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Abstract

Background: In 2009, the US Department of Agriculture Food and Nutrition Service’s Special 

Supplemental Nutrition Program for Women, Infants, and Children (WIC) food packages were 

revised to include more whole fruits, vegetables, whole grains, and lower-fat milk.

Objective: The aim of this study was to describe trends over time in the consumption of fruits 

(total and whole), vegetables, whole grains, milk (whole, reduced fat, low-fat or nonfat (LFNF), 

and flavored), and added sugars, including breakfast cereals, by WIC participation status (current 

WIC recipient, WIC income-eligible nonrecipient, and WIC income-ineligible nonrecipient).

Methods: Dietary intakes on a given day for 1- to 4-y-old children (n = 5568) from the 2005–

2018 National Health and Nutrition Examination Survey (NHANES) were analyzed to examine 

trends in the percentage of individuals consuming and amounts consumed over time using linear 

regression adjusted for age, sex, and race and Hispanic origin.

Results: From 2005 through 2018, the percentage of WIC recipients or WIC income-eligible 

nonrecipients consuming fruits and vegetables on a given day did not change, but the percentage 

of fruit consumed as whole fruit increased significantly among WIC recipients (36.4%–62.1%), 

but not among income-eligible nonrecipients. Among the WIC recipients, the percentage of 

consumption (5.5%–29.3%), the amount of LFNF milk servings consumed (0.1–0.4 cups), and 

the percentage of the total milk consumed as LFNF milk (4.8%–27%) significantly increased 

from 2005 to 2018. Conversely, the percentage of energy (12.3%–10.8%) and servings (11.4–

10.6 teaspoons) from added sugars declined significantly. Among WIC-eligible nonrecipients, the 

servings of whole grains increased significantly, whereas servings and percentage of energy from 

added sugars declined significantly.
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Conclusions: From 2005 through 2018, changes in dietary patterns for WIC recipients did not 

always mirror those of US children of the same age. The percentage of fruit consumed as whole 

fruit, and the percentage and quantity of milk consumed as LFNF milk increased significantly 

among WIC recipients, but not among income-eligible nonrecipients.
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Introduction

The 2020–2025 US Dietary Guidelines for Americans (DGAs) recommend following a 

healthy dietary pattern at every life stage [1]. USDA Food and Nutrition Service’s (FNS) 

Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) supports 

pregnant and postpartum women, infants, and children age 1–4 y who are low-income and 

at risk of poor nutrition [2]. WIC provides supplemental foods (“food packages”), nutrition 

education including breastfeeding support, and referrals to health and social services. WIC 

food packages are designed to supplement participants’ diets with specific nutrients and 

food groups and to contribute to an overall healthy dietary pattern. In 2005, the Institute 

of Medicine recommended that WIC food packages align with the 2005 DGAs and infant-

feeding practice guidelines of the American Academy of Pediatrics [3]. An interim rule 

allowed for USDA to move forward with changes to the WIC packages, and they were 

implemented by October 2009. These changes, which included more whole fruits and 

vegetables, whole grains, and lower-fat milk, were the first comprehensive revisions to the 

WIC food packages since the nutrition program began in the early to mid-1970s [4].

Several studies on dietary intakes in the pediatric population and among WIC recipients 

have reported a positive association between WIC participation and improved dietary 

intakes [5–13]. However, studies have not evaluated trends in dietary intake among children 

who participate in WIC compared with children who are eligible but do not participate. 

Therefore, using 2005–2018 data, the objective of this study was to examine trends over 

time in the consumption of fruits, vegetables, whole grains, and low-fat milk and other 

dietary components among 1- to 4-y-old children who were WIC recipients, income-eligible 

nonrecipients, and those not eligible for WIC.

Methods

Data from seven 2-y cycles (2005–2006 through 2017–2018) of the cross-sectional 

National Health and Nutrition Examination Survey (NHANES) were used for these 

analyses. NHANES is a complex, stratified, multistage probability sample of the US 

civilian, noninstitutionalized population administered by the National Center for Health 

Statistics (NCHS). The survey combines an in-home interview and a standardized physical 

examination, including a dietary interview, at a mobile examination center (MEC). Details 

of the NHANES study design, implementation, datasets, analytic considerations, and other 

documentation are published or available on the Web [14, 15]. The NHANES protocol was 

approved by the NCHS Ethics Review Board. For children and adolescents <18 y, written 
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parental consent was obtained. The sample design included oversampling to obtain reliable 

estimates of health and nutritional measures for population subgroups. During 2005–2018, 

various subgroups were oversampled, including non-Hispanic Black, Mexican American, 

and low-income White persons, and persons of other races and ethnicities. For young 

children (age 1–5 y), the NHANES examination response rates ranged from 86.9% to 55.2% 

from 2005–2006 to 2017–2018 [16].

Two 24-h dietary recall interviews were attempted for each survey participant; the first 

recall was conducted in person at the MEC, and the second was conducted by telephone 

3–10 d later [14, 15, 17, 18]. Data from day 1 24-h dietary recall interview were used for 

this study. Trained interviewers, using the USDA’s data collection instrument, automated 

multiple pass method (AMPM) with standardized probes, collected the type and quantity 

of foods and beverages consumed during the previous 24 h [14]. Proxies reported dietary 

intakes for children 5 y of age or younger. Only records deemed reliable were used in the 

current analysis. The dietary data quality control criteria and methods are described in detail 

elsewhere [17].

