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A B S T R A C T

Background: The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) provides nutrition assistance to
low-income households, including infant formula for infants not fully breastfeeding. Issuance of lactose-reduced infant formula made with
corn syrup solids (CSSF) is associated with elevated risk of obesity in early life, but associations between formula type and dietary intake
have not been examined.
Objectives: To evaluate associations between infant formula (amount and type) issued by WIC with subsequent child diet at ages 12–59 mo.
Methods: Dietary data from 2014, 2017, and 2020 Los Angeles County WIC Survey respondents (n ¼ 1339 children, 12–59 mo of age) were
merged with WIC administrative data on infant feeding (amount and type of infant formula at ages 0–12 mo). Intake frequencies were
available for sweetened beverages, sweets, juice, fast food, water, fruit, vegetables, and milk. Infant feeding was categorized by amount of
WIC-issued formula (descending: fully formula fed, mostly formula fed, mostly breastfed, fully breastfed) and issuance of a CSSF (any, none).
Associations between infant feeding (infant formula amount and type) and child diet were evaluated in multivariable generalized estimating
equation negative binomial regression models, stratified by child age (12 to <24 mo, 24 to <60 mo).
Results: Any infant formula issuance in the first year of life was adversely associated with subsequent dietary intake. This included
21%–23% higher 100% juice intake at 24 to <60 mo and 11%–13% (at 24 to <60 mo) or 20%–22% (at 12 to <24 mo) lower water intake.
CSSF receipt compared with only other infant formula was not consistently associated with subsequent child diet.
Conclusions: Any infant formula amount, but not CSSF receipt compared with other formula types, was associated with less healthful
beverage intake patterns among WIC-participating children. WIC nutrition education may have a stronger impact if tailored based on infant
feeding practices.

Keywords: infant formula, child diet, WIC, juice, water, lactose-reduced infant formula made with corn syrup solids
Introduction

Poor diet quality is pervasive among children in the United
States, including those under 5 y [1]. Minor improvements in
child diet quality were observed between 1999 and 2016 [2].
Average child fruit and vegetable intake is low compared with
dietary recommendations [1,3], and insufficient intakes of
Abbreviations: CI, confidence interval; CSSF, lactose-reduced infant formula made
Study; ITFPS, WIC Infant and Toddler Feeding Practices Study; SSB, sugar-sweetened
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healthy foods are more pronounced among children living in
low-income households [4]. Diet quality tracks from infancy into
early childhood [5] and adulthood [6], and low diet quality in
early childhood can contribute to adverse growth outcomes,
including elevated obesity risk [7]. Childhood diet contributes to
risk of subclinical cardiovascular disease among children [8] and
contributes to obesity [9] and cardiovascular disease risk into
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adulthood [10]. Identifying infant dietary factors that contribute
to adverse dietary behavior patterns is therefore critical for the
primary prevention of chronic disease attributable to diet [11,
12].

The Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) is a nutrition assistance program
administered by the United States Department of Agriculture,
providing food benefits redeemable for healthy foods, nutrition
education, breastfeeding support, and referrals to health and
social services to pregnant and postpartum females and their
children up to age 5 y who live in low-income households [13].
For infants, infant formula is provided to complement the
maternally reported amount of breastfeeding to ensure
adequate nutrition [14]. The WIC program serves half of infants
born in the United States [15], with over half of participants
receiving infant formula from WIC by age 2 mo [16]. Associa-
tions between the amount of infant formula provided by WIC
and subsequent elevated obesity risk relative to breastfeeding
have been reported [17,18]. A recent analysis among
WIC-participating children in Southern California who were fed
formula in infancy identified a significant association between a
specific type of infant formula issued by WIC, lactose-reduced
infant formula made with corn syrup solids (CSSF), and 7%–

10% higher obesity risk relative to other types of infant formula
[19].

Associations between the amount of infant formula issued by
WIC and child diet have been previously reported in a national
sample of WIC-participating infants, in which receiving more
infant formula from WIC was associated with earlier introduc-
tion of any solid foods and 100% juice and greater energy
intake from 13 to 36 mo of age [20]. Given this association
between infant formula amount and diet, and previously re-
ported associations between both infant formula amount [18]
and infant formula type [19] issued by WIC with childhood
obesity, it is necessary to understand how both amount and
type of infant formula contribute to subsequent diet among
WIC-participating children. This study was conducted with the
aim of identifying whether dietary differences are observed
among WIC-participating children by the amount and type of
infant formula received from the WIC program. It was hypoth-
esized that receipt of greater amounts of formula and any
receipt of a CSSF would be associated with more adverse
dietary indicators.

Methods

Setting and sample
This study includes respondents to the triennial Los Angeles

(LA) County WIC Survey, a telephone survey conducted among
WIC-participating families in LA County, CA. This study includes
data from WIC-participating children served by a single large
local-agency WIC program, born in January 2013 or later, and
who were between 12 and 59 mo of age during LA County WIC
Surveys in 2014, 2017, and 2020 (n ¼ 1760) [21]. Survey items
included in the present study were static across 2014, 2017, and
2020 surveys, though changes were made to questions about
child development, adverse childhood experiences, and the
COVID-19 pandemic. Respondents received United States $10
incentives for survey completion, which took ~30min. Response
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rates for the 2014, 2017, and 2020 surveys were 50%, 52%, and
53%, respectively. The California Health and Human Services
Agency Committee for the Protection of Human Subjects pro-
vided Institutional Review Board approval for this study, and
oral informed consent was obtained from all study participants.

