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Abstract
Background: Obesity prevalence among low-income preschool-aged children in the United States decreased between 2010 and
2014. However, this decreasing trend may be varied across socioeconomic subgroups. This study examined trends in obesity
prevalence among low-income children from 2003 to 2014 by child’s age and household and neighborhood socioeconomic
status (SES).
Methods: This study used administrative data for all children, aged 2–4 years, participating in the Special Supplemental Nutrition
Program for Women, Infants, and Children (WIC) in Los Angeles County (LAC) during the years 2003–2014. Obesity was defined
as having a BMI ‡95th percentile of CDC’s age- and sex-specific growth charts. Household income and household educational
attainment were indicators of household SES. Neighborhood median household income was an indicator of neighborhood SES.
Results: Childhood obesity prevalence increased sharply from 15.7% in 2003 to 19.1% in 2005, and remained constant until 2010,
when it started decreasing. During most years, the prevalence of obesity was higher among the lowest SES groups. Despite the recent
decreasing trend, the 2014 estimates were still generally higher than the 2003 levels except among some low-income children living
in less-poor and more-educated households.
Conclusions: The decreasing trend between 2010 and 2014 among WIC-participating children in LAC is encouraging and
mirrors national trends among WIC-participating children. However, continued efforts should be made to focus obesity prevention
efforts on low-income children, especially those who are the most vulnerable as they have experienced significant gains in obesity
since 2003.
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Introduction

I

n the United States, childhood obesity prevalence
among 2–19-year-olds has more than tripled since the
1970s, reaching over 18% in 2015–2016.1–3 Despite
this increasing trend,1,2 a 2014 report in JAMA noted that
obesity prevalence among United States preschool-aged
children had started to reverse, reaching a low of 8.4% in
2011–2012.4 This decreasing trend was also observed
among low-income children5,6 who are at greater risk for
obesity.7 Specifically, obesity prevalence among preschoolaged participants of the Special Supplemental Nutrition

Program for Women, Infants, and Children (WIC), a federal
nutrition assistance program, decreased from a peak of
15.9% in 2010 to 14.5% in 2014.6 WIC serves over 9 million
low-income [£185% federal poverty level (FPL)] pregnant and breastfeeding women and children up to age five
who are at nutritional risk.8 It is unclear if this decreasing
trend can be maintained or if it has been experienced
across all socioeconomic subgroups in the WIC population. Recent estimates show that obesity prevalence
among 2–5-year-olds increased by more than half between 2011–2012 and 2015–2016 in the general United
States population.1,2
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Because only low-income children are eligible to participate in WIC, obesity prevalence trends among WICparticipating children have mostly been examined by race/
ethnicity,5,9 but not by socioeconomic status (SES). However, socioeconomic disparities in obesity exist even among
WIC-participating children.10 Emerging efforts have begun
to examine obesity trends among these children by household- and neighborhood-level socioeconomic indicators10,11
since this information can be helpful for improving program
delivery to the most vulnerable families.
In the United States and other developed countries, an
inverse relationship between SES and childhood obesity risk
has been observed.7,12 Using 2011–2014 National Health and
Nutrition Examination Survey (NHANES) data, Ogden et al.
found that obesity prevalence increased as head of household
education decreased: 10% of children aged 2–19 years living
in college-educated households were obese compared to
18% and 22%, respectively, of children living in households
where the head of household had some college education and
where the head of household had a high school degree or
less.7 However, the relationship between SES and obesity
risk is contextual, varying over time and across race/ethnicity, age, and gender.7,12 For example, Wang and Zhang
examined the association between household income and
childhood obesity between the 1970s and early 2000s and
found that the inverse association weakened over time as
obesity became more prevalent among higher income children.12 In comparison between the early 2000s and 2011–
2014, obesity became more prevalent among lower income
girls than higher income girls, strengthening the inverse association between SES and obesity risk among girls but not
among boys.7
By determining access to resources and quality of life, a
child’s SES—generally operationalized as household income, parent’s educational attainment and/or neighborhood median household income—can influence risk of
obesity by shaping diet and physical activity behaviors.
For instance, as young children spend a considerable
amount of time in early childhood education settings, their
diet and physical activity behaviors are, in part, influenced
by the type and quality of the setting that their parents can
afford.13,14 Among WIC-participating families, living in
low socioeconomic neighborhoods may prevent families
from reaping the full benefits of WIC participation (i.e.,
nutrition education and supplemental foods) due to the
inaccessibility of healthy foods and increased exposure to
unhealthy foods in such neighborhoods, and fewer safe
recreational areas where children can play.15 Furthermore,
the changes and events that occurred in the past decade,
such as the 2009 WIC food package change (72 Federal
Register 68966) which aligned the composition of the
packages with the Dietary Guidelines for Americans and
increased the cash value voucher amount for produce,16
and the 2008–2009 economic recession which disproportionately affected low-income families, 17 might differentially impact WIC-participating families of varying
socioeconomic resources.
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Understanding the impact of socioeconomic factors
on obesity among low-income children during significant
economic, policy and environmental changes is critical for
designing effective population-level interventions for the
most vulnerable. This study aims to (1) examine secular
trends in obesity among preschool-aged WIC-participating
children in Los Angeles County (LAC) from 2003 to 2014
and (2) determine whether these trends vary by household
and neighborhood SES.

