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Abstract
Objective: In 2009, the US Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) began to provide participants with cash-value
vouchers to purchase fruits and vegetables ($US 10 for women and $US 6 for
children per month). The present paper assesses the potential effects of the new
WIC incentives on fruit and vegetable purchases among WIC households in two
New England states.
Design: A pre–post assessment of changes in fruit and vegetable purchases after
the WIC revisions in generalized estimating equation models.
Setting: Scanner data on grocery purchases from a regional supermarket chain in
New England, USA.
Subjects: WIC-participating households (n 2137) that regularly shopped at the
chain during January–September 2009 and January–September 2010.
Results: After the WIC revisions, purchases of fresh and frozen vegetables increased
in volume by 17·5% and 27·8%, respectively. The biggest improvements were
observed for fresh fruit, an increase of 28·6%, adding almost a kilogram of fresh fruits
per household per month. WIC households spent three times more of their WIC
vouchers on purchasing fresh fruits than fresh vegetables. The magnitudes of
substitution effects were relatively small: between 4% (fresh fruit) and 13% (canned
vegetables) of the amounts purchased in 2009 with non-WIC funds were replaced by
purchases made using WIC vouchers in 2010.
Conclusions: The provision of fruit and vegetable benefits in the revised WIC food
packages increased overall purchases of fruits and vegetables among WIC-
participating households in New England. Efforts to encourage consumption of
fruits and vegetables by people receiving federal food assistance are paying off.
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Food policy

Increasing consumption of fruits and vegetables is one
of the main recommendations in the Dietary Guidelines
for Americans(1). Diets rich in fruits and vegetables can
reduce chronic disease risk(2,3), help with long-term weight
maintenance(4–6) and prevent deficiency in important
nutrients that are often underconsumed in the USA, such as
folate, potassium and dietary fibre(1). Despite clinical and
public health recommendations to consume more fruits and
vegetables, the US rates of adequate fruit and vegetable
consumption are very low, particularly among low-income
populations(7,8). For example, the US government recom-
mends that people aged 2 years and above consume at
least two daily servings of fruits and at least three daily
servings of vegetables, but only 32·5 % of adults met this
benchmark for fruits and 26·3 % for vegetables(7). Policies to
encourage consumption of fruits and vegetables have long
shaped the agenda of public health nutrition, varying from
changes in nutrition education and food marketing to

school meal standards and price incentives for consumers
and producers.

The federal food assistance programmes can play a
significant role in improving public health nutrition among
programme participants. One of them, the Special Sup-
plemental Nutrition Program for Women, Infants, and
Children (WIC), serves almost half of the infants born in
the USA, a quarter of children aged 5 years and under,
29 % of pregnant women and 26 % of postpartum women,
a total of almost 8·7 million people and at a cost of $US 6·4
billion in 2013(9). The programme serves pregnant, breast-
feeding or postpartum women, infants and children aged
1–4 years who are low-income (household income below
185 % of the federal poverty line) and at nutritional risk
(e.g. overweight, poor diet, anaemia). Benefits to partici-
pants include a supplemental set of nutrient-dense foods
in the WIC food packages (e.g. milk, juice, cereal, infant
formula), nutrition education, and referrals to health care
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and social services. Federal regulations define specific WIC
foods and their quantities in the WIC food packages, which
vary by participant category and which participants obtain
from WIC-participating retailers. Participants receive fixed
cash-value vouchers (CVV) for the purchase of fruits and
vegetables and quantity-based WIC food vouchers, cheques
or electronic benefit cards for other foods.

WIC’s targeted focus on many low-income women,
infants and young children offers significant potential for
early intervention to prevent obesity and poor nutrition in
vulnerable populations. The WIC food packages were
revised in 2007 to align them with the 2005 Dietary Guide-
lines for Americans and infant feeding practice guidelines
of the American Academy of Pediatrics. Designed as cost-
neutral changes and implemented in all states by October
2009, the revisions aimed to promote breast-feeding and
increase consumption of fruits, vegetables and whole
grains while reducing intakes of saturated fat, cholesterol
and sugar(10). The main changes included the addition of
whole grain products, fruit and vegetable CVV, reductions
in milk, cheese and juice allowances, and restrictions on
milk fat content.