Survey respondents provided data on a broad range of topics
from child diet, household composition, food security, and
detailed demographics. Survey data were matched using unique
participant identifiers to WIC administrative data. WIC admin-
istrative data are collected during initial program eligibility
certification and annual recertification and include address of
residence, characteristics of participating children (e.g., race,
sex, age), their mothers (e.g., education, language preference),
and their households (e.g., size, income). WIC administrative
data also include information on the food packages issued to
participants each month during a certification period. Of the
children who met eligibility criteria outlined previously (n ¼
1760), children were excluded for incomplete administrative
data on WIC infant food package (n ¼ 219) or missing survey
data for outcomes or covariates (n ¼ 202). The study sample was
restricted to the children with a survey collected at �12 mo of
age, full survey data, full infant package information on the
amount and type of infant formula issued by WIC from 0 to 12
mo of age, and a valid address of residence to allow determina-
tion of the census tract of residence (n ¼ 1339).

Childhood diet
LA County WIC Surveys conducted in 2014, 2017, and 2020

included a battery of questions about child food and beverage
intake reported by parents of WIC-participating children. These
items were previously found to be reliable across multiple
assessments (intraclass correlation coefficients for each item
ranging from 0.48 to 0.87) and valid (moderate correlation for
each item, except regular soda, with 24-h dietary recall intake
amounts) [22]. Items assessed include the frequency (on an
average day) with which the child in the study consumed items
that the WIC program recommends limiting intake of, including
specific sugar-sweetened beverages (SSBs: sweetened milk,
sweetened <100% juice drinks, i.e., fruit-flavored SSBs), other
sweetened beverages (including beverages like Gatorade or Red
Bull), regular soda and diet soda, sweets (“such as sweetened
cereals, fruit bars, pop-tarts, donuts, cookies and candies”), and
items that WIC encourages including water, fruit, vegetables,
and milk. Survey respondents were directed to report servings of
beverages with “a 12-ounce can, a bottle or a glass” to be
considered a single serving. A separate item evaluated the fre-
quency of fast food intake (4 or more times/wk, 1–3 times/wk,
<1 time/wk but �1 time/mo, <1 time/mo, or never). Outcomes
for this study included the frequency of total SSBs, soda, diet
soda, fruit-flavored SSBs, sweetened milk, sweets, juice, fast
food, water, fruit, vegetables, and milk.

Infant feeding
The amount and type of infant formula issued by WIC from

0 to 12 mo of age were used to characterize infant feeding
practices, and amount and type of infant formula issued were the
primary exposures of interest in this study. The WIC program
provides formula to participating infants to complement mater-
nally reported breastfeeding and ensure the nutritional needs of
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participating infants are met. WIC issues infants 1 of 4 infant
packages each month: a fully breastfeeding package (0 mL of
infant formula), a mostly breastfeeding package (�5323 mL of
infant formula monthly), a some breastfeeding package
(6624–11,918 mL of infant formula monthly), and a no breast-
feeding package (9927–13,071 mL of infant formula monthly)
[14]. These data have previously been validated as a proxy for
infant feeding practices [23]. Infant feeding from 0 to 12 mo of
age was characterized as a breastfeeding score, capturing the
inverse of the total amount of formula issued by WIC by adding
3, 2, 1, and 0 points for each month of fully breastfeeding, mostly
breastfeeding, some breastfeeding, and no breastfeeding infant
package issuance, respectively. For children issued only 12 mo of
an infant food package from WIC, the breastfeeding score was
multiplied by 13/12. The breastfeeding score was then used to
categorize infant feeding into 4 categories: fully formula feeding
(0 points), mostly formula feeding (1–18 points), mostly
breastfeeding (19–38 points), and fully breastfeeding (39
points), as has been done in prior studies [18,20,24]. Any
exposure to a CSSF was assessed dichotomously (0 mo,�1 mo of
CSSF).

Covariates
Covariates included child age at survey completion (contin-

uous, in years on the date of the survey; a second dichotomous
age variable for stratification of the analysis was created with
categories of 12 to <24 mo, 24 to <60 mo), sex, and race/
ethnicity (Asian, Black, English-speaking Hispanic, Spanish-
speaking Hispanic, White, Other); maternal educational attain-
ment (less than high school completion, completed high school,
greater than high school completion) and age (<30 y, 30 to <40
y, and �40 y); household duration of WIC participation (years),
presence of another WIC-participating child (yes, no), Supple-
mental Nutrition Assistance Program participation (yes, no),
food insecurity (food insecure, not food insecure), and income
below the federal poverty level (yes, no); and neighborhood
contextual factors including the healthy food outlet density
(outlets/mile2), unhealthy food outlet density, and percentile of
the Child Opportunity Index [25] in the census tract of residence.
Healthy and unhealthy food outlets were defined to align with
the modified retail food environment index [26,27], and sepa-
rate densities were used as these have been independently
associated with child growth and obesity in the WIC participant
population of LA County [28,29]. Infant feeding practices are
socially patterned [30,31]. Prior research has identified re-
lationships between household sociodemographic characteris-
tics and contextual factors [32] and between contextual factors
and dietary outcomes [33,34]. Neighborhood contextual factors
were therefore included in these analyses because of their po-
tential to confound associations between infant feeding and
dietary outcomes.

