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abstractBACKGROUND AND OBJECTIVES: The Special Supplemental Nutrition Program for Women, Infants, and
Children (WIC) prevents food insecurity and supports nutrition for more than 3 million low-
income young children. Our objectives were to determine the cost-effectiveness of changes to
WIC’s nutrition standards in 2009 for preventing obesity and to estimate impacts on socioeco-
nomic and racial/ethnic inequities.

METHODS: We conducted a cost-effectiveness analysis to estimate impacts from 2010 through
2019 of the 2009 WIC food package change on obesity risk for children aged 2 to 4 years
participating in WIC. Microsimulation models estimated the cases of obesity prevented in
2019 and costs per quality-adjusted-life year gained.

RESULTS: An estimated 14.0 million 2- to 4-year old US children (95% uncertainty interval (UI),
13.7–14.2 million) were reached by the updated WIC nutrition standards from 2010 through
2019. In 2019, an estimated 62700 (95% UI, 53900–71100) cases of childhood obesity were
prevented, entirely among children from households with low incomes, leading to improved
health equity. The update was estimated to cost $10600 per quality-adjusted-life year gained
(95% UI, $9760–$11700). If WIC had reached all eligible children, more than twice as many
cases of childhood obesity would have been prevented.

CONCLUSIONS: Updates to WIC’s nutrition standards for young children in 2009 were estimated
to be highly cost-effective for preventing childhood obesity and contributed to reducing socio-
economic and racial/ethnic inequities in obesity prevalence. Improving nutrition policies for
young children can be a sound public health investment; future research should explore how
to improve access to them.
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WHAT’S KNOWN ON THIS SUBJECT: Changes to the
Special Supplemental Nutrition Program for Women,
Infants and Children (WIC) in 2009 improved diet quality
for WIC participants and reduced the risk of obesity for
2- to 4-year-old participants.

WHAT THIS STUDY ADDS: We estimate the cost
effectiveness of the 2009 changes for preventing
childhood obesity and reducing racial/ethnic and
socioeconomic disparities using a microsimulation model
over 10 years; we also estimate the hypothetical impact of
full WIC participation.
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During the period of rapid development in early childhood,
ensuring children can access healthful foods, with the critical
nutrients needed for healthy growth, is essential.1 To protect
infants and young children from the nutritional risks associ-
ated with poverty, the United States has used, since 1972,
the Special Supplemental Nutrition for Women, Infants, and
Children (WIC) program.2 WIC provides nutritional assis-
tance to pregnant, postpartum, and breastfeeding mothers
and their children up to age 5 years; to be eligible, families
must have household incomes at or below 185% of the fede-
ral poverty line (FPL) and be considered at nutritional risk.3

An estimated 6.2 million people participate in WIC nation-
wide, approximately 3.4 million of whom are young children4;
even so, the program is underused, reaching only half of those
who are eligible, and participation among eligible individuals
varies widely by state.5 WIC has been associated with im-
proved birth outcomes,6 better child cognitive and academic
outcomes,7 and a reduced risk of food insecurity.4,8

Although WIC was developed in an era when inadequate
nutrition was a primary concern, the children whose lower
household incomes make them eligible for WIC have been
disproportionately at risk for a relatively newer nutrition-
related health threat: excess weight gain for healthy growth,
or childhood obesity.9,10 Traditionally, WIC’s food package
(the list of foods and beverages that could be obtained with
WIC vouchers) had been designed to ensure basic nutritional
adequacy for young children at low cost, not to prevent obe-
sity. In 2009, however, the US Department of Agriculture
(USDA), which administers WIC, modified the WIC food
package to promote foods that would continue to support
nutritional adequacy while also reducing future chronic dis-
ease risk.11 As a result, the quantities of juice that could be
purchased with WIC benefits were decreased, whole grain
breads were required, and a cash-value voucher for purchas-
ing fruits and vegetables was added. These changes to the
food package led to increases in WIC recipients’ fruit and
vegetable consumption, reductions in juice consumption, and
reductions in caloric intake,12–16 and were also associated
with reductions in childhood obesity risk.17–19

