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Abstract

Background—Children who are picky eaters typically demonstrate persistent food refusal and
poor diet quality, and may be resistant to intervention.

Objective—This study tested whether pickiness moderated the effect of a nutrition intervention
on diet quality in youth with type 1 diabetes, hypothesizing that the intervention effect would be
smaller among picky relative to non-picky eaters.

Design—The study was an 18-month randomized clinical trial.

Participants—Youth age 8.0-16.9 years (n=136) with type 1 diabetes duration =1 year,
receiving care at an outpatient diabetes center in Boston, Massachusetts, and a parent, participated
from 2010-2013.

Intervention—The intervention integrated motivational interviewing, active learning, and
applied problem-solving to increase whole plant food intake.

Main outcome measures—Whole Plant Food Density (WPFD, cup/oz equivalents per 1000

kcal of target food groups), Healthy Eating Index-2005 (HEI2005, measures conformance to US

dietary guidelines), and dietary variety were calculated from three-day food records completed at
six times. Parents completed the pickiness subscale of the Child Feeding Questionnaire.

Statistical analyses performed—Mean WPFD and HEI2005 were estimated using population
ratio method; standard errors were computed using jackknife variance-covariance estimation.
Overall p-value comparing groups across visits was derived using chi-square test.

Results—Baseline diet quality was lower in picky than non-picky eaters. There was no
intervention effect on pickiness or dietary variety. In stratified analyses, the intervention effect on
diet quality was significant for picky eaters only (WPFD p=.0003; HEI2005 p=.04). Among picky
eaters, diet quality in the treatment group improved, while diet quality in the control group
remained low. Diet quality of non-picky eaters in the intervention group changed to a lesser
degree.

Conclusions—The intervention resulted in increased diet quality in picky eaters, whereas there
was no intervention effect in non-picky eaters. Findings suggest that diet quality of picky eaters
can be improved without changing their underlying pickiness.

Keywords
pickiness; diet quality; type 1 diabetes; intervention; families

INTRODUCTION

Diet quality among youth with type 1 diabetes is inconsistent with dietary guidelines, with
inadequate intake of fruits, vegetables, and whole grains,: 2 and excessive intake of total and
saturated fat and discretionary foods.2= These diet patterns increase risk for numerous
chronic diseases.® As part of standard care, youth with type 1 diabetes typically receive
nutrition education addressing carbohydrate counting and guidelines for healthful eating.5: 7
Despite this, diet quality in type 1 diabetes patients appears to be no better than that of the
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general population of US youth,8 suggesting the importance of understanding potential
barriers to dietary change in this population.

Families of youth with type 1 diabetes report child pickiness, generally defined as eating a
limited variety of foods while rejecting many foods (whether familiar or unfamiliar),% 10 as a
barrier to improving child diet quality.11 Picky eaters may reject foods due to dislike of their
taste or their texture.® They also tend to demonstrate less food enjoyment, more slowness in
eating, and higher satiety responsiveness.? 12 Pickiness is more common in pre-school than
school-age children;® 13 hence, most research has been conducted in young children.9: 10
Children who are picky eaters typically demonstrate lower vegetable intake!?: 14-16 and
lower dietary diversity.1” Research examining pickiness in older children and adolescents is
scarce; one study reported an inverse association of pickiness with diet variety in youth with
type 1 diabetes ages 8-18 years,18 with mean pickiness scores similar to those reported in
younger samples. One longitudinal study reported that food variety-seeking in preschoolers
was predictive of such behaviors into adulthood.19 Further research investigating the
influence of pickiness on diet quality in older children and adolescents, and examining
whether pickiness is an important barrier to dietary behavior change in this age group, is
warranted.

The characteristics of picky eating — limited variety and food rejection — may represent an
important barrier to efforts to improve diet quality. As such, picky eaters may be less likely
to benefit from behavioral nutrition interventions designed for the general population. While
family-based educational programs designed specifically for parents of children with non-
clinical feeding problems have been shown to reduce these feeding problems,2° the impact
of pickiness on the efficacy of general behavioral nutrition interventions has not been
examined. The authors previously reported an improvement in diet quality among youth
with type 1 diabetes participating in a behavioral nutrition intervention relative to controls.2!
The family-based intervention incorporated a motivational interviewing interaction style and
an applied problem-solving process in which youth selected which healthful foods they
wanted to consume. Such an approach may be useful for picky eaters by allowing choice and
adapting to their preferences. The purpose of this secondary analysis was to test whether the
intervention impacted pickiness, and whether pickiness modified the intervention effect on
diet quality.