Prior to the WIC food package revisions, WIC partici-
pants received no benefits to purchase fruits, with the
exception of 100 % fruit juice. Vegetables were limited to
dried beans, peas and, for breast-feeding women only,
canned or fresh carrots. The revised packages provide
WIC-participating women and 1–4-year-old children each
month with $US 10 and $US 6 respectively in fruit and
vegetable CVV. Eligible varieties include any fresh, frozen
or canned whole or cut fruit without added sugars, fats or
oils, and fresh, frozen, canned whole or cut vegetables,
except white potatoes, without added sugars, fats or oils(11).
It is currently unknown how successful the new WIC
fruit and vegetable benefits were in incentivizing fruit
and vegetable purchases among WIC participants. Prior
research has suggested that financial incentives could be
an effective means of promoting healthy eating habits,
including fruit and vegetable consumption(12). The current
study describes the effect of the WIC food package revi-
sions on supermarket purchases of fruits and vegetables
among WIC-participating households in New England.

Methods

Scanner data
The data were obtained from a supermarket chain with
over sixty stores in two New England states. Like many
other chains, the store uses a loyalty card system to attract
customers with sales and promotions. At least 90–95 % of
all purchases at the grocery chain are made using loyalty
cards. Purchases made without a loyalty card are not
included in the current study. Each loyalty card is assumed to
represent one household, although some families might in
practice have multiple cards. Household sociodemographic

characteristics, size and multiple card information were not
available due to de-identified data that were provided to
the study.

The data set has complete information about all purchases
made by households using loyalty cards, including a list of
products and amounts purchased and prices paid. Every
purchase is linked to a payment method, which can include:
(i) personal funds (e.g. cash, credit cards); (ii) benefits of the
Supplemental Nutrition Assistance Program (SNAP, formerly
known as Food Stamps); (iii) electronic benefit transfer
(EBT) cash assistance (welfare type of payments); and
(iv) WIC benefits via paper-based vouchers. The use of
SNAP, WIC and/or cash assistance benefits indicates
household participation in the respective programme at
the time of the purchase. Programme participation of each
household is assessed based on multiple purchases during
each month of the analysis.

Participants
The sample is a subset of low-income WIC-participating
families who shopped at the grocery chain stores in
Connecticut or Massachusetts in January 2009–September
2010. All households using WIC benefits at any store of
the chain during this time were selected. Specifically,
households with at least one WIC purchase in January
2009 were flagged as WIC and were followed forward
even if they no longer used WIC benefits. Newly entering
WIC households were identified after January 2009 using
the same approach. These households were carried for-
ward, but their purchases prior to joining the sample were
not available. About half of WIC households were also
SNAP participants. No data were provided by the grocery
chain for households that never participated in WIC.

The current study used data for households that partici-
pated in WIC both before and after implementation of the
WIC revisions in October 2009. Households were selected
if they used WIC benefits each quarter during January–
September 2009 (pre-revision period) and each quarter in
January–September 2010 (post-revision period). A 3-month
transition period after October 2009 was excluded to avoid
data noise as the pre-revision WIC cheques were accepted
for redemption up to three months after the implementation
date. The final sample included 2137 WIC households
providing 36051 observation-months. The study was
exempt from institutional review board review due to the
de-identified nature of the data.

Product identification and categorization
The grocery chain provided a description of all products
sold at its stores for 392 119 Universal Product Codes and,
for items sold by weight, Price-Look Up codes. We
included 3229 vegetable and 1733 fruit Universal Product
Codes/Price-Look Up codes. Using data from the product
description and the ingredient lists in the Gladson Nutri-
tion Database(13), fruits and vegetables were categorized
into Fresh, Canned, Frozen and Dried varieties (100 % fruit
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and vegetable juice was assessed elsewhere(14)). Vegetables
were also classified into five vegetable subgroups based on
the DGA 2010: Starchy, Dark-Green, Red/Orange, Other
and Beans/Peas. We also included vegetables with added
fats, sugars and oils if a vegetable was the first ingredient.
For example, tomato sauces with tomatoes as the primary
ingredient were included as canned vegetables, yet sauces
like barbeque and chilli were excluded as they provided a
minimal contribution of vegetable servings. White potatoes
were not included in the current study as they were not
eligible for purchases with WIC vouchers. All analyses were
completed for any fruits and vegetables (except white
potatoes) and WIC-eligible fruits and vegetables, with qua-
litatively similar results.