Statistical analysis
Child, maternal, and household characteristics of participants

included in this study were summarized with frequencies and
percentages or means and standard deviations for categorical
and continuous variables in categories jointly defined by infant
feeding category and any issuance of a CSSF, respectively.
Testing for differences in distributions of variables (covariates
3

and outcomes) between these groups was performed with
chi-square tests and analysis of variance F tests for categorical
and continuous variables, respectively. To determine the asso-
ciation between the amount of infant formula issued by WIC and
subsequent child diet, generalized estimating equation negative
binomial regression models were used for average daily (or
weekly) servings of each dietary indicator, stratified by child age
(12 to <24 mo, 24 to <60 mo). No regression models were
performed for soda, diet soda, and sweetened milk as these
outcomes had too few children with any intake in the infant
feeding categories defined jointly by formula amount and type.
These models included terms for infant feeding category (fully
formula fed, mostly formula fed, mostly breastfed, and fully
breastfed) and any issuance of a CSSF (yes, no) and were
adjusted for child age and race; maternal educational attainment
and age; and the density of health and unhealthy food outlets in
the census tract of residence. A separate series of generalized
estimating equation negative binomial regression models were
used determine whether infant formula type, specifically any
issuance of a CSSF by WIC, was associated with subsequent diet.
These models were also stratified by child age (12 to<24 mo, 24
to <60 mo) and identically parameterized to the previously
described models with the addition of a 2-way interaction be-
tween infant feeding category (fully formula fed, mostly formula
fed, mostly breastfed, fully breastfed) with any issuance of a
CSSF (yes, no) to allow the estimation of the association between
any CSSF and dietary outcomes in each category of infant
feeding. All associations are presented as incidence rate ratios
(IRRs) and 95% confidence intervals (CIs). All analyses were
conducted using SAS 9.4 (SAS Institute Inc.), and no correction
was made for multiple comparisons [35–37]. P values of <0.05
were considered statistically significant.
Results

Of the 1339 children included in this analysis, nearly one-
quarter (23.7%) were fully breastfed and received the fully
breastfeeding infant package each month from 0 to 12 mo of age
(Table 1). English- and Spanish-speaking Hispanic children
represented over 70% of every infant feeding group, and race/
ethnicity differed across groups (P < 0.0001). Children living in
a home with multiple WIC-participating children represented a
minority of children in all groups, and the smallest proportion
was observed among fully breastfed children (13.2%). Living in a
home with multiple WIC-participating children differed signifi-
cantly between groups (P ¼ 0.03). Maternal educational attain-
ment was higher for infants in groups who received a CSSF or
were fully breastfed, and maternal educational attainment
differed significantly between groups (P ¼ 0.001).

Differences in average intake frequency for assessed foods
and beverages were observed between joint categories for infant
formula amount and formula type (Table 2). Among children 12
to <24 mo of age, significant differences were observed in the
frequency of sweets intake and the frequency of fast food intake
(both P ¼ 0.03). Among children 24 to <60 mo, significant dif-
ferences between groups were observed for intake frequencies
for total SSBs (P ¼ 0.03), diet soda (P ¼ 0.005), sweets (P ¼
0.01), juice (P ¼ 0.02), and water (P ¼ 0.04). Intake frequencies
also varied between younger and older children. Children aged



TABLE 1
Characteristics of WIC-participating children in Los Angeles County by infant formula amount and receipt of any CSSF (n ¼ 1339)

Fully formula fed Mostly formula fed Mostly breastfed Fully breastfed P

Any CSSF No CSSF Any CSSF No CSSF Any CSSF No CSSF (n ¼ 318)

(n ¼ 80) (n ¼ 167) (n ¼ 164) (n ¼ 312) (n ¼ 53) (n ¼ 245)

Child characteristics:
Age (y), mean � SD 3.1 � 1.1 3.1 � 1.1 3.0 � 1.1 3.1 � 1.1 2.9 � 1.1 3.2 � 1.0 3.0 � 1.1 0.73
Male, % 48.8 52.7 48.2 51.6 66.0 51.0 43.4 0.06
Race/ethnicity, % <0.0001
Asian 2.5 7.8 4.3 4.5 3.8 6.9 4.7
Black 15.0 9.6 6.7 2.2 3.8 4.1 5.7
Hispanic-EN 47.5 40.7 47.0 39.1 37.7 27.8 33.6
Hispanic-SP 33.8 33.5 37.8 49.7 49.1 58.0 49.4
White 1.3 7.8 3.0 2.9 5.7 2.9 5.3
Other 0.0 0.6 1.2 1.6 0.0 0.4 1.3

Household/parent characteristics:
WIC duration (y), mean � SD 6.1 � 4.2 6.5 � 4.8 5.8 � 4.4 6.8 � 4.5 7.0 � 5.4 7.0 � 4.5 6.6 � 4.4 0.15
Multiple WIC-participating children in
home, %

22.5 22.2 24.4 22.4 17.0 19.2 13.2 0.03

SNAP, % 40.0 47.9 46.3 49.0 47.2 46.5 46.2 0.89
Food insecure, % 22.5 26.3 31.1 28.8 41.5 30.2 26.7 0.27
Income <100% FPL, % 83.8 79.6 75.0 79.8 75.5 77.1 75.5 0.59
Maternal education, % 0.0001
<HS completion 15.0 35.3 29.9 39.7 26.4 44.5 34.6
HS completion 40.0 31.7 32.3 28.8 22.6 25.7 25.8
>HS completion 45.0 32.9 37.8 31.4 50.9 29.8 39.6

Maternal age (y), % 0.09
<30 36.3 38.9 35.4 33.7 28.3 22.9 27.4
30 to <40 47.5 46.1 47.0 49.0 50.9 56.3 54.4
�40 16.3 15.0 17.7 17.3 20.8 20.8 18.2

Neighborhood characteristics:
Healthy outlet density (10 outlets/mile2),
mean � SD

2.4 � 3.5 3.3 � 4.2 3.2 � 4.5 3.5 � 5.7 3.5 � 4.8 4.4 � 6.5 3.7 � 4.9 0.08

Unhealthy outlet density (10 outlets/
mile2), mean � SD

9.5 � 13.4 13.1 � 17.4 11.7 � 19.5 13.1 � 19.0 11.8 � 17.4 15.8 � 23.6 15.3 � 22.2 0.10

Child opportunity index mean � SD 47.5 � 29.0 42.0 � 26.5 45.1 � 26.9 41.0 � 27.0 40.1 � 27.6 42.7 � 27.6 43.5 � 27.7 0.46

Abbreviations: CSSF, lactose-reduced infant formula made with corn syrup solids; EN, English-speaking; FPL, federal poverty level; HS, high school; SNAP, Supplemental Nutrition Assistance
Program; SP, Spanish-speaking; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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TABLE 2
Mean frequency of intake for foods and beverages by amount and type of infant formula received fromWIC amongWIC-participating children in Los
Angeles County, CA, United States, 2014–2020 (n ¼ 1339)

Dietary frequency, mean � SD Fully formula fed Mostly formula fed Mostly breastfed Fully breastfed P

Any CSSF No CSSF Any CSSF No CSSF Any CSSF No CSSF

Children 12 to <24 mo

n ¼ 14 n ¼ 34 n ¼ 41 n ¼ 65 n ¼ 16 n ¼ 45 n ¼ 79

Items WIC recommends limiting:
Total SSB (daily) 0.3 � 0.5 0.5 � 1.1 0.7 � 0.8 0.9 � 1.6 0.9 � 1.3 0.7 � 1.1 0.7 � 1.4 0.55
Soda (daily) 0.0 � 0.0 0.1 � 0.2 0.0 � 0.2 0.1 � 0.3 0.0 � 0.0 0.0 � 0.1 0.1 � 0.3 0.71
Diet soda (daily) 0.0 � 0.0 0.0 � 0.2 0.0 � 0.0 0.0 � 0.2 0.0 � 0.0 0.0 � 0.0 0.0 � 0.1 0.73
Fruit-flavored SSB (daily) 0.2 � 0.4 0.3 � 0.6 0.4 � 0.7 0.4 � 0.7 0.4 � 0.7 0.5 � 0.8 0.3 � 0.6 0.74
Sweetened milk (daily) 0.0 � 0.0 0.1 � 0.3 0.1 � 0.3 0.2 � 0.6 0.4 � 0.7 0.1 � 0.3 0.1 � 0.4 0.17
Sweets (daily) 0.6 � 0.8 0.6 � 0.8 0.9 � 0.7 0.6 � 0.7 0.9 � 0.9 1.0 � 1.1 0.6 � 0.7 0.03
Juice (daily) 1.1 � 1.0 1.3 � 1.2 1.3 � 1.0 1.3 � 1.0 1.3 � 1.0 1.3 � 1.1 1.2 � 1.1 0.94
Fast food (weekly) 1.9 � 1.3 1.4 � 1.3 1.9 � 1.3 1.5 � 1.3 2.1 � 0.9 2.2 � 1.0 1.6 � 1.2 0.03

Items WIC encourages:
Water (daily) 3.4 � 1.7 3.7 � 2.2 4.4 � 2.2 4.2 � 2.5 4.0 � 2.5 3.9 � 1.6 4.7 � 2.6 0.19
Fruit (daily) 3.0 � 1.5 3.1 � 1.4 3.2 � 1.7 2.8 � 1.0 2.4 � 1.1 2.9 � 1.3 3.1 � 1.2 0.33
Vegetables (daily) 1.9 � 1.1 2.4 � 1.2 2.3 � 1.9 2.4 � 1.3 2.3 � 1.7 2.4 � 1.1 2.7 � 1.4 0.50
Milk (daily) 2.9 � 1.3 3.4 � 1.8 3.2 � 1.3 3.3 � 1.4 2.8 � 1.8 3.4 � 1.5 2.6 � 2.1 0.10

Children 24 to <60 mo

n ¼ 66 n ¼ 133 n ¼ 123 n ¼ 247 n ¼ 37 n ¼ 200 n ¼ 239

Items WIC recommends limiting:
Total SSB (daily) 1.0 � 1.6 1.1 � 1.3 1.1 � 1.4 1.4 � 1.6 0.8 � 1.2 1.2 � 1.7 1.0 � 1.3 0.03
Soda (daily) 0.1 � 0.3 0.1 � 0.3 0.1 � 0.3 0.1 � 0.4 0.1 � 0.4 0.1 � 0.4 0.0 � 0.2 0.11
Diet soda (daily) 0.0 � 0.1 0.0 � 0.1 0.0 � 0.1 0.1 � 0.3 0.1 � 0.3 0.0 � 0.1 0.0 � 0.1 0.005
Fruit-flavored SSB (daily) 0.5 � 0.8 0.5 � 0.8 0.5 � 1.0 0.6 � 0.9 0.3 � 0.6 0.6 � 1.0 0.4 � 0.7 0.42
Sweetened milk (daily) 0.2 � 0.5 0.1 � 0.4 0.2 � 0.5 0.3 � 0.6 0.1 � 0.5 0.2 � 0.5 0.1 � 0.4 0.18
Sweets (daily) 0.7 � 0.7 0.9 � 0.8 1.2 � 1.3 0.9 � 0.7 0.9 � 0.7 0.9 � 0.7 0.9 � 0.7 0.01
Juice (daily) 1.1 � 1.0 1.4 � 1.2 1.3 � 1.1 1.4 � 1.2 1.1 � 0.9 1.4 � 1.2 1.1 � 0.9 0.02
Fast food (weekly) 2.3 � 1.0 2.3 � 0.9 2.4 � 0.8 2.4 � 0.8 2.2 � 0.8 2.4 � 0.9 2.2 � 0.9 0.33

Items WIC encourages:
Water (daily) 4.3 � 2.6 4.4 � 2.2 4.3 � 2.1 4.4 � 2.1 4.7 � 2.2 4.5 � 2.2 5.0 � 2.5 0.04
Fruit (daily) 2.7 � 1.2 2.7 � 1.2 2.7 � 1.3 2.8 � 1.1 2.9 � 1.0 2.9 � 1.3 2.8 � 1.1 0.87
Vegetables (daily) 1.9 � 0.9 2.0 � 1.1 1.8 � 1.1 2.0 � 1.1 2.1 � 1.1 2.1 � 1.1 2.1 � 1.0 0.61
Milk (daily) 2.0 � 1.0 2.2 � 1.2 2.1 � 1.3 2.1 � 1.0 1.9 � 1.0 2.2 � 1.5 2.2 � 1.2 0.74

Abbreviations: CSSF, lactose-reduced infant formula made with corn syrup solids; SSB, sugar-sweetened beverage; WIC, Special Supplemental
Nutrition Program for Women, Infants, and Children.
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12 to <24 mo generally consumed items WIC recommends
limiting, in addition to water, less frequently than children aged
24 to <60 mo. Children aged 12 to <24 mo consumed fruit,
vegetables, and milk more frequently than children aged 24 to
<60 mo.

Significant differences in average intake frequency persisted
between categories of infant feeding type in multivariable
regression models (Table 3). For children 12 to <24 mo of age,
the rate of sweets and fast food intake were 59% higher (IRR:
1.59; 95% CI: 1.08, 2.32) and 34% higher (IRR: 1.34; 95% CI:
1.10, 1.62) among children who were mostly breastfed than
among children who were fully breastfed, respectively. The rate
of water intake was 22% lower among children who were fully
formula fed (IRR: 0.78; 95% CI: 0.63, 0.97) and 20% lower
among children who were mostly breastfed (IRR: 0.80; 95% CI:
0.68, 0.94) than among children who were fully breastfed. The
rate of milk intake was 31% higher among children who were
mostly formula fed (IRR: 1.31; 95% CI: 1.08, 1.59) and 30%
higher among children who were mostly breastfed (IRR: 1.30;
95% CI: 1.06, 1.61) than among children who were fully
breastfed.
5

For children 24 to <60 mo of age, the rate of total SSB intake
was 28% higher among children who were mostly formula fed
(IRR: 1.28; 95% CI: 1.03, 1.59) than among children who were
full breastfed. Rates of sweets intake was 16% lower among
children who were fully formula fed (IRR: 0.84; 95% CI: 0.70,
<1.00) than among children who were fully breastfed. The rate
of juice intake was 21% higher among children who were fully
formula fed (IRR: 1.21; 95% CI: 1.03, 1.42), 23% higher among
children who were mostly formula fed (IRR: 1.23; 95% CI: 1.07,
1.42), and 23% higher among children who were mostly
breastfed than among children who were fully breastfed. The
rate of water intake was 11% lower among children who were
fully formula fed (IRR: 0.89; 95% CI: 0.81, 0.99) and 13% lower
among children who were mostly formula fed (IRR: 0.87; 95%
CI: 0.80, 0.95) than among children who were fully breastfed.

Among the infant feeding categories for the amount of for-
mula received from WIC, few significant differences were iden-
tified between CSSF recipients and nonrecipients (Table 4).
Among children who were fully formula fed, CSSF recipients
consumed 28% fewer servings per day of juice (IRR: 0.72; 95%
CI: 0.56, 0.94) than nonrecipients at 24 to <60 mo of age, but



TABLE 3
Associations between amount of formula received between 0 and 12 mo of age with subsequent child diet among WIC-participating children in Los
Angeles County, CA, United States, 2014–2020 (n ¼ 1339)1.

Amount of formula

Fully formula fed Mostly formula fed Mostly breastfed Fully breastfed

Children 12 to <24 mo

Items WIC recommends limiting:
Total SSB (daily) 0.77 (0.38, 1.56) 1.22 (0.73, 2.06) 1.08 (0.63, 1.87) 1.00 (ref)
Fruit-flavored SSB (daily) 1.01 (0.48, 2.13) 1.38 (0.76, 2.50) 1.53 (0.82, 2.86) 1.00 (ref)
Sweets (daily) 1.00 (0.63, 1.57) 1.14 (0.81, 1.60) 1.59 (1.08, 2.32) 1.00 (ref)
Juice (daily) 1.14 (0.81, 1.60) 1.10 (0.85, 1.43) 1.16 (0.87, 1.55) 1.00 (ref)
Fast food (weekly) 1.00 (0.74, 1.34) 1.02 (0.81, 1.28) 1.34 (1.10, 1.62) 1.00 (ref)

Items WIC encourages:
Water (daily) 0.78 (0.63, 0.97) 0.91 (0.77, 1.08) 0.80 (0.68, 0.94) 1.00 (ref)
Fruit (daily) 0.99 (0.84, 1.16) 0.97 (0.86, 1.09) 0.91 (0.78, 1.06) 1.00 (ref)
Vegetables (daily) 0.84 (0.70, 1.01) 0.93 (0.80, 1.09) 0.90 (0.76, 1.08) 1.00 (ref)
Milk (daily) 1.24 (0.99, 1.54) 1.31 (1.08, 1.59) 1.30 (1.06, 1.61) 1.00 (ref)

Children 24 to <60 mo

Items WIC recommends limiting:
Total SSB (daily) 1.03 (0.80, 1.32) 1.28 (1.03, 1.59) 1.14 (0.89, 1.44) 1.00 (ref)
Fruit-flavored SSB (daily) 1.11 (0.81, 1.52) 1.21 (0.92, 1.58) 1.16 (0.86, 1.56) 1.00 (ref)
Sweets (daily) 0.84 (0.70, <1.00) 1.04 (0.92, 1.19) 1.02 (0.89, 1.17) 1.00 (ref)
Juice (daily) 1.21 (1.03, 1.42) 1.23 (1.07, 1.42) 1.23 (1.07, 1.43) 1.00 (ref)
Fast food (weekly) 1.01 (0.94, 1.09) 1.04 (0.98, 1.11) 1.04 (0.97, 1.12) 1.00 (ref)

