
This chapter provides an overview of the research
methods used in the studies summarized in this report.
There are two main sections:

(1) Evaluation design—Much of this discussion is
adapted from Volume 1 of this series, Research
Design (Hamilton and Rossi, 2002).

(2) Outcome measures.

Readers with limited knowledge of research design or
measurement issues in nutrition and health-related
research are encouraged to read this chapter before any
of the program-specific chapters that follow and to use
it as a technical resource, as needed.

Evaluation Design
The studies reviewed in this report attempted to meas-
ure the impact of specific food and nutrition assistance
programs (FANPs) on nutrition- and health-related
outcomes. The impact of a program or other interven-
tion is defined as the difference between what happens
in the presence of the intervention and what would
have happened in its absence, generally called the
“counterfactual.”

Establishing the counterfactual—that is, estimating what
would have happened without a given program—is
usually accomplished by examining a population that
has not been subjected to the program. What makes
the task difficult is the fact that people who become
participants in a social program are often quite differ-
ent from those who do not because they either have
been selected for participation or have selected them-
selves (Campbell and Stanley, 1963).8 These selective
processes may make participants different in important
ways from those who do not participate. These differ-
ences include not only people’s permanent characteris-
tics, such as their gender or race, but also transitory
ones like their current income or employment, the
opportunities they face, and the experiences they have
had. Many of the transitory characteristics result from

the time and place in which people live, which means
that similar people in a different time or place may not
appropriately represent the counterfactual. All of these
influences may contribute to selection bias, which dis-
torts the evaluation of a program’s impact.

The sections that follow describe key research designs
encountered in FANP research and their various
strengths and limitations. In the program-specific
chapters that constitute the remainder of this report,
the research design used in each study is clearly identi-
fied. The text generally includes some discussion of
design limitations; however, the present chapter serves
as the primary source of information on research
methodology.

The Randomized Experiment

There is a strong consensus in the scientific communi-
ty that only randomized experiments are fully capable
of providing reliable estimates of a program’s impacts.
The randomized experiment is the “gold standard” of
program evaluation.

In the simplest randomized design, potential partici-
pants are randomly assigned to either an experimental
(or treatment) group, which will be subject to the pro-
gram being assessed, or to a control group, from which
the program will be withheld. The program’s impact is
then estimated by comparing the average outcomes in
the experimental group, after sufficient exposure to the
program, with control group outcomes measured at the
same time.

Because the experimental and control groups differ at
the outset only by chance, they are considered to be
fully comparable at that point. In other words, the two
groups are considered to be equivalent, in the statisti-
cal aggregate, on all permanent and transitory charac-
teristics. Subsequently, the only systematic difference
between the groups is exposure to the program.
Accordingly, it is credible to infer that any post-pro-
gram differences between the two groups are caused
by the program, provided that the differences are
greater than what might occur by chance.

The fundamental requirement of randomized experi-
mentation is that program services be deliberately
withheld from some people who are otherwise like the
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people receiving the service. Such a practice is generally
prohibited in entitlement programs because law and
regulation require that program benefits be provided to
everyone who meets eligibility requirements and takes
the necessary steps to qualify. Many FANPs are enti-
tlement programs.

Saturation programs—those with sufficient funding and
infrastructure to serve essentially all eligible people—
pose similar problems. Whether a potentially eligible
person can receive benefits from a nonentitlement pro-
gram depends on the local availability of program
funding and infrastructure. For many nonentitlement
programs that approach full saturation, like the Special
Supplemental Nutrition Program for Women, Infants,
and Children (WIC), it can be virtually impossible to
find a reasonably representative set of potential partici-
pants to whom the program could be considered
unavailable. If program services would normally be
provided to everyone who applies and is eligible, it
may be considered unethical to withhold services for
research purposes from people who might apply.

Given these challenges, it is not surprising that the lit-
erature reviewed for this report included only one
study that used a randomized experiment to evaluate
the impacts of a specific FANP. This study was com-
pleted by Metcoff and his colleagues (1985) during the
early years of the WIC program. Random assignment
was feasible because, at the time, the demand for WIC
participation at the site in which the study was con-
ducted exceeded the available funding.

A few studies have used randomized experiments to
estimate the impact of demonstrations or pilot pro-
grams, rather than of the FANPs per se. These demon-
strations typically represented policy initiatives that
were tested on a limited scale before full-scale imple-
mentation. The most prominent examples are demon-
strations of cashing out food stamps (the so-called
“cash-out” studies (Fraker et al., 1992; Ohls et al.,
1992) and studies of pilot projects in which school
breakfasts were offered free to all school children (uni-
versal free breakfast projects) (for example, Peterson
et al., 2003; McLaughlin et al., 2002; Murphy and
Pagans, 2001).

Keep in mind when interpreting results of evaluations
of demonstration projects that, in these evaluations, the
counterfactual is not the absence of the program.
Rather, it is the status quo, or the program as it exists
without the innovation or modification introduced by
the demonstration. Control subjects experience usual

program services but are not offered the new services
specified in the intervention. In the case of the food
stamp cash-out demonstrations, for example, the eval-
uations estimated the effects of receiving benefits in
the form of checks rather than as food stamps, but not
the overall impact of the Food Stamp Program (FSP)
itself.

Quasi-Experiments

Virtually all the research that has examined the impact
of FANPs on nutrition and health outcomes has identi-
fied counterfactual conditions without random selec-
tion into treatment and control groups. Such impact
evaluation designs are known as quasi-experiments.
That is, they resemble experiments in providing a spe-
cific representation of the counterfactual, but the coun-
terfactual is identified through some means other than
random selection. Most of the FANP research
reviewed in this report used one of four quasi-experi-
mental designs.

Quasi-Experiment 1: Comparing 
Participants With Nonparticipants

This design, referred to as “participant vs. nonpartici-
pant” in the program-specific chapters, is the one most
commonly used in the research summarized in this
report. It calls for identifying comparable groups of
participants and nonparticipants and interpreting the
average difference in outcomes between the groups as
the effect of the program. Nonparticipants must be
potentially eligible—that is, people who apparently
could have applied and qualified for the program, but
did not—to be a credible representation of the counter-
factual. In most, but not all, FANP studies, researchers
apply an approximation of the means test to identify
nonparticipants with incomes below the eligibility cut-
off for the program in question.

Selection Bias in Participant/
Nonparticipant Comparisons

The major problem with this quasi-experimental design
is that identified nonparticipants may not be sufficiently
comparable to participants. This problem, known as
selection bias, is a difficult issue in all quasi-experimen-
tal designs and is especially troublesome when people
who have taken the actions necessary to participate in
a program are compared with people who have not.

