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Abstract

This study aims to assess the effectiveness of the WIC program at improving children’s dietary
quality and to evaluate whether the 2009 food benefit revision further improved the WIC program.
A sample of 1,753 children aged between 2 to 4 years from the 2005-2008 and 2011-2016
NHANES was analyzed using a propensity score weighted difference-in-difference approach.
Results show that WIC-participating children scored 2.98 points higher (SD: 0.89; A<0.01) in
HEI-2015 total scores compared with income-eligible non-participants during 2011-2016. No
significant change was observed in the differences of HEI-2015 scores between WIC participants
and eligible non-participants from 2005-2008 to 2011-2016.
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Introduction

The Special Supplemental Nutrition Program for Women, Infants, and Children, also known
as WIC, is a federally funded nutrition assistance program in the US for eligible low-income
women, infants, and children up to age five (1). One key goal of the WIC program is

to provide free, supplemental food packages with nutritious and balanced dietary support,

as maternal and childhood undernutrition negatively impacts children’s physical growth,
intellectual development, and a broad range of other key health indicators (2). Although
some existing research has shown the effectiveness of WIC for child development (3) and
nutritional support (4), evidence has also emerged suggesting that enrolled infants and
children did not have better dietary quality than those who were income-eligible but did

not enroll. For example, WIC children’s overall diet, measured by Healthy Eating Index

"Please address correspondence to Dr. Qi Zhang, School of Community & Environmental Health, Old Dominion University, 3130
I§-|ealth Sciences Building, Norfolk, VA 23529. Phone: 757-683-6870. gzhang@odu.edu.
Authors contributed to this study equally.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

Page 2

(HEI)-2005 total score, did not significantly differ from that of nonparticipating children
during the years 1999-2004 (5).

To better address the nutritional needs of lower-income families and to further improve

the nutritional value of the food package, the WIC program implemented a comprehensive
benefit revision in 2009, the first major change in four decades (6). This modification
specifically targeted fresh fruits, vegetables, whole grains, and low-fat dairy while reducing
fruit juice, which usually contains excessive added sugar. Such changes were in line with
the Institute of Medicine’s dietary recommendations (7). Several national and regional
studies found that implementing the 2009 food package revision has increased healthy food
access and purchases among WIC-participating families (8-12). A nationwide study using
longitudinal consumer data, for example, found that WIC households had seen decreased
purchases of refined, high-calorie, or processed foods and increased purchases of fruits and
vegetables with the revised food package (11).

With the emerging evidence on the availability of and access to a healthy diet among WIC
households, whether the revised food package has improved dietary intake among enrolled
children is worth investigating. One study conducted telephone surveys among 3,004 and
2,996 California WIC families in 2009 and 2010, respectively, and confirmed their increased
consumption of whole-grain food, lower-fat milk, and fruits and vegetables (13). Another
longitudinal study in Chicago comparing 24-hour dietary recalls from 209 WIC households
collected in 2009 and 2011 observed a healthier diet after the revision (14). A national
study compared the HEI-2010 between 2003-2008 and 2011-2012 and found that the food
package revision was associated with significantly higher HEI-2010 total scores among
WIC children after the revision (15). However, one limitation of these studies was the

short follow-up period after the 2009 WIC food revisions. Notably, the final rule of the
WIC revision was implemented in March 2014, which was beyond the follow-up period of
these studies (6). Therefore, the long-term impact of this revision on dietary intake is still
unknown.

In addition, the existing literature did not address the self-selection bias in WIC participation
that might threaten the validity of the evaluations (12,16-19). Self-selection bias arises
when factors related to nutritional outcomes influence the likelihood of participation in the
WIC program among eligible families. For example, children of more-educated parents may
have better nutritional status (20,21). They may also be more likely to participate in WIC

if eligible due to the positive correlation between parental education and health-oriented
parenting (22). The positive effect of having such WIC participants would inflate nutritional
outcomes for the program. The propensity score (PS) method is a common approach to
address this concern (23). It accounts for the likelihood of respondents being exposed to a
treatment (e.g., WIC participation) in observational data and can better isolate the treatment
effect from other potentially overlooked confounders (e.g., parental education). Little work
has been done to evaluate the impact of the WIC program’s 2009 food package revision on
nutritional outcomes using the PS method to address self-selection bias.

