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Abstract

Objective: This study’s objective was to determine whether two distinct carbohydrate (CHO)-modified diets and a standard
portion-controlled (PC) diet differentially impacted children’s eating behaviors and whether eating behavior scores predicted lower

BMI among children with obesity.

Methods: Children (n=102) aged 7-12 years with obesity were randomly assigned to a 12-month intervention of a low-
carbohydrate (LC), reduced glycemic load (RGL), or standard PC diet. The Three-Factor Eating Questionnaire (TFEQ) was
completed at baseline, 3, 6, and 12 months by parents to characterize their child’s hunger (H), disinhibition (D), and cognitive
restraint (CR). Baseline and follow-up TFEQ scores by diet were evaluated relative to BMI status over time.

Results: All diet groups showed increased CR and decreased H and D from baseline to 3 months, with differences from baseline
remaining at 12 months for CR and H. Lower BMI status during study follow-up was associated with different TFEQ scores by diet
group (LC and RGL: higher CR; PC: lower H), adjusting for sex, age, and race. Higher CR at follow-up was predicted by race and
higher baseline CR; only lower H at baseline predicted lower H at follow-up.

Conclusion: Eating behaviors improved significantly with all diets during the initial 3 months; higher CR and lower H were
sustained at treatment’s end. BMI outcomes were associated with different eating behaviors in CHO-modified diet groups compared
with PC diets. Targeting diets of children with obesity with specific baseline characteristics may lead to improved outcomes.
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Intfroduction

besity among American youth continues to be a
() major public health concern, with an estimated

prevalence of 17.0% among 2- to 19-year-olds
from 2011 through 2014.! Pediatric obesity has been shown
to be managed most effectively when interventions with
multiple components, such as dietary changes, physical
activity, supportive parental involvement, and behavioral
strategies, are included.> While a calorie-restricted low-fat
diet has been a widely promoted dietary strategy, our recent
findings suggest that a variety of dietary approaches [e.g.,
low-carbohydrate (LC), reduced glycemic load (RGL),

and nutrient-balanced portion-controlled (PC) diets] can be
similarly effective in helping youth with overweight and
obesity improve their weight status.> However, it is not
known how these different dietary approaches impact
children’s eating behaviors within the context of a multi-
component pediatric weight management intervention.
Understanding if initial eating behaviors or change in these
eating behaviors during treatment predicts child weight
status changes or differs based on the treatment approach
has implications for matching children to treatment ap-
proach and/or tailoring approaches for maximum efficacy.
Indeed, given that a variety of dietary approaches appear to
have similar average efficacy, more investigation is needed
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to identify individual-level factors that result in a specific
dietary approach yielding the best outcomes.

One set of potential factors are the psychological di-
mensions of eating behaviors, which include (1) cognitive
restraint: the ability to restrict eating voluntarily; (2) dis-
inhibition: the inability to stop eating to prevent overcon-
sumption; and (3) hunger: subjective feelings of hunger
and food cravings.* Psychological attributes related to
dysfunctional eating behaviors (e.g., loss of control,® dis-
inhibition,® and response to external cues’) were found to
be predictors of subsequent increase in BMI or correlates
of greater BMI z-scores during childhood and adolescence.

Furthermore, we hypothesize that different dietary in-
terventions may change eating behaviors and cognitions
about eating, as well as the type and/or amount of mac-
ronutrients consumed.

For example, an LC diet [LC: 0-60g carbohydrate
(CHO)/day] affects hunger by promoting a state of ketosis,
leading to an appetite suppressant effect that has been as-
sociated with improved weight status.® Another dietary in-
tervention with desirable effects on hunger is an RGL diet.
This dietary approach limits the intake of high glycemic-
index foods (e.g., white bread, concentrated sugars) that are
associated with a rapid rise and fall of blood glucose levels
that can promote hunger and lead to greater caloric intake.’

