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Abstract

OBJECTIVES: To examine the prevalence and trends in severe obesity among 16.6 million
children aged 2 to 4 years enrolled in the Special Supplemental Nutrition Program for Women,
Infants, and Children from 2010 to 2020.

METHODS: Severe obesity was defined as a sex-specific BMI for age >120% of the 95th
percentile on the Centers for Disease Control and Prevention growth charts or BMI >35kg/m?.
Joinpoint regression was used to identify when changes occurred in the overall trend. Logistic
regression was used to compute the adjusted prevalence differences between years controlling for
sex, age, and race and ethnicity.

RESULTS: The prevalence of severe obesity significantly decreased from 2.1% in 2010 to 1.8%
in 2016 and then increased to 2.0% in 2020. From 2010 to 2016, the prevalence decreased
significantly among all sociodemographic subgroups except for American Indian/Alaska Native
children. The largest decreases were among 4-year-olds, Asian/Pacific Islander and Hispanic
children, and children from higher-income households. However, from 2016 to 2020, the
prevalence increased significantly overall and among sociodemographic subgroups, except for
American Indian/Alaska Native and non-Hispanic white children. The largest increases occurred
in 4-year-olds and Hispanic children. Among 56 Special Supplemental Nutrition Program for
Women, Infants, and Children agencies, the prevalence significantly declined in 17 agencies, and 1
agency (Mississippi) showed a significant increase from 2010 to 2016. In contrast, 21 agencies had
significant increases, and only Alaska had a significant decrease from 2016 to 2020.
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CONCLUSIONS: Although severe obesity prevalence in toddlers declined from 2010 to 2016,
recent trends are upward. Early identification and access to evidence-based family healthy weight
programs for at-risk children can support families and child health.

The prevalence of childhood obesity remains high in the United States; ~1 in 5 US children
and adolescents have obesity.1:2 The trends of childhood obesity have been well-documented
by using the National Health and Nutrition Examination Survey (NHANES). Among youth
aged 2 to 19 years, obesity prevalence has plateaued or slightly increased in the recent
decades,?~6 whereas the prevalence of severe obesity rose from 3.6% in 1999 and 2000

t0 6.1% in 2017 and 2018.° In addition to these trends, recent cohort studies revealed
substantial weight gain, particularly among children with excessive weight, during the early
phase of the coronavirus disease 2019 (COVID-19) pandemic.”:8 However, it is noteworthy
that the accelerated weight gain during the early pandemic was largely attenuated later in the
pandemic (January to November 2021).% These findings indicate a potential fluctuation in
weight changes among children and the need for ongoing monitoring and interventions.

Children with severe obesity, compared with their peers with moderate obesity (BMI

>95th percentile to <120% of the 95th percentile), are at a greater risk of various health
complications, including cardiovascular disease, metabolic syndrome, type 2 diabetes, fatty
liver disease, and premature death.10-12 Despite these significant health implications, there
has been limited attention given to understanding the prevalence of severe obesity among
children aged 2 to 5 years, a critical age group for public health interventions.13-15
Nevertheless, the authors of a few NHANES studies examined the prevalence and trends

of severe obesity among children aged 2 to 5 years. One study revealed that the prevalence
of severe obesity among this age group was 3.0% in 2009 and 2010, 1.7% in 2015 and 20186,
and 2.9% in 2017 and 2018.# Hales and colleagues reported similar changes between 2009
t0 2010 (2.7%) and 2015 to 2016 (1.8%).3 Another study revealed that the prevalence of
severe obesity was 2.2% from 2015 to 2018.% However, the 95% confidence intervals (Cls)
for these estimates were wide, and no significant trends were observed over the study period.
As a result of the small sample size and low cases of severe obesity, NHANES data provide
limited ability to monitor trends among this age group, especially by sociodemographic
characteristics.

