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Abstract

Background: Little is known about the incidence and natural history of obesity remission among
children outside of weight loss programs.

Objectives: To characterize and identify sociodemographic and early life predictors of obesity
remission between kindergarten and 8" grade among a nationally-representative sample of US
children.

Methods: The sample included children with obesity (age- and gender-specific body mass index
(BMI) percentile > 95) at the spring kindergarten assessment of the Early Childhood Longitudinal
Study, Kindergarten Class of 1998-99 (ECLS-K). Weight categories across 8 years of follow-up
were used to identify three transition patterns: persistent obesity remission, non-persistent obesity
remission, and non-remission. Weight, height, and BMI changes between remission categories were
examined and predictors of persistent remission identified.

Results: One-third of children with obesity in kindergarten experienced remission during follow-up
and 21.6% of children experienced persistent remission through 8" grade. Female gender and high
socioeconomic status predicted persistent remission; these associations were attenuated after
accounting for baseline BMI. Children experiencing persistent remission gained less weight across
waves than those experiencing non-remission.

Conclusions: A meaningful proportion of young children with obesity experience remission by 8"
grade. Further study is needed to identify factors that support obesity remission among children

outside of treatment contexts.
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Introduction

Nearly all recent observational studies of growth among US children have focused on quantifying
children’s gains in body mass index (BMI) or risk of obesity over time.** These efforts have
identified that early, rapid growth among children is a risk factor for obesity; by kindergarten a
large proportion of young children have obesity, with substantial sociodemographic disparities in
obesity prevalence;®® and once established, obesity is persistent, with the majority of young

children with obesity remaining with obesity into adulthood.>***

However, several studies have also found that a portion of young children with obesity experience
remission from obesity as they age.'*™ For example, in a longitudinal study of early adolescent
females with obesity from the southwestern US, 1-year obesity remission rates fluctuated between 8
and 24% over 6 years of follow-up.'? In another study of low-income, minority children from
Philadelphia between the ages of 3 and 18, 29% of children with obesity experienced remission
after 2 years.™ Young children ages 3 to 5 had the highest rates of remission (46%), followed by
adolescents ages 13 to 17 (28%). Lastly, in a nationally-representative sample of US children
enrolled in kindergarten in 1998 and 1999, only 47% of children with a BMI percentile of 95 in
kindergarten still had obesity by 8™ grade.! Together, these studies demonstrate that early childhood

obesity, while persistent, can also remit over time.

While obesity remission among children has been identified among diverse study populations, our

understanding of obesity remission stems primarily from pediatric obesity treatment trials.'®
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However, examining predictors of obesity remission among children in treatment trials does not
provide insight into the natural history of pediatric obesity remission in the general population, and
therefore does not provide insight into factors that may support remission independent of treatment.
For example, it is unclear whether exposures that contribute to obesity remission among children
are merely the inverse of exposures that promote incident obesity. Only two studies have examined
predictors of remission of overweight and/or obesity among population-based pediatric cohorts.
One study found that children who ate breakfast at home more frequently were more likely to
experience remission from overweight between the 5™ and 8" grades.'” The second study found that
children who ate school-provided lunches less frequently and who were viewed as possessing better
interpersonal skills by their teachers were more likely to experience remission from obesity between
the 5™ and 8™ grades.*® To our knowledge, no observational studies have examined predictors of

remission earlier than the 5™ grade.

Important insights can be gained from an in-depth examination of obesity remission among
population-based pediatric cohorts. Identifying periods during childhood when obesity remission is
most likely can shed light on opportunities during which it may be easier to help children normalize
weight gain. Conversely, identifying periods during which remission is uncommon can help
pinpoint times when developmentally-specific interventions may be necessary. Given the limited
reach and uptake of pediatric obesity treatment programs,*® identifying factors that help children
with obesity achieve remission outside of treatment can provide insight into community, family,

and individual-level exposures that could influence childhood obesity. The objectives of the current
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study are to examine patterns of obesity remission between kindergarten and 8" grade among a
nationally-representative cohort of children and identify sociodemographic and early-life predictors

of persistent obesity remission.
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Methods

