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Objective. In 2009, the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) im-
plemented new food packages to improve dietary intake amongWIC participants. This paper examines how the
healthfulness of food purchases among low-income households changed following this reform.

Methods. Point-of-sale data for 2137WIC-participating and 1303 comparisonhouseholdswere obtained from
a regional supermarket chain. The healthfulness of purchased foods and beverageswas determined per their sat-
urated fat, sugar, and sodium content. A pre-post assessment (2009–2010) of the product basket healthfulness
was completed using generalized estimating equation models. Data were analyzed in 2015.

Results. At baseline, healthy products accounted for most of the food volume purchased byWIC participants,
but beverages were dominated by moderation (less healthy) items. With new subsidies for fruit, vegetables and
whole grains, theWIC revisions increased the volume of healthy food purchases ofWIC-participating households
by 3.9% and reduced moderation foods by 1.8%. The biggest improvements were reductions in moderation bev-
erages (down by 24.7% in volume), driven bymilk fat restrictions in theWIC food package revisions. The health-
fulness of the product basket increased post-WIC revisions; mainly due to a reduction in the volume of
moderation food and beverages purchased (down by 15.5%) rather than growth in healthy products (up by
1.9%). No similar improvements were seen in a comparison group of low-income nonparticipants.

Conclusions. After the WIC revisions, the healthfulness of participant purchases improved, particularly for
beverages. Efforts to encourage healthy eating by people receiving federal food assistance are paying off.

© 2016 Elsevier Inc. All rights reserved.
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1. Background

For many American families, poor diet quality is a significant barrier
to improving health and prolonging a disease-free lifespan. This is espe-
cially true for low-income families that have economic, time and access
barriers to putting nutritious meals on the table. Poor diets in low-in-
come communities are the result of both compositional and environ-
mental factors (Dubowitz et al., 2008; Booth et al., 2001; Lovasi et al.,
2009), including disparities in access to healthy food (Powell et al.,
2007; Small and McDermott, 2006), higher prices, and poor product
quality (Dubowitz et al., 2008; Andreyeva et al., 2008; Block and
Kouba, 2006).

Federal food assistance programs support one in four American
households in achieving adequate nutrition (Vilsack, 2011). Economic
incentives provided by these programs could be one strategy to improv-
ing the food environment and diet quality in low-income communities
olicy & Obesity, University of
ted States.
reyeva).
and reducing inequalities. The Special Supplemental Nutrition Program
for Women, Infants, and Children (WIC) provides a set of nutrient-
dense foods (via WIC food packages), nutrition education, and medical
referrals to 8.0 million participants (U.S. Department of Agriculture,
2015), including 51% of infants born in the U.S., 28% of children age
five and under, 29% of pregnant women, and 30% of postpartum
women (Oliveira and FrazÄo, 2015). Because of its broad reach and
targeted impact at a critical age of human growth and development,
WIC has considerable potential for early intervention to establish
healthier eating habits in low-income populations.

TheWIC food packageswere initially revised in 2007 to increase par-
ticipants' consumption of fruits, vegetables and whole grains while re-
ducing saturated fat, cholesterol and sugar intake. Additional goals
were to promote breastfeeding, provide WIC participants with a wider
variety of food options and give states greater flexibility in administer-
ing the program (Institute of Medicine for the National Academies,
2005; U.S. Department of Agriculture, 2014a). Designed as cost-neutral
changes, the WIC revisions were implemented in all states by October
2009 and finalized in 2014. The changes included the addition of
whole grain products, fruit and vegetable cash value vouchers,
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reductions in milk, cheese and juice allowances, restrictions on
milk fat content, and incentives to encourage breastfeeding. The
revisions provided a unique natural experiment to assess the ability
of food assistance policy to improve diet quality in low-income
populations.

