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ABSTRACT

OBJECTIVE: Research shows that population-level rates of
obesity, which rose dramatically from the 1970s through the
mid-2000s, have since plateaued or even started to decline.
However, overall improvements may mask differences in
trends for different subgroups. For instance, obesity rates have
continued to climb among low-income adolescents, leading to
growing income-related gaps in obesity. By comparison, we
know little about whether income-related disparities have also
changed among elementary school children. To address this
gap, we examined two cohorts of the Early Childhood Longi-
tudinal Study — Kindergarten cohort, which followed children
entering school in 1998 and 2010. We hypothesized that
income-related disparities in obesity have also grown larger
over time among young children.

METHODS: We used data from nationally representative sam-
ples of children who entered kindergarten in 1998 and 2010.
We documented rates of overweight and obesity from kinder-
garten through third grade, examined how rates differed for

children from high- and low-income families, and tested
whether income-related disparities changed over time.
REsULTS: Rates of overweight and obesity were 2 to 5 per-
centage points higher in the later cohort, and overall increases
masked substantial variation by income. Specifically, these
increases were driven by children in lower-income households,
resulting in substantially larger income-related disparities in
overweight and obesity in the later cohort.

CONCLUSIONS: As we hypothesized, income-related disparities
in young children’s obesity grew between 1998 and 2014. This
suggests that efforts to curb increasing rates of obesity may have
been more successful for higher-income families. We discuss
potential mechanisms that may account for increasing disparities.

KEYWORDS: childhood obesity; elementary school; income
inequality
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WHAT's NEW?

From 1998 to 2014, obesity rates among low-income
elementary school children increased, while rates
among higher-income children did not. Consequently,
we found that large income-related disparities in obe-
sity were apparent in early elementary school, earlier
in the life cycle than previously shown.

OBESITY RATES ROSE dramatically from the 1970s
through the mid-2000s,"* a phenomenon often referred to
as an obesity “epidemic.”* The speed and scope of this
epidemic is such that the Centers for Disease Control and
Prevention definition of obesity, which was designed to
apply to just the top 5 percent of the population in the
1970s, applied to 17% of 2- to 19-year-olds in 2014.” This
epidemic has had wide-ranging consequences, as obesity
is linked to higher rates of diabetes, cardiovascular dis-
ease, cancer, and premature death, as well as poorer aca-
demic achievement, lower wages, and higher lifetime
medical costs. It has also had important collective conse-
quences, as higher rates of obesity are associated with
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reduced human capital, higher transportation costs, and
added strain on the United States health care system."’

Weight problems often develop early. In 2016, about
14% of 2- to 5-year-olds and 18% of 6- to 11-year-olds in
the United States were obese.” These children are likely
to struggle with obesity for the rest of their lives, as young
children who are overweight or obese tend to remain so,
and individual diet and treatment approaches are generally
unsuccessful at treating obesity in the long term.”*

Obesity affects children of differing income levels
unequally. Starting in early childhood, children from low-
income households are more likely to be obese than those
from higher-income households."” Low-income house-
holds generally have poorer access to healthy food, as
they are less likely to be located near supermarkets and
are less likely to own a car than higher-income house-
holds.'” Even when households have access to healthy
food, it is often more expensive than energy-dense foods
such as grains, fats, and sweets.'! Children in low-income
households also live in more dangerous neighborhoods
with fewer sidewalks and fewer playgrounds, which leads
to fewer opportunities for exercise.'”"”
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Since low-income children are disproportionately likely
to be obese, they also disproportionately deal with the
stigma of obesity. Obesity is associated with lower rates of
employment and wage penalties, as well as discrimination
from medical professionals, educators, the media, family,
and friends.”'* This stigma may be worsening over time,
even as obesity becomes more common. For instance, the
prevalence of weight discrimination increased from 1995
to 2004 beyond what would be expected based on changing
rates of obesity alone.'” This means the obesity epidemic
has reinforced, and potentially exacerbated, existing socio-
economic inequalities.

Considerable public money and effort have been
expended fighting the obesity epidemic, through policy pro-
posals, public health campaigns, and community out-
reach.*'® Fortunately, recent data have provided hopeful
signs that the epidemic may be abating. For instance,
although rates of childhood obesity tripled from the early
1970s through the mid-2000s," recent evidence suggests that
they have since plateaued or even started to decline.”®"”

Although these trends are encouraging, improvements
in obesity rates may not be distributed equally. A few
recent studies documented that obesity rates among low-
income adolescents have continued to increase since
2000, even though rates among higher-income adoles-
cents have remained relatively stable.'® >’ We know
comparatively little about whether income-related dispar-
ities have also changed among elementary school chil-
dren. One recent study reported higher obesity rates
among low-income 7- to 11-year-olds using a cross-sec-
tional sample collected from 2010 to 2015.”" However,
this study did not examine whether income-related dispar-
ities had changed over time. Another study found that
obesity rates have continued to climb among low-income
children under 4 years who participated in federally
funded nutrition programs, but that study did not include
any information about higher-income children.””