Selection bias often occurs because participants are
more highly motivated to achieve the program-relevant
outcomes than nonparticipants. Suppose, for example,
that the women who seek WIC benefits for themselves
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or their children tend to be very concerned about the
effect of diet on their children’s health. Such women
may well take other actions with the same objective,
such as following nutrition advice included in
brochures they pick up in the doctor’s office—or get-
ting to a doctor’s office at all. If this supposition were
true, one would expect the children of mothers who
seek WIC benefits to have better nutrition and health
outcomes—even in the absence of the program—than
children of mothers who are less motivated and do not
seek WIC benefits. A simple comparison of WIC and
non-WIC children would therefore reveal that the WIC
children had more positive outcomes even if the pro-
gram had no effect at all.

Sometimes selection bias operates in the opposite
direction. Mothers of children with nutrition-related
problems might be especially motivated to seek WIC
benefits, for example, whereas mothers of healthy chil-
dren might be less inclined to participate. WIC might
improve the participating children’s condition, but the
children might not catch up to their nonparticipating,
healthier counterparts. In this example, the simple
comparison would find WIC children to have less pos-
itive outcomes even though the program had a positive
effect.

Motivation of participants toward the program out-
come is one of the most common sources of potential
bias, and one of the most difficult to counteract. Other
common sources of self-selection bias include need
(often proxied by income), potential for gain (often
proxied by the dollar value of the benefit), and the
individual’s desire not to depend on public assistance.

Selection bias may also result from program rules or
procedures. In nonentitlement programs, local staff
often decide which applicants will be approved for
participation based on a combination of program poli-
cies and individual judgment. In all programs, out-
reach practices, referral networks, office locations and
hours, and community customs may make some peo-
ple more likely to participate than others.

Finally, some selection bias occurs when program par-
ticipation is based on transitory characteristics. For
example, some people who qualify for means-tested
programs are permanently poor, or nearly so, and
would be income-eligible for program participation for
many years. Other people who qualify for the same
programs are not permanently poor, but are at a tem-
porary low point in a fluctuating income pattern. In an
earlier period, their income was high enough that they

did not qualify for the program, and at some point,
they will regain that level. These two types of people
might have similar incomes at the time they enter the
program, but their subsequent outcomes, in the
absence of the program, might not be at all similar.

Approaches To Dealing With Selection Bias

Researchers have used a variety of approaches to attempt
to counteract selection bias, the most common of which
are described below.9 All have the basic objective of
making the participant and nonparticipant groups
“alike” on certain specified dimensions. However, all
leave open the possibility that bias remains.

Regression Adjustment. A prime example of this
approach is the WIC-Medicaid study conducted by
Devaney et al. (1990 and 1991) to assess the impact of
prenatal WIC participation on birth outcomes. Taking
advantage of the fact that all Medicaid recipients were
automatically eligible for WIC benefits, Devaney and
her colleagues contrasted birth outcomes of Medicaid
recipients who had participated in WIC during preg-
nancy with those who had not. The relevant dataset
was assembled by linking Medicaid records to WIC
participation records and birth registration records.
Birth registration records provided information on the
critical outcome of birthweight, WIC records identified
WIC participants, and Medicaid records identified
those who gave birth during the period of study. The
resulting linked WIC-Medicaid database included
approximately 112,000 births to Medicaid mothers in
five States over a 2-year period.

To minimize selection bias, Devaney and her associates
used regression adjustments. The equations included
variables that were likely to capture ways in which
participants and nonparticipants might differ, including
educational attainment, prenatal medical care, gestational
age, race, mother’s age, and birth parity. As typically
happens, the researchers were limited to the variables
available in existing datasets, which seldom measure
all of the factors that might create different outcomes
for participants and nonparticipants. Alternative
attempts to counter selection biases led to quite drastic
changes in estimates of the effects, without any clear
indications of which attempt was more sensible.
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Matched Pairs. Sometimes researchers construct a
comparison group by matching participants and non-
participants on characteristics thought to be related to
selection tendencies. For each participant in the
research sample, the researcher identifies a nonpartici-
pant with identical or closely similar characteristics on
key variables. Because the matching procedure can
normally consider only a few variables, regression
adjustment is still needed to estimate impacts.

The matched-pair approach is advantageous mainly
when there is a substantial marginal cost for including
subjects in the evaluation, typically when significant
new data collection is to be carried out. If the analysis
is based on existing administrative or survey datasets,
the matched-pairs approach excludes otherwise usable
observations and thus reduces the sample size avail-
able for analysis.

More general matching procedures may identify more
than one nonparticipant (perhaps even many) similar
enough to each participant. When combined with
regression adjustment, matched sampling is one of the
most effective methods for reducing bias from imbal-
ances in observed covariates (Rubin, 1979).

Dose-Response. If program rules prescribe different
amounts of the program benefit or service for different
participants, a dose-response analytic model may be
applicable. The underlying hypothesis is that greater
benefits will lead to greater effects on outcomes. The
dose-response relationship may be estimated with a
sample that consists only of participants, which elimi-
nates the issue of whether participants differ from non-
participants in unmeasurable ways. If this relationship
can be estimated, then the program’s impact may be
described as the difference between the effect at any
given level of benefits (typically the average benefit)
and the projected effect at the zero-benefit level (what
participants would receive if they did not participate).

The FSP, with benefits measured in dollars and a large
number of actual benefit amounts, is the main candidate
for dose-response analysis among the FANPs. A number
of researchers have used this approach, although with
considerable variation in the way it was applied. Some
researchers have estimated models that exclude non-
participants (for example, Neenan and Davis, 1978;
Levedahl, 1991; Kramer-LeBlanc et al., 1997), while
others include nonparticipants and specify the model
to include both a variable representing the benefit
amount and a variable representing participation per se
(for example, Fraker, 1990; Devaney and Fraker, 1989).

The dose-response model requires that benefits vary
across households that are similar in terms of the factors
expected to affect their health and nutrition outcomes.
The food stamp situation appears to meet that condi-
tion. Households of a given size with a given amount
of cash income receive differing benefit amounts
depending on, for example, how much of the income
is earned and their allowable deductions. However,
because the underlying logic driving benefit rules is
that the benefit amount should be responsive to need,
it would be desirable to see more extensive analysis of
the extent to which food stamp benefit variation actu-
ally meets the requirements of dose-response analysis.

