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Abstract

Objectives—Food fussiness (FF), or the frequent rejection of both familiar and unfamiliar foods,
is common among children and given its link to poor diet quality, may contribute to the onset
and/or maintenance of childhood obesity. The current study examined child FF in association with
anthropometric variables and diet in children with overweight/obesity participating in family-
based behavioral weight loss treatment (FBT). Change in FF was assessed in relation to FBT
outcome, including whether change in diet quality mediated the relation between change in FF and
change in child weight.

Methods—Child (N=170; age=9.41 + 1.23) height and weight were measured and parents
completed FF questionnaires and three 24-hour recalls of child diet at baseline and post-treatment.
Healthy Eating Index-2005 (HEI) scores were calculated.

Results—At baseling, child FF was related to lower vegetable intake. Average child FF
decreased from start to end of FBT. Greater decreases in FF were associated with greater
reductions in child zBMI and improved overall diet quality. Overall diet quality change through
FBT mediated the relation between child FF change and zBMI change.

Conclusions—Children with high FF can benefit from FBT and addressing FF may be
important in childhood obesity treatment to maximize weight outcomes.
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Introduction

Food fussiness (FF) refers to rejection of a substantial number of unfamiliar and even some
familiar foods, resulting in consumption of a limited variety of food types or food items. FF
typically emerges by age 6 and is relatively stable through childhood, with estimated
prevalence rates around 5-25% in infants and children?-5. FF is problematic because
rejected foods tend to be low-calorie, nutrient-rich foods, such as fruits and vegetables’=°.
As such, FF has been associated with children's lower intakes of certain healthy food groups,
particularly vegetables®-11, lower intakes of vitamins and minerals’-12, and lower intakes of
dietary fiber’. Indeed, many children with high FF fail to meet dietary recommendations for
certain food and nutrient groups’. Additionally, FF appears to be associated with negative
psychosocial implications, including eating disorder development3, higher rates of
behavioral and emotional disorders®, and parental concern®

Prior research has found that FF is negatively related to both calorie consumption and child
Body Mass Index (BMI)*9:11.12.14: however, recent research contradicts these findings and
suggests that FF may play a role in pediatric obesity development and maintenance. Faith
and Hittner (2010) found that a negative reaction to food, as measured by the Colorado
Childhood Temperament Inventory® which these investigators liken to early FF, in female
infants predicted greater likelihood of obesity development by age 6. Additionally,
Finistrella and colleagues (2012) found that in a population of 2- to 6-year-olds, children
with overweight or obesity were significantly more likely to demonstrate FF than children of
normal weight8. These investigators explain their opposing results by reasoning that in an
effort to get children with high FF to eat, parents may utilize coercive feeding strategies,
which have been implicated in children's overconsumption of food (albeit of limited variety).
Parents of children with high FF may also be feeding them highly palatable, but calorically-
dense foods, instead of lower-calorie rejected items like fruits and vegetables!’. In fact,
children with high FF have been shown to consume more sweet foods than children with low
FF12, Thus, additional research on the relation between FF and child weight status is
warranted. If FF contributes to pediatric obesity development and sustainment, it may be a
relevant target within pediatric obesity treatment.

Interventions that target FF do so through repeatedly exposing the child to novel and/or
disliked foods and by encouraging parents to model the desired eating behaviors and use
positive reinforcement when disliked foods are consumed8-22, Programs and strategies to
reduce FF are efficacious, and are often contained within broader interventions for child
eating and feeding issues?%-22, Family-based treatment (FBT) approaches to pediatric obesity
use these same techniques for increasing consumption of low energy-dense foods, such as
fruits and vegetables, which are commonly rejected by children high in FF23. Thus, FBT
may improve children's FF. Of note, rates of FF are higher in treatment-seeking than
community samples of children with obesity24. Reasons for this discrepancy remain
unknown; one proposed theory is that parents may self-select into treatment if they are
having high levels of perceived difficulty feeding more healthful foods to their child with
obesity. In light of the higher rates of FF among treatment-seeking populations of children
with obesity, this may be an optimal group with which to intervene for both obesity and FF
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reduction. To date, it remains unclear how children's FF may change throughout such
treatment, and what role FF may play in FBT success. If children who are obese with higher
FF are able to reduce FF, diversify their diet, and consume greater amounts of fruits and
vegetables within an identified calorie range, substituting these healthier options for the
more calorically-dense, nutrient-poor foods may lead to improved weight outcomes.
Understanding the role of FF in FBT may lead to treatment modification or better
personalization of treatment content based on children's FF.

