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Abstract

Background—It is difficult to evaluate the effectiveness of interventions aimed at reducing early
childhood obesity using randomized trials.

Objective—To illustrate how observational data can be analyzed using causal inference methods
to estimate the potential impact of behavioral “interventions” on early childhood adiposity.

Methods—We used longitudinal data from 1054 children 1-5 years old enrolled in the Special
Supplemental Nutrition Program for Women, Infants and Children (WIC) and followed from 2008
to 2010 for a mean duration of 23 months. The data came from a random sample of WIC families
living in Los Angeles County in 2008. We used the parametric g-formula to estimate the impact of
various hypothetical behavioral interventions.
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Results—Adjusted mean weight-for-height Z score at the end of follow-up was 0.73 (95% CI
0.65, 0.81) under no intervention, and 0.63 (95% CI 0.38, 0.87) for all interventions given jointly.
Exclusive breastfeeding for six months or longer was the most effective intervention [population
mean difference = —-0.11 (95% CI -0.22, 0.01)]. Other interventions had little or no effect.

Conclusions—Compared with interventions promoting healthy eating and physical activity
behaviors, breastfeeding was more effective in reducing obesity risk in children aged 1-5 years.
When carefully applied, causal inference methods may offer viable alternatives to randomized
trials in etiologic and evaluation research.
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INTRODUCTION

Childhood obesity is a major public health problem affecting millions of young
Americans.() In the United States, one in three children is obese or overweight.() While
prevalence rates have begun to stabilize, they continue to be high and are consistently higher
among African-Americans and Hispanics.() Children who are obese are likely to be obese
as adults since excess weight tracks through the life-course, from early childhood to
adulthood.(® This puts children who are obese at higher risk of developing various non-
communicable diseases later in life.(®)

When attempting to reduce childhood obesity rates, public health professionals and policy
makers need to answer questions such as, “What would be the population impact of a
particular health intervention on childhood obesity if every child was exposed to it [e.g. if
every child stopped consuming sugar-sweetened beverages (SSB)]?” and “Which
interventions or combinations of interventions would yield the greatest long-term impact on
childhood obesity?” While a number of prospective observational studies have identified
potential protective (e.g. exclusive breastfeeding) and harmful (e.g. SBB consumption) risk
factors for childhood obesity, ) randomized trials (RCTs) have offered limited evidence
about the long-term impact of reducing harmful exposures and increasing beneficial
exposures either singly or in combination with each other.®) In addition, results from RCTs
are not always generalizable to the population that would be receiving the interventions,
partly because of the selective enrollment of participants into the trials.(®) Further, for
practical reasons including cost and loss to follow-up, RCTs are rarely able to follow
participants for the long term.

One approach to addressing these methodological limitations is to apply causal inference
methods to existing observational data to quantify the potential impact of hypothetical
interventions under plausible assumptions. This approach has been used by Taubman et a/.
and Danei et al. in their assessments of the impact of hypothetical interventions aimed at
reducing risk factors for coronary heart diseases (V) and diabetes in adult populations,®
respectively.
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Hence, the goal of this study was to illustrate the usefulness of modern causal inference
methods for evaluating interventions and providing relevant information for policy decision-
making. The specific objective was to quantify the potential impact of various hypothetical
and plausible behavioral interventions early in life on adiposity in a multi-ethnic cohort of
children aged 1-5 years living in low-income households enrolled in the Special
Supplemental Nutrition Program for Women, Infants and Children (WIC) in Los Angeles
County.

Study population and sources of data

WIC provides food assistance and nutrition education to pregnant and postpartum women
and children up to age five living in low-income households in the United States. In Los
Angeles County, Public Health Foundation Enterprises WIC, the largest local agency WIC
program in the country, maintains an administrative dataset which contains socio-
demographic and anthropometric data on every child enrolled in WIC in Los Angeles
County since 2003.(9 WIC staff use a standardized protocol to measure height and weight;
these measurements have been shown to have high accuracy.(19 In addition, a survey of a
random sample of about 5,000 WIC families living in Los Angeles County is conducted
every three years to collect behavioral data so as to address the specific needs of
communities living in poverty. This WIC survey is conducted in English or Spanish through
a computer-assisted telephone interviewing system. Almost half of the eligible WIC
participants could not be reached by phone after many attempts (up to 16), giving a response
rate of 51%. We linked survey data obtained between April 8 and July 22, 2008 to WIC
administrative data to prospectively follow a cohort of 1,054 children aged 1-5 years living
in low-income households in Los Angeles County from 2008 to 2010. To ensure that the
anthropometric measurements were obtained at a time relevant to the survey period and
more specifically at an age when it was developmentally plausible for the child to engage in
a specific behavior of interest (e.g. consume fast food or be physically active at the
playground), we included in the sample only children who: (i) were at least 12 months old at
the time of the first relevant anthropometric measurement, (ii) had three subsequent
measurements, and (iii) had a baseline (first) measurement that was taken within six months
of the survey. Further excluded from the sample were children with a time interval between
measurements of less than three months (n = 1) (eFigure 1 and 2 in the appendix).