Fruits and vegetables were coded for container size,
weight and cup-equivalent servings of the consumable
portion of a given item. The consumable weight of
the product was calculated by removing the weight of the
inedible share based on the US Department of Agriculture’s
per cent refuse for fresh fruits and vegetables(15) and
deriving the per cent cooking yield of the products with data
from multiple sources(16,17). Consumable weight was further
converted to MyPyramid cup equivalents(18). Details on fruit
and vegetable classification are available from the authors
upon request.

Outcome variables
The main outcome variables were total amounts of
fruits and vegetables purchased by a WIC household in a
given month, assessed in ounces and converted to grams,
cup-equivalent servings and dollar expenditure. Fruit and
vegetable purchases were distinguished by payment
type, including purchases made with WIC benefits or CVV,
non-WIC funds (e.g. cash, SNAP benefits) and all payment
methods combined. Each household’s purchases were
aggregated at the monthly level. The presentation of
marginal averages was based on distinguishing between
‘all purchases’ and ‘purchases with WIC benefits’, the
difference between the two would correspond to non-WIC
purchases of fruits and vegetables. Since WIC payments in
the pre-revision period were zero for fruits and almost
zero for vegetables, fitting (non-linear) regression models
was completed for ‘all purchases’ and ‘purchases with
non-WIC funds’.

Predictor variables
The main predictor was a binary variable indicating pre-
and post-implementation periods of the WIC food package
revisions. Household-level controls included indicators for
monthly household SNAP participation and receipt of cash
assistance, a continuous variable of household monthly
expenditure on groceries purchased at the chain, number of
transactions per month and the state of purchase. A set
of store-level covariates, listed in Table 1, was included
to capture differences in the socio-economic composition
of the store areas, which may reflect neighbourhood

differences in prices, product selection and marketing
and serve as proxies for unobserved household socio-
demographics. Each store location was linked to a census
tract with data from the 2006–2010 American Community
Survey(19). For households shopping in multiple stores, the
average of census-tract measures was calculated.

As fruits and vegetables are the only products in the
WIC food packages where prices matter given the fixed
amount of CVV, average monthly net sale prices for fruit/
vegetable categories were used to account for changes in
prices over time. Net sale prices reflected prices paid
by consumers after taking into account discounts and
promotions available for specific products. Net sale prices
were calculated as monthly averages across stores within
each state.

Model
As all outcome variables had a natural bound at zero and
were positively skewed, regression modelling was based
on generalized linear models from the Poisson family with
a logarithmic link function(20). To account for repeated
observations within households, generalized estimating
equations were used with exchangeable working corre-
lation and robust standard errors(21). Adjusted mean dif-
ferences between the two periods were estimated using
the following generic model:

E½Yit j Xi; Xit � ¼expðβ0 +β1 ´PERIODit +β2 ´SNAPit

+β3 ´EBTit +β4 ´TOTEXPit + β5 ´NTRANSit

+β6 ´PRICEt +β7 ´STATEi +β8 ´Tit

+β9 ´SitÞ; ð1Þ

where PERIODit indicates the time period (0 for pre- and 1
for post-implementation), SNAPit indicates a household i
that used SNAP benefits at time t, EBTit is receipt of cash
assistance, TOTEXPit is total grocery expenditure at the
chain, NTRANSit is the number of transactions, PRICEt
are average prices within respective food and vegetable
categories, and STATEi is an indicator for state. Tit denotes a
set of eight binary variables indicating the month of pur-
chase and Sit is a vector of store-area sociodemographic
covariates. Note that price information was not included in
the expenditure models since price-adjusted expenditure
would not reflect differences in total expenditure amounts.
Table 1 reports descriptive statistics on variables used in
the analysis.

