individual cannot be implemented in all cascs. Even
when the appropriate calculations are carriced out, incorrect conclu-
sions may rcsult if cstimates of the SD of daily intake and the SD of
rcquircments arc incorrect. These two situations arc discussed below.

The SD of Intake for the Individual Is Not Lqual to the Pooled
Lstimate Obtained from CSFII or from the National Health and
Nutrition Examination Survey

The valuc of the ratio D/SDD critically depends on the SD of daily
intake for the individual. Tt is rccommendced that the estimate obtlained
from CSFII (scc Tables B-2 through B-5) be uscd for all individuals,
cven though it has been arguced that the day-to-day variabilitly in intakes
is typically hclerogencous across individuals. Scveral rescarchers,
including Tarasuk and Beaton (1992), have argucd that day-lo-day
variability in intakes varics across individuals (scc also Nusscr ct al.,
1996); therefore a pooled variance estimatce as suggested here mlght
not be the optimal strategy. In theory, if many days of intake data ¥,
were available for an individual, the within-individual variance in
intakes could be compulted in the standard mannecr:

v

within 2]’ (Y7 = 5)2 / (n - 1)
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where Y, denotes the intake for the individual obscrved on the jith
day and 'y is the mcan of the n days of obscrved intakes, The within-
individual standard deviation SD_,, . is computed as the squarc root
of V ... Unless a large number of nonconsccutive days (c.g., more
than 10 or 12 days) of intake rccords arc available for the individual,
it is rccommended that the pooled cstimate from Tables B-2
through B-5 be used instcad. Whercas this pooled cstimaice is likely
1o bc incorrcctl for the individual, at this time there is no betler
altcrnative, More rescarch is needed in this arca that will permit
cstimating an adjustment of the pooled variance cstimaie 1o suit a
particular individual,

The Day-To-Day Distribution of Intakes Is Not Normal

The assumpltion of normality (or ncar normality) of the obscerved
intakes Y is critical, as the proposcd approach rclics on normality of
the difference D. Normality of D will not be satisficd whenever the
obscrved intakes Y, (and conscquently, the observed intake mean)
arc not normally distributed.

How docs onc decide whether the distribution of observed intakes
for an individual is approximaitcly normal? Typically there arc not
cnough days of intake data available for an individual (o be able o
conduct a test of normality of the obscrved intakes. Thercfore, one
must rcly on the CVof daily intakes that arc presented in Tables B-2
through B-5,

As a rulc, any nutricnt with a CVabove 60 o 70 pereent should be
considered 1o have a nonnormal distribution for the following rca-
son: if daily intakes for an individual arc normally distributed, then
subtracting 2 SD of intake from the individual’s mcan should still
rcsull in a positive value, as intakes arc restricted to heing posiltive.,
Supposc that the CVof intake was 60 percent, then the SD of intake
is 0.6 x mcan intake. If 2 SDs of intake arc now subtracted from the
individual’s mcan intake a ncgative valuc is obtained, indicating
that the distribution of obscrved intakes around the individual’s
usual intake is not normal.

Mcan intake — 2 SD intake = mcan intake — 2 X 0.6 X mcan intake
= mcan intake — 1.2 mecan intake
=—=0.2 X mcan intake.

The valuc in the last cquation is negalive, suggesting that the normal
modcl is not rcasonable when the CV of intake is above 60 o 70
percent,
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Data presented in Tables B-2 through B-5 indicate that it is not
possible o usc this approach to asscss the adequacy of vitamin A,
vitamin C, vitamin E, and somc¢ other nutrients, In these cascs, the
distribution of daily intakes cannot be assumced 1o be normal, and
thus obscrved daily intake cannot he used Lo carry out the asscss-
mcnt,

Becausc the distributions of daily intake for many nutrients arc
nonnormal, morc rescarch is nceded in order (10 extend this meth-
odology Lo all nutricnts of intcrest.

Requirement Distribution Is Not Normal

The proposcd approach rclics also on normalily of the require-
ment distribution, When requirements are not distributed in a sym-
mctrical, approximaicly normal fashion around the EAR, rcsults
may bc¢ biascd. For cxample, the confidence with which il can be
concluded that intake is adequate may be less than 85 percent even
though the obscrved ratio D/SD,, is cqual to 1,

Iron is an cxample of a nutrient for which the distribution of
rcquircments is not normal. Iron requirements in menstruating
women arc skewed, with a long tail (o the right. In this situation, the
mcthod described above docs not producce reliable results, No alierna-
tive can be offered at this time; more rescarch is neceded in this arca,

Incorrect Specification of the SD of Requirement

Until now, little if any attention has been paid to rcliably
cstimating the variance of nutricnt requirement distributions, DRI
rcports (IOM, 1997, 1998b, 2000) have assumcd that the CV of
rcquircments for most nutrients is 10 perecent of the EAR, unless
other information is known (c.g., niacin is given as 15 percent).
Given an EAR and a CV of requirement, an SD of requirement can
be calculated as SD, = CV x EAR. For cxample, if the EAR of a
nutricnt is 120 units/day and the CV of requirement is 10 pereent,
then the SD of requirement will be 0.1 X 120 = 12 units/day.

It is not clcar that the fixed 10 percent (or 15 percent) CV esti-
males across nutrients result in rcliable estimators of the SD of
requircment. Since the 8D of requirement is an important component
of the SD of D, an inaccuratc valuc of SD will result in an inaccurate
valuc of 8D, and hence an inaccurate valuce of the ratio D/SD,,

At this time¢, no beuer alternatives than using the CV of the
rcquircment as given in the DRI reports have heen identified, and
thus the results of such analyses should be interpreted with caution,
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INDIVIDUAL ASSESSMENT FOR NUTRIENTS WITH AN Al

Before discussing a statistical approach to individual assessment
for nutrients with an Adequate Intake (AlI) instead of an Estimated
Average Requirement (EAR), it is critical to emphasize the differ-
ence between these two Dietary Reference Intakes (DRIs). The EAR
represents the median nutrient requirement of a given life stage
and gender group, and by definition, an intake at the level of the
EAR will be inadequate for half the group. In contrast, the Al repre-
sents an intake that is likely to exceed the actual requirements of
almost all healthy individuals in a life stage and gender group. In
this respect it is analogous to the Recommended Dietary Allowance
(RDA); however, because of the imprecise nature of the data used
to establish Als, it may often be higher than an RDA would be if
appropriate data were available to calculate one.

The approach discussed previously to assess nutrient adequacy
compares an individual’s intake to the EAR, and considers variability
in both intake and requirement when determining how confident
one can be in concluding that intake is adequate. In other words,
intakes are compared to median requirements. In the case of the Al,
however, intakes are compared to an intake value already in excess of
the median requirement, perhaps by a very large margin. Thus,
when intakes are compared to the Al, all one can truly conclude is
whether intake is above the Al or not. Although an intake that is
statistically above the Al is certainly adequate, intakes below the Al
are also likely to be adequate for a considerable proportion of indi-
viduals. Thus, great caution must be exercised when interpreting
intakes relative to Als.

How can individual assessment be carried out when the nutrient
of interest does not have an EAR? Using calcium as an example,
one is limited to comparing the individual’s usual intake to the AL
The conclusions that can be drawn from such a comparison are
rather narrow: if the usual intake is determined with desired accura-
cy to be larger than the Al, then the individual’s usual intake of the
nutrient is likely to be adequate. The converse, however, is not true.
At the desired level of confidence, nothing can be concluded from
the analysis if it is found that the individual’s usual intake is not
larger than the AL

A simple ztest to decide whether an individual’s unobservable
usual intake is larger than the Al can be used. The test assumes that
daily intakes for an individual have a distribution that is approxi-
mately normal around the individual’s usual intake. The SD of daily
intake is necessary to carry out the test. Because large numbers of
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daily intakes for an individual arc typically not availablc Lo rcliably

cstimalc the day-lo-day variability, the pooled day-lo-day SD of intake

from CSFII (scc Tables B-2 through B-5) or from NHANES is uscd.
The zstatistic is constructed as follows:

z= \/; X (ohscrved mean intake — Al) /SD of daily intake.
By rcarrangement, this can also be expressed as:
z = (obscrved mcan intake — Al) /(SD of daily intake/ N ).

The zstatistic is then compared to tabulated valuces (a sclection of
which arc presented in Table B-6), 1o decide whether the desired
level of accuracy is achicved when stating that the usual intake is
larger than the AL

For cxample, consider a nutrient such as calcium with an Al of
1,000 mg /day, and supposc that the SD of daily intake from CSFIT
for the appropriate lifc stage and gender group is 325 mg/day.

TABLE B-6 Selected Values of z and the Associated Level of
Confidence When Concluding That Individual Usual Intake Is
Larger Than the Adequate Intake (AI) or Less Than the
Tolerable Upper Intake Level (UL)

Probability ol

Criterion  Conclusion Correct Conclusion

z > 2,00 Usual intake is adequale (excessive) 0.98

z> 1.65 Usual intake is adequate (excessive) 0.95

z > 1.60 Usual intake is adequate (excessive) 0.95

2> 1.25 Usual intake is adequate (cxcessive) 0.90

z>»1.00 Usual intake is adequate (excessive) 0.85

z> 0.85 Usual intake is adequate (excessive) 0.80

z > 0.68 Usual intake is adequale (excessive) 0.75

z > 0.560 Usual intake is adequate (ex ive) 0.70

z > 0.00 Usual intake is adequate (excessive/salc) 0.50

2> =050  Usual intake is adequate (cxcessive) 0.30 (0.70 probability
usual intake is safe)

2> —-0.86  Usual intake is adequate (excessive) 0.20 (0.80 probability
usual intake is safe)

z>—-1.00  Usual intake is adequate (excessive) 0.15 (0.85 prohability

usual intake is salc)

SOURCE: Adapted from Snedecor and Cochran (1980).
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Given five individuals, cach with three days of intake records and
obscrved mean intakes of 1,050, 1,100, 1,150, 1,200, and 1,250 mg/
day, rcspectively, what can be determined about the adequacy of
their usual intakes? Assume that, 10 determing if the usual intake is
higher than the Al a minimum confidence level of 85 percent is
desired.

To calculate the zvalucs for cach of the five individuals, first divide
the 8D of daily intake by the /3 (as 3 daily records arc available for
cach). In this cxample, 325/ @ cquals 188. The zvalucs arc now
compuled as (obscrved mcan intake — Al) /188, For the five individ-
uals, the corresponding zvalucs arc 0,27, 0.53, 0.80, 1.07, and 1.33,
respectively. From a standard zlable the probabilitics of correctly
concluding that the usual intake is larger than the Al for cach of
the five individuals arc 61, 70, 79, 86, and 91 percent, respectively.,
Only for the last two individuals, with obscrved mcan intakes of
1,200 and 1,250 mg /day, would there be an 85 percent confidence
level when stating that usual intakes arc greater than 1,000 mg/day.

The valuc of the zstatistic will incrcase whencever

¢ (he difference between the observed mcean intake and the Al
increcascs;

* the SD of daily intake for the nutrient is low; and

* thc numbcr of days of intake data available for the individual
increascs.

This ziest rclics on the assumption of normality of daily intakes.
For nutrients such as vitamin A, vitamin B, and others with a CVof
daily intake larger than 60 to 70 percent, this test is likely to per-
form poorly. Whilc the calculations are still possible, the level of
assurancc resulting from the test will be incorrect. The performance
of the (est also depends on accuraicly estimating the day-lo-day vari-
ability in intakes for the individual. Tt is suggesied that the pooled
SD of daily intake obtained, for example, from Tables B-2 through
B-5 bec used in the calculations cven though it is likely to be a poor
cstimatc of the individual’s truc day-lo-day variability in intakes. As
statced carlicr, a more justifiable alternative cannot be offered at this
limge, as no cxtensive studics on the dependence of individual SD of
intake and individual mcan intake have been published. More re-
scarch is ncceded in this arca.
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ASSESSING EXCESSIVE INTAKE AT THE
INDIVIDUAL LEVEL

Evaluation of the adequacy of an individual’s usual intake of a
nutrient has been discussed. Since food fortification is now com-
monplace and supplement intake is also on the rise, it is important
to evaluate whether an individual’s usual intake of a nutrient might
be excessive. To decide whether an individual has chronic consump-
tion of a nutrient at levels that may increase the risk of adverse
effects, the wusual nutrient intake is compared to the Tolerable
Upper Intake Level (UL) established for the nutrient.

Because usual intakes are unobservable, the uncertainty of how
well observed mean intake estimates usual intake must be accounted
for, similar to comparing intake to the Adequate Intake (AI) as
discussed in the previous section. In this case, however, the zstatistic
is constructed by subtracting the UL from the observed mean intake,
and dividing the difference by the SD of daily intake over the square
root of the number of days of intake available for the individual.

z= (observed mean intake — UL) /(8D of daily intake/ \/; )

The resulting zstatistic is compared to tabulated values (Table B-6),
and the confidence level associated with the conclusion that the
usual intake is below the UL is obtained. If the resulting confidence
level is at least as high as the desired level, then it can be concluded
that the individual’s usual intake of the nutrient is below the UL
and thus a tolerable level of intake for the individual. If the result-
ing confidence level is not as high as the desired level, then it can-
not be conclusively stated that intake is risk free.

Caution also applies in this case. The ztest performs well when
daily intakes are approximately normally distributed, but may give
incorrect confidence levels when the distribution of daily intakes
departs from the normal. The SD of daily intake should accurately
reflect the day-to-day variability in intakes for the individual. In the
absence of better information about individual 8D of daily intake, it
is recommended that the pooled estimate of the SD of intake com-
puted from a large nationwide food consumption survey be used.
Use of this pooled estimate of the SD of daily intakes is not ideal for
the individual, but a reliable alternative is not available at this time.

In the case of regular supplement users, an overestimate of the
individual day-to-day variability of intakes may result. If the day-to-
day variability for a supplement user were smaller, then the z-statistic
obtained from the assessment would be an underestimate.
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When using the proposcd method it is important o note that the
pooled cstimates of the within-person standard deviation of intakes
in Tablcs B-2 to B-5 arc bascd on data on nutrients from food only,
nol food plus supplements, This suggests the need for caution in
using these cstimaies in asscssing individual intakes rclative to the
UL. For somc nutricnts, ULs arc defined on the basis of lotal intake
(food plus supplements), and the cstimates of the within-person
standard dcviation of intakes bascd on food alonc may not be the
samc as thosc bascd on food plus supplements, For other nutrients,
ULs rcfer only to nutrient intake from food fortificants, supple-
ments, and pharmacological products. In these cascs, the proposced
mcthods arc cven less rcliable, as currently there are no cstimates
of the within-person standard deviation of intakes from supplement
usc alonc,
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Assessing Prevalence of
Inadequate Intakes for Groups:
Statistical Foundations

This appendix providcs the formal statistical justification for the
mcthods for asscssmg the prevalence of inadequate intakes that
were described in Chapter 4, Additional dctails can be found in
Carriquiry (1999).

Let Y. denote the obscerved intake of a dicltary component on the
jth day for the 7h individual in the sample, and define y, = Y, | 4}
Lo be that individual’s usual intake of the component. Further, Ict 7,
dcenote the requirecment of the dictary component for the ith mdl-
vidual. Conceptually, because day-lo-day variabilily in requirements
is typically present, 7, is defined as = E{R;; | 4} and, as in the casc of
intakes, Rl-]- dcnotes the (often unobscrved) daily requirement of
the dictary component for the dh individual on the jth day. In the
rcmaindcr of this appendix, usual intakes and usual requircments
arc simply referred to as intakes and requirecments, respectively.