Methods
Data Source
We used administrative data containing sociodemographic
and anthropometric information on children aged 2–4 years
participating in WIC in LAC during the years 2003–2014.
The data are owned by the State of California and maintained by the WIC Data Mining Project, a research partnership between First 5 LA and Public Health Foundation
Enterprises-WIC (www.phfewic.org), the largest local WIC
agency in the country. Half of all preschool-aged children in
LAC participate in WIC.18
Children’s heights and weights are measured every 6
months during clinic visits by trained WIC staff who use a
standardized protocol.19 Wall-mounted stadiometers (Model
PE-WM-60-76; Prospective Enterprises, Portage, MI) and
calibrated beam scales (Health-O-Meter 402LB; Prospective Enterprises) are used for heights and weights,
respectively. Shoes and outerwear are removed before
taking measurements. The same staff member does not
necessarily take the child’s measurements every time; however, staff are trained regularly. Children’s measurements
that are taken by a healthcare provider within 60 days of
his/her WIC visit can be used instead19; 20% of measurements are obtained this way. Measurements obtained
in LAC on children aged 2–4 years have been assessed to
have high validity.19
WIC participants’ addresses are geocoded at the census
tract level. Neighborhood socioeconomic information obtained from the Census Bureau’s American Community
Survey (ACS) was linked to the census tracts. Five-year
estimates (the only ACS estimates available at this geographic level) from 2005 to 2009 were linked to WIC
measurements taken during the years 2003–2009 and those
of 2010–2014 to WIC measurements taken during the years
2010–2014.
Since very young children grow rapidly and are developmentally different at every age,20 we examined the
trends in obesity separately within age strata (2, 3, and 4
years). Given the potential for misclassification, children
whose caregivers (primarily the mother) were not Hispanic, non-Hispanic (NH) white, NH black, or NH Asian
were excluded from the analyses. Children with missing
data on any variable were also excluded. To ensure independence of observations, we used the first measurement if
a child was measured more than once in a calendar year,
and if twins or triplets participated in WIC, only one of
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a child’s standard of living,22 includes income from all
sources, of which proof is required, and is assessed at
each WIC certification or recertification appointment. It
was operationalized as a percentage of the FPL and categorized into £50.0% FPL, 50.1%–100.0% FPL, 100.1%–
133.0% FPL, and 133.1%–185.0% FPL. Household education, an indicator of parents’ occupation, knowledge,
and skills and a relatively stable indicator of SES,22 was
the highest grade completed by the child’s caregiver
during enrollment in WIC and was categorized as less
than high school, high school, some college, and college
or more. Median household income of residents living
in the child’s census tract, an indicator of community
and environmental resources, was categorized according
to quartiles of its distribution among WIC participants (£$32,738; $32,739–40,278; $40,279–51,534;
‡$51,535).

the children was included in our sample. The final sample
size was 2,017,058 measurements from 739,893 two-yearolds, 708,349 three-year-olds, and 568,816 four-year-olds.
The fewer 4-year-olds reflect their decreased participation
in WIC.8 The same child could be included in each of these
samples. Consent was not required for this study since
administrative data were used. The University of California, Los Angeles (UCLA) Institutional Review Board
approved this study.