Clinical trials of these CHO-modified dietary interven-
tions involving youth with obesity have varied in the type
and amount of CHO modification, dietary fat, caloric re-
striction, and intervention duration, yet all of these studies
report an improvement in weight status at the completion
of the intervention.>*'> However, only our trial of the LC,
RGL, and PC diets® collected data to evaluate the psy-
chological dimensions on eating behaviors among children
with obesity, using the Three-Factor Eating Questionnaire
(TFEQ), a validated instrument that assesses cognitive
restraint (CR), disinhibition, and hunger.*

In this article, we analyzed the TFEQ data on psycho-
logical dimensions of eating behaviors among children
with obesity who participated in our 12-month random-
ized controlled trial.> The aim of the present study was
to evaluate whether baseline or changes in psychological
dimensions of eating behaviors could account for vari-
ability in weight status outcomes. The study hypotheses are
(1) CHO-modified diets will differentially affect psycho-
logical attributes of eating behaviors (i.e., decreased hun-
ger and disinhibition with no change in cognitive restraint)
compared with a standard PC diet and (2) baseline or fa-
vorable changes in eating behaviors will be associated with
improvement in weight status at completion of the trial.

Methods

As described in detail previously,® children were re-
cruited from referrals to a pediatric weight management
program at Cincinnati Children’s Hospital Medical Center
(CCHMC) who lacked health insurance coverage for the
CCHMC program. Study announcements were also sent
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to community pediatricians and CCHMC employees to
broaden the potential subject pool. The inclusion criteria
were age 7—12 years, a fasting blood glucose level
<100mg/dl, and BMI z-score of 1.60-2.65. Exclusion
criteria included medications known to affect appetite
(e.g., stimulants and atypical antipsychotics), those with
developmental or physical disabilities, and medical condi-
tions such as diabetes, cardiac disease, or significant mental
illness. Written informed consent was obtained from each
child’s parent/guardian and assent was obtained from each
child age 11 and older. The study was approved by
CCHMC’s Institutional Review Board.

Subjects were randomly assigned to one of three diet
groups: LC (n=35); RGL (n=36); or PC (n=31). As pre-
viously described,® subjects in the LC diet group were in-
structed to limit CHO intake to no more than 60 g/day.
Subjects in the RGL diet group were instructed to limit their
intake of high-glycemic index (GI) foods and drinks, using a
stoplight approach that classified these items according to
their GI. Subjects in the PC diet group were given age-
appropriate, calorie-restricted meal plans (55%—60% CHO;
10%—15% protein, and 30% fat), resulting in a 500 kcal/day
deficit relative to expected energy requirements. The sub-
jects in all three diet groups were advised to take a daily
vitamin/mineral supplement and to consume adequate flu-
ids, with a goal of 48 ounces/day, preferably water.

As previously described,® the 12-month study was de-
signed to begin with a 3-month intervention, and then a 9-
month follow-up period, with contact limited to the 6- and
12-month reassessment visits. The intervention was the diet
assignment, with all groups receiving group exercise/edu-
cation sessions and individual counseling for each subject
by registered dietitians. Assessments were conducted at
baseline, 3, 6, and 12 months. Assessment visits included
measurement of height and weight using standardized pro-
tocols. The TFEQ was completed by the parent/guardian
regarding the following eating behavior attributes of their
children: (1) cognitive restraint: the ability to restrict eating
voluntarily; (2) disinhibition: the inability to stop eating to
prevent overconsumption; and (3) hunger: subjective feel-
ings of hunger and food cravings. In the absence of stan-
dardized measures to evaluate eating behaviors based on
self-report among young children, parental reports have
been used to assess different aspects of their child’s eating
behaviors, including interest in eating and appetite.'* The
TFEQ includes 36 true/false statements and 15 questions
with ratings of 1-4.* Examples of statements/questions and
their associated factor [i.e., cognitive restraint (CR), disin-
hibition (D), and hunger (H)] include the following:

e [usually eat too much at social occasions like parties and
picnics. (D)

o [ am usually so hungry that I eat more than three times a
day. (H)

o | deliberately take small helpings as a means of con-
trolling my weight. (CR)

e How likely are you to consciously eat slowly to cut down
on how much you eat? (CR)
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e How frequently do you skip dessert because you are no
longer hungry? (H)

e Do you go on eating binges even though you are not
hungry? (D)