Two-Stage Models. Some researchers use a two-stage
approach in which they first model the likelihood that
an individual will be a participant in the program. The
model yields a predicted probability of participation
for each participant and nonparticipant. The second
stage of analysis models the outcome as a function of
some measure of participation.

One class of solutions simply uses the predicted proba-
bility of participation in place of actual observed par-
ticipation as an explanatory variable in the second-stage
model. Another includes observed participation along
with an inverse Mills ratio, which is a function of the
predicted probability of participation (Heckman, 1979).

In order for two-stage approaches to offer a material
gain over simple regression adjustment, the participa-
tion model must include one or more “instruments”—
variables that predict participation but are not correlat-
ed with the outcomes of interest. Finding an appropri-
ate instrument is often impossible, however, especially
when the researcher is working with existing datasets.
Participation is typically related to demographic char-
acteristics, need or potential benefit, motivation, and
pre-program measures of relevant outcomes, such as
nutrition or health status. These same factors usually
influence post-program outcomes. And many factors
that initially seem like good instruments turn out, on
closer examination, to be related to outcomes. For
example, living close to a program office might be
expected to make an individual more likely to partici-
pate and initially seems unrelated to health and nutrition
outcomes, but the program’s location may have been
selected to give easy access to a high-risk community.

In addition to the instrumental variable, some two-stage
approaches use functional form to achieve identifica-
tion in the models. In a procedure known as the two-
step Heckman method, the participation model uses a
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nonlinear functional form (Heckman, 1979; Heckman
and Hotz, 1989). Alternatively, the participation and
outcome equations can be estimated simultaneously
using a maximum likelihood approach. In both cases,
the effectiveness of the method depends on the validity
of assumptions made about the error terms in the
model, assumptions that cannot be verified empirically.

All of these two-stage approaches have been used in
evaluating FANPs, but with no clear consensus that any
of them can be considered generally reliable. For
example, Gordon and Nelson (1995) used three
approaches (instrumental variables, Heckman two-step,
and simultaneous equations) and a rich dataset to esti-
mate WIC effects on birthweight. They found that the
approaches to selection bias correction yielded “unsta-
ble and implausible results, [possibly] because the fac-
tors affecting WIC participation and birthweight are
very nearly identical, since WIC targets low-income
women at risk for poor pregnancy outcomes.” Ponza et
al. (1996) similarly used multiple approaches to selec-
tion-bias adjustment in evaluating the Elderly
Nutrition Program (ENP). The authors rejected all of
the two-stage approaches and based their conclusions
on the results of the simple, one-stage regression
adjustment.

Caveats to Selection-Bias Adjustment

The most troubling aspect of statistical approaches to
adjusting for selection bias is that one cannot be cer-
tain whether the procedure has, in fact, eliminated
selection bias. Well-conceived applications of selection-
bias adjustment models have yielded some plausible
and some implausible results in evaluating FANPs.
The situations that produce implausible results cannot
be identified a priori, and none of the approaches has
consistently yielded plausible results. Moreover, a
plausible selection-bias adjustment has not necessarily
accomplished its purpose just because it is plausible.

When researchers have compared the effects estimated
in randomized experimental evaluations with those
derived from comparing participants with nonpartici-
pants, the two sets of findings have often been divergent.
For example, when La Londe and Maynard (1987) com-
pared the findings from a randomized experiment with
those obtained by using comparable nonparticipants as
the counterfactual, they found that none of several meth-
ods for identifying comparable nonparticipants produced
results consistent with the findings from the random-
ized experiment. However, subsequent work argued that
specification tests could have led to a result approach-
ing the estimate from the randomized experiment

(Heckman and Hotz, 1989). Nonetheless, after decades
of research and debate, the statistical community has
not yet reached a consensus that any particular
approach will consistently remove selection bias.

In addition, data limitations hamper nearly all attempts
to counter selection bias. Careful theorizing about the
determinants of participation usually suggests many
factors that are not measured in existing datasets. Even
with special data collection, many of the factors per-
tain to the time period before the individual began par-
ticipating (or not participating) and cannot be meas-
ured reliably on a retrospective basis.

Although the extent of remaining bias cannot be
known for sure, testing the robustness of the results is
usually informative. A program impact estimate that
remains stable under various alternative specifications
is somewhat more credible than one that varies dra-
matically. Of course, if several specifications fail
equally to remove the bias, their results will be consis-
tent with one another but inaccurate.

Quasi-Experiment 2: Comparing Participants
Before and After Program Participation

This simple design (referred to as “participants, before
vs. after” in the program-specific chapters) eliminates
some dimensions of selection bias but has other major
vulnerabilities. Subjects are selected into the study
before they have been meaningfully exposed to the
program—for example, when they apply for program
services. They are clearly aware of the program at this
point and have already taken some action to respond to
its requirements, but they have not normally been
“exposed” to any of the program’s benefits in ways
that would affect their status on the outcome dimen-
sions of interest.10 The subjects’ status on the outcome
dimensions is measured upon their selection into the
study and again after program exposure (long enough
after exposure that effects are expected to be visible).

The subjects’ preparticipation status serves as the
counterfactual. The design assumes that, without the
program, the individual’s preprogram status would not
change. If this assumption is valid, the before vs. after
difference represents the effect of the program.

A prime example of the “participants before vs. after”
design in FANP research is the work done by Yip et al.
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(1987) on anemia among preschool children. Yip and
his colleagues studied infants and preschool children
participating in WIC and contrasted hematocrit levels
at the time of admission into the program with levels
at a followup visit a few months later. The data
showed a marked decrease in anemia over the few
intervening months. Because the time frame was so
short, it is unlikely that the effects were attributable to
natural developmental processes or to long-term secu-
lar declines in anemia among American children.

When program effects are not expected to occur quickly,
the assumptions of the before vs. after design become
more tenuous because forces other than program par-
ticipation might cause changes in participants’ status.
For example, normal patterns of child development
involve substantial changes in many variables over rel-
atively short periods. A related issue is that some con-
ditions improve naturally over time without interven-
tion, a phenomenon known in medical treatment as
spontaneous remission and in some statistical circum-
stances as regression toward the mean.11 Many people
become eligible for means-tested programs because
they have experienced a temporary drop in income.
Over time, many such people have an improved income,
even if they do not enroll in a program. Accordingly, it
would be a mistake to assume that the program causes
such post-participation gains in income—or in any
conditions affected by income, such as many dimen-
sions of nutrition and health status.