Data come from the Early Childhood Longitudinal Study, Kindergarten Class of 1998-99 (ECLS-K)
study, which followed children prospectively from kindergarten through 8" grade. ECLS-K was
developed by the U.S. Department of Education, National Center for Education Statistics (NCES) to
study children’s early school experiences. NCES used a multi-stage probability sampling strategy,
using counties as primary-stage units, schools within primary sampling units as second-stage units,
and students within schools as third-stage units, in order to select a nationally-representative cohort
of US kindergarten students.? In total, 21,260 kindergarten students were recruited to participate in
the study. Seven waves of data collection were performed during fall kindergarten in 1998 (Wave
1), spring kindergarten in 1999 (Wave 2), fall 1* grade in 1999 (Wave 3), spring 1% grade in 2000
(Wave 4), spring 3" grade in 2002 (Wave 5), spring 5" grade in 2004 (Wave 6), and spring 8"
grade in 2007 (Wave 7). The study sample was limited to children with obesity, as defined by an
age and gender-specific BMI percentile greater than or equal to 95, at Wave 2 (n = 2273). Children
with missing height and weight information at Waves 4 through 7 (n = 1434) and biologically
implausible values (n = 27) were further excluded, resulting in a final analytic sample of 812
children. Data from the first and third study waves were omitted to maintain intervals of at least one
year between adjacent waves. For the present study, the baseline wave refers to Wave 2. Children
with complete data were more likely to be of higher SES than children with missing data, but were

otherwise similar across baseline sociodemographic characteristics and BMI percentile.

Measures
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BMI, weight status, and obesity remission: Height and weight were collected via in-person
examinations during each data collection wave. Trained research staff measured height using a
Shorr board and weight using a digital scale. Age- and gender-specific BMI percentiles were
calculated using the Centers for Disease Control and Prevention 2000 growth charts.”* Exact ages
for Waves 5, 6, and 7 were not provided in the public-access dataset to protect respondent
confidentiality.?’ In Wave 5, exact ages were recoded into categories spanning three months, while
in Waves 6 and 7, exact ages were recoded into categories spanning six months. To calculate BMI
percentiles in Waves 5, 6, and 7, ages in months were estimated using the midpoint of the
categories. In sensitivity analyses, BMI percentiles in Waves 5, 6, and 7 were recalculated using
estimated ages at the boundaries of the categories. Biologically implausible values (BIVs) were
defined as: (1) mean BMI changes of plus or minus three standard deviations; (2) height decrements
of greater than one inch; and (3) mean height increases above three standard deviations between

waves.? In total, 27 children with BIVs were omitted, leaving a final sample of 812 children.

Obesity at each wave was defined as an age- and gender-specific BMI percentile > 95. Children
were divided into three remission categories based on changes in weight status categories between
study waves. Persistent obesity remission was defined as transitioning to a BMI percentile < 95 at
any point after Wave 2 (kindergarten) and remaining without obesity at all waves thereafter. Non-
persistent obesity remission was defined as transitioning to a BMI percentile < 95 at any wave after
Wave 2, but returning to obesity at a subsequent wave. Finally, Non-remission was defined as

having a BMI percentile > 95 at every study wave. In sensitivity analyses, Persistent obesity
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remission was redefined to exclude children who first experienced remission at Wave 7 as without
future waves, it is unknown whether these children continued to remain without obesity. In separate

sensitivity analyses, varying BMI percentile cut-offs were used to define obesity (94 and 96).

Sociodemographic characteristics: Children’s gender and race/ethnicity were reported by
parents/guardians at Wave 1. Household socioeconomic status (SES) was an ECLS-K-constructed
variable that includes information on father/male guardian’s education and occupation,

mother/female guardian’s education and occupation, and household income.

Early childhood characteristics: Potential predictors of persistent obesity remission were selected
based on existing literature.??* Children’s birth weight, maternal age and education at child birth,
number of siblings at child birth, and family structure at child birth were obtained from parents at
Wave 1. Children’s birth weight was categorized into quartiles. Family structure at child birth was
categorized as single-parent versus dual-parent families. Number of siblings at child birth was

dichotomized as no siblings versus one or more siblings.

Statistical Analysis

Descriptive statistics were used to compare sociodemographic characteristics across remission
categories. Two-sample t-tests were used to examine differences in changes in BMI percentile,
height, and weight since the previous wave between children experiencing persistent remission and

those experiencing non-remission. Predictors of persistent remission were identified using logistic
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regression models, both in unadjusted models and in models adjusting for baseline BMI percentile.
In all analyses, appropriate cross-sectional or longitudinal survey weights and survey procedures
were used to account for the complex study design in order to obtain nationally representative
results.”® All statistical analyses were performed with SAS 9.4 (SAS Institute Inc, Cary, NC) using

survey procedures. An alpha of 0.05 was used in significance testing, unless otherwise specified.