Data from the Special Supplemental Nutrition Program for Women, Infants, and Children
(WIC) Participant and Program Characteristics study have been used to monitor weight
status among low-income children <5 years of age.16-20 WIC is a federal assistance program
that provides healthy foods, nutrition education, health care referrals, and other services to
millions of low-income pregnant and postpartum women, as well as infants and children

up to age 5, who are at nutritional risk.21 In 2019, 20.4% of children in the United States
received WIC benefits.22 A previous study that examined trends in severe obesity among
young children enrolled in WIC reported an increase from 1.80% in 2000 to 2.11% in

2004, followed by a modest decline from 2.11% to 1.96% from 2004 to 2014.23 However,

it is unknown whether this declining trend has been sustained, and little is known about

the prevalence and trends in severe obesity at the state level. Understanding the ongoing
state-specific trends can help inform targeted intervention strategies for children at risk. In
this study, with the latest data from WIC Participant and Program Characteristics (WIC-PC),
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we aimed to provide an updated prevalence of severe obesity among low-income children
aged 2 to 4 years enrolled in WIC, and we examined trends in severe obesity by sex, age,
race and ethnicity, household income, and by WIC State agency from 2010 to 2020.

Data Sources and Study Population

The WIC-PC is a biennial census of participants certified to receive WIC benefits as of
April of the reporting years (even years). WIC benefits include nutritious supplemental
foods, nutrition education and counseling, and referrals to health care and social services,
etc.2L It is one of the largest federal nutrition programs, serving millions of people. The
program helps maintain and improve the health of low-income pregnant, postpartum, and
breastfeeding women, as well as infants and children up to age 5, who are at nutritional
risk.2! Enrollees must meet residential, nutritional risk, and income requirements to qualify
for the benefits. Income eligibility is based on a household income of no more than 185%
of the federal poverty income guidelines or participation in other federal programs, such as
the Supplemental Nutrition Assistance Program, Temporary Assistance for Needy Families,
or Medicaid.2 The US Department of Agriculture’s (USDA’s) Food and Nutrition Service
manages WIC at the federal level, and WIC is administered at the local level by state health
departments or Indian tribal organizations in each state or territory. Children’s weight and
height (or length) are measured and collected by trained program staff during certification
or recertification visits, and the data are used to calculate BMI. Weights were measured

to the nearest one-quarter pound, and heights to the nearest one-eighth inch according

to the Centers for Disease Control and Prevention (CDC) nutrition surveillance program
standards.2°:26 The validity of these measurements was found to be sufficiently accurate.2’
This study did not need review by the Institutional Review Board of the CDC because we
used deidentified secondary data.

The data for this study are from 6 WIC-PC censuses (2010 to 2020). The initial population
included ~17.2 million children aged 2 to 4 years enrolled in WIC from 50 states, the
District of Columbia, and 5 territories. We excluded 17 children whose weight and height
were measured >1 year before the reporting year and 206 912 children whose sex, weight,
height, or BMI were missing or biologically implausible based on the suggested CDC
cutpoints.28 We further excluded 308 091 children who were certified in March and April
2020 given data quality concerns due to the COVID-19 pandemic, which is ~15.8% of 2020
WIC participating children.29 This yielded an analytical sample of 16 557 172 children
ranging from 3 307 442 in 2010 to 1 646 747 in 2020.

Defining Severe Obesity

Severe obesity was defined as a sex-specific BMI for age =120% of the 95th percentile
based on the CDC growth charts or a BMI =35 kg/m?2. Of the 4717 children in this analysis
who had a BMI 235 kg/m?, none were <120% of the 95th percentile.
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Sociodemographic Characteristics

Sociodemographic variables included sex, age group (2, 3, or 4 years), race and ethnicity,
and household income. Race and ethnicity are social constructs and were based on self-
reports. USDA’s WIC study team classified these self-reports into 5 mutually exclusive
categories (American Indian/Alaska Native [AlI/AN], Asian/Pacific Islander, Black, non-
Hispanic [Black], Hispanic, or white, non-Hispanic [white]). Children with multiple race
and ethnicity designations were not forced into a single category. Instead, a mapping
approach developed by the USDA was employed to assign individuals to the appropriate
category within the 5-category classification.2> Children whose race or ethnicity was
unknown were not included in analyses that specifically focused on (or adjusted for) race
and ethnicity. Household income included income from all sources that were assessed at
each WIC certification or recertification appointment. It was expressed as a percentage of
the federal poverty level (% FPL) and categorized into <50% FPL, 50% to <100% FPL,
100% to <150% FPL, and =150% FPL.