General societal trends may also improve conditions of
a target population. These include not only long-term
trends, like the general reduction in nutrient deficien-
cies in the United States, but such short-term phenom-
ena as swings in the unemployment rate or changes in
Medicaid coverage. Any before vs. after period that
lasts more than a few months is potentially vulnerable
to such temporal effects, and seasonal effects can
sometimes occur within a few months.

Given this vulnerability, the participants before vs. after
design is useful mainly for evaluating impacts that are
expected to be fully visible within a brief period. If
temporal effects might also occur, the design can nei-
ther refute the possibility nor control for it statistically.

Although this design is usually applied prospectively,
it can be applied retrospectively if panel datasets pro-
vide appropriate information. The researcher must be
able to identify people who participated in the pro-
gram, determine when they began participating, and
have comparable measures of the key outcome dimen-
sions for both the pre- and post-program periods.

Quasi-Experiment 3: Comparing 
Participants to Nonparticipants Before 
and After Program Participation

This design (“participant vs. nonparticipant, before and
after”) combines the strengths of the two previous
quasi-experiments. It has less vulnerability to selection
bias than a simple comparison of participants to non-
participants and less vulnerability to bias from tempo-
ral effects than a before vs. after comparison.

In this design, outcomes for participants and nonpartici-
pants are measured once before participation begins and
again after the effects of participation are expected to be
visible. Conceptually, the program’s impact is estimat-
ed as the post-program difference in outcomes, sub-
tracting out the difference that already existed before
participation. This design is therefore commonly called
a difference in differences or double difference design.

In practice, this design is usually applied with multi-
variate modeling. The dependent variable in the model
is often the post-program outcome, with the pre-pro-
gram outcome measure as a predictor variable, along
with participation status. As in the regression adjust-
ment model discussed previously, the model adjusts
for the differing composition of the participant and
nonparticipant populations by incorporating covariates
that are expected to be related to the outcome measure
or to the likelihood of participation.

A noteworthy example of this design is a study con-
ducted by Kennedy and Gershoff (1982). The authors
compared changes in hemoglobin and hematocrit lev-
els of pregnant WIC participants and nonparticipants
between the first and final prenatal visits.

Although this variation is the strongest of the quasi-
experimental designs, it is rarely used to evaluate
ongoing entitlement or saturation programs. Because
the design calls for pre- and post-participation measures
on both participants and nonparticipants, data collection
can be complicated and very costly. Moreover, existing
national surveys or administrative datasets that collect
substantial amounts of nutrition and health outcome data
are cross-sectional rather than longitudinal in design.
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Quasi-Experiment 4: Time Series Analysis

Time series analyses are an important extension of
before-and-after studies that can be employed when
many observations of outcomes exist for periods
before and after program implementation. Unlike sim-
ple before-and-after designs, time series analyses take
trends into account. Observations that occur before the
program is in place are used to model outcome trends
in the absence of the program. The predicted trend rep-
resents the counterfactual, and is contrasted with the
trend actually observed after the program is in place.
The difference between the two trends is attributed to
the program.

The version of time series analysis that has been 
used in FANP research is the cross-sectional time
series. This approach uses time series on multiple
units, such as series for individual States or counties.
A good example is the study undertaken by Rush 
and colleagues (1988) to assess effects of the WIC
program. Taking advantage of the rapid growth of 
the WIC program in the 1970s, Rush and his col-
leagues conducted a time series analysis of the effect
of the program’s growth on birth outcomes. They 
related the growth of the WIC program between 1972
and 1980 in a large number of counties to county-
aggregate data on birth outcomes. The research 
strategy was based on the expectation that if WIC is
effective in improving birth outcomes, improvements
ought to be proportional over time to its expansion.
Using birth registration records and State WIC 
records, Rush found that the growth of WIC over this
period led to increased average birthweight, longer
average duration of gestation, and decreased fetal mor-
tality. These effects were over and above the secular
trends for this time period and were especially pro-
nounced for births to less-well-educated and minority
women. The analysis covered 19 States and almost
1,400 counties.

Unlike all of the preceding research designs, time
series analyses do not focus on outcomes for individ-
ual program participants. Rather, they focus on a more
broadly defined population that can be examined both
before and after the program is introduced. Because
the unit of aggregation in most data series is some
geographic unit, the analysis estimates the program’s
impact on the overall population of that area. Where a
data series is available for a relevant subpopulation,
such as low-income households or pregnant women,
the analysis can speak to the impact on that more spe-
cific target population.

Estimating impacts for the target population has both
advantages and disadvantages. An impact estimate for
the target population combines the program’s effec-
tiveness in reaching people (its penetration or partici-
pation rate) with its effectiveness in helping those it
does reach (the impact on participants). Because
FANPs are designed to ameliorate problems in speci-
fied target populations, this kind of analysis addresses
the question of how well the program is achieving its
ultimate objective. However, it risks the possibility
that a positive impact on program participants may be
so diluted by nonparticipants that it is invisible in the
analysis. If the data represent the entire population of
an area, including those outside the program’s target
population, the dilution problem is exacerbated.

Outcome Measures
Existing research has examined the impact of FANP
participation on a number of different outcomes. The
outcomes are logically sequential, as summarized
below, using the FSP as an example.

• Household food expenditures is the first outcome in
the sequence. The FSP, which provides earmarked
economic benefits, can be expected to have a direct
impact on the amount of money a household spends
on food.

• Household nutrient availability is the second out-
come. If a household increases the amount of money
it spends for food, it is expected to increase the
availability to household members of food energy
and at least some nutrients.

• Individual dietary intake is the next outcome in the
sequence. For the FSP, the hypothesis is that
increased availability of nutrients in the household
leads to increased nutrient intake by individual
household members. Programs like WIC and the
school nutrition programs, which provide specific
foods or meals to participants, are hypothesized to
have a direct impact on individual dietary intake.

• Measures of nutrition and health status other than
dietary intake, which FANP participation may influ-
ence through the above pathways. Such measures
include, for example, birth outcomes, nutritional bio-
chemistries, linear growth in children, and body
weight. Relatively recent research on the School
Breakfast Program has expanded this set of out-
comes to include measures of school and academic
performance.
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With the exception of the WIC program and the ENP,
relatively few FANP studies have examined the last
group of outcomes. Moreover, conclusions from stud-
ies that have examined these outcomes must be inter-
preted with caution. Establishing causality between
FANP participation and long-term nutrition and health
outcomes requires that data support a logical time
sequence. For long-term outcomes (measures that
develop over time, such as linear growth and body
weight), FANP participation must precede the outcome
for a reasonable period and be of sufficient intensity to
provide a plausible basis for a hypothesized impact. In
addition, reliable assessment of impacts on measures
such as linear growth and nutritional biochemistries
requires at least two measurements, one before partici-
pation and one after. Finally, nutrition and health status
are influenced by a complex interplay of diet, heredity,
and environment, making the task of determining the
specific impacts of FANPs on these long-term out-
comes a challenge.