Results

Table 1 contains the baseline characteristics of the sample by remission status. Among the 812
children who had obesity in kindergarten, 35.6% (N = 294) experienced obesity remission
(persistent or non-persistent) by 8" grade, with 21.6% (N = 181) experiencing persistent remission.
The largest proportion of children with persistent remission first experienced remission in 8" grade
(11.6% of all children with obesity in kindergarten), followed by 5.1% in 1% grade, 3.3% in 5
grade, and 2.3% in 3" grade (Figure S1). Overall, 19.1% of boys and 24.5% of girls experienced
persistent remission, while 32.7% of those in the highest SES category and 16.7% in the lowest
experienced persistent remission. Among non-Hispanic whites, 27.0% experienced persistent
remission compared to 13.4% of non-Hispanic Black and 14.6% of Hispanic children. Mean
baseline BMI percentiles were similar across remission categories; by Wave 7, children who
experienced persistent remission and those who experienced non-persistent remission had mean

BMI percentiles of 83.3 and 94.6, respectively.

This article is protected by copyright. All rights reserved.



Across all study waves, children who experienced persistent remission weighed, on average,
significantly less at the wave prior to the wave of remission than children who experienced non-
remission. These children also gained less weight between the previous wave and the wave of
remission compared to those who experienced non-remission (Table 2). For example, children who
first experienced persistent remission at Wave 4 gained, on average, 1.43 kg since the previous
wave, compared to 7.00 kg among those who experienced non-remission. In contrast, changes in
height between children who experienced persistent remission and those who experienced non-
remission were inconsistent. Children who first experienced persistent remission at \Wave 4 gained
greater height since the previous wave compared to those who experienced non-remission (8.21 cm
vs. 7.15 cm, P < 0.01). However, in Waves 6 and 7, there were no differences in height changes
since the previous wave (P > 0.01). Lastly, children who first experienced persistent remission at
younger ages tended to have a lower BMI percentile after remission than children who first
experienced remission at older ages. For example, persistent remission at Wave 4 was associated
with a BMI percentile of 86.0 while persistent remission at Wave 6 was associated with a BMI
percentile of 92.9. Among those who first experienced persistent remission at Wave 4, 9.8%
remitted to normal weight compared to 0.11% of children who first experienced persistent

remission at Wave 6.

Examining potential predictors of persistent remission, girls were more likely than boys to

experience persistent remission in unadjusted models (Table 3). Additionally, children of Hispanic

and other race/ethnicity were less likely to experience persistent remission compared to non-
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Hispanic white children. Older maternal age at birth was associated with higher odds of persistent
remission (OR = 1.08, 95% CI: 1.01, 1.15). Finally, children in the second quartile of birth weight,
with an average birth weight of 7.44 pounds, were more likely to experience persistent remission
than children in the first quartile (OR = 2.71, 95% CI: 1.32, 5.58). However, after adjusting for
baseline BMI, gender (OR = 1.66, 95% CI: 0.86, 3.20) and maternal age (OR = 1.06, 95% CI: 0.99,
1.12) were no longer associated with persistent remission. Similarly, after adjusting for baseline
BMI, there were no differences by race/ethnicity. However, children with a birth weight in the
second quartile remained more likely to experience persistent remission than children in the first
quartile (OR = 2.41, 95% CI: 1.02, 5.71). In sensitivity analyses evaluating different BMI percentile
cut-offs for obesity, patterns of association did not differ for cut-offs of 94 or 96 versus 95 (data not
shown). Additionally, in sensitivity analyses evaluating different ages for calculating BMI
percentiles in Waves 5, 6, and 7, patterns of association did not differ when using the lower or
upper bounds compared to the midpoint (data not shown). Finally, in sensitivity analyses excluding
children who first experienced obesity remission at Wave 7 from the definition of persistent
remission, baseline sociodemographic characteristics were consistent with findings from when these
children were included in the definition (Table S1). Using this alternative definition, 10.4% of
children experienced persistent remission. In analyses adjusted for baseline BMI, the second
quartile of birthweight remained predictive of persistent remission. Additionally, children in some
higher SES categories (Quintiles 2 and 4) were more likely to experience persistent remission than

children in the lowest SES category (Table S2).
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Discussion

