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Abstract
The United States (US) Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) provides free infant formula to low-income families
with infants. State WIC agencies periodically solicit bids from manufacturers for the
exclusive contract to provide infant formula in exchange for considerable rebates.
Using Nielsen 2006–2015 retail scanner data, we estimated a difference-in-difference model to examine how winning a WIC infant formula contract affects sales
of the new (winning) and former brands, including effects on sales of products not
eligible for WIC (spillover). One year following a contract change, volume sales of
WIC infant formula increased 322% (p < 0.01) for the new brand and decreased 77%
(p < 0.01) for the former brand. Spillover effects included a 43% increase in sales of
toddler milks for the new brand 2 years after the contract change. State WIC contracts allow manufacturers to market formula directly to consumers and may reduce
breastfeeding policy effectiveness.
Keywords United States (U.S.) · WIC · Spillover effect · Infant formula · Toddler
milks · Difference-in-differences

Introduction
The United States (US) Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) provides nutritious foods, including milk, cereal,
fruits, and vegetables for low-income pregnant and post-partum women, infants,
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and children up to 5 years old. For infants not exclusively breastfed, WIC provides
iron-fortified infant formula [1]. Through WIC, the US government provides infant
formula to 87% of WIC-participating infants [2] and approximately 50% of all US
infants [3]. Infant formula represents the largest cost in the WIC program (40% of
2014 WIC food costs) [3]. Provision of infant formula through WIC helps to ensure
that infants in low-income households receive adequate nutrition. However, public
health experts raise concerns that it discourages breastfeeding among low-income
women, thus presenting another barrier to breastfeeding and its substantial longterm health benefits for infants [4–6].
This practice may also provide manufacturers a means to market infant formula
directly to consumers. The World Health Organization’s (WHO) International Code
of Marketing of Breast Milk Substitutes (the Code) encourages countries to enact
regulations to prohibit inappropriate marketing and distribution of breast milk substitutes (BMS) to consumers that may discourage breastfeeding. Specifically, Article
5 would prohibit all promotions to the general public, including provision of product
samples and price promotions at retailers [7]. Public health experts have argued that
provision of infant formula through WIC directly violates the Code [8, 9]. However,
the USA is one of only 30% of countries who have not adopted any Code provisions
[10].
Figure 1 depicts the process for providing infant formula to ‘WIC participants’
and selecting the manufacturer and products provided. WIC participants receive
‘WIC vouchers’ for infant formula to redeem at ‘WIC-participating retailers’. Vouchers specify the brand, form (powder, concentrate, or ‘ready-to-feed’), variety (milk,
soy, and so on), and package size of products that can be purchased through WIC
(‘WIC-eligible products’). WIC then reimburses the retailer at the retail price, and
the manufacturer rebates WIC for a discount specified in its ‘state WIC contract’. To
minimize costs, approximately every 4 years, state WIC agencies or regional consortiums conduct competitive bidding to select one manufacturer for each state’s
WIC program. States award the exclusive contract to the manufacturer who offers
the lowest net price (wholesale price minus rebate). These manufacturer rebates are
substantial, 85% in 2008 [11].
Nevertheless, this arrangement has substantial benefits for infant formula manufacturers through significant increases in market share when they win a contract
[12–15]. This increase is due to direct effects of infant formula purchased through
WIC and indirect effects on purchases of products offered by the WIC brand outside
of WIC (‘spillover effects’). Previous studies hypothesized that spillover effects are
due to the following: (a) ‘brand loyalty’ from WIC participants who purchase formula in addition to their WIC allocation; (b) additional visibility for brands through
preferential retail shelf placement and additional shelf space for ‘WIC brands’; and
(c) ‘perceived endorsement of brands by WIC’ [15]. These spillover effects increase
over time [12, 13].
Previous studies also suggest that spillover effects increase brand market share
of all products offered by WIC brands, including non-WIC products that cannot be purchased through WIC [12, 14]. For example, after California switched
its WIC contract from Abbott to Mead Johnson in 2007, Mead Johnson’s market share of non-WIC infant formula products increased, as well as its share of
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Fig. 1  WIC program procedures