Downloaded by Uab Lister Hill Library e-journal package from www.liebertpub.com at 06/20/18. For personal use only.

Variables
The outcome variable was child’s obesity status, defined
as having a BMI ‡95th percentile of CDC’s gender- and
age-specific growth reference values.21 The independent
variables were household- and neighborhood-level socioeconomic indicators, each representing a different
facet of a child’s SES. Household income, an indicator of

Table 1. Sociodemographic Characteristics of WIC-Participating Children by Age:
Los Angeles County, 2003–2014
2-Year-olds

3-Year-olds

4-Year-olds

Overall %
Overall %
Overall %
2003–2014, % in 2003, % in 2014, 2003–2014, % in 2003, % in 2014, 2003–2014, % in 2003, % in 2014,
N 5 739,893 N 5 68,259 N 5 56,694 N 5 708,349 N 5 65,741 N 5 56,991 N 5 568,816 N 5 50,412 N 5 44,815
Gender (female)

49.0

49.2

NH white

3.7

4.9

NH black

7.3

7.7

49.1

48.9

48.7

3.6***

3.6

4.6

7.9

7.0

7.5

48.8

48.9

48.9

49.2

3.5***

3.6

4.9

3.2***

7.6

6.6

7.3

6.7

Parent race/ethnicity

NH Asian

4.0

4.3

4.5

3.8

4.3

3.8

3.8

4.0

3.6

85.0

83.1

84.0

85.6

83.5

85.2

86.0

83.8

86.6

£50% FPL

26.5

25.5

31.8***

26.1

25.6

31.2***

25.7

25.6

30.4***

50.1%–100.0% FPL

45.4

43.3

44.1

46.1

43.4

45.2

46.8

43.8

46.5

100.1%–133.0% FPL

16.1

17.4

14.2

16.0

17.4

14.2

15.9

17.2

13.9

133.1%–185.0% FPL

12.0

13.8

9.8

11.9

13.7

9.5

11.6

13.5

9.2

<High school

54.8

60.6

46.1***

56.0

62.0

47.4***

57.4

62.5

High school

32.8

28.9

37.4

32.1

28.1

37.1

31.3

27.9

36.1

Some college

9.3

8.2

11.6

8.9

7.8

11.1

8.5

7.6

10.2

College or more

3.1

2.3

4.9

2.9

2.2

4.5

2.8

2.0

4.1

£$32,738

25.0

24.9

24.9***

25.2

25.3

24.9***

25.2

25.0

25.7***

$32,739–40,278

24.9

26.6

23.1

25.0

26.3

23.6

25.1

26.6

23.5

$40,279–51,534

25.0

25.2

24.9

25.0

25.5

25.0

25.1

25.6

24.8

‡$51,535

25.2

23.3

27.2

24.8

23.0

26.6

24.6

22.8

26.0

Hispanic
Household income

Household education
49.6***

Median household income

Chi-square test of significant change between 2003 and 2014 at *p < 0.05; **p < 0.01; ***p < 0.001.
NH, non-Hispanic; FPL, federal poverty level; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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Statistical Analysis
The crude yearly prevalence of obesity for each age and
SES or racial/ethnic group was calculated by dividing the
number of obese children by its corresponding sample size.
Log-linear regression with permutation was used to obtain
the optimal regression model and the inflection years for the
trends. Tests of parallelism determined whether two secular
trends were parallel, that is, had the same slopes. If so, tests
of coincidence determined whether they had identical loglinear regression models. To describe how trends in obesity
varied by SES and age, the average annual percent changes
(AAPCs) between the overall inflection years (2005 and
2010) as well as over the entire 12-year time period were
examined. All of the AAPCs and the results of the tests of
parallelism and coincidence are in Supplementary
Tables S1–S4 (Supplementary Data are available online at
www.liebertpub.com/chi). Since the majority of our sample
is Hispanic, we conducted a sensitivity analysis that stratified the age- and SES-specific trends in obesity prevalence
by race/ethnicity. Descriptive analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC). Log-linear
regression was conducted using Joinpoint version 4.5.0.1
(National Cancer Institute, https://surveillance.cancer.gov/
joinpoint/).