A few studies have examined the impact of FANP par-
ticipation on health-related behaviors, including,
specifically, the impact of the WIC program on breast-
feeding and child immunizations and the impact of the
ENP on socialization among the elderly.

A potential limitation for all outcome measures used in
FANP research is the problem of measurement error.
Estimation of key outcomes—including household
food expenditures, household nutrient availability, and
individual dietary intake—involves collecting detailed
data over a day, multiple days, a week, or a month.
The data are subject to errors associated with respon-
dents’ abilities, cooperation, and recall. These errors
are assumed to affect participants and nonparticipants
in FANP studies equally; however, the overall effect is
a reduction in measurement reliability. In turn, reduced
reliability increases the likelihood that differences
between participants and nonparticipants will be
obscured (Rossi, 1998).

The next sections of this chapter describe key outcome
measures used in existing FANP research. Later pro-
gram-specific chapters also include some discussion of
the strengths and limitations of various outcome meas-
ures; however, the present chapter serves as the pri-
mary source of such information.

Household Food Expenditures

Most of the studies that have examined the impact of
FANP participation on household food expenditures

have focused on the FSP. However, a handful of stud-
ies have assessed impacts on food expenditures rela-
tive to participation in the WIC program, the National
School Lunch Program (NSLP), and the Nutrition
Assistance Program (NAP) in Puerto Rico.

Although studies of the impact of FANP participation
on food expenditures are conceptually similar, they
vary substantially in how food expenditures were
measured. Some studies were based on money spent
on food for at-home use over the course of a week (or
weekly food purchases), while others used the mone-
tary value of food eaten out of household supplies over
a week or a month. The former measure includes
expenditures for foods not necessarily eaten during the
week of purchase and excludes the value of foods used
from household inventories during the recall period.

Another important difference relates to whether the
measure considered expenditures only for food eaten
at home or total food expenditures, including meals
and snacks eaten away from home. Finally, some
measures included the value of purchased food only,
while others also included nonpurchased food (for
example, home-grown foods and food received as gifts).

Some researchers analyzed expenditures for the house-
hold as a whole, while others normalized expenditures
to account for the household’s size, its age/sex compo-
sition, meals eaten away from home, meals served to
guests, and/or economies of scale. Commonly used
approaches standardize food expenditures based on
“equivalent adults” (EAs), counting additional family
members less heavily because of economies of scale,
“adult male equivalents” (AMEs), counting family
members according to caloric requirements, and
“equivalent nutrition units” (ENUs), counting family
members according to caloric requirements and per-
centage of meals eaten at home. In general, the more
factors considered in normalizing expenditure data, the
better. That is, ENUs provide a more precise assess-
ment of expenditures per household member than the
more basic EA measure.

In examining the impact of FANP participation on
food expenditures, researchers have used both primary
data collection and secondary analysis of data collect-
ed in national surveys, such as the Consumer
Expenditure Survey (CES), the Panel Study of Income
Dynamics (PSID), the Nationwide Food Consumption
Survey (NFCS), and the Continuing Survey of Food
Intakes by Individuals (CSFII). The latter two surveys
are no longer conducted.
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Household Nutrient Availability

Assessment of household nutrient availability is based
on detailed records of household food use for an
extended period, usually 1 week. Information on quan-
tities of food withdrawn from the household food sup-
ply is translated into nutrient equivalents to represent
the food energy and nutrients available to household
members. Although household nutrient availability
excludes the nutrient content of food eaten away
from home, it is still an important measure because
the FSP is specifically intended to improve in-home
food consumption.

Nonetheless, nutrient availability at the household
level is not equivalent to nutrient intake at the individ-
ual level. The relationship between the two measures
is weakened by several considerations.

• Some household members will get nutrients from
foods eaten away from home.

• Some of the food used from household supplies is
wasted.

• Household members may unequally consume nutri-
ents from household food supplies, relative to their
needs, depending on their tastes and appetites.

Moreover, increased availability of food energy and
nutrients at the household level does not necessarily
translate into better diets—for example, lower intakes
of nutrients and food components that tend to be over-
consumed by many Americans (fat, saturated fat, cho-
lesterol, and sodium) or greater adherence to recom-
mended patterns of food intake (for example, eating
fruits and vegetables or whole grains). For these rea-
sons, one must examine the dietary intakes of individ-
ual household members to adequately assess nutrition-
related impacts of the FSP.

In assessing household nutrient availability, the
amount of energy and nutrients available in the foods
withdrawn from the household food supply is evaluat-
ed relative to the Recommended Dietary Allowances
(RDAs) and the household’s size and composition.
Household nutrient requirements are generally defined
based on adult male equivalents (AMEs), which take
into consideration the number of individuals in the
household and their differing nutrient requirements
based on age, gender, and pregnancy/lactation status,
or equivalent nutritional units (ENUs), which further
adjust for the number of meals each family member
eats at home and the number of meals served to guests.

All studies of impacts on household nutrient availabili-
ty have focused on the FSP. Research has included
both primary data collection and secondary analysis of
national survey data. Most of the secondary analyses
used data from the 1977-78 NFCS (low-income sup-
plemental sample) or data from a followup NFCS low-
income sample that was collected in 1979-80.

Individual Dietary Intake

A number of techniques can be used to assess individual
dietary intake (Thompson and Byers, 1994). In research
on FANP impacts, the technique used most often is a
single 24-hour recall or a single-day food record.
Some studies collected multiple days of data, ranging
from 2 to 7 days, using recalls, records, or a combina-
tion approach. Respondents usually reported on their
own intakes, but parents or other caregivers served as
proxy respondents for infants and young children.

Although all dietary data collection techniques have
limitations, it is generally accepted that the more days
of data available, the better the measure.12 In addition,
food records are generally believed to be more accurate
than recall-only methods because respondents, at least
in theory, record food intake on a prospective basis
rather than recalling it retrospectively and have the
opportunity to measure or carefully observe portions.
Food records impose a significant response burden,
however, and are particularly problematic for respon-
dents with limited literacy. Moreover, the need to record
food intake may alter respondents’ eating behavior. For
these reasons, recall-based data collection is preferred
for assessment of low-income populations.