Statistical Analyses

Statistical analyses were conducted using SAS v.9.3
(SAS Institute, Cary, NC). Baseline variables are de-
scribed using median (interquartile range, IQR) or
number (percent) and compared across diets using non-
parametric Wilcoxon or Fisher’s exact tests for contin-
uous and categorical data, respectively. Longitudinal
mixed models were used to evaluate trajectories of TFEQ
scores from baseline by diet, accounting for multiple mea-
surements per person; Bonferroni-corrected p <0.002 was
considered significant (n=21 comparisons). Categorical
weight status criteria were based on BMI percent of 95th
percentile as follows: Obesity-Class 1 (OB1): 100%—-120%
of 95th percentile for BMI and BMI <35kg/m?; Severe
Obesity-Class 2 (OB2): 121%-140% of 95th percentile
or BMI=35-39kg/m? whichever is lower; and Severe
Obesity-Class 3 (OB3): >140% of 95th percentile or BMI
>40 kg/m?, whichever is lower.!>!¢ To assess the relation-
ship between TFEQ scores and BMI percent of the 95th
percentile, accounting for multiple measurements per per-
son, longitudinal mixed models were fitted, adjusting for sex,
race, visit, and diet group assignment. To test for potential
differences of TFEQ scores by visit, appropriate interaction
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terms were tested and retained if Type 3 estimates for fixed
effects were significant. Diet group-specific models were
also constructed to test for potential differing relationships
of TFEQ scores with outcomes by diet group. For all model-
based analyses, p <0.05 was considered significant.

Results

Baseline Characteristics and TFEQ Scores
During 12 Months of Follow-Up

As previously reported® and expected from randomi-
zation, the diet groups did not differ by demographic,
BMI status, or parent-reported child TFEQ score vari-
ables at baseline (Table 1). All three diet groups dem-
onstrated significant increases in child cognitive restraint
and decreases in child hunger and disinhibition within
the first 3 months of intervention (Fig. 1); changes in
hunger and cognitive restraint scores were attenuated, but
still differed from baseline at the 12-month follow-up visit
in all three diet groups, while disinhibition remained sig-
nificantly lower at 12 months only for the RGL
group. TFEQ scores in the three diet groups did not differ
from each other at any visit (all pairwise p >0.002, Fig. 1).
As previously reported for BMI z-score,® the 3-month
change in BMI percent of 95th percentile decreased more
for the LC group than the other diets, but 6-month and 12-
month child weight status outcomes did not differ by diet
assignment (data not shown).

Table |I. Clinical and Three-Factor Eating Questionnaire Characteristics at Baseline

LC PC RGL P

N 35 31 36
Age, years 10.4 (9.4-12.1) 10.5 (9.2-11.3) 10.5 (9.0-11.8) 0.83
Sex (% male) 16 (46) 19 (53) 8 (26) 0.07
Race (% white) 26 (74) 22 (71) 31 (86) 0.25
BMI, kg/m? 29.7 (26.7-32.6) 28.9 (25.8-31.4) 30.1 (25.3-32.1) 0.78
BMI percent of 95th percentile 128 (121-143) 127 (113-136) 128 (117-138) 0.77
Weight status category (%)

Obesity—Class | 8 (23) Il (35) 10 (28)

Severe obesity—Class 2 17 (49) 16 (52) 19 (53) 0.58

Severe obesity—Class 3 10 (29) 4 (13) 7 (19)
TFEQ scores?

Restraint 5.5 (4.5-7) 7 (4-9.5) 6 (3-8) 0.42

Hunger 85 (5-11) 9.5 (7.5-12) 10 (7-12) 0.28

Disinhibition 8 (6-10) 7 (5.5-11) 8 (6-11) 0.71

N (%) or median (IQR) presented; p-values across groups from Fisher’s exact or Wilcoxon rank-sum tests, respectively.

®Maximum TFEQ scores are 21, 14, and 16 for cognitive restraint, hunger, and disinhibition, respectively.

