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Abstract

The PROP bitter-taste phenotype is a marker for food preferences and eating behavior, and may
associate with differences in body weight in children. Previous work has shown that PROP status
in combination with eating attitudes are better predictors of weight status in preadolescents, than
either factor alone. However, no studies have examined the role of PROP phenotypes in body
weight change in children over time. The primary objective of this study was to investigate current
weight status and change in weight status in children from preschool (baseline) to preadolescence
as a function of eating attitudes and PROP phenotype. Other measures included self-reported food
intakes and physical activity by activity monitor. Seventy-three lean (BMI %-ile = 57.7 + 3.2%)
children with mean age=10.3 £ 0.5 yrs, participated in the follow up. There were no group
differences in energy intake, current BMI-percentile or change in BMI percentile from baseline by
PROP phenotype in either boys or girls. However, there was a trend for non-taster girls to show a
downward shift in BMI-percentile at follow up. Hierarchical regression analysis revealed that
baseline BMI percentile and physical activity energy expenditure were the strongest predictors of
current weight (28.5% variance), followed by child restraint, the taster x gender interaction, and
the maternal BMI x maternal emotional eating interaction, accounting for 7.1%, 6.0% and 4.8% of
variance in the model, respectively. These findings suggest that PROP status and eating attitudes
are modest predictors of weight status in preadolescent children.
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1.1 Introduction

The prevalence of pediatric obesity has increased three-fold during the past thirty years
(Ogden, Carroll, Curtin, Lamb, & Flegal, 2010). Obesity in children is of extreme concern
because weight status tends to track over time, and overweight children are 2—6 times more
likely to become obese adults when compared to normal-weight children (Guo et al., 2000;
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Magarey, Daniels, Boulton, & Cockington, 2003). Eating patterns are also established early
in the lifecycle, and once entrenched are difficult to change (Anzman, Rollins, & Birch,
2010). Thus, it is important to identify the critical determinants of eating behavior in
children order to instill more healthful dietary habits early in life as well develop better
primary prevention strategies for childhood obesity.

Food preferences are mediated, in part, by genetic predispositions (Keskitalo et al., 2007;
Tornwall et al., 2012). Our laboratory has been examining the role of the 6-n-
propylthiouracil (PROP) taste phenotype as a general index of food preferences and eating
behaviors in children and adults (Tepper, 2008; Tepper et al., 2009). Individuals who are
taste blind to PROP (i.e., non-tasters) perceive less intensity from a range of oral sensations
including sweetness, bitterness, oral pungency and creaminess. In contrast, those who are
moderately or extremely responsive to PROP bitterness (medium or super-tasters,
respectively) perceive more intensity from these same oral sensations. These differences are
apparent at an early age and are shown to influence food selection. Studies in young children
have shown that in comparison to taster children, non-tasters are more likely to accept bitter-
tasting vegetables and fruit juices (Bell & Tepper, 2006; Tepper, Keller, & Ullrich, 2003;
Turnbull & Matisoo-Smith, 2002) and soy foods (Tsuji et al., 2012). In addition, non-taster
children gave higher acceptability ratings to full-fat milk (Keller, Steinmann, Nurse, &
Tepper, 2002)and they reportedly consumed more added fats in the diet than tasters (Keller
& Tepper, 2004). The relative contribution of these dietary patterns to energy intake in
PROP-classified children is unknown.

The involvement of the PROP bitter taste phenotype in body weight status in children is
controversial. Two studies in preschool children reported that male non-tasters were heavier
than male tasters, but the opposite (non-significant) trend was seen in girls (Keller et al.,
2010; Keller & Tepper, 2004). Other studies reported no differences in body weight as a
function of PROP status in this age group (Lumeng, Cardinal, Sitto, & Kannan, 2008). A
large, population-based study in older children (7-18 yrs of age) of different ethnic and
socioeconomic groups also found no differences in weight related to PROP status
(Baranowski et al., 2010).

Parental characteristics such as weight status, eating attitudes and child feeding practices are
known to play a critical role in the development of children’s food patterns and body weight
(Francis, Ventura, Marini, & Birch, 2007; Hood et al., 2000; Magarey et al., 2003).
Goldstein et al. (Goldstein, Daun, & Tepper, 2007) investigated the contribution of PROP
taster phenotype and several maternal characteristics to these outcomes in a convenience
sample of 9 year old children. Results showed that non-tasters consumed more energy than
tasters, but no differences in body weight were found among the groups. Rather, maternal
body mass index (BMI; kg/m?), restriction of child’s food intake and concern about child
weight were positive predictors of children’s BMI percentile, whereas pressure to eat was a
negative predictor. Maternal disinhibition (i.e., loss of eating control) was also associated
with higher BMI percentile in girls but not boys(Goldstein et al., 2007). These data imply
that maternal characteristics can potentially override the influence of PROP status on body
weight in older children.