This paper fills this gap, using data from two iterations of
the Early Childhood Longitudinal Study — Kindergarten
Cohort. Using these nationally representative observational
samples of early school-aged children, we sought to answer
the following questions. First, how have income-related dis-
parities in rates of overweight and obesity at kindergarten
entry changed across the years 1998 to 2010? Second, do
income-related disparities in rates of overweight and obesity
change as children move through grades kindergarten through
third grade? Finally, are these patterns different between the
1998 and 2010 cohorts? By examining these questions, we
aimed to explore how income-related disparities in obesity
rates have changed at kindergarten entry and how they
develop as children move through elementary school.

METHODS

DaTA

We used data from two iterations of the Early Child-
hood Longitudinal Study - Kindergarten Cohort (ECLS-
K:1998 and ECLS-K:2010). These data were collected by
the National Center for Education Statistics. The studies
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used stratified, multistage probability sampling designs to
draw nationally representative samples of children enter-
ing kindergarten in the fall of 1998 and 2010, respec-
tively. They collected data through surveys of parents,
teachers, and school administrators, as well as direct
assessments of children’s weight and height. Both studies
followed children as they progressed through school, and
both collected data in the fall and spring of kindergarten,
fall and spring of first grade, and spring of third grade.
Notably, in both studies the fall first grade data collection
included a random subsample of 30% of the full cohort.
The original cohort contains data from 1998 to 2002 and
the follow-up cohort spans 2010—2014.

Response rates were high across both ECLS-K cohorts,
between 85% and 90% in the fall and spring of kindergar-
ten year. Conditional on participating during the kinder-
garten year, response rates in fall first grade, spring first
grade, and spring third grade in the 1998 cohort were
94%, 92%, and 86%, respectively. Analogous rates for the
2010 cohort were 91%, 91% and 84%.

SAMPLE

The ECLS-K 1998 and 2010 cohorts included 21,410
and 18,170 children, respectively. To examine a consis-
tent set of children over time, we limited our sample to
children who had height and weight measurements in the
fall and spring of kindergarten, spring of first grade, and
spring of third grade. Since the fall first grade data collec-
tion was a random subsample, we did not exclude children
with missing height and weight measurements in fall first
grade. This restriction omitted 10,150 and 7,380 observa-
tions in 1998 and 2010, respectively. Additionally, we
limited our sample to first time kindergarteners, which
excluded 1200 children in 1998 and 600 in 2010.

Our final samples contained 10,060 and 9980 children
in the 1998 and 2010 cohorts, respectively. In Appendix
Table Al we examine how children in our sample com-
pared to children who were excluded. Most notably, there
was not a significant difference in obesity rates between
these groups from fall of kindergarten through spring of
first grade in either cohort.

MEASURES

OVERWEIGHT AND OBESITY

Following the 2000 CDC guidelines,23 we classified
children as overweight and obese based on body mass
index (BMI; weight in kilograms divided by height in
meters squared). We calculated children’s BMI using
height and weight measurements taken at each wave of
data collection. All measurements were taken twice to
ensure reliability.

Following CDC guidelines, we defined overweight and
obesity as above the 85th and 95th BMI percentiles,
respectively, for a child’s age and sex. Notably, the refer-
ence population for the CDC benchmarks was a combina-
tion of five national samples spanning 1963—1994.>* The
BMI distribution has shifted over time, which explains
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why well over 15% and 5% of children fell above bench-
marks originally designed to represent the 85th and 95th
percentiles of the weight distribution, respectively.

HouseHoLp INcomE

In both ECLS-K cohorts, annual household income was
reported by children’s parents or guardians in the spring
of the kindergarten year. Income was reported as a contin-
uous measure in 1998 and as an ordered categorical mea-
sure with 18 values in 2010. To construct a comparable
measure across cohorts, we first converted the 1998 data
into 2010 dollars, then binned this measure into a categor-
ical variable with 18 even groups.

ANALYSIS

This study was determined to be exempt by the Stanford
University Institutional Review Board. All analysis was con-
ducted using Stata Version 15.%° To allow for comparison of
our data with other published estimates of childhood obesity,
we estimated average rates of overweight and obesity for
both cohorts at all available time points. All estimates were
weighted to be nationally representative of children entering
kindergarten in their respective years. We tested whether
these rates changed significantly across cohorts.

We then estimated income-related disparities using a
process designed to estimate disparities using noncontinu-
ous data.”® Starting with the binned categorical measure of
income, we calculated obesity rates within each bin. Using
these rates, we estimated a cubic regression to model the
income-obesity gradient for each cohort at each time point.
Next, we calculated the values of the estimated income gra-
dients at the 10th and 90th income percentiles, to estimate
rates of overweight and obesity at those respective income
levels. In the formulas that follow, Y indicates an outcome
of interest (ie, rate of overweight or obesity). Y, indicates
the value of that outcome among children from families at
the 10th income percentile, and Yo, indicates the value
among children at the 90th income percentile.