Defining food categories

Each food and beverage reported by NHANES participants is coded to correspond to the 

USDA’s Food and Nutrient Database for Dietary Studies (FNDDS) food codes. FNDDS 

food codes are accompanied by food descriptions, ingredient lists, gram weights, and 

nutrient and energy values. These FNDDS food codes also link to the USDA’s Food Patterns 

Equivalents Databases (FPED), which disaggregates each food code into ounce-equivalents 

(oz.- eq), cup equivalents, teaspoon equivalents, or grams of 37 distinct food pattern food 

groups used to model the Dietary Guidelines food pattern recommendations [14, 19, 20]. 

For these analyses, the following FPED food groups are presented: cup equivalents of total 

vegetables, cup equivalents of fruit [total (including 100% fruit juice) and whole fruit], cup 

equivalents of milk and cup equivalents of whole grains. Additionally, teaspoons of added 

sugars and food groups from USDA’s What We Eat in America (WWEIA) food categories 

are presented and include cup equivalents of milk (whole, reduced fat, nonfat and low-fat, 

and flavored) and grams of breakfast cereals (ready-to-eat, high sugar, and ready-to-eat 

low sugar). WWEIA Food Categories categorize the FNDDS food codes into ~15 broad 

food categories and 150 subcategories. More information on WWEIA Food Categories is 

available elsewhere [21].

The contribution of whole fruit to total fruit, the contribution of different milk categories 

to total milk intake, the contribution of whole grains to total grains intake and the 

contribution of the cereal categories to total breakfast cereals intake, were estimated using 

the mean ratios approach described previously [22]. The approach entailed summing the 

cup equivalents of whole fruit, cup equivalents of milk by category, cup equivalents of 

whole grains and grams of breakfast cereal by category, and dividing that by the total cup 

equivalents of fruit, total cup equivalents of milk, total cup equivalents of total grains and 

total grams of breakfast cereals, respectively, and then multiplying by 100. The contribution 

of added sugars to total energy intake was determined by converting teaspoon equivalents to 

energy based on 16 kcal/teaspoon.
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WIC participation

WIC participation was categorized into 3 groups on the basis of family annual income 

and a positive response to the question, “is participant now receiving benefits from the 

WIC program.” WIC recipients were defined as children who were reported to be currently 

receiving WIC benefits. WIC-eligible nonrecipients, a more vulnerable group, were defined 

as children from families with annual income at or below 185% of the Department of Health 

and Human Services (DHHS) poverty guideline (the cutoff for WIC participation) [23] and 

did not report currently receiving WIC benefits. WIC-ineligible nonrecipients were higher 

income nonparticipants defined as children from families with annual income >185% of the 

poverty guideline and did not report currently receiving WIC benefits.

Covariates

Demographic variables included sex, age (y), and self-reported race and Hispanic origin. 

Race and Hispanic origin groups included non-Hispanic White, non-Hispanic Black, 

and Mexican American persons. Because all Hispanic persons were not oversampled in 

NHANES until 2007, only Mexican American persons are reported separately. Totals 

include all other race and Hispanic origin groups not reported separately, including those 

reporting multiple races.

Statistical analysis

Demographic characteristics of the study population were described by WIC participation 

status. Pairwise differences in WIC participation status by sex, age, and race and Hispanic 

origin were evaluated using a t statistic. The predicted prevalence of food group/category 

intake and the amount of intake, adjusted for sex, age, and race and Hispanic origin were 

estimated from linear regression. Unadjusted trends are provided in Supplemental Tables 2 

and 3. Tests for linear and quadratic trends across survey years were evaluated using the 

Satterthwaite-adjusted F-test in linear regression. The National Cancer Institute’s Joinpoint 

software [24] was used to evaluate change points for quadratic trends. If a change point was 

detected, piecewise linear regression was used to evaluate the change between slopes.

A sensitivity analysis was conducted in which WIC eligibility was defined by income 

and adjunctive eligibility through participation in Medicaid or Supplemental Nutritional 

Assistance Program (SNAP). No direct question for currently receiving SNAP was available 

on public files for survey years 2007–2010, unlike for other survey cycles. Rather, currently 

receiving SNAP during 2007–2010 was derived on the basis of receiving SNAP within the 

last 31 d from the date of interview.

NHANES survey design variables and day 1 dietary sample weights that account for 

differential probabilities of selection, nonresponse, noncoverage, and day of the week were 

used to obtain estimates representative of the civilian noninstitutionalized US population. 

Standard errors of the percentages were estimated using Taylor series linearization, a method 

that incorporates the NHANES sampling design [25]. All reported estimates were evaluated 

either using the NCHS data presentation standards for proportions [26] or relative standard 

error <30% for means.
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The significance for statistical testing was P <0.05. Statistical analyses were performed 

using SAS (version 9.4, SAS Institute Inc) [27] and SUDAAN version 11.0 (RTI 

International) [28].

Results

The analysis sample included 1- to 4-y-old children with reliable dietary recalls (n = 

5922) from the 2005–2006 through 2017–2018 NHANES cycles. Based on proxy reports, 

participants who were consuming breastmilk (n = 155) or were missing information on WIC 

participation status (n = 199) were excluded, resulting in a final analytic sample of 5568 

children (Supple-mental Figure 1).

More than 30% of US children 1–4 y of age were WIC recipients (30.3%) and another 24% 

of the children were WIC eligible but did not participate in the program during the study 

period from 2005 through 2018 (Table 1). During this time, overall participation in the WIC 

program was similar for boys and girls, decreased with age, and varied by race and Hispanic 

origin. Mexican American (59.2%) children were more likely to be WIC recipients than 

non-Hispanic Black (45.0%) and non-Hispanic White (16.0%) children and non-Hispanic 

Black children were more likely than non-Hispanic White children to be WIC recipients. 