Pre-adolescence (age range= 9-14 yr) is a period of rapid growth and development as well
as greater personal independence in food selection and lifestyle behaviors. These factors can
impact the growth curve trajectories for BMI of children. Indeed, Berkey and co-workers
(Berkey et al., 2000) reported that even modest changes in energy intake and physical
activity modified the pattern of 1-yr weight change in adolescents in a national cohort of
U.S. children. Individual differences in eating attitudes such as dietary restraint (i.e.,
conscious control of eating) or emotional eating which may have their origins in early
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childhood (Carper, Orlet Fisher, & Birch, 2000) also play a role in weight status and body
satisfaction during preadolescence (Ledoux, Watson, Baranowski, Tepper, & Baranowski,
2011; Webber, Hill, Saxton, Van Jaarsveld, & Wardle, 2009) especially among girls (Shunk
& Birch, 2004). Since all the studies on PROP status and adiposity in children have been
cross-sectional, the influence of this phenotype on changes in body weight during childhood
is unknown.

The objective of this study was to address this gap in knowledge. Children who participated
in our studies as preschoolers and their mothers were invited to participate in a follow up
study. Self-reported food intakes were collected, and current weight status and 6-yr change
in weight from baseline (4.5 yrs of age) were also determined. Other data collected included
maternal weight, and eating attitudes. The primary hypothesis was that PROP status would
be inversely related to current energy intake and weight status of the children in the follow
up cohort.

1.2 METHODS

1.2.1 Subjects and General Procedures

The subject pool for this follow up study consisted of children who attended the Rutgers
University Preschool between 1999 and 2003, and had participated in one of three studies
investigating the relationship among PROP taster status and food preferences and/or body
weight when they were 4.2 + 0.3 yrs of age (Bell & Tepper, 2006; Keller et al., 2002; Keller
& Tepper, 2004) The total number of children who previously participated in the preschool
studies was 154, and 148 of those children and their families were still living in the Central
New Jersey area. Families were contacted by mail with an invitation for each former student
and his/her mother to participate in the follow-up study. Mothers gave written, informed
consent for themselves, and their child’s participation. Oral assent was also obtained from
each child. The research protocols were approved by the Rutgers University Institutional
Review Board. Participants were screened with a general health questionnaire to ensure that
they had no medical conditions or recent illness, or that they were not taking medications
that might interfere with taste perception.

1.2.2 Classification by PROP Taste Phenotype

As preschoolers, the children were classified as PROP tasters or non-tasters using an age-
appropriate method (Keller et al., 2002; Keller & Tepper, 2004). In the current study,
children were screened for PROP status using the paper disk method, previously tested for
validity and reliability in both preadolescents and adults (Goldstein, Daun, & Tepper, 2005;
Goldstein et al., 2007; Zhao, Kirkmeyer, & Tepper, 2003). Briefly, subjects place a filter
paper disk impregnated with 1.0 mol/L NaCl on the tip of the tongue until it is thoroughly
wet. They rate the taste intensity of the disk using the labeled magnitude scale (LMS), a
100-mm scale anchored with the phrases “barely detectable” to “strongest imaginable”
(Green et al., 1996). This procedure is repeated with a second paper disk impregnated with
50 mmol/L PROP (6-propyl-2-thiouracil, P3755, Sigma-Aldrich). Subjects are instructed to
rinse with spring water at room temperature before and in between tasting each paper disk.
Subjects are categorized as non-tasters if they rate the PROP disk < 13 mm on the LMS;
they are categorized as super-tasters if they rate the PROP disk > 67 on the LMS. All others
are classified as medium tasters (Zhao et al., 2003). NaCl ratings do not vary with PROP
status in this method (Goldstein et al., 2005, 2007; Zhao et al., 2003). Therefore, NaCl
ratings are used as a reference standard to clarify the taster status of subjects who give
borderline ratings to PROP, although this situation is rare (~ 4% occurrence rate). This
strategy is based on the rationale that non-tasters give higher ratings to NaCl than to PROP,
medium tasters give equivalent ratings to both stimuli and super-tasters give higher ratings
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to PROP than NaCl. The PROP taste test was conducted twice. The correlation between the
two PROP ratings was high (r=0.83; p<0.001) and the mean of the two ratings was used to
classify the subjects.

