C

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
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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,