The 24-hour recall has three key disadvantages. First
and most obvious, the method relies on memory,
which tends to be imperfect. Second, 24-hour recalls
have been shown to be subject to systematic underre-
porting by some subgroups, including individuals who
are overweight (Briefel et al., 1997) and the elderly
(Madden et al., 1976). Third, because intakes vary so
much from day to day in highly industrialized coun-
tries, such as the United States, a single day’s intake is
unlikely to be representative of the respondent’s usual
diet (Beaton, 1983).

The accuracy of 24-hour recall data can be improved
by careful, standardized interviewing techniques.
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Computer-assisted interviewing is one way to achieve
a high level of standardization. One of the first appli-
cations of computer-assisted 24-hour recalls was
developed for the third National Health and Nutrition
Examination Survey (NHANES-III) (McDowell et al.,
1989). The approach was refined and improved, based
on methodological research, to better engage respon-
dents in the interview process and to provide memory
cues for accurate recall of food and beverage con-
sumption (Moshfegh et al., 2001). A version of the
improved system was used to collect data for the
1994-98 CSFII, and the final version is being used to
collect data in NHANES-IV. A comparable system is
included in the Nutrition Data System (NDS), man-
aged by the Nutrition Coordinating Center (NCC) at
the University of Minnesota (NCC, 2001).

Recent guidelines for dietary assessment issued by the
Institute of Medicine (IOM, 2001) recommend that
studies examining dietary intakes of groups collect a
minimum of 2 nonconsecutive days or 3 consecutive
days of data for a subgroup of the population(s) being
studied. The additional data for the subgroup(s) can be
used to adjust intake distributions for day-to-day, with-
in-person variation (IOM, 2001).13 The adjustments
provide reliable estimates of usual energy and nutrient
intakes. These improved dietary assessment methods
are just beginning to appear in FANP research
(McLaughlin et al., 2002).

Nutrient estimates generated from dietary intake data
generally include only the nutrients provided by the
foods and beverages consumed. While studies may
collect information on use of vitamin and mineral sup-
plements, the contributions of supplements are seldom
included in the estimates.14 None of the studies
reviewed for this report included contributions from
supplements.

Comparison to Reference Standards

Most studies that have examined the impact of FANPs
on nutrient intakes assessed intakes in reference to

established intake standards rather than just comparing
raw intakes in kilocalories, milligrams (mg) or grams
(gm). At the time most of these studies were conduct-
ed, the standards used were the Recommended Dietary
Allowances (RDAs) (National Research Council
(NRC), 1989a). More recent studies have also used the
Dietary Guidelines for Americans (U.S. Departments
of Agriculture (USDA) and Health and Human
Services (HHS), 2000). A few studies used the Healthy
Eating Index (HEI) as a summary measure of dietary
quality (Kennedy et al., 1995). Each of these reference
standards is discussed in turn below.

Recommended Dietary Allowances. Most FANP
researchers compared mean intakes of participants and
nonparticipants, expressed as a percentage of age- and
gender-appropriate RDAs. Some researchers compared
the proportion of individuals in each group with
intakes below a defined cutoff, generally between 70
and 100 percent of the RDA. The latter approach is
less common, perhaps because an expert panel con-
vened in the early 1980s by USDA specifically recom-
mended against the use of fixed cutoffs relative to the
RDAs as a means of assessing the prevalence of inade-
quate intakes (NRC, 1986).

In assessing program impacts, researchers generally
deemed a significantly greater mean intake among par-
ticipants or a significantly greater percentage of partic-
ipants with intakes above a specified cutoff as evi-
dence of a positive program effect. Effects were char-
acterized as program participation leading to
“increased intake(s).”

Although these interpretations are common in the
available literature, differences in the mean percentage
of the RDA consumed, or in the proportion of individ-
uals consuming some percentage of the RDA, do not
provide information on the underlying question: Is the
percentage of FANP participants with adequate diets
different than the percentage of nonparticipants with
adequate diets? Even when mean nutrient intake of a
group approximates or exceeds the RDA, significant
proportions of the population may have inadequate
intakes. On the other hand, use of RDA-based cutoffs
seriously overestimates the proportion of a group at
risk of inadequate intake because, by definition, the
RDA exceeds the needs of nearly all (97-98 percent)
healthy individuals in the group (IOM, 2001).

Thus, the available research provides an imperfect pic-
ture of both the prevalence of inadequate intakes and
the substantive significance of differences in intakes of
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13Adjustment of intake distributions is necessary to develop accurate
estimates of the proportion of the population with inadequate intakes. If
research goals are limited to estimates of mean intake for each group, addi-
tional days of data are not necessary as long as sample sizes are sufficient
(IOM, 2001).

14This trend may be changing. There is increasing interest in basing
assessment of nutrient intake on complete intake data, including vitamins
and minerals provided by supplements. However, because supplement use
can be intermittent and because most extant data have inconsistent refer-
ence time periods for dietary intake data and supplement data (previous 24-
hours vs. use during preceding month or week), combining the two sources
of data is not a straightforward task.



FANP participants and nonparticipants. That is, the
available data provide information on whether FANP
participants have “increased intakes” of food energy or
key nutrients relative to nonparticipants but do not
provide any information on whether these differences
affect the likelihood that FANP participants consume
adequate amounts of food energy or nutrients.

This imperfect picture of the risk of inadequacy reflects
a limitation in the reference standards and dietary assess-
ment methods available when most of the existing FANP
research was conducted, rather than shortcomings in
the research per se. This limitation has been addressed
in the Dietary Reference Intakes (DRIs), a revised set
of nutrient intake standards that has replaced the
RDAs (IOM, 1999, 2000a, 2000b, 2002a, 2002b).

The development of the DRIs has led to statistically
based guidance on estimating the prevalence of inade-
quate intakes of population groups (IOM, 2001). The
recommended approach, referred to as the “EAR cut-
point method,” differs in two important ways from the
approach used in previous research. First, assessment
of adequacy is based on the Estimated Average
Requirement (EAR) rather than the RDA. The EAR is
the level of intake estimated to meet the requirements
of half of the healthy individuals in a given gender and
life-stage group.15 It was developed specifically to
provide a better standard for assessing the adequacy of
nutrient intakes than is possible with the RDA.

Second, assessment is based on estimates of usual
rather than observed intakes. As discussed above, esti-
mation of usual intakes requires collecting 2 noncon-
secutive or 3 consecutive days of intake data for a sub-
group of the population(s) under study. These data are
then used to adjust the distribution of intakes to
remove within-person variation and better represent
usual intake patterns.