There is substantial interest in the impact of theWIC revisions on di-
etary and health outcomes in low-income populations. There is evi-
dence that the WIC revisions have improved the availability and
variety of healthy foods in underserved communities (Andreyeva et
al., 2012; Altarum Institute, 2010; Hillier et al., 2012; Zenk et al., 2012;
Havens et al., 2012; O'Malley et al., 2014), including in non-WIC stores
thatwere not subject to theWIC regulations requiring to stock healthier
foods (Andreyeva et al., 2012). A number of studies documented im-
provements in food choices aligned with the revisions: reduced partic-
ipant purchases of juice (Andreyeva et al., 2013), whole milk and
cheese (Andreyeva et al., 2014), and instead more fruit, vegetables
(Andreyeva and Luedicke, 2014), low-fat milk (Andreyeva et al., 2014)
and whole grain products (Andreyeva and Luedicke, 2013).

Importantly, the WIC food package revisions were associated with
improved dietary intake of WIC participants (Schultz et al., 2015). In a
national sample, WIC-participating children were found to have a 3.7
point higher Healthy Eating Index (HEI) compared to eligible nonpartic-
ipants (Tester et al., 2016). Further evidence of similar improvements
were reported in the WIC National Food and Nutrition Survey
(NAFTAN) (Spaulding et al., 2014), survey data from California
(Whaley et al., 2012) and New York (Chiasson et al., 2013) and dietary
assessments in Chicago (Kong et al., 2014). There was mixed evidence
on breastfeeding initiation and intensity (Schultz et al., 2015), with
only a small change in duration of breastfeeding (Wilde et al., 2012;
Wilde et al., 2011) or increases in local populations such as Los Angeles
County (Langellier et al., 2014). Finally, obesity rates among preschool-
age children (Ogden et al., 2014; Ogden et al., 2016) and low-income
young children in particular (Sekhobo et al., 2013; May et al., 2013)
started to decline recently. For example, obesity rates among all U.S.
children aged 2-5 yr declined from a peak of 13.9% in 2003–2004 before
theWIC revisions to 8.4% in 2011–2012 and 9.4% in 2013–2014 (Ogden
et al., 2016). It remains to be seen how the WIC revisions affect diet
quality and obesity amongWIC participants in the long term.

This paper contributes to theWIC evaluation literature by examining
the healthfulness of the total product basket purchased byWIC-partici-
pating households after implementation of the WIC food package revi-
sions in Connecticut and Massachusetts.
2. Research design

2.1. Data

The study is based on point-of-sale data from a supermarket chain
with N60 stores in New England, U.S. This chain has a loyalty card sys-
tem, which allows customers to benefit from store promotions and
price discounts. A unique feature of the data is information on the
source of funds used to pay for each purchase, including: SNAP benefits,
WIC benefits, cash assistance or non-SNAP electronic benefit transfers
(EBT), and other funds (e.g., cash). A household's redemption of benefits
indicates program participation at the time of each transaction, which
we use to measure a household's WIC, SNAP and non-SNAP EBT partic-
ipation status. We do not have purchases made without the use of loy-
alty cards, which is a small share of all transactions (b5%, according to
the supermarket). As using a loyalty card provides substantial price dis-
counts on a variety of products, most customers, but especially more
price-sensitive low-income households, have a strong incentive to use
their card for all purchases. One loyalty card is assumed to represent
one household, although in reality some families could have multiple
cards or multiple households within the same extended family could
share a single card.
2.2. Sample

The sample is drawn from low-income households that used WIC
benefits when shopping at the grocery chain in January 2009–Decem-
ber 2010.We do not have data for households that never usedWIC ben-
efits to pay for any of their purchases (e.g., high-income families not
receiving assistance). Approximately half of the sampled WIC house-
holds also used SNAP benefits. Due to de-identified nature of the
point-of-sale data, no socio-demographic information was available.

As theWIC package revisionswent into effect in both states on Octo-
ber 1, 2009, we selected a panel of 2137 households that shopped at the
chain using WIC on a regular basis (at least quarterly) before and after
the change: January–September 2009 (pre-revision) and January–Sep-
tember 2010 (post-revision). The period of October–December 2009
was excluded to isolate the effects of the transition period when both
the old and new WIC packages were in circulation. A comparison sam-
ple of 1303 households was selected from former WIC households
that were low-income due to a recent history of WIC participation, but
were not expected to be affected by the WIC revisions as they were no
longer participants. Specifically, householdswere selected into the com-
parison group if they usedWIC benefits in the first quarter of 2009, but
discontinued usingWIC through the end of 2009 and all 2010while still
shopping regularly at the store.