The protocol for de-identifying the WIC data for research use was approved by the Ethical
and Independent Review Services’ Institutional Review Board. The University of California,
Los Angeles (UCLA) Institutional Review Board approved the overall study protocol.

Study variables

Weight-for-height Z score (WHZ)—The outcome variable of interest was child’s
weight-for-height Z score (WHZ) calculated from height and weight measurements obtained
by trained WIC staff during recertification visits. WHZ is a commonly used indicator for
assessing adiposity in growing children as it is independent of height.(!2) WHZ was
estimated from age- and gender-specific CDC growth reference values.(12) All children in
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the sample had three WHZ estimates obtained from heights and weights which were mostly
measured between 2008 and 2010. The third WHZ (i.e. WHZ3) was the outcome variable of
interest while the second WHZ (i.e. WHZ5) was considered an intermediary or mediating
variable. We excluded records of children with improbable WHZ (<-4 or >5) (n= 3) as
suggested by CDC (eFigure 1 in appendix).

Risk factors and hypothetical interventions—The survey collected data on a number
of obesity-related risk factors including duration of exclusive breastfeeding, television
watching, fruit and vegetable consumption, playing at the playground every day, SSB
consumption, and fast-food consumption (see eTable 1 in appendix for survey questions).
Risk factor variables were categorized to avoid sparse data issues and/or to highlight
recommended levels. Hypothetical interventions were designed on the basis of these risk
factors by asking the question, “What would the population mean WHZ be if every child
was exposed to the most beneficial level of a particular risk factor?” In other words, this
study aimed to predict the mean WHZ of a population of children exhibiting optimal
(recommended or desirable) levels of the behaviors of interest. For example, in the present
sample, 23% of the children were exclusively breastfed at the recommended level of six
months or more (i.e. at the desirable level), while the remaining 77% were breastfed for
lesser amounts of time or not at all (i.e. less desirable levels). This study aimed to predict the
population mean WHZ when 100% of the population exclusively breastfeeds for six months
or more, that is, the 77% of children who were initially exclusively breastfed less than six
months would now be exclusively breastfed for six months or more. The following
interventions were similarly evaluated: watching television for no more than one hour/day;
eating at least five fruits and vegetables a day; playing at the playground every day;
eliminating SSB consumption; and eliminating fast-food consumption. We selected the
desired levels of behaviors based on (i) national and international recommendations (e.g.
from World Health Organization, American Academy of Pediatrics) regarding optimal child
growth, (ii) plausible anticipated risk reduction documented in published literature, and (iii)
available response categories used in the survey. A detailed description of the
recommendations is available in the appendix (eTable 2).

Covariates—We used a directed acyclic graph(®3 to depict the hypothesized data-
generating mechanism and causal structure of the processes under study (see appendix
eFigure 2). In our first analytic model, we adjusted for child’s baseline WHZ, and
sociodemographic variables, namely, age at first relevant measurement, gender, race/
ethnicity, birth weight, maternal language preference, maternal education, family size,
family monthly income, maternal age and follow-up period (n=799). In Model 2, we further
adjusted for maternal Body Mass Index (BMI), a potential confounder of the relationship
between certain risk factors such as breastfeeding duration and childhood adiposity.4) This
analysis involved a smaller sample (n=553) which excluded records with missing or
improbable maternal BMI (BMI< 14 or BMI > 48). See eFigure 1 in the appendix for a flow
diagram showing sample sizes at various stages of participant inclusion.
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Statistical analyses

We used the g-computation algorithm (applied to the parametric g-formula), a generalization
of the standardization method for time-varying exposures and confounders,(1®) to predict the
potential mean WHZ under various hypothetical scenarios. We first fit linear regression
models of the outcome WHZ3 and mediator WHZ, on behavioral risk factors adjusting for
the selected covariates. We then used the regression coefficients obtained from these models
to predict the potential outcomes and mediators under the different hypothetical
interventions. We obtained the marginal mean differences (i.e. intervention impact) by
taking the difference between the predicted potential mean WHZ under the various scenarios
(in which the exposure distributions were altered so that 100% of the population would be
exposed to the desired level of the risk factor) and the WHZ under no intervention (i.e. status
quo) (in which the exposure distributions remained the same as in the original sample).
Standard errors and 95% confidence intervals were obtained via bootstrapping. These steps
are also described in the literature.(7:8) Analyses were conducted in SAS version 9.4 (SAS
Institute, Inc., Cary, NC). It was assumed that there was: (i) no uncontrolled confounding
after adjusting for the selected covariates, (ii) positivity, (iii) consistency, and (iv) no other
source of bias.