Similar patterns of WIC participation were seen for each 2-y cycle of the study period 

(Supplemental Table 1).

Figures 1–4 show the 2-y trends in the percentage of children (proxies) reporting intake, on 

a given day, of the examined food groups, and the amount consumed, by WIC participation 

status from 2005–2006 to 2017–2018, adjusted for age, sex, and race and Hispanic origin. 

Unadjusted trends are provided in Supplemental Tables 2 and 3.

Fruits and vegetables

From 2005–2006 to 2017–2018 (Supplemental Table 4), the adjusted percentage of children 

1–4 y of age who consumed any fruit or whole fruit only on a given day did not change 

significantly for WIC recipients, WIC income-eligible nonrecipients, or WIC income-

ineligible nonrecipients (Figure 1A and C). The mean amount of total fruit consumed 

decreased among WIC recipients (1.7–1.4 cups, P = 0.05) (Figure 1B). The trend in whole 

fruit consumed was not statistically significant (0.6–0.9 cups, P = 0.17) (Figure 1D) but 

may have contributed to the significant increase in the mean percentage of fruit consumed 

as whole fruit among children receiving WIC (36.4%–62.1%, P < 0.001) (Figure 1E). The 

percentage also increased among those who were WIC income-ineligible (54.6%–73.8%, P 
< 0.001) but not among children who were income-eligible for WIC but not participating 

in the program. During the same period, the adjusted percentage of children who consumed 

any vegetables did not change for WIC recipients or income-eligible non-recipients but 

decreased among children who were WIC income-ineligible nonrecipients (95.3%–87.0%, P 
= 0.03) (Figure 1F). No significant trends were observed in the cups of vegetables consumed 

for any group (Figure 1G).
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Milk consumption

Among WIC recipients (Supplemental Table 5), on a given day, the adjusted percentage 

of children consuming (5.5%–29.3%, P < 0.001) (Figure 2A) and mean cups consumed 

(0.1–0.4 cups, P < 0.001) (Figure 2B) of low-fat or nonfat (LFNF) milk, as well as the 

percentage of the total milk consumed as LFNF milk (4.8%–27.0%, P < 0.001) (Figure 2C) 

significantly increased from 2005–2006 to 2017–2018. No changes in milk consumption 

were observed for those who were income-eligible for WIC but not participating in the 

program except a decrease in the mean percentage of the total milk consumed as LFNF 

milk from 2011–2012 to 2017–2018 (10.3%–2.3%, P = 0.01) (Figure 2C). During this 

time, among WIC recipients only, the adjusted percentage of children consuming reduced 

fat milk increased until 2009–2010 (29.6%–43.2%, P = 0.001) and then decreased through 

2017–2018 (17.7%, P < 0.001) (Figure 2D). The adjusted percentage of WIC recipients 

consuming whole milk decreased from 2005–2006 to 2009–2010 (51.0%–26.7%, P < 0.001) 

and then did not change through 2017–2018 (28.6%, P = 0.85) (Figure 2G). Among WIC 

income-ineligible non-recipients, the only changes observed were significant decreases in 

the mean cups of whole (Figure 2H) and flavored milk (Figure 2K) consumed from 2005–

2006 to 2017–2018.

Cereals and whole grains

From 2005 through 2018 (Supplemental Table 6), on a given day, the percentage of 

WIC recipients consuming lower sugar, ready-to-eat cereal (30.7%–15.2%, P = 0.001) 

(Figure 3A), mean grams (7.7–3.4 g, P = 0.004) (Figure 3B), as well as the mean 

percentage contribution to total cereal intake (46%–27.5%, P = 0.01) (Figure 3C) decreased 

significantly. During this period, no significant trends in cereal consumption were observed 

among WIC income-eligible nonrecipients. Among the WIC income-ineligible children, the 

adjusted percentage of children consuming lower sugar, ready-to-eat cereal did not change 

significantly from 2005–2006 to 2009–2010 (18.5%–25.1%, P = 0.09) before significantly 

decreasing to 11.1% (P < 0.001) in 2017–2018 (Figure 3A). From 2005 through 2018, lower 

sugar, ready-to-eat cereal (3.8–2.2 g, P = 0.03) (Figure 3B) and higher sugar, ready-to-eat 

cereal consumption percentage (Figure 3D) and grams (Figure 3E) decreased among WIC 

income-ineligible children.

Among WIC recipients, on a given day, the adjusted percentage of children consuming 

whole grains remained stable from 2005–2006 to 2011–2012 (66.3%–70.0%, P = 0.07) and 

then decreased significantly through 2018 (59.3%, P = 0.01) (Figure 3G). Conversely, the 

mean cups of whole grains consumed increased from 0.4 cups in 2005–2006 to 0.7 cups in 

2011–2012 (P < 0.001), and then did not change significantly through 2018 (0.6 cups, P = 

0.26) (Figure 3H). Among WIC income-eligible nonrecipients and WIC income-ineligible 

non-recipients, the mean cups of whole grains consumed increased significantly from 2005 

through 2018. The mean increase was 0.5–0.7 cups (P = 0.02) among WIC income-eligible 

nonrecipients and 0.5–0.8 cups (P < 0.001) among WIC income-ineligible nonrecipients.