1.2.3 TAS2R38 Genotype Analysis

TAS2R38 is the major gene controlling PROP taste sensitivity (Kim et al., 2003). Thus,
children were also characterized by TAS?R38 genotypes as a check on the reliability of the
PROP phenotyping. Cells were obtained by gently brushing the inside of the cheek with a
swab (Epicentre, Madison WI), and genomic DNA was extracted using the extraction
solution provided by the manufacturer (Epicentre). Alleles of the gene TAS2R38 (Accession
# AF494231; rs713598 and rs172866) were genotyped for a variant site using allele-specific
probes and primers purchased from Applied Biosystems (Foster City, CA). Samples were
compared with a sequenced reference standard, and alleles that failed to cluster into one of
three groups were re-genotyped as needed.

Although there are three variant sites in the gene associated with bitter sensitivity (A49P,
V262A, and 1296V), the last two are in perfect linkage disequilibrium in all human
populations tested thus far, and therefore the third site (1296V) was not assayed but imputed
(Mennella, Pepino, Duke, & Reed, 2011, 2012). Subjects were grouped by the first and
second variant sites, A49P and V262A, respectively. Since these sites are not in perfect
linkage disequilibrium, the haplotypes for the first two sites were imputed based on
observed allele frequencies and knowledge gained through genotyping thousands of similar
samples (Mennella et al., 2011, 2012).

Subjects who were homozygous for the bitter-insensitive allele are referred to as AV/AV,
those who are heterozygous for the bitter-insensitive allele are referred to as PA/AV, and
those who are homozygous for the bitter-sensitive allele are referred to as PA/PA. Those
with the rare form (AA) display moderate sensitivity to PROP and are included in the PA/
PA group.

1.2.4 Adiposity Measures

Each child’s height was measured to the nearest 0.25 in using a standard tape measure
attached to a flat wall. Waist circumference was also measured by tape measure at the level
of the umbilicus. Weight was measured to the nearest 0.1 kg with an electronic scale
(WB-800; Best Wright, Brooklyn, NY). The children wore light clothing and no shoes for
these measurements. Height, weight, gender and age in months were used to calculate body
mass index (BMI) percentile and z-score for each child using online tools available from the
U.S. Centers for Disease Control (http://apps.nccd.cdc.gov/dnpabmi/ and http://
www.cdc.gov/growthcharts/zscore.htm). BMI percentile between the 85t and 95t
percentile was defined as “overweight”; above the 95"percentile was defined as “obese”.
Triceps skin fold thickness was measured to the nearest 0.1 mm with a Lange caliper (Beta
Technology Inc., Cambridge, MD). The measurements were taken midway between the
acromion and olecranon on the posterior side of the upper arm. The average of three
measurements was used. Maternal height and weight were measured in the same manner as
for the children, and BMI (kg/m?) was calculated from these values.

1.2.5 Diet Assessments

Three 24-hour recalls were taken from each child, for one weekend day and two
nonconsecutive weekdays. The 24-hour recall captures a retrospective look at food intake,
and when averaged over three days, provides a reliable representation of habitual diet and
intake patterns, and has been validated in children as young as 5-7 (Montgomery et al.,
2005). The Nutrient Data System for Research (Nutrition Coordinating Center, University of
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Minnesota, Minneapolis, MN) multiple-pass approach was used to collect diet information
(Burrows, Martin, & Collins, 2010). The Foods Booklet available with the NDS program
was used to illustrate portion size. Nutrient output from food recalls included energy intake
(kcal), macronutrients (% energy), vitamins, minerals and non-nutritive substances such as
caffeine and artificial sweeteners. We used 1.3 times basal metabolic rate (BMR)(Mifflin et
al., 1990) as the cut-off for implausible diet reporting. Any child whose energy intake failed
to reach this criterion was eliminated from the analysis. However, all of the children met this
criterion, and none were eliminated.

1.2.6 Physical Activity

Physical activity level (PAL) was measured using the Actigraph GT1M activity monitor
(ActiGraph LLC, Pensacola, FL). The activity monitor was worn around the waist for a
consecutive 72hr, and was removed only for bathing or swimming. Each child kept a log of
times that the activity monitor was removed for water sports, bathing, or other reasons.
Using Actigraph GT1M software, the “combination equation” was used to derive energy
expenditure for the duration of wearing the activity monitor. Total energy expenditure was
averaged over the time the device was actually worn to derive average energy expenditure
per 24-hour period.