The current study aimed to examine associations between initial FF and child weight and
diet quality (including food group intake) in a treatment-seeking sample of children with
overweight/obesity. Additionally, this study examined baseline FF as a predictor of FBT
response and, consequently, how changes in FF may contribute to child weight and diet
change following treatment. Finally, given the link between dietary and weight change our
data have previously indicated?>26, an exploratory mediation analysis assessed changes in
food group consumption and diet quality as a mediator of the relation between children's FF
change and weight change.

Overview / Study Design

Participants

This study is a pre- and post-comparison study, which used data collected as part of a multi-
site randomized-controlled trial that examined different maintenance interventions following
FBT. Data for the present study are limited to participants who engaged in FBT (n=170) and
include assessments before FBT (baseline) and at post-FBT (prior to maintenance treatment
randomization). Assessments consisted of anthropometrics, questionnaires, and 24-hour
dietary recalls. Written informed consent and verbal assent were obtained from parents and
children, respectively. The study was conducted at the Washington University School of
Medicine and Seattle Children's Research Institute and was approved by each site's
Institutional Review Board.

Children (ages 7-11 years) with a BMI =85t percentile for age and sex and at least one
parent who had a BMI =25 kg/m? were recruited via fliers, newspapers, television, radio,
referrals from schools and community providers, and word of mouth. Exclusion criteria for
both children and parents were participation in another weight control program, major
psychiatric problems including an eating disorder diagnosis, and dietary limitations, such as
severe food allergies, or physical activity limitations that restricted engaging with treatment
recommendations.

Family-Based Behavioral Treatment (FBT)

FBT is an empirically-supported treatment for childhood obesity that targets diet, physical
activity, behavioral modification, and parenting skills to support child weight loss?3. Diet-
related components, and those most likely to influence FF, include the Traffic Light Eating
Plan, which aims to increase consumption of low-fat nutrient-dense foods (e.g. fruits and

vegetables; 5 or more servings a day) and decrease consumption of high-fat, nutrient-poor
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foods (e.g. sugar-sweetened beverages, cookies;15 or fewer servings per week) and a child
kilocalorie goal. Having both calorie goals and food quality goals encourages children to
consume a healthy nutrient-rich diet while reducing calories to lose weight. Furthermore, the
treatment simultaneously targets both the child and parent for behavioral changes, as active
parent engagement and weight loss have been shown to be strong predictors of child weight
loss?’. Parents are thus asked to model healthy eating behavior changes in addition to
making modifications to their parenting around food and changing the home environment to
support healthy eating. Positive reinforcement in the form of parental praise and a structured
points system based on goal attainment and corresponding tangible rewards is used to help
children change eating behaviors.

Demographic questionnaires were completed only at baseline. All other measures were
completed at baseline and post-FBT.

Demographics—Parents reported their child's age, sex, race/ethnicity, and their annual
household income.

Anthropometrics—Height and weight were measured in triplicate using an electronic
scale and wall-mounted stadiometer by research staff following a detailed protocol. Children
wore light clothing and removed shoes for measurements. Child BMI was then calculated
and BMI z-scores generated using the growth curves published by the Centers for Disease
Control and Prevention, according to age and sex using the LMS method?8.

Food Fussiness (FF)—Food fussiness was assessed using the Child Eating Behavior
Questionnaire (CEBQ). The CEBQ was designed to measure children's eating style, reported
by their parents, and demonstrates high internal validity and good test-retest reliability2°.
The FF scale is comprised of 6 items regarding child FF (e.g. “My child is difficult to please
with meals”), and parents respond on a five-point Likert-type scale from 1 (never) to 5
(always). Items were averaged to generate a summary FF score.

Dietary Intake—Child dietary intake was assessed by trained, expert interviewers using
three telephone-administered 24-hour recalls via the Nutrition Data System for Research
(NDSR version 2009, Nutrition Coordinating Center, University of Minnesota). Parents
reported child's intake for the previous day, and if the child was present, the child assisted in
the recall. Recalls were conducted on non-consecutive random days following standard
protocols using the multiple-pass method, and included at least one weekday and one
weekend day. Twenty-four hour recalls by phone with parent report have been validated in
children aged 4-11 and have shown to be highly reliable30. Mean servings were averaged
across the three days for each food group at each time point. The food groups assessed in the
present study were healthy vegetables (all vegetables excluding potatoes and fried
vegetables), fruits, lean meats, whole grains, and high-calorie, low-nutrient sweet foods (e.g.
cakes, cookies, ice creams, etc.). These food groups were chosen because they are all
specifically targeted for change in FBT. During treatment, the goal is to increase
consumption of healthy vegetables, lean meats, and whole grains (primarily GREEN foods
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according to the Traffic Light Plan), and to decrease consumption of the sweet foods
(primarily RED foods according to the Traffic Light Plan).

Diet Quality—An overall diet quality score was calculated from the 24-hour dietary recall
data using the Healthy Eating Index-2005 (HEI-2005). The measure is used to assess
compliance with the U.S. Dietary Guidelines set forth by the U.S. Department of Agriculture
and can be used to evaluate changes in dietary patterns31-32, The scores range from 0 to 100,
with higher numbers indicating better diet quality. The HEI-2005 demonstrates good content
validity and construct validity, as well as good reliability32.

Statistical Analysis

Results

The relation between child age, household income, child race and ethnicity, and child sex
were assessed in relation to baseline FF as potential confounders using either Pearson-
product correlations (continuous variables) or ANOVAs (categorical variables). Baseline FF
was not significantly associated (all g's > 0.05) with any of these baseline demographic
variables; therefore, no demographic covariates were included in the subsequent analyses.
Pearson correlations were conducted between baseline measures of food fussiness and
zBMI, HEI-2005, and food group consumption. Changes from baseline to post-FBT (four-
month) in zBMI, HEI-2005, and food group consumption were assessed using paired
samples £tests. To assess predictors of change through FBT, change variables were
calculated by subtracting baseline values from four-month values (e.g. negative values of FF
change indicating decreases in FF). Separate linear regressions were then conducted to
examine change in FF as a predictor of change in zBMI, overall diet quality, and food group
consumption.

Mediation analyses were performed using the Preacher and Hayes method33. Separate
models assessed mediating effects of change in child diet variables on the relation between
change in FF and change in zBMI. Diet variables were only assessed as mediators if they
had been found to be related to change in FF in the linear regression analyses. Bootstrapping
using 5,000 resamples was conducted to assess the 95% confidence intervals (Cls) of
indirect effects. An effect was considered statistically significant if the CI did not contain
zero. SPSS software, version 22 was used to conduct all statistical analysis, and an a level of
p < 0.05 was set to determine significance.

Sample Characteristics

Baseline sample characteristics are described in Table 1. About 60% of the children were
female, about two-thirds were non-Hispanic White, and about three-fourths were from a

family with an annual income above $50,000. The average zBMI of the sample was 2.16
+ 0.39, with a range of 0.99 to 2.85. All participants completed 24-hour recalls; however,
one parent did not complete post-treatment assessments of their child's FF.
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Baseline FF Associations with Baseline Weight and Diet Variables

Baseline FF was not related to baseline child zBMI. At baseline, higher levels of FF were
associated with lower total healthy vegetable consumption (/(168)=-.29, p<.001) [Table 2].
There was no relation between baseline child FF and baseline overall diet quality, total fruit,
whole grains, lean meats or low-nutrient sweet foods consumption.

Changes in FF, Weight, and Diet Variables Post-FBT

Results showing changes in variables across treatment are described in Table 3. FF
decreased significantly across treatment, as did child zBMI. Overall diet quality improved,
as did most food group variables, with healthy vegetables, fruit, and lean meat increasing
and sweet foods decreasing. No change from baseline to post-FBT was observed for whole
grain intake.

Associations between baseline FF and Change in Weight and Diet Variables Post-FBT

Baseline FF did not predict change in zBMI from baseline to post-FBT, nor did it predict
change in total diet quality or any examined food groups [Table 4].

Associations between Change in FF and Change in Weight and Diet Variables Post-FBT

As shown in Table 4, reductions in FF across treatment were associated with decreases in
child zBMI, p=.18, {168)=2.38, p<.05. Decreases in FF from pre- to post-FBT were also
associated with overall diet quality improvement (HEI-2005) p=-.18, {168)=-2.19, p<.05,
as well as increases in total fruit consumption at a trend-level, f=-.15, {168)=-2.02, p=.
053. Change in FF was not associated with changes in consumption of the other food group
variables (i.e. healthy vegetables, lean meats, whole grains, and sweet foods).

Mediation of the Relation between Change in FF and Change in zBMI Post-FBT

Diet variables were assessed as mediators if they were significantly related to change in FF
post-treatment. To this end, change in overall diet quality was assessed as a mediator
between change in FF and change in zBMI. In the model with change in overall diet quality
as a mediator, the standardized regression coefficient between change in FF and change in
diet quality was statistically significant (as noted above), as was the standardized regression
coefficient between change in diet quality and change in child zBMI. Using bootstrapping
procedures, we tested the significance of the indirect effect. Indirect effects were computed
for each of 5,000 bootstrapped samples, and the 95% confidence interval was computed by
determining the indirect effects at the 2.5" and 97.5t percentiles. The bootstrapped indirect
effect was .15, 95% CI [0.0019, 0.0435], suggesting that the change in overall diet quality
mediated the relation between change in FF and change in child zBMI. The associations
between these variables are shown in Figure 1.

Discussion

The present results show that cross-sectionally, for children with obesity who are starting
weight management treatment, those with higher FF were consuming fewer vegetables than
corresponding children with lower FF. Additionally, when examining how FF may change
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and influence treatment, decreases in FF across treatment were found to be associated with
decreases in zBMI, suggesting that FF may be a relevant treatment target for children
involved in FBT. This relation was mediated by overall change in diet quality, highlighting
the importance of focusing on quality, as well as quantity, of food consumption.

Levels of FF in this sample were found to be similar to levels of FF in other obesity
treatment-seeking samples of children, but were higher than levels of FF documented in
community samples of children with obesity. The higher rates of FF in treatment-seeking
samples of children with obesity indicate that FF may be a relevant consideration during
FBT. However, the lack of association between FF and child weight status at baseline
signifies that FF was not driving differences in the level of overweight/obesity in the
participants. Overall diet quality at baseline was also not predicted by level of FF; however,
FF did predict consumption of certain food groups. Children with higher FF were less likely
to eat healthy vegetables than children with lower FF, consistent with prior community
samples which included children across the weight spectrum’. However, in contrast to
existing literature examining children of various weight ranges’-%, consumption of sweet
foods was not found to vary by FF in this population with overweight/obesity. Therefore,
children with high FF entering obesity treatment may be getting fewer nutrients from
vegetables than children with low FF; however, these high FF children with obesity are not
necessarily consuming disproportionally more unhealthy sweet foods than their low FF
counterparts.

Results also showed that baseline FF did not predict weight change or diet change across
weight loss treatment for these children. Initial FF may not be a barrier to treatment success,
given that the parenting strategies taught in FBT may help parents of children high in FF to
address their children's limited food group intake and improve child FF. Indeed, results from
the study also show overall decreases in levels of FF from before to immediately following
FBT, as well as average improvements in diet quality and consumption of healthy
vegetables, fruits, and lean meats across FBT. As repeated exposure to rejected foods is an
evidence-based intervention for changing food preferences819, the FBT focus on increasing
fruit and vegetable consumption and continued exposure to more healthful foods may be
helping to reduce FF. Additionally, FBT targets parent strategies for establishing healthy
home eating patterns as well as parent modeling of healthy behaviors, which may shift
children's eating patterns and the impact of FF. Child diet mirrors parental diet34, and thus,
by asking parents to increase their own consumption of foods that their child normally
rejects, it may encourage child intake of these healthy items. Finally, peer modeling of food
consumption has been shown to change child preferences and consumption patterns32:36,
Child participants attended weekly child group sessions, and thus, by discussing healthy
dietary changes of peers, children may be more motivated to change their own diets.

While small in magnitude, changes in FF across treatment were significantly associated with
pre- to post-FBT changes in child zBMI and diet quality, such that greater decreases in FF
predicted greater decreases in zBMI and greater improvements in diet quality, suggesting
that even small changes in FF may have clinical significance. However, changes in FF were
not associated with changes in any individual food group, suggesting changes in FF may not
contribute to meaningful changes in one specific food group, but contribute to overall
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improved diet quality when assessed as a whole. Finally, diet quality was assessed as a
mediator of change in FF and change in zBMI and was found to mediate this relation,
suggesting that greater decreases in FF led to greater improvements in diet quality, which
then led to more success in reducing weight status. Although expected, this strengthens the
importance of continuing to have FBT focus on increasing (healthy) food diversity (e.g.
through goals for increasing fruit/vegetable consumption) while also reducing consumption
of more unhealthy foods for which FF is not a problem. It also suggests that FBT might
benefit from expanding to incorporate specific additional strategies for reducing FF, such as
pairing unfamiliar and/or disliked foods with liked foods®’, in an attempt to improve
children's food diversity and resulting in better weight outcomes.