IQR, interquartile range; LC, low-carbohydrate; PC, portion-controlled; RGL, reduced glycemic load; TFEQ, Three-Factor Eating Questionnaire.
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Figure 1. TFEQ scores for disinhibition, hunger, and cognitive
restraint by diet group over time. TFEQ, Three-Factor Eating
Questionnaire.

Relationships of TFEQ Scores with BMI

Percent of 95th Percentile

In longitudinal models, including all diet groups and
adjusting for sex (p=0.05, boys higher), race (p=0.05,
nonwhite higher), and diet group assignment (p=0.90),
disinhibition score was not significantly associated with
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BMI percent of 95th percentile. However, a lower hunger
score was associated with lower weight status across all
visits (p=0.002), and cognitive restraint scores differed
in their relationship by study visit (p interaction=0.005),
with higher cognitive restraint associated with lower
weight status particularly at the 12-month visit (Table 2).

To determine whether these overall relationships differed
by diet group, we next constructed diet-specific mixed
models, adjusting for sex and race. In the LC model, sex
(p=0.03, boys higher) and cognitive restraint were associ-
ated with BMI percent of 95th percentile, again interacting
by visit (p interaction=0.0001); as with the overall model,
higher cognitive restraint was associated with lower weight
status particularly at the 12-month visit (Table 2). In the
RGL model, sex and race were not significant, but higher
cognitive restraint was associated with lower weight status
across all visits (» <0.0001) with no evidence of interaction
with visit. In the portion control model, sex and race were
not significant, but lower hunger scores were associated with
lower weight status across all visits (p=0.0006).

Factors Associated with Higher Cognitive
Restraint and Lower Hunger TFEQ Scores

Given that cognitive restraint (LC and RGL group) and
hunger (PC group) emerged as independent predictors of
the child’s BMI status, we conducted a post hoc analysis to
determine which baseline factors were related to variabil-
ity in these TFEQ factors at the 3-, 6-, and 12-month visits.
Variables of interest included sex, race, baseline age,
baseline obesity category, and baseline TFEQ scores to
predict later TFEQ scores. Examining cognitive restraint in
the LC and RGL groups and adjusting for visit-level dif-
ferences, restraint was higher among those assigned to the
LC diet (1.87%£0.77, p=0.02), among white vs. nonwhite
participants (4.14+1.21, p=0.001), and those with higher
baseline cognitive restraint scores (0.33+0.13, p=0.02).
Examining hunger in the PC group, adjusting for visit-level
differences, only a lower baseline hunger score was asso-
ciated with lower hunger scores at later visits (0.62+0.12,
p<0.0001).

Discussion

The current analysis of psychological dimensions of eat-
ing behaviors among children in response to different dietary
interventions provides novel findings regarding trajectory of
change in these behaviors related to changes in children’s
BMI status up to 1 year after treatment initiation. In contrast
to the original hypothesis, eating behavior changes, mea-
sured by the Three-Factor Eating Questionnaire (TFEQ), did
not differ across diets. The LC diet, the RGL diet, and the
PC diet demonstrated significant increases in children’s
cognitive restraint, decreases in hunger and disinhibition
scores during the 3-month intervention, and all except
disinhibition scores in the RGL group were sustained
throughout the 12-month follow-up. This stands in con-
trast to literature that suggests hunger scores are more
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Table 2. Longitudinal Mixed Models of Three-Factor Eating Questionnaire

Scores in Relation to BMI Percent of 95th Percentile

Model Components Overall LC RGL PC
Disinhibition score Ns ns ns ns
Hunger score 0.31£0.10* ns ns 0.62+0.17*
Restraint score —0.51 £0.14* —0.72+£0.23* —0.46 £0.09* ns
Restraint by visit interaction® p=0.006 p=0.0003 ns ns

Restraint: baseline 0.59+0.23* 1.0+ 0.41**

Restraint: 3 months 0.53+0.16* 0.88+0.24*

Restraint: 6 months 0.29£0.13** 0.43+0.24

Restraint: 12 months 0 (Ref) 0 (Ref)

All models adjust for visit, age, sex, and race. The overall model also adjusts for diet group assignment.