Results
The majority of children had caregivers who were
Hispanic (Table 1). Despite all children being from lowincome households, variability in income existed with a
quarter of children from households with income £50%
FPL, and nearly 30% from households with income
‡100% FPL (Table 1). More than half of the caregivers
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did not graduate from high school, while about 12% had
at least some college education. Household income and
median household income were weakly correlated with
each other, with 29.0% of those in extreme poverty
living in the poorest neighborhoods (£$32,738) compared with 22.6% living in the higher income neighborhoods (‡$51,535). Changes in the population’s
sociodemographic characteristics occurred during the
study’s 12 years, with greater percentages of children
living in extremely poor households, in higher educated
households, and in higher-income neighborhoods in 2014
than in 2003 (Table 1).

Secular Trends in Obesity
Overall, obesity prevalence increased sharply from
15.7% in 2003 to 19.1% in 2005, remained relatively
constant until 2010, when it decreased to 17.6% in 2014
(Fig. 1). Trends in obesity by age group varied, and at
every year, obesity prevalence was higher among the older
children (Fig. 1; Table 2). A similar pattern existed across
age groups, however, 2-year-olds experienced a sharper
increase until 2005 and a steeper decline after 2010 than 4year-olds (Supplementary Table S1).

Trends in Obesity by Race/Ethnicity
Consistent with other studies,5,6 the prevalence of obesity differed by ethnicity with Hispanic children having the
highest rates (Table 2). From 2003 to 2012, obesity prevalence among most NH black and white children did not
change while it significantly increased for Hispanic children and significantly decreased for NH Asian children
(Table 2).

Figure 1. Trends in obesity prevalence among WIC-participating children by age: Los Angeles County, 2003–2014. WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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9.7

10.9

14.2

NH black

NH Asian

Hispanic

13.5

13.4

12.4

50.1%–100.0% FPL

100.1%–133.0% FPL

133.1%–185.0% FPL

13.2

11.1

10.6

High school

Some college

College or more

13.9

13.0

12.4

$32,739–40,278

$40,279–51,534

‡$51,535

15.5

16.8

17.5

18.2

11.8

14.9

16.3

18.0

16.3

16.5

17.2

17.6

18.0

10.9

11.2

14.2

16.7

17.9

18.4

18.7

13.5

16.2

17.8

18.6

16.9

17.6

17.7

18.7

18.9

10.2

11.5

14.3

14.0

15.7

15.9

16.3

10.6

13.4

15.4

16.5

14.1

14.6

15.2

16.5

16.7

7.3

9.4

9.1

1.4 (0.5 to 2.1)

1.8 (0.7 to 2.7)

1.5 (0.1 to 2.7)

1.3 (0.3 to 2.3)

0.2 (-1.5 to 2.0)

1.8 (1.2 to 2.4)

1.6 (0.6 to 2.6)

2.0 (0.9 to 3.0)

1.2 (0.4 to 1.8)

1.1 (-0.1 to 2.1)

1.4 (0.2 to 2.5)

1.6 (0.7 to 2.6)

15.1

15.4

16.0

16.9

11.9

17.7

19.2

20.4

20.6

16.1

17.0

18.1

14.9
13.9

20.6

18.5

19.3

19.7

19.8

20.6

14.4

12.6

13.8

16.7

15.4

16.3

15.7

16.0

16.8

12.3

-2.9 (-4.8 to -1.0)
1.9 (0.9 to 2.9)

10.2

11.6

18.2

19.8

20.8

20.7

15.1

17.8

19.1

21.0

18.2

19.1

20.5

19.8

21.0

11.2

11.2

14.1

16.3

17.9

18.5

19.6

14.0

15.0

17.7

19.3

15.7

17.2

18.4

18.6

19.2

9.2

11.4

12.0

a

1.1 (0.3 to 1.8)

1.5 (0.8 to 2.2)

1.3 (0.8 to 1.8)

1.4 (0.9 to 1.8)

0.4 (-1.7 to 2.5)

0.7 (-0.3 to 1.7)

1.8 (1.3 to 2.2)

1.6 (1.0 to 2.0)

0.1 (-0.6 to 0.7)

0.7 (-0.2 to 1.6)

1.7 (1.0 to 2.3)

1.4 (1.1 to 1.7)

1.6 (1.0 to 2.0)

-2.8 (-4.4 to -1.8)

0.4 (-1.2 to 2.0)

-0.1 (-1.1 to 0.8)

AAPC
2003–2014
1.5 (0.9 to 1.9)