1.2.7 Eating Attitudes

The Dutch Eating Behavior Questionnaire (DEBQ)(Van Strien, Frijters, Bergers, & Defares,
1986)was used to assess dietary restraint (conscious control of eating), emotional eating and
external eating (responsiveness to external food cues) in both children and mothers. The
DEBQ has previously been validated in children (Wardle et al., 1992). The questionnaire
uses a 5-point scale where 1= never, 2=rarely, 3 = sometimes, 4 = often and 5 = very often.
Mean scores were calculated for the three subscales.

1.2.8 Procedures

All data (with the exception of one food recall that was done by telephone) were collected at
the children’s home during two sessions scheduled approximately 2 weeks apart. A single
researcher (KNO) collected the anthropomorphic measurements and the diet information to
reduce experimenter error. The researcher was certified in the use of the NDS software.

1.2.9 Statistical Analysis

PROP taster classifications obtained at baseline and follow-up were compared for test-retest
reliability using Cohen’s Kappa statistic. Since the method used to screen these children for
PROP status as preschoolers did not distinguish medium and super-tasters, these two groups
were combined in the follow-up cohort into a single group (tasters) for this analysis.

Group differences in weight status and diet, and change in weight from baseline were
analyzed by Analysis of Variance (ANOVA) with PROP taster status, gender and the taster
by gender interaction as factors. A general linear model was used, and post-hoc comparisons
were made using Tukey’s test, as appropriate.

Pearson’s Correlation coefficients were computed to examine associations between the
prediction variables (e.g., child eating attitudes, maternal eating attitudes, maternal BMI)
and the outcome variables of interest (energy intake and body weight). Variables were
retained for the regression modeling if they achieved significance in the correlations at
p<0.10. Age, gender, baseline BMI percentile and physical activity energy expenditure were
included in all regression models.
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Two types of regression models were computed. First, multiple linear regression was used to
predict current BMI1%-ile. Models were computed for the whole cohort, and for boys and
girls, separately. A forward, stepwise model was used. Next, hierarchical regression analysis
was used as a multivariate approach for modeling current BM1%-ile. In this analysis, groups
of variables are entered into the model as independent steps. We followed standard
conventions where main effects and control variables were entered as the first step, followed
by child variables, maternal variables, and interactions, in successive steps. Our approach
was similar to that used by Sinton and Birch(Sinton & Birch, 2005)for modeling dieting
behavior in girls. Details of the model building are described in the Results section. SAS
software 9.2 for the personal computer (SAS Institute, Cary, NC) used for all analyses.
Significance was set at p<0.05 for the study as a whole. However, the Bonferroni correction
was used in the correlational analyses to adjust for the large number of comparisons made (p
=0.05/17 comparisons for final p = 0.004).

1.3 RESULTS

1.3.1 General Subject Characteristics

Seventy-three children (45 boys; 28 girls) and their mothers (n=63) participated in the
follow up study. The number of participating mothers was lower than the number of
participating children due to the presence of 10 sibling pairs in the follow-up cohort. The
overall participation rate was 49%. The mean age of the children at baseline (i.e., preschool)
was 4.5 £0.1 yrs. (range 3.5-4.8 yr) and mean age at follow-up was 10.3 + 0.5 yrs (range 7—
13 yrs). BMI percentile at baseline did not differ between the subset of children who
participated in the follow-up and those who did not participate. Demographic characteristics
of the follow-up cohort were as follows: the children were predominantly (86%) Caucasian;
the majority (83.5%) of parents had a college or post-graduate degree; and household
income exceeded $50,000/annum for 86% of households and exceeded $100,000/annum for
50% of households.

Mean BMI percentile at follow-up was 57.7 = 3.2%. The prevalence of obesity (BMI for age
> 95th percentile) was 6.5% at baseline (14.3% in girls;6.6% in boys). The overall
prevalence of obesity rose slightly to 8.2% at follow-up, with 6.1% of the girls and 11.5% of
the boys classified as obese. The prevalence of overweight (BMI for age = 85 and < 95t
percentile) was 21.2% for the sample as a whole. Change in BMI percentile at follow-up
was negatively correlated with baseline BMI percentile (r=—0.58, p<0.001) revealing a
downward shift in BMI percentile score with increasing age. The children were moderately
active. Mean daily physical activity energy expenditure estimated from Actigraph recordings
over 3-days, was 225 * 20 kcal/day for all children.

As expected, energy intakes differed by gender. Boys consumed an average of 1,988 kcal/
day, whereas girls consumed an average of 1,667 kcal/day (F1 7= 5.05, p<0.01). Both
genders consumed similar proportions of macronutrients which were consistent with current
recommendations for children 9-13 yr of age (Food and Nutrition Board, 2005).