3Interpretation note regarding interaction: to obtain overall estimates of the effect of restraint score by visit, the restraint offset at that visit should
be added to the restraint main effect; for example, estimate for restraint at baseline=—0.51 +0.59=0.08 BMI percent of 95th percentile. p-Values
in this section indicate whether each visit’s offset differs significantly from the restraint estimate at |2 months (reference visit).

#<0.01; *p < 0.05.

attenuated in those adhering to modified CHO diets due
to the decreased excursion of blood glucose and insulin.!”
In a randomized crossover trial, adult subjects reported
greater satiation and fewer food cravings on a low-GL
diet compared with a high-GL diet.'® The results of the
present study suggest that children experience changes in
psychological dimensions of eating behaviors similarly
across distinct diets in ways that adults do not.

Strict adherence to an LC diet (60 g CHO/day) leads to
a state of ketosis, which has been an explanation for the
reported reduction in appetite and subsequent decrease
in caloric intake that results in improved weight status.'
However, subjects assigned to the LC group did not strictly
adhere to the LC diet at any time point as evidenced by
3-day food records [CHO g/day, mean=standard devi-
ation (SD): 3 months: 85+12; 6 months: 108 +12; and
12 months: 123+ 11].> Furthermore, only 16% of Keto-
Diastix results were positive for urinary ketones at any
time point. Yet, the LC group reported a significant re-
duction in CHO intake at all time points when compared
with baseline (242 %62 g/day; p<0.003). This result sug-
gests that a less restrictive LC diet still may lead to re-
duction in hunger measured by the TFEQ, but in the
absence of ketosis, the mechanism is not known.

Although there were similar changes in eating behaviors
across diets, the relationship between these eating behavior
changes and BMI change during 12 months of follow-up
differed by diet. In both the LC and RGL groups, higher
cognitive restraint scores were associated with lower BMI
status during the study, while in the PC group, only lower
hunger scores were associated with lower BMI status.

By contrast, greater 6-month decreases in disinhibition
scores were associated with greater improvement in 12-
month BMI status, but only in the RGL group. This low-

ering of disinhibition may be explained by the RGL diet’s
effect on satiety. An RGL diet is designed to limit the intake
of high-GI foods (e.g., white bread, concentrated sugars),
which are associated with a rapid postprandial rise and fall
of blood glucose levels that can promote hunger and lead to
overconsumption.’ Instead, consuming more low-GI foods,
such as those high in fiber (e.g., fruit, nonstarchy vegeta-
bles, 100% whole grains), and meat, fish, and poultry
without breading, will slow the rate of digestion and thus
sustain satiety longer.'” In addition, dietary adherence of
subjects assigned to the RGL diet was consistently high
(>75% at all time points).> Therefore, the association be-
tween the decrease in disinhibition and improved weight
status may reflect the RGL diet’s effect on satiety combined
with subjects’ consistent adherence to the assigned diet.

In contrast to the findings relating cognitive restraint to
BMI status in CHO-modified diets, lower hunger emerged
as an important independent factor in relation to BMI
status in the standard PC diet.

These findings suggest that changes in different aspects
of children’s eating behaviors may be more critical for
improvement of BMI in the context of CHO-modified diets
than PC diets. In a feeding study of healthy-weight adult
women, those with high TFEQ disinhibition scores (i.e.,
tendency to overeat) had greater energy intake following a
high-CHO meal than those with low scores, while energy
intake following a high-fat meal did not differ based on
participants’ disinhibition scores.?’ These results are gen-
erally consistent with our findings of CHO-specific effects
of changes in psychological attributes, such as disinhibi-
tion, on subsequent BMI status, although we detected no
differences in child BMI status outcomes based on base-
line TFEQ scores regardless of dietary approach. Perhaps
fluctuations in blood glucose associated with intake of high
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glycemic foods differentially affect the appetite of those
with varying disinhibition scores. On the other hand, par-
ticipants’ TFEQ restraint scores in the aforementioned
feeding study®® did not predict energy intake. Therefore,
those results are not congruent with our current findings
that link increased restraint scores with decreased BMI
status among individuals assigned to a low-CHO diet.