We examined all purchases made by WIC-participating households
during Jan–Sept 2009 and Jan–Sept 2010 (N = 199,085 transactions in
the two states). For comparison households, we assessed all their pur-
chases during Apr–Sept 2009 and Apr–Sept 2010, excluding the time
period when they participated in WIC (Jan–Mar 2009) and a matching
3-month period in 2010 (N= 58,050 transactions). Household (or loy-
alty card) level data were aggregated at the monthly level; if a house-
hold made multiple purchases per month, purchases were summed.

3. Product identification and categorization

Each product sold at the chain has a unique Universal Product Code
(UPC), which is linked to description of a product, department, category
and sub-category in the store proprietary database. To retrieve nutrition
information, product/container size and ingredients for all purchased
UPCs, two syndicated databases were merged with the store UPC
data: Gladson (Gladson. Nutrition database, 2011) and Information Re-
sources, Inc. (IRI) (Information Resources Inc. Nutrition Data, 2014).
Gladson was first matched (60% match by UPC), followed by IRI (83%
match). Given its more recent records, IRI overrode Gladson if there
was conflicting information. For UPCs that lacked information in the da-
tabases (e.g., store prepared foods, private label), online search was
completed to look up individual UPCs.

The sample of WIC-participating and comparison households pur-
chased a total of 29,204 unique food and beverage UPCs during the
18 months of our analysis. Non-food products were not included in
this analysis. Each food and beverage UPC item was assigned to one of
12 categories and 44 sub-categories (Appendix 1) based on categoriza-
tion in the USDA Food Intake Surveys: What We Eat in America, Food
Categories 2001–2010 (U.S. Department of Agriculture. What We Eat
in America. Food Categories, 2001-2010) and Food Patterns Equivalents
Database 2005–2006 (Bowman et al., 2014). For categories that includ-
ed grains, we categorized products as 100% whole grain, some whole
grain, refined grain (0%whole grain), or no grain.We used the Food Pat-
terns Equivalents Database methodology and a guide for the National
School Lunch and Breakfast programs (U.S. Department of Agriculture,
2014b) to identify whole grain products. Two coders reviewed and ver-
ified all UPC coding and product categorizations.

3.1. Product healthfulness classification

Each food and beverage was classified as either a Healthy, Neutral or
Moderation (less healthy) product based on criteria in the USDA
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Economic Research Service study (Carlson and Frazão, 2012). The study
classified primary food groups as Vegetables, Fruits, Dairy, Proteins,
Grains andMixed Dishes, and requiredminimal serving sizes to be con-
sideredmeeting the recommended amount to provide nutrition. As our
purchase data did not include consumption information, the recom-
mended serving size was used to establish foods that would meet min-
imal thresholds. The ERS study classified consumption as healthy based
on meeting the sodium, saturated fat and added sugar thresholds listed
below. Consumption of foods above the threshold in any of the three
areas was classified as moderation (unhealthy).
Category
V

M

M

Sodium
 Saturated fat
 Added sugar
egetable, fruit, dairy and
grains
b480 mg per
serving
b3 g per
serving
b4 g per
serving
eat
 b480 mg per
serving
≤4 g per
serving
b4 g per
serving
ixed dishes
 b600 mg per
serving
b5 g per
serving
b5 g per
serving
For vegetables, fruits, dairy, meat and grains, we used the same
thresholds as the ERS study to categorize individual products. Because
manufacturers only report total sugar, a number of assumptions were
made regarding products containing naturally-occurring sugars, such
as fruit, fruit juices and dairy. Specifically, all fruits and 100% fruit juices
with no added sugar were considered below the threshold and healthy.
Juices with added sugar were considered above the sugar threshold.
Milk and cheese products with no added sugar were classified below
threshold for sugar, but flavored milk with added sugar was a modera-
tion product. Yogurts were considered below the added sugar threshold
if total sugar was below 20 g per serving. Checks to evaluate differences
in sugar content among products with no added sugar and those with
added sugar were completed to validate our assumptions.