Added sugars

From 2005–2006 to 2017–2018 (Supplemental Table 7), on a given day, the adjusted 

percentage of children consuming added sugars did not change (Figure 4A); however, both 
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the teaspoons of added sugars consumed (Figure 4B), and the percentage of energy intake 

from added sugars (Figure 4C) decreased among WIC recipients, WIC income-eligible 

nonrecipients, and WIC-ineligible nonrecipients.

Sensitivity analysis

WIC eligibility in our study is defined by income only and does not account for adjunctive 

eligibility by programs such as Medicaid or SNAP. A sensitivity analysis of trends in 

consumption of foods, accounting for WIC eligibility through participation in Medicaid 

or SNAP, was conducted. Results were similar to those reported above except, among 

WIC-eligible nonrecipients, the adjusted percentage of children consuming, on a given day, 

whole fruit and reduced fat milk, and cups consumed of vegetables and reduced fat milk 

significantly decreased from 2005 to 2018. Among WIC income-ineligible nonrecipients, 

the adjusted percentage and cups consumed of whole fruit significantly increased (data not 

shown).

Discussion

Results from NHANES show that on a given day, from 2005–2006 to 2017–2018, WIC 

recipients consumed an increased percentage of total fruit as whole fruit and an increased 

percentage of milk as LFNF milk, changes not observed among WIC income-eligible 

nonrecipients. The increase in the mean percentage of fruit consumed as whole fruit could 

be because of a reduction in total fruit (whole fruit and 100% fruit juice) consumption, 

an increase in whole fruit consumption, or a combination of both. No changes, however, 

were seen in the percentage of children consuming, on a given day, any fruits or vegetables 

or the total amounts of whole fruits and vegetables consumed by both WIC recipients 

and income-eligible nonrecipients. The percentage of WIC recipients who consumed whole 

grains did not change from 2005 through 2012 but declined from 2013 through 2018, 

whereas among WIC income-eligible nonrecipients, the amount of whole grain consumption 

increased from 2005 through 2018. No changes were found in the percentage of children 

consuming added sugars, but the amount of added sugars and percentage of energy from 

added sugars significantly declined between 2005 and 2018 for all children 1–4 y of age.

Although studies have not evaluated trends in dietary intake among children who 

participated in WIC compared with children who are eligible but did not participate, several 

others have looked at changes in dietary patterns among WIC participants before and after 

the 2009 food package change [8, 13, 29–31]. A 2014 systematic review of literature [8] on 

the impact of the 2009 WIC food package change concluded that the revised food package 

was associated with improved dietary intake. Similar to dietary patterns seen in our trends 

study, 1 study reported increases in the amount of fruit and low-fat dairy consumption 

among Hispanic and African-American WIC-enrolled mothers and children [29]. However, 

this study was conducted only 6 mo after the food package change in 2009. Another study 

of the New York State WIC program evaluated WIC-enrolled participants from 2008 to 

201l and reported an increase in daily consumption of fruit, vegetables, and whole grains 

among 1- to 4-y-old children [31]. A recent study [13] using NHANES data found increased 

intake of fiber, whole grains, and legumes and decreased intake of starchy vegetables among 
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WIC participants 2–4 y of age between 2005–2008 and 2011–2014 during which time there 

were revisions to the WIC food package. No significant changes were observed in dairy 

or fruit intake [13]. The study did not compare these changes to changes in consumption 

among children not participating in WIC. The current study shows trends in consumption 

among WIC recipients along with trends among nonrecipient counterparts including those 

income-eligible and ineligible. In addition to including a wider age range of 1- to 4-y-old 

children, the current analysis disaggregates WIC food package categories, such as milk 

and fruit categories to examine the percent of milk consumed as low-fat/nonfat and the 

percentage of fruit consumed as whole fruit. This analysis also presents both the mean intake 

and percentage of children consuming each food category. Finally, exploring a longer period 

until 2018 can reveal whether any immediate changes after the food package revision led to 

long-term changes.

There have been other periodic studies evaluating dietary patterns by WIC participation 

status [6, 7, 9]. A study using NHANES 2011–2016 examined dietary patterns by race 

and ethnicity for WIC recipients and income-eligible and ineligible nonrecipients [9] 

and reported that Hispanic WIC recipients consumed less added sugar than their higher 

income counterparts. Hispanic WIC recipients consumed more fiber than income-eligible 

and income-ineligible nonrecipients. No differences in dietary patterns were observed by 

WIC participation status for non-Hispanic White and Black children. Our study does not 

report trends in dietary patterns by race and Hispanic origin but did control for race and 

Hispanic origin in the trend models.

Improved health outcomes have been associated with the food package change. Several 

studies of WIC-enrolled children have reported a decline in obesity after the food package 

change [32–35]. Daepp et al. [32] reported that before the 2009 WIC food package 

change, the prevalence of obesity across states among 2- to 4-y-old WIC participants was 

increasing by 0.23 percentage points annually. After 2009, the trend was reversed. Changes 

in sociodemographic and other obesity risk factors did not account for the declining trend. 

However, the decline in obesity after 2009 among children receiving WIC benefits reported 

in these studies was not observed among US children in general [36]. One difference 

between these studies and ours is the age groups. We analyzed change among children 1–4 y 

of age, whereas other studies have included 2–4 y or birth to 4 y of age children.

Our study is not without limitations. Children 1–4 y of age are unable to report food and 

beverage consumption for themselves, additionally, because they may be in childcare, the 

person reporting intake may not be the person most familiar with intake. Also, dietary 

intake was measured as intake on a given day and does not necessarily reflect usual intake. 