We examined both absolute and relative disparities, each
of which contributes unique information about inequality
across groups.”’ To measure absolute income-related dis-
parities, we calculated the “10—90 gap” as follows:

1) 1090 gap(¥) = Y10 — Yoo

For this measure, a positive number indicated that chil-
dren in the 10th income percentile were more likely to be
overweight/obese than children in the 90th income per-
centile, and larger numbers indicate greater disparity.

To measure relative income-related disparities, we cal-
culated the “10—90 risk ratio™:

_ Yo
Y90

For this measure, a value of 1 indicated no income-
related disparity. A value larger than 1 indicated that low-
income children were more likely to be overweight/obese
than higher-income children and a value less than 1

2) 10—-90 risk ratio(Y)
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indicated that higher-income children were more likely to
be overweight/obese.

We calculated 10—90 gaps and 10—90 risk ratios for
both cohorts at each time point, and tested whether these
measures have changed significantly over time. In the
2010 cohort, about 12% of observations were missing
income data. We conducted multiple imputation using
chained equations to account for this (in the 1998 cohort,
missing income data was imputed by NCES using a “hot
deck” procedure).”® Our imputation models included
children’s age, gender, and race/ethnicity, along with
household information such as parental education, work
status, and English-speaking status. Where available, we
also included household income in spring of first and
spring of third grade in our imputation models. Following
recent guidance,”” we constructed 20 imputed datasets,
and included both independent and dependent variables in
the imputation model, but we did not use imputed values
for dependent variables in our analysis. The model was
estimated using the mi command in Stata.

As income may reflect an incomplete picture of socio-
economic disparity, we also conducted this analysis using a
composite measure of socioeconomic status that included
parent/guardian education and occupation, as well as
household income. The results of this analysis (available
on request) were substantively quite similar to what we
report here. We reported income-related disparities rather
than socioeconomic status-related disparities because the
former were more concrete and readily interpretable.

We also conducted sensitivity analyses to examine how
and whether our results changed if we used data from all
children at each time point (ie, a varying sample over
time). These results (also available upon request) are sub-
stantively identical to the estimates presented here, which
use a consistent sample over time.

REsuLTS

Table 1 shows descriptive characteristics for our ana-
lytic samples in the 1998 and 2010 cohorts. Children in
these samples differed most notably in terms of racial/eth-
nic composition, but also in terms of parental educational
background and employment status. Compared with the
1998 cohort, the percent of white children decreased 9
percentage points from 62% to 53%, while the percentage
of Hispanic children increased by 9 percentage points
from 18% to 27%. Across cohorts, there was an 8-percent-
age-point increase in households where at least one parent
held a bachelor’s degree, up to 41 percent in 2010. Over
the same period, the percentage of parents working full
time decreased by 3 percentage points among mothers
and 6 percentage points among fathers.

AVERAGE TRENDS IN OVERWEIGHT AND OBESITY

Table 2 shows overweight and obesity rates for both
cohorts from the fall of kindergarten through the spring of
third grade. Across the 12-year period, there was a statisti-
cally significant, roughly 3- to 5-point increase in the per-
centage of children who were overweight at every time
point from fall kindergarten through spring first grade.
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Table 1. Sample Characteristics for the 1998 and 2010 ECLS-K
Cohorts

1998 2010
Variable Cohort Cohort
Age in fall of K (mo) 68.22 67.13**
Child is female 0.50 0.49
Child born preterm (<37 wk) 0.10 0.14**
Child race/ethnicity
White 0.62 0.53**
Black 0.13 0.11*
Hispanic 0.18 0.27**
Asian 0.02 0.04**
Two parent household 0.79 0.79
At least 1 parent has bachelor’s degree 0.33 0.41**
Mom works full time (if present) 0.46 0.43**
Dad works full time (if present) 0.91 0.85**
Non English-speaking household 0.21 0.28**
N 10,060 9980

Sample sizes rounded to the nearest 10. Estimates weighted to
be nationally representative of children entering kindergarten in
their respective cohorts.

*P < .05;

**P < .001.

There was also a significant 2- to 4-percentage-point
increase in the percentage of children who were obese
across the same grades. By contrast, in the spring of third
grade, there was not a significant increase in either over-
weight or obesity rates.

CHANGES IN INcoMmE-RELATED DisPARITIES IN OVERWEIGHT
AND OBESITY

Next, we examined how overweight and obesity varied
by household income. Table 3 shows rates of overweight
from kindergarten through third grade for children in
households at the 10th and 90th income percentiles, along
with the 10—90 gaps and 10—90 risk ratios. It is notable
that there were significant increases in the rates of over-
weight children from 1998 to 2010 for low-income chil-
dren at the 10th income percentile at each time point from

Table 2. Percent Overweight and Obese in K-3, 1998 and 2010
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fall kindergarten through spring of first grade. In contrast,
rates of overweight among children at the 90th income
percentile did not change significantly at any time point.
Similar to estimates from the full sample (Table 2), there
was not a significant increase from 1998 to 2010 in the
percentage of children who were overweight in the
spring of third grade for children at the 10th or 90th
income percentiles.