This study evaluates the impact of WIC on children’s dietary quality and assesses the
effectiveness of the 2009 WIC food package modification. It makes three contributions to
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the existing literature that are noteworthy. First, dietary quality was measured using the
HEI-2015, an updated and comprehensive metric compared to previously used measures
(24). Second, it uses nationally representative data with the post-2009 revision period
(2011-2016) that covers the implementation of the final WIC revision rule, which was
not done in previous studies. Finally, a propensity score weighted difference-in-difference
approach was applied to assess whether the 2009 revision has significantly changed WIC
advantages in children’s dietary quality. A major merit of this approach is its ability to
effectively control for the self-selection bias commonly seen in observational studies.

Study Design and Sample

Measures

Multiple years of cross-sectional data from the National Health and Nutrition Examination
Survey (NHANES) in 2005-2008 and 2011-2016 were pooled for our analyses. As a
nationally representative survey of the US civilian population of all ages, NHANES gathers
data every two years and adopts a stratified, multistage probability cluster sampling design
following standardized protocols for interviews and physical examinations (25). It is listed
by the Centers for Disease Control and Prevention (CDC) as a key data source to monitor
the US population’s dietary intake and nutritional status (26) and also includes information
about households’ participation in federal food assistance programs such as WIC and

the Supplemental Nutrition Assistance Program (SNAP), formerly known as the Food
Stamp Program (26,27). All NHANES data used in this study were collected by trained
interviewers who administered the questionnaires at a participant’s home using a computer-
assisted personal interview system (25).

Because our dietary quality measures only apply to individuals aged 2 years or older,

we followed a previous study (15) in restricting our sample to 2,126 children between 2

to 4 years old who were age- and income-eligible for WIC. Among them, 584 children

had missing information on one or more variables of interest, including 373 children who
missed certain dietary recall data to generate HEI-2015 scores and were thus excluded

from our analyses. The other 211 respondents had missing data in certain covariates

(i.e., nativity, marital status, educational attainment, and SNAP status). These missing
values were imputed using a univariate imputation approach with bootstrap so that these
respondents were able to be retained in our analyses (28). Specifically, for each one of the
four covariates, a multivariate logistic regression model was estimated using information on
a child’s age, sex, self-identified race/ethnicity, as well as household income-to-poverty ratio
and food security status for the last year. Thus, the final analytical sample included 1,753
WIC-eligible children, divided into four groups, including 496 pre-2009 WIC-participants
(pre-exposure), 285 pre-2009 WIC-nonparticipants (pre-comparison), 641 post-2009 WIC-
participants (post-exposure), and 331 post-2009 WIC-nonparticipants (post-comparison).
Figure 1 illustrates the flow diagram of creating the analytical sample.

The outcome of our main interest, dietary quality, was measured by the 2015 Healthy Eating
Index (HEI-2015), a scoring metric that reflects both overall dietary quality and specific
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dietary components (24). The HEI-2015 scoring standards were jointly developed by the
National Cancer Institute (NCI) and the USDA based on the 2015-2020 Dietary Guidelines
of Americans (24,29). Specifically, HEI-2015 includes thirteen dietary components: total
fruits, whole fruits, total vegetables, greens and beans, whole grains, dairy, total protein
foods, seafood and plant proteins, fatty acids, refined grains, sodium, added sugars, and
saturated fats. All thirteen component scores are then added to get a total score reflecting
the overall diet quality, with a possible range of 0-100 points. A higher value in the total
score and each component score indicates better dietary quality. To facilitate research use
of the HEI, the NCI and UDSA have developed sample SAS codes that can be applied to
food intake data to create HEI-2015 scores (30). For our study, we applied the SAS sample
codes to the two days’ 24-hour dietary recall data from NHANES and the Food Patterns
Equivalents Database (FPED) from the USDA to create HEI scores for the children in our
sample. Note that the FPED is not available to create the HEI-2015 for NHANES data
before 2005, and 2015-2016 is the latest wave with complete information for this study (31).

Information on WIC eligibility and WIC participation were used to distinguish WIC
participants and WIC-eligible nonparticipants. WIC eligibility was based on a child’s
household income-to-poverty ratio, which was defined as the ratio of household income to
the federal poverty threshold for the family size and year (32). According to WIC program
rules, children with a household income below or equal to 185% of the federal poverty
threshold (i.e., income—poverty ratio < 1.85) were eligible for WIC in our analysis (33).
WIC participation was based on the interview question asking whether a child had received
WIC benefits in the last 12 months. In 2015-20186, this information was no longer available
and the household-level variable indicating whether anyone in the household had received
WIC benefits in the last 12 months was used to determine a child’s WIC participation status
for these two years.

Key sociodemographic covariates in our analysis included children’s age (in years), sex
(female and male), self-identified race/ethnicity (hon-Hispanic white, non-Hispanic black,
Mexican American, other Hispanic, and other race/ethnicity), which represents more ethnic
designations than a race-only measurement (34), and nativity (whether or not born in

the US). Additional variables pertaining to a child’s household characteristics included:
parental marital status (married/living with partner, widowed/divorced/separated, and never
married), educational attainment of the household reference person (less than high school,
high school graduate or GED, some college or AA degree, and college graduate or higher),
and household income-to-poverty ratio. Following prior work (15), information on whether
a household had received SNAP benefits in the past year was included. Household food
security status for the last year was also included (full security, marginal security, low/very
low security) and was based on eighteen U.S. Food Security Survey Module questions

that were asked of households with children under the age of 18. All these variables were
obtained through NHANES questionnaires that were administered by trained interviewers.

Statistical Analysis

Descriptive statistics of children and their households were first calculated for all
four groups: pre-exposure, pre-comparison, post-exposure, and post comparison. Total
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HEI-2015 scores and thirteen subscores were computed. Exposure comparison and pre-post
comparison were performed on these scores, using difference-in-difference (DiD) modeling
without controlling for confounders. Next, socio-demographics were added to the DiD
models as confounders. Finally, propensity score weights were incorporated in the DiD
models to account for self-selection biases.

DiD is a common approach in policy evaluation using observational data, because it is

able to differentiate out secular trends in the outcome by comparing two groups that are
experiencing the same trends over time but one is exposed to the policy change while the
other is not (35). In practice, DiD models specify an interaction term between participation
status in a program or policy (yes/no) and time period (pre/post) (36). Specific to this

study, the differences in dietary quality measured by HEI scores between WIC participants
and WIC nonparticipants were compared before-2009 and post-2009. If WIC continued

to benefit children’s dietary quality and the 2009 revision was effective, then the benefits
should be reflected in higher HEI scores during the post-2009 period relative to the pre-2009
period.

To account for sample selection bias, a threat to validity in observational studies, a
propensity score weighting approach was further included in the DiD analysis to assess the
impacts of WIC policy revision (37). Specifically, a multinomial logistic regression was first
estimated to obtain an individual’s probabilities of being in one of the four subgroups (i.e.,
pre-treatment, post-treatment, pre-control, post-control) as a function of covariates including
age, race/ethnicity, nativity, marital status, education, income—poverty ratio, SNAP status,
and food security status. The predicted probabilities of group membership were then used to
create a propensity score weight, so the pre-control, pre-treatment, and post-control groups
were similar to the post-treatment group in the controlled demographics after applying the
weights (37). This approach creates balanced subgroups while retaining a more adequate
sample size than other approaches, such as propensity score matching (23). The propensity
score weighting approach is more effective in addressing the self-selection bias than in a
previous study, which only used the DiD method (15).