This study has many strengths. It is the first to examine FF and its relations to weight and
dietary change in children engaging in weight management treatment. Given the association
of FF with poor diet quality, it is important to understand how it may affect children of all
sizes. Additionally, this study used high-quality dietary measures (three 24-hour dietary
recalls) at both baseline and post-FBT timepoints3, providing reliable and valid data.
Limitations of the study should also be acknowledged. Without a control group, it is difficult
to say for certain that observed changes in FF, zBMI, and diet are only the result of FBT.
However, data demonstrate that FF has a tendency to persist over time>38, and would thus
be unlikely to change substantially without intervention. Additionally, given the
demographics of the sample and the lack of follow-up, further study should be completed in
underserved ethnically diverse children and should be tracked over time to ensure
generalizability and maintenance. Finally, the mediation analysis in the current study utilized
non-experimental data (i.e. mediators were not pre-selected and tested against a control),
which may increase bias of the results3°. However, similar approaches are commonly used
within the literature252640 and serve to provide an initial test of causal models that can be
confirmed with a follow-up study designed specifically to address the challenges of
mediation analysis.

Conclusion

While FF has been studied broadly in children, specific research on FF among children with
obesity is limited. The current study highlights differences in dietary patterns of children
with high and low FF who are seeking obesity treatment. Results provide evidence that
addressing FF is key in the context of obesity treatment, as improvements in FF are linked to
improvements in diet quality, which may ultimately lead to greater weight loss. These
findings help to illuminate FF as a potential mechanism underlying treatment success of
FBT for childhood obesity and highlight the importance of focusing on the improvement of
overall diet quality, which may naturally promote calorie reduction.
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What is already known about this subject?

. Food fussiness in children is associated with lower intakes of healthy
food groups, vitamins and minerals

. While commonly examined in children with normal or low weights,
food fussiness has recently been associated with childhood obesity
prospectively and cross-sectionally

. Effective interventions for food fussiness exist, and many of these
intervention components are similar to those included in family-based
childhood obesity treatment

What does this study add?

. Children with obesity who are high in food fussiness eat fewer
vegetables than children with overweight/obesity who are low in food
fussiness

. Reductions in food fussiness during family-based childhood obesity

treatment are associated with greater weight loss, potentially through
improvements in diet quality

. Food fussiness is a potential mechanism underlying treatment success
of family-based childhood obesity treatment
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Direct Pathway

Reduced Food Decreased
. T
Fussiness zBMI
0.08*
Indirect Pathway
4 13* Improved i N
/ Diet Quality \0'004
Reduced Food Decreased
. T
Fussiness zBMI
0.06

Direct and indirect pathways for mediation model *p <.05
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Baseline characteristics of the study sample.

Baseline Characteristic

Participants (n=170)

Child age (years; mean + SD) 9.41+1.23
Child sex [77(%)]
Male 66 (38.8)
Female 104 (61.2)
Child race [77(%)]
White 119 (70.0)
African-American 29 (17.1)
Other or multiple races 23 (12.9)
Child ethnicity [ (%)]
Hispanic 17 (10.0)
Non-Hispanic 153 (90.0)
Annual household income? [n(%)]
<$50,000 42 (24.7)
>$50,000 128 (75.3)

a -
4 participants chose not to report
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Table 2

Correlation coefficients of baseline FF and baseline weight and diet variables

Baseline FF
zBMI -0.090
HEI-2005 -0.062
Healthy Vegetables | _q 41 ***
Fruit -0.051
Lean Meat -0.145
Whole Grain -0.009
Sweet Foods -0.017

Aok

*
p<0.001
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Table 3

Comparison of FF, weight, and diet variables pre- and post-FBT

Variable Pre-FBT M +SD | Post-FBT M +£SD | pValue
== 2.94 +0.95 2.85+0.91 0.012
Child zBm1? 2.16+0.39 1.87+056 <0.001
HEI-2005 59.34 +8.79 74.54 £ 9.76 <0.001
Food Group Servings
Healthy Vegetables | 1.39 +0.99 167+121 0.002
Fruit 111+1.01 232+1.73 <0.001
Lean Meat 1.82+141 2.25+1.40 0.002
Whole Grain 1.21+1.16 1.34+1.16 0.262
Sweet Foods 257 +1.57 1.75+1.26 <0.001

aRange: 1-5, higher score represents higher FF
b

zBMI = Standardized Body Mass Index
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Regression coefficients of FF predicting change in weight and diet variables

Baseline FF | Change in FF
ZBMI -0.050 018"
HEI-2005 0.032 —0.18%
Healthy Vegetables | —0.045 -0.072
Fruit 0.075 —015!
Lean Meat -0.028 0.068
Whole Grain 0.015 -0.104
Sweet Foods 0.011 -0.040
tp=0.053;
"p<0.05
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