Statistical Analyses

Descriptive analyses were conducted in SAS 9.4 (SAS Institute, Cary, NC) for the overall
population, by sociodemographic characteristics and WIC state or territorial agency. The
unadjusted prevalence of severe obesity and 95% CI were computed overall and for each
subgroup. For trend analyses, we first used Joinpoint trend analysis software (National
Cancer Institute, version 4.9.0, https://surveillance.cancer.gov/joinpoint) to identify possible
knots in the overall trend in severe obesity prevalence from 2010 to 2020, and the software
identified 2016 as the inflection year. Therefore, we focused on 2 periods, 2010 to 2016 and
2016 to 2020, to study the prevalence differences between years. We used logistic regression
controlling for age in months, sex, and race and ethnicity to obtain the adjusted prevalence
differences (APDs) during each period. We included race and ethnicity as a confounding
factor in the analysis, in addition to age and sex, because previous studies have revealed
racial and ethnic disparities in severe obesity among young children.1523 The APDs were
computed as 100 times the average marginal effect of year (2010 vs 2016 and 2016 vs
2020). The calculations were conducted in R with the “margins” package.3%-31 The APD
was considered statistically significant if the 2-sided Pvalue was <.05. A negative number
of APD means that the adjusted prevalence in the latter year decreased compared with the
earlier year.

RESULTS

The sociodemographic characteristics of children aged 2 to 4 years enrolled in WIC are
shown in Table 1. The number of children included in this analysis was ~3.3 million in

2010, ~2.8 million in 2016, and ~1.6 million in 2020. The study population in 2010 had a
slightly higher proportion of 4-year-olds than those in more recent years. The proportion of
Black children increased from 18.7% in 2010% to 22.7% in 2020, whereas the proportion

of Hispanic children decreased from 46.5% in 2010% to 43.3% in 2020. In addition, the
proportion of children from families with household income <50% FPL increased from 2010
to 2020 (Table 1).
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In all years, girls had slightly higher severe obesity prevalence than boys, the prevalence of
severe obesity increased with age, and the highest prevalence was observed among 4-year-
olds. Within racial and ethnic subgroups, AlI/AN and Hispanic children had the highest
prevalence. The prevalence of severe obesity was higher among children from families
below the poverty level (<100% FPL) than children from families with relatively higher
(100% to <150% FPL) or highest (=150% FPL) household income (Table 2, Fig 1).

From 2010 to 2016, the overall prevalence of severe obesity decreased significantly by
0.19% points (95% CI [-0.21 to —-0.16]; £<.001) after adjusting for age, sex, and race and
ethnicity (Table 2). There were significant decreasing trends among all sociodemographic
subgroups except for AlI/AN children, for whom the adjusted prevalence decrease was not
statistically significant (Table 2, Fig 1). Within the various subgroups, the largest adjusted
prevalence decreases were observed among 4-year-olds (-0.32%, 95% CI [-0.38 to -0.27]),
Asian/Pacific Islander (-0.32% [-0.41 to —0.23]), Hispanic children (-0.31% [-0.34 to
-0.27]), and children from families with relative higher household income (100% to <150%
FPL) (-0.27% [-0.32 to —0.22]; Table 2).

From 2016 to 2020, the prevalence of severe obesity increased significantly from 1.8% to
2.0% overall (APD, 0.23% [0.21 to 0.26], £<.001) and among most sociodemographic
subgroups except for AlI/AN and white children, for which the prevalence remained stable
between 2016 and 2020 (Table 2, Fig 1). The adjusted prevalence increases were similar
among boys and girls and among household income subgroups. The largest adjusted
prevalence increases occurred among 4-year-olds (0.35% [0.28 to 0.42]) and Hispanic
children (0.41% [0.36 to 0.46]; Table 2).