We conducted sensitivity analyses to assess the robustness of our findings (1) under different
sample restriction scenarios, and (2) when missing values and extreme values of WHZ and
maternal BMI were imputed (see appendix eTables 5-9 and eFigures 4-7).

RESULTS

Among the 1,054 children aged 1-5 years who had three measurements, 799 (76%) had
complete data on all variables except maternal BMI and were included in the first analytic
sample for the main analysis. Due to missing maternal values, analyses including maternal
BMI as a covariate were conducted on the reduced analytic sample (n = 553 or 52% of the
eligible sample) (appendix eFigure 1). Table 1 shows characteristics of the 799 children
included in our main analysis. These children had a mean (SD) age of 23 (7) monthsat
baseline; 65% were Hispanic. The median monthly family income was $1,545. Cohort
members were followed, on average, for 23 months.

At baseline, one in five children was exclusively breastfed for six months or more; one-third
watched television one hour or less (0 to 1h) per day; and more than half of the children
consumed five or more servings of fruits and vegetables per day. Only 10% played in parks
and playgrounds every day; two-thirds reported not consuming SSB; and 15% reported
never consuming fast food (eTable 3).

For most interventions considered in this study, we needed to expose more than three
quarters of the population in order for the entire population to be exposed to the desirable
level of the behavioral factors (e.g. exclusive breastfeeding for six months or longer) (Table
2). The mean WHZ at the end of the follow-up was 0.73 (95%CI 0.65 to 0.81) under no
intervention and 0.63 (0.38 to 0.87) when all interventions were imposed (Table 2). The
most effective single intervention in this study was exclusive breastfeeding for six months or
longer (population mean difference = —0.11, (95% CI -0.22 to 0.01) (Figure). The
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population mean difference for the other interventions were as follows: watching TV for no
more than one hour a day: 0.00 (95% CI —-0.10 to 0.09); eating at least five fruits and
vegetables a day: 0.02 (95%CI -0.02, 0.06); eliminating SSB consumption: 0.01 (95%ClI
-0.03 to 0.06) and playing at the playground everyday: 0.01 (95%CI —0.14 to 0.18). Further
adjusting for maternal BMI did not change the results in any substantive way (Figure and
Table 2). Results from sensitivity analyses showed patterns similar to those reported in the
main analyses (eTables 5-9).

DISCUSSION

The purpose of this study was to evaluate the potential impact of hypothetical early
behavioral interventions on childhood adiposity in a multi-ethnic and cohort of children aged
1-5 years living in low-income households. Using causal inference methods, we predicted
WHZ at the end of follow-up under various hypothetical interventions and contrasted it to
the status quo (no intervention) in order to estimate its potential population impact. Our
findings suggest that a hypothetical intervention promoting exclusive breastfeeding for six
months or longer, alone or in combination with other early behavioral interventions, may
reduce a child’s subsequent WHZ. The other early behavioral interventions evaluated singly
in this study did not appear to have as much impact on a child’s adiposity trajectory (through
age 5 years) as breastfeeding alone did.

Breastfeeding is known to have many benefits. However, its role in obesity prevention is less
established.(16:17) Systematic reviews and meta-analyses of observational have concluded
that breastfeeding is associated with lower risk of childhood obesity,(14) and our findings are
consistent with this conclusion. However, a RCT of a breastfeeding promotion intervention
did not find intervention effects on adiposity measures.(18) While this was an impressive
effort involving 31 hospitals and clinics and over 15,000 infants, the study took place in
Belarus where obesity prevalence is relatively low. Furthermore, the analysis was based on
intention-to-treat.

Our findings derived using causal inference methods, support the conclusion that
breastfeeding may protect against obesity development in early childhood. Several possible
biological mechanisms can explain this protective effect. First, breast milk provides a
moderate amount of calories and protein as compared to formula feeding;(19 higher early
intakes of protein have been shown to be associated with later adiposity.(29) Second, breast
milk is also rich in factors such as leptin, which regulate satiety and subsequent growth and
development.(21) Third, it has been suggested that breastfed children may adapt better to new
foods compared to formula-fed children.(?2All these mechanisms may also explain why
longer duration of breastfeeding, as recommended by the WHO,(23) may help reduce the risk
of developing obesity.

In this study, contrary to our expectations, watching television for no more than one hour/
day, eating at least five fruits and vegetables a day, playing at the playground every day,
eliminating SSB consumption and eliminating fast-food consumption, evaluated singly did
not have as much impact on the child’s adiposity trajectory through age 5 as exclusive
breastfeeding. This is somewhat surprising as interventions developed to mitigate most of

Pediatr Obes. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nianogo et al.