Items WIC encourages:
Water (daily) 0.89 (0.81, 0.99) 0.87 (0.80, 0.95) 0.92 (0.84, 1.00) 1.00 (ref)
Fruit (daily) 0.97 (0.89, 1.05) 0.98 (0.91, 1.05) 1.02 (0.95, 1.10) 1.00 (ref)
Vegetables (daily) 0.97 (0.87, 1.07) 0.98 (0.89, 1.07) 1.01 (0.92, 1.11) 1.00 (ref)
Milk (daily) 1.00 (0.90, 1.12) 1.00 (0.91, 1.10) 1.00 (0.90, 1.12) 1.00 (ref)

Abbreviations: CSSF, lactose-reduced infant formula made with corn syrup solids; ref, reference; SSB, sugar-sweetened beverage; WIC, Special
Supplemental Nutrition Program for Women, Infants, and Children.
1 All associations are incidence rate ratio (95% confidence interval) for amount of infant formula received compared with fully breastfeeding. The

generalized estimating equation negative binomial regressionmodels for average daily (or weekly) servings of each dietary indicator included terms
for infant feeding category (fully formula fed, mostly formula fed, mostly breastfed, and fully breastfed) and any receipt of a CSSF (yes, no). The
models were adjusted for child age and race; maternal educational attainment and age; and the density of health and unhealthy food outlets in the
census tract of residence.
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this was not observed among children who were mostly formula
fed or mostly breastfed. Among children who were mostly for-
mula fed, CSSF recipients consumed 43% more servings per day
of sweets (IRR: 1.43; 95% CI: 1.02, 2.01) than nonrecipients at
12 to <24 mo of age, but this was not observed among children
who were fully formula fed or mostly breastfed.
Discussion

This study identified significant associations between any
receipt of infant formula from WIC in the first year of life and
child diet from 12 to <60 mo among WIC-participating children.
Children ages 12 to <24 mo consumed water and items WIC
recommends limiting less frequently than children aged 24 to
<60 mo. Children aged 12 to <24 mo consumed items WIC
encourages (fruit, vegetables, and milk) more frequently than
children aged 24 to <60 mo. At ages 12 to <24 mo, formula
receipt was associated with 20%–22% lower frequency of water
intake (fully formula fed or mostly breastfed), 30%–31% higher
frequency of milk intake (mostly formula fed and mostly
breastfed), and 59% and 34% higher frequency of sweets and fast
food intake (mostly breastfed) than those in children who were
fully breastfed. At 12 to <24 mo of age and among those who
were mostly formula fed as infants, CSSF recipients had 43%
6

higher frequency of sweets intake than no CSSF recipients. At 24
to <60 mo, any formula receipt was associated with 21%–23%
higher frequency of juice intake, 11%–13% lower frequency of
water intake (fully formula fed or mostly formula fed), 16%
lower frequency of sweets intake (fully formula fed), and 28%
higher daily frequency of total SSB intake (mostly formula fed)
than those in fully breastfed children. At 24 to <60 mo of age,
among children who were fully formula fed as infants, CSSF re-
cipients had 28% lower frequency of juice intake than no CSSF
recipients. No consistent associations were observed between
any CSSF receipt compared with no CSSF receipt and subsequent
indicators of child diet across categories of the amount of infant
formula received from WIC.

The associations identified in the present study between any
intake of infant formula with subsequent dietary indicators for
the frequency of juice (at 24 to <60 mo of age) and water intake
(at both 12 to <24 and 24 to <60 mo of age) align with prior
findings. Children who participated in the national WIC Infant
and Toddler Feeding Practices Study (ITFPS)-2 who received
infant formula from WIC were found to have juice introduced
earlier during complementary feeding, aligning with the present
study’s finding of higher juice intake among formula recipients
[20]. The association between any formula receipt and higher
intake of juice also aligns with the Infant Feeding Practices Study
(IFPS)-II follow-up at age 6 y, where exclusive breastfeeding



TABLE 4
Associations between any receipt of CSSF between 0 and 12 mo of age with subsequent child diet by amount of formula received among WIC-
participating children in Los Angeles County, CA, United States, 2014–2020 (n ¼ 1339)1

Dietary frequency Fully formula fed Mostly formula fed Mostly breastfed

Any CSSF No CSSF Any CSSF No CSSF Any CSSF No CSSF

Children 12 to <24 mo

Items WIC recommends limiting:
Total SSB (daily) 0.71 (0.24, 2.11) 1.00 (ref) 0.76 (0.44, 1.31) 1.00 (ref) 1.25 (0.60, 2.60) 1.00 (ref)
Fruit-flavored SSB (daily) 0.81 (0.24, 2.70) 1.00 (ref) 0.77 (0.41, 1.46) 1.00 (ref) 0.86 (0.34, 2.19) 1.00 (ref)
Sweets (daily) 1.07 (0.51, 2.25) 1.00 (ref) 1.43 (1.02, 2.01) 1.00 (ref) 1.00 (0.60, 1.67) 1.00 (ref)
Juice (daily) 0.89 (0.54, 1.49) 1.00 (ref) 0.96 (0.73, 1.28) 1.00 (ref) 1.06 (0.69, 1.63) 1.00 (ref)
Fast food (weekly) 1.27 (0.78, 2.06) 1.00 (ref) 1.23 (0.93, 1.63) 1.00 (ref) 0.86 (0.70, 1.06) 1.00 (ref)