MATERIALS AND METHODS

Design

Participants

An 18-month randomized clinical trial of a behavioral nutrition intervention was conducted
from August 2010 through May 2013 at an outpatient, free-standing, multidisciplinary
tertiary diabetes center in Boston, Massachusetts.

Participants were 136 youth-parent dyads meeting the following eligibility criteria: youth
age 8.0 to 16.9 years, diagnosis of type 1 diabetes =1 year, daily insulin dose =0.5 units per
kilogram, most recent HbAlc =6.5% and <10.0%, intensive insulin therapy with either an
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insulin regimen of =3 injections daily or insulin pump, at least one clinic visit in the past
year, and ability to communicate in English. Exclusion criteria included daily use of
premixed insulin, transition to insulin pump therapy in the last three months, real-time
continuous glucose monitoring use in the last three months, participation in another
intervention study in the last six months, and presence of gastrointestinal disease such as
celiac disease, multiple food allergies, use of medications that interfere significantly with
glucose metabolism, or significant mental illness or neurodevelopmental condition. Sample
size was based on detecting meaningful differences in dietary intake and glycemic control
between intervention and control conditions, and has been reported in detail previously.?

Procedures

Research staff recruited participants during regular clinic visits. Parents and youth turning 18
years of age during the trial provided written informed consent; all youth provided assent.
Study procedures were approved by the institutional review board of the Eunice Kennedy
Shriver National Institute of Child Health and Human Development. Randomization was
conducted by the data coordinating center using a permuted block randomization scheme,
stratified by age (<13 years and =13 years), hemoglobin Alc (<8.5% and >8.5%), and
insulin regimen (injection and insulin pump). Study visits and survey measures were
completed in the clinic; diet records were completed following study visits.

Intervention

Youth and parents in the intervention condition (described in greater detail elsewhere?! and
available upon request from the lead author) participated in six core and three booster
individual sessions targeting increased intake of whole plant foods, defined as whole fruits,
vegetables, whole grains, legumes, nuts, and seeds. Sessions integrated a motivational
interviewing style of interaction with youth and parents to increase internal motivation for
healthful eating, active learning to facilitate skill-building and engagement with the
educational information, and applied problem-solving (selecting goals, considering barriers,
choosing strategies, and developing a specific action plan) to facilitate goal-directed
behavior and self-regulation skills. An initial overview session addressed key principles of
healthy eating, focusing on whole plant foods (whole fruit, vegetables, whole grains,
legumes, nuts and seeds). The next five sessions applied these principles to specific eating
contexts — breakfast, lunch, dinner, snacks, and eating away-from-home. Three booster
sessions addressed overcoming challenges associated with social eating, meal planning, and
the food environment. Families in the control condition received equal frequency of research
contacts, but no additional dietary advice beyond that provided as part of standard care.

Measures

Pickiness—Parents reported youth pickiness at baseline and 6, 12, and 18 months using
the Pickiness subscale of the Child Feeding Questionnaire.14 The three items examine
parents’ perceptions of their children’s pickiness about food using a five-point Likert scale.
Items include “my child’s diet consists of only a few foods,” “my child is unwilling to eat
many of the foods that our family eats at mealtimes,” and “my child is fussy or picky about
what he or she eats.” Response options range from 1="strongly disagree” to 5="strongly
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agree.” Higher scores on this subscale represent higher levels of pickiness. This brief
measure was associated with lower vegetable intake in children.14 Cronbach’s alpha in the
current study was 0.92.

Dietary Intake—Participants (youth and a parent) completed three-day youth food records
at baseline and 3, 6, 9, 12, and 18 months. Research assistants instructed participants on
accurately measuring and reporting food and beverage intake and provided a sample diet
record. Families were asked to use measuring utensils when at home, and if away from
home, provide their best estimate of portion size. They were instructed to provide all specific
details for each food item, including names of brands or restaurants and specific item
labeling (e.g., low fat, 1% milk). Recording began on the day of the study visit and
continued for the next three full days. Upon receipt of the completed records, research staff
reviewed the records to ensure completeness, and solicited missing information (e.g., brand
names) as needed. For visits in which a family did not complete a diet record, two non-
consecutive 24-hour dietary recalls were obtained by a registered dietitian (1.7% of dietary
assessments). Diet records were entered by two registered dietitians and verified for
consistency and accuracy. Nutrition Data System for Research software (NDSR 2012;
Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN)22 was used to
analyze the records and assess nutrient intake and food group servings.