3-Year-olds
Obesity prevalence (%)
2003 2005 2010 2014
15.9 19.5 19.9 17.9

0.4 (-0.9 to 1.6)

-0.5 (-3.5 to 2.4)

AAPC
2003–2014
1.5 (0.6 to 2.2)

a

17.1

19.1

18.3

18.7

15.2

16.8

17.2

19.1

17.7

18.4

18.5

18.2

19.3

14.0

12.8

13.5

19.2

21.2

21.9

22.4

17.0

18.2

20.1

22.3

20.8

21.3

21.3

21.3

22.4

13.4

14.3

15.7

19.1

20.9

22.5

22.7

18.2

20.2

20.7

22.0

20.1

20.0

21.7

21.6

22.4

11.4

14.7

13.5

18.7

19.4

20.9

20.4

14.9

17.5

19.2

21.2

17.8

18.7

20.5

19.9

21.2

9.8

12.1

11.4

Obesity prevalence (%)
2003 2005 2010 2014
18.2 21.2 21.3 19.8

0.8 (0.2 to 1.3)

0.3 (-0.7 to 1.3)

1.1 (0.7 to 1.4)

1.0 (0.3 to 1.5)

-0.5 (-3.2 to 2.0)

0.8 (-0.1 to 1.7)

1.0 (0.5 to 1.5)

1.3 (0.7 to 1.8)

0.4 (-1.1 to 1.4)

0.1 (-0.8 to 0.8)

1.1 (0.7 to 1.4)

0.9 (0.4 to 1.2)

1.0 (0.7 to 1.2)

-3.7 (-5.1 to -2.4)

-0.2 (-1.4 to 0.8)

-1.1 (-2.8 to -0.4)

AAPCa
2003–2014
0.8 (0.5 to 1.2)

4-Year-olds

a

Obesity is having a BMI ‡95th percentile of CDC’s gender- and age-specific growth reference values.
Average annual percent change (AAPC) based on log-linear regression model. Bold AAPC (95% confidence interval) represent statistically significant changes over the specified time
period.
WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; NH, non-Hispanic; FPL, federal poverty level.

14.7

£$32,738

Median household income

14.1

<High school

Household education

14.4

£50% FPL

Household income

10.3

NH white

Parent race/ethnicity

All

Obesity prevalence (%)
2003 2005 2010 2014
13.5 17.0 17.9 15.4

2-Year-olds

Table 2. Prevalence of Obesity among WIC-Participating Children by Age, Race/Ethnicity,
and Socioeconomic Characteristics: Los Angeles County, 2003–2014
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Trends in Obesity by Household Income
In general, at every year and across all three age groups,
obesity prevalence was higher among children living in the
lowest income households (Fig. 2; Table 2). Based on
joinpoint analysis, obesity prevalence for the majority of
household income levels for the three age groups significantly increased until 2005, remained relatively constant
until 2010, and then significantly decreased until 2014
(Supplementary Table S2). Furthermore, the trends in
obesity prevalence were the same for children living in
poor (50.1%–100.0% FPL) and extremely poor households
(<50% FPL) (Supplementary Table S2).
Although obesity trends significantly decreased since
2010, obesity prevalence in 2014 was higher than in 2003
for most children (Table 2). It had decreased to 2003 levels
only for 3- and 4-year-olds from the least poor households
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(>133% FPL and >100% FPL for 3- and 4-year-olds, respectively) (Table 2). As evident by the AAPC in obesity
prevalence in Table 2, obesity worsened among 3- and
4-year-olds from poor households (<100% FPL) during
the 12 years, while it did not for low-income children
(>100% FPL).
Different patterns were observed by race/ethnicity. A
similar pattern as mentioned above was observed for
Hispanic children, however, different patterns existed
among NH white and NH Asian children. Trends in obesity
did not vary by household income for NH black children.