1.3.2PROP Taster Status

The distribution of taster groups in the follow-up cohort was: 25% non-tasters (n=18); 53%
medium tasters (n=39); and 22% super-tasters (n=16). As expected, PROP intensity ratings
varied among the groups (p<0.001, F, 75=199.1), with super-tasters giving the highest mean
(£SEM) intensity ratings for PROP followed by medium tasters and non-tasters (86.5 + 1.0,
47.2+1.1, and 8.6 £ 0.7 mm, respectively). All three groups differed from each other (p<
0.05 by Tukey’s test). NaCl ratings also differed among the groups (p<0.05, F, 7,=3.67), but
this difference was due to the non-tasters who gave higher ratings to NaCl (49.4 = 2.1 mm)
than either the medium (29.6 + 2.4 mm) or super-taster groups (31.8 £ 2.7 mm) (p<0.05).
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However, this difference did not impact the taster group classifications. These ratings were
similar to those previously published for Caucasian children and adults (Calo et al., 2011,
Goldstein et al., 2005, 2007).

To establish the test-retest reliability of the PROP taster group classifications, we combined
the medium and super-tasters into a single group (tasters) and then compared the children’s
classifications obtained at follow up to their classifications at baseline. Test-retest reliability
of the PROP classifications was high (Cohen’s kappa coefficient= 0.76). A coefficient >
0.70 is considered reliable.

1.3.3 TAS2R38 Gene Analyses

Seventy-one children provided DNA samples. The allelic groupings were identified as
follows: AV/AV (n=17), PA/AV or PA/AA (n=49) and PA/PA (n=5). Table 2 shows that no
child with the AV/AV form was misclassified as a super-taster and likewise, no child with
the PA/PA form was misclassified as a non-taster. The overall agreement between allelic
group and phenotypic group was high based on the contingency coefficient of group
membership (32=0.63; p<0.01) and the Spearman’s correlation co-efficient (r=0.72; p<
0.001).

1.3.4 Group Differences in Current Weight, and Weight Change from Baseline

There were no main effects of PROP taster status or gender on current BMI percentile or
change in BMI percentile (Table 1). Additionally, waist circumference and triceps skin-fold
thickness (data not shown) did not vary among PROP taster groups or between genders.

Figure 1 shows the current BMI percentile of the children by PROP status and gender, and
Figure 2 shows the change in BMI percentile relative to baseline in these same groups.
Neither of these interactions reached statistical significance, but directional trends were
evident. Current BMI percentile in boys was inversely related to PROP responsiveness,
whereas girls showed the opposite pattern (Figure 1). These patterns are consistent with
those previously reported by Keller and co-workers (Keller et al., 2010; Keller & Tepper,
2004). Boys showed no change in BMI percentile relative to baseline for any taster group
(Figure 2). However, non-taster girls showed a downward shift in BMI percentile between
baseline and follow up that was not evident in the other groups of girls.

1.3.5 Eating Attitudes, Weight Status and Energy Intake

Child external and emotional eating scores from the DEBQ were normally distributed. Child
restraint was positively skewed, so a log transformation was used to correct for skewness.
There were no differences in child dietary restraint, external eating or emotional eating by
taster status or between genders (Table 1). Child restraint showed a positive association with
both baseline and current BMI percentiles (r=0.33; p<0.01 and r=0.37; p<0.01,
respectively), but both comparisons failed to reach the Bonferroni-corrected cutoff criterion
(p<0.004). There was a modest, non-significant association between child external eating
and energy intake (r=0.25; p=0.04). None of the eating attitudes were related to energy
consumption. Also, reported energy intake did not vary among PROP taster groups (see
Table 1).

Maternal BMI did not vary with mothers’ taster status, dietary restraint or external eating
scores (Table 1). However, mothers with a BMI > 25 kg/m?2 had higher emotional eating
scores than mothers with a BMI < 25 kg/m? (2.5 + 0.1 vs. 2.1+ 0.2, respectively; p <0.05).
Maternal emotional eating was also associated with greater maternal BMI (r=0.42, p<0.001).
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Only a few of the maternal variables were related to outcomes in the children. Specifically,
maternal BMI and maternal dietary restraint were related to children’s current BMI
percentile (r=0.32; p<0.01 for both), but these relationships failed to reach the Bonferroni-
corrected criterion (p=0.004).