Limitations associated with self-reported dietary data, such as misreporting, have been 

described [14, 37, 38]. Finally, data may have been underpowered to detect significant trends 

for some groups.

Despite these limitations, the strengths of the study include the use of a nationally 

representative sample, including the more recently available data. Also, 24-h dietary recall 

data in NHANES were collected evenly across days of the week and seasons of the year, to 

account for day-to-day variation and random errors, hence they are representative of mean 
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population intake. Finally, dietary data in NHANES are collected using the USDA’s AMPM 

method, which has cues to prompt respondent memory while reducing the respondent 

burden to obtain accurate recalls [39].

In conclusion, Changes in dietary patterns for WIC recipients did not always mirror those 

among other US children of the same age. From 2005 to 2018, although the percentage of 

1- to 4-y-old children who consumed any fruits or vegetables on a given day did not change, 

the amount of fruit consumed as a percentage of whole fruit increased among children 

receiving WIC benefits, but not among WIC income-eligible nonrecipients. In 2017–2018, 

>62% of fruit consumed by WIC recipients was whole fruit compared with ~53% for 

WIC-eligible nonrecipients and almost 74% of WIC-ineligible children, all above DGA’s 

guidelines that at least half of the recommended amount of fruit come from whole fruit [1]. 

The percentage of children who consumed LFNF milk and the quantity of these kinds of 

milk consumed also increased significantly among WIC recipients but not among eligible 

nonrecipients, in line with the DGA’s recommendation of replacing full-fat dairy with low 

or nonfat alternatives for this age group [1].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

CDF, EAW, KSS, ALT, and CLO designed research and are responsible for critical revision of the manuscript and 
the final content; CDF and EAW contributed to the analysis of data; and CDF drafted the manuscript. All authors 
read and approved the final manuscript.

Funding

This work was performed under employment of the US Federal Government and the authors did not receive any 
outside funding.

The findings and conclusions in this report are those of the authors and not necessarily the official position of the 
Centers for Disease Control and Prevention.

Data Availability

Data described in the manuscript and codebook is publicly and freely available 

without restriction at the NCHS’ NHANES website (https://wwwn.cdc.gov/nchs/nhanes/

Default.aspx). Analytic code will be made available upon request from the corresponding 

author.

Abbreviations:

AMPM automated multiple pass method

DHHS Department of Health and Human Services

FNDDS Food and Nutrient Database for Dietary Studies

FNS Food and Nutrition Service

Fryar et al. Page 9

J Nutr. Author manuscript; available in PMC 2024 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx


FPED Food Patterns Equivalents Databases

LFNF low-fat or nonfat

MEC mobile examination center

SNAP Supplemental Nutritional Assistance Program

WIC Special Supplemental Nutrition Program for Women, Infants, and 

Children

WWEIA What We Eat in America

NHANES National Health and Nutrition Examination Survey

NCHS National Center for Health Statistics

References

[1]. US Department of Agriculture, US Department of Health and Human Services, Dietary Guidelines 
for Americans [Internet], 9th ed., US Government Publishing Office, Washington, DC, 2020, pp. 
2020–2025 [date cited September 20, 2022]. Available from: https://www.dietaryguidelines.gov/.

[2]. Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) [Internet]. US 
Department of Agriculture, Food and Nutrition Service [cited September 20, 2022]. Available 
from: https://www.fns.usda.gov/wic.

[3]. WIC Food Packages: Time For a Change. [Internet], US Department of Agriculture, Food 
and Nutrition Service, February 3, 2006 [cited September 20, 2022]. Available from: https://
www.fns.usda.gov/wic/wic-food-packages-time-change.

[4]. Special Supplemental Nutrition Program for Women, Infants and Children (WIC), Revisions in the 
WIC Food Packages, Final Rule, Federal Register, Internet, Food and Nutrition Service (FNS), 
USDA 79 (42) (2014). date updated 03/20/2014, date cited September 20, 2022]. Available 
from: https://www.federalregister.gov/documents/2014/03/04/2014-04105/special-supplemental-
nutrition-program-for-women-infants-and-children-wic-revisions-in-the-wic-food.

[5]. Tester JM, Leung CW, Crawford PB, Revised WIC food package and children’s diet quality, 
Pediatrics 137 (5) (2016), e20153557.

[6]. Condon E, Drilea S, Lichtenstein C, Mabli J, Madden E, Niland K, Diet Quality of American 
Young Children by WIC Participation Status: Data from the National Health and Nutrition 
Examination Survey, 2005–2008 [Internet], United States Department of Agriculture (2015) 
[cited September 20, 2022]. Available from: https://fns-prod.azureedge.us/sites/default/files/ops/
NHANES-WIC05-08.pdf.

[7]. Gleason S, Hansen D, Wakar B, Indicators of Diet Quality, Nutrition, and Health for Americans 
by Program Participation Status, 2011–2016: SNAP Report, Internet, United States Department 
of Agriculture (2021) [cited September 20, 2022]. Available from: https://fns-prod.azureedge.us/
sites/default/files/resource-files/Indicators-Diet-QualitySNAP.pdf.

[8]. Schultz DJ, Byker Shanks CB, Houghtaling B, The impact of the 2009 special supplemental 
nutrition program for women, infants, and children food package revisions on participants: a 
systematic review, J Acad Nutr Diet 115 (11) (2015) 1832–1846. [PubMed: 26276067] 

[9]. Zimmer M, Moshfegh AJ, Vernarelli JA, Barroso CS, Participation in the Special Supplemental 
Nutrition Program for Women, Infants, and Children and dietary intake in children: associations 
with race and ethnicity, Am J Prev Med 62 (4) (2022) 578–585. [PubMed: 34969606] 

[10]. Hamner HC, Paolicelli C, Casavale KO, Haake M, Bartholomew A, Food and beverage intake 
from 12 to 23 months by WIC status, Pediatrics 143 (3) (2019).