However, it is unclear whether these changes were cost-
effective for preventing childhood obesity. As further food
package changes are considered,20 it is important to under-
stand the cost-effectiveness of the initial changes, as well
as their impact on socioeconomic and racial/ethnic disparities
in obesity risk. Additionally, given the substantial declines
in retention in WIC as children age and large differences in
WIC coverage across states,21 and the prioritization of address-
ing underparticipation as a policy goal,22 it is also important to
consider what impact these changes could have had if WIC
fully reached all eligible children. This study aims to estimate
the implementation costs of the 2009 WIC package change
and the cost-effectiveness of the package change for preventing
cases of childhood obesity among young children in house-
holds with low incomes.

METHODS

Study Design

This cost-effectiveness analysis study used the Childhood
Obesity Intervention Cost Effectiveness Study (CHOICES)
methodology, which has been applied to assess the cost-
effectiveness of several childhood obesity prevention policies
and programs.23–26 The CHOICES approach involves: a key
partner engagement process to identify policies and programs
for modeling; a systematic evidence review process to identify
model inputs for a given policy’s or program’s effects on
child weight, costs to society, and population reach; and a
microsimulation model to estimate potential impacts on
childhood obesity, population reach, implementation costs,
and healthcare cost savings over a 10-year period.

Intervention

Advisory partners suggested evaluating the cost-effectiveness
of the 2009 WIC package changes for childhood obesity
prevention. Specifically, we evaluated the changes to the
WIC food package for 1- to 4-year-old children, which resulted
in WIC benefits being directed toward less juice, cheese, and
eggs and more whole grains, as well as a change to low-fat
or nonfat milk and the addition of a cash value voucher for
fruits and vegetables.11

Identification of Model Inputs

Effect

Although the food package targets 1- to 4-year olds, we
focused on outcomes for 2- to 4-year-old children because
obesity prevalence is not calculated by WIC in 1-year-old
children. To project the impact of the package changes on
childhood obesity risk, we used estimates from a natural
experimental study, using an interrupted time series analy-
sis that tested how the introduction of the 2009 package
change was associated with changes in time trends in
obesity.17 This analysis found that, although before 2009 the
prevalence of obesity among WIC-participating 2- to 4-year
olds was increasing steadily (by 0.23 percentage points per
year), after the package change was implemented the preva-
lence of obesity started significantly declining by an estimated
–0.34 percentage points per year. These results are consistent
with other localized evaluations of the impact of the package
change on childhood obesity.18 We used state-level estimates
of the national impact on childhood obesity to account for
strong state-by-state variation.

Reach

To estimate the population reached by the package change,
we used estimates of the number of children who are eligible
for WIC and the number and percentage of eligible children
who participate in WIC in each state from administrative
data released by USDA Food and Nutrition Services. Given that
enrollment in WIC among eligible children varies substantially
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by child age, race/ethnicity, and state, we used age-, race/
ethnicity-, and state-stratified estimates of participation.27–30

We assumed WIC eligibility among 2- to 4-year-old children
based on household income eligibility (ie, children in house-
holds with incomes at or below 185% of the FPL were eligible)
given that nearly all income-eligible children are classified
as being at “nutritional risk.”21,31

Costs

We used standard costing methodological approaches to
estimate the incremental costs associated with implementa-
tion of the 2009 WIC food package change compared with no
change.32,33 We used a modified societal perspective, taking
into account labor costs, opportunity costs, and equipment
costs related to the food package changes. This involved
accounting for costs at: (1) the federal level, where the
program is partly administered; (2) state WIC agencies,
which are largely responsible for implementing WIC poli-
cies and programs; and (3) WIC retailers (ie, supermarkets,
grocery stores, corner stores, and pharmacies that are eligi-
ble to sell foods and beverage to WIC participants).34 Of
note, there was no estimated difference in the cost of the
foods themselves for the WIC program given that the 2009
package change, which was designed to be cost-neutral, has
not been found to increase the cost of the average recipi-
ent’s food package.35 Costs were derived from searches of
administrative reports and from personal communications
with WIC agency staff. Labor costs were estimated using
data from the Bureau of Labor Statistics.36,37 Costs are dis-
counted at 3% annually, adjusted for inflation, and reported
in 2019 US dollars. More details on model inputs can be
found in the Supplemental Information.