The propensity score weights were incorporated as sampling weights in the DiD models to
estimate HEI-2015 total scores and component scores, controlling for children’s age, sex,
race/ethnicity, and nativity, as well as the caregiver’s marital status, educational attainment,
income-to-poverty ratio, SNAP and food security status, and survey years. HEI-2015 scores
were created using SAS (38) following the NCI instructions (39) and all other analyses

were conducted in Stata 16 (40). P-values that were less than 0.05 were used to determine
statistical significance, while those less than 0.1 were considered marginally significant. The
study was approved by the Institutional Review Board under federal regulation 45 46.101 (b)
CFR. Since this is an exempt study using unidentified secondary data, no informed consent
was needed.

Table 1 presents sociodemographic characteristics of WIC-eligible children before and after
the 2009 food package revision. Compared with children who were income-eligible but did
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not enroll in WIC, those who enrolled were slightly younger in age (p < 0.05 for years
2005-2008 and p < 0.01 for years 2011-2016) and were more likely to be US-born (p <
0.001). In regard to household characteristics, the caregivers of WIC-participating children
were less educated (p < 0.001) and had lower household incomes (p < 0.001 for years
2005-2008 and p < 0.01 for years 2011-2016). They were also more likely to have received
SNAP benefits in the past year (p < 0.001).

Table 2 presents children’s unadjusted HEI-2015 total scores and all component scores

in specific food groups from DiD analyses. WIC-participating children in 2011-2016 had
significantly higher HEI-2015 total scores (55.81) than nonparticipants (53.61) (p < 0.01).
Similar patterns of WIC-participating children’s diet advantage over nonparticipants also
emerged in certain component scores during 2011-2016, such as seafood and plant proteins,
fatty acids, and saturated fats (p < 0.05). The only exception was total fruits, in which
WIC-participating children’s advantage disappeared from 2005-2008 to 2011-2016. DiD
analyses revealed little change in WIC impact between the two periods, with one exception.
WIC participants had better scores in the fatty acid category during the post-2009 period,
but not during the pre-2009 period, and this difference is statistically significant (< 0.05).
Table 3 presents predicted HEI-2015 total scores and component scores using DiD analysis
adjusted for child and household characteristics but without propensity score adjustments.
The results are similar to those shown in Table 2 from the unadjusted DiD analyses.

Table 4 shows the results from the propensity score-weighted DiD analysis. Consistent

with earlier findings, WIC-participating children had better HEI-2015 total scores than
nonparticipants (p < 0.01) in both 2005-2008 and 2011-2016, but these advantages did not
differ significantly between the two periods. Specific to the thirteen dietary components

in HEI-2015, during 2005-2008, WIC-participating children were better off in terms of

total fruits (p < 0.05) and reduced consumption of added sugars (p < 0.01). During the
post-revision period of 2011-2016, besides added sugars (p < 0.01), WIC-participating
children had gained advantages over nonparticipants in fatty acids (p < 0.05) and saturated
fats (p < 0.05). However, DiD estimates did not show significant improvements in these food
groups from 2005-2008 to 2011-2016. The significant post-2009 improvement in fatty acids
observed from previous models became weaker and reached marginal significance level (p=
0.075).

Discussion

The 2009 WIC revision was the major milestone for WIC’s food package changes in the

last four decades. The revision process was finally completed in 2014, at which point

the USDA implemented the final rule. The primary goal of the 2009 WIC food package
revision was to promote healthy eating and to improve dietary quality among US children
(6). Previous studies have produced mixed results regarding the effectiveness of WIC’s