Because the serving size of many condiments and oils does not meet
minimal serving sizes to be considered nutritive, these products were
categorized differently. Oils below saturated fat threshold (e.g., olive
oil) were classified as neutral products and oils above thresholds as
moderation. Snack foods with some whole grain or 100% whole grain
and meeting the thresholds for sodium, saturated fat and added sugar
were classified as healthy. Snack foods, which met all thresholds, but
not whole grain, were classified as neutral. All infant formula and baby
foods were classified as neutral. Unsweetened bottled water was classi-
fied as healthy while diet and low-calorie beverages, coffee and tea
were neutral. Sugar-sweetened beverages were classified as modera-
tion. Appendix 1 presents the healthfulness distribution of purchased
foods and beverages, with over half of purchased items (52%) catego-
rized as moderation products.

4. Data analysis

4.1. Dependent variables

We calculated spending (measured in U.S. dollars) and the amount
or volume purchased (measured in ounces) for healthy, neutral and
moderation products and their totals before and after theWIC revisions.
As beverages tend to be cheaper per ounce than solid food, we exam-
ined food separately from beverages.

4.2. Independent variables

Household-level controls included measures of SNAP participation
and cash assistance receipt, shopping frequency (number of transac-
tions), month, and state indicators. Socio-demographic characteristics
of the census tracts, linked to census-level data from the 2006–2010
American Community Survey (U.S. Census Bureau, 2010),where house-
holds shopped were added to account for differences in prices, product
selection and marketing across stores located in different neighbor-
hoods/towns. To some extent, these could capture lacking household-
level socio-demographics. The weighted average of census-tract mea-
sures was calculated for households shopping in multiple stores based
on frequency of store visits.

4.3. Regression modeling

As outcome variables (ounces purchased and spending) have a nat-
ural bound at zero and are positively skewed, we estimated generalized
linear models (GLM) from the Poisson family with a logarithmic link
function (Nichols, 2010). To account for repeated observations within
households, we used generalized estimating equations (GEE) with ex-
changeable working correlation and robust standard errors (Hardin
and Hilbe, 2003). GEE is an extension of GLM for longitudinal or clus-
tered data. This model estimates the adjusted mean difference between
the two time periods, controlling for covariates:

E YitjXi;Xit½ � ¼ exp:ðβ0 þ β1 � REVISIONit þ β2 � SNAPit
þβ3 � EBTit þ β4 � NTRANSit þ β5 � Tit þ β6 � SitÞ

where REVISIONit is an indicator for the time period (1 for post-revision
and 0 for pre-revision); SNAPit is a household i that used SNAP benefits
at time t, EBTit is receipt of cash assistance by household i at time t,
NTRANSit is the number of transactions at time t, Tit is a set of eight bi-
nary variables indicating the month of purchase, and Sit is a vector of
store area covariates.

All regressions were estimated separately for WIC-participating and
comparison households. We limited the time period for WIC house-
holds to match the comparison group (Apr–Sept 2009 and Apr–Sept
2010) in a sensitivity analysis. Additional analyses included estimation
of models for each food sub-category as well as interaction tests to un-
derstand if the WIC revisions had differential effects on certain WIC
households. Specifically, we considered presence of an infant in the
household (based on purchases of baby food and/or infant formula),
SNAP participation, low-/high-income area of the store location, and
state.

This studywas exempt by the university IRB from review due to sec-
ondary nature of de-identified data.