As a result, we documented increases in both absolute
and relative income-related disparities over time. By the
time children arrived in kindergarten, there was already a
substantial gap in overweight between the lowest and
highest income children. Specifically, in 1998 over 30%
of children at the 10th income percentile were overweight,
compared with just 22% of children at the 90th percentile.
The 10—90 gaps in overweight, which ranged between 3
and 12 percentage points in the 1998 cohort, grew to
between 13 and 17 percentage points in the later cohort.
These increases were statistically significant in the spring
of kindergarten and the fall/spring of first grade. Simi-
larly, 10—90 overweight risk ratios were larger in the
2010 cohort, and the increase was significant at each time
point from spring of kindergarten through spring of third
grade. Although increases in 10—90 overweight gaps and
risk ratios were not significantly different from zero at all
timepoints, the pattern of results strongly suggests that
disparities have grown larger over time.

Table 4 shows rates of obesity at the 10th and 90th
income percentiles, as well as 10—90 gaps and risk ratios,
analogous to Table 3. The pattern of results for obesity
strongly mirrored the pattern of results for rates of over-
weight discussed above. Specifically, large disparities in
obesity had already developed by the time children
arrived in kindergarten, and rates of obesity increased in
the later cohort among children at the 10th income percen-
tile, but not the 90th percentile. As a result, both 10—90
gaps and 10—90 risk ratios were significantly larger in the
later cohort at 4 out of 5 time points considered (all but
the spring of kindergarten).

Overweight (%) Obese (%)
ECLS-K Wave 1998 2010 Change 1998 2010 Change
FallK 27.0 30.0 3.0 11.2 14.6 3.3
(0.6) (0.6) (0.8) (0.4) (0.4) (0.6)
Spring K 26.4 29.3 2.9** 111 13.1 1.9
(0.6) (0.6) (0.8) (0.4) (0.4) (0.6)
Fall 1st 27.2 32.3 5.1 12.6 16.1 3.5"
(1.1) (1.0) (1.4) (0.8) (0.8) (1.1)
Spring 1st 26.7 30.0 3.3** 13.0 14.8 1.9%
(0.6) (0.6) (0.8) (0.4) (0.4) (0.6)
Spring 3rd 34.4 35.4 1.1 18.2 19.2 1.0
(0.7) (0.6) (0.9) (0.5) (0.5) (0.7)
N 10,060 9980 10,060 9980

ECLS-K indicates Early Childhood Longitudinal Study - Kindergarten cohort.
Standard errors in parentheses. Fall first grade data were only collected for a random subsample of students (N = 3170 in 1998 and 3480
in 2010). Estimates weighted to be nationally representative of children entering kindergarten in their respective cohorts.

*P<.01;
**P < .001.
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Table 3. Percent Overweight at the 10th and 90th Income Percentiles, 1998 and 2010

10th Income Percentile 90th Income Percentile 10—90 Gap 10—90 Risk Ratio
ECLS-K Wave 1998 2010 Change 1998 2010 Change 1998 2010 Change 1998 2010 Change
FallK 30.4 35.2 4.8 22.2 22.7 0.4 82 125 4.3 1.37 1.55 0.18
(1.2) (1.1) (1.6) (1.5) (1.7) (2.2) (1.9) (2.0 (2.8) (0.08) (0.08) (0.11)
Spring K 29.5 35.1 5.6"** 21.8 20.7 -1.0 77 143 6.6* 1.35 1.69 0.34**
(0.9) (1.2) (1.5) (1.1) (1.8) (2.1) (1.4) (2.1) (2.6) (0.06) (0.09) (0.11)
Fall 1st 28.9 39.0 10.1*** 26.1 25.9 -0.2 28 13.1 10.3* 1.1 1.51 0.40**
(1.9) (1.6) (2.5) (2.3) (2.4) (3.4) (3.00 (2.9 (4.2) (0.11) (0.10) (0.15)
Spring 1st 30.7 37.2 6.4 215 21.7 0.2 9.2 154 6.2* 1.43 1.71 0.28*
(1.0) (1.2) (1.5) (1.2) (1.8) (2.2) (1.5 (22 (2.6) (0.06) (0.09) (0.11)
Spring 3rd 39.4 42.1 2.7 271 25.4 -1.8 123 16.7 45 1.45 1.66 0.21*
(1.4) (1.0) (1.7) (1.8) (1.5) (2.3) (2.3) (1.8) (2.9) (0.07) (0.06) (0.10)

ECLS-K indicates Early Childhood Longitudinal Study - Kindergarten cohort.
Standard errors in parentheses. Estimates weighted to be nationally representative of children entering kindergarten in their respective

cohorts.
*P < .05;
*P<.01;
***P < .001.

In the fall of kindergarten, for instance, the gap in obesity
rates between children in the 10th and 90th income percen-
tile grew by over 5 percentage points from 6.4 to 11.5 per-
cent from 1998 to 2010. In 1998, children at the 10th income
percentile were 1.9 times more likely to be obese than were
children in the 90th percentile. By 2010, the 10—90 risk ratio
increased by 0.6 (P < .05; 95% CI: 0.2—1; Table 4), so that
these children were 2.5 times more likely to be obese. These
patterns were consistent across the fall and spring of first
grade and the spring of third grade. In contrast, we did not
find a significant increase in either relative or absolute dispar-
ities in the spring of kindergarten.

Figure 1 provides an illustration of how the relation
between income and overweight/obesity changed between
the two cohorts, using data from the fall of kindergarten.
Specifically, it shows estimated income-overweight
and income-obesity gradients that were used to calculate
10—90 gaps for both cohorts. The figure demonstrates that
the 2010 rates of overweight and obesity were higher than
the 1998 rates for children at the lower end of the income

distribution, and unchanged among children near the top
of the distribution. This demonstrates why income-related
overweight and obesity gaps have gotten larger over time.

Figures 2 and 3 illustrate the estimated 10—90 obesity
gaps and risk ratios over time. These figures demonstrate
that income-related disparities in obesity were larger at
every time point in the 2010 cohort than they were in the
1998 cohort, both in absolute and in relative terms. In
both figures, we could not reject the null hypothesis that
the trend lines for the two cohorts are parallel. This sug-
gests that income-related disparities in obesity did not
change as children moved through school.

Discussion

Comparing two nationally representative samples of
children who entered school in 1998 and 2010, we found
that rates of overweight and obesity increased signifi-
cantly. These increases were concentrated among children
in lower-income households, as rates of overweight and

Table 4. Percent Obese at the 10th and 90th Income Percentiles, 1998 and 2010

10th Income Percentile 90th Income Percentile 10—90 Gap 10—90 Risk Ratio
ECLS-K Wave 1998 2010 Change 1998 2010 Change 1998 2010 Change 1998 2010 Change
Fall K 13.3 19.2 5.9%** 7.0 7.7 0.8 64 115 5.1* 1.92 2.48 0.56*
(0.7) (0.9) (1.1) (0.8) (1.3) (1.6) (1.1)  (1.6) (1.9) (0.13) (0.18) (0.22)
Spring K 13.6 16.7 3.0 6.3 7.2 0.9 7.3 9.5 2.2 2.16 2.32 0.16
(0.7) (1.0) (1.2) (0.8) (1.4) (1.6) (1.0 (1.7) (2.0) (0.14) (0.21) (0.25)
Fall 1st 145 22.9 8.4 8.6 9.8 1.2 5.9 13.1 7.2" 1.69 2.34 0.65"
(1.3) (1.2) (1.8) (1.6) (1.8) (2.5) 2.1) (2.2 (3.0) (0.21) (0.19)  (0.29)
Spring 1st 15.8 19.2 3.4* 8.2 7.4 -0.8 7.6 11.8 4.2¢ 1.93 2.59 0.66"*
(0.6) (0.9) (1.0) (0.7) (1.3) (1.5) 0.9) (1.6) (1.8) (0.09) (0.18) (0.21)
Spring 3rd 22.3 25.7 3.4* 11.6 10.3 -1.4 10.7 15.4 4.8* 1.92 2.50 0.59**
(1.1) (0.8) (1.4) (1.4) (1.3) (1.9) (1.8) (1.5) (2.4) (0.13) (0.13) (0.18)

ECLS-K indicates Early Childhood Longitudinal Study - Kindergarten cohort.
Standard errors in parentheses. Estimates weighted to be nationally representative of children entering kindergarten in their respective

cohorts.
*P < .05;
*P<.01;
**P < .001.
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Figure 1. Rates of overweight and obesity in the fall of the kindergarten year.
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Figure 2. 10—-90 obesity gaps across ECLS-K waves, 1998 and 2010 cohorts.

obesity among the highest income children remained quite
stable. As a result, income-related disparities in obesity
grew larger across the 12-year period. Indeed, we found
that income-based disparities in overweight and obesity
were larger in the more recent cohort at every point of
data collection. We also found that income-related dispar-
ities in weight had already developed by school entry, and
did not change significantly as children moved from kin-
dergarten through third grade. For this reason, large dis-
parities continued to persist when these children were
third graders in 2002 and 2014, respectively.