Microsimulation Model

Using these data on the cost, population reach, and effec-
tiveness of the WIC food package change, we then used the
CHOICES microsimulation model to estimate outcomes re-
lated to childhood obesity for the US population from 2010
through 2019 associated with the package change, along
with estimates of uncertainty for each outcome. The micro-
simulation model leverages detailed data from multiple na-
tionally representative datasets to simulate the experiences
of individuals in the US population related to height/weight
trajectories and health, accounting for projected population
growth.38 The model assumes a 1-time effect from the in-
tervention, and then calculates expected body mass index
(BMI) trajectories moving forward in childhood from that
initial BMI change. The model estimates health care costs
associated with each unit change of BMI using age- and sex-
specific estimates derived from the Medical Expenditure Panel
Survey.39 The model also estimates gains in quality-adjusted
life years (QALYs), which are a measure of health benefit
in terms of both quantity and quality of life lived. QALYs
are used to estimate a cost-effectiveness metric, cost per

QALY, and enable comparisons with the cost-effectiveness
of other interventions. QALYs were estimated using pub-
lished estimates of the relationship between weight cate-
gory and health-related quality of life by sex and age
group for children40 and adults.41,42 For children, a recent
meta-analysis40 calculated the decrement in health-related
quality of life weights linked with overweight and obesity
using a variety of measures. We also used published13

adult weights, which use nationally representative health
care expenditure data,41 to calculate weights for children,
making use of the strong relationship between child and
adult weight status. When compared with the first set of
weights, results were similar; thus, we chose to use the
weights based on more representative data. More details
on the calculation of QALYs can be found elsewhere43 and
in the Supplemental Information. To account for uncertainty
in model inputs, we calculated 95% uncertainty intervals
(UI), using 1000 Monte Carlo iterations for a simulated na-
tionally representative population of 1 million individuals.
Further details on the CHOICES microsimulation model are
available in the Supplemental Information.

We used the microsimulation model to estimate 10-year
population reach, implementation costs, QALYs gained, health
care costs saved per dollar invested, cost-per-QALY, and the
number of cases of childhood obesity prevented just in the
year 2019, under 2 scenarios: (1) “historical” implementation,
in which the benefits of the WIC package change would only
accrue to children who actually participated (primary
scenario); and (2) “full” implementation, in which we
estimated what benefits society could have seen if all
eligible children had participated in WIC (secondary sce-
nario). We also projected whether the WIC program might
have impacted socioeconomic and income-related racial/
ethnic disparities in childhood obesity by comparing the
percentage point differences in obesity prevalence between
(1) children in poverty and children with household income
at or above 350% FPL and (2) non-Hispanic white children
compared with non-Hispanic Black and Hispanic children
that would have been expected with and without the pack-
age change.

RESULTS

Primary Scenario

From 2010 through 2019, the model estimated that 14.0 million
2- to 4-year-old children (95% UI, 13.7–14.2 million), all
from households with low income, were reached by the
WIC package change (Table 1). The WIC package change is
estimated to have prevented 62700 cases of childhood
obesity in the year 2019 alone (95% UI. 53900–71100).
Combining data on implementation costs with health care
cost savings attributable to the prevented cases of child-
hood obesity, the WIC 2009 package change is estimated to
have saved $0.27 in health care costs per dollar invested
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(95% UI, $0.27–$0.28) and cost $10600 per QALY gained
(95% UI, $9760–$11700).