1.3.6 Regression Modeling to Predict Current BMI Percentile

Stepwise, multiple linear regression revealed six variables influencing BMI percentile for
the cohort as a whole (See Table 3). The positive predictors were baseline BMI1%-ile,
physical activity energy expenditure and child restraint; the negative predictors were age,
gender and the taster by gender interaction. In the gender-specific models, restraint and
taster status were positive predictors of BMI%e-ile in girls. In boys, restraint and physical
activity energy expenditure were positive predictors in the model, and age was a negative
predictor. All three models accounted for 43-53% of the variance in BMI1%-ile in these
children.

The follow up cohort included 10 sibling pairs. To rule out the possibility that family
relatedness was influencing the models, we randomly eliminated one sibling from each pair
(4 girls; 6 boys), and recalculated the stepwise models (see Table 3). The models remained
stable; only the percent of variance in BMI1%-ile explained by the models was reduced to
33-44%.

Hierarchical regression (for the full cohort) was used to examine the independent effects of
groups of variables entered into the prediction model (see Table 4). In step 1, age, taster
status, and gender were entered into the model and together did not account for significant
variance. Within step 1, gender and taster status did not meet the probability cutoff of
p<0.05, but since the interaction between the two was of interest, they were retained in the
model. In step 2, baseline BMI percentile and physical activity energy expenditure were
entered, and together accounted for 28.5% of the variance. Child restraint was entered as
step 3, and accounted for an additional 7.1% of variance in BMI percentile. Neither maternal
BMI (step 4) nor maternal emotional eating and restraint (step 5) accounted for significant
variance in the model. In step 6, the taster by gender interaction was entered, which
accounted for an additional 6% of variance. The interaction between maternal BMI and
maternal external eating was entered as step 7 and accounted for a final 4.3% of the variance
in BMI percentile. All together, the model accounted for 46.4% of the variance in child BMI
percentile. The proportion of variance accounted for by each step of the model is depicted in
Figure 3.

1.4 DISCUSSION

The objective of this study was to investigate the contribution of PROP taster status and
eating attitudes to weight status at follow up in a cohort of children we originally studied as
preschoolers. PROP phenotype was not associated with current weight or change in weight
from baseline based on group comparisons. However, multiple regression revealed that for
children of both sexes, child restrained eating and the taster by gender interaction was
associated with current BMI1%-ile. Hierarchical regression analysis showed that these same
variables (child eating restraint and the PROP by gender interaction), as well as the
interaction between maternal BMI and maternal emotional eating each made modest
contributions to BMI percentile at age 10 after controlling for baseline BMI percentile and
current physical activity. Overall, this model accounted for 46.4% of the variance in current
BMI percentile with the PROP interaction and eating attitudes contributing a total of 18% of
variance to the model (steps 3, 6 & 7). Thus, PROP phenotype in combination with gender
contributed at least as well to current weight status as did child and maternal eating attitudes
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which have been well studied in conjunction with childhood weight status and obesity
development (Francis et al., 2007; Shunk & Birch, 2004; Webber et al., 2009).

The diet and body weight characteristics of our sample deserve comment. At 4.5 yrs of age,
these children maintained a healthy weight, and they continued to track within the healthy
weight range at follow up. Thus, for the most part, the children we studied remained lean
with a markedly lower prevalence of obesity (8.2%) than reported for non-Hispanic White
children in the general population (16.9%)(Ogden et al., 2010). Reported energy
consumption in boys was 1,988 kcal/day, which is consistent with the recommended 2,079
kcal/day for boys9-13 yrs of age (Food and Nutrition Board, 2005). Girls consumed 1,667
kcal/day, which was 300 kcal/day less than recommended (1,970 kcal/day). Underreporting
of food intake is more common in females than in males, particularly among Caucasians
(Klesges, Eck, & Ray, 1995) and the possibility that girls underreported their food intakes
cannot be ruled out in our study. Nevertheless, girls tended to show a negative change in
BMI percentile between baseline and follow up, and non-taster girls were more likely to
show this trend than the other groups (Figure 2). The decline in BMI%-ile in girls could
reflect the rapid increase in linear growth (growth spurts) that accompanies puberty. Since
girls mature earlier than boys (Aksglaede, Olsen, Sorensen, & Juul, 2008), the timing of our
data collection at 10.2 yrs might have captured this period more effectively in girls than in
boys.