The overweight and obesity prevalence rates we find
for children overall are consistent with other published
estimates that use the original ECLS-K as well as
the National Health and Nutrition Examination

30-32 . . .
Survey.”’** Our results are also consistent with previ-

ous work that documented increases in income-related
obesity disparities among adolescents.'®*" However,
our results highlight that increases in income-related
disparities developed at a much earlier age than was
previously known.

The fact that the obesity epidemic may have plateaued
among higher-income children is good news. However, it
is worrisome that rates of obesity have continued to
increase among lower-income children, especially given
that across the years examined here policymakers at all
levels of government took steps aimed to combat the epi-
demic. At the federal level, the American Recovery and
Reinvestment Act of 2009 included over $150 billion for
health care. The Food, Conservation, and Energy Act of
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Figure 3. 10—90 obesity risk ratios across ECLS-K waves, 1998 and 2010 cohorts.

2008 [the “Farm Bill”’] for the first time included an allo-
cation of nearly $2 billion for growing healthy foods
including fruits, vegetables, and nuts. State and local gov-
ernments passed a variety of legislation including menu
calorie labeling, nutrition standards for publicly sold
food, food/drink taxes, and subsidies for healthy food
purchases.”

Why might these efforts have been more successful for
children in higher-income families than in lower-income
families? One possibility is that public health campaigns
may be more effective among socially advantaged house-
holds. For instance, higher-income families may have bet-
ter access to information and resources to put the
information into practice. Research also suggests higher-
income families may place more emphasis on health and
on the desirability of thinness.® Low-income families, on
the other hand, face barriers to reducing obesity that
higher-income families may not face, such as decreased
neighborhood safety and fewer opportunities for exer-
cise.'™'? The disparity in cost between healthy and
unhealthy foods also appears to be growing, so that lower-
income households face increasingly difficult choices
between saving money and eating healthy food.™

This study has several important limitations. First, this
analysis was descriptive and could not determine what
caused the increase in income-related disparities over time.
Second, the association between income and obesity is
complex and differs by gender and by race/ethnicity. In
this paper we chose to focus on the income-obesity gradi-
ent, but future research might consider whether the changes
over time differ along other dimensions. Finally, since we
relied on just two time points for this analysis, our results
may have been affected by significant economic events
that occurred in the intervening years. For example, the
Great Recession of 2007 to 2009 disproportionately
affected the poorest families in the country, and thus may
have exacerbated disparities in obesity. However, a study

that examined obesity among adolescents did not document
an unusual spike across the years of the recession,”” sug-
gesting that it is likely not the primary cause of the changes

we observed.

CoONCLUSIONS

Our study documented that rates of overweight and
obesity rose across 2 nationally representative cohorts of
elementary school children spanning a 12-year period.
We found that increases were concentrated among chil-
dren from lower-income households, leading to an
increase in income-related disparities in obesity. This sug-
gests that efforts to slow the obesity epidemic have been
more effective among economically advantaged families,
and that low-income children face an even larger disad-
vantage than in past years. This heightened risk for obe-
sity may preserve, and even exacerbate, socioeconomic
inequality.

ACKNOWLEDGMENTS

Funding statement: The authors are grateful for financial support
from the Institute of Education Sciences, U.S. Department of Education,
through grants R305B 130017 and R305B 140009 to Stanford University.
The funders were not involved in study design, data collection, analysis
and interpretation of data, or the decision to submit this work for publi-
cation. The authors have no financial relationships relevant to this article
to disclose.

SuPPLEMENTARY DATA

Supplementary data related to this article can be found
online at https://doi.org/10.1016/j.acap.2020.11.021.

REFERENCES

1. Ogden CL, Carroll MD. Prevalence of obesity among children and
adolescents: United States, Trends 1963-1965 through 2007-2008;


https://doi.org/10.1016/j.acap.2020.11.021

AcaDEMIC PEDIATRICS

10.

11.

12.

13.

14.

16.

17.

2010. Available at: https://www.cdc.gov/nchs/data/hestat/obesity_
child_07_08/obesity_child_07_08.htm. Accessed August 20, 2018.

. Ogden CL, Carroll MD, Lawman HG, et al. Trends in obesity preva-

lence among children and adolescents in the United States, 1988-
1994 through 2013-2014. JAMA. 2016;315:2292-2299. https://doi.
org/10.1001/jama.2016.6361.

. Brennan LK, Brownson RC, Orleans CT. Childhood obesity policy

research and practice: evidence for policy and environmental strate-
gies. Am J Prev Med. 2014;46:e1—e16. https://doi.org/10.1016/j.
amepre.2013.08.022.

. Finkelstein EA, Ruhm CJ, Kosa KM. Economic causes and conse-

quences of obesity. Annu Rev Public Health.. 2005;26:239-257.
https://doi.org/10.1146/annurev.publhealth.26.021304.144628.

. Hammond RA, Levine R. The economic impact of obesity in the

United States. Diabetes Metab Syndr Obes. 2010;3:285-295. https://
doi.org/10.2147/DMSOTT.S7384.