5. Results

Prior to theWIC revisions, foods and beverages purchased withWIC
benefits accounted for 28% of product volume and 22% of expenditures
amongWIC-participating households (Table 1). In 2010, reduced allow-
ances in the new WIC packages (especially milk and juice) contributed
to the decline in the share ofWIC-paid purchases: to 22% in volume and
19% in expenditures. Several products had a reduction in volume pur-
chased: infant formula (down by 35%), milk (26%), 100% juice (20%),
and eggs (30%) (Appendix 2). At the same time, produce and whole
grain purchases increased due to the new WIC allowances. Overall, ex-
penditures and purchases by WIC-participating households declined
after the WIC revisions (volume declined by 6.2% and expenditures by
5.2%), driven entirely by a reduction in beverages. Comparison house-
holds reduced purchases of both food and beverages.

In 2009, beverages dominatedWIC household purchases (Appendix
2), led bymilk (22% of all food and beverage volume), sugary beverages
(15%), and fruit juice (9%). Comparison households bought substantially
less milk and 100% juice (10% and 4% respectively), potentially due to
loss of WIC benefits providing these products. The most important con-
tributor to their purchases were sugary beverages (20% of volume) and
mixed dishes (12% of expenditures). The primary food category in base-
line expenditures among WIC households (Appendix 3) was protein,
followed by fruit and vegetables, dairy, snacks, mixed dishes and condi-
ments, grains, dessert, baby food/formula, and non-dairy beverages.
These patterns changed only slightly in 2010.

At baseline, healthy foods accounted for half of the food volume pur-
chased byWIC households (466 oz of 940 oz, Table 2). Expenditurewas,



Table 1
Descriptive statistics. Purchases of low-income households, 2009–2010.

WIC households Comparison households

Pre-revision Post-revision Pre-revision Post-revision

Mean SD Mean SD Mean SD Mean SD

Purchased amounts Ounces per month per household
Total food & beverages 1992 1497 1869 1507 1339 1359 1275 1313
Total food 904 791 930 798 726 729 680 691
Total beverages 1088 855 939 838 613 742 595 733

WIC benefit purchases 549 492 408 395
Non-WIC funds purchases 1443 1361 1460 1406

Expenditure Dollars ($) per month per household
Total food & beverages 215 172 204 169 153 155 141 144
Total food 158 141 160 140 130 133 120 124
Total beverages 57 54 44 43 23 29 22 26

WIC benefit spending 48 51 40 43
Non-WIC spending 190 178 185 175

Household-level controls (monthly)
Number of transactions 6 4 5 4 4 4 4 4
Use of WIC benefits, % 86 35 82 39 0 0
Use of SNAP benefits, % 45 50 52 50 35 48 34 47
Use of non-food EBT, % 5 22 5 22 3 18 3 16

Store-level socio-demographic controls
Household income, $ 56,042 15,964 55,952 15,927 57,918 17,660 57,941 17,514
College graduates, % 16 6 16 6 16 6 16 6
Households in poverty % 9 6 9 6 8 6 8 6
Non-Hispanic white, % 83 13 83 13 82 14 82 14
Non-Hispanic black, % 4 5 4 5 4 5 4 5
Unemployed, % 8 3 8 3 8 3 8 3
Massachusetts, % 76 42 76 42 67 47 67 47
N (observations) 17,844 18,415 6627 6527
N (households) 2137 1303

Table 2
Food and beverage purchase changes after WIC revisions. Purchases of low-income households, 2009–2010.

WIC Households Comparison Households

Exp(b) 95% CI Pre Post Exp(b) 95% CI Pre Post
Ounces purchased per household per month
Total food & beverages
Healthy items 1.019⁎ 1.001, 1.037 859 870 0.973 0.941, 1.006 590 577
Neutral items 0.987 0.956, 1.019 144 143 0.975 0.924, 1.028 137 134
Moderation items 0.845⁎⁎⁎ 0.829, 0.861 957 836 0.952⁎⁎ 0.920, 0.986 768 737
Food
Healthy items 1.039⁎⁎⁎ 1.021, 1.057 466 489 0.961⁎ 0.930, 0.992 355 337
Neutral items 0.988 0.961, 1.016 70 71 0.926⁎⁎⁎ 0.889, 0.966 57 52
Moderation items 0.982⁎ 0.966, 0.999 404 402 0.935⁎⁎⁎ 0.906, 0.966 329 303
Beverages
Healthy items 0.997 0.971, 1.025 416 414 0.990 0.938, 1.046 187 182
Neutral items 0.993 0.944, 1.045 78 78 1.020 0.940, 1.107 66 67
Moderation items 0.753⁎⁎⁎ 0.733, 0.774 617 470 0.970 0.928, 1.015 366 349

