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-
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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.



48 DIETARY REFERENCE INTAKES

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.




50 DIETARY REFERENCE INTAKES

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
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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



TISING DRIs FOR NUTRIENT ASSESSMENT 61

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,