Items WIC encourages:
Water (daily) 0.97 (0.70, 1.33) 1.00 (ref) 1.04 (0.85, 1.27) 1.00 (ref) 0.98 (0.69, 1.39) 1.00 (ref)
Fruit (daily) 0.94 (0.70, 1.25) 1.00 (ref) 1.14 (0.96, 1.35) 1.00 (ref) 0.79 (0.60, 1.05) 1.00 (ref)
Vegetables (daily) 0.78 (0.57, 1.07) 1.00 (ref) 0.95 (0.74, 1.24) 1.00 (ref) 0.92 (0.63, 1.34) 1.00 (ref)
Milk (daily) 0.85 (0.63, 1.15) 1.00 (ref) 0.96 (0.82, 1.12) 1.00 (ref) 0.82 (0.58, 1.15) 1.00 (ref)

Children 24 to <60 mo

Items WIC recommends limiting:
Total SSB (daily) 1.14 (0.74, 1.75) 1.00 (ref) 0.85 (0.65, 1.13) 1.00 (ref) 0.72 (0.44, 1.18) 1.00 (ref)
Fruit-flavored SSB (daily) 1.08 (0.66, 1.75) 1.00 (ref) 1.03 (0.69, 1.54) 1.00 (ref) 0.55 (0.29, 1.04) 1.00 (ref)
Sweets (daily) 0.85 (0.63, 1.13) 1.00 (ref) 1.13 (0.95, 1.33) 1.00 (ref) 1.04 (0.81, 1.32) 1.00 (ref)
Juice (daily) 0.72 (0.56, 0.94) 1.00 (ref) 0.90 (0.74, 1.08) 1.00 (ref) 0.78 (0.58, 1.04) 1.00 (ref)
Fast food (weekly) 1.02 (0.90, 1.14) 1.00 (ref) 1.01 (0.94, 1.09) 1.00 (ref) 0.91 (0.79, 1.05) 1.00 (ref)

Items WIC encourages:
Water (daily) 1.00 (0.85, 1.19) 1.00 (ref) 1.00 (0.91, 1.11) 1.00 (ref) 1.05 (0.89, 1.23) 1.00 (ref)
Fruit (daily) 1.00 (0.88, 1.14) 1.00 (ref) 0.98 (0.89, 1.08) 1.00 (ref) 0.97 (0.86, 1.10) 1.00 (ref)
Vegetables (daily) 0.98 (0.84, 1.14) 1.00 (ref) 0.92 (0.81, 1.05) 1.00 (ref) 1.00 (0.83, 1.21) 1.00 (ref)
Milk (daily) 0.90 (0.77, 1.05) 1.00 (ref) 1.00 (0.88, 1.12) 1.00 (ref) 0.87 (0.72, 1.04) 1.00 (ref)

Abbreviations: CSSF, lactose-reduced infant formula made with corn syrup solids; ref, reference; SSB, sugar-sweetened beverage; WIC, Special
Supplemental Nutrition Program for Women, Infants, and Children.
1 All associations are incidence rate ratio (95% confidence interval) for any receipt of a CSSF compared with no receipt of a CSSF within each

category of infant formula amount. The generalized estimating equation negative binomial regression models for average daily (or weekly) servings
of each dietary indicator included terms for infant feeding category (fully formula fed, mostly formula fed, mostly breastfed, and fully breastfed),
any receipt of a CSSF (yes, no), and a 2-way interaction between infant feeding category and any receipt of a CSSF. The models were adjusted for
child age and race; maternal educational attainment and age; and the density of health and unhealthy food outlets in the census tract of residence.
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duration was inversely associated with intake of fruit juice [38].
Water intake frequency at age 6 y was also positively associated
with breastfeeding duration in IFPS-II [38], aligning with the
present study’s finding of lower intake of water among
WIC-participating children who received any infant formula
from the program. Prior research among WIC-participating
households in California has reported significant associations
between the duration of WIC participation (as a proxy for the
dose of nutrition education received fromWIC) and lower intake
of SSBs and higher intake of water [39,40]. Prior interventions
combining educational and environmental interventions are
proven to have improved child beverage intake patterns in Cal-
ifornia [41,42]. The lack of an association between fully formula
feeding (i.e., no breastfeeding) and daily frequency of vegetable
intake in the present study also contrasts with a recent systematic
review that identified a consistent association between longer
breastfeeding duration with greater vegetable intake [43] and
aligns with recent findings from WIC ITFPS-2 that failed to
identify an association between breastfeeding duration and child
vegetable intake [44]. The current sample consists of children
who continue to participate in WIC and therefore receive WIC
food benefits, which includes a cash value benefit for the pur-
chase of vegetables and fruits. Thus, access to vegetables was
consistently supported by WIC benefits for all children, regard-
less of feeding decisions in the first year.
7

This study did not identify consistent associations between
the type of infant formula received and subsequent indicators of
child diet, contrary to the hypothesis that CSSF receipt would be
associated with more adverse subsequent diet. Prior research has
identified associations between CSSF receipt and elevated risk of
childhood obesity, and it was hypothesized that subsequent diet
might explain part of this association [19]. Associations have
also been identified between CSSF receipt and child tempera-
ment around feeding (fussiness, food enjoyment) [45], which
represented a hypothetical mechanism by which CSSFs would
have been expected to influence subsequent dietary intake. It
was also anticipated that children who had received a CSSF
compared with only other infant formulas would have exhibited
a greater preference for sweet foods and beverages (SSBs, sweets,
juice) due to the greater sweetness of the primary carbohydrate
in CSSFs (being glucose instead of lactose) [46]. The absence of
higher intake of sweet foods and beverages among CSSF
recipients, except for 43% higher intake of sweets among the
mostly formula fed at 12 to <24 mo of age, compared with
recipients of only other infant formulas suggests that obesity risk
differences may not be attributable to the programming of taste
preferences from the relative sweetness of different types of
infant formula [47].

Associations identified between infant feeding group and
intakes of sweetened foods and beverages were mixed.
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Significantly higher frequencies of sweets intake among children at
12 to <24 mo who had been mostly breastfed compared with
children who were fully breastfed and higher total SSB intake
among children at 24 to <60 mo of age who had been mostly for-
mula fed compared with children who were fully breastfed con-
formed to the study hypotheses. The absence of an association
between formula feeding and subsequent intake of fruit-flavored
SSBs (all ages) and for total SSBs (12 to <24 mo of age) was un-
expected. The significantly lower daily frequency of sweets intake
at 24 to<60mo of age among children whowere fully formula fed
compared with those who were fully breastfed was also unex-
pected. Prior studies have reported significant associations be-
tween longer breastfeeding duration and lower intake of junk food
(fast food, soda, sweets, salty snacks) [48]. Reasons for this
discrepancy between the present study and the prior study may be
attributable to differences in the study population,with the present
study being composed of primarily Hispanic children in Southern
California, with all children living in low-income households and
participating in WIC, in contrast to the prior study which used a
nationally representative sample from the Early Childhood Longi-
tudinal Study: Birth Cohort [48]. The age of introduction of sweets
did not differ significantly by infant feeding category in the WIC
ITFPS-2 [20], and the amount of sweets consumed did not differ by
breastfeeding duration in the IFPS-II [38]. Collectively, these re-
sults suggest that the relationship between infant feeding charac-
terized by infant formula and sweets intake may not be clear-cut,
particularly among WIC-participating populations.

Receipt of infant formula may contribute to differences in
subsequent diet through both biological and behavioral expo-
sures. Breastfeeding exposes infants to diverse flavors, obtained
from maternal diet, through breastmilk [11], and breastfeeding
has been associated with higher intake of fruits and vegetables in
early childhood [49,50]. Higher fussiness and lower enjoyment
of eating are associated with lower diet quality [51], and given
previously reported associations between infant formula receipt
and increased fussiness from 12 to 24 mo [45], increased fussi-
ness among formula recipients may explain differences in dietary
behaviors between formula fed and breastfed infants. It is also
possible that nutrition-consciousness is higher among females
who breastfeed, and this maternal nutrition awareness explains
healthier subsequent diet among children who were breastfed
infants [52]. The absence of an association between CSSF
compared with only other infant formula types with subsequent
childhood diet may suggest that the previously reported associ-
ation between CSSF receipt and elevated obesity risk functions
via mechanisms other than child diet, such as by alteration of the
infant gut microbiome [53,54] and glycemic or insulinemic
programing of the metabolism [55,56].

This study has a number of strengths. These includeWIC infant
food package information, which are prospectively collected and
have been validated as a proxy for infant feeding practices [23].
These data are collected every month of the infant year and allow
for the detailed characterization of infant feeding practices
including both the amount and type of infant formula issued by
WIC. Another strength is the dietary outcome data, derived from
2014, 2017, and 2020 administrations of the LA County WIC
Survey, using a battery of validated dietary intake items [22]
among representative samples of WIC-participating children in LA
County. The LA County WIC Survey data, in conjunction with the
WIC administrative data, allowed for the detailed characterization
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of the study sample and adjustment for child, maternal, and
contextual factors, which were thought to be potential con-
founders of the association between infant feeding practices and
subsequent child diet. The study also has limitations, including the
exclusion of any children who were not issued an infant package
by WIC for �12 mo of the first 13 mo of life, reducing the
representativeness of the sample. The dietary frequency items
used in this study are validated but represent a single point in time
and are not a comprehensive dietary recall and therefore limit the
strength of inferences that can be drawn from associations as
overall diet quality and total intakes of energy and food groups
cannot be assessed (for instance, a comprehensive assessment of
all foods and beverages with added sugars). An additional limi-
tation is that a path analysis evaluating the structural relationships
between infant feeding, child diet, and obesity was not possible
due to the fact that heights and weights after the date of survey
completion were unavailable for 43% of the sample because 1)
WIC services transitioned to fully remote in March 2020 in
response to the COVID-19 pandemic [57] and 2) WIC does not
routinely collect height and weight measurements for children
after certification at age 4 y. Finally, the WIC participant popu-
lation in Southern California is predominantly Hispanic and uni-
versally low-income, and this may limit the generalizability of
results from the present study to populations with different
racial-ethnic composition and of higher household income.

In conclusion, any amount of infant formula provided by WIC
in the first year of life was adversely associated with subsequent
dietary intake, including 20%–23% more juice at 24 to <60 mo
of age and 11%–13% (at 24 to <60 mo) or 20%–22% (at 12 to
<24 mo) less water. There were not any consistent associations
between infant formula type (non-CSSF compared with CSSF)
and child diet, suggesting that the association between CSSF
receipt and elevated obesity risk may not be mediated through
the elements of early childhood diets assessed in the present
study. Regardless of infant feeding category, children aged 12 to
<24 mo generally consumed items WIC recommends limiting, in
addition to water, less frequently than children aged 24 to <60
mo. Children aged 12 to<24 mo consumed fruit, vegetables, and
milk more frequently than children aged 24 to <60 mo. These
differences reflect the known decline in average diet quality
observed as children age. Further research is needed to identify
whether there are associations between infant formula type and
child diet assessed with more comprehensive dietary recalls.
Longitudinal dietary assessments across early childhood are
needed to understand how emergent dietary patterns develop as
a child ages and vary by infant feeding practices including infant
formula type, and repeated measurements of diet and child
heights or weights would facilitate path analyses. The WIC pro-
gram has broad reach among children in low-income households
and more research is needed to understand how infant formula
provided by WIC may be contributing to early life dietary pat-
terns and obesity in children. Nutrition education around
beverage choice in WIC may improve the healthfulness of
beverage choices by tailoring messages based upon infant
feeding practices to address the higher juice and lower water
intake among children who were formula fed as infants.
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