Another possible explanation is that dieting to lose weight, which is common in
preadolescent girls, may have played a role in these trends. Dieting could explain the
apparent mismatch between recommended energy requirements and reported intakes in girls.
Unfortunately, our study did not collect information on dieting behavior in the children
which could have addressed this question directly. It is important to stress, however, that
none of the weight shifts observed in our study were statistically significant. This may be
due, in part, to the large amount of variability or ‘noise’ associated with this measure. This
variability is not surprising since the growth trajectories of children tend to fluctuate over
time, accelerating at some time points and decelerating at others (Centers for Disease
Control, 2000). A longitudinal study by Ventura et al. (Ventura, Loken, & Birch, 2009)
revealed four distinct BMI trajectories in girls. In two groups of girls with higher BMI
percentiles at 5-9 yrs of age, one group continued to show accelerated weight gain to age 15
years and the other showed a downward deflection in their weight trajectories. Two other
groups tracked at the 50t and 60t BMI percentile, respectively. Thus, our observation of a
downward shift in BMI percentile in some of the girls we studied is consistent with patterns
observed in girls by other workers.

Restrained eating was a particularly important determinant of weight status in this group of
children. Child restraint score was positively associated with current BMI percentile in the
mixed-gender, and female-only regression models. Our data agree with several studies
showing that restrained eating is correlated with greater adiposity in children (Ledoux et al.,
2011; van Strien & Oosterveld, 2008; Wardle et al., 1992). Interestingly, higher weight in
boys in our sample was associated with maternal rather than child dietary restraint
suggesting that the mother’s own eating style may be a risk factor for excess weight gain in
her child. Previous research has suggested a link between parental eating attitudes and
weight status in children. For example, Hood et al. (Hood et al., 2000) showed that parental
restrained eating was associated with greater body fat change in young children between 3
and 5 yrs of age in the Framingham cohort. The combination of high parental restraint and
disinhibition (i.e., loss of control over eating) led to the highest body fat increases in
children. Although there is also ample evidence that maternal eating attitudes are
particularly powerful mediators of children’s eating behavior and body weight, especially
between mothers and daughters (Cutting, Fisher, Grimm-Thomas, & Birch, 1999; Francis et
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al., 2007; Vogels et al., 2006), we also found evidence for these relationships in male
children.

A previous study by Goldstein et al. (Goldstein et al., 2007) in a slightly younger cohort
(mean age = 9.0 +/- 0.2 yrs) reported higher energy intakes in non-taster children relative to
super-taster children, but no group differences in weight status as a function of PROP
phenotype. Regression analysis also revealed that maternal BMI and child feeding practices
rather than PROP status were the primary predictors of child weight in this earlier
investigation. The lack of agreement between these two studies is difficult to reconcile.
Nevertheless, the earlier study did not include a measure of physical activity which is a
major determinant of energy balance. Further, regression models in the present study
controlled for both physical activity energy expenditure and early childhood weight. Both
variables are considered strong predictors of weight status in children.

There is a lack of consensus in the literature on the role of PROP status in body weight in
children. One possible explanation for this lack of consistency is that the influence of PROP
on eating behavior and weight may be variable across childhood, having stronger or weaker
effects at different stages of development. This mechanism may explain the uneven effects
of the FTO (fat mass and obesity related) gene on adiposity development in children. A
meta-analysis based on eight cohorts of children from European descent showed that a
variant in a single locus of FTO was associated with lower BMI in infancy but a higher BMI
in early childhood (Sovio et al., 2011). This was due to an earlier adiposity rebound in
affected children that permitted greater accretion of body fat starting at a younger age (Sovio
et al., 2011). Whether the PROP phenotype exerts variable effects on food selection and
weight status across life stages is not presently known. It is intriguing however, that
Goldstein et al. (Goldstein et al., 2007) found no association between PROP status and body
weight in 9-yr old children, but in a separate study these same authors found a strong
negative association between PROP status and adiposity in the mothers of these same
children (Goldstein et al., 2005). These data suggest that PROP status may have a greater
influence on body weight later in the life cycle, particularly in the context of a sedentary
lifestyle. Conversely, Mennella and co-workers (Mennella, Pepino, & Reed, 2005) observed
a strong association between PROP tasting and sweet preferences in 5 to 10 yr old children,
but not in the mothers of these children suggesting that the influence of PROP status on
sweet preferences waned with increasing age. The lack of availability of longitudinal data
sets on PROP tasting has hampered the investigation of this question which should receive
more attention in the future.

To our knowledge, no studies have assessed the long-term stability of PROP taster
classifications in children at different developmental stages. Our results showed high test-
retest reliability of our PROP screening and classification procedures even though we used
different methods for preschool screening (Keller et al., 2002; Keller & Tepper, 2004) than
we used for follow up testing (Zhao et al., 2003). For the most part, taster and non-taster
children were similarly classified at baseline and at age 10, and allelic groupings derived
from genotyping confirmed the validity of the PROP classifications. Demonstrating that
PROP classifications are stable and reliable is an important first step for implementing
longitudinal studies on PROP tasting across the lifecycle.