Table 3 reveals the crude prevalence and adjusted prevalence changes of severe obesity
during the study period for the 56 WIC agencies, including 50 US states, the District of
Columbia, and 5 territories. From 2010 to 2016, after adjusting for age, sex, and race

and ethnicity, 14 states and 3 territories revealed significant decreases in the prevalence of
severe obesity, and 1 state (Mississippi) showed a significant increase. The largest significant
decrease among states was observed in Arizona (APD, —0.74% [-0.88 to —0.60]), and

the largest decrease among territories was in the Northern Mariana Islands (APD, —1.99%
[-2.78 to —1.20]). In contrast, from 2016 to 2020, the prevalence significantly increased

in 20 states and Puerto Rico (APD, 0.30% [0.12 to 0.48]). Seven states had a significant
increase of >0.3%, and the largest significant increase was in California (APD, 0.54% [0.45
to 0.62]). Alaska was the only WIC agency showing a significant decrease (APD, —0.59%
[-1.18 to 0.0]) between 2016 and 2020.

DISCUSSION

We found a modest declining trends in severe obesity prevalence from 2010 to 2016,
followed by a modestly increasing trend from 2016 to 2020 among low-income children
aged 2 to 4 years enrolled in WIC. Although the magnitudes of the decline and the increase
were small, the finding of a reversal in trends from decreasing to increasing is concerning,
particularly if the upward trend continues. Our data reveal that the prevalence of severe
obesity increased significantly from 2016 to 2020 overall and among all age, sex, household
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income groups, and race and ethnicity groups, except for American Indian/Alaska Native
and non-Hispanic white children. Additionally, we found that 21 of 56 WIC agencies

had a significant increase, and only Alaska had a significant decrease in severe obesity
prevalence between 2016 and 2020. Our study revealed that 2.0% of low-income young
children had severe obesity in 2020. A previous WIC-PC study revealed that the severe
obesity prevalence increased from 2000 to 2004 and decreased from 2004 to 2014 among
low-income children aged 2 to 4 years.23 The decrease is similar to what we observed in our
study.

A few earlier studies have revealed decreasing trends in obesity among WIC infants and
young children from 2000 to 2016 or 2018, but none of these studies examined trends in
severe obesity.18-20 Multiple factors might have contributed to the declines, as noted in these
studies. For example, the decreasing trends could be influenced by the revised 2009 WIC
food packages that provided cash allowances for various healthy food options in addition to
federal, state, and local obesity prevention initiatives and programs. The revised WIC food
package includes extra cash allowances for fruits, vegetables, and whole grains, reductions
in milk, cheese, and juice allowances, restrictions on milk fat content, and incentives to
encourage breastfeeding.32 Several studies have revealed that these revisions improved

the dietary intake habits of WIC participants, potentially contributing to the reduction in
obesity prevalence among WIC children.33-35 However, it is important to note that the
effects of the revised food packages on the prevalence of obesity may vary by sex.36:37

For instance, the food package changes appear to have limited benefits for girls, suggesting
that other factors beyond the food packages may influence obesity trends. Additionally,

the recent upward trends in severe obesity since 2016 are concerning, indicating that
current population-level preventive efforts may not be fully effective. This highlights the
need for the ongoing evaluation and refinement of obesity prevention strategies to address
the persistent challenge of severe obesity among WIC children and identify additional
interventions that can complement the impact of the revised food package.

In addition, we found significant increases in severe obesity among 21 of 56 WIC agencies
from 2016 to 2020. The reasons for these increases remain unclear and are likely influenced
by a complex interplay of various factors. These factors may include levels of state social
resources to families (eg, earned income tax credit, wage supports, Medicaid, housing
supports) and variations in funding to support local WIC agencies and clinics, as well

as the implementation of the WIC benefits (such as breastfeeding support, provision of
supplemental foods, and nutrition education and counseling). Additionally, state policy and
environmental changes to improve the availability of healthier food and opportunities for
physical activity in communities, alongside efforts to incorporate breastfeeding support,
nutrition, and physical activity requirements, into early care and education programs,38-3
may have played a role. However, further research is needed to understand the specific
factors driving the increases in severe obesity across different states.

Although our study did not capture data during the COVID-19 pandemic, it is important
to acknowledge the substantial impact of the pandemic on the daily routines of children
and adolescents. The pandemic has introduced various challenges, including reduced
opportunities for physical activity, increased sedentary behaviors, limited access to healthy
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food, and heightened stress levels within households.*? These factors can have significant
implications for weight gain, particularly among children with excessive weight, and may
potentially influence future trend in severe obesity.*!

An important avenue for addressing the problem of severe obesity for all children, including
those with low household incomes, is ensuring quality treatment. For young children aged

2 to 5 years who are obese, the American Academy of Pediatrics’ new clinical practice
guideline recommends intensive health behavior and lifestyle treatment (IHBLT), also called
Family Healthy Weight Programs.#2:43 The most effective IHBLT interventions include 26
or more hours of intense, in-person, family-based multicomponent treatment from health
care providers over a 3- to 12-month period. IHBLT includes coaching on nutrition, physical
activity, and behavioral change support, such as parent modeling of healthy behaviors.

Such intensive treatment is not universally available and needs training and support to
deliver.#2 Collaborative and continued efforts involving multiple sectors, including state,
local, communities, and clinicians, can help ensure that these family-centered intervention
strategies are accessible for low-income young children with severe obesity.

The findings in this study are subject to several limitations that should be considered

when interpreting the results. Firstly, the findings apply to low-income children enrolled

in WIC, limiting the generalizability of the results to children from families of all income
levels. Secondly, we did not include children participating in the tribal WIC programs.
Therefore, the prevalence and trends of severe obesity among Al/AN children may not

be representative of all AI/AN children enrolled in WIC. Thirdly, although height and
weight were measured by trained program staff following standardized protocols, potential
variations in data collection practices across different WIC agencies could exist. Moreover,
it is important to note that the number of children enrolled in the WIC program has steadily
decreased since 2010,%* and nearly 16% of records in 2020 were excluded from the analysis
because of data quality issues related to the COVID-19 pandemic. Consequently, children’s
demographic characteristics in the sample may have changed throughout the study. We
accounted for some of these changes in the trend analyses. However, residual confounding
resulting from other factors, such as socioeconomic status, parental education level, and
household composition, may remain.

CONCLUSIONS

Despite the declining trend of severe obesity among young children enrolled in the WIC
program from 2010 to 2016, the small upward trend in severe obesity since 2016 is
concerning. Given that children with higher BMI are at greater risk of future health
consequences, continued understanding of the ongoing state trends of obesity, especially
severe obesity among young children, is warranted. Ensuring that children and families from
low-income households have access to early clinical detection, and referrals to effective and
sustainable family-based interventions, could help promote healthy child growth.

ACKNOWLEDGMENTS

We thank Amanda Reat (USDA) for the critical review of the article. We also acknowledge the staff from USDA
Food and Nutrition Service for providing WIC-PC data.

Pediatrics. Author manuscript; available in PMC 2025 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhao et al. Page 8
ABBREVIATIONS
Al/AN American Indian/Alaska Native
APD adjusted prevalence difference
CbC Centers for Disease Control and Prevention
Cl confidence interval
COVID-19 coronavirus disease 2019
FPL federal poverty level
IHBLT intensive behavior and lifestyle treatment
NHANES National Health and Nutrition Examination Survey
USDA US Department of Agriculture
WIC Special Supplemental Nutrition Program for Women, Infants, and
Children
WIC-PC WIC Participant and Program Characteristics
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WHAT’S KNOWN ON THIS SUBJECT:

The prevalence of severe obesity among low-income children modestly declined from
2004 to 2014. However, little is known about (1) whether this declining trend has
continued and (2) the state-level prevalence and trends in severe obesity.

WHAT THIS STUDY ADDS:

The declining trends in severe obesity among 16.6 million low-income children
between 2010 and 2016 have been reversed. The upward trends are concerning. Early
identification and referral to family healthy weight programs for at-risk children can
support healthy child growth.
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FIGURE 1.
Trends in the prevalence of severe obesity among children aged 2 to 4 years enrolled in WIC

from 2010 to 2020 by (A) sex, (B) age, (C) race and ethnicity, and (D) household income.
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