WIC-eligible infant formula [12]. Non-WIC infant formula products include sizes
and forms not offered by WIC (such as ready-to-feed types). They also include
‘specialty formulas’ that claim benefits over traditional formulas and are sold at
higher prices [16]. In 2015, specialty formulas (for example, Similac Total Comfort, Enfamil Enspire) represented 79% of all infant formula advertising [17].
These products contain ingredients, such as DHA and pre- and probiotics, that
purport to address specific infant needs (for example, gassiness, fussiness) and/
or claim to be “closer to breast milk.” However, there is insufficient evidence to
support claims that they provide these benefits [18]. Yet from 2006 to 2015, volume sales of ‘standard infant formula’ decreased, whereas higher-priced specialty
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formula sales increased. As a result, average infant formula prices also increased
from $0.97 to $1.28/oz during this time [16].
‘Toddler milks’ represent another type of non-WIC product that may benefit from
WIC spillover effects [12]. The major US infant formula manufacturers offer these
milk-based products for toddlers (12–36 months) with similar brand names and labeling
[19, 20] and they have invested heavily in marketing these products. In 2015, manufacturers spent almost twice as much to advertise toddler milks compared to all infant formula products combined [17]. From 2005 to 2016, US sales of toddler milks increased
by 158% [21], despite experts’ concerns about serving these products, including their
poor nutritional quality and unsubstantiated product claims [16]. Most toddler milks
contain added sugar, but the industry markets them as a solution for picky eating and
beneficial for toddlers’ cognitive development [17]. An expert panel, representing four
national health and nutrition organizations, recommends that parents not serve toddler
milks as they offer no nutritional value beyond healthy food and are more expensive
than cow’s milk [16]. The WHO has declared that toddler milks are “unnecessary” [19].
The present study examines the impact of changes in state WIC infant formula
contracts on volume sales of infant formula, including direct effects on WIC-eligible
infant formula and spillover effects on non-WIC infant formula (including specialty
formulas) and toddler milk products. This analysis is the first to assess causal effects
of WIC contract changes on the size and composition of the formula market, whereas
previous studies focused on changes in brands’ market share (percentage of the
total infant formula market sales). This study also incorporates marketing variables,
including spending for advertising and retail promotions, and controls for brands’
own price and competitor prices, which have not been examined in previous studies.

Data and methods
This analysis compares pre- and post-contract change outcomes for two treatment
groups (the former and the new WIC brands) with a control group (a third brand).
Table 1 defines the key terms used in the analysis. It takes advantage of the structure of the infant formula market, which consists of three major brands (Enfamil,
Similac, and Gerber). Therefore, all contract changes include a brand whose contract
status did not change, which served as a control group. ‘Difference-in-differences
(DID)’ modeling allows for causal inferences about effects of the WIC contract
change on brand sales in this natural experiment [22].
This study used 2006–2015 Nielsen Retail Scanner data, consisting of weekly
sales by Universal Product Code (UPC) in dollars and number of items collected
from approximately 90 retail chains, including supermarkets, convenience stores,
and drug stores across the country. UPCs provide information about individual
products, including manufacturer (Abbott, Mead Johnson Nutrition, Nestle), brand
(Similac, Enfamil, Gerber), variety (including Similac Isomil, Enfamil ProSobee),
package size, and form (powder, concentrate, ready-to-feed). The Nielsen UPC data
also include store location and in-store sales promotions (such as product displays
in a secondary selling space and retailer promotional materials features) for a sample of stores. We also licensed weekly TV advertising spending data by brand and
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Table 1  Key terms
U.S. infant formula manufacturers