2009 food package revision (16). Several national studies support the overall effectiveness

of WIC’s 2009 revision (11,15,41,42), but results from a few local studies have shown
inconsistent results (14,43,44). Much of the existing research evaluated the revision in a
short time after 2009, which may not have captured the full impact of the 2014 completion
of the revisions. Moreover, few studies have addressed self-selection bias, which was evident
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in social welfare program participation such as WIC. This undoubtedly posed an obstacle
to achieving better causal inference in observational studies on WIC effectiveness (45).
Even among study designs using DiD analysis, a key underlying assumption is that the two
comparison groups (i.e., those who experienced the policy change vs. those who did not
experience it) are exchangeable, which may not be substantiated in the WIC program (36).
We aimed to address these issues by using a longer period of post-revision data and using

a propensity score weighting approach, which helped generate more balanced comparisons
between the exposure groups (WIC participants) and the control group (nonparticipants).
Results from this study did not offer support for the 2009 revision’s significant effectiveness
in enlarging the WIC advantage in overall dietary quality. As shown, both WIC participants
and nonparticipants had similar improvements in HEI-2015 total scores during 2011-2016
compared to 2005-2008, at the descriptive level, after controlling for sociodemographic
variables and after using propensity score weighting to correct for selection bias.

Compared with other nationwide studies reporting benefits of the WIC 2009 food package
revision (15,42), the current study took advantage of an updated diet quality measure and a
longer period of post-WIC-revision data, which helped better capture the policy impact as
it took time to roll out in its entirety. To the best of our knowledge, it is one of the first
studies to use a propensity score weighted difference-in-difference design to aid in reducing
selection bias in WIC participation. Results showed that, while WIC-participating children
had maintained their advantages over nonparticipants in overall dietary quality, as measured
by HEI-2015 total scores, they did not have an increased advantage due to the 2009 WIC
policy modification. Specific to several dietary components being targeted in this revision
(6), WIC-participating children did not have increased advantages in fruits, vegetables, and
whole grains. While WIC-participating children had better diets when it came to added
sugars and saturated fats during the post-revision period, such advantages did not seem to be
attributable to the food package revision according to the covariate-adjusted and propensity
score weighted difference-in-difference analysis. Therefore, this study made an important
novel contribution to the literature by providing more null results about the effectiveness of
the 2009 WIC revision, which are needed to design future WIC food package revisions.

A few study limitations should be acknowledged. First, because the dietary quality measures
are based on self-reported data, recall bias is thus inevitable (46). Although using both

days of self-reported dietary data can reduce such bias, they still do not perfectly reflect
respondents’ usual dietary intake. Second, while the propensity score method can overcome
the limitations of cross-sectional data in drawing causal inferences and the current study
included confounders, given data availability, the estimates may still be subject to bias

if these confounders were insufficient. Specific to dietary quality, households’ decisions

to enroll in WIC can be influenced by many other factors, such as WIC program
characteristics, state policies, or local food prices, none of which were available in the

data. Furthermore, this study used a measure of whether children had participated in WIC in
the last 12 months, which may not be able to capture the “WIC effect” from a holistic view.
For example, besides a binary indicator of WIC participation status, length of participation
and the purchase of WIC foods could also make a difference in nutritional outcomes among
young children (47,48). Due to the limited information related to state identifiers and various
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policies regarding WIC enrollment, this study did not consider adjunct WIC eligibility, e.g.,
participating in Medicaid making one automatically eligible for WIC.

Conclusions

This study makes a unique contribution to assessing the impact of the 2009 WIC food
package revision on children’s dietary quality by using an updated dietary quality measure
based on more recent data and addressing program participation selection bias. Results
from this study suggest that the 2009 WIC food package revision was not as effective as
thought in previous literature in terms of improving WIC children’s dietary quality. The
findings suggest that more significant food package changes might be needed in future WIC
revisions. For example, the cash value benefits significantly increased during the COVID-19
pandemic, which allowed WIC participants to buy more fruits and vegetables (49). Future
research is needed to examine whether the temporary increase in these benefits improved the
participants’ dietary quality. If confirmed, similar package changes can be proposed in the
next round of the WIC food package review.
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Figure 1.
Flow Diagram of Analytical Sample
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