Compared with estimates from previous research, the
recommended approach to estimating the prevalence of
inadequate intakes is likely to yield lower estimates of
the prevalence of inadequacy because, as noted, using
the RDA as a reference point for assessing adequacy

always leads to an overestimation of the problem
(IOM, 2001).16 Similarly, using observed intakes
rather than usual intakes tends to overestimate the per-
centage of individuals falling below a given cutoff
because the distribution of observed intakes is usually
wider than the distribution of usual intakes.

At the time this report was finalized, only one FANP
study had used the EAR cut-point method to estimate
the effect of FANP participation on the prevalence of
inadequate intakes (McLaughlin et al., 2002).
Applying the EAR, in combination with data on usual
intakes, is not as straightforward as one might expect
because (1) the procedures used to estimate usual
intakes adjust distributions rather than individual esti-
mates and (2) the IOM specifically cautions against
using a binary variable to represent inadequacy in a
standard regression model (IOM, 2001). The DRI
applications report outlines an analysis strategy for
assessing the impact of FANP participation on the
prevalence of inadequate intakes (IOM, 2001).

Dietary Guidelines for Americans. The Dietary
Guidelines for Americans (DGAs) were developed
specifically to provide consumers with recommenda-
tions that could be used to plan healthful diets
(USDA/HHS, 2000). The DGAs have been revised
over the years but have always stipulated moderate
intake of fat, saturated fat, cholesterol, and sodium.

Relatively few FANP studies have used the DGAs to
assess dietary intakes of program participants vs. non-
participants. Most research that has used the DGAs
compared intakes of total fat and/or saturated fat, as a
percentage of total energy intake, to DGA recommen-
dations. Because early versions of the DGAs did not
include quantitative recommendations for cholesterol
and sodium intake, most studies used recommenda-
tions from the NRC, which include a maximum of 300
mg per day for cholesterol and a maximum of 2,400
mg per day for sodium (NRC, 1989b). The NRC rec-
ommendations for these two nutrients, which were
incorporated into guidelines for nutrition labeling, are
the ones now included in the DGAs.

The DRIs have defined a new reference standard for
intake of total fat, referred to as an Acceptable
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15For some nutrients, most notably calcium, available data were insuffi-
cient to establish an EAR. In these instances, a different DRI—an
Adequate Intake or AI—was established. The AI is a level of intake that is
assumed to be adequate, based on observed or experimentally determined
estimates of intake. The DRIs also define ULs (Tolerable Upper Intake
Levels) for selected nutrients. The UL is the highest intake likely to pose
no risk of adverse health effects. The DRI applications report provides
guidance on appropriate uses of AIs and ULs in assessing nutrient intakes
of groups (IOM, 2001).

16For some nutrients, the estimated prevalence of inadequate intakes
would be lower even if the old approach was replicated using the latest
RDAs because the new RDAs for some nutrients differ substantially from
previous RDAs. For example, for children ages 1-3, the 1989 RDAs for zinc
and vitamin C were, respectively, 10 mg and 40 mg. The new RDAs for
these nutrients are substantially lower, at 3 mg (zinc) and 15 mg (vitamin C).



Macronutrient Distribution Range (AMDR) (IOM,
2002b). AMDRs have also been defined for carbohy-
drates, protein, and specific types of polyunsaturated
fatty acids. AMDRs have not been defined for saturat-
ed fat or cholesterol because these dietary components
have no known beneficial effect in preventing chronic
disease and are not required at any level in the diet
(IOM, 2002b). DRIs for electrolytes, including sodi-
um, are currently in development (IOM, 2003).

The Healthy Eating Index. Very few FANP studies
have examined impacts of FANP participation on the
HEI. Developed by USDA’s Center for Nutrition
Policy and Promotion (CNPP), the HEI is a summary
measure of overall diet quality (Kennedy et al., 1995).
It is based on 10 component scores, all of which are
weighted equally in the total score. The component
scores measure different aspects of a healthy diet,
based on current public health recommendations. Five
of the component scores are food-based and evaluate
food consumption compared with the recommenda-
tions of the Food Guide Pyramid for grains, vegeta-
bles, fruits, dairy, and meat (USDA/CNPP, 1996). Four
component scores are nutrient-based and assess com-
pliance with the DGA recommendations for intake of
fat and saturated fat (USDA/HHS, 2000), as well as
with the NRC recommendations for intake of choles-
terol and sodium (NRC, 1989b). The 10th component
score is food-based and assesses the level of variety in
the diet. Dietary variety is stressed in the Food Guide
Pyramid, the Dietary Guidelines, and the NRC’s diet
and health recommendations (Basiotis et al., 2002).

Health-Related Behaviors

Breastfeeding

A handful of studies have examined breastfeeding ini-
tiation and duration among WIC participants and non-
participants. Initiation is generally defined as ever hav-
ing breastfed, regardless of frequency or duration.
Duration is measured as total length of time and/or as
the percentage of mothers who breastfed for 6 months
or more.

Socialization Among the Elderly

The ENP was designed to address the psychological
and sociological needs of the elderly as well as their
nutritional needs. Studies that have compared social-
ization among ENP participants and nonparticipants
have used two different approaches. Two studies clas-
sified respondents based on a five-point isolation
index: (1) living alone, (2) reporting having too few

friends, (3) having no one to confide in, (4) having
children that do not visit them, and (5) feeling lonely
more often. A third study defined socialization based
on number of social contacts (with relatives and/or
friends) per month.

Other Measures of Nutrition 
and Health Status

While the majority of studies of the impact of FANPs
on nutrition- and health-related outcomes have focused
on food expenditures, household nutrient availability,
and/or individual dietary intake, some studies have
examined impacts on longer term measures of nutri-
tion and health status. The most studied outcome in
this group is birthweight (and related measures). Others
include measures of food sufficiency/security/insecuri-
ty, nutritional biochemistries, linear growth in chil-
dren, body weight, and school/academic performance.

Birthweight and Related Measures

Impacts of FANP participation on birthweight—perhaps
the most fundamental measure of nutrition and health
status in infants—has focused almost exclusively on
the WIC program. This is an obvious and appropriate
focus, given that one of the issues WIC was specifical-
ly designed to address is birth outcomes among low-
income pregnant women. Note, however, that birth-
weight reflects multiple influences exerted both before
and during a pregnancy. These include, but are not
limited to, maternal health and nutrition, intrauterine
exposures (tobacco, drugs, alcohol), and genetic factors.