In a nationally-representative sample of kindergarten children followed through 8" grade, 21.6% of
those with obesity in kindergarten became and remained without obesity through 8" grade.
Consistently as they aged, children who experienced persistent remission gained less weight prior to
experiencing remission than those who experienced non-remission. These differences were often
substantial with children who experienced non-remission gaining two to three times as much weight
as children who experienced persistent remission. Persistent remission was not consistently related
to height gains, suggesting that children do not “grow out” of obesity merely by gaining height.?
Together these findings suggest that weight gain must be limited to promote obesity remission.
These data are in contrast with findings from clinical interventions that indicate that weight loss is
necessary for children with obesity to achieve non-obesity.?® Additionally, findings suggest that
children who experience persistent remission at earlier ages may be more likely to achieve a BMI
percentile in the normal weight range compared to children who experience persistent remission
later in childhood. These findings extend our understanding of early childhood obesity patterns by
suggesting that limiting weight gain early in development may be predictive of healthier long-term

weight trajectories for children with early childhood obesity.*

Not all children are equally likely to achieve persistent remission. Female gender, minority
race/ethnicity, and lower socioeconomic status, which are known predictors of obesity, were
differentially associated with remission.?” Several of these differences, however, were explained by

girls, children of white race, and children of higher SES having lower BMI percentiles at baseline
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compared to their counterparts. Despite that, even after accounting for BMI percentile at baseline,
moderate birth weight was associated with a higher odds of experiencing persistent remission
compared to low birth weight. Given that prior studies have found that low birth weight is a risk

factor for incident obesity,?*?

these findings suggest that some factors that promote remission
among children (e.g., moderate birthweight) may be the inverse of factors that promote incident
obesity. Longitudinal datasets with larger sample sizes and more extensive characterization of the

childhood environment are necessary to further evaluate this question.

This study has several strengths. This longitudinal, nationally-representative cohort included
frequent, objective anthropometric measurements over an important developmental period. While
our findings highlight the substantial proportion of children with obesity who experienced persistent
remission, even more children experienced frequent movement in and out of obesity. These findings
emphasize the substantial heterogeneity in children’s growth and challenge the notion that
childhood obesity is intractable once developed. While many children with obesity do consistently
experience obesity into adulthood, our findings suggest that there are windows of opportunity when
many children’s BMI falls into the overweight or normal weight categories. Capitalizing on these
periods and supporting continued weight maintenance may help more children experience persistent
remission. Finally, in the ECLS-K, obesity remission likely occurred outside of clinical treatment,
providing insight into the natural history of early childhood obesity in the US. Given the low

obesity diagnosis rates in ambulatory and well-child visits — 0.78% and 0.93%, respectively?® — and
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the small percentage of hospitals in the US that offer comprehensive weight management services,*

it is unlikely that many children in this cohort were engaged in clinical treatment for obesity.

Findings should be interpreted in light of study limitations. The analytic sample was limited to
children with complete data across all study waves. However, the similarity between children with
and without complete data, along with the use of appropriate survey weights, provides confidence in
the results from our complete-case analytic approach. Still, this restriction limited our sample size,
and thus our statistical power. Second, because this dataset was designed for education research, we
were limited in the potential predictors available to examine. Finally, given the truncated follow-up
period, the prevalence of persistent remission may be over-estimated since we assumed that
children who first experienced remission at Wave 7 remained without obesity in the future.
However, few differences were noted in analyses that excluded children who first experienced
obesity remission at Wave 7 from our persistent remission definition. Namely, only 10.4% of
children in the cohort experienced persistent remission if children who first experienced remission
at Wave 7 are not considered to have experienced persistent remission. Longer follow-up studies

are needed to determine whether remission up to early adolescence is maintained long-term.

Understanding factors that contribute to children with obesity experiencing obesity remission
outside of clinical intervention is an important line of research as currently, pediatric obesity
treatment programs have limited capacity, reach, and efficacy.'® In particular, further research is

needed to understand if the predictors of obesity remission among children are the inverse of those
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that contribute to incident obesity; if the predictors are distinct, different interventions may be
needed to treat versus prevent obesity. Additional cohorts with sufficient numbers of children who
have experienced obesity remission and extensive characterization of children’s social, behavioral,
familial, and prenatal environments can advance this area of study and provide insight into novel

population-based interventions for the treatment of pediatric obesity.
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