The WIC 2009 package change is also estimated to have
narrowed income-related disparities in childhood obesity
prevalence (Fig 1). Because the program is targeted only
to children from households with low incomes, the cases
of obesity estimated to have been prevented were entirely
concentrated among these children, with an estimated
196 cases and 188 cases prevented per 100000 children
for children with household incomes at or below 130%
and between 131% to 185% of the FPL, respectively, and
no change predicted for the highest income group. This re-
sulted in the gap in obesity prevalence between children
in poverty compared with children with family incomes at
or above 350% of the FPL shrinking by 4.5%. Similarly,
because WIC participants are more likely to identify as
Black or Hispanic than white, reductions in disparities by
race/ethnicity were also observed, with 126 cases of
childhood obesity prevented per 100000 for Black children

and 183 cases prevented per 100000 for Hispanic children,
compared with 33 cases per 100 000 prevented for White
children.

Secondary Scenario

Meanwhile, we estimate that if there had been complete par-
ticipation in WIC among eligible 2- to 4-year olds, 29.6 million
children (95% UI, 29.0–30.0 million) (ie, an additional
15.6 million) would have been reached in this 10-year
period, and that 145000 cases of childhood obesity (95%
UI, 125000–166000) could have been prevented in 2019
(Table 1). Complete participation would have resulted in
similar implementation costs to the primary scenario (because
most costs were incurred at the agency and retailer levels,
and thus would not depend on the number of WIC partici-
pants) but with more overall health care cost savings ($161
million; 95% UI, $157–$165 million for full participation
compared with $67.6 million; 95% UI, $65.7–$69.6 million
for the historical model), resulting in lower net costs to

TABLE 1 Projected 10-Year Cost-Effectiveness Outcomes (Mean and 95% Uncertainty Intervals) of the 2009 WIC Food Package Change, 2010–2019

Historical Model Full Participation Model

Children reached by the intervention (million)a 14.0 (13.7–14.2) 29.6 (29.0–30.0)

Implementation costs (million) $248 ($247–$248) $248 ($247–$248)

Implementation cost per child reached by the intervention $17.70 ($17.40–$18.10) $8.36 ($8.24–$8.52)

Healthcare costs saved (million) $67.6 ($65.7–$69.6) $161 ($157–$165)

Health care cost savings per dollar invested $0.27 ($0.27–$0.28) $0.65 ($0.63–$0.67)

Net costs (million) $180 ($178–$182) $86.8 ($82.7–$90.6)

Total cases of childhood obesity prevented in the year 2019 alonea 62 700 (53 900–71 100) 145 000 (125 000–166 000)

Cost per quality-adjusted life year gained $10 600 ($9760–$11 700) $2180 ($1980–$2430)

All costs and health outcomes are discounted at 3% annually unless otherwise noted; costs are reported in 2019 US dollars.
a Not discounted.
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FIGURE 1
Projected cases of childhood obesity prevented per 100 000 people in 2019 attributable to the WIC package change in historical and full participation scenarios,
by household income status and race/ethnicity.
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society of $86.8 million (95% UI, 82.7–90.6 million). Subse-
quently, this would have resulted in higher health care cost
savings per dollar invested ($0.65; 95% UI, $0.63–$0.67)
and a substantially lower cost per QALY gained ($2180
per QALY; 95% UI, $1980–$2430). If all income-eligible
children had been reached, the gap in obesity prevalence
between children in poverty compared with children with
family incomes at or above 350% of the FPL would have
shrunk by 6.0%.

DISCUSSION

In this study, we projected that the 2009 changes to the
WIC food package were highly cost-effective for preventing
childhood obesity and improved health equity. Updating the
food package is estimated to have prevented nearly 60000
cases of childhood obesity in the year 2019 alone, entirely
among children living in households with low income, and
to have been a good investment for health, at a cost-per-QALY
of $10600. This cost-per-QALY is well below most established
willingness-to-pay thresholds, which typically range from
$50000 to $150000 per QALY in the United States.44,45

Furthermore, the package change is estimated to have
narrowed socioeconomic gaps in obesity prevalence. As
policymakers consider strategies to improve health and
promote health equity, our analyses show that updating
nutrition standards for this critical food assistance program—
one that reaches millions of young children with low incomes
and provides a range of benefits for healthy development—
was likely a beneficial and cost-effective policy.