Trends in Obesity by Household Education
At every year and across all three age groups, a consistent gradient in obesity by household education existed
with obesity prevalence higher among children living in

Figure 2. Trends in obesity prevalence by household income and age among WIC-participating children: Los Angeles County, 2003–2014.
WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; FPl, federal poverty level.
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2003 levels for 2- and 4-year-olds from college-educated
households (Table 2). As evident by the AAPC in obesity
prevalence in Table 2, obesity did not change for the higher
educated households, however, it worsened among the
lower educated households (i.e., households without a
college degree among 2-year-olds, and households with no
more than a high-school degree among 3- and 4-year-olds)
(Table 2).
Different patterns were observed by race/ethnicity. A
similar pattern as mentioned above was observed for Hispanic children, however, different patterns existed among
NH white and NH Asian children. Trends in obesity did not
vary by household education for NH black children.
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the lowest educated households (Fig. 3; Table 2). Based on
joinpoint analysis, obesity prevalence among the majority
of household education levels and across the three age
groups significantly increased until 2005, either continued
to increase until 2010 or remained constant, and significantly decreased from 2010 to 2014 (Supplementary
Table S3). The variability in obesity prevalence observed
for 3- and 4-year-olds whose caregivers were college
graduates translated into their regression being linear and
without any inflection years (Supplementary Table S3).
While obesity trends significantly decreased since 2010,
2014 obesity prevalence estimates were still higher than in
2003 for most children although they had decreased to

NOBARI ET AL.

Figure 3. Trends in obesity prevalence by household education and age among WIC-participating children: Los Angeles County,
2003–2014. WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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Trends in Obesity by Neighborhood Median
Household Income
For the most part, and across all three age groups, obesity
prevalence was higher among children living in poorer
neighborhoods (Table 2; Fig. 4). Based on joinpoint analysis,
obesity prevalence among the majority of neighborhoods and
across the three age groups significantly increased until 2005,
remained constant until 2010, and significantly decreased from
2010 to 2014 (Supplementary Table S4). The variability in
obesity prevalence observed for 4-year-olds living in $40,279–
51,534 neighborhoods translated into a linear regression
model without any inflection years (Supplementary Table S4).
Among 2- and 4-year-olds, the trends in obesity prevalence
were the same for children living in the two poorest neighborhoods (lower two quartiles) (Supplementary Table S4).
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While obesity trends significantly decreased since 2010,
obesity prevalence in 2014 was still higher than in 2003 for
children living in the four different types of neighborhoods
(Table 2). As evident from the AAPC in obesity prevalence in
Table 2, for the most part, obesity worsened from 2003 to
2014, regardless of neighborhood median household income.
Trends in obesity by median household income did vary
by race/ethnicity. A similar pattern as mentioned above
was observed for Hispanic children but NH black, white,
and Asian children had different patterns.

Discussion
In this article, we report trends in obesity by householdand neighborhood-level socioeconomic indicators among