Results

Average household total monthly expenditures on all
groceries were $US 235 in 2009 and $US 219 in 2010. Fruit
spending accounted for about 4·6 % of household grocery
expenditure in 2009 and 6·2 % in 2010, while the share
of vegetables increased correspondingly from 5·4 % to
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6·3% (Table 1). In both 2009 and 2010, the most purchased
vegetables were fresh and canned varieties, where canned
included items such as ketchup and pickles. Fresh vege-
tables accounted for 60% of total vegetable cup-equivalent
servings and vegetable expenditure in MA and 56% in CT
in 2009 (Table 2). Based on cup-equivalent servings, the
most popular vegetables among WIC households in 2009
were other vegetables (e.g. celery, mushrooms, olives),
which accounted for about 40% of all purchased vegetables.
Red and orange vegetables (e.g. carrots, tomatoes) were the
second most popular (29 %), followed by dark-green (13%),
starchy vegetables (11%), and beans and peas (7 %). This
was similar for expenditure and changed little in 2010. As
WIC provided a very limited set of vegetables before the
WIC revisions, vegetable purchases using WIC benefits were
minimal in 2009.

This changed significantly in 2010, with vegetables
purchased using WIC benefits accounting for 19 % of all
vegetable purchases among WIC households in MA and
10 % in CT (respectively, 838 g and 464 g per household
per month). There were important substitution effects:
instead of adding all of the new WIC benefits to the pre-
revision vegetable purchases, WIC households used them
to pay for some of the vegetables previously purchased
with non-WIC payments (i.e. cash, SNAP benefits). Non-
WIC purchases of vegetables declined by 492 g in MA

and 433 g in CT (about 3 cup-equivalent servings and $US
0·4–0·6 per month).

Most fruit purchases were for fresh fruits (of cup-
equivalent servings, 89 % in 2009 and 92 % in 2010), with
only modest amounts of canned fruits (8 % in 2009 and
6 % in 2010) and minimal purchases of frozen and dried
fruit (2–3 %; Table 3). Average spending on fruits by WIC
households was similar to their vegetable expenditure,
about $US 11–14 per household per month or 5 % of total
monthly expenditure at the grocery chain. All fruit purchases
prior to the WIC revisions were made using non-WIC funds.

In 2010, WIC benefits accounted for about a quarter of
all fruit purchases among WIC households. Specifically,
WIC-paid purchases of fruit (almost all fresh fruit) per
household per month increased from zero to 976 g in MA
and 1039 g in CT, which is about 5 cup-equivalent servings
and $US 3·1–3·3. However, total fruit purchases increased
by 566–662 g per month (3·5 cup-equivalents or $US 2·6–2·7),
indicating the same substitution effects observed with
vegetable purchases. A change in the method of payment
from non-WIC funds in 2009 to WIC benefits in 2010
accounted for about 10 % of fruit purchases by weight and
5 % of spending.

Table 4 shows estimation results for fresh, canned and
frozen vegetable purchases and fresh and canned fruit
purchases in grams and dollar expenditure. Due to small

Table 1 Sample description: low-income WIC-participating families who shopped at stores from a regional supermarket chain in Connecticut
or Massachusetts, USA, in January 2009–September 2010

Pre-implementation period
January–September 2009

Post-implementation period
January–September 2010

Mean SD Mean SD

Household-level covariates
SNAP participation (%) 45 52
Receipt of cash assistance (%) 5 5
State of purchase (Connecticut) (%) 23 24
Total monthly grocery expenditure ($US) 235 190 219 183
Total monthly fruit expenditure ($US) 10·79 15·69 13·48 16·31
Total monthly vegetables expenditure ($US) 12·62 16·43 13·72 16·68
Net sale prices ($US/100 g)
Fresh vegetables 0·497 0·043 0·534 0·044
Canned vegetables 0·357 0·032 0·350 0·046
Frozen vegetables 0·367 0·028 0·371 0·021
Fresh fruits 0·417 0·032 0·452 0·039
Canned fruits 0·325 0·021 0·336 0·021