Three companies, Abbott, Mead Johnson Nutrition, and
Nestle produce 98% of US infant formula (in dollars). These
companies also produce toddler milks

Brand

The name that manufacturers give to the products produced by
their company. In the United States, infant formula/toddler
milk brands include Similac (Abbott), Enfamil/Enfagrow
(Mead Johnson Nutrition), and Gerber (Nestle)

Product

Describes each combination of brand, variety, form, and
size. For example, Similac-Soy Isomil-powder-12.4 oz or
Similac-Soy Isomil ready-to-feed-1 qt

Standard infant formula

The most common variety of infant formula offered by each
brand. This variety is available through WIC vouchers

Specialty infant formula

Varieties that claim benefits over standard infant formula (for
example, better for gassiness, fussiness, and crying) or that
are required for babies with special health needs (such as
premature babies, lactose intolerance). They are sold at a
higher price than standard infant formula and are only available through WIC with a doctor’s prescription

Toddler milk

Sugar-sweetened milk-based drink for toddlers aged
12 months to 36 months, typically offered by infant formula
manufacturers. These products are also called ‘growing up
milks.’

Ready-to-feed

A pre-mixed liquid formula that comes in a bottle and does
not require preparation. Also known as ready-to-use products

WIC-eligible products

Infant formula products provided through WIC vouchers in a
state. WIC specifies the brand, variety (cow’s milk, soy, and
so on), form (powder, concentrate, or ready-to-feed), and
package size that can be purchased with a voucher

Non-WIC products

Infant formulas and/or toddler milks not available through
WIC vouchers

WIC brand

All infant formulas (including WIC-eligible products and
non-WIC products) produced by the manufacturer who was
awarded the WIC contract in a state

WIC brand status

Describes whether a brand is the former or new WIC brand
in a state

Pre- and Post-WIC contract change

Pre-WIC contract indicates 52 weeks (a year) before WIC
contract change, and post-WIC contract indicates 52 weeks
for infant formula and 104 weeks for toddler milks after
WIC contract change

Former WIC brand

Brand of the manufacturer that held the previous WIC contract for a state

New WIC brand

Brand of the manufacturer that was awarded the new WIC
contract for a state

Control brand

All brands produced by the third manufacturer that does not
offer the new or former WIC brand for a state. This brand
serves as the control group in the analysis
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Table 1  (continued)
Spillover effects

The effects of an intervention on a subject that did not receive
the intervention directly. WIC program spillover effects refer
to indirect effects of a state’s WIC contract change on sales
of the new and former brands’ products that were purchased
outside of WIC

Brand loyalty

Consumers’ commitment to continue buying products of the
same brand

Market share

A brand’s percentage of total infant formula market sales. A
brand’s market share = sales of the brand/total infant formula
market sales × 100

Perceived endorsement of brand by WIC Consumers’ assumption that WIC endorses the infant formula
brand chosen for a state’s WIC contract as superior to other
brands
Difference-in-differences (DID) analysis A quasi-experimental design that estimates the causal effect
of a specific intervention [WIC contract change]. DID compares the changes in an outcome [sales] over time between
the groups involved in the intervention [new vs. former WIC
brand
WIC-eligible vs. non-WIC products] and a third group not
involved in the intervention [control brand]
Advertising goodwill stock

Effects of current advertising that carry over to influence
future product sales

product category from Nielsen. To consider long-term advertising effects, the model
included a measure of ‘advertising goodwill stock’, calculated as a distributed lag
of a log transformation of advertising spending with 0.7 monthly depreciation from
month t-11 to t, as developed by Dube et al. [23].
Based on information reported previously [15], we identified US states that
changed their WIC contract infant formula manufacturer from 2007–2013, the year
and month of the change, and the state’s WIC infant formula brand pre- and postchange. During this time, 31 states changed their contracts (Supplementary Table 1).
We then contacted the WIC directors or dietitians in these states via email to request
detailed information about brand, varieties, and forms of the products eligible for
WIC. Seven of the 31 states provided this information (Supplementary Table 2).
These seven states represented contract changes occurring from 2007 through 2011
and all geographic regions and new and former WIC brands in our analysis.
This analysis examined sales of products from the three manufacturers with WIC
contracts during the period examined: Abbott (Similac), Mead Johnson Nutrition
(Enfamil/Enfagrow), and Nestle (Gerber). These manufacturers represented 98%
of all infant formula dollar sales in 2008 [14]. In addition, the analysis used sales
data for powdered-type infant formula only, which represented 83% of infant formula sales [15]. For toddler milk products, the analysis included all product forms,
as ready-to-feed products represented the majority of sales for one brand. We calculated final product volume in fluid ounces using the product information in the
manufacturers’ websites. For products in liquid concentrate form, we multiplied the
concentrated product volume by two.
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To control for varied length and timing of WIC contracts, the model included
infant formula data for the 52 weeks before the contract change (pre-change) and
52 weeks following the change (post-change), normalized to weeks − 52 to − 1 (prechange) and weeks 1 to 52 (post-change). We expected that WIC spillover effects for
toddler milks would occur one to 2 years following the contract change due to brand
loyalty by caregivers of toddlers (12–36 months) who had provided the same brand
of infant formula to their child when they were under 12 months old. Therefore, the
toddler milk analysis included 104 weeks of sales following the contract change.
The model defines a product as a combination of store, brand, and variety. We
excluded stores without sales in at least one week of the study period. The final total
infant formula sample included 177,138 products sold at 10,233 stores in the 31
states with a WIC contract change during the period examined. A separate dataset
consisted of 77,905 products at 4477 stores in the seven states that provided information about WIC-eligible products. For toddler milks, the sample included 5828
products at 891 stores in the 31 states.
The study team coded for ‘WIC brand status’ as follows:
(a) ‘former WIC brand’ (products sold in a state where its manufacturer held the
previous contract);
(b) ‘new WIC brand’ (products sold in a state where its manufacturer held the new
contract); or
(c) ‘control brand’ (products sold by the third manufacturer in that state).
In the 31-state dataset, we also coded products as an infant formula or toddler milk
according to the intended age as stated on the product package. In the 7-state dataset,
we further coded infant formula products according to WIC eligibility as follows:
(1) formula products offered by the former WIC brand, including
(a) ‘former WIC-eligible products’ (all varieties provided through WIC vouchers) and
(b) ‘former WIC brand non-WIC products’ (all varieties not provided through
WIC vouchers, primarily specialty formulas) and
(2) formula products offered by the new WIC brand, including
(d) ‘new WIC-eligible products’ (all varieties provided through WIC vouchers) and
We specified separate models by product type (infant formula and toddler milk for the
total 31-state dataset, and WIC-eligible and non-WIC infant formula products for the
7-state dataset) and by WIC brand status (former or new brand), resulting in eight models. Models estimated counterfactuals by comparing changes in average volume sales
per product (store × brand × variety) for varieties offered by the former or new WIC
brand to all varieties offered by the control brand (third brand that was not involved in
the contract change). The resulting models assessed the impact of the WIC contract
change on sales of all infant formula products offered by the new and former WIC
brand (models A and B); direct sales of WIC-eligible products (models C and D);
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spillover effects on non-WIC infant formula (models E and F); and spillover effects on
toddler milk sales offered by the new WIC brand (model G) and the former WIC brand
(model H).
We specified the infant formula models (A)–(F) as follows:

Yijt = 𝛽0 + 𝛽1 ⋅ WICijt + 𝛽2 ⋅ Postjt +𝛽3 ⋅ WICijt ⋅ Postjt + 𝛽4 ⋅ Xijt + 𝜀ijt
Yijt is volume sales of product i (store × brand × variety) in state j in week t; WICijt
is a variable indicating WIC eligibility of product i in state j in week t (1 indicates
WIC brand for models A and B and WIC-eligible product for models C–F); and
Postjt is an indicator of WIC status (1 indicates contract change in state j in week t).
Xijt represents a vector of other control variables, including product price, average
competitor’s price, store size (total volume sales of all infant formula and toddler
milk in the store), in-store sales promotion (1 if the product was displayed or featured), weekly TV advertising spending of the product’s brand, and goodwill stock
of TV advertising. To control for regional characteristics and national trends of
infant formula sales, the models also included indicators for brands (Enfamil, Similac, and Gerber), five US regions, and years. Finally, 𝛽4 is the difference-in-difference (DID) estimator, measuring the contract change effect compared to the time
when the contract change occurred.
We specified the toddler milk models G and H as follows:
Yijt = 𝛽0 + 𝛽1 ⋅ WICijt + 𝛽2 ⋅ Post1,jt + 𝛽3 ⋅ Post2,jt +𝛽4 ⋅ WICijt ⋅ Post1,jt
+𝛽5 ⋅ WICijt ⋅ Post2,jt + 𝛽6 ⋅ Xijt + 𝜀ijt
Models G and H included 2 years following WIC contract change, Post1 for the first
year and Post2 for the second year. Accordingly, they have two DID estimators: 𝛽5
and 𝛽6.
For internal validity, DID assumes that volume sales trends for the former and
new WIC brand products will not systematically differ from sales trends for the
control brand’s products in the absence of the WIC contract change (parallel trend
assumption). We conducted t-tests to compare the average percentage change of volume sales for the control brand’s infant formula before the WIC contract change to
the average growth rate during the same time for all product types included in the
models (all infant formula and toddler milk products offered by the new and former
WIC brands and WIC-eligible and non-WIC products offered by the new and former WIC brands in the seven states with available data (Supplementary Table 3).
All models satisfied the parallel trends assumption. Sales trends for new WIC brand
products and former WIC brand products before the contract change did not differ
significantly from the control brand products (all p’s > 0.29). All statistical analyses
were performed using Stata MP 15 (Table 1).
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Results
Figure 2 depicts volume sales of infant formula and toddler milk products for the
new WIC brand, former WIC brand, and the control brand pre- and post-WIC contract change. As expected, immediately after week 0, sales of all infant formula
products for the former WIC brand declined dramatically, while sales for the new
WIC brand increased by a similar amount (a). The majority of these changes can be
attributed to sales of WIC-eligible products (b). However, sales of non-WIC infant
formula from the former WIC brand also appeared to decline, while non-WIC infant
formula sales of the new WIC brand increased, although at lower rates than WICeligible products (c). Toddler milk sales for the new WIC brand gradually increased
over the 2 years post-WIC contract change, whereas sales of the former WIC brand’s
products gradually declined (d). For all product types, control brand sales remained
steady during the entire period.
Model results
Table 2 reports summary statistics of the variables, and Table 3 presents adjusted
means of volume sales from the six infant formula DID models. In all models,
the estimated coefficients of the DID estimator showed significant changes in the
expected directions. Volume sales of all infant formula products offered by the former WIC brand decreased by 71%, whereas total sales of new WIC brand products
increased by 359%. Notably, total infant formula volume sales did not change after
the WIC contract change (728 oz sold pre-change and 714 oz post-change). Volume sales of the control brand declined by 7% pre- and post-change, consistent with
overall trends in the total infant formula market, which declined from 1054 million
oz in 2006 to 982 million oz in 2015.
As expected, the WIC contract change affected sales of WIC-eligible products
more than non-WIC infant formula products. For WIC-eligible products, volume
sales increased by 322% for the new WIC brand and declined by 77% for the
former WIC brand. For non-WIC products, volume sales increased by 124% for
the new WIC brand and declined by 34% for the former WIC brand. Although
volume changes were much lower for non-WIC products, the DID estimates were
significant, indicating that changes can be attributed to the WIC contract. In addition, price/oz for non-WIC products was approximately 20–25% higher than that
for the same brand’s WIC-eligible products.
The DID estimates for toddler milk sales were also significant (Table 4).
Weekly toddler milk sales for the new WIC brand increased by 27% in the year
following the WIC contract change and 43% over the 2 years following the contract. Unexpectedly, average toddler milk sales for the former brand did not
decline (+ 1%). However, toddler milk sales for the control brand declined by
18% during this same time.
Table 5 presents infant formula sales for individual brands following the WIC
contract change. The benefit of winning a contract varied by brand. Enfamil and
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12
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Fig. 2  Volume sales before and after WIC contract change. Notes Weekly time series of volume sales
before and after WIC contract change for products offered by the three major manufacturers (Mead Johnson, Abbott, and Nestle S.A.) with respect to WIC contract change timing (week zero) for 31 states for
all products (a) and WIC products (b) and for 7 states for non-WIC products for infant formula (c) and
toddler milk (d). Powder-typed toddler milk products were reconstituted to fluid ounces. (Color figure
online)