[11]. Stewart H, Hyman J, McLaughlin PW, Dong D, USDA Special Supplemental Nutrition Program 
for Women, Infants, and Children (WIC): A New Look at Key Questions 10 Years After 
USDA Added Whole-Grain Bread to WIC Food Packages in 2009, Internet, U.S. Department 

Fryar et al. Page 10

J Nutr. Author manuscript; available in PMC 2024 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.dietaryguidelines.gov/
https://www.fns.usda.gov/wic
https://www.fns.usda.gov/wic/wic-food-packages-time-change
https://www.fns.usda.gov/wic/wic-food-packages-time-change
https://www.federalregister.gov/documents/2014/03/04/2014-04105/special-supplemental-nutrition-program-for-women-infants-and-children-wic-revisions-in-the-wic-food
https://www.federalregister.gov/documents/2014/03/04/2014-04105/special-supplemental-nutrition-program-for-women-infants-and-children-wic-revisions-in-the-wic-food
https://fns-prod.azureedge.us/sites/default/files/ops/NHANES-WIC05-08.pdf
https://fns-prod.azureedge.us/sites/default/files/ops/NHANES-WIC05-08.pdf
https://fns-prod.azureedge.us/sites/default/files/resource-files/Indicators-Diet-QualitySNAP.pdf
https://fns-prod.azureedge.us/sites/default/files/resource-files/Indicators-Diet-QualitySNAP.pdf


of Agriculture, Economic Research Service (2019) [cited September 20, 2022]. Available from: 
https://www.ers.usda.gov/webdocs/publications/93651/err-268.pdf?v=4946.9.

[12]. Guthrie JF, Anater AS, Hampton JC, Catellier DJ, Eldridge AL, Johnson WL, et al. , The Special 
Supplemental Nutrition Program for Women, Infants, and Children is associated with several 
changes in nutrient intakes and food consumption patterns of participating infants and young 
children, 2008 compared with 2016, J Nutr 150 (11) (2020) 2985–2993. [PubMed: 33024989] 

[13]. Zimmer MC, Vernarelli JA, Changes in nutrient and food group intakes among children 
and women participating in the Special Supplemental Nutrition Program for Women, Infants, 
and Children: findings from the 2005–2008 and 2011–2014 National Health and Nutrition 
Examination Surveys, Public Health Nutr 22 (18) (2019) 3309–3314. [PubMed: 31566166] 

[14]. Ahluwalia N, Dwyer J, Terry A, Moshfegh A, Johnson C, Update on NHANES dietary data: 
focus on collection, release, analytical considerations, and uses to inform public policy, Adv Nutr 
7 (1) (2016) 121–134. [PubMed: 26773020] 

[15]. NHANES, Survey Methods, and Analytic Guidelines [Internet]. National Center for 
Health Statistics [cited September 20]. Available from: https://wwwn.cdc.gov/nchs/nhanes/
AnalyticGuidelines.aspx, 2022.

[16]. NHANES Response Rates and Population Totals, National Center for Health Statistics, 
Internet [cited September 20, 2022]. Available from: https://wwwn.cdc.gov/nchs/nhanes/
responserates.aspx#response-rates.

[17]. Dietary Interview–Individual Food, First Day. National Center for Health Statistics, June, 
2020. Internet [cited September 20, 2022]. Available from: https://wwwn.cdc.gov/Nchs/Nhanes/
2017-2018/DR1IFF_J.htm.

[18]. What We Eat in America, US Department of Agriculture [Internet] 
Agricultural Research Service; January 29, 2021 [date cited September 20, 2022]. 
Available from: https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-
nutrition-research-center/food-surveys-research-group/docs/wweianhanes-overview/.

[19]. Rhodes DG, Adler ME, Clemens JC, Moshfegh AJ, What we eat in America food categories and 
changes between survey cycles, J Food Compost Anal 64 (2017) 107–111.

[20]. Bowman SA, Clemens JC, Friday JE, Moshfegh AJ, Food patterns equivalents database 2017–
2018: methodology and user guide, U.S. Department of Agriculture, Agricultural Research 
Service, Beltsville, MD, 2020. URL: https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/
fped/FPED_1718.pdf. Access date: September 20, 2022.

[21]. Dietary Methods Research: Food Categories, US Department of Agriculture 
[Internet] Agricultural Research Service [cited October 13, 2022]. Available 
from: https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-
research-center/food-surveys-research-group/docs/dmr-food-categories/.

[22]. Krebs-Smith SM, Kott PS, Guenther PM, Mean proportion and population proportion: two 
answers to the same question? J Am Diet Assoc 89 (5) (1989) 671–676. [PubMed: 2723291] 

[23]. [Internet], in: 2021 Poverty Guidelines: US Federal Poverty Guidelines Used 
to Determine Financial Eligibility for Certain Federal Programs, US Health 
and Human Services, Washington, DC, 2021 [cited September 20, 2022]. 
Available from: https://aspe.hhs.gov/topics/poverty-economic-mobility/poverty-guidelines/prior-
hhs-poverty-guidelines-federal-register-references/2021-poverty-guidelines.

[24]. Joinpoint Trend Analysis Software, National Cancer Institute [Internet] April 13, 2022 [cited 
September 20, 2022]. Available from:, Version 4.9.1.0. https://surveillance.cancer.gov/joinpoint/.

[25]. Wolters KM, Introduction to variance estimation, Springer-Verlag, New York, 1982.

[26]. Parker JD, Talih M, Malec DJ, Beresovsky V, Carroll M, Gonzalez JF, et al. , National Center for 
Health Statistics data presentation standards for proportions, Vital Health Stat 2 175 (175) (2017) 
1–22.

[27]. SAS [Computer Program], SAS Institute Inc, Cary, NC, 2013, Version 9.4.

[28]. SUDAAN. Release 11.0, Research Triangle Park, NC, 2012.

[29]. Odoms-Young AM, Kong A, Schiffer LA, Porter SJ, Blumstein L, Bess S, et al. , Evaluating the 
initial impact of the revised Special Supplemental Nutrition Program for Women, Infants, and 

Fryar et al. Page 11

J Nutr. Author manuscript; available in PMC 2024 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ers.usda.gov/webdocs/publications/93651/err-268.pdf?v=4946.9
https://wwwn.cdc.gov/nchs/nhanes/AnalyticGuidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/AnalyticGuidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/responserates.aspx#response-rates
https://wwwn.cdc.gov/nchs/nhanes/responserates.aspx#response-rates
https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/DR1IFF_J.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/DR1IFF_J.htm
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweianhanes-overview/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweianhanes-overview/
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/FPED_1718.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/fped/FPED_1718.pdf
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/dmr-food-categories/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/dmr-food-categories/
https://aspe.hhs.gov/topics/poverty-economic-mobility/poverty-guidelines/prior-hhs-poverty-guidelines-federal-register-references/2021-poverty-guidelines
https://aspe.hhs.gov/topics/poverty-economic-mobility/poverty-guidelines/prior-hhs-poverty-guidelines-federal-register-references/2021-poverty-guidelines
https://surveillance.cancer.gov/joinpoint/


Children (WIC) food packages on dietary intake and home food availability in African-American 
and Hispanic families, Public Health Nutr 17 (1) (2014) 83–93. [PubMed: 23544992] 

[30]. Li K, Fan JX, Wen M, Zhang Q, WIC participation and dietary quality among US children: 
impact of the 2009 food package revision, J Hunger Environ Nutr 17 (4) (2022) 445–459. 
[PubMed: 36777812] 

[31]. Chiasson MA, Findley SE, Sekhobo JP, Scheinmann R, Edmunds LS, Faly AS, et al. , Changing 
WIC changes what children eat, Obesity (Silver Spring). 21 (7) (2013) 1423–1429. [PubMed: 
23703806] 

[32]. Daepp MIG, Gortmaker SL, Wang YC, Long MW, Kenney EL, WIC Food package changes: 
trends in childhood obesity prevalence, Pediatrics 143 (5) (2019), e20182841.

[33]. Dietz WH, Better diet quality in the Healthy Hunger-Free Kids Act and WIC Package reduced 
childhood obesity, Pediatrics 147 (4) (2021), e2020032375.

[34]. Pan L, Freedman DS, Park S, Galuska DA, Potter A, Blanck HM, Changes in obesity among 
US children aged 2 through 4 years enrolled in WIC during 2010–2016, JAMA 321 (23) (2019) 
2364–2366. [PubMed: 31211336] 

[35]. Pan L, Park S, Slayton R, Goodman AB, Blanck HM, Trends in severe obesity among children 
aged 2 to 4 years enrolled in Special Supplemental Nutrition Program for Women, Infants, and 
Children from 2000 to 2014, JAMA Pediatr 172 (3) (2018) 232–238. [PubMed: 29309485] 

[36]. Ogden CL, Carroll MD, Lawman HG, Fryar CD, Kruszon-Moran D, Kit BK, et al. , Trends 
in obesity prevalence among children and adolescents in the United States, 1988–1994 through 
2013–2014, JAMA 315 (21) (2016) 2292–2299. [PubMed: 27272581] 

[37]. Subar AF, Freedman LS, Tooze JA, Kirkpatrick SI, Boushey C, Neuhouser ML, et al. , 
Addressing current criticism regarding the value of self-report dietary data, J Nutr 145 (12) 
(2015) 2639–2645. [PubMed: 26468491] 

[38]. Hebert JR, Clemow L, Pbert L, Ockene IS, Ockene JK, Social desirability bias in dietary 
self-report may compromise the validity of dietary intake measures, Int J Epidemiol 24 (2) (1995) 
389–398. [PubMed: 7635601] 

[39]. Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler WV, et al. , The US 
Department of Agriculture automated multiple-pass method reduces bias in the collection of 
energy intakes, Am J Clin Nutr 88 (2) (2008) 324–332. [PubMed: 18689367] 

Fryar et al. Page 12

J Nutr. Author manuscript; available in PMC 2024 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. 
Fruit and vegetable consumption on a given day among 1- to 4-y-old children, adjusted 

for age, sex, and race/Hispanic origin, by WIC participation status, US 2005–2018. (A) 

Percentage consuming total fruit, (B) mean cup equivalents of total fruits consumed, (C) 

percentage consuming whole fruit, (D) mean cup equivalents of whole fruit consumed, (E) 

percentage of total fruit consumed as whole fruit, (F) percentage consuming vegetables, and 

(G) mean cup equivalents of vegetables consumed. Values in panels (A–G) are percentages 

or means ± standard errors from linear regression. Unweighted sample size: WIC recipient, 

n = 2272; WIC eligible, nonrecipient, n = 1488; WIC ineligible, nonrecipient, n = 1808. 