The current study had several weaknesses. First, our study sample was small, limited to
children from middle and high income households, and the majority of the children were
Caucasian. Although the gender-specific analyses (Table 3) are informative, small sample
size dictates that the results should be interpreted with caution. The extent to which our
findings will generalize to other groups in the population is unclear. Baranowski et al.
(Baranowski et al., 2010) recently reported no association between PROP status and BMI in
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low and middle income families from diverse ethnic groups (African-American, Hispanic
and Caucasian). It is possible that economic factors exert a greater influence than PROP
status on body weight in children with lower socioeconomic status. Second, the percentage
of non-taster children in the followup cohort was lower (25%) than in the origin baseline
sample (36%). We do not know the weight status of children who declined to participate in
the follow up, but it is plausible that children who are overweight would be less likely to
participate in a study in which their body weights, food intake and physical activity will be
scrutinized than children who maintain a normal weight. Lower representation of non-tasters
in our dataset might have reduced weight variability of our sample and the ability to detect
differences.

4.1 Conclusions

This is the first study to address changes in body weight with age in children classified by
PROP bitter-taste phenotype. Results showed that the interaction between PROP status and
gender had a modest influence on the body weights of children, accounting for roughly the
same fraction of variance in BMI percentile as child and maternal eating attitudes. PROP
status is the most-studied phenotype in taste research, but it is clearly not the only genetic
taste factor involved in food preference and eating behavior. For example, liking and use
frequency for sweet and fatty foods are heritable traits (Keskitalo et al., 2008; Keskitalo et
al., 2007) that may have indirect effects on body weight (Keskitalo, 2008). Emerging
evidence also suggests that variation in the gene controlling the fatty acid binding protein
(CD36) which is found in taste cells in animals and humans (Simons, Kummer, Luiken, &
Boon, 2011), may play a role in human oral fat perception and preference (Keller et al.,
2012). It is likely that other genes and phenotypes will be discovered that participate in the
pathway linking oral perception with preference, food selection and body weight.
Multivariate modeling of taste genetic factors along with environmental and behavioral
determinants of food intake will become increasingly important for understanding weight
maintenance and obesity development in childhood. These findings are preliminary and are
useful for informing the design of larger, prospective studies to more thorough investigate
the role of taste genes in pediatric obesity.
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Figure 1.

Current BMI percentile by gender and PROP phenotype. There were no differences in BMI
percentile by PROP phenotype among boys or girls. Among boys there were 11 non-tasters;
25 medium tasters; and 9 super-tasters. Among girls there were 7 non-tasters, 14 medium
tasters; and 7 super-tasters.
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Change in BMI percentile from preschool to preadolescence by gender and PROP
phenotype. There were no differences among the groups for gender, PROP phenotype or
their interaction. Among boys there were 11 non-tasters; 25 medium tasters; and 9 super-
tasters. Among girls there were 7 non-tasters, 14 medium tasters; and 7 super-tasters.
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Figure 3.
Steps of the hierarchical regression model for predicting BMI z-score. The hierarchical

regression model is shown in Table 3
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Table 2

Classification of children by PROP phenotype and TAS2R38 diplotype2

n  Non-taster Medium Taster  Super-taster

AV/AV 17 14(19.7) 3(4.0) 0(0.0)
AVIPA or AAPAS 49 2(28) 34 (47.9) 13 (18.3)
PAIPA 5 0(0.0) 1(1.4) 4(5.6)

1Values in the table are cell counts with cell percentages in parenthesis.

*
Includes 7 children with the rare AA form which is associated with intermediate taste sensitivity to PROP (Timpson et al., 2007).

2Contingency coefficient of group membership (x2=0.63; p<0.01)
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Table 4

Hierarchical regression model for predicting current BMI%-ile in follow up children®2,

Step  Variables Parameter Estimate p-value Variance (%)

1 Age NS
Taster
Gender

2 Baseline BMI1%-ile 0.241 <0.01 285
Physical activity EE 0.003

3 Child restraint 0.125 <0.05 7.1

4 Maternal BMI 0.14

5 Maternal restraint NS

Maternal emotional

6 Taster x gender 0.542 <0.05 6.0
7 MaternalBMI x Maternal emotional 0.061 <0.05 4.8
Overall 46.4%

Each step shows percent of variance, and p-value for the step, with individual parameter estimates for variables that make a significant
contribution to the step.

2Model represents the full cohort (n=73).
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