Abbott held larger shares of the infant formula market, and WIC contract changes
had a greater impact on volume sales for these brands compared to Gerber. However,
Gerber sales increased by a greater percentage after winning a contract (+ 533%)
compared to Enfamil and Similac (+ 359% and + 315%, respectively).

Discussion
This study confirms that WIC contract changes negatively affect total volume sales
of the former WIC brand and positively affect sales of the new brand. As expected,
effects were greater for WIC-eligible products, and WIC contract changes did not
affect total infant formula sales across all brands. However, sales of non-WIC infant
formula products offered by the new WIC brand more than doubled 1 year after
the contract change, and sales of toddler milks increased by 43% 2 years after.

10,233

77

–

Control brand

Non-WIC product

–

91

Non-WIC product

New contract brand

–

–

WIC-eligible
product

WIC-eligible
product

295

72

–

–

283

–

–

111

82

51

109

85

461

1 year pre-change

1 year pre-change

1 year post-change

1748

77,905

4477

Infant formula
(7 states)

1704

Former contract
brand

Average product volume sales (oz/week
[infant formula], fl
oz/week [toddler
milk])

Average store size ($/
oz [infant formula],
$/fl oz [toddler
milks])

177,138
Number of products
(store × brand × variety)

Number of stores

Infant formula
(31 states)

76

89

333

68

140

1 year post-change

718

–

–

843

–

–

999

1 year pre-change

2732

5828

891

Toddler milk (31 states)

Table 2  Summary statistics for model variables: three major manufacturers (Mead Johnson, Abbott, and Nestle S.A.)’ powdered products only

444

–

–

1,015

–

–

1047

2 years post-change
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–

–

–

–

11.22

Non-WIC product

Control brand

–

WIC-eligible
product

5.31

Non-WIC product

New contract brand

–

11.9

WIC-eligible
product

Former contract
brand

TV advertising spending ($000/week)

1.00

Non-WIC product

Control brand

–

WIC-eligible
product

1.07

Non-WIC product

New contract brand

–

1.11

1 year pre-change

WIC-eligible
product

Former contract
brand

Average product unit
price ($/oz [infant
formula], $/fl oz
[toddler milks])

Table 2  (continued)

6.91

–

–

5.59

–

–

2.74

1.08

–

–

1.15

–

–

1.15

1 year post-change

24.54

2.54

4.80

0.00

0.00

0.98

1.29

1.01

1.24

1.03

1 year pre-change

12.24

2.78

5.66

0.00

0.00

1.07

1.32

1.10

1.28

1.04

1 year post-change

0.08

–

–

0.11

–

–

0.20

0.116

–

–

0.118

–

–

0.118

1 year pre-change

0.21

–

–

0.11

–

–

31.72

0.124

–

–

0.119

–

–

0.118

2 years post-change
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57

–

Control brand

Non-WIC product

–

66

Non-WIC product

New contract brand

–

–

WIC-eligible
product

WIC-eligible
product

65

1 year pre-change

Former contract
brand

Number of products
with displays/
features at sample
stores (count/week)