Two indicators of diet quality and a measure of diet variety were calculated. The Healthy
Eating Index-2005 (HEI2005) measures conformance to the 2005 Dietary Guidelines for
Americans, and is comprised of 12 component scores corresponding to dietary guidelines for
intake of total fruit, whole fruit, total vegetables, dark green/orange vegetables and legumes,
total grains, whole grains, milk, meat and beans, oils, saturated fat, sodium and energy from
solid fat, alcohol and added sugars.23 The maximum component score is achieved if intake
meets recommended intake levels, with truncation for intakes exceeding recommendations.
Recommendations and scores are expressed on a per-1000 kilocalorie basis to enable
comparability across individuals with different energy requirements. Component scores are
summed to obtain the total score, with possible values ranging from 0-100; a score of 100
indicates meeting intake recommendations for all dietary components. Because the HEI2005
reflects the dietary guidance available to participants at the time of recruitment, it was
deemed more appropriate for these analyses than the HE12010. Whole Plant Food Density
(WPFD) is a continuous measure representing the proportion of the diet allocated to whole
grains, whole fruit, vegetables, legumes, nuts, and seeds; calculated as the total number of
cup or ounce equivalents of these foods consumed per 1000 kilocalorie total intake.2* WPFD
was developed by two of the investigators to provide a measure that directly corresponds to
the target food groups of the intervention; it has shown associations with cardiovascular
biomarkers in the general US population.24 Diet variety was measured using a modified
version of the index developed by Murphy and colleagues.?® Diet variety is calculated as the
number of food groups consumed from among pre-specified healthful food groups. The
original measure, which included 22 food groups, was modified in accordance with the 2010
Dietary Guidelines for Americans,28 which recommends reducing intake of processed meat
and non-whole grains, and emphasizes low-fat versus high-fat dairy products. Thus, the food
groups “franks, lunchmeat” and “non-whole grains” were eliminated, and foods from dairy

J Acad Nutr Diet. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nansel et al.

Analysis

RESULTS

Page 6

food groups were counted only if low or reduced fat. Scores for the modified measure thus
have a possible range of 0 to 20; higher counts reflect greater diet variety.

Baseline demographic and disease-related characteristics of the study participants were
summarized with means and standard deviations for continuous variables and frequencies
for categorical and ordinal variables. Independent t-tests for continuous variables and
Pearson chi-square for categorical variables were used to compare these characteristics
between intervention and control groups.

Youth were classified as picky versus non-picky eaters using a median split on the baseline
pickiness score. The resulting groups were those in which the mean indicated non-
endorsement of pickiness (score <2.0) versus those in which the mean indicated any degree
of endorsement of pickiness (score >2.3).

Effect of the intervention on pickiness and dietary variety was tested using two-sample t-
tests to compare intervention groups at each visit, and linear mixed-effect models to asses
for difference in change over time. Mean values for each diet quality variable at each visit by
treatment condition and pickiness group were estimated using the population ratios method
— the ratio of total nutrient or food group intake to total energy intake at the group level; this
method reduces bias in estimates of usual intakes from limited dietary assessment data.2’
The jackknife method was used to estimate the standard errors and correlations of the mean
values across clinic visits. Between-group comparisons within each pickiness subgroup, and
testing for pickiness by intervention interaction for each outcome were conducted using chi-
square test based on the estimated means and their variance-covariance matrix, assuming
that the quadratic form of the means weighted by the inverse of their variance-covariance
matrix follows asymptotically a chi-square distribution. A p-value of < 0.05 was considered
statistically significant. All analyses were done using R software, version 3.1.2.28

Participant flow from recruitment through follow-up has been reported previously.2! Of 622
invited, 148 provided informed consent and 139 completed baseline. Data were excluded
from 1 sibling each of 3 sibling pairs. Subject retention through study completion was 92%.
All withdrawn subjects had been randomized to the intervention group: one withdrew after
baseline but before being informed of treatment assignment; two withdrew within the first
three study months; three between months three and six, one between months six and nine,
three between months nine and twelve, and one after month twelve. Reasons for withdrawal
were primarily lack of time to participate. No study-related adverse events were reported.