The problem of interest is assessing the proportion of individuals
in the group with inadequatce intake of the dictary componcm The
tlerm inadequate means that the individual’s usual intake is not
mccling that individual’s requircment,

THE JOINT DISTRIBUTION OF
INTAKE AND REQUIREMENT

Let Fy fy (y,7) denote the joint distribution of intakes and require-
ments, and let fy , (3,7) be the corresponding density. If £y, (3,7) (or
a rcliable density estimale) is available, then

203
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Pr(nutrient inadequacy) = Pr(y<r)

J.: J.(:‘fv,n_ (t, s)dsdt. (1)

For a given cstimaie of the joint distribution f, ,, obtlaining cqua-
tion 1 is trivial. The problem is not the actual probability calculation
but rather the estimation of the joint distribution of intakes and
rcquircments in the population.

To rcduce the data burden for cstimating ny 1 approachces such as
the probability approach proposcd by the National Rescarch Coun-
cil (NRC, 1986) and thc Estimalcd Average Requirement (EAR)
cut-point mcthod proposcd by Beaton (1994), make an implicit
assumpltion that intakes and requirements are independent random
variablcs—ihat what an individual consumcs of a nutricnt is not
corrclated with that individual’s requirement for the nutrient. If
the assumption of independence holds, then the joint distribution
of intakes and requirements can be faclorized into the product of
the two marginal densitics as follows:

fY,R(ri y) :fR(r)_f-)’ (37) (2)

where f,(y) and f,(r) arc the marginal densitics of usual intakes of
the nutrient, and of requirements respectively, in the population of
interest.

Notc that under the formulation in cquation 2, the problem of
asscssing prevalence of nutrient inadequacy becomes traclable.
Indced, methods for reliable estimation of f,(y) have been proposcd
(c.g., Guenther ct al,, 1997; Nusscr ct al,, 1996) and data arc abun-
dant. Estimating f,(7) is still problematic because requirement data
arc scarcc for most nutricnts, but the mcan (or perhaps the median)
and the variance of f(r) can ofien be computed with some degree
of rcliability (Bcalon, 1999; Bcaton and Chery, 1988; Dewey ct al.,
1996; FAO/WHO, 1988; FAO/WHO/UNU, 1985). Approachcs for
combining f,(7) and f,(y) for prevalence asscssments that require
diffcrent amounts of information (and assumptions) about the
unknown recquircment density f,(r) and the joint distribution
Fy i (3, 7) arc discussed next.
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THE PROBABILITY APPROACH

The probability approach to estimating the prevalence of nutrient
inadequacy was proposed by the National Research Council (NRC,
1986). The idea is simple. For a given a distribution of require-
ments in the population, the first step is to compute a risk curve
that associates intake levels with risk levels under the assumed require-
ment distribution.

Formally, the risk curve' is obtained from the cumulative distri-
bution function (cdf) of requirements. If we let Fr(.) denote the cdf
of the requirements of a dietary component in the population, then

1

Fr(a)=Pr(requirements < a)

for any positive value a. Thus, the cdf Fy takes on values between 0
and 1. The risk curve p (.) is defined as

P (a )=1 - F, (a )=1 — Pr(requirements < a)

A simulated example of a risk curve is given in Figure 4-3. This
risk curve is easy to read. On the x-axis the values correspond to
intake levels. On the yaxis the values correspond to the risk of
nutrient inadequacy given a certain intake level. Rougher assess-
ments are also possible. For a given range of intake values, the asso-
ciated risk can be estimated as the risk value that corresponds to the
midpoint of the range.

For assumed requirement distributions with usual intake distribu-
tions estimated from dietary survey data, how should the risk curves
be combined?

It seems intuitively appealing to argue as follows. Consider again
the simulated risk curve in Figure 4-3 and suppose the usual intake
distribution for this simulated nutrient in a population has been
estimated. If that estimated usual intake distribution places a very
high probability on intake values less than 90, then one would con-

1 When the distribution of requirements is approximately normal, the edfcan be
easily evalualed in the usual way for any intake level a. Lel z represent the standard-
ized intake, computed as z = (¢ — mean requirement)/SD, where SD denoles the
standard deviation of requirement, Values of Fy;y can be found in most statistical
textbooks, or more importantly, are given by most, if not all, statistical software
packages. For example, in SAS, the function probnorm(4) evaluates the standard
normal cdf at a value b Thus, the “drawing the risk curve” is a conceptualization
rather than a practical necessity.
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clude that most individuals in the group arc likely 1o have inadc-
quatc intake of the nutrient, If, on the other hand, the usual nutri-
cnt intake distribution places a very high probability on intakes
above 90, then one would be confident that only a small fraction of
the population is likcly to have inadcquate intake. Illustrations of
these two extreme cascs arc given in Figures 4-4 and 4-5.

In general, one would expect that the usual intake distribution
and the risk curve for a nutricnt show some overlap, as in Figurc
4-6. In this casc, cstimating the portion of individuals likcly o have
inadequatce intakes is cquivalent to compuling a weighted average
of risk, as cxplaincd below.

The quantity of interest is not the risk associaled with a certain
intake level but rather the expected risk of inadequacy in the popula-
tion, This cxpcctation is based on the usual intake distribution for
the nutricnt in the population. In other words, prevalence of nutri-
cnl inadequacy is defined as the expected risk for the distribution
of intakes in the population. To derive the cstimaie of prevalence,
we first define

* #(y) as the probability, under the usual intake distribution, asso-
ciated with cach intake level y and

* p(y) as the risk calculated from the requirement distribution.
The calculation of prevalence is simple

Prevalence = ZP(J’)P(J?) (3)
y=0

where, in practice, the sum is carricd out only Lo intake levels where
the risk of inadcquacy becomes about zero.

Notice that cquation 3 is simply a weighted average of risk valucs,
where the weights are given by the probabilitics of observing the
intakes associated with thosc risks. Formally, the cxpected risk is
given by

E{risk} = _[:p( y)dF

= [ PO) /)y

where p(y) denotes the risk valuce for an intake level y, Fis the usual
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intake distribution, and f(y) is the valuc of the usual intake density
at intake level y.

When the NRC proposcd the probability approach in 1986, statis-
tical softwarc and personal compulers were not as commonplace as
they arc today. The NRC included a program in the report that
could be uscd 1o cstimate the prevalence of nutrient inadequacy
using the probability approach. As an illustration, the NRC also
mcentioned a simple compultational mcthod: rather than adding up
many products p(y) p(y) associated with diffcrent values of intakces,
intakes arc grouped by constructing m bhins, The cstimated proba-
bilitics associated with cach bin are simply the frequencics of intakes
in the population that “fall into” cach bin, (These frequencics arc
dctermined by the usual intake distribution in the population.) The
avcrage risk associated with intakes in a hin is approximated as the
risk associated with the midpoint of the bin. An cxample of this
computation is given on page 28, Table 5-1, of the NRC rcport
(1986). Currently, implementation of the probability approach can
be carried out with standard softwarc (such as BMDP, SAS, Splus,
SPSS, cic.).

In genceral, rescarchers assume that requirecment distributions arc
normal, with mcan and variance as cstimated from cxperimental
data. Even under normality, however, an crror in the estimation of
cither the mean or the variance (or both) of the requirement distri-
bution may lcad to biascd prevalence cstimates. NRC (1986) pro-
vides various cxamples of the cffect of changing the mcan and the
variance of the requirecment distribution on prevalence cstimates.
Although the probability approach was highly sensitive o specifica-
tion of the mcan requirement, it appearced o be relatively insensi-
tive Lo other paramclters of the distribution as long as the final dis-
tribution approximatcd symmectry. Thus, although the shape of the
rcquirecment distribution is clearly an important component when
using the probability approach (o cstimaie the prevalence of nutri-
cnt inadequacy, the method appcars 1o be robust 1o crrors in shape
spccifications.

The NRC report discusses the cffect of incorrcectly specifying the
form of the requirement distribution on the performance of the
probability approach (o asscss prevalence (sce pages 32-33 of the
1986 NRC rcport), but morc rescarch is neceded in this arca, partic-
ularly on nonsymmectrical distributions. Statistical thcory dictates
that the usc of the incorrect probability modcl is likcly Lo result in
an inaccuralc cstimaic of prevalence except in special cases, The
pioncering cfforts of the 1986 NRC commitiee need 1o be contin-
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ucd 1o asscss the exient to which an incorrect modcl specification
may affcct the propertics of prevalence estimates.

THE EAR CUT-POINT METHOD

The probability approach described in the previous scclion is
simplc Lo apply and provides unbiascd and consisient estimates of
the prevalence of nutrient inadequacy under relatively mild condi-
tions (i.c., intake and recquirement arc independent, distribution of
rcquircment is known). In fact, if intakes and rcquirements arc
independent and if the distributions of intakes and requirements
arc known, the probability approach results in optimal (in the sensc
of mcan squarcd crror) cstimates of the prevalence of nutrient
inadcquacy in a group. Howcver, application of the probability
approach rcquires the user to choosc a probability modcl (a proba-
bility distribution) for requircments in the group. Estimalting a den-
sity is a challenging problem in the best of cascs; when data arc
scarc, it may he difficult to decide, for example, whether a normal
modcl or a t modcl may be a morc appropriatc representation of
the distribution of requirements in the group. The difference between
these two probability modcls lics in the tails of the distribution;
both modcls may be ceniered at the same median and both reflect
symmectry around the median, but in the casc of L with few degrees
of frcedom, the tails arc heavicer, and thus onc would cxpect Lo sce
more cxtreme valucs under the 1 model than under the normal
modcl. Would using the normal modcl to construct the risk curve
affcct the prevalence of inadequacy when requirements arc really
distributed as t random variables? This is a difficult question o
answer. When it is not clear whether a certain probability modecl
best represents the requirements in the population, a good alierna-
tive might be 10 usc a method that is less paramectric, that is, that
rcquircs milder assumptions on the t model itsclf. The Estimated
Avcrage Requircment (EAR) cut-point mcthod, a lcss paramctric
version of the probability approach, may somctimes provide a simplc,
cffective way o estimaie the prevalence of nutrient inadequacy in
the group cven when the underlying probability model is difficult
to dctermince preciscly, The only feature of the shape of the under-
lying modcl that is required for good performance of the cut-point
mcthod is symmectry; in the example above, both the normal and
the t modcls would satisfy the less demanding symmetry require-
mcent and thercfore choosing between onc or the other becomes an
unncceessary siep.

The cut-point method is very simple: estimate prevalence of inad-
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cqualc intakes as the proportion of the population with usual in-
takes below the median requirement (EAR),

To undcrstand how the cut-point mcthod works, the rcader is
rcferred 1o Chapler 4, where the joint distribution of intakes and
rcquircments is defined. Figure 4-8 shows a simulated joint distribu-
tion of intakes and rcquircments. To gencrale the joint distribu-
tion, usual intakes and requirements for 3,000 individuals were sim-
ulated from a y? distribution with 7 degrees of freedom and a
normal distribution, respectively. Intakes and requirements were
gencerated as independent random variables. The usual intake dis-
tribution was rescaled 1o have a mcan of 1,600 and standard devia-
tion of 400. The normal distribution used to represent requirements
had a mcan of 1,200 and standard dcviation of 200, Notc that intakes
and requirements arc uncorrclated (and in this example, indepen-
dent) and that the usual intake distribution is skewed. An individual
whosc intake is below the mean requirement docs not nccessarily have
an inadcquatc intake.

Becausc inferences are based on joint rather than the univariate
distributions, an individual consuming a nutricnt at a level below
the mcan of the population requirement may be satisfying the indi-
vidual’s own rcquircments. Thalt is the case for all the individuals
rcpresented in Figure 4-8 by points that appcar below the 45° line
and to the left of the vertical EAR reference ling, in triangular arca B.

To cstimate prevalence, proceed as in cquation 1, or cquivalently,
count the points that appcar above the 45° line (the shaded arca),
because for them y < » This is not a practical mcthod because typi-
cally information nceded for cstimating the joint distribution is not
available. Can this proportion be approximated in somc other way?
The probability approach in the previous scclion is onc such
approximation. The EAR cut-point method is a shortcut to the prob-
ability approach and provides another approximation to the truc
prevalence of inadequacy.

When certlain assumptions hold, the number of individuals with
intakes 1o the left of the vertical intake = EAR linc is more or less
the same as the number of individuals over the 45° line. That is,

[[£Grasar = [ reras
00 0

or cquivalently,
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Pr{y < 'r} = I (a)

where Fy(a) = PR{y < a} is the cdf of intakes evaluated at a, for a =
EAR. In fact, it is easy to show that when E(r) = E(y):

Pr(y <r)= K (EAR)

The prevalence of inadcquate intakes can be asscssed as long as
onc has an ¢stimate of the usual nutrient intake distribution (which
is almost always availablc) and of the median requirecment in the
population, or EAR, which can be obtained rcliably from relatively
small cxperiments.

The quantile F (EAR) is an approximatcly unbiascd cstimator of
Priy<+ if

* fyr(n) = /i (») fp(r), that is intakes and requirements arc inde-
pendent random variables.

* Prir<-o} =Pr{r=a} for any o > 0, that is, the distribution of
rcquircments is symmetrical around its mcan; and

* 62>0 3 , where 62 and © 2y denote the variance of the distri-
bution of requirements and of intakes, respectively.

When any of the conditions above arc not satisficd, F,,(EAR) # Pr{y <1,
in gencral. Whether Fy, (EAR) is biascd upward or downward depends
on factors such as the rclative sizes of the mean intake and the EAR,
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Assessing the Performance of
the EAR Cut-Point Method for
Estimating Prevalence

This appendix presents the results of preliminary compulter sim-
ulations cvaluating the performance of the Estimated Average Require-
ment (EAR) cut-point mcthod for cstimating the prevalence of
nutricnt inadcquacy. The simulations provide information on the
performance of this modcl when its key assumplions arc violated.

INTRODUCTION

In Chaplcr 4, an approach Lo ¢stimating the prevalence of inade-
qualc intakes in a group, called the Estimated Average chulrc-
mcent (EAR) cut-point method, was introduced. This mcthod is a
short-cul of the probability approach for asscssing nutricnt inadc-
quacy that was proposcd by the National Rescarch Council (NRC,
1986), and discusscd in Appendix C of this report,

As stated in Chapter 4, the EAR cul-point method produces rcli-

able cstimates of the proportion of individuals in a group whosc
usual intakes do not mect their requirements, as long as the follow-
ing assumptions hold:

* inlakes and rcquirements of the nutrient arc independent;

* the distribution of requirements in the group is symmetrical
aboul the EAR; and

* the variance of the distribution of requirecments is smaller than
the variance of the distribution of usual intakes.

A rcliable estimate of the distribution of usual intakes in the group

211
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is also nceded in order Lo cstimate the prevalence of inadequacy.

In addition, il was statcd that the cstimates of inadequacy would
be essentially unbiased when the actual prevalence of inadequacy in
the group is closc to 50 pereent. As the truc prevalence approachces
0 or 100 pcrcent, the performance of the EAR cut-point mcthod
dcclines, cven if the conditions listed above arc met.

To test the EAR cut-point mcthod, some preliminary simulation
studics were performed. The reliability of this method of estimating
the prevalence of inadequacy was cvaluated in cascs where the assump-
tions above were met, and also in cascs in which onc or more of the
assumptions were violated. For example, the EAR cut-point method
was uscd 1o cvaluate groups in which (1) intakes and requirements
were corrclated (for example, food energy), (2) the standard devia-
tion of rcquirecments (SD,) was larger than the standard deviation of
usual intakes (SD), and (3) the distribution of requirements was
skewed (as is the casc of iron in menstruating women).

This appendix docs not test the performance of the probability
approach. The probability approach, by construction, will perform
well whenever intakes and requirements arc independent, and
whencever the form of the distribution of requirements is known. As
in the EAR cut-point mcthod, a rcliable estimate of the distribution
of usual intakes in the group must be available 1o ensurc an unbiascd
cstimatc of the prevalence of inadequacy in the group.

Results of the simulation studics arc reported in three scctions.,
The first scction examinges the impact of violating the independence
assumption on the estimates of prevalence. In the second scction,
the robustiness of the EAR cut-point method to departurcs from the
assumption of small SD, rclative Lo SD; is tested. Finally, in the third
scclion, the cffects of departures from the assumption of a sym-
mctrical requirement distribution arc considered. In cach scction,
a description of how the simulations were run is followed by a sum-
mary of thc major findings. The simulation studics presented arc
prcliminary and by no mcans dcfinitive. They are intended to pro-
vide initial insight into the performance of this short-cut of the
probabhility approach for cstimating inadequacy. It is hoped that
this report will encourage other rescarchers 1o proceed from the
information presented here and conduct further rescarch on this
important topic.

INTAKES AND REQUIREMENTS ARE CORRELATED

The impact of violating the assumption of independence between
intakes and requirements was cvaluated by estimating prevalence of
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inadequacy in a group in which the corrclation varied from 0
through 1. The intakes and requirecments for the group were gener-
ated from a bivarialc normal distribution in which the mcan and
standard deviation of usual intake were fixed at 90 and 30 units,
respectively. Scveral cases were considered for the distribution of
rcquircments. The Estimated Average Requirement (EAR) was fixed
at three valucs: 55, 70, and 90 units, and the SD_was also sct at three
valucs: 7.5, 15, and 30 units. Thus, the cffect of increasing the corrcla-
tion between intake and requirement for nince different scenarios
for the joint distribution of intakes and recquircments was investigated.
It is important to point out that ncither the probability approach
nor its shortcut, the EAR cut-point mcthod require that the distri-
bution of usual intakes in the group be normal. The performance
of cither method docs not depend in any way on the shape of the
distribution of usual intakes in the group. Intakes from a normal
distribution were gencrated only for convenience.

In cach casc, the true prevalence was obtained as the proportion
of individuals whosc usual intakes were helow their requirements
for the nutricnt in a population of 50,000, From this population,
smaller groups of 2,000 were sampled 200 times. The estimated prev-
alence was obtained as the proportion of individuals whose usual
intakes were below the corresponding EAR (i.c., by application of
thc EAR cut-point mcthod) in cach of the 200 groups. The csti-
malcs of prevalence presenied here are the means, over the 200
rcplicales, of the estimaltes of prevalence in cach of the groups.

In Figurcs D-1 through D-9, the solid lincs and dots represent the
true prevalence at cach valuc of the corrclation between intakes and
rcquircments. The dashed lines and squarces represent the average
cstimates of prevalence (over the 200 replicates) at cach correlation
valuc between intakes and requircments,
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Box D-1 Major findings—Inlakes and requiremenlts are correlaled

* When the 8D, is small relative to the 8D, no serious biases on the esti-
mate of prevalence are evident even at correlation values as high as 0.5 or 0.6
(Figures D-1 and D-4).

®* When the SD_increases relalive o the 8D, increasing the correlalion
between intakes and requirements can resull in noticeable biases in the
prevalence of inadequacy cven when the corrclation is no larger than about
0.1 (Figurcs D-2 and D-b).

® When the SD, is as largce as the 5D, the bias in the estimatc of prevalence
can be significant even if the correlation between intakes and requirements
is 0. This indicates that the EAR cut-point method is less robust to depar-
tures from the last assumption (variance of requirements must be smaller
than variance of usual intake) (Figures D-3 and D-6).

* When mean intake is equal to the EAR (prevalence is exactly equal to 50
percent), neither increasing the correlation coefficient to 1 nor equating
the variances of requirements and intakes introduces a bias in the estimated
prevalence (Figures D-7, D-8, and D-9).

Prevalence of inadequate nutrient intake (%)

28 -

24 == True prevalence

20 | r——0 EAR cut-point estimated prevalence
16 -

0.

01 02 03 04 05 06 07 08 09 1

o
o

Correlation coefficient

.0

FIGURE D-1 The effect of correlation between usual intake and requirement on
the prevalence of inadequale intakes estimated using the Estimated Average Require-
ment (FEAR) cut-point method for 10 valucs of the corrclation, For all corrclations,
mcan intake = 90, standard dceviation (SD) of intake = 30, EAR = 55, and SD of
requirement = 7.5 units.
NOTE: When the 8D of requirement is small relative to the SD of intake, there is

no

serious bias of the EAR cut-point method until correlation reaches 0.5 to 0.6.
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Prevalence of inadequate nutrient intake (%}
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FIGURE D-2 The effect of correlation belween usual intake and requirement on
the prevalence of inadequate intakes cstimated wsing the Estimated Average Re-
quircment (FAR) cut-point mecthod for 10 valuces ol the corrclation, For all corrcla-
tions, mcan intake = 90, standard dcviation (SD) of intake = 30, FAR = b5, and SD
of requirement = 15 units.

NOTE: When the 8D of requirement increases relative to the SD of intake, increas-
ing the correlation between intake and requirements can result in noticeable bias
of the EAR cut-point method even when the correlation is as low as 0.4.
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FIGURE D-3 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cul-point method for 10 values of the correlation. For all correla-
tions, mcan intake = 90, standard dcviation (SD) of intake = 30, FAR = b5, and SD
of requircment = 30 units,

NOTT.: When the 8D of requirement is as large as the 5D ol intake, the cstimate of
prevalence of inadequate intakes using the EAR cut-point method shows signifi-
cant bias even when the correlation between intake and requirement is zero.
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FIGURE D-4 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 70, and SD
of requirement = 7.5 units.
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FIGURE D-5 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cul-point method for 10 values of the correlation. For all correla-
tions, mcan intake = 90, standard dcviation (SD) of intake = 30, FAR = 70, and SD
of requircment = 15 units,
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FIGURE D-6 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 70, and SD
of requirement = 30 units.
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FIGURE D-7 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cul-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 90, and SD
of requirement = 7.5 units.

NOTT.: When mean intake is cqual to the FAR (prevalence ol inadequatc intakes is
50 pereent), increasing the corrclation between intake and requirement introduc-
es no bias in the prevalence estimate using the EAR cut-point method.
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FIGURE D-8 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cul-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 90, and SD
of requirement = 15 units.
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FIGURE D-9 The effect of correlation between usual intake and requirement on
the prevalence of inadequate intakes estimated using the Estimated Average Re-
quirement (EAR) cut-point method for 10 values of the correlation. For all correla-
tions, mean intake = 90, standard deviation (SD) of intake = 30, EAR = 90, and SD
of requirement = 30 units.

NOTE: When mean intake is equal Lo the EAR (prevalence of inadequate intakes is
50 percent), a variance of requirement as large as the variance of intake introduccs
no hias in the prevalence estimate using the EAR cut-point method,

Figurcs D-10, D-11, and D-12 show the bias of the prevalence esti-
malcs obtained from application of the EAR cut-point method rela-
tive Lo the truc prevalence. The hias is calculated as the difference
beitween the average prevalence cstimate over the 200 replicates,
and the truc prevalence in the group. These three figures summa-
rizce the results presented in Figures D-1 through D-9.

In Figurc D-10 the solid linc and dots represents the bias in the
cstimated prevalence at various levels of the corrclation between
intakes and requirements for the case where the EAR is 55 units
and the SD is 7.5. The dotted line and squarces represents the bias
of the EAR cut-point prevalence estimate when the SD, is increased
to 15 units, Finally, the dashed line and stars shows the amount of
bias in the EAR cut-point prevalence estimates when the SD,is cqual
Lo the SD; of 30 units. Notice that when SD, is small, the bias in the
prevalence cstimate is small, cven at very high valucs of the correla-
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Bias of the EAR cut-point estimated
prevalence (%) relative to the true prevalence

Correlation coefficient
FIGURE D-10 The effect of the correlation between intakes and requirements for
10 values of the correlation on the bias of the eslimaled prevalence using the

mcan intake = 90, standard deviation (8D) of intake = 30, and FAR = 55, The 8D of
requirement was sct to 7.5 units (solid line with dots), 15 units (dashed lines with
squarcs), and 30 units (dotted linc with stars).

¥----3% SD of requiremsnt = 30
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FIGURE D-11 The effect of correlalion between intakes and requirements on the
bias of the cstimated prevalence using the Estimated Average Requirement (FAR)
cut-point mcthod for 10 valucs ol the correlation, For all corrclations, mean intake
= 90, standard deviation (SD) of intake = 30, and TAR = 70. The SD of requirement
was set to 7.5 units (solid line with dots), 15 units (dashed lines with squares), and
30 units (dotted line with stars).
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FIGURE D-12 The effect of correlation between intakes and requirements on the
bias of the estimated prevalence using the Estimated Average Requirement (EAR)
cut-point method for 10 values of the correlation. For all correlations, mean intake
=90, standard deviation (8D) of intake = 30, and EAR = 90. The 8D of requirement
was sel o 7.5 units (solid line with dots), 15 units (dashed lines with squares), and
30 units (dotted line with stars).

NOTE: When the true prevalence of inadequacy is 50 percent (mean intake equals
the FAR) ncither increasing the corrclation between intake and requirement or
increasing the SD of requirement relative to the SD ol intake introducces any bias of
the prevalence cstimate,

tion coellicient. The bias at any level ol correlation increases as the
SD, becomes larger relative to the SD,.

Figure D-11 shows the eflect of increasing the correlation between
intakes and requirements, and at the same time changing the relative
size of the SD when the EAR is equal to 70. In these cases, the true
prevalence of inadequacy in the population is higher, as the EAR is
now closer to the mean intake. Again, increasing SD, appears to
have a stronger eflect on the bias of the prevalence estimator than
does increasing the correlation between intakes and requirements.

Finally, Figure D-12 shows that when true prevalence is equal to
50 percent, neither increasing the correlation between intake and
requirement nor increasing the relative size ol SD, has any ellect on
the bias of the prevalence estimate. The EAR cut-point method pro-
duces a correct prevalence estimate at any correlation level and for
any value ol the SD, relative to the SD, .



224 DIETARY REFERENCE INTAKES

In summary, v1olatmg the independence assumptmn (i.c., a non-
zcro corrclation) is likely to produce relatively minor blascs on the
cstimatcs of prevalence obtained from applying the EAR cut- pomt
mcthod as long as the corrclation between intakes and require-
ments docs not exceed 0.5 or 0.6; the SD_is substantially smaller
than the 8D; and the truc prevalence is neither very small nor very
large. The usc of the EAR cut-point mcthod (or the probability
approach) is not reccommended for investigating the adequacy of
cnergy intakes in any group because for food cenergy the correla-
tion between intakes and requirements is known 1o be very high,

VARIANCE OF REQUIREMENTS IS LARGE RELATIVE TO
VARIANCE OF INTAKES

To test the cffect of violating the assumption that variance of
rcquircments must be substantially smaller than variance of intakes
for good performance of the Estimated Average Requirement
(EAR) cut-point mcthod, various scenarios were considered. Mcan
intake was fixed at 90 units and SD, at 30 units, as before, and 0.01
and 0.7 were chosen for the corrclation between intakes and require-
ments. The EAR was fixed at three different valuces: 55, 70, and 90
units. For cach of the six different scenarios, the SD, varied from a
low valuc of 0 to a high valuc of 40 units, in 5 unit increments,

Again, for cach casc, a largc population was gencrated, and groups
of 2,000 individuals wcre sampled 200 times. The prevalence csti-
matcs shown in cach casc arc obtained as the average over the 200
rcplicales.

Box D-2  Major findings—Variance of requirement relalive lo variance
of inlake

® The impact of increasing the SD, rclative to the SD, on the bias of the
prevalence cstimates can be large, cspecially when truc prevalence is not
close to 50 percent (Figures D-13 and D-15).

* When the correlation between intake and requirement is high (0.7),
the bias in the estimated prevalence can be high, but it does not increase
monotonically as 8D, increases (Figures D-14 and D-16).

* When true prevalence is 50 percent, increasing the 8D, even to values
above the SD, has no impact on the estimates of prevalence.
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FIGURE D-13 LEflcct of the standard deviation of requircment (SD)) on the csti-
matcd prevalence of inadequate intakes using the Fstimated Average Requirement
(EAR) cut-point method for 10 values of the SD,. For all values of the 8D,, mean
intake = 90, SD of intake = 30, EAR = 55, and correlation between intake and
requirement = 0.01.
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FIGURE D-14 Effcct of the standard deviation of requircment (SD)) on the csti-
matcd prevalence of inadequate intakes using the Fstimated Average Requirement
(FAR) cut-point mcthod for 10 valucs of the SD,. For all valucs of the D, mcan
intake = 90, SD of intake = 30, EAR = 55, and correlation between intake and
requirement = .7.
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FIGURE D-15 Effect of the standard deviation of requirement (SD,) on the esti-
mated prevalence of inadequate intakes using the Estimated Average Requirement
(EAR) cut-point method for 10 values of the SD,. For all values of the 8D,, mean
intake = 90, SD of intake = 30, EAR = 70, and correlation between intake and
requirement = 0.01.
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FIGURE D-16 Ellcct of the standard deviation of requircment (SD) on the csti-
matcd prevalence of inadequate intakes using the Fstimated Average Requirement
(FAR) cut-point mcthod for 10 valucs of the SD,. For all valucs of the 8D, mcan
intake = 90, 8D of intake = 30, EAR = 70, and correlation between intake and
requirement = .7.
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Figurcs D-17 and D-18 summariz¢ the information presented in
Figurcs D-13 through D-16. In Figurc D-17, the three curves repre-
scnt the bias of the prevalence cstimate relative o the true preva-
lence for three values of the EAR and when the correlation between
intakes and rcquirements is close o 0. The solid linc with dots
shows the expected bias when the EAR is 55 units for varying valucs
of the SD, The dotted line with stars corresponds to the bias at
varying Valucs of SD_whcn the EAR is 70. Finally, the dashed line
with squarcs indicates the expected bias when the EAR is cqual 10
the mcan intake and the truc prcvalcncc is 50 percent. Notice that
when SD,is high rclative 1o 8D, the bias in the estimated prcvalcncc
can be substantial, Consider for cxample, the casc where the EAR is
55 and the SD, is 40. The bias in the cstimated prevalence is approx-
imatcly 11 pcrccnl This might not scem significant until onc recalls
that for an SD_of 30 and an EAR of 55, the truc prevalence in the
group is approxnnatcly 20 percent (sce Figure D-1). Thus, the bias
in the cstimate of prevalence corresponds 1o a full 50 percent of the
truc prevalence in the population.

30 - «—— EAR=55
¥---¥ EAR=70
20 - Oo--0 EAR=90

-20

-30 4

Bias in the EAR cut-point estimated
prevalence (%) relative to the true prevalence

0 5 10 15 20 25 30 35 40
SD of requirement

FIGURE D-17 Effect of the standard deviation of requirement (8D,) on bias of the
cstimated prevalence ol inadequate intakes using the Estimated Average Require-
ment (FAR) cut-point method for 10 valucs of the SD. For all valucs of the SD,
mcan intake = 90, SD ol intakc = 30, and corrclation between intake and require-
ment = .01. The EAR was set at 55 units (solid line with dots), 70 units (dotted
line with stars) and 90 units (dashed line with squares).
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In Figurc D-18, again the three curves represent the three differ-
c¢nt values of the EAR, but now the corrclation between intakes and
requirements was fixed at 0.7. Referring back to Figurcs D-14 and
D-16, onc can sce that as the valuc of SD, increascs, the truc preva-
lence first deercases and then increases. This is a result of the pat-
tern of overlapping the requirements and intake distributions, The
biascs in the cstimates of prevalence shown in Figure D-18 follow
the same pattern, It is important 1o notice that the EAR cut-point
cstimate of prcvalcncc docs not track the changes in truc preva-
lence as the SD, varics, and thus produces biascd cstimatcs.

In summary, v1olalmg the assumption rcqulrmg that the variance
of recquircments be smaller than the variance of intakes is likely o
have a noticcable impact on the rcliability of the prevalence csti-
matc. To date, suggesied cstimates of the variance of requirecments
for most nutricnts arc smaller than those calculated for intakes. In
principle, therefore, onc need not worry aboul potential violations
of this assumption. A situation in which the¢ variance of intake may
bcecome small relative o the variance of requirements is for institu-

30 »—s EAR=55

¥---% EAR=70
20 1 0--0 EAR=90
10 4

0 5 10 15 20 25 30 35 40

Bias in the EAR cut-point estimated
prevalence (%) relative to the true prevalence
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FIGURE D-18 Effect of the standard deviation of requirement (SD,) on bias of the
cstimated prevalence ol inadequate intakes using the Estimated Average Require-
ment (FAR) cut-point method for 10 valucs of the SD. For all valucs of the SD,
mcan intake = 90, SD ol intakc = 30, and corrclation between intake and require-
ment = (.7. The EAR was set at 55 units (solid line with dots), 70 units (dotted line
with stars) and 90 units (dashed line with squares).
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tionalizcd populations, in which feceding is controlled and about
the samc for all individuals in the group (c.g., nursing homcs). In
these special instances it may be possible that the variance of intakes
in the group could become small enough o creaie a problem. In
this casc, it might be betier 1o assess adequacy using the probability
approach rather than its short cut.

THE DISTRIBUTION OF REQUIREMENTS IS NOT
SYMMETRICAL AROUND THE EAR

The assumption of symmetry of the requircment distribution is
inapproprialtc for at lcast onc important nutrient: iron requirecments
in menstrualing women. As will be cvident by inspection of the
simulation rcsults, when this assumption docs not hold the perfor-
mance of the Estimated Average Requirement (EAR) cut-point
mcthod for cstimalting the prevalence of nutrient inadequacy lcaves
much 1o be desired. In cases where it is known that the distribution
of requircments is skewed, usc of the probability approach is ree-
ommended Lo asscss adequacy of nutrient intake for the group. In
the casc of iron, for example, the cstimaie of prevalence that would
rcsult from applying the probability approach and using a log-normal
modcl for the requirement distribution will be less biased than that
rcsulling from application of the EAR cut-point mcthod. This is
likely to be true cven if the log-normal modcl is not the correct
modcl for requircments.

The modcl used for simulating intakes and requirements in this
scction differs from the oncs described in previous scctions. Here,
the simulation modcl was based on onc proposcd by the Food and
Agricullurc Organl/allon /World Health Organization (FAO/WHO,
1988) o describe iron requirements. It has been cstablished that
daily losscs of iron arc 0.77 mg, and mcnstrual losscs of iron arc
modcled as log-normal random variables with a mcan (in natural
log units) of —0.734 and standard deviation of 0.777. The spccifica-
tion of the modcl also assumcs high iron availability in the dict (a
bioavailability of 15 percent). For the simulation, the skewness of
the rcquircmcm distribution was varicd, and five valucs considered:
0.6, 1.3, 2.5, 3.2, and 5.7. Recall that for a symmetrical distribution,
the Valuc of the skewness cocfficient is equal to zcro; thus, incrcas-
ing skewness reflects incrcasing departures from symmetry. Intakes
were simulated independently as normal random variables with a
mcan intake of 12 mg, and standard deviation of 3 mg resulling in a
CV of intake of 25 percent,

Rather than repeatedly sampling groups of 2,000 from the popu-
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BoxD-3 Major findings—Distribution of requirements not symmetrical

® The bias in the cstimate ol inadequacy that results from application of
the FAR cut-point mcthod when the distribution of requirements is skewed
can be severe.

* When skewness exceeds values around 2, the relative bias (estimated
prevalence/true prevalence) is very large—over 100 percent.

* Even though this simulation was limited in scope, results are striking
enough for the Uses Subcommittee to recommend that the EAR cut-point
method not be used to assess the prevalence of nutrient inadequacy for a
nutrient with a skewed requirement distribution.

lation of 50,000, prevalence of inadequacy was estimated from the
population itself. Therefore, the values shown in Table D-1 and in
Figure D-19 represent the actual proportion of individuals with
intakes below requirements (true prevalence) and the estimate
obtained from application of the EAR cut-point method.

The only nutrient for which there is strong evidence indicating a
skewed requirement distribution (at the time this report was pub-
lished) is iron in menstruating women (FAO/WII1O, 1988). In recent
Institute of Medicine reports on Dietary Reference Intakes (DRIs)

TABLE D-1 True Prevalence of Inadequacy and Estimated
Prevalence of Inadequacy ol Iron Obtained Using the EAR
Cut-point Method

Distribution ol

Requirements
Standard True Estimated
Mean Devialion Skewness Prevalence (%)  Prevalence (%) Bias(%)
8.1 0.7 0.62 12 11 1
8.6 1.4 1.32 15 11 4
9.0 2.5 2.51 20 11 9
9.5 3.9 3.15 24 11 13
10.4 6.9 5.73 28 12 16

a standard dcviation of 3 mg.
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FIGURE D-19 The clfect of the skewness of the requirement distribution on bias
of the estimated prevalence of inadequate intakes using the Estimated Average
Requirement (FAR) cut-point method for five values of skewness. For all levels of
skewness, mean intake = 12 mg, standard deviation (SD) of intake = 3 mg, and
correlation between intake and requirement = 0. The 8D of requirement varied
with the skewness of the requirement distribution.

no information was available to indicalc nonsymmectrical distribu-
tions of rcquircments, so symmetry was assumcd for the nutricnts
studicd (IOM, 1997, 1998b, 2000).

When requirements arc not symmetrically distributed around the
EAR, the probability approach should be used to asscss prevalence
of inadcquacy. To implement the probability approach it is ncces-
sary Lo spccify a probability modcl for the requirement distribution,
The probability approach should result in essentially unbiased esti-
malcs of prevalence if a skewed requirement distribution is accu-
ratcly specified. If the requirement distribution is incorrectly speci-
ficd (for cxamplc, a log-normal modcl is chosen for estimation, but
gamma or Wcibull would bc morce correct), then the prevalence
cstimatcs obtained via the probability approach will also be biased.
The cffcct of incorrect model specification on the bias of the prob-
ability approach has not been studied, but the bias resulling in this
casc would likely still be smaller than that resulting from the appli-
cation of th¢ EAR cut-point mcthod 1o estimate prevalence.
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Units of Observation:
Assessing Nutrient Adequacy
Using Household and
Population Data

Typically, the unit of observation implicitly assumed in dictary
asscssment is the individual. That is, the analysis assumecs that infor-
mation is available on the usual intake of individuals, For cither the
probability approach or Estimated Average Requirement (EAR) cul-
point mcthod, data on individual intakes arc compared with infor-
mation on the distribution of individual requircments Lo cslimate
the prevalence of inadequacy in a group of individuals.

HOUSEHOLD-LEVEL ASSESSMENTS

In asscssing the nutrient adequacy of houschold intakes, it is first
ncceessary o construct a houschold requirement. It is important at
this stage 1o be explicit about the intended application. One possi-
bility is to cvaluatc the likely adequacy of intake for a specific housc-
hold described in terms of the characieristics of cach individual
living in that houschold.

Energy

Using cnergy as an examplc, an ¢stimate of the total energy need as
a summation of the nceds of the individuals in the houschold could
be developed. In fact, the energy needs of particular individuals arc
not known, only the average of nceds of similar individuals. By
analogy the total nced compuied for the houschold from the
Diclary Reference Intakes (DRIs) for individuals will have an associ-
ated variability. A joint 1985 report by the Food and Agriculture

232
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Organization of the United Nations, World Health Organization,
and United Nations University (FAO/WHQ/UNU, 1985) on cncrgy
and proicin requirements discussed the procedure for cstimating
the variance that should be attached o the houschold energy require-
mcnt cstimate, In theory, a probability stalement can be madce about
the likclihood of adequacy of the houschold energy intake. How-
cver, because of the expected corrclation between cenergy intake
and cncrgy need, it will be difficult or impossible 10 interpret the
probability unless the observed houschold intake falls well above or
wcll below the distribution of needs of similar houscholds. When
this occurs there arc scrious limitations Lo the asscssment of the
cstimated cnergy intake of a particular houschold and attempts o
do so (with currcntly available methodology) arc not recommended.

When the intended application is to asscss the apparent adequacy
of a population of houscholds (c.g., in the examination of data
from a houschold food usc survey involving a large number of
houscholds), onc can cstimate the mcan houschold cnergy require-
ment as a demographically weighted average—the summation of
rcquircments for the typical houschold. In comparison with the
description above, the variance of requirement would be incrcased
to allow for the variation in houschold composition. A major dis-
linction between assessing a particular houschold and asscssing a
population of houscholds is that the population average houschold
intake should be expecied 1o approximate the population mcan
houschold encrgy requirement, thus the confidence associated with
an asscssment of the total group should be improved. Converscly,
becausce of expected correlation between encrgy intakes and encergy
nceds at the houschold level, it is not possible 1o gencrate an unbiascd
cstimatc of the prevalence of inadequalte intakes. The issucs arc the
samc as thosc for asscssment of populations of individuals.

Nutrients

Asscssing the adequacy of intakes of other nutrients at the house-
hold level is also possible but the process is more complicated than
for cnergy. Unlike for energy, where an aggregate houschold require-
mcnl can be gencraled, an aggregale houschold requirement can-
not be uscd as an EAR for other nutrients because intake and require-
ment are not correlated for most nutrients, Even if houschold intake
appcars 1o mcct the aggregale houschold need for the nutrient, the
lack of corrclation between intake and nced suggests that there is
no assurance that nutrient intakes will be distributed within the
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houschold in a manncr likely to satisfy the nceds of the individual
houschold members,

This problem has been identified since at least 1970 when a Food
and Agriculturc Organl/allon/WOrld Hcalth Organization (FAQ/
WHO) rcport on rcquircments of iron demonstrated that simply
computing the aggregate requirement of houschold members did
nol begin o address issucs of cstimating the amount of iron that
nceded 1o be supplicd at the household level if adcquacy of intake of
the individual family members was 1o be expected. That is, when a
dict providing the aggregate iron nced is acquired and consumed
by the houschold, it is likely that food (and iron) will be distributed
in proportion to ¢nergy nceds of the individuals. As a result, there
will almost certainly be scrious shortfalls in iron intake for women
and very young children and surplus iron intakes for adult men and
boys (FAO/WHO, 1970). Although the problem had been identi-
ficd, practical approachces (o resolution were much later in coming.

A possiblc solution to this problem—suggcesicd bul not developed
in the 1970 report—is to cstimate the required nutrient density of
the houschold dict such that when that dict is shared in proportion
Lo cnergy, there is high likelihood that the nceds of all individuals
would be mct. By definition, such a dict provided in amounts 1o
mccl houschold energy nceds would represent a nutritionally ade-
quatc houschold-level dict. The required houschold nutrient density
is sct with respect 1o the class of individuals with the highest nutri-
ent density nced. With the use of current FAO/WHO nutrient and
cnergy requircment estimates and the exclusion of pregnant women
from the considcration, it turns out that this is ofien pubcscent boys
and girls or women of childbcaring agc.

The calculation of required nutrient densily is not as simple as
compuling the ratio of cither the Estimated Average Requirement
(EAR) or Recommended Dictary Allowance (RDA) for the nutrient
Lo the average cnergy requirement. The calculations must take into
account variability of the nutrient requirement, expecled variability
of the nutrient density in ingestied dicts, and assurance of adequacy
for the targetled individual. The theoretical basis for such calcula-
tions was partially developed by the 1985 FAO/WHO/UNU com-
mitlce and an opcrational approach was subscquently applicd by
Beaton. In an unpublished report to the Canadian International
Development Agency in 1995, Bealon operationalized these con-
cepts in developing guidclines for fortification of foods for refugees
where the houschold was taken as the unit of obscervation (and of
distribution). Because houschold-level calculations are most likely
to be conducted in connection with planning rather than cvalua-
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tion, the technical aspect of the approach will be presented in a
later report when planning is discussed.

With a reference nutrient density in hand, the proportion of housc-
holds that mcctl two conditions can be calculaled: an encrgy intake
above the houschold level requirement and nutrient density above
the reference. From this, as for asscssment of groups of individuals,
a prevalence of houscholds with inadcquate nutrient supplics and
intakes may be computed. Note that the nutrient assessment can be
mcaningful only if houschold encrgy intake approximates the house-
hold cnergy nced. This approach does not give an independent
cstimate of nutricnt adequacy because if cnergy intake is inade-
quatc for the total houschold, there can be no assurance that food
(and nutrient intake) will be distributed in proportion to the cnergy
nceds of different classes of individuals—a corc nccessity of the
nutrient density approach.

Although this approach can resolve some of the major issucs when
dcaling with populations of houscholds, it has scvere limitations
and is not rccommended for asscssment of ohscrved intake of spe-
cific houscholds.

A Caveat on Dietary Data Used for
Household-Level Assessments

Although it is not within thc purview of this report to address
mclhodologlcs of food intake data collection, it is germanc (o warn
about spcmal issucs 1o be considered in asscssing the suitability of
data or in developing adjustments, Information on houschold food
consumption often comes from food wuse data, not from food intake
data. Houschold food usc refers 10 food and beverages used from
houschold food purchascs and supplics (stored foods, home pro-
duction, ctc.). Food usc dcfined this way is not cquivalent to food
intake by individuals in the houschold. Food intake rcfers 1o foods
actually caten and is, in general, substantially less than food uscd by
the houschold. Usage dala must be adjusied (mcthods have heen
developed by the U.S. Department of Agriculture and others) to
take into account food that is discarded and nutrient losses that
may occur during slorage, proccssing, and preparation (assuming
that nutricnt composition data relevant to foods as purchased rather
than as consumed arc uscd 1o compule cnergy and nutrient supply).
Again thc overriding principle is that both intakes and requirements
must be expressed at the same level of aggregation and food prepa-
ration bcfore valid comparisons can be made. Further, account must
be taken of consumption of foods outside the houschold and whether
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these arce included in the cstimate of food usc at the houschold
level. If they are not included, the reference requirement figures
may nced o be changed.

POPULATION-LEVEL ASSESSMENTS

At the populallon level the most common mcthod for asscssing
nutricnt adequacy is based on food disappcarance data (food bal-
ancce sheets) (Gibson, 1990). For this discussion, all reservations arc
admitied but sct aside about the validity of per capita energy and
nutricnt supplics calculated from food disappcarance data and the
allowanccs that arc madc for food wastage down Lo the retail level
as wcll as wastage in the houschold. The Food and Agricullure
Organization (FAO) and many national governments have devoted
much cffort to improving these procedurces. Because the data serve
many important purposcs in the cxamination of food trade trends
and supplics, computation of apparcnt nutricnt supplics is a sce-
ondary or Lcriiary usc of data.

Customary food balance shects provide information on a country’s
food supply available for consumption dcrived from calculations
bascd on cstimatcs of amounts of domestic food produced plus
food imports and any changc in food stocks since the previous ref-
crence period, and less food cxports and food diveried to non-
human scctlors (c.g., animal fceds) or converted (o other forms in
proccssing (c.g., alcohol production or in North Amcrica the pro-
duction of high fructosc sweeteners). Losses that must be taken
into account includc losscs in the ficld, storage and transportation,
and processing (laking into account any by-products that reenter
the human food supply) and losscs and wastage at the retail and
houschold levels (garbagc). Losscs at the retail and houschold level
vary widcly between populations and perhaps population subgroups.
Once the supply of food available for consumplion is calculated, it
is often converted 1o a per capita basis by dividing it by cstimatcs of
population sizc, although for cnergy asscssment it might be
expressed as the aggregalce total energy supply (the units for intake
and rcquircment must be the same for asscssment purposcs).

Uscs of food balance sheets include the analysis of trends in a
population’s food supply, formulating Changcs in agricultural poli-
cics, and monitoring changces over time in the types of foods con-
sumecd (FAO, 1998). An additional rcported usc, perhaps implicit
in the forcgoing matcrial, is using food balance sheet data Lo asscss
ovcrall adequacy of the food supply relative 1o a population’s nutri-
tional requircments,



APPENDIX . 237

Per Capita Energy Needs

Historically, the goal has been to assess the apparent adequacy of
total energy supply for a population or group of populations. An
approach to the estimation of population energy needs was
described in detail by James and Schofield (1990). Energy needs of
each physiological stratum of the population—taking into account
either actual or desirable body size and physical activity—are multi-
plied by the number of individuals in that stratum and these needs
are aggregated for the population. Under the condition of overall
adequacy judged against this estimate of aggregate need (which
could be expressed as the total or per capita energy need), the
assumption must be that, on a chronic basis, energy intake is dis-
tributed across strata and individuals in proportion to energy needs.
If per capita supply meets or exceeds the per capita requirement
(including allowance for wastage), then a satisfactory situation can
and should exist. However, where total supply appears to fall short of
total need, it must be accepted that the distribution of intakes is
likely to be inequitable. Without information about that distribu-
tion, inferences cannot be drawn about the likely prevalence of
inadequate intakes within the population. Interpretation is limited
to the unit of observation—the population as a whole or sometimes
a specific population subgroup for which food use data are available.

Per Capita Needs for Other Nutrients

In theory, one could also assess per capita intake data for adequacy
of other nutrients at the population level. The approach would have
to involve a first step of generating a per capita requirement proba-
bly based on an intermediate nutrient density approach as discussed
above for household intake data. It is not certain whether such an
approach has ever been attempted. Approaches based on a per
capita recommended intake (e.g., demographically weighted Rec-
ommended Dietary Allowances [RDAs]) will not work for the same
reasons discussed for household-level intake data. That is, it is
unreasonable to assume equitable (proportional to actual need)
distribution of nutrients. Methodologies for population-level assess-
ment of nutrient supply are in their infancy and any attempt at such
assessment should be scrutinized with great care. In the past the
most commonly used approach was the simple comparison of per
capita supply with the RDA, with or without even demographic
weighting. That is an inappropriate use of the RDAs, past or present
(Beaton, 1999).
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In thcory, then, an asscssment of nutrient supply can be madc
with the population as the unit of obscrvation but it would require
very carcful thought in building an cstimaie of the appropriate ref-
crence population requirement,



Rationale for Setting
Adequate Intakes

In the Dietary Reference Intake (DRI) nutrient reports, the Ade-
quate Intake (AI) has been estimated in a number of dillerent ways.
Because of this, the exact meanings and interpretations of the Als
differ. Some Als have been based on the observed mean intake of
groups or subpopulations that are maintaining health and nutri-
tional status consistent with meeting the criteria for adequacy. How-
ever, where reliable information about these intakes was not avail-
able, or where there were conllicting data, other approaches were
used. As a result, the deflinition ol an Al is broad and includes
experimentally estimated desirable intakes.

These varying methods of setting an Al make using the Al for
assessing intakes ol groups dillicult. When the Al is based directly
on intakes ol apparently healthy populations, it is correct to assume
that other populations (with similar distributions of intakes) have a
low prevalence of inadequate intakes il the mean intake is at or
above the AL For nutrients for which the Al was not based on
intakes of apparently healthy populations, a group mean intake at
or above the Al would still indicate a low prevalence of inadequate
intakes for that group but there is less conflidence in this assess-
ment. Tables F-1 through F-6 give more details on the methods
used to set the Als for calcium, vitamin D, [luoride, pantothenic
acid, biotin, and choline. For inlants, Als have been set [or all nutri-
ents evaluated to date (see table at the end of this book). For all
these nutrients except vitamin D, the Al for infants is based on
intakes ol healthy populations that are fed only human milk. How-
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cver, for the other age groups, only fluoride and pantothenic acid

Als arc hascd on intakes of apparcnitly healthy populations,

TABLE F-1 Adequate Intake (AI) for Calcium

Life Stage Group Al (mg/d)

Basis for Al

Study Po

0-6 mo 210
7-12 mo 270
1-3y 500
48y 800
9-18 y 1,300
19-30y 1,000
31-60y 1,000

Human milk content
Human milk content + solid food

Extrapolation from Al [or 1-8 y (desirable
calcium rctention)

Calcium balance, calcium accretion, ABMC?

Desirable calcium retention, ABMC, [actorial

Desirable calcium retention, factorial

Calcium balance, BMD¢

Balance .
n=60 g
Matko

Retentio.
1. n=1"
2. n=8(

Mall
3. n=1]
Hca

BMC stu
1. n=9-
2, n=4¢

3. m=T(

(Joh

n=26 me
Heane

Balancce .
1. n=1:
(Ilc

2. n=2"
3. n=3¢

BMD stu
1. n=5%'

2. n=4¢
al.,
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Study Population®

irablc
ABMC? Balance studies:
7=60 girls and 39 boys; aged 2-8 y; normal and healthy (Matkovic, 1991;
Matkovic and Heancy, 1992)
[actorial Retention studics:
1. n=115 girls and 113 boys; aged 9-19 y (Martin et al., 1997)
2. n=80; aged 12-15 y; Caucasians (Greger et al., 1978; Jackman et al., 1997;
Matkovic et al,, 1990)
3. m=111 girls and 22 boys; aged 9-17 y; normal and healthy (Matkovic and
Hecancy, 1992)
BMC studies:
1. »=94 Caucasian girls; mean age 12 y (Lloyd et al., 1993)
2. n=48 Caucasian girls; mean age 11 y (Chan el al., 1995)
3. n=70 pairs of identical twing; aged 6-14 y; 45 pairs completed the 3-y study
(Johnston ct al., 1992)
1 n=26 men and 137 women; aged 18-30 y; normal and healthy (Matkovic and

Heaney, 1992)

Balance studics:
1. n=130 premenopausal women (white Roman Catholic nuns); aged 35-50 y
(IIcancy ct al., 1977)
2. n=25 healthy women; aged 30-39 y (Ohlson et al., 1952)
3. n=34 healthy women; aged 40-49 y (Ohlson et al., 1952)

BMD studics:
1. 7=37 premenopausal women; aged 30-12 y (Baran ct al., 1990)
2. n=49 prcmcnopausal, hcalthy women; aged 46-55 y; Netherlands (Elders ct
al., 1994)

continued
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TABLE F-1 Adcqualc Intake (Al) for Calcium

Life Stage Group AT (mg/d) Basis for Al Study Po

51-70y 1,200 Desirable calcium retention, faclorial, ABMD Relentio
1. n=8!

2. n=1¢

(8cl

3. n=1¢

(Spe

. n=71
. n=6]1
6. n="1]
nun

T

BMD stu
1. n=9
al.,
199¢

2. n =7

> 70y 1,200 Extrapolation from Al for 51-70 y (desirable
calcium retention), ABMD, fraclure rale

Pregnancy and 1,500 Bonce mincral mass
lactation, <18 y

Pregnancy and 1.000 Bone mineral mass
lactation, 19-50 y

% Unless noted otherwise, all studics were performed in the United States or Canada.
b ABMC = change in bonc mincral content.
¢ ABMD = changc in bone mincral density.
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Study Population?

1, ABMD Retention studies:

1. n=85 women with verlebral osteoporosis; aged 48-77 y (Hasling ed al,, 1990)

2. n=18 women and 7 men with ostecoporosis; aged 26-70 y, mean age 53
(Sclby, 1994)

3. n=181 balancc studics of ambulatory men; aged 34-71 y, mcan age 54
(Spencer et al., 1984)

4, n=76 women; aged 50-85 y (Ohlson et al,, 1952)

5. n=61 postmenopausal women with osleoporosis (Marshall ec al,, 1976)

6. n=11 postmcnopausal, cstrogen-deprived women (white Roman Catholic
nuns); mean age 46 y (Ilcancy and Recker, 1982; Ilcancy ct al., 1978)

BMD studies:

1. 7=9 clinical trials in postmenopausal women (Aloia el al,, 1994; Chevalley el
al,, 1994; Dawson-Hughes et al,, 1990; Elders et al., 1991; Prince el al,, 1991,
1995; Recker ct al., 1996; Reid ct al., 1995; Riis ct al., 1987)

2. n =77 men; aged 30-87 y, mcan age 58; 3-y study (Orwoll ct al., 1990)

lesirable
rale

Canada.
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TABLE F-2 Adcquatc Intake (Al) for Vitamin D

Life Stage Group AT (pg/d) Basis for Al Study Po
0-6 mo 5 Scrum 25(OH)D? level n= 256
7-12 mo 5 Serum 25(OH)D level 1. n=181
(Greer
2, n=150
3. n=38 h
1-3y 5 Scrum 25(OIN)D level 1. n=104
4-8y Aarsko
9-13y 2. n=90r
14-18 y y (Gul
19-50y 5 Scrum 26(OH)D level 1. n=H2 w
51-70y 10 Serum 25(OH)D level 1. n=247
Hughe
2, n=333
1989)
3. n=249
ITughc
>70y 15 Serum 25(OH)D level 1. =60 v
womern
2. n=109
al., 19
3. n=116
Pregnancy and 5 Serum 25(OH)D level
lactation, all
ages

% Unless noted otherwise, all studics were performed in the United States or Canada.
b 25(0II)D = 25-hydroxyvitamin D.
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Study Population?

n= 256 [ull-tcrm Chincse infants (Specker ct al., 1992)

1.

JEUR ]

—

n=18 healthy, full-term, human-milk-fed infants; 17 Caucasian, 1 Asian-Indian
(Greer et al., 1982)

. 1=150 normal, full-term, formula-fed Chinese infants (Leung et al., 1989)
. n=38 healthy infants, aged 6-12 months; Norway (Markestad and Elzouki, 1991)

. n=104 boys and 87 girls; healthy, normal; aged 8-18 y; Norway (Aksncs and

Aarskog, 1982)

. n=90 randomly selected school students in Turkey; 41 girls, 49 boys; aged 6-17

y (Guliekin et al., 1987)

. n=h2 women; aged 25-35 y (Kinyamu ct al., 1997)

. n=247 healthy, postmenopausal, ambulatory women; mean age 64 y (Dawson-

Hughes et al., 1995)

. n=333 healthy, postmenopausal, Caucasian women; mean age 58 y (Krall et al.,

1989)

. n=2419 hcalthy, postmenopausal, ambulatory women; mean age 62 y (Dawson-

ITughes ct al., 1991)

. n=60 women living in a nursing home, mean age 84 y; and 64 free-living

women, mean age 71 y (Kinyamu et al,, 1997)

. n=109 men and women living in a nursing homce; mean age 82 y (O’Dowd ct

al., 1998)

.n=116 mcn and women; mean age 81 y (Gloth ct al., 1995)

Canada.
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TABLE F-3 Adcqualc Intake (Al) for Fluoride

Life Stage Group AT (mg/d)*  Basis for AT Study Po
0-6 mo 0.01 Human milk content
7-12 mo 0.5 Caries prevention Caries p
1-3y 0.7 Caries prevention calcula
4-8y 1 Caries prevention 1. num
2. calc
My |
197¢
3. calc
old
eslir
in
4. cale
Nut
9-13y 2 Caries prevention
14-18 y, males 3 Caries prevention
14-18 y, lemales 3 Carics prevention
>19 y, males 4 Caries prevention Caries p1
>19 y, females 3 Caries prevention calcul:
1. anal
(Dal
2. anal
3. mca
1981
4. calc
com
h. delc
(Osi
6. calc
(Kra
Pregnancy and 3 Caries prevention
lactation, <18y
Pregnancy and 3 Carics prevention

lactation, 19-50 y

aFor all life stage groups, the AT was calculated using 0,05 mg/kg/day as the amount of
Muoride needed to prevent dental caries. This amount was based on the studics out-

lined in this table.

# Unless noted otherwise, all studics were performed in the United States or Canada.
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Study Population

b

Caries prevention was based on the following studies that measured or
calculated fluoride intake in children:

1.
2.

number of infants not given; aged 1-9 y (McClure, 1943)

calculated total daily fluoride intake lor a typical inlant at age 2, 4, and 6
mo using food analyses and caloric intake estimates (Singer and Ophaug,
1979)

. calculated average daily fluoride intake for a typical 6-mo-old infant and 2-y-

old child using U.S. Food and Drug Administration food consumption
estimaltes and food analyses; calculations were done for four dietary regions
in the United States (Ophaug ct al., 1980a, b, 1985)

. caleulated fluoride intake [rom 24-h dictary recalls of 250 mothers as part of

Nutrition Canada Survey (Dabcka ct al., 1982)

Caries prevention was based on the following studies which measured or
calculated fluoride intake in adults:

1.

2.
3.

4,

5

analyzed duplicate dieis of 24 adults and delermined mean dietary intake
(Dabcka ct al., 1987)

analyzed hospital dict; #=93 [ood itcms (Taves, 1983)

mcasurcd dictary intake of 10 adult male hospital paticnts (Spencer ct al.,
1981)

calculated total daily intake for typical males aged 15-19 y using food
composition and consumplion data (Singer et al,, 1980, 1985)

.determined average daily intake [rom analysis ol hospital dict; =287 dicts

(Osis ct al., 1974)

. calculated daily intake [rom [ood analyses of dicts [rom 16 U.S. citics

(Kramer et al., 1974)
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TABLE F-4 Adcquatc Intake (Al) for Pantothenic Acid

Life Stage Group AT (mg/d) Basis for Al Study Po
0-6 mo 1.7 Human milk content
7-12 mo 1.8 Mean of extrapolation from Al for 0-6 mo

and adult AT?

1-3y 2 Extrapolation from adult Al
4-8y 3 Extrapolation [rom adult Al
9-13y 4 Extrapolation from adult Al
14-18 y 5 Extrapolation from adult Al, urinary 1. n=26L
pantothenate excretion (Eissct
2. n=8 bc
219y 5 Usual intake Usual int
1. n=23 (
41 Ghin
2. n=7,27
Survey
3. n=37
65+ y |
4, n=12 h
al., 1¢
Pregnancy, all ages 6 Usual intake
Lactation, all ages 7 Usual intake, maternal blood concentrations,

secretion of pantothenic acid into milk

@ Unless noted otherwise, all studics were performed in the United States or Canada.
blo extrapolate [rom the Al lor adults to an Al for children, the [ollowing formula is used
Alipid = Alyguy (F). where F = (Weight g/ Weight,gu) 73 (1 + growth factor). To
extrapolate from the AI for infants ages 0—6 months to an Al for infants ages 7-12 months,
the following formula is used: Al7_jo y = Alpg me (F), where F = (Weighty_19 1o/
Weightg_6 mo) 075,
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Study Population?

—6 mo

itrations,
milk

1. n=26 boys aged 14-19 y and 37 girls aged 13-17 y; all healthy voluntecers
(Eisscnstat ct al., 1986)
2. n=8 boys and 4 girls; aged 11-16 y (Kathman and Kics, 1984)

Usual intake was based on 4 studies:

1. n=23 (16 females, 7 males), aged 18-53 y (mean 26 y), 19 Caucasian,
1 Chincse, all normal healthy volunteers (Kathman and Kices, 19841)

2. n=7,277 randomly sclected British houscholds from the UK. National Food
Survey (Bull and Buss, 1982)

3. n=37 males, 54 females (26 institutionalized, 65 noninstitutionalized), aged
65+ y (Srinivasan et al., 1981)

4. n=12 healthy men, half were aged 21-35 y and half were aged 65-79 y (Tarr eL
al., 1981)
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TABLE F-5 Adcqualc Intake (Al) for Biolin

Life Stage Group AT (pg/d)

Basis for Al

Study Po

0-6 mo 5]
7-12 mo 6
1-3y 8
48y 12
9-13 y 20
11-18 y 25
Adults, all ages 30

Pregnancy, all ages 30

Lactation, all ages 35

Human milk content

Extrapolation from AT for 0-6 mo¥
Extrapolation from Al for 0-6 moP

Extrapolation from Al for 0-6 moP
Extrapolation from AT for 0-6 mob
Extrapolation from Al for 0-6 moP
Extrapolation from AI for 0-6 mo®

Extrapolation from AT for 0-6 mo

Extrapolation from Al lor 0-6 mo +
amount of biotin sccreted into milk

1. n= 35
ct al.,
2. n=140
1985)

& To extrapolate from the Al for infants ages 0—6 months 1o an AT for infants ages 7-12
months, the following formula is used: Al7_19 6 = ATy 6 me (F), where F = (Weightz_19 6/

Weighto_g mo) 75,

b Ta cxtrapolatc [rom the Al [or infants ages 0-6 months to an Al [or children and
adolcscents 1-18 years, the [ollowing [ormula is used: Al piq = Algg mo (F), where

F = (Weightchia/ Weighto.g mo)0-75.

¢ To extrapolate from the AT for infanis ages 0-6 months Lo an AT for adults, the follow-
ing formula is used: Alyq,1r = ATyg mo (F), where F = (Weightyquie/ Weighlyg ma) 0.75,
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Study Population

1. n= 35 mature milk samples from 38 healthy nursing mothers in Japan (Hirano

ct al., 1992)
2. n=140 healthy, full-term infants in Finland; 4 mo lactation (Salmenpera et al.,

1985)
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TABLE F-6 Adcqualtc Intake (AI) for Cholinc

Life Stage Group AT (mg/d) Basis for Al

Study Po

0-6 mo 125 Human milk content

7-12 mo 150 Extrapolation from Al for 0-6 mo?

1-3y 200 Extrapolation from adult AT

1-8y 250 Extrapolation from adult Al

9-13y 375 Extrapolation from adult AI

14-18 y, males 550 Extrapolation from adult AT

14-18 y, lemales 100 Extrapolation from adult Al

219 y, males 550 Prevention of ALT? abnormalities

219y, females 425 Prevention of ALT abnormalities

Pregnancy, all ages 150 Prevention of ALT abnormalitics + cost of
pregnancy

Lactation, all ages 550 Prevention of ALT abnormalities + amount

of choline secreted into milk

n=16 hea:

2To extrapolate [rom the Al Jor adults 10 an Al for children, the [ollowing formula is
used Alopiid = ALygun (F), where F = (Weight pjd/Weight,qu )73 (1 + growth factor).
To extrapolate from the Al for infants ages 0-6 months to an Al for infants ages 7-12
months, the following formula is used: Al'7_19 o = Alg—6 mo (F), where F = (Weight7_19 0/
Weighty_g ma)0-75.

bALT = alanine aminotransfcrasc.
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Study Population

osl of

mount

n=16 healthy male volunteers; aged 29 y (Zeisel et al., 1991)




Glossary and Abbreviations

Aculce cxposurc

Adcquacy of
nutrient intake

Adverse cffects

Al

Bias

An cxposurc Lo a loxin or excess amount of a
nutricnt that is short tcrm, perhaps as short
as onc day or onc dosc. In this report it gen-
crally refers (o tolal exposure (dict plus sup-
plements) on a single day,

Intake of a nutricnt that mects the individual’s
rcquircment for that nutrient.

In the toxicological sense, defined symptoms
of poor or undgcsirablc health resulting from
administration of a loxin or cxccss amounts
of a nutrient.

Adcquate Intake; a reccommended intake
valuc bascd on obscrved or experimentally
dctermined approximations or cstimales of
nutricnt intake by a group (or groups) of
apparcntly healthy people that are assumed
1o be adecquatc—used when an RDA cannot
be¢ determined.

Usced in a statistical sense, referring to a ten-
dency of an cstimale 1o deviale from a truc
valuc (as by rcason of nonrandom sampling).
To bc¢ unbiascd, a statistic would have an
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Chronic ¢xposurc

Cluster analysis

Cut-point

Dcficiency
Diclary reference

standards

Diclary status

Disappcarance data
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cxpected value cqual 1o a population param-
cler being cstimated.

Exposurc to a chcmical compound such as a
nutricnt for a long pcriod of time, perhaps
as long as cvery day for the lifctime of an
individual.

A gencral approach to multivariatc problems,
the aim of which is 1o delermine whether in-
dividuals fall into groups or clustcrs,

The cxact point when somcthing stops or
changcs. The EAR is used as a cut-point in
the EAR cut-point mecthod of asscssing the
prevalence of inadequacy for a group.

An abnormal physiological condition result-
ing from inadcquatc intake of a nutrient or
multiple nutricnts.

Nutrient intake valucs cstablished as goals for
individuals or groups for good nutrition and
hcalth,

The condition of an individual or group as a
rcsult of food and nutrient intake. Dictary
status also refers (o the sum of dictary intake
mcasurcments for an individual or a group.

Data that rcfer 10 food and nutrients that dis-
appcar from thc markeiplace. The term
rcfers 1o food and nutrient availability for a
population that is calculated from national
or rcgional statistics by the inventory-style
mcthod. Usually taken into account arc the
sum of food rcmaining from the previous
ycar, food imports, and agricultural produc-
tion; from this sum is subtracted the sum of
food remaining at the end of the year, food
cxports, food wasic, and food uscd for non-
food purposcs. Disappcarance data do not
always take account of food that docs not
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cnier commerce, such as home food produc-
tion, wild food harvcests, cic,

Distribution of The obscrved dictlary or nutricnt intake dis-

obscrved intakes tribution representing  the  variability of
observed intakes in the population of interest.
For cxample, the distribution of obscrved
intakcs may be obtained from dictary survey
data such as 24-hour rccalls.

Distribution of The distribution reflecting the individual-lo-

rcquircments individual variability in requirements. Vari-
ability cxists because not all individuals in a
(sub) population have the same requircments
for a nutrient (cven if individuals arc grouped
into homogcnous classcs, such as Hispanic
men aged 19 1o 50 ycars).

Distribution of The distribution of long-run avcrage dictlary
usual intakes or nutricnt intakes of individuals in the pop-
ulation. The distribution should reflect only
the individual-to-individual variability in in-
takes, Statistical procedurcs may be used (o0
adjust the distribution of obscrved intakes by
partially removing the day-lo-day variabilily in
individual intakes, so thc adjusted distribu-
tion more closcly reflects a usual intake dis-

tribulion,
Dosc-responsc Dcterminges the rclationship between nutrient
asscssment intake (dose) and cither some criterion of

adcquacy or adverse cffcct.

DRI Dictary Reference Intake; a reference value
that is a quantitative cstimate of a nutricnt
intake. Tt is used for planning and asscssing
dicts for hcalthy pcople.

FAR Estimated Average Requirement; a nultrient
intake estimated to mect the requirement of
half the healthy individuals in a particular life
stagc and gender group.



EAR cut-point
mcthod

Error in
mecasurcment

Food balance shecet

Former RDA and
RNI

Houschold

Inadcquacy of
nutrient intake

Interindividual
variability

Intraindividual
variability

Joint distribution
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A mcthod of assessing the nutrient adequacy
of groups. It consists of asscssing the propor-
tion of individuals in the group whosc usual
nultrient intakes arc below the EAR,

Mistake madce in the obscrvation or record-
ing of data.

Sce disappcarance data.

Recommended daily dictary intake level of a
nutricnt sufficient 1o meet the nutrient require-
mcnt of ncarly all healthy persons in a partic-
ular lifc stage and gender group. These stan-
dards were last issucd in the United Staltes in
1989 (RDA, Rccommended Dictary Allow-
ance) and in Canada in 1990 (RNI, Recom-
mended Nutrient Intake).

Individuals sharing in the purchasc, prepara-
tion, and consumption of foods. Usually this
will represent individuals living as a family in
onc home, including adults and children. A
houschold may be the unit of ohscrvation
rathcr than the indcependent individuals
within it.

Intake of a nutricnt that fails 1o meccet the
individual’s rcquircment for that nutrient.

Variabilily from pcrson-to-pcrson,

Variability within onc¢ pcrson. The term is
generally used to refer to day-lo-day variation
in rcported intakes, also called the within-
person variation or standard deviation within
(S[)with.i'n) .

Simultancous distribution of hoth require-
ments (yaxis) and usual intakes (x-axis) for a
single nutrient by individuals within a popu-
lation or group.
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Likclihood Probability.

I.OAEL Lowcst-observed-adverse-cffect level; lowest
intake (or cxperimental dosce) of a nutrient
al which an adverse cffect has bheen identi-
ficd.

Mcan intake Avcrage intake of a particular nutrient or
food for a group or population of individu-
als. Also avcrage intake of a nutrient or food
over two or morc days for an individual,

Mcan requircment  Average requirement of a particular nutrient
for a group or population of individuals.

NOAEL No-obscrved-adverse-cffect level; the highest
intake (or cxperimental dosce) of a nutrient
al which no adverse cffects have been ob-
scrved in the individuals studicd.

Normal distribution In the statistical sensc, refers 1o a specific type
of distribution of the valucs for a paramcier
within a group or population. The distribu-
tion is symmectrical and the mcan * 2 stan-
dard dcviations will cncompass the paramcter
for 95 percent of the individuals in the

group.
Nulirient The lowest continuing intake level of a nutri-
rcquircment cnt that will maintain a defined level of nutri-

ture in a hcalthy individual; also called indi-
vidual recquircment.

Nutritional status Condition of an individual or group rcsult-
ing from nutricnt intake and utilization of a
nutricnt at the tissuc level.

Population Alarge group; in this rcport, a large group of
pcople.
Prevalence The pereentage of a defined population that

is affccied by a specific condition at the same
ume.



Prevalence of
inadequatce intakes

Probability approach

Probabhility of
inadcquacy

RDA

Requirement

Risk

Risk asscssment
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The pereentage of a population that has
intakes below requirements,

A mcthod of assessing the nutrient adequacy
of groups. It uscs the distribution of usual
intakes and the distribution of requircments
to cstimaic thc prevalence of inadequalce
intakes in a group. Also known as the NRC
approach,

Oulcome of a calculation that comparcs an
individual’s usual intake to the distribution
of requirements for persons of the same life
stage and gender (o determine the probability
that the individual’s intake docs not mecet his
or her requirement.

Recommended Dictary Allowance; the aver-
agce daily intake level sufficient 1o mcet the
nutricnt requircment of nearly all (97 1o 98
percent) healthy individuals in a particular
lifc stage and gender group.

The lowest continuing intake level of a nutri-
cnt that will maintain a defined level of nutri-
turc in a healthy individual.

The probability or likclihood that some un-
wanted cffect will occur; in this report, refers
Lo an unwanted cffect from (oo small or oo
large an intake of a nutricent.

A scicenlific undertaking to characterize the
naturc and likclihood of harm resulting from
human cxposurc 1o agents in the cnviron-
ment (in this casc, a dictary nutrient). It
includes both qualitative and quantitative
information and a discussion of the scientific
uncertaintics in that information. The pro-
cess of risk asscssment can be divided into
four major steps: hazard identification, dosc-
TCSPONSC ASSCSSMCEn(, CxXposurc asscssment,
and risk characierization.
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Risk curve Used to demonstrate inadequacy or excess of
a particular nutricnt. As defined in the usual
slatistical scnsc, a risk curve is in contrast (o
the concept of probability curve.,

Risk of ¢xcess In rclation 1o the DRIs, the likelihood that
an individual will exceed the UL for a partic-
ular nutricnt,

Risk of cxposurc In the toxicological sensc, the likclihood that
individuals will expericnece contact with a
toxin (or consumc levels of a nultrient above
the UL).

Risk of inadequacy  The likclihood that an individual will have
usual intake of a particular nutricnt that is
less than the individual’s requirement.

Scnsilivity analysis Tcchnique of varying the implicit assump-
tions or presumed conditions of an analysis
approach 1o scc how much this affccts the
ovcerall oulcome,

Skewed distribution A distribution that is not symmetrical around
its mcan, For cxample, a skewed distribution
can have a long ail 1o the right (right-skewed
distribution) or 1o the left (lefiskewed distri-

bution).
Symmecitrical A distribution that has thc samc¢ number of
distribution valucs (obscrvalions) above and bclow the

mcan and has cqual proportions of these
valucs around the mcan.

Threshold The point in a dosc-responsc curve that is
accepled as the point beyond which a risk of
adversc cffects occurs.

Toxicity An adverse condition rclating to or causcd
by a toxin.



Truc prevalence

UF

UL

Unit of ohscrvation

Univariatc
distribution

Usual intake
Variance of usual

intakes or
rcquircments
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The actual prevalence of a condition assum-
ing no crror in mcasurcment of cither
rcquircments or intakes that would result in
falsc negative or falsc positive classifications,

Uncertainty factor; a valuc assigned 1o a spe-
cific nutrient reflecting the level of uncer-
lainty aboult data uscd to cstablish a Tolcrablc
Upper Intake Level.

Tolerable Upper Intake Level; the highest
average daily nutrient intake level likely 1o
posc no risk of adverse hcalth cffects 1o
almost all individuals in the genceral popula-
tion. As intake incrcases above the UL, the
potential risk of adverse cffects incrcascs.