Our post hoc analysis pursues the question of whether
we could identify baseline factors that could help predict
which participants would have higher cognitive restraint
or lower hunger TFEQ scores as these were related to BMI
status in the LC and RGL, or in the PC, diet groups, re-
spectively. The findings from this analysis suggest that the
race of the child (i.e., white participants having higher
restraint scores in the LC and RGL groups) and higher
baseline TFEQ scores could help predict higher TFEQ
scores at later visits.

The results of this study may extend our potential to im-
prove long-term treatment outcomes by tailoring strategies to
the type of dietary intervention and modification of these
eating behaviors. However, there is insufficient evidence at
this time to make recommendations on how to favorably
change cognitive restraint, disinhibition, or emotional eating
within the course of treatment. To help address this knowl-
edge gap, these eating behaviors need to be measured more
routinely during treatment. In addition, studies need to be
designed that can test interventions aimed to modify these
eating behaviors. This could include more content focus on
emotional eating in the behavioral component of treatment
through basic feelings identification, monitoring links be-
tween feelings and eating behavior, and having alternative
noneating responses to strong feelings, etc. Research studies
are also needed to test the interaction between different
treatment components aimed to modify these eating behav-
iors and different dietary approaches.

Strengths/Limitations

The strengths of this study include the use of a ran-
domized clinical trial design over a 12-month period with
quality control procedures to ensure treatment fidelity
within and across the dietary approaches. The high reten-
tion rate (=77% across the three diet groups) and per-
centage of subjects with complete data at all time points
(78%) increased the wvalidity of the reported findings.
However, there are several limitations in this study. When
the study was conducted, a validated self-assessment tool
to measure the psychological attributes of eating behaviors
among children was not available. Therefore, the TFEQ,
which is validated for adults,* was selected and completed
by the child’s parent or guardian, who may or may not be
privy to the child’s experiences of cognitive restraint,
disinhibition, or hunger. However, it has been noted in the
literature that there is value in a parent/guardian assess-
ment of their child’s eating behaviors.'"* Analysis of a
subset of participants 11 or 12 years of age who self-
reported the TFEQ in addition to their parent’s report re-
vealed Spearman correlations that ranged from 0.40 to 0.65
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for all three scales and across all study visits (all p <0.02).
These moderate and consistent correlations suggest that
parents and children are reasonably consistent regarding
the TFEQ scales, although the parent proxy is not perfect.
Self-reporting by children may be influenced by social
desirability as well as an inability to recognize or under-
stand the reasons for their behavior, whereas caregivers
may have more awareness and insight into their child’s
eating behaviors.

Braet et al. compared child and parent ratings of eating
behaviors of overweight and obese children, ages 7-15
years, who had been referred to an outpatient weight man-
agement program.’! Significant positive correlations of
child and parent scores were found for all subscales of the
Dutch Eating Behavior Questionnaire (i.e., emotional eat-
ing, external eating, and restrained eating). Although both
parent and child perspectives lend valuable information
when available, the researchers concluded that parent re-
porting alone is an adequate measure of the child’s eating
behaviors. Therefore, in our study, caregivers able to ob-
serve the child’s eating behaviors over time were regarded as
appropriate surrogates for reporting this information.

Conclusions

This study found that eating behaviors improved signif-
icantly with all diets, and increased cognitive restraint and
decreased hunger were sustained at 12 months; disinhibi-
tion also remained significantly lower at 12 months for the
RGL group. Different aspects of the children’s eating be-
haviors were associated with BMI outcomes by diet group,
with higher cognitive restraint more important in CHO-
modified diets and lower hunger more important in standard
PC diets. The results of this study may extend our potential
to improve long-term treatment outcomes for children with
obesity by tailoring intervention strategies to the type of
dietary approach and the child’s eating behaviors.

Targeting diets to youth with obesity who have specific
characteristics such as sex, race, and/or lower baseline
hunger or higher baseline cognitive restraint scores may
lead to improved results. However, more research is needed
to determine whether tailoring diets based on either base-
line characteristics, as reported with this study, or metabolic
outcomes, as previously reported,’ are effective strategies
to optimize outcomes in the context of a monitored dietary
intervention for pediatric weight management.
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