Total number of transactions per period 105 60 107 63
Store area-level sociodemographic covariates
Household income (in $US 10 000) 5·6 1·6 5·6 1·6
High-school graduates (%) 33·6 7·1 33·6 7·1
College graduates (%) 15·9 5·8 15·9 5·8
Non-English use at home (%) 15·9 12 16 12
Unemployed (%) 8·1 2·8 8·1 2·8
SNAP participants (%) 11·1 8·4 11·2 8·4
Households in poverty (%) 8·5 6·4 8·6 6·4
Non-Hispanic White (%) 83·5 13·3 83·5 13·2
Non-Hispanic Black (%) 3·8 5·3 3·7 5·1

n (observations) 17 740 18 311
n (households) 2137 2137

WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; SNAP, Supplemental Nutrition Assistance Program (formerly known as Food
Stamps).
Note: Household sociodemographic covariates are not available in the data.
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purchases of dried fruit and vegetables and frozen fruits,
these were not included in the estimation. Results show
the change in fruit and vegetable purchases following
implementation of the WIC food package revisions,
adjusting for seasonal variation, fruit/vegetable prices and
other control variables. In 2010, the monthly amount of
fresh vegetables purchased was 2·52 kg, an increase of
17·5 % (P< 0·001) from 2009. The increase in expenditure
on vegetables was similar in magnitude, 14·7 % (P< 0·001)
for fresh vegetables and 30·9 % (P< 0·001) for frozen
vegetables, which is only additional $US 1·14 per month
for fresh vegetables. Results for vegetable purchases using
non-WIC funds confirm substitution effects seen in the
descriptive data.

The estimated differences for fresh vegetables would be
smaller (e.g. exp(b)= 1·110, P< 0·001 for any payment) if
changes in net sale vegetable prices were not included
in the estimation. This is due to a slight increase in average
prices for fresh vegetables between 2009 and 2010 (3
cents/g in MA and CT). On the other hand, prices for
canned vegetables decreased during the same period
(about 0·5 cents/g in CT), so that the price-unadjusted
effects of the time variable were larger (exp(b)= 1·037,
P< 0·05). No changes in prices and estimation results were
observed for frozen vegetables.

The results for fruits were similar to the vegetable findings,
suggesting a significant increase of 28·6% (P<0·001) in
purchased grams of fresh fruit and 30·3% (P<0·001) higher
spending. An average WIC household purchased additional
906 g and spent $US 3·12 more on fresh fruits per month;
more than double the increases seen for fresh vegetables.
These improvements in total (WIC and non-WIC) fruit
purchases occurred while WIC households reduced the
amounts of fresh and canned fruit purchases made using
non-WIC funds, by 4·4 % (P< 0·05) and 12·1 % (P< 0·001)
respectively. A small increase in average prices for fresh
fruits between 2009 and 2010 led to slightly larger coeffi-
cients (e.g. coefficient for the difference in fresh fruit
purchases excluding prices, any payment: exp(b)= 1·252,
P< 0·001). Prices for canned fruits did not change over
the two time periods. The online supplementary material
presents supplemental data on the variation in fruit and
vegetable purchases and changes in their prices.

Discussion

Increasing fruit and vegetable consumption in low-income
women and young children was one of the key goals in
revising the WIC food packages(10). For WIC-participating

Table 2 Vegetable purchases before (2009) and after (2010) implementation of the WIC food package revisions (unadjusted analyses)
among low-income WIC-participating families who shopped at stores from a regional supermarket chain in Connecticut or Massachusetts,
USA, in January 2009–September 2010

Grams Cup-equivalent servings Expenditures ($US)

MA CT MA CT MA CT

All purchases
2009
Fresh vegetables 2164·9 2258·3 13·7 14·6 7·1 8·1
Canned vegetables 1550·8 1839·5 6·5 7·7 3·8 4·6
Frozen vegetables 305·6 461·3 1·8 2·7 0·9 1·3
Dried vegetables 48·1 62·3 0·6 0·9 0·2 0·2
Total 4069·5 4621·4 22·6 25·9 11·9 14·2