Furthermore, this study found that the population health
benefits could have been more than doubled, while resulting
in similar implementation costs, if WIC had been able to
reach all eligible 2- to 4-year-old children. In other words,
the United States missed out on preventing an additional
82300 cases of childhood obesity in 2020 because of WIC’s
not reaching all eligible preschool-aged children. In turn,
payers of health care costs in the United States, including
public and private insurance and families, missed out on
saving an additional $93.4 million in health care costs.
Diminished retention in the WIC program as children age,
dropping from nearly 100% coverage of eligible infants to
only 25% coverage of eligible 4-year olds,21 is a critical con-
cern for WIC.22 Children and families cannot receive the nu-
merous economic, health, and developmental benefits of the
WIC program if they are not participating in the program in
the first place.

Our results suggest 2 key considerations for leveraging
WIC to promote eating patterns that help equitably prevent
chronic disease and obesity. First, policy efforts to further
improve the nutritional quality of the WIC food packages
are needed. The results from the 2009 package change for
population health are promising. However, surveillance
data of obesity in WIC preschool-aged children suggests a
leveling off of the decline in obesity prevalence,46 suggesting

that the 2009 food package changes may have had all of
the impact they can. The USDA, using science-based rec-
ommendations from the National Academy of Medicine, re-
cently proposed regulations to update the WIC package
change further, including making a change introduced dur-
ing the COVID-19 pandemic to increase the benefit amount
for the fruit and vegetable cash-value voucher permanent.
Such changes to strengthen WIC’s nutritional offerings
might further benefit population health. Second, more re-
search and action are needed to better understand how to
improve WIC’s reach. Existing research suggests that re-
duced satisfaction with the food package for children plays
a role, particularly for families whose cultural food tradi-
tions do not align with foods in the package (eg, families
who do not consume dairy or cold breakfast cereal).47,48

Experiencing stigma while shopping with WIC benefits has
also been cited as a potential reason, with confusion and
mislabeled items in WIC-participating retailers contribut-
ing to these experiences.49 Mechanisms to streamline and
use electronic apps and tools for WIC to address some of
these issues, such as smartphone apps to help identify
WIC-eligible products in-store47,50 and the use of electronic-
benefit-transfer cards,51 have had promising effects.52 Fur-
ther evaluation of strategies to help keep eligible partici-
pants enrolled throughout their eligibility period is needed.

There are several limitations to this study. Because it
is not possible to randomize children to receive WIC ben-
efits, the evidence we used for the effect of the WIC pack-
age change on child BMI is subject to bias. It is possible
that the association between the WIC package change
and decreased obesity prevalence over time is due to com-
positional changes in the WIC population or some other
population-wide effect. However, the original analysis used
for the BMI effect in this paper adjusted for changes in soci-
odemographic composition of the WIC population over time
and also accounted for changes in economic conditions over
time17; moreover, the findings of a change in dietary intake
and weight status related to the 2009 WIC package change
have been consistently replicated across multiple studies
and contexts.12–14,18 Other obesity prevention interventions,
such as breastfeeding or physical activity interventions,
could also have theoretically influenced childhood obesity
among WIC 2- to 4-year olds, though such influences have
not been quantified. Other limitations related to data avail-
ability include a lack of data on whether there were differ-
ential effects of the WIC package change by race/ethnicity—
our model estimates of disparities changes are based solely
on the fact that WIC is used by relatively higher proportions
of Black and Hispanic children, not on estimated differences
in effect size—and a lack of data about the administrative
costs required for increasing WIC participation in our second-
ary scenario. A further limitation is that this cost-effectiveness
model focuses solely on obesity prevention and does not
consider other potential impacts on child health that may
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have resulted from the WIC package change. For example,
it is unknown whether the package change had any impacts
on children’s cognitive development.

CONCLUSIONS

The WIC 2009 food package change is estimated to have
reduced childhood obesity for children in households with
low income and to be highly cost-effective while improving
health equity. WIC’s beneficial impact could be expanded by
identifying strategies to increase enrollment and improve
retention in the program.
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