. Hales CM, Carroll MD, Fryar CD, et al. Prevalence of obesity

among adults and youth: United States, 2015-2016. National Center
for Health Statistics; 2017. Available at: https://www.cdc.gov/obe
sity/data/childhood.html. Accessed August 20, 2018.

. Mann T, Tomiyama AJ, Westling E, et al. Medicare’s search for

effective obesity treatments: diets are not the answer. Am Psychol.
2007;62:220-233. https://doi.org/10.1037/0003-066X.62.3.220.

. Kumanyika SK, Obarzanek E, Stettler N, et al. Population-based

prevention of obesity. Circulation. 2008;118:428-464. https://doi.
org/10.1161/CIRCULATIONAHA.108.189702.

. Jones-Smith JC, Dieckmann MG, Gottlieb L, et al. Socioeconomic

status and trajectory of overweight from birth to mid-childhood: the
Early Childhood Longitudinal Study-birth cohort. PLOS One.
2014;9: e100181. https://doi.org/10.1371/journal.pone.0100181.
Ver Ploeg M, Breneman V, Farrigan T, et al. Access to affordable and
nutritious food: measuring and understanding food deserts and their
consequences. Published 2010. Available at: https://www.ers.usda.gov/
publications/pub-details/?pubid=42729. Accessed June 6, 2018.
Drewnowski A, Darmon N. Food choices and diet costs: an eco-
nomic analysis. J Nutr. 2005;135:900-904. https://doi.org/10.1093/
jn/135.4.900.

Gordon-Larsen P, Nelson MC, Page P, et al. Inequality in the built
environment underlies key health disparities in physical activity and
obesity. Pediatrics. 2006;117:417-424. https://doi.org/10.1542/
peds.2005-0058.

Lovasi GS, Hutson MA, Guerra M, et al. Built environments and
obesity in disadvantaged populations. Epidemiol Rev. 2009;31:7—
20. https://doi.org/10.1093/epirev/mxp005.

Puhl RM, Heuer CA. The stigma of obesity: a review and update.
Obesity. 2009;17:941-964. https://doi.org/10.1038/0by.2008.636.

. Andreyeva T, Puhl R, Brownell K. Changes in perceived weight dis-

crimination among Americans, 1995—1996 through 2004—2006.
Obesity (Silver Spring, Md). 2008;16:1129-1134. https://doi.org/
10.1038/0by.2008.35.

Wojcicki JM, Heyman MB. Let’s move — Childhood obesity pre-
vention from pregnancy and infancy onward. N Engl J Med. 2010;
362:1457-1459. https://doi.org/10.1056/NEJMp1001857.

Wen X, Gillman MW, Rifas-Shiman SL, et al. Decreasing prevalence
of obesity among young children in Massachusetts from 2004 to 2008.
Pediatrics. 2012;129:823-831. https://doi.org/10.1542/peds.2011-1833.

INCREASES IN INcOME DispARITIES IN EARLY OBESITY, 1998—-2014

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

311

Singh G, Siahpush M, Kogan M. Rising social inequalities in US
childhood obesity, 2003-2007. Ann Epidemiol. 2010;20:40-52.
https://doi.org/10.1016/j.annepidem.2009.09.008.

Bethell C, Simpson L, Stumbo S, et al. National, state, and local dis-
parities in childhood obesity. Health Aff. 2010;29:347-356. https://
doi.org/10.1377/hlthaff.2009.0762.

Frederick C, Snellman K, Putnam R. Increasing socioeconomic dis-
parities in adolescent obesity. Proc Natl Acad Sci. 2014;111:1338—
1342. https://doi.org/10.1073/pnas.1321355110.

Berdahl T, Biener A, McCormick MC, et al. Annual report on child-
ren’s healthcare: healthcare access and utilization by obesity status
in the United States. Acad Pediatr. 2020;20:175-187. https://doi.
org/10.1016/j.acap.2019.11.020.

Sharma AJ, Grummer-Strawn LM, Dalenius K, et al. Obesity preva-
lence among low-income, preschool-aged children - United States,
1998-2008. Morb Mortal Wkly Rep. 2009;58:769-773.

Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, et al. CDC
growth charts: United States; 2000.

Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC Growth Charts

for the United States: Methods and Development. National Center

for Health Statistics; 2002.

StataCorp. Stata. Statacorp LLC; 2017.

Reardon S. The widening academic achievement gap between the
rich and the poor: new evidence and possible explanations. Whither
Opportunity? Rising Inequality, Schools, and Children’s Life Chan-
ces; 2011.

Rossen L, Schoendorf K. Measuring health disparities: trends in
racial—ethnic and socioeconomic disparities in obesity among
2- to 18-year old youth in the United States, 2001—2010. Ann
Epidemiol. 2012;22:698-704. https://doi.org/10.1016/j.annepi-
dem.2012.07.005.