The level of aggregation at which data arc
collected. For example, the unit of obscrva-
tion for dictary asscssment may be the indi-
vidual, the houschold, or the population.

The distribution of a single variable,

The long-run avcrage intake of food, nutri-
cnts, or a specific nutrient for an individual.

In the statistical sensc, reflects the spread of
the distribution of usual intakes or require-
ments on both sides of the mcan intake or
rcquircment. When the variance of a distri-
bution is low, the likclihood of sccing valucs
that arc far away from thc mcan is low; in
contrast, when the variance is large, the like-
lihood of sccing valucs that arc far away from
the mcan is high. For usual intakes and
rcquircments, variance reflects the person-to-
person variability in the group.
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Nutrient equivalents, 158
Nutrient intakes. Se¢ Ohserved intakes;
Ohserved mean intakes; Usnal
intakes of nuiricnts
Nutricnl-tnutrient interactions, 63
Nutricnt requirement. See also Distribution
of requirements; Standard
deviation of requirements
average/mean, 74, 75, 77, 207
corrclated with usual intakes, 8, 81, 87-
89, 212924
criterion ol nutritional adequacy, 22
CV, 83, 187
defined, 22, 47, 258, 259
household-level, 232235, 234
independence of usual intakes, 81, 83-
84, 85, 86, 88
and intake vaciance, 5, 11, 47, 83, 86,
9193, 161, 205, 212, 224229
nutrient intake compared, 5, 47, 52
per capita, 237
uncertainty for individuals, 5, 6, 45, 16,
50-61, 57-68, 165-166, 186, 188,
189, 190
variance of, 11, 83, 86, 9193, 161, 205,
212, 224229, 234
Nutrition education, 32-33, 35-36, 37, 38,
39, 12
Nutritional Standards [or Operational
Rations, 37
Nutritional status, 258
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O

Ohserved intakes, 56-57. See also

Distribution of obscrved intakes
delined, 185
cxceeding Als, 59-60

heterogeneous within-person variation,

95
and individual-level assessments, 5, 6,
19, 50, 51, 66, 185, 188
sclilings appropriate for measuring, 66
short-term, 185
usual intakes from, 49, 50, 52, 185

Ohserved mean intakes

bias in, 58

compulation of, 185

day-lo-day variability and, 45

dillerence bewween EAR and, 188

and group-level assessments, 96, 97

and individual-level assessments, 5-6,
87, 45, 4850, 51, 52, 55, 58, 60-61,
62, 63, 67, 185, 186, 188

qualitative interpretation relative o
Als, 62

skewed, 95-96

and ULs, 63-64

usual intake from, 186

Ostcomalacia, 107

P

Pantothenic acid

Als, 25, 110, 248-249, 275
group-level assessments, 10-11, 73, 82-
83, 108

Performance assessment, cut-point

mecthod, 18, 87, 102, 167, 211-231

Phosphorus

Als, 108, 274

distribution of usual intakes, 121

EARs, 99-102, 129, 130, 131, 268

energy and, 63-64

group-level asscssments, 10-11, 82-85,
99-102, 129, 130, 131

individual-level asscssments, 63-65, 68,
191, 192

prevalence of excessive intakes, 14-15,
142-143

prevalence of inadequale intakes, 141-
15, 142-143

RDAs, 129, 274
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risk o excessive intakes, 14-15, 121,
142-143
ULs, 68-65, 116, 150, 270
Physiological considerations, 149
Population-level asscssments
delined, 258
demographically weighted averages,
233, 237, 238
dietary data used in, 104, 157, 236-237
food energy, 236, 237
nutricuts, 237-258
population mean intake and, 125
prevalence ol inadequate intakes, 81-
82
Potassium, 191, 192
Power transformation, 97-98
Preguancy, 27
[olate and, 69
individual-level nutricnt agsessment
for, 67-69
Prevalence, defined, 258
Prevalence of excess intakes, 42
usual intakes compared to UL, 11-15,
130, 131, 142-143
underestimation, 154-155
Prevalence of inadequate intakes
adjustment of intake distributions and,
94, 104
Als and, 12, 109-110
biag in, 86, 88, 91, 99, 102, 155, 156,
160, 207, 214, 215, 216, 221223,
294, 927
binary variables and, 140
bioavailability considerations, 157-158
by children, 150-151
comparison ol two populations, 135-
139
counting approach, 74, 75
by cut-point method, 18, 86, 104, 209-
210, 2153, 214221, 225-226, 250
defined, 8, 206, 259
EAR and, 14-15, 86, 104, 130-131, 142-
143, 209-210, 213, 214-221, 225226,
230
in group-level assessments, 8, 12, 14-15,
78-74, 76-81, 86, 87-89, 94, 99, 101,
102, 109-110, 129-132, 135-159, 112-
143, 203-210, 213, 214221, 225-226
in individual-level asscssment, 5
joint distribution of intake and
requirement and, 203-204, 208



overestimation, 87-89, 93, 94, 102-104,
153-154

performance of methods to estimate,
18

population, 81-82, 86

probability approach wo estimating, 74,
76-81, 205-208

RDAs/RNTIs and, 32-33, 35, 104

standard deviation of estimates, 17-18,
158-161, 165-166

slatistical approachces, 18, 7693, 205

in subpopulations, 18, 166

uncertainty in, 158-161

underestimation, 89-93, 94, 102

usual intake distribution and, 14-15,
130-131, 185-189

zcro, 90

Prison populatons, 9192
Probability approach ([ull)

correlation of intake and requirement
and, 8, 88-89

cut-point method compared, 208, 209,
212, 215, 2929, 251

density cstimation, 208

EAR calculation, 89, 74, 76-81, 83-84,
88-89, 91, 205208, 209, 212, 213,
229, 231

key assumptions, 80

normal modcl, 208

perlformanee ol model, 208, 212

principle, 8, 232

risk curve, 77-80, 91, 124, 205-206, 208

software, 207

t model, 208

uncertainty in, 158-159

Probability ol inadequacy, 56-57, 153-154,

259

Program participation, and adequacy of

nutrient intakes, 35, 39, 133-159

Protein, 91, 148, 195-194, 233
Provilamin A carolenoids, 158

Q

Qualitative asscssment ol nutrient intakes

Als and, 62
individual-level, 62, 65, 68
TLs and, 65
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R

Recommended daily intakes, 23

Recommended Diclary Allowances

(RDAs)

adjustments Lo, 26, 148, 150

Als compared, 26-27, 59, 109, 198

as benchmarks, 40

and clinical dietetics, 36-87, 41

conlext for use, 23, 111

delined, 2, 3, 11, 24, 29, 102, 131, 257,
259

demographically weighted, 237, 238

derivation of, 24

and dietary data evaluation, 32-33, 38

and discasc risk asscssment, %6-37, 10

DRIs contrasted, 2-3, 29-23

EAR and, 23, 24, 25, b4, 56, 103

extrapolation [rom other age groups,
26

and food and nutrition assistance
programs, 31-35

and [ood guides, 32-33

and [ood labeling and nutritional
marketing, 36-37, 41

and food safety, 36-37, 42

and fortification of foods, 36-57, 42

and group-level asscssments, 4, 11, 24,
102-104, 127, 131

group-mean intakes compared, 12,
103, 128

inappropriate use of, 11, 102-104, 127,
128, 131, 237238

and individuallevel asscssments, 4, 6,
46, 51, 54, 56, 57, 68, 69

and institutional dictary asscssment
and planning, 36-37, 40

and military food and nutrition
planning and policy, 34-37, 39

nutricuts by lifestage group, 271-276

and nutrition cducation, 32-33

[or population-level asscssments, 237-
238

research needs, 16-17, 162-165

risk of inadequacy, 24

RNIs contrasted, 30

ULs and, 126

uncertainty in, 27, 126

uses, 24, 31-42



278 DIETARY REFERENCE INTAKES

Relerence Daily Intake, 41
Relerence heights and weights, 89, 181-
182, 183, 184
Research recommendations
group level asscssment methods, 17-18,
165-167
improving requirement data, 16-17,
162-163
individual level assessment methods, 165
quality of dietary intake data, 17, 163-
165
Ribollavin
Als, 275
FARs, 268
energy intake and, 149
group-level assessments, 10-11, 82-83,
108, 129, 150, 151
individual-level asscssments, 68, 191, 192
prevalence ol inadequate intakes, 14-
15, 142-145
RDAs, 275
Rickets, 107
Risk
delined, 269
ol excess, 260
of exposure, 260
of inadequacy, 24, 59, 205206, 260
weighted average of, 206
Risk asscssment
delined, 269
discase, 36-37, 40
for Uls, 13, 24, 25, 62, 113-114, 120-125
Risk curve, 77-80, 91, 120, 124, 165, 260
and distribution of usual intakes, 78
80, 121, 205-206, 208
Risk-reduction based indicator ol nutrient
adequacy, 2, 23, 27

S

Sample size considerations, 98-99
Sampling weights, 96, 133
School Breakfast Program, 35
Sclenium, 10-11, 141, 82-83, 108, 116, 129,
130, 131, 142, 269, 271, 276

Scnsitivity analysis, delined, 260
Single-endpoint approach, 34, 22
Skewed distribution

adjusting, 46, 61-62, 95-96

detined, 260

ol nutricnt requirements, 46, 50-51,
57, 67, 80, 81, 8991, 197, 207, 212,
229231

of observed intakes, 56, 61-62, 95-96,
190, 196, 197, 201

ol usual intakes, 95-96, 209

Sodium, 191, 192

Special Supplemental Nutrition Program
for Women, Infants, and Children.
See WIC program

Standard devialion

ol dillerence between mean obscrved
intake and EAR (8D), 52-54, 68,
188, 192-193

EAR and, 24, 52-53, 54, 195-196

of intakes, 53-66, 58, 60-61, 64-65, 68,
187-188, 191-196, 199201

mean intake and, 65

pooled [rom large surveys, 53, 54-55,
58, 64, 65, 195-196, 198-199, 200,
201-202

in prevalence estimates, 74, 158-161, 212

by vitamin or mincral, 191-192

within-person, 6, b1, 52-53, 54, 56, 68,
191-195

ztest, 6

Standard deviation of prevalence of
nutrient inadequacy

collection of Intake data and, 160-161

EAR-related, 159-160

lor individualg, 46, 52-53, 54-56, 58, 60,
61, 195-196

sampling variability and, 159

Standard deviation of requirements, 1

CV cstimales and, 57-58, 194, 197

and group-level asscssments, 52, b8,
74, 93, 212, 225-927

incorrect specification of, 197

for individual-level assessments, 52, 53,
54, 68, 188, 194, 197

population, 186

RDA computation, 24

Standardized predicted intake, 136-137
Subpopulations

distribution of usual intakes in, 14-15,
182-139, 142-143

prevalence of inadequacy in, 18, 166

Summer Food Service Program, 35
Supplement use
and adjustment of DRIs, 149
averaging over time, 155
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and distribution of usual intakes, 155,
164
and group-level assessments, 95
in hospitals, 41
and individual-level asscssments, 7, 62,
63, 65-66, 201202
in military operational conditions, 39
quantifying intakes from, 17, 150, 154
155, 164
and ULs, 7, 26, 62, 63, 65-66, 122-125,
155-156, 201-202
Surveys. See Dictary survey data; individual
surveys
Symmetrical distribution
defined, 260
of nutrient requirements, 74, 77, 81,

190, 205u.1, 207, 208

T

{ model, 208
{lests, 133, 137
Thiamin
Als, 274
EARs, 268
cucrgy intake and, 119, 150
group-level assessments, 10-11, 82-83,
108, 129, 130, 131
individual-level assessments, 68, 191, 192
prevalence of inadequate intakes, 14-
15, 142148
RDAs, 271
Threshold, 260
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in group-level assesstents, 4, 13, 120-
124, 130-131

in individual nutritional assessment, 4,
7, 46, 51, 62-66, 67, 68, 69, 199,
201-202

LOAEL/NOAEL, 114, 115-119, 121,
122, 268

nutrients, by life-stage group, 115-119,
270-271

population mean intake and, 125

qualilative inlerpretaton of intakes
relative w, 65

rationale [or erm, 25

RDAs and, 126

research recommendations, 163

risk assessment approach, 13, 24, 25,
62, 113-114, 120-125

supplement use and, 7, 26, 62, 63, 65-
66, 122-125, 154-155, 201-202

theory and definitions, 113-120

type of intake and, 7, 62, 114, 120-121,
124, 202

uncerlainty factor, 13, 27, 111-120,
122, 202, 261

uscs, 23, 30, 42

usual intake distributions and, 13, 120-
121, 130-181

vulnerable subpopulations, 114, 124

Toxicily, defined, 260
True prevalence, 261

U

Thrilty Food Plan, 35, 39 Uncertainty

Tolerable Upper Tntake Levels (TLs)
chronic intakes above, 63, 125, 126
context for use, 113, 120, 124
critical adverse affeet, 115-119
delined, 3, 25, 62, 114, 125, 261
derivation of, 26
dose-response assessment, 13, 114, 121,

124
in food and nutrition assistance
programs, 39

in adequacy of nutrient intake, 186,
188-189

in cut-point method, 158-159

in DRIs, 27

in EAR, 27, 159-160

in individual-level asscssment, 456, 51,
188-189, 201

in nutrient requirements, 5, 6, 45, 46,
50-51, 57-58, 165-166, 186, 188,
189, 190

[ood lortilication and, 26, 124, 125, 201 Uncertainty factor, 13, 27, 114-120, 122,

and [ood guidces, 38

202, 261

lood salety considerations, 42 United Nations University, 233, 234

frequently asked questions, 125-126



280 DIETARY REFERENCE INTAKES

Units ol obscrvation. See also Group-level
assessments; Household-level
assessments; Individual-level
assessments; Population-level
ASSCSSILCILLS

delined, 261
and measuring dictary intakes, 156-157
Univariate distribution
defined, 261
of usual intakes, 76-77, 209
Unmixing algorithm, 97
U.8. Department ol Agricullure
dictary guidclines, 32-33, 38
food plans, 35, 39
food use data adjustments, 235
Nutrient Database for Standard
Reference, 157

U.8. Department of Delense, 39

Usual intakes of nutricns, 1. See also
Adjusting intake distributions;
Distribution of usual intakes

and Al, 46, 59-60, 110, 126

average, 71, 75

conlidence levels, 6, 56, 64-65

correlated with requirements, 8, 81,
87-89, 212224

defined, 93, 185-186, 261

descriptive analyses of, 133-134

and EARs, 141-15, 150-151

cstitnation challenges, 49

group-level asscssments, 76-77, 81, 83-
84, 85, 96, 97, 130-131

independent of requirement, 81, 83-
84, 85, 86, 88

individual-level assessmeut, 5, 7, 15, 16,
47, 48-50, 51, 52, b8, 59-60, 64, 185-
186, 187

mean of, 74

number of days needed to estimate, 6,
4849, 187

from obscrved intakes, 19, 50, 52, 185

[rom obscrved mean intakes, 97, 186

obtaining inlormation on, 48-50, 58

random error in, 58, 164

and ULs, 7, 64

variance of, 11, 83, 161

A%

Variance in dietary assessment. See also
Within-person variation in intakes
collection ol intake data and, 94, 160-
161
in day-to-day intakes, 5, 53, 60, 94
in distribution of nutrient
requirement, 8, 53n.1, 162-163, 188
in distribution of obscrved intakes, 91
in distribution of usual intakes, 93
EAR-related variability, 50, 159-160
measurement error, 98
representative subsamples of groups,
158
sampling variability, 159
standard deviation ol prevalence
cslimates, 158-161
Vitamin A, 22, 46, 49, 56, 63, 67, 95, 191,
192, 197, 200
Vitamin B, 10-11, 14, 82-83, 99-102, 108,
117,122, 126, 129, 130, 131, 142,
191, 192, 269, 271, 275
Vitamin B, 10-11, 14, 15, 22, 46, 63, 67,
82-83, 108, 129, 130, 131, 142, 143,
149, 191, 192, 200, 269, 275
Vitamin C, 10-11, 14, 46, 48, 56, 63, 67, 82-
83, 108, 118, 121, 129, 150, 151,
142, 191, 192, 197, 269, 271, 276
Vitamin D, 10-11, 15, 51, 68, 73, 82-83,
107,108, 110, 118, 131, 143, 149,
244245, 270, 274
Vitamin E, 10-11, 14, 46, 56, 63, 67, 82-83,
108, 116, 121, 1241, 129, 130, 151,
142, 164, 191, 192, 197, 269, 271,
276