Estimates are shown in Supplemental Table 4. 1P-linear trend < 0.05. Data Source: 

NHANES. US, United States; WIC, Special Supplemental Nutrition Program for Women, 

Infants, and Children.
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FIGURE 2. 
Milk consumption on a given day among 1- to 4-y-old children, adjusted for age, sex, 

and race/Hispanic origin, by WIC participation status, US 2005–2018. (A) Percentage 

consuming low-fat or nonfat (LFNF) milk, (B) mean cup equivalents of LFNF milk 

consumed, (C) percentage of total milk cup equivalents consumed as LFNF milk, (D) 

percentage consuming reduced fat milk, (E) mean cup equivalents of reduced fat milk 

consumed, (F) percent of total milk cup equivalents consumed as reduced fat milk, (G) 

percentage consuming whole milk, (H) mean cup equivalents of whole milk consumed, 

(I) percentage of total milk cup equivalents consumed as whole milk, (J) percentage 

consuming flavored milk, (K) mean cup equivalents of flavored milk consumed, and (L) 

percentage of total milk cup equivalents consumed as flavored milk. Values in panels (A–

L) are percentages or means ± standard errors from linear regression. Unweighted sample 

size: WIC recipient, n = 2272; WIC eligible, nonrecipient, n = 1488; WIC ineligible, 

nonrecipient, n = 1808. Estimates are shown in Supplemental Table 5. 1P-linear trend < 

0.05. 2P-quadratic trend < 0.05. Data Source: NHANES. US, United States; WIC, Special 

Supplemental Nutrition Program for Women, Infants, and Children.
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FIGURE 3. 
Breakfast cereal and whole grain consumption on a given day among 1- to 4-y-old children, 

adjusted for age, sex, and race/Hispanic origin, by WIC participation status, US 2005–2018; 

(A) percentage consuming ready-to-eat cereal, higher sugar, (B) mean grams of ready-to-eat 

cereal, higher sugar consumed, (C) percentage of total grams of breakfast cereals consumed 

as ready-to-eat cereal, higher sugar, (D) percentage consuming ready-to-eat cereal, lower 

sugar, (E) mean grams of ready-to-eat cereal, lower sugar consumed, (F) percentage of total 

grams of breakfast cereals consumed as ready-to-eat cereal, lower sugar, (G) percentage 

consuming whole grains, (H) mean cup equivalents of whole grains consumed, and (I) 

percentage of total cup equivalents of grains consumed as whole grains. Values in panels 

(A–I) are percentages or means ± standard errors from linear regression. Unweighted sample 

size: WIC recipients, n = 2272; WIC eligible, nonrecipient, n = 1488; WIC ineligible, 

nonrecipient, n = 1808. Estimates are shown in Supplemental Table 6. 1P-linear trend < 

0.05. 2P-quadratic trend < 0.05. Data Source: NHANES. US, United States; WIC, Special 

Supplemental Nutrition Program for Women, Infants, and Children.
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FIGURE 4. 
Added sugars consumption on a given day among 1- to 4-y-old children, adjusted for age, 

sex, and race/Hispanic origin, by WIC participation status, US 2005–2018; (A) Percentage 

consuming added sugars, (B) mean teaspoons of added sugars consumed, and (C) percentage 

of total energy from added sugars. Values in panels (A–C) are percentages or means ± 

standard errors from linear regression. Unweighted sample size: WIC recipient, n = 2272; 

WIC eligible, nonrecipient, n =1488; WIC ineligible, nonrecipient, n = 1808. Estimates are 
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shown in Supplemental Table 7. 1P-linear trend < 0.05. Data Source: NHANES. US, United 

States; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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TABLE 1

Characteristics of the study population of 1- to 4-y-old children, by WIC participation, United States, 2005–

20181

Characteristics n 2 Recipient (n2 = 2272) Eligible, nonrecipient (n2 = 1488) Ineligible, (n2 = 1808)

Percent3 (SE)

Total5 5568 30.3 (1.2) 24.1 (0.9) 45.6 (1.5)

Age (y)

 1 1542 38.8 (1.9)4 18.6 (1.3)5 42.6 (2.1)

 2 1697 31.8 (1.8) 24.2 (1.5) 44.0 (1.9)

 3 1127 26.5 (1.8) 23.6 (1.7) 49.9 (2.4)

 4 1202 24.7 (1.8) 29.6 (1.8) 45.7 (2.2)

Sex

 Female 2723 30.9 (1.4) 23.9 (1.3) 45.3 (1.8)

 Male 2845 29.8 (1.4) 24.4 (1.1) 45.9 (1.8)

Race and

 Hispanic origin

  Non-Hispanic 1720 16.0 (1.3)6,7 22.6 (1.3)6 61.4 (2.0)6,7

 White

  Non-Hispanic 1270 45.0 (2.1)7 35.7 (1.8)7 19.3 (1.7)

 Black

  Mexican American 1387 59.2 (2.1) 21.8 (1.6) 19.1 (1.7)

SE, standard error; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

1
Data Source: NHANES, 2005–2018.

2
Unweighted sample size includes responses from all reliable and complete recalls.

3
Weighted percentages may not add up to 100% due to rounding.

4
Total includes all other race and Hispanic origin groups not reported separately.

5
Significant linear trends by age.

6
Significantly different from non-Hispanic Black.

7
Significantly different from Mexican American.
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