Table 2  (continued)

66

–

–

79

–

–

72

1 year post-change

20

6

12

11

10

1 year pre-change

20

6

12

10

9

1 year post-change

3

–

–

7

–

–

7

1 year pre-change

7

–

–

13

–

–

14
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Table 3  WIC contract change effects on infant formula: adjusted means of volume sales, three major
manufacturers (Mead Johnson, Abbott, and Nestle S.A.)’ powdered products only

Brand level (31 states)
Former WIC brand
New WIC brand
Control brand
Product level (7 states)
Former WIC brand
WIC-eligible products
Non-WIC products
New WIC brand
WIC-eligible products
Non-WIC products
Control brand (all
products)

1 year pre-change

1 year post-change

Total volume
(ml oz)

Total volume
(ml oz)

553.78

95% CI

(553.46, 554.10) 163.30

105.56

(105.32, 105.79) 484.01
(73.74, 74.14)

67.15

211.00

(210.76,211.25)

21.37
49.20

73.94

7.97

30.22

% change

95% CI

(163.04, 163.56) − 71
(483.72, 484.29) 359
(66.96, 67.33)

−9

49.02

(48.81, 49.23)

− 77

(21.32, 21.43)

14.19

(14.14, 14.23)

− 34

(49.01, 49.39)

207.50

(207.28, 49.39)

322

17.84

(17.79, 17.89)

124

(27.93, 28.10)

−7

(7.93, 8.01)
(30.13, 30.30)

28.02

Boldface indicates statistical significance (p < 0.05)

Furthermore, toddler milk sales by former WIC brands did not decline following the
WIC contract change, resulting in an increase in total toddler milk sales. Therefore,
this analysis demonstrates that, despite the substantial rebates required to win a WIC
contract, manufacturers accrue significant additional sales of their other products.
This study adds to the previous literature by demonstrating that WIC contract
changes affect manufacturers’ volume sales, in addition to market share. The DID
models in this paper controlled for overall market trends and other factors that contribute to sales of individual brands (including advertising, retail promotions and
price) and compared sales to a control brand not involved in the contract change.
Therefore, the models demonstrate causal effects of WIC contract changes on
brands’ total infant formula and toddler milk sales. This study also identified specific
WIC-eligible infant formula products in a subset of states to demonstrate substantial
spillover effects on non-WIC infant formula products, primarily specialty formulas.
This study has limitations. Nielsen retail scanner data do not identify individual
consumers, so purchases and spillover effects for WIC versus non-WIC participants could not be determined. Additionally, Nielsen data during the study period
excluded some retailers, including Walmart. As Walmart is the largest US retailer
and likely serves many WIC participants, this analysis may underestimate spillover
effects. Furthermore, analyses of WIC-eligible versus non-WIC products is limited
to the seven states that provided detailed eligible product information. In addition,
future research is needed to understand the mechanisms through which WIC spillover effects occur. For example, does greater shelf space and visibility allocated to all
products offered by WIC brands, brand loyalty among former WIC participants and/

9.91

Control brand

Boldface indicates statistical significance (p < 0.05)

(9.81, 10.02)

8.15

56.62

54.32

(51.42, 52.08)

(42.40, 42.95)

51.75

42.67

Former WIC brand

New WIC brand

95% CI

Total volume
(fl oz)

(8.05, 8.25)

(53.99, 54.65)

(56.22, 57.02)

95% CI

1 year post-change (B)
Total volume
(fl oz)

1 year pre-change (A)

Toddler milk
(31 states)

8.16

52.18

60.86

Total volume
(fl oz)

(7.89, 8.43)