Expenditure per household per month, $
Total food & beverages
Healthy items 0.988 0.972, 1.005 83 82 0.966⁎ 0.935, 0.998 66 65
Neutral items 0.782⁎⁎⁎ 0.742, 0.823 32 25 0.857⁎⁎⁎ 0.816, 0.901 18 16
Moderation items 0.914⁎⁎⁎ 0.899, 0.930 99 91 0.924⁎⁎⁎ 0.895, 0.954 88 82
Food
Healthy items 1.031⁎⁎ 1.012, 1.049 67 70 0.965⁎ 0.933, 0.999 54 51
Neutral items 0.974 0.941, 1.007 15 14 0.862⁎⁎⁎ 0.825, 0.901 11 10
Moderation items 0.953⁎⁎⁎ 0.937, 0.970 82 80 0.917⁎⁎⁎ 0.887, 0.947 67 60
Beverages
Healthy items 0.830⁎⁎⁎ 0.809, 0.851 18 15 0.973 0.924, 1.025 6 6
Neutral items 0.646⁎⁎⁎ 0.594, 0.704 18 12 0.854⁎⁎ 0.764, 0.954 5 4
Moderation items 0.766⁎⁎⁎ 0.745, 0.787 20 16 0.975 0.929, 1.022 12 12

Note: Full model results are available from the authors upon request. Presented are exponentiated coefficients (exp(b)) and 95% confidence intervals for the binary variable indicating the
time periods for theWIC panel: pre (Jan–Sept 2009) and post (Jan–Sept 2010) and for the comparison panel: pre (Apr–Sept 2009) and post (Apr–Sept 2010) from separate GEE regression
models for longitudinal datawith a logarithmic link function (Poisson family); allmodels included control variables (SNAP, non-food EBT, number of transactions, socio-demographic store
area controls).
⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.
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however, dominated by purchases of moderation foods ($82 vs. $67 for
healthy foods); reflecting a higher per-ounce cost of moderation foods
such as meats, frozen dinners, desserts. Post-WIC revisions, the volume
of healthy food purchased by WIC households went up by 3.9% and ex-
penditures by 3.1%, increasing the share of healthy foods in the overall
food basket. The new WIC subsidies for fruit, vegetables and whole
grains were responsible for these improvements (see Appendix 4). Re-
ductions in moderation foods were small in volume (1.8%), but larger
in expenditure (4.7%), driven mostly by cheese (reduced WIC allow-
ances) and substitution of refined grains with whole grains. In contrast,
comparison subjects reduced purchases of healthy foods in 2010 (by
3.5%).

The biggest post-revision improvements in purchases ofWIC-partic-
ipating householdswere observed formoderation beverages, which de-
clined by 24.7% in volume and 23.4% in expenditures (Table 2). This is
consistent with the changes in the WIC food packages that introduced
restrictions onmilk fat content and replaced whole milk (a moderation
item) with low-fat/skim milk (a healthy item) for WIC-participating
women and children. As low-fat milk purchases replaced whole milk,
the share of less healthy beverages declined from 56% to 49%. This im-
provement would likely have been even more substantial if reductions
in allowances of 100% juice (a healthy item) did not counteract the
growth of healthy beverage purchases. No similar improvements were
seen for beverage purchases of comparison households.