Tourangeau K, Burke J, Le T, et al. User’s manual for the ECLS-K
restricted-use base year data files and electronic codebook. Pub-
lished online 2001.

White IR, Royston P, Wood AM. Multiple imputation using chained
equations: issues and guidance for practice. Stat Med. 2011;30:377—
399. https://doi.org/10.1002/sim.4067.

Hedley AA, Ogden CL, Johnson CL, et al. Prevalence of overweight
and obesity among US children, adolescents, and adults, 1999-2002.
JAMA. 2004;291:2847-2850. https://doi.org/10.1001/jama.291.23.2847.
Ogden CL, Carroll MD, Kit BK, et al. Prevalence of obesity and
trends in body mass index among US children and adolescents,
1999-2010. JAMA. 2012;307:483-490. https://doi.org/10.1001/
jama.2012.40.

Cunningham SA, Kramer MR, Narayan KMV. Incidence of child-
hood obesity in the United States. N Engl J Med. 2014;370:403—
411. https://doi.org/10.1056/NEJMoal309753.

Chriqui JF. Obesity prevention policies in U.S. states and localities:
lessons from the field. Curr Obes Rep. 2013;3:200-210. https://doi.
org/10.1007/s13679-013-0063-x.

Dietz WH, Benken DE, Hunter AS. Public health law and the pre-
vention and control of obesity. Milbank Q. 2009;87:215-227.
https://doi.org/10.1111/§.1468-0009.2009.00553.x.

Monsivais P, Mclain J, Drewnowski A. The rising disparity in the
price of healthful foods: 2004—2008. Food Policy. 2010;35:514—
520. https://doi.org/10.1016/j.foodpol.2010.06.004.


https://www.cdc.gov/nchs/data/hestat/obesity_child_07_08/obesity_child_07_08.htm
https://www.cdc.gov/nchs/data/hestat/obesity_child_07_08/obesity_child_07_08.htm
https://doi.org/10.1001/jama.2016.6361
https://doi.org/10.1001/jama.2016.6361
https://doi.org/10.1016/j.amepre.2013.08.022
https://doi.org/10.1016/j.amepre.2013.08.022
https://doi.org/10.1146/annurev.publhealth.26.021304.144628
https://doi.org/10.2147/DMSOTT.S7384
https://doi.org/10.2147/DMSOTT.S7384
https://www.cdc.gov/obesity/data/childhood.html
https://www.cdc.gov/obesity/data/childhood.html
https://doi.org/10.1037/0003-066X.62.3.220
https://doi.org/10.1161/CIRCULATIONAHA.108.189702
https://doi.org/10.1161/CIRCULATIONAHA.108.189702
https://doi.org/10.1371/journal.pone.0100181
https://www.ers.usda.gov/publications/pub-details/?pubid=42729
https://www.ers.usda.gov/publications/pub-details/?pubid=42729
https://doi.org/10.1093/jn/135.4.900
https://doi.org/10.1093/jn/135.4.900
https://doi.org/10.1542/peds.2005-0058
https://doi.org/10.1542/peds.2005-0058
https://doi.org/10.1093/epirev/mxp005
https://doi.org/10.1038/oby.2008.636
https://doi.org/10.1038/oby.2008.35
https://doi.org/10.1038/oby.2008.35
https://doi.org/10.1056/NEJMp1001857
https://doi.org/10.1542/peds.2011-1833
https://doi.org/10.1016/j.annepidem.2009.09.008
https://doi.org/10.1377/hlthaff.2009.0762
https://doi.org/10.1377/hlthaff.2009.0762
https://doi.org/10.1073/pnas.1321355110
https://doi.org/10.1016/j.acap.2019.11.020
https://doi.org/10.1016/j.acap.2019.11.020
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0022
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0022
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0022
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0024
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0024
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0024
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0025
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0026
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0026
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0026
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0026
http://refhub.elsevier.com/S1876-2859(20)30631-8/sbref0026
https://doi.org/10.1016/j.annepidem.2012.07.005
https://doi.org/10.1016/j.annepidem.2012.07.005
https://doi.org/10.1002/sim.4067
https://doi.org/10.1001/jama.291.23.2847
https://doi.org/10.1001/jama.2012.40
https://doi.org/10.1001/jama.2012.40
https://doi.org/10.1056/NEJMoa1309753
https://doi.org/10.1007/s13679-013-0063-x
https://doi.org/10.1007/s13679-013-0063-x
https://doi.org/10.1111/j.1468-0009.2009.00553.x
https://doi.org/10.1016/j.foodpol.2010.06.004

	Increases in Income-Related Disparities in Early Elementary School Obesity, 1998-2014
	Methods
	Data
	Sample
	Measures
	Overweight and Obesity
	Household Income

	Analysis

	Results
	Average Trends in Overweight and Obesity
	Changes in Income-Related Disparities in Overweight and Obesity

	Discussion
	Conclusions
	Acknowledgments
	Supplementary Data
	References