Figure 4. Trends in obesity prevalence by median household income and age among WIC-participating children: Los Angeles County,
2003–2014. WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
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WIC-participating preschool-aged children in LAC, a large
metropolitan region where income inequality is among the
highest in the country.23 Consistent with a recent national
study of WIC preschool-aged participants,6 the overall
secular trend in obesity prevalence in our study significantly increased sharply from 2003 to 2005, then remained
constant until 2010 when obesity prevalence began to decrease until 2014. While it varied by age group, for the
most part, this trend existed regardless of socioeconomic
indicator. Despite the decreasing trend between 2010 and
2014, the 2014 estimates were not back to 2003 levels
except among some higher SES children.
The recent decreasing trend could, in part, be due to
community-based interventions implemented to address
childhood obesity in LAC over the past decade.24–26 Since
2005, the local health department and major funders
have allocated considerable resources to establish major
initiatives to address adult and childhood obesity in underresourced communities.24–26 These initiatives have
supported both educational and environmental approaches
with the former aiming to promote healthy eating and
physical activity behaviors and the latter seeking to increase the capacity of communities to improve access to
healthy food, provide opportunities for exercise and play,
and/or provide environments that support children’s optimal growth and development. The decreasing trend could
also be due to the 2009 WIC food package change that
increased access, availability and consumption of fruits
and vegetables and whole grains, and decreased consumption of fruit juice and whole milk.16
Children from less educated and poorer households also
experienced significant increases in the AAPC in obesity
prevalence from 2003 to 2014, while children from more
educated and less poor households generally did not experience a significant change. Drawing on Link and Phelan’s theory of fundamental causes,27 we speculate that
these differences by household-level socioeconomic indicators may be partially attributed to the capacity of these
less poor and more educated households to more readily
take advantage of the benefits of these environmental interventions or that these interventions may not have
reached all communities equally. The differences by
household-level socioeconomic indicators may, in part,
also be due to differences in literacy, including health literacy, and numeracy among low-SES households.13,28
Although findings are inconclusive as to whether these are
risk factors for childhood obesity,28 additional efforts
might have been needed to tailor these interventions to
low-SES households such as by having educational materials be at a fourth to sixth grade reading level or by using
colors to help distinguish healthy from unhealthy foods.29
Across all age groups, the trends in obesity by household
education were parallel highlighting the pronounced and
consistent gradient in obesity by household education compared to household income. This supports the argument in a
recent systematic review of educational attainment and adult
obesity30 that household education is more important than
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income among those with fewer resources,30,31 or when prevention and treatment are known.32 Parents with higher education may be creating an ‘‘obesoprotective’’ environment
for their children by engaging in healthier behaviors.22,31
Similar to other studies, we found that neighborhood
socioeconomic conditions influence child’s weight early
on and that a negative relationship exists with obesity.33–35
Since 2003, the prevalence of obesity has worsened among
children from all neighborhoods. With the median household income in LAC at $55,746 in 2014,36 most of these
neighborhoods were of low-income. It could be that these
neighborhoods are identical in terms of the resources and
amenities, such as grocery stores and physical activity
facilities, available. Hence, we were not able to detect a
difference in the change in obesity prevalence over time.
Low-income neighborhoods have improved in recent
years, partly due to the 2009 WIC food package change
that improved access to healthy foods in WIC-participants’
neighborhoods,16 and the aforementioned obesityprevention efforts that occurred in low-income communities in LAC.24–26 However, given that the prevalence of
obesity has significantly increased since 2003, additional
community-level efforts are needed to overcome the deprivation and obesogenic nature of these neighborhoods.
During this study’s 12-year period, 2- and 3-year-olds
experienced the greatest increase in obesity, suggesting
that the first few years of childhood are a key opportunity
to prevent obesity among at-risk, low-income children.
The association of disadvantage in early childhood with
outcomes later in life is often examined37; however, this
study lends support that early disadvantage increases the
risk of obesity in early childhood. We found that socioeconomic disparities were pronounced among low-income
children as young as 2 years of age, and Jones-Smith et al.
found that trajectories of obesity risk by SES begin to diverge as early as 9 months of age.38 Since early childhood
obesity tracks into adulthood,39,40 every effort should be
made to target obesity risk factors during pregnancy and
child’s infancy such as mother’s gestational weight gain,
child’s high birthweight, exclusive breastfeeding, and
timing of complementary foods.41,42
To our knowledge, this is the first study to examine
obesity trends among low-income preschool-aged children
by multiple SES measures, including neighborhood SES.
The trends observed are not uniform across these children,
and the different patterns observed highlight the need for
effective prevention efforts for the most vulnerable children. We examined obesity trends every year instead of
every two as done by Pan et al.6 which allowed us to
determine the specific year of the inflection points. Our
large sample size enabled us to have four categories for
each SES measure and not three as is sometimes the case.43
This level of disaggregation provided a more complete
understanding of the trends in obesity. Finally, measured
heights and weights of high validity were used.19
One limitation of this study is that the findings are not
generalizable to WIC-participating children outside of
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LAC and where the racial/ethnic composition is different.
The observed trends were primarily due to the trends
among Hispanic children. Compared to the other racial/
ethnic groups, Hispanic children experienced the highest
rates of obesity. The prevalence of obesity in this population has also worsened since 2003, whereas among other
racial/ethnic groups it remained constant, and in the case of
NH Asian children, it even improved. Variability also
existed in the trends in obesity among the children whose
caregivers had at least a college degree, possibly due to the
relatively small numbers of these children (1000–2800).
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Conclusion
While trends in obesity among WIC-participating children in LAC decreased between 2010 and 2014, differences exist by child’s SES. In the fight against childhood
obesity, low-income families’ socioeconomic circumstances should be targeted as our findings suggest that they
are at increased risk of obesity and may not be reaping the
greatest benefit from obesity-prevention efforts. Prevention efforts should occur during the first 2 years of childhood as by age 2 socioeconomic differences in obesity
already exist. Future research should explore the role of
SES on obesity among low-income preschool-aged children and the most effective interventions for these vulnerable children.
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