Compared with the measures discussed in the previous
sections, reliable and complete data on birthweight,
which is routinely measured at birth and recorded on
the birth certificate, is easy to collect. However, proper
interpretation of data on birthweight depends on relat-
ing birthweight to the expected weight for the infant’s
gestational age (duration of pregnancy). Infants who
are below the expected weight are classified as having
intrauterine growth retardation (IUGR). IUGR infants
are at increased risk for adverse birth outcomes, com-
pared with those of low birthweight whose weight is
appropriate for their gestational age. Infants born at
full term (39+ weeks) with a birth weight of less than
2,500 gm (5.5 pounds) are classified as IUGR.

Another issue that affects interpretation of data on
birthweight is the simultaneity of WIC participation
and gestational age. Women who deliver early have
less chance of enrolling in WIC than women who go
to term. Consequently, both the decision to participate
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in WIC and the length of participation are inexorably
linked with gestational age, an important predictor of
most birth outcomes. Moreover, women who enroll
late in pregnancy will automatically have better out-
comes than other women by virtue of their increased
gestation. This simultaneity means that assessments of
the impact of WIC on birthweight that rely on a binary
indicator of participation are likely to overstate the
impact of the program. Moreover, because the duration
of WIC participation is also simultaneous with gesta-
tional age, a traditional dose-response approach
employed by several studies—estimating WIC impacts
based on number of months of WIC participation—is
not a viable solution to the problem.

Gordon and Nelson (1995) studied several approaches
to addressing the relationship between the timing of
WIC enrollment and gestational age. These approaches
included omitting very late WIC enrollees (enrolled
after the eighth month), including gestational age as an
independent variable in the birthweight regression, and
defining several cohorts of WIC participants by gesta-
tional age (pregnancy duration) at the time of WIC
enrollment. The authors found, however, that these
approaches systematically underestimated the impact
of WIC and suggested that results from analyses using
a binary indicator (participant vs. nonparticipant) and
results of analyses that compare various cohorts of
WIC participants (e.g., early vs. late enrollees) bound
the likely magnitude of the effect.

Food Security

In 1997, USDA released the 18-item Federal food secu-
rity module, the currently accepted standard for measur-
ing household and individual food security (Price et al.,
1997; Bickel et al., 2000). Studies completed before
1997 used one or more of the questions included in the
early food security assessment work done by Wehler et
al. (1991) and by Radimer and her colleagues at Cornell
University (1992). Studies completed after 1997 used
either the early questions or the 18-item module.

Nutritional Biochemistries

Several studies have examined the impact of FANP
participation on blood levels of key nutrients. The
nutrient studied most often is iron. Iron deficiency is
the most common known form of nutritional deficien-
cy, affecting the entire age span from infancy to old
age. In infancy and early childhood, iron deficiency is
an especially important problem that may be associated
with anemia as well as with delayed psychomotor
development (de Andraca et al., 1997).

Impacts on nutritional biochemistries are best assessed
using a design that compares participants (and poten-
tially nonparticipants) before and after FANP partici-
pation. As described earlier, Yip and his colleagues
(1987) conducted a widely recognized study of the
impact of WIC on the prevalence of anemia among
young children, using a classic “participants, before
vs. after” design.

Studies that rely on single measures of iron status (or
other nutritional biochemistries) are subject to signifi-
cant selection bias, particularly WIC studies because
low blood levels of iron and other nutrients are used to
define eligibility for WIC participation.

Linear Growth in Children

One of the most fundamental measures of health status
in preschool children is the attainment of normal
growth. Failure to attain normal linear growth (stunt-
ing) is a highly sensitive indicator of underlying nutri-
tional deficits or other health problems. Height-for-age
is used to assess the adequacy of linear growth, rela-
tive to growth curves established by the Center for
Disease Control and Prevention (CDC) (Kuczmarski et
al., 2002). Height-for-age below the fifth percentile is
indicative of growth retardation (HHS, 2000).

Similar to nutritional biochemistries, proper assess-
ment of the impact of FANP participation on measures
of linear growth in children requires at least two meas-
urements, ideally collected for both treatment and con-
trol groups (World Health Organization, 1995). For
example, children of Asian descent, many of whom
came into the United States as refugees in the late
1970s and early 1980s, had an increased prevalence of
growth stunting relative to other children in the WIC
program. Over time, coincident with participation in
WIC, the prevalence of stunting decreased significant-
ly to levels approaching those of other low-income
children served by WIC (Yip et al., 1993).

Body Weight

The substantial increase in the prevalence of over-
weight and obesity in the United States over the past
several decades has heightened interest in this aspect
of nutritional status among low-income Americans.
Few studies have attempted to estimate the impact of
FANP participation on this indicator, and none has
studied the issue adequately. Development of over-
weight and obesity is a complex process that takes
place over a long period and is influenced by a number
of factors other than dietary intake, including levels of
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physical activity/inactivity and genetics. Moreover,
low-income and food-insecure individuals are more
likely to be overweight or obese than higher income
and food-secure individuals. This confounding makes
it difficult to assess relationships between these char-
acteristics using cross-sectional data.

For adults, overweight and obesity are defined based
on body mass index (BMI), a measure of the relation-
ship between height and weight that is commonly
accepted for classifying adiposity (or fatness) in adults
(CDC, 2003).17 For adults, a healthy weight is defined
as a BMI of at least 18.5 but less than 25. Overweight
is defined as a BMI between 25 and 30, and obesity as
a BMI of 30 or more. A BMI of less than 18.5 indi-
cates extreme thinness or underweight.

Classifying children as overweight is fundamentally
different from classifying adults (Cole, 2001). Adults
have traditionally been classified as overweight based
on life insurance mortality data and data relating
weight status to morbidity and mortality (Troiano and
Flegal, 1998). These criteria cannot be used to define 

overweight in childhood, however, because childhood
mortality is not associated with weight, and weight-
related morbidity in childhood is too infrequent to
define meaningful cutoffs (Cole, 2001). Therefore,
children are classified as overweight by comparing
their weights and heights with appropriate reference
populations. For children, overweight is defined as a
BMI at or above the 95th percentile on CDC growth
charts, which define BMI percentile distributions by
age and gender (CDC, 2003). Children with BMIs
between the 85th and 95th percentiles are considered
to be at risk of overweight.

School Performance

A relatively recent body of research has examined
impacts of breakfast consumption on school perform-
ance. Virtually all of these studies have evaluated the
issue within the context of demonstration projects of
“universal free” school breakfast programs—that made
breakfast available to all students free of charge,
regardless of household income. Measures examined
include attendance and tardiness, academic achieve-
ment—generally measured with standardized test
scores—cognitive functioning, student behavior, and
referrals to school nurses.
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