Page 7

these risk factors have been observed to lower obesity risk among exposed children.(® One
reason why we failed to find an effect could be that our study focused on much younger
children than those investigated in most other studies; young children are less likely to
engage in vigorous physical activity and eat fast-food than older children. Another reason is
that the effects of interventions are more easily detected when there is considerable variation
in the behaviors studied. Alternatively, our findings may have merely reflected beneficial
effects on growth that could not be detected so early in life. This has also been seen in some
RCTs where interventions on parents to promote healthy behavior among children seemed to
have little or no effect on childhood obesity risk.(?4) Regardless, these behavioral
interventions are still warranted for their potential long-term benefits on overall health and
well-being.

This study has several limitations. First, we did not have measurements on certain prenatal
factors such as smoking during pregnancy and gestational diabetes which are often
considered potential confounders of the association between breastfeeding (and other
behavioral factors) and childhood obesity.(14:25). Nonetheless, our current covariate
adjustment may have minimized this residual confounding since some measured covariates
such as maternal education and age are also predictive of these unmeasured factors.(26.27)
Second, we did not adjust for the child’s energy intake from solid foods and for parental
feeding practices. Third, as can be expected of observational studies, our findings could have
been affected by reporting bias and social desirability. However, the magnitude of such bias,
if present, would likely be small in this study since a multi-item indirect questioning
approach rather than a binary response approach was used to gather relevant information(28)
[for example, “How old was the child, the first time (he/she) ate anything besides breast
milk?” rather than “Did you breastfeed?”]. Fourth, because eligible participants had to have
three consecutive measurements, they were more likely to be younger children since WIC
serves children up to only age 5 years. Also, the sample consisted of a high percentage of
Spanish-speaking Hispanics who are more likely to stay in WIC longer.(29) Therefore, our
results are more generalizable to younger Hispanic children with Spanish-speaking mothers.

The strengths of this study include its longitudinal nature, the relatively large and ethnically
diverse sample, the use of causal inference methods, the assessment of multiple behavioral
interventions, the use of measured validated heights and weights, the use of WHZ as an
adiposity indicator, and various sensitivity analyses. To our knowledge, this is the first
attempt to use the parametric g-formula®® to infer population-level effects of breastfeeding
on obesity using individual-level effect estimates. However, it is important to note that while
the findings of this study contribute to our collective effort to better understand the role of
breastfeeding in obesity development during childhood, they simply provide an estimate of
the impact of a breastfeeding intervention in the hypothetical scenario when women
exclusively breastfeed for 6 months.

Randomized trials are not always feasible or are difficult to implement, and while they are
considered the “gold standard” research design for evaluating community health
interventions, they are limited in their applications in real life. This study illustrates the use
of the g-computation formula, a more practical and cost effective alternative for examining
the controversial role of breastfeeding in reducing childhood obesity risk. Our findings
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suggest that efforts to promote exclusive breastfeeding in combination with other lifestyle
interventions may prove to be an effective strategy for preventing obesity later in life among
minority populations and those living in poverty. It is hoped that this study will stimulate
further foray into the use of modern causal reasoning and simulation methods for addressing
crucial policy questions relevant to obesity and its public health consequences.(3%)

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject

. Childhood obesity is a critical public health problem, which can be addressed
through early life prevention.

Modifiable risk factors have been identified.

. Randomized trials are often impractical to implement.
What this study adds

. Breastfeeding was more effective in reducing obesity risk in children aged 1-
5 years compared to the other behavioral interventions evaluated in this study.

. Causal inference methods such as the g-formula may offer a viable alternative
to randomized trials in evaluation research and policy decision making.
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Figure.
Forest-plot of the population impacts of hypothetical lifestyle interventions, WIC cohort,

2008-2010

BF, Exclusive breastfeeding duration; TV, television viewing; FV, fruits and vegetable
consumption. Model 1 adjusted for baseline WHZ4, baseline age, gender, race/ethnicity,
birthweight, maternal language preference, maternal educational level, maternal age, family
size, family monthly income, follow-up time and Model 2 adjusted for model 1 covariates
and maternal BMI.
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Baseline characteristics of WIC participants in the analytic sample, in 2008 (N = 799)

Table 1

Baseline characteristics Frequency (%) Mean (SD)
Child’s age in months 23(7)
Follow-up period in months 23 (3)
Interval between measurements 11(2)
Family size 4(1)
Child’s gender

Male 398 (50)

Female 401 (50)
Child’s ethnicity

White 208 (26)

Black 24 (3)

Hispanic 519 (65)

Asians and Others 48 (6)
Child’s birthweight in kg 4(1)
Baseline WHZ 0.80 (1.15)
Maternal age 30(7)
Maternal BMI in kg/m2 (n=553) 28 (5)
Family monthly income in $ US 1545 (766)
Family education

High school or higher 282 (35)

Less than high school 517 (65)
Family language preference

English 220 (28)

Spanish 579 (72)

SD: Standard deviation
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