(60.45, 61.27)

(51.71, 52.66)

95% CI

2 years post-change (C)

− 18

43

1

% change (A/C)

Table 4  WIC contract change effects on toddler milks: adjusted means of volume sales, three major manufacturers (Mead Johnson, Abbott, and Nestle S.A.)’ powdered
products only
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Table 5  Measurement of WIC contract change effect: adjusted means of volume sales by infant formula
brand

Former WIC brand
Enfamil
Similac
Gerber
New WIC brand
Enfamil
Similac
Gerber

1 year pre-change

1 year post-change

Total volume
(ml oz)

Total volume
(ml oz)

298.67

230.13
21.13

47.92

42.58

13.75

95% CI

(298.37, 298.96)

(229.89, 230.36)

(21.07, 21.20)
(47.71, 48.13)

(42.41, 42.75)

(13.67, 13.83)

69.58

89.46
4.25

220.09

176.90
87.00

% change

95% CI

(69.33, 69.83)

(89.24, 89.68)

(4.18, 4.31)

(219.84, 220.33)

(176.69, 177.10)

(86.88, 87.12)

− 77
− 61
− 80
359
315
533

Boldface indicates statistical significance (p < 0.05)

or word-of-mouth promotion of brands outside of WIC, consumer perceptions that
the WIC brand is endorsed by the nutrition and health community, or a combination
of these factors, lead to increased sales of WIC brands outside of the WIC program?
The findings in this study indicate a need for policies to address the spillover
effects of winning a WIC contract. The United States Department of Agriculture
(USDA) could use its substantial purchasing power through WIC to require infant
formula manufacturers to stop engaging in harmful marketing practices, including
unsubstantiated claims on BMS packages. However, WIC also presents a conflict of
interest between BMS manufacturers and the US government, which may present a
barrier to policy efforts to increase breastfeeding, including adoption of the WHO
Code [24].
These findings also have implications beyond the WIC program and outside the
USA. They support expert concerns that provision of infant formula directly to consumers, as well as indirect promotion of BMS through government and the healthcare system, provide marketing support for formula manufacturers to the detriment
of consumers. Provision of infant formula through WIC not only increases market
share for the contract brand, but also increases sales of BMS products that experts
do not recommend. For example, WIC spillover increases sales of specialty formulas that are more expensive than other infant formulas and claim numerous benefits
for infants that are not supported by scientific evidence [18]. They also increase
sales of toddler milks that experts do not recommend for young children due to their
added sugar, additional expense, and no proven benefits for young children compared to cow’s milk, which is recommended for toddlers [25]. Previous studies have
also shown that prices of WIC brand products increase following a contract change,
thus increasing infant formula costs for non-WIC participants [26]. Thus, these findings demonstrate the negative consequences of provision and promotion of BMS
directly to consumers and the necessity for countries to implement provisions of the
WHO Code that would prohibit such practices [8, 9].

Effects of United States WIC infant formula contracts on brand…

Furthermore, these findings demonstrate the negative impact of promoting BMS
through the healthcare system, including by WIC and indirectly by healthcare providers. These results suggest that common practices in the USA, such as distribution
of infant formula in hospital discharge packs and professional organization sponsorships of BMS manufacturers, should not be allowed and that countries should enact
provisions of the Code that would prohibit promotion of BMS through the healthcare system.

Conclusion
Infant formula manufacturers who win state WIC contracts receive substantial benefits, beyond sales of products included in WIC packages, through increased sales of
higher-priced infant specialty formulas and toddler milks. WIC provides a mechanism for marketing products that benefit manufacturers’ bottom-line, but it may
negatively impact household budgets and young children’s diets. US government
agencies should establish policies to minimize potential adverse effects of WIC contracts, and countries should implement provisions of the Code that would prohibit
the provision and promotion of BMS directly to consumers, as well as their promotion through healthcare providers and the healthcare system.
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