2010
Fresh vegetables 2278·2 2391·4 13·8 14·8 7·8 9·2
Canned vegetables 1610·3 1635·7 6·7 7·0 4·0 4·3
Frozen vegetables 413·2 478·3 2·4 2·8 1·2 1·3
Dried vegetables 31·1 62·3 0·4 0·9 0·1 0·2
Total 4332·7 4567·6 23·3 25·5 13·2 14·9

Purchases with WIC benefits
2009
Fresh vegetables 28·3 19·8 0·2 0·1 0·1 0
Canned vegetables 14·2 16·9 0·1 0·1 0·1 0·1
Frozen vegetables 0 0 0 0 0 0
Dried vegetables 39·6 48·1 0·5 0·7 0·1 0·2
Total 82·1 84·9 0·8 0·9 0·2 0·3

2010
Fresh vegetables 348·1 308·5 2·0 1·9 0·9 1·0
Canned vegetables 322·6 28·3 1·3 0·2 0·7 0·1
Frozen vegetables 141·5 73·6 0·8 0·4 0·4 0·2
Dried vegetables 25·5 53·8 0·3 0·7 0·1 0·1
Total 837·7 464·1 4·4 3·2 2·1 1·4

n 27 585 8466 27 585 8466 27 585 8466

WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
Note: Before implementation of the WIC food package revisions (2009), the WIC food packages included only dried beans/peas and fresh/canned carrots. No
other vegetables were allowed. White potatoes are not included.
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households in New England, the current study found
significant improvements in fruit and vegetable purchases,
especially for fresh fruit and vegetables, which likely
increased consumption of these wholesome foods in the
WIC population. The observed advances were most sub-
stantial for fresh fruits (additional monthly purchases of
906 g, 3·5 cup-equivalent servings and $US 3·12 per
household), with WIC households spending more of their
WIC fruit and vegetable CVV on fresh fruits. Increases in
purchases of fresh vegetables were about 40 % of the
improvements seen for fresh fruits.

Another important finding of the study was to demon-
strate substitution effects in the use of WIC benefits and
non-WIC funds in fruit and vegetable purchases among
WIC households. With the exception of fresh vegetables,
the amounts of fruits and vegetables purchased with
non-WIC funds declined after implementation of the WIC
revisions. WIC households used their new WIC fruit and
vegetable benefits to pay for some of these purchases.
This substitution in the method of payment was fairly small
(between 4 % and 13 %), which is good news, as there was
concern that WIC benefits would be used entirely to
simply replace purchases made using non-WIC funds prior
to the introduction of WIC fruit and vegetable CVV. As the
study focused only on fruits and vegetables, it cannot
describe where the ‘saved’ grocery funds were redirected

to and how that affected overall grocery purchases and
diet of WIC households. Future research should examine
the effect of the WIC revisions on the composition of all
food purchases and diet quality among WIC participants.

The study highlights an important disconnect between
national recommendations and household choices regarding
fruits and vegetables. The US Department of Agriculture
recommends that families spend between $US 45 and $US
90 per week on at-home consumption of fresh fruits and
vegetables(22,23). At the same time, an average household’s
spending on fresh fruits and vegetables for consumption
at home was $US 9·0 per week, varying from $US 5·4 for
low-income (1·7 persons per household) to $US 15·0 for
high-income families (3·2 persons per household)(24). In our
data, monthly spending on fresh fruits and vegetables among
WIC households at one grocery chain was $US 18·1 in 2009
and $US 22·4 in 2010. This is similar to the national data for
low-income households, but considerably lower than the
recommended fruit and vegetable spending, even if the
observed purchases represented only a portion of total
household purchases.

There is also an important difference in how much WIC
contributes to incentivizing fruit and vegetable purchases v.
other WIC foods. For example, WIC-participating children
receive 3·78 litres of 100% juice per month(11), which is in
excess of dietary recommendations for juice consumption in

Table 3 Fruit purchases before (2009) and after (2010) implementation of the WIC food package revisions (unadjusted analyses) among
low-income WIC-participating families who shopped at stores from a regional supermarket chain in Connecticut or Massachusetts, USA, in
January 2009–September 2010

Grams Cup-equivalent servings Expenditures ($US)

MA CT MA CT MA CT

All purchases
2009
Fresh fruit 3036·6 3234·7 15·0 16·0 9·5 10·0
Canned fruit 311·3 376·4 1·3 1·6 0·8 0·9
Frozen fruit 19·8 19·8 0·1 0·1 0·1 0·1
Dried fruit 25·5 28·3 0·3 0·3 0·2 0·2
Total 3393·2 3659·2 16·7 18·0 10·6 11·3

2010
Fresh fruit 3684·7 3882·8 18·4 19·5 12·0 12·7
Canned fruit 314·1 302·8 1·3 1·3 0·9 0·9
Frozen fruit 28·3 19·8 0·1 0·1 0·2 0·1
Dried fruit 28·3 19·8 0·3 0·2 0·2 0·2
Total 4055·4 4225·2 20·1 21·1 13·4 13·9

Purchases with WIC benefits
2009
Fresh fruit 0 0 0 0 0 0
Canned fruit 0 0 0 0 0 0
Frozen fruit 0 0 0 0 0 0
Dried fruit 0 0 0 0 0 0

2010
Fresh fruit 976·4 1038·6 4·9 5·4 3·1 3·3
Canned fruit 42·4 5·7 0·2 0 0·1 0
Frozen fruit 8·5 2·8 0 0 0·1 0
Dried fruit 0 0 0 0 0 0
Total 1027·3 1047·1 5·1 5·4 3·3 3·3

n 27 585 8466 27 585 8466 27 585 8466

WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
Note: Fruit was not part of the WIC food packages and could not be purchased with WIC benefits before implementation of the WIC revisions (2009). White
potatoes are not included.
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young children (about 118ml/d)(25,26). Similarly, WIC milk
provisions cover virtually all dairy needs of young children
(15·1 litres/month)(11). At the same time, fruit and vegetable
benefits for WIC-participating women and children are only
$US 10 and $US 6 per month, which falls considerably short
of the recommended fruit and vegetable spending. While
the addition of fruit and vegetable CVV into the WIC food
packages was an important step in promoting fruit and
vegetable consumption in low-income populations, more
work is necessary in closing the gap between the recom-
mended and actual levels of fruit and vegetable intake.

If the observed purchase improvements reflect changes
in fruit and vegetable consumption among WIC partici-
pants nationwide, the effects on public health could be
significant. The increase in fruit and vegetable consumption
is associated with a range of health outcome improve-
ments(1). Similar results on the effectiveness of food policy
changes are available elsewhere. A randomized controlled
trial, the Healthy Incentives Pilot (HIP), evaluated the
effects of providing SNAP participants with a 30 % subsidy
on purchases of targeted fruits and vegetables (defined
in a similar way as WIC-eligible fruits and vegetables).
Adult SNAP participants receiving a subsidy increased
consumption of targeted fruits and vegetables by 0·22

cup-equivalents per day, which is a 25 % difference in
consumption over a control group of SNAP participants
not receiving a subsidy(27). At the same time, the WIC food
package revisions, which significantly limited juice bene-
fits, were shown to reduce WIC participants’ purchases of
100 % juice by 24 %(14). In 2004, New York City public
schools removed whole milk and switched from low-fat to
fat-free chocolate milk, which led to serving 24·9 fewer
megajoules (5960 fewer calories) and 619 fewer grams of
dairy fat to students drinking milk in 2009(28).

The present study has a number of unique strengths,
including the use of scanner data on grocery purchases
in the pre–post implementation period for over 2000
WIC families. Data on the method of payment allowed
assessment of the use of WIC benefits and other funds to
pay for fruits and vegetables. The study was also subject
to limitations. Data were from two New England states that
may differ from other states. Lack of household socio-
demographic characteristics was another limitation, yet all
households were WIC participants and therefore low-
income. Lack of a control group for WIC participants
was another study limitation. It is also unknown how
purchases made without using loyalty cards differed from
purchases of loyalty card users as well as household

Table 4 Adjusted differences in fruit and vegetable purchases before and after implementation of the WIC food package revisions among
low-income WIC-participating families who shopped at stores from a regional supermarket chain in Connecticut or Massachusetts, USA, in
January 2009–September 2010

Vegetables Fruits

Marginal prediction (g) Marginal prediction (g)

exp(b) 95% CI 2009 2010 exp(b) 95% CI 2009 2010

Grams purchased
All purchases
Fresh 1·175*** 1·127, 1·225 2151 2519 1·286*** 1·238, 1·335 3198 4104
Canned 1·016 0·980, 1·052 1641 1670 0·984 0·915, 1·057 311 311
Frozen 1·278*** 1·198, 1·363 340 453 n.e.
All† 1·087*** 1·050, 1·128 4302 4670 1·259*** 1·215, 1·306 3594 4528

Purchases with non-WIC funds
Fresh 1·010 0·969, 1·054 2123 2151 0·956* 0·920, 0·993 3198 3056
Canned 0·872*** 0·842, 0·904 1613 1415 0·879*** 0·817, 0·946 311 283
Frozen 0·904** 0·847, 0·965 340 311 n.e.
All† 0·923*** 0·892, 0·956 4302 3962 0·950** 0·916, 0·986 3622 3424

Expenditures ($US)
All purchases
Fresh 1·147*** 1·116, 1·179 7·80 8·94 1·303*** 1·268, 1·339 10·31 13·43
Canned 1·074*** 1·041, 1·108 4·03 4·32 1·095* 1·022, 1·174 0·84 0·92
Frozen 1·309*** 1·232, 1·391 1·02 1·33 n.e.
All† 1·107*** 1·075, 1·141 13·53 14·98 1·233*** 1·193, 1·274 11·89 14·65

Purchases with non-WIC funds
Fresh 1·025 0·998, 1·054 7·76 7·95 0·980 0·953, 1·007 10·34 10·13
Canned 0·944*** 0·915, 0·974 3·99 3·76 0·981 0·915, 1·052 0·84 0·83
Frozen 0·976 0·916, 1·038 1·02 1·00 n.e.
All† 0·974 0·945, 1·003 13·49 13·14 0·945** 0·914, 0·976 11·93 11·27

WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; n.e., not estimated.
Note: Full model results are available from the authors upon request.
Presented are exponentiated coefficients (exp(b)), 95% confidence intervals, and marginal predictions for the binary variable indicating the time periods before
(January–September 2009) and after (January–September 2010) the WIC food package revisions from separate generalized estimating equation regression
models with a logarithmic link function (Poisson family) and robust standard errors; all models included control variables as shown in equation (1), except prices
were not included in the expenditure models.
Significance level: *P<0·05, **P< 0·01, ***P< 0·001.
†Fresh, canned, frozen and dried fruit; fresh, canned, frozen and dried vegetables, vegetable juice.
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purchases made with more than one loyalty card. Finally,
the study assessed fruit and vegetable purchase beha-
viours at a single grocery chain, which does not include
household purchases of fruits and vegetables across all
food stores and may not represent the overall diet of WIC
participants.

Future research should evaluate the effects of the WIC
food package revisions on diet quality, body weight and
health outcomes among WIC participants. Eating habits and
body weight status in early childhood are critical for future
development of the child, including risk for obesity(29) and
related health conditions. The improvements in diet, which
the WIC food package revisions are likely to initiate, might
have significant long-term effects on health-care costs and
productivity for both private and public payers. Given the
cost-neutral design of the WIC food package revisions,
the current and future benefits to WIC participants could
produce an impressive return on investment for taxpayers.
The federal government is advised to extend the ‘lessons
learned’ from the WIC revisions to updating other federal
food assistance programmes, particularly SNAP.

Conclusion

The provision of fruit and vegetable benefits in the revised
WIC food packages increased overall purchases of fruits
and vegetables among WIC-participating households in
New England. Importantly, the magnitudes of substitution
effects were relatively small: between 4 % (fresh fruit) and
13 % (canned vegetables) of the amounts purchased in
2009 using non-WIC funds were replaced with purchases
made using WIC benefits. Additional efforts to encourage
fruit and vegetable consumption are necessary as fruit and
vegetable purchases remain relatively low.
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