Baseline characteristics were well-balanced between the intervention and control groups
(Table 1). Baseline diet variety (5.55 vs. 7.59, p=.001) and quality (HEI2005 51.67 vs.
60.58, p=.001; WPFD 1.56 vs. 2.12, p=.002) were lower in picky eaters than in non-picky
eaters. This difference in diet quality was reflected across most subscales of the HEI2005
(Figure 1).

J Acad Nutr Diet. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nansel et al.

Page 7

There was no intervention effect on either pickiness or diet variety; scores were relatively
stable across time in both groups (data not shown). In analyses stratified by baseline
pickiness, the intervention effect on diet quality across the study duration was significant for
picky eaters only (WPFD p=.0003; HEI2005 p=.04) (Figures 2&3). Among these youth,
positive changes were spread across the HEI component scores representing fruit and
vegetable intake, whole grains, meat/beans, oils, sodium, and empty calories (Table 2). Tests
for interaction of intervention group by pickiness on WPFD and HEI12005 were not
statistically significant.

DISCUSSION

Diet quality improved to a greater extent in picky eaters compared to non-picky eaters
participating in this behavioral nutrition intervention trial. This improvement occurred
despite the absence of an effect on pickiness and diet variety, suggesting that youth may
have increased intake of foods already acceptable to them, rather than expanding the range
of foods consumed. Changes in HEI subscales suggest that their increase and whole plant
foods was accompanied by a decrease in empty calories (represented by the SOFAAS
subscale; calories from solid fat, alcohol, and added sugar). Consistent with previous
literature, 12 14-16 paseline diet quality of picky eaters was poorer than that of non-picky
eaters. However, diet quality of picky eaters in the intervention group improved to the level
of non-picky eaters in the control group. The effect on HEI2005 is comparable to a 1-
quintile difference in the Nurses’ Health and Health Professionals Follow-Up Studies, in
which HEI2005 was linearly associated with chronic disease risk2°. Findings suggest that
despite common perceptions of pickiness as a barrier to healthful eating,11 30 the diet
quality of picky eaters can be substantially improved without changing their underlying
pickiness.

Despite the centrality of diet in managing type 1 diabetes, there is a paucity of research on
picky eating specifically, or approaches to improve diet quality generally, in this population.
The intervention approach tested in this study incorporated behavioral elements with
evidence of efficacy across populations and behaviors (e.g, motivational interviewing,
problem-solving), in a way that incorporated diabetes-specific needs (i.e., carbohydrate
estimation) and was tailored to families’ varying circumstances. The flexible and
individualized approach used in the intervention may have facilitated its utility among picky
eaters. A motivational interviewing interaction style communicated respect for the youth’s
perspective and preferences, and may have facilitated engagement and buy-in. Youth were
encouraged to choose which food groups they wanted to increase at each meal type,
allowing them to focus on increasing intake of foods they already accepted. This may be
particularly important among picky eaters, who have difficulty accepting new tastes and
textures.® The family-based nature of the intervention may have prompted parents to engage
in role modeling of healthful eating, which is associated with improved diet quality among
children.?0 It is also possible that engaging parents and children in collaboratively planning
healthy meal changes may have decreased parent-child conflict regarding food, a common
problem among families with picky children.13 Additionally, the intervention was designed
to be fun and engaging, with activities such as youth competing with their parents in creating
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a recipe. This may have been particularly helpful for picky eaters, who tend to have lower
food enjoyment than those with less pickiness.®: 12

It is unclear why the intervention was less effective for non-picky eaters than for picky
eaters. Findings are not explained by a ceiling effect, as diet quality among the non-picky
eaters was also well below recommendations. However, it is possible that different
intervention strategies may be more effective for persons with poorer versus better diet
quality. Parents of picky eaters may have perceived a greater need to improve their child’s
diet and more fully engaged in the intervention as a result. Overall, people tend to
overestimate their own diet quality3! and that of their children,32 which may inhibit
perceived need for change. Additionally, parents of picky eaters report greater food-related
conflict and difficulty identifying healthy foods that their children will eat,14 33 thus
potentially motivating greater engagement in the intervention. An important area of future
research may include further examining differences in experiences of families of picky and
less picky eaters participating in behavioral nutrition interventions.

Findings from this study should be interpreted in light of its strengths and limitations. This is
the first study to examine the extent to which the effect of an intervention on diet quality and
variety differed by pickiness, and one of the few examining pickiness in youth with type 1
diabetes. Three-day diet records are among the most reliable and valid measures of dietary
intake. While measurement error is associated with all methods of dietary assessment, steps
were taken to mitigate measurement error, such as providing participants with tools to make
records as accurate and complete as possible, reviewing completed records upon receipt
from the family to ensure completeness, and soliciting missing information from the family
as needed. The study had a 92% retention rate; however, the 24% participation rate and the
clinical sample limits the ability to generalize findings. As this was a post hoc analysis, the
study had limited power to detect an interaction of the intervention group by pickiness on
diet quality and was underpowered to examine the intervention effect by subgroups.
Additionally, the sample size is insufficient to assess the effect of the intervention in the
most extreme picky eaters.

CONCLUSIONS

Findings provide preliminary evidence that dietary interventions may be effective for
improving diet quality in picky eaters, even without improving pickiness or diet variety.
Future research examining the intervention approach used in this study with a non-clinical
sample and a larger number of picky eaters would further inform this question, and would
allow for an examination of the types of dietary changes made by picky eaters. Qualitative
data about families’ experiences implementing dietary changes with picky youth would also
be useful. The findings presented herein, suggesting that dietary pickiness may not represent
a substantial barrier to healthful diet change, are promising for health care providers and
families of picky eaters.
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RESEARCH SNAPSHOT
Research Questions

Does the effect of a behavioral nutrition intervention differ between picky and non-picky
eaters?

Key Findings

In this randomized clinical trial of 136 youth with type 1 diabetes, the intervention effect
on diet quality was significant for picky eaters only in analyses stratified by baseline
pickiness. Among picky eaters, diet quality in the treatment group improved, while diet
quality in the control group remained low. Diet quality of non-picky eaters in the
intervention group changed to a lesser degree.
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Figure 1.
Baseline mean values on HEI2005 & component scores by baseline pickiness in 136 youth

with type 1 diabetes

@ Healthy Eating Index-2005 measures conformance to 2005 Dietary Guidelines for
Americans and is comprised of 12 subscales: Total fruit, whole fruit, total vegetables, dark
green and orange vegetables and legumes (DG/O/L), total grains, whole grains, milk, meat
and beans, oils, saturated fat, sodium, and calories from solid fat, alcohol, and added sugar.
Higher scores represent better conformance to dietary guidelines. Values in parentheses
represent highest possible score for each component.
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Figure 2.

Effect of a behavioral nutrition intervention on mean Healthy Eating Index 2005 2 stratified
by baseline pickiness in 136 youth with type 1 diabetes

@ Healthy Eating Index-2005 total score measures conformance to 2005 Dietary Guidelines
for Americans (min=0, max=100, higher scores indicate closer conformance).
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Figure 3.
Effect of a behavioral nutrition intervention on mean Whole Plant Food Density @ stratified

by baseline pickiness in 136 youth with type 1 diabetes
aContinuous measure representing the total number of cup or ounce equivalents per 1000
kcal consumed of whole grains, fruit, vegetables, legumes, nuts and seeds.
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Mean change in HEI20054 component scores from baseline to 18-month follow-up among 66 youth receiving
a dietary intervention, stratified by baseline pickiness.

HEI12005 component | Non-picky | Picky
Total fruit -0.52 0.24
Whole fruit -0.76 0.77
Total vegetables 0.70 0.72
DG/O/L 0.66 0.50
Total grains 0.00 0.00
Whole grains 0.69 0.87
Milk -0.02 -0.47
Meat and beans 0.00 0.77
Oils 0.91 1.83
Saturated fat 071 -0.02
Sodium -0.06 0.96
SOFAAS 2.80 2.80

aHeaIthy Eating Index-2005 measures conformance to 2005 Dietary Guidelines for Americans and is comprised of 12 subscales: Total fruit, whole
fruit, total vegetables, dark green and orange vegetables and legumes (DG/O/L), total grains, whole grains, milk, meat and beans, oils, saturated fat,

sodium, and calories from solid fat, alcohol, and added sugar. Higher scores represent better conformance to dietary guidelines.
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