W

Weight history, 67, 69
WIC program, 34-35, 39
Within-person variation in intakes
adjusting intake distributions for, 9,
94-95, 96, 196-197
asymmetrical, b6
ol cholesterol, 193-194
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and group-level assessment, 94-95

heterogeneous, 95

and individual-level assessment, 5, 6,
15, 18-19, 50, 51, 52, 51, 55-56, 60,
186, 187, 188, 191-196

large, 9495

by macronutrient, 193-194

pooled estimate of, 50, 54-55, 65, 195-
196, 202
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sociocullural factors, 156

standard deviation, 6, 51, 52-53, b4, 56,
68, 191-196, 202

by vitamin or mineral, 191-192

Z

lest, 6, 189, 198-200, 201
Zinc, 1568, 191, 192



FOOD AND NUTRITTON BOARD, INSTITUTE OF MEDICINE—
NATTONAL ACADEMY OF SCIENCES

DIETARY REFERENCE INTAKES:

ESTIMATED AVERAGE REQUIREMENTS

Life Stage Phosphorus Magnesium Thiamin Riboflavin  Niacin Vilamin
Group (mg/d) (mg/d) (mg/d) (mg/d) (mg/d)¢ (mg/d)
Children
1-3y 380 65 0.4 0.4 5 0.4
48y 405 110 0.5 0.5 6 0.5
Males
9-13y 1,055 200 0.7 0.8 9 0.8
11-18 y 1,055 310 1.0 1.1 12 1.1
19-30y 580 330 1.0 1.1 12 1.1
31-50y 580 350 1.0 1.1 12 1.1
51-70y 580 350 1.0 1.1 12 1.4
> 70y 580 350 1.0 1.1 12 1.4
Females
9-13y 1,055 200 0.7 0.8 9 0.8
14-18 y 1,055 300 0.9 0.9 11 1.0
19-30y 580 255 0.9 0.9 11 1.1
31-50y 580 265 0.9 0.9 11 1.1
51-70 y 580 265 0.9 0.9 11 1.3
> 70y A80 265 0.9 0.9 11 1.3
Pregnaney
<18y 1,055 335 1.2 1.2 14 1.6
19-30y 580 290 1.2 1.2 14 1.6
31-50y 580 300 1.2 1.2 14 1.6
Laclation
<18y 1,055 300 1.2 1.3 15 1.7
19-30 y A80 255 1.2 1.3 3 1.7
31-50y 580 265 1.2 1.3 13 1.7

NOTE: This table presents Estimated Average Requirements (EARs), which serve two
purposes: for assessing adequacy of population intakes, and as the basis for calculating
Recommended Dietary Allowances (RDAs) for individuals for those nutrients, FEARs
have not been established for calcium, vitamin D, fluoride, pantothenic acid, biotin, or
choline, or other nutricnts not yet cvaluated via the Dictary Relerence Intake (DRI)
process.

@ As niacin equivalents (NE). 1 mg of niacin = 60 mg of tryptophan.

b As dielary folale equivalents (DFE), 1 DFE = 1 ug food folale = 0.6 pg of folic acid
[rom lortificd [ood or as a supplement consumed with food = 0.5 pg of a supplement
taken on an cmpty stomach.
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ESTIMATED AVERAGE REQUIREMENTS 283

JICINE—
Niacin Vilamin By Folale Vitamin Bye Vilamin ¢ Vilamin E  Selenium
(mg/d)¢ (mg/d) (ng/d) b (ng/d) (mg/d) (mg/d)* (ng/d)
5 0.4 120 0.7 13 5 17
6 0.5 160 1.0 22 6 23
9 0.8 250 1.5 39 9 35
12 1.1 330 2.0 65 12 15
12 1.1 320 2.0 75 12 4b
12 1.1 320 2.0 75 12 45
12 1.4 320 2.0 75 12 45
12 1.4 320 2.0 75 12 45
9 0.8 250 1.5 39 9 35
11 1.0 330 2.0 56 12 4b
11 1.1 320 2.0 60 12 45
11 1.1 320 2.0 60 12 45
11 1.3 320 2.0 60 12 45
11 1.3 520 2.0 60 12 15
14 1.6 520 2.2 66 12 49
14 1.6 520 2.2 70 12 49
14 1.6 520 2.2 70 12 49
15 1.7 150 2.4 96 16 h9
15 1.7 150 2.4 100 16 59
13 1.7 450 2.4 100 16 H9

¢As o-tocopherol. a-Tocopherol includes RRR-0-tocopherol, the only form of
o-locopherol that occurs naturally in foods, and the 2Rstereoisomeric forms of
o-locopherol (RRR-., RSR., RRY, and RSSa-locopherol) thal occur in fortified foods
and supplements. It docs not include the 28stercoisomeric forms of a-tocopherol
(SRR-, SSR-, SRS, and S§§8§0-tocophcrol), also [ound in [ortificd foods and supplements.

Copyright 2000 by the National Academy of Sciences. All rights reserved.



FOOD AND NUTRITTON BOARD, INSTITUTE OF MEDICINE—
NATTONAL ACADEMY OF SCIENCES

DIETARY REFERENCE INTAKES:

TOLERABLE UPPER INTAKE L.EVELS (UL#?)

Life Stage Calcium Phosphorus Magnesium  Vitamin D Flyoride Niacin
Group (g/d) (g/d) (mg/d) b (ng/d) (mg/d) (mg/d)*¢
Infants
0-6 mo ND¢ ND ND 25 0.7 ND
7-12 mo ND ND ND 25 0.9 ND
Children
1-3y 2.5 3 65 50 1.3 10
1-8 y 2.5 3 110 50 2.2 15
Males, Females
9-13y 2.5 4 350 50 10 20
14-18y 2.5 4 350 50 10 30
19-70y 2.5 4 350 50 10 35
> 70y 2.5 3 350 50 10 35
Pregnaney
<18y 2.5 3.5 350 50 10 30
19-50 y 2.5 3.5 350 50 10 35
Lactation
<18y 2.5 4 350 50 10 30
19-50 y 2.5 1 350 50 10 35

2 UL = The maximum level of daily nutrient intake that is likely to pose no risk
of adverse effects. Unless otherwise specified, the UL represents total intake
from food, waler, and supplements, Due Lo lack of suitable data, ULs could not
be established for thiamin, riboflavin, vitamin By, pantothenic acid, biotin, or
any carotenoids. In the absence of ULs, extra caution may be warranted in
consuming levels above reccommended intakes.

# The ULs for magnesium represent intake [rom a pharmacological agent only
and do not include intake from food and water.
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JICINE—

Fluoride Niacin  Vitamin By Folate Choline  Vitamin € Vitamin E  Selenium

(mg/d) (mg/d)¢ (mg/d) (ng/d)s  (g/d) (mg/d) (mg/d)d (ng/d)
0.7 ND ND ND ND ND ND 45
0.9 ND ND ND ND ND ND 60
1.3 10 30 300 1.0 100 200 90
2.2 15 10 100 1.0 660 300 150

10 20 60 600 2.0 1,200 600 280

10 30 80 800 3.0 1,800 800 400

10 35 100 1,000 3.5 2,000 1,000 400

10 35 100 1,000 3.5 2,000 1,000 100

10 30 80 800 3.0 1,800 800 400

10 35 100 1,000 3.5 2,000 1,000 400

10 30 80 800 3.0 1,800 800 400

10 35 100 1,000 3.5 2,000 1,000 100

©The ULs for niacin, [olate, and vitamin E apply to synthctic forms obtained
from supplements, fortified foods, or a combination of the two.

As o-locopherol; applies Lo any form of supplemental a-ltocopherol,
¢ND = Not determinable due 1o lack of data of adverse effects in this age group
and concern with regard to lack ol ability to handle cxcess amounts. Source of
intake should be [rom [ood only to prevent high levels of intake.

Copyright 2000 by the National Academy of Sciences. All rights reserved.






FOOD AND NUTRITION BOARD, INSTITUTE OF MEDICINE—
NATIONAL ACADEMY OF SCIENCES

DIETARY REFERENCE INTAKES:

RECOMMENDED INTAKES FOR INDIVIDUALS

Life Stage Calcium Phosphorus  Magnesium Vitamin D Fluoride Thiamin
Group (mg/d) (mg/d) (mg/d) (ng/d) 2P (mg/d) (mg/d)
Infants
0-6 mo 210%* 100# 30%* 5% 0.01%* 0.2*
7-12 mo 270% 275% 7h*® 5% 0.5% 0.3%
Children
1-3y 500% 460 80 H* 0.7+ 0.5
4-8y 800* 500 130 5 1* 0.6
Males
9-13 y 1,300% 1,250 240 5% 2% 0.9
14-18 y 1,300% 1,250 410 5* 3% 1.2
19-30y 1,000% 700 400 H# 4* 1.2
31-50y 1,000% 700 420 H# 4* 1.2
51-70y 1,200% 700 420 10% 4% 1.2
> 70y 1,200* 700 420 15% 4% 1.2
Females
9-13 y 1,300% 1,250 240 5* 2 0.9
14-18 y 1,300%* 1,250 360 5* 3% 1.0
19-30y 1,000%* 700 310 5* 3% 1.1
31-50y 1,000% 700 320 5* 3* 1.1
51-70y 1,200% 700 320 10%* 3+ 1.1
> 70y 1,200% 700 320 15% 3% 1.1
Pregnancy
<18y 1,300% 1,250 400 5% 3% 1.4
19-30 y 1,000% 700 350 5% 3* 1.4
31-50y 1,000# 700 360 5 3* 1.4
Lactation
=18y 1,300% 1,250 360 5% 3% 1.4
19-30 y 1,000* 700 310 5% 3% 1.4
31-50y 1,000% 700 320 5% 3 1.4

NOTE: This table presents Recommended Dietary Allowances (RDAs) in bold type and Ad-
equate Intakes (Als) in ordinary type followed by an asterisk (*). RDAs and Als may both be used
as goals for individual intake. RDAs are set to meet the needs of almost all (97 to 98 percent)
individuals in a group. For healthy breastfed infants, the Al is the mean intake. The Al for other
life-stage and gender groups is believed to cover needs of all individuals in the group, but lack of
data or uncertainty in the data prevent being able to specify with confidence the percentage of
individuals covered by this intake.

2 As calciferol. 1 pg calciferol = 40 IU vitamin D.

b In the absence of adequate exposure to sunlight.

¢ As niacin equivalents (NE). 1 mg of niacin = 60 mg of tryptophan; 0-6 months = preformed
niacin (not NE).
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Riboflavin Niacin Vitamin By Folate Vitamin B}  Pantothenic  Biotin

(mg/d) (mg/d)¢ (mg/d) (pg/d)d (ng/d) Acid (mg/d) (pg/d)
0.3* 9% 0.1% 65* 0.4* 1.7+ 5%
0.4% 4% 0.3* 80* 0.5% 1.8% 6%
0.5 6 0.5 150 0.9 A 8%
0.6 8 0.6 200 1.2 g 19%
0.9 12 1.0 300 1.8 4% 20%*
1.3 16 1.8 400 2.4 5% 95*
1.8 16 1.8 400 2.4 5% 30*
1.3 16 1.8 400 2.4 5% 30*
1.8 16 1.7 400 2,48 5% 30%
1.8 16 1.7 400 2.48 5% 30*
0.9 12 1.0 300 1.8 4% 20%
1.0 14 1.2 400H 2.4 5 95%
1.1 14 1.8 4001 2.4 5% 30*
1.1 14 1.8 40048 2.4 5% 30+
1.1 14 1.5 400 248 5% 30*
1.1 14 1.5 400 248 B* 30*
1.4 18 1.9 600! 2.6 6* 30*
1.4 18 1.9 600! 2.6 6* 30%*
1.4 18 1.9 600! 2.6 6* 30%
1.6 17 2.0 500 2.8 7% 35*
1.6 17 2.0 500 2.8 7+ 35*
1.6 17 2.0 500 2.8 7% 35%

d As dietary folate equivalents (DFE). 1 DFE = 1 pg food folate = 0,6 pg of folic acid from
fortified food or as a supplement consumed with food = 0.5 pg of a supplement taken on an
empty stomach.

¢ Although Als have been sct for choline, there are few data to assess whether a dietary supply
of choline is needed at all stages of the life cycle, and it may be that the choline requirement can
be met by endogenous synthesis at some of these stages.

f As artocopherol. o-Tocopherol includes RRR-o-tocopherol, the only form of o-tocopherol that
oceurs naturally in foods, and the 2R-stereoisomeric forms of a~tocopherol (RRR-, RSR-, RRS.,
and RSS«-tocopherol) that occur in fortified foods and supplements. It does not include the
25stereoisomeric forms of a-tocopherol (SRR-, 8SR-, SRS, and $S5-0-tocopherol), also found in
fortified foods and supplements.



Choline® Vitamin C Vitamin Ef Selenium Life Stage

(mg/d) (mg/d) (mg/d) (pg/d) Group
Infants
125% 40* 4% 15% 0~-6 mo
150% 50* B 20* 7-12 mo
Children
200%* 15 6 20 1-3y
250% 25 7 30 4-8y
Males
375% 45 11 40 9-13y
550% 75 15 5b 14-18y
550% 90 15 55 19-30y
B50* 90 15 55 31-50 y
550* 90 15 55 51-70y
550% 90 15 5b > 70y
Females
375% 45 11 40 9-13y
400* 65 15 55 14-18y
425% 75 15 55 19-30y
425% 75 15 bb 31-50y
425% 75 15 55 51-70y
425% 75 15 5b > 70y
Pregnancy
450%* 80 15 60 <18y
450%* 85 15 60 19-30 y
450%* 85 15 60 31-50y
Lactation
B50* 115 19 70 =18y
550%* 120 19 70 19-30y
550%* 120 19 70 31-50y

& Because 10 to 30 percent of older people may malabsorb food-bound By, it is advisable for
those older than 50 years to meet their RDA mainly by consuming foods fortified with Bjo or a
supplement containing Bjo.

h'In view of evidence linking folate intake with neural tube defects in the fetus, it is recom-
mended that all women capable of becoming pregnant consume 400 pg from supplements or
fortified foods in addition to intake of food folate from a varied diet.

it is assumed that women will continue consuming 400 pg from supplements or fortified food
until their pregnancy is confirmed and they enter prenatal care, which ordinarily occurs after the
end of the periconceptional period—the critical time for formation of the neural tube.