Interaction tests to understand if the WIC revisions had differential
effects on certain WIC households identified a number of significant
trends (Table 3). Households shopping inMassachusetts had a larger in-
crease in healthy and neutral beverage volume and a greater decrease in
moderation beverage volume, relative to Connecticut trends. This is
Table 3
Changes in food and beverage volume purchased after WIC revisions, interaction analysis. Purc

WIC h

Post-revision period
Exp(b) 95% CI Exp

Food
Healthy items 1.023 0.990, 1.058 0.86
Neutral items 0.964 0.913, 1.018 0.79
Moderation items 0.937⁎⁎⁎ 0.907, 0.968 0.86
Beverages
Healthy items 0.879⁎⁎⁎ 0.835, 0.926 1.03
Neutral items 0.912⁎ 0.838, 0.993 0.82
Moderation items 0.819⁎⁎⁎ 0.784, 0.856 0.86

WIC ho
Post-revision period

Exp(b) 95% CI Exp
Food
Healthy items 1.050⁎⁎⁎ 1.025, 1.074 1.30
Neutral items 0.981 0.944, 1.019 1.43
Moderation items 0.973⁎ 0.951, 0.996 1.36
Beverages
Healthy items 0.960⁎ 0.927, 0.993 1.10
Neutral items 0.909⁎⁎ 0.846, 0.977 1.25
Moderation items 0.708⁎⁎⁎ 0.683, 0.734 1.26

W
Post-revision period

Exp(b) 95% CI Exp
Food
Healthy items 1.041⁎⁎⁎ 1.022, 1.062 1.05
Neutral items 1.006 0.979, 1.035 1.47
Moderation items 0.981⁎ 0.963, 0.999 1.05
Beverages
Healthy items 1.015 0.986, 1.046 1.08
Neutral items 1.061 0.994, 1.134 1.45
Moderation items 0.731⁎⁎⁎ 0.710, 0.752 0.97

Note: Full model results are available from the authors upon request. Presented are exponentiat
time periods for the WIC panel: pre (Jan–Sept 2009) and post (Jan–Sept 2010).
⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.
likely driven by stricter milk fat restrictions in 2010, not allowing 2%
milk (a moderation item) as in Connecticut, but only 1%/skim milk.
There was no effect of shopping in stores in lower socio-economic
neighborhoods. WIC households also participating in SNAP did not de-
crease beverage volume purchased (all health types) at the level of
WIC households not participating in SNAP. Larger food budgets among
SNAP households may insulate them from the effects of the WIC revi-
sions. Households with infants purchased more neutral food volume
following WIC revisions and did not reduce moderation beverage vol-
ume to the same levels as households without infants.
6. Discussion

There are three key findings of our investigation. First, we show that
healthy products comprise the largest share of food (but not beverage)
purchases among WIC-participating households. Half of the food vol-
umepurchased byWIChouseholdswas healthy products,while healthy
beverages accounted for only 37% of beverage volume before and 43%
after the WIC revisions. While there is substantial room for improve-
ment, especially for beverages, it appears that WIC favorably affects
the nutritional quality of participant purchases. For example, only 30%
of beverage purchases among comparison low-income households
were healthy items. This could be an underestimate of WIC's effect
due to a history of recent WIC participation in the comparison group.
Low-income households that were never exposed to WIC and its nutri-
tion education would probably have a less healthy profile of food pur-
chases and a greater difference with WIC-participating households
than the comparison subjects in this study.
hases of low-income households, 2009–2010.

ouseholds, state interaction models

State State ∗ period
(b) 95% CI Exp(b) 95% CI

2⁎⁎⁎ 0.801, 0.928 1.021 0.983, 1.061
9⁎⁎⁎ 0.732, 0.872 1.035 0.972, 1.101
4⁎⁎⁎ 0.806, 0.926 1.065⁎⁎ 1.026, 1.105

8 0.959, 1.123 1.173⁎⁎⁎ 1.106, 1.245
4⁎ 0.704, 0.965 1.121⁎ 1.010, 1.243
4⁎⁎⁎ 0.805, 0.927 0.891⁎⁎⁎ 0.844, 0.940

useholds, SNAP interaction models
SNAP SNAP ∗ period

(b) 95% CI Exp(b) 95% CI

5⁎⁎⁎ 1.272, 1.339 0.982 0.954, 1.011
3⁎⁎⁎ 1.377, 1.491 1.012 0.966, 1.060
6⁎⁎⁎ 1.329, 1.403 1.016 0.987, 1.046

0⁎⁎⁎ 1.064, 1.138 1.071⁎⁎⁎ 1.028, 1.115
0⁎⁎⁎ 1.160, 1.347 1.161⁎⁎⁎ 1.065, 1.265
4⁎⁎⁎ 1.224, 1.304 1.103⁎⁎⁎ 1.056, 1.153

IC households, infant models
Infant Infant ∗ period

(b) 95% CI Exp(b) 95% CI

3⁎⁎⁎ 1.030, 1.077 1.009 0.979, 1.041
8⁎⁎⁎ 1.428, 1.529 1.063⁎ 1.015, 1.113
2⁎⁎⁎ 1.030, 1.076 1.023 0.992, 1.055

2⁎⁎⁎ 1.052, 1.114 0.963 0.925, 1.002
4⁎⁎⁎ 1.363, 1.551 0.926 0.845, 1.014
8 0.951, 1.005 1.101⁎⁎⁎ 1.053, 1.151

ed coefficients (exp(b)) and 95% confidence intervals for the binary variable indicating the
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Second, we show that theWIC revisions increased the proportion of
healthy purchases, particularly for beverages, and the overall healthful-
ness of the product basket purchased byWIC households improved fol-
lowing the WIC revisions. Lack of similar changes for comparison low-
income households suggests a causal impact of the WIC revisions. The
observed improvements appear to align with the changes in the revised
WIC packages, including reduced allowances of whole milk, cheese,
juice andnewallowances for fruit and vegetables andwhole grain prod-
ucts. At the same time, participants did not start to purchase more of
non-WIC moderation foods, such as sugar-sweetened beverages,
sweet baked goods, added sugars, and meats.

Finally, for a large grocery chain in twoNewEngland states,we show
apost-revision reduction in total foodpurchases amongWIC-participat-
ing households, driven entirely by lower beverage purchases and pur-
chases using WIC. Reduced allowances of infant formula, milk and
juice in the new WIC packages appear to account for the observed de-
cline in WIC-paid and total purchases. The effect on the grocery chain
from reduced WIC purchases is unknown.

7. Limitations

Datawere from twoNewEngland states thatmight differ from other
states. Lack of household socio-demographic characteristics is another
limitation, yet all households were WIC participants at some point and
therefore low-income. The comparison group of former WIC partici-
pants could lead to underestimating differences with WIC households
as they might have benefited from WIC nutrition education. Finally,
the study assessed purchase behaviors at a single grocery chain, which
did not include household purchases across all food stores and may
not represent overall diets of WIC participants. Our study did not evalu-
ate actual food intake and body weight outcomes. At the same time,
there are a number of unique strengths, including detailed purchase
data for over 2100 WIC-participating families in the pre-post revision
period, which is linked to nutritional information on foods and bever-
ages purchased and the method of payment used in each transaction.
Importantly, our findings of the improved healthfulness of the product
basket purchased by WIC participants are consistent with research on
the dietary impact of theWIC revisions. Multiple studies to date, includ-
ing national samples of preschool children, showed that dietary quality
of WIC participants improved following implementation of the WIC re-
visions (Schultz et al., 2015; Tester et al., 2016; Spaulding et al., 2014;
Whaley et al., 2012; Chiasson et al., 2013; Kong et al., 2014).

8. Conclusion

The revisions of theWIC food packages have improved the healthful-
ness of the product basket purchased by WIC participants. Healthier
food purchases are likely to reflect healthier eating patterns and diet im-
provements. If sustained, these changes might have significant long-
term effects on health care costs and productivity. Given the cost-neu-
tral design of the WIC revisions, the current and future benefits to WIC
participants could produce impressive return on investment for tax-
payers. The “lessons learned” from the WIC food package revisions
may be important to updating other federal food assistance programs.
Understanding all of the intended and unintended consequences of
the 2007 revisions will be essential in drafting the next round of the
WIC food package revisions, expected within next several years.
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