° NAT/O

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

N, NIH Public Access

(<
A 5 Author Manuscript
P repSS

Published in final edited form as:
Obesity (Silver Spring). 2010 March ; 18(3): 505-512. doi:10.1038/oby.2009.299.

Identification of an Obese Eating Style in 4-year-old Children
Born at High and Low Risk for Obesity

Robert I. Berkownz12 Renee’ H. Moore23 Myles S. Faith?, Virginia A. Stallmgs4 Tanja
V.E. Kral?, and Albert J. Stunkard?

lDepartment of Child and Adolescent Psychiatry, The Children’s Hospital of Philadelphia,
Philadelphia, Pennsylvania, USA

2Center for Weight and Eating Disorders, Department of Psychiatry, University of Pennsylvania,
Philadelphia, Pennsylvania, USA

3Division of Biostatistics, Center for Clinical Epidemiology and Biostatistics, University of
Pennsylvania, Philadelphia, Pennsylvania, USA

“Department of Pediatrics, The Children’s Hospital of Philadelphia, University of Pennsylvania,
Philadelphia, Pennsylvania, USA

Abstract

This study tested whether children’s eating behavior and parental feeding prompts during a
laboratory test meal differ among children born at high risk (HR) or low risk (LR) for obesity and
are associated with excess child weight gain. At 4 years of age, 32 HR children (mean maternal
prepregnancy BMI = 30.4 kg/m?) and 29 LR children (maternal BMI = 19.6 kg/m?) consumed a
test meal in which their eating behavior was assessed, including rate of caloric consumption,
mouthfuls/min, and requests for food. Parental prompts for the child to eat also were measured at
year 4, and child body composition was measured at ages 4 and 6 years. T-tests, and logistic and
multiple regression analyses tested study aims. Results indicated that HR and LR children did not
differ in eating rate or parental feeding prompts. Greater maternal BMI, child mouthfuls of food/
min, and total caloric intake/min during the test meal predicted an increased risk of being
overweight or obese at age 6, whereas greater active mealtime was associated with a reduced risk
of being overweight or obese. Regression analyses indicated that only mouthfuls of food/min
predicted changes in BMI from 4 to 6 years, and mouthfuls of food/min and gender predicted 2-
year changes in sum of skinfolds and total body fat. Thus, a rapid eating style, characterized by
increased mouthfuls of food/min, may be a behavioral marker for the development of childhood
obesity.

INTRODUCTION

The prevalence of obesity in children has increased threefold in the past 20 years (1,2), a
particularly disturbing trend because childhood obesity persists into adult life (3). An
attempt to understand the causes of childhood obesity gave rise to the “Infant Growth
Study” (IGS), a cohort of infants of overweight mothers and infants of lean mothers who
have been followed prospectively throughout childhood (4-9). The design of the study
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makes it possible to identify familial, behavioral, and metabolic factors contributing to
obesity onset in children who were born with or without a familial predisposition to obesity.

Previous reports on this cohort established significant differences in the growth and obesity
status of “high risk” (HR) and “low risk” (LR) children in this cohort through age 6 years
(4,5,7). At 2 years of age, the size and body composition of HR and LR children did not
differ (5). By age 4, the weight, BMI (kg/ m?), and lean body mass of the HR children were
significantly greater than those of the LR children, but the groups did not differ in fat mass.
By 6 years of age, the fat mass of the HR group had become much greater than that of the
LR group (6.7 £ 5.7 kg vs. 3.8 = 1.2 kg, P < 0.02) while increasing further its difference
from the LR group in weight, BMI, and lean body mass (4).

A critical question is how obesity-promoting genes express themselves behaviorally in
developing children (10,11). In the IGS cohort, analysis of food records indicated that HR
children consumed more soft drinks (including fruit juice) at ages 3, 4, and 5 years and more
soda at age 6 than LR children (12). At age 5 years, HR boys consumed more food in the
absence of hunger than LR boys (13). On the other hand, the energy density of the children’s
free-living diet did not differ between the two groups (8). Few other behavioral phenotypes
for obesity have been identified in young children (14,15). One trait that may be pertinent is
rate of eating. Drabman et al. (16,17) reported that a rapid eating style was associated with
increased adiposity in children. Obese boys (18) and girls (19) ate twice as rapidly as
nonobese control subjects. Recently, child eating rate (kcal/min), as assessed by laboratory
multi-item meal, was reported to be highly heritable and associated with increased child
BMI (20). Interestingly, nutritive sucking rate in infants also was associated with excess
weight gain in the first several years of life in the IGS and another cohort (7,21). Children’s
satiety recognition and food enjoyment were found to be heritable, and associated with
weight status and FTO genotype, in a series of studies by Wardle and colleagues (22-24).

Familial influences on the development of childhood obesity also may occur through the
child-rearing practices of the parents. Specifically, parental feeding attitudes and practices
may impact the development of child eating practices (25). A review of 19 studies indicated
that parental restriction of child eating was the only parental behavior that was consistently
associated with child eating or weight status (26). The authors concluded that there is a
pressing need for observational methods to measure eating styles and food intake, for
prospective designs, and for the use of samples that are genetically informative regarding
obesity risk status. For example, recent studies indicated that the association between
maternal restriction of child eating and excess child weight gain only was present among
children who were born at HR for obesity (6) or who have obese mothers (27).

The present study had two main aims. The first aim was to test whether child rate of eating
and parental prompts during a laboratory meal at age 4 years differ among children born at
HR and LR for obesity, in the IGS cohort. The second aim was to test whether these same
child eating and parental feeding measures were associated with an increased risk of child
overweight status at age 6 years. We hypothesized that children with more rapid eating
during a test meal, and whose parents displayed more eating prompts, would more likely be
overweight at age 6 and would have greater increases in BMI from year 4 to 6.

METHODS AND PROCEDURES

Participants

Subjects were 61 of the 71 6-year-old children enrolled in the IGS cohort, as described
elsewhere (4), consisting of 32 HR (16 boys, 16 girls) and 29 LR (15 boys, 14 girls)
participants. Mothers of the HR subjects had a prepregnancy BMI of 30.4 + 4.2 kg/m?,
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whereas mothers of the LR subjects had a prepregnancy BMI of 19.6 + 1.12 kg/m2. All
children were whites, born without complications following an uneventful, full-term
pregnancy. They did not differ in any measure from the 10 children who did not participate
in the present study. Additional details on recruitment and procedures of the IGS cohort are
provided elsewhere 4-7,28.

Measurements

Behavioral assessments—~Parent and child behavioral measures were assessed in the
laboratory via a videotaped test meal at 4 years of age using the mealtime observation scale
(29). Specifically, after at least 4 h without eating (confirmed by parent report), the children
were served a weighed test meal at about 5 ew. Parents (48 mothers and 12 fathers) were
present at the meal, during which they were asked to interact with their children as they
usually did, not to mention the camera, and not to eat any of the food. Child and parent
behaviors were videotaped by a concealed camera. There were no differences in measures of
children accompanied by their mothers from those accompanied by their fathers. The meal
continued as long as the subject desired and lasted as long as 40 min. Following the meal,
the remaining food was weighed, and the amount and nutritional content of the ingested
food was calculated (i.e., by subtracting postmeal weights from premeal weights).

The following foods were served to children in the specified weights (in grams): spaghetti
(105), marina sauce (120), hamburger (115), hamburger bun (22), roasted skinless chicken
breast (75), macaroni and cheese (138), French fries (65), yellow corn (103), peas (100),
carrot and celery sticks (55), applesauce (167), grapes (138), mandarin orange (138),
cupcake (49), Teddy Grahams (50), chocolate pudding (255), skim milk (255), 2% milk
(255), whole milk (258), apple juice (130), fruit punch (129), butter (10), grape jelly (15),
mixed fruit (10), low-calorie ranch dressing (66), regular ranch dressing (63), ketchup (47),
mustard (12), and mayonnaise (14). The meals were designed to be familiar foods and
typical of the children’s usual meals except for their size, which was far larger than usual in
order to present several different types of food. Parents completed an eight-item
questionnaire evaluation of the “typicality” of the laboratory meal relative to their child’s
general meal experience. Typicality ratings of the laboratory meal included assessments of
the amount, type, and presentation of food consumed by the child, the length and duration of
the meal, and the child’s mealtime behavior. Parents’ assessments of each of these typicality
domains were recorded on a five-point scale, with “5” being a “typical meal item.” The
mean score of seven of the eight items on the typicality scale was 3.7 + 1 out of a possible
five, indicating that parents rated the meal as typical. Only one item (presentation of the
food) was rated as atypical, with a score of 2.4 + 1.3. The goals of the videotaped meal were
met. All other variables were rated as typical.

The videotapes of the meals were coded by three research assistants using a standard
method. Five behavior measures were coded during four viewings of each videotape:
parental prompts (for the child to eat), parental discouragements (of eating), child’s requests
for and refusals of food, and the child’s number of mouthfuls of food. Operational
definitions for each behavior were adapted from those used in the mealtime observation
scale (29). Previous studies have expressed behavior both as frequencies of types as well as
rates of behavior (30). Accordingly, we computed both the total number of behaviors within
each category, and the rate of each category in behavior/min. In addition, calories consumed
during the standardized meal were calculated (total kcal) as was the duration of the meal
(min) and a rate of consumption (kcal/min). Inter-rater reliability of the coding was
calculated during each phase of the study in order to preclude drift over time. The reliability
of mouthfuls was very high (98.1%) and that of maternal prompts and discouragements
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almost as high (95.8%) whereas that of the children’s requests and refusals were somewhat
lower (85.4%).

In addition to the laboratory measures of child eating behavior, their average daily energy
intake at 4 years of age was calculated from weighed 3-day records of food intake kept by
the parents, as described elsewhere (8,28,31).

Body composition assessments—At ages 4 and 6 years, the following anthropometric
and body composition measurements were taken at the Nutrition and Growth Laboratory of
the Children’s Hospital of Philadelphia: height and weight, from which BMI was calculated.
Children at or above the 85th percentile according to the Centers for Disease Control and
Prevention growth charts were considered overweight or obese (32); sum (mm) of the
biceps, triceps, subscapular, and suprailiac skinfold thicknesses; total and percentage fat
mass (kg) and lean mass as measured by dual-energy X-ray absorptiometry (4).

Statistical analyses

RESULTS

Descriptive statistics are presented as means and standard deviations. To test aim 1, t-tests
compared the two risk groups in terms of anthropometric measurements, parental feeding
behaviors, and child eating behaviors. To test aim 2, a series of analyses were conducted to
identify the predictors of child overweight status at age 6 years and weight gain from ages 4
to 6 years. These analyses were conducted on all children and did not stratify by risk group.
First, univariable logistic regression analyses were conducted using prepregnancy maternal
BMI, year 4 parental feeding behaviors, and year 4 child eating behaviors as predictors of
child overweight status at age 6 years. The outcome was overweight status, which was
coded as 0 = healthy weight (BMI <85th percentile) and 1 = overweight or obese (BMI
>85th percentile). Second, Pearson’s correlations and multivariable regression models were
conducted for continuous outcomes. Zero-order correlations assessed the relationships
among year 4 parent measures, year 4 child behavioral measures, and changes in child BMI,
waist circumference, total fat mass, and total lean mass from year 4 to 6. Due to the large
number of associations being tested, only those that were moderately to highly correlated
(i.e.,, r>0.40, P < 0.005) were presented. Next, multivariable regression using the stepwise
procedure simultaneously tested all parent and child behavioral measures, child gender,
prepregnancy maternal BMI, and paternal BMI as predictors of 2-year changes in child
BMI, waist circumference, total body fat measures, and lean body mass. For these regression
analyses, an a level of 0.05 was considered significant. All analyses were performed using
the statistical software package SAS, version 9.1 (SAS Institute, Cary, NC).

Comparison of LR and HR families

Descriptive statistics for LR and HR children and their parents are presented in Table 1. The
BMI of the 32 mothers of HR children (30.4 kg/m?) was significantly greater than that of the
29 mothers of LR children (19.6 kg/m2, P < 0.001). At ages 4 and 6 years, HR children
weighed significantly more and had a significantly greater BMI than LR children. At age 4
years, HR children had significantly greater total lean mass (P = 0.01) and waist
circumference (P = 0.03) than the LR children. At age 6 years, HR children had a
significantly greater total skinfold thickness (P = 0.02), total body fat (P = 0.02), total %
body fat (P = 0.03), and waist circumference (P = 0.01) than LR children. From ages 4 to 6,
HR children displayed a significantly greater gain in total body fat (2.25 kg vs. 0.56 kg, P =
0.03) and % body fat (2.2% vs. —1.3%, P = 0.02) than LR children. HR and LR children did
not significantly differ on any of the child and parent behavioral measures at child aged 4
years.

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 6.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Berkowitz et al. Page 5

Predictors of child overweight status at age 6

At year 6, 10 of the 32 HR children (31.3%) were overweight or obese vs. only 1 of 29 LR
children (3.4%). The mean (s.d.) child BMI at year 4, child and parent behaviors at year 4,
and changes in child BMI and body composition measures from 4 to 6 years are presented
by child overweight status at year 6 in Table 2. We note that mean BMI of mothers of
children who were overweight/obese vs. normal weight at age 6 (i.e., 30.98 kg/m? vs. 24.03
kg/m?2) (see Table 2) differs from the mean BMIs of mothers of HR vs. LR children (see
Table 2), as these are different comparisons. Interestingly, 10 out of the 11 overweight/obese
youth at age 6 came from the HR group, compared to only 12 out of the 50 normal-weight
youth.

Univariable logistic regression analyses indicated that prepregnancy maternal BMI (P =
0.003), year 4 child energy intake in the laboratory (kcal/min) (P = 0.04), year 4 child
mouthfuls (mouthfuls/min) (P = 0.02), and total active mealtime (P = 0.03) were significant
predictors of child’s overweight status at age 6 years (Table 2). Specifically, increasing
maternal BMI, child kcal/min intake at year 4, and child mouthfuls/min at year 4 were
associated with an increased probability of child overweight or obesity at year 6 (see Figure
la—c); in contrast, greater total active mealtime was associated with a reduced probability of
child overweight or obesity at age 6 (Figure 1d). When using child risk status as the
predictor variable instead of maternal BMI, comparable results were found. Of the 11
children who were overweight or obese at age 6, 10 were from the HR group and 1 was from
the LR group (P = 0.006).

In an exploratory analysis restricted to the HR group, we compared children who were
normal weight vs. overweight/ obese at year 6. There was a nonsignificant trend for two
variables: child mouthfuls/min (P = 0.06) and active mealtime (P = 0.08). Thus, HR children
who were overweight/obese compared to normal weight at year 6 tended to eat more rapidly
(3.21 + 1.21 mouthfuls/min vs. 2.35 £ 0.94 mouthfuls/min) and have shorter meals (28.86
15.27 min vs. 40.23 £ 15.27 min).

Correlation and regression analyses

Associations among the behavioral variables that were significant and at least moderate
effects (i.e., r 20.40) are presented in Table 3. Child mouthfuls/min was significantly
correlated with change in BMI (r = 0.30, P = 0.02), total skinfold thickness (r =0.32, P =
0.04), total fat (r = 0.35, P = 0.02), and % fat (r = 0.37, P = 0.01) from ages 4 to 6 years.
Total daily energy intake (kcal) from food records was positively correlated with change in
waist circumference from 4 to 6 years (r = 0.35, P = 0.02). In addition, maternal BMI at
child’s birth was significantly correlated with paternal BMI at child’s birth (r = 0.42, P =
0.0009).

Stepwise multiple regression models were conducted to identify predictors of change in
child body composition measures from ages 4 to 6 years. Mouthfuls/min was the only
significant predictor of change in BMI (§ = 0.50, P = 0.03), with each additional mouthful of
food/min ingested associated with an additional ¥2-unit BMI gain over 2 years. Mouthfuls/
min of food ingested, and gender, were the only significant predictors of changes in child
total skinfold thickness, total body fat, and total % body fat (P < 0.04 for all) (Table 4). Girls
showed greater increases in body fat measures than boys. There were no significant
predictors of change in total lean mass or in waist circumference.

DISCUSSION

The main finding from this study was that children’s rate of eating at 4 years of age,
specifically, mouthfuls of food/min at a single laboratory test meal, predicted overweight
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status at age 6 years and excess weight gain from ages 4 to 6 years. In multiple regression
analyses, the effect of child mouthfuls/min was independent of maternal BMI that, as
expected, predicted changes in child body fat indexes. These findings indicate the
importance of rapid eating rate in the development of childhood obesity, consistent with
several prior studies. Drabman et al. (16,17) reported that a rapid eating style was associated
with adiposity in children. Obese boys (18) and girls (19) ate twice as rapidly as nonobese
control subjects in other reports. Eleven-year-old obese children ate much more rapidly than
nonobese children and, unlike nonobese children, their eating rate did not decelerate during
the course of the meal (33). This lack of deceleration of eating rate suggests an inadequate
satiety signal or inadequate response to that signal.

A rapid eating style in infancy also has been found to be a marker for excess weight gain (7).
In the IGS cohort, nutritive sucking rate at 3 months of age was significantly greater among
HR than LR children, and increased sucking rate predicted increased weight gain up to 24
months of age (7). In a separate prospective cohort study of infants, rapid sucking rate
predicted excess weight gain up to age 6 years (21,34). In a recent UK-based study, child
eating rate was found to be highly heritable and positively associated with child overweight
status (20). In conjunction with the present findings, these results implicate rapid eating rate
as a behavioral precursor to obesity in childhood. Additional prospective studies using larger
samples are needed to confirm this causal pathway, as opposed to rapid eating being a
correlate or consequence of rapid weight gain.

When comparing children who actually became overweight or obese at age 6 years, 32% of
HR children had a BMI >85th percentile compared with only 3.4% of LR children. Thus, in
this subsample of the IGS families who participated in the video-recorded meals at age 4
years, the effect of risk group on overweight status was strong, which is consistent with our
previous report (4). What is noteworthy from the present study was the differences in the
preceding eating rate and energy intake at 4 years of age. Overweight and obese children at
age 6 had 3.12 (1.17) mouthfuls/min compared with 2.24 (0.95) for those who were of
normal weight. Similarly, in measures of total calories consumed/min, overweight and obese
children consumed 16.58 (6.36) kcal/min compared with the normal-weight child who
consumed 12.22 (5.05) kcal/min. Thus, the child’s eating more vigorously in just one test
meal and maternal BMI predicted increased weight gain (increased in BMI) over a 2-year
period. Similarly, childhood mouthfuls/min during the test meal predicted body fat at age 6.

Curiously, despite the prospective effect of child eating rate on child anthropometric
measures, there was no significant effect of risk group on eating rate measures at year 4.
Thus, a primary hypothesis was not supported. Although this may reflect a “true” null
finding, inspection of means in Table 2 suggests that the means were in the expected
directions and could not attain significance given our sample size. Specifically, there was a
trend for mouthfuls of food/min (2.16 vs. 2.60, P = 0.10) and kcal/min (11.9 vs. 13.9, P =
0.18) to be greater among HR than LR children. A larger sample size may have provided the
power for these mean differences to achieve significance.

To explore this further, a post hoc power analysis was conducted based on the data in Table
2. This analysis estimated the number of children per risk group that would have been
needed in this study, and may be necessary in future investigations, to detect significant risk
group differences in eating rate and parental prompts. Assuming a two-tailed significance
test and a = 0.05, the number of youth per risk group needed to attain significance with 80%
power would be 86 (mouthfuls/min), 116 (kcal/min), 235 (discouragements/ min), and 323
(encouragements/min). Thus, the lack of support for our primary hypotheses may have been
due, in part, to low power.

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 6.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Berkowitz et al.

Page 7

Another main finding from the present study was the significant intercorrelations among
child feeding behaviors and parental prompts to eat during the test meal. Parental prompts to
eat was associated with increased total energy intake/min at the test meal (r = 0.48),
increased child requests for food (r = 0.55), and a shorter child meal duration (r = —0.67).
Similar findings were reported by Drucker et al. (30), who found that greater parental
encouragements to eat, discouragements to eat, and total prompts were associated with
increased total energy intake by young children at a laboratory buffet meal. In a study of 4—
8-year-old children whose home meals with parents were directly observed, greater parental
prompts to eat were associated with increased food ingestion by children (35). In yet another
report, Klesges et al. (36) found that total parental food prompts during meals was
associated with increased child eating time. These studies suggest that a more appetitive or
vigorous eating style by children is associated with greater feeding prompts by parents
during the meal, although cause and effect cannot be determined. Future research should
address this question.

It is noteworthy that parental eating prompts, despite being associated with child eating rate,
and food requests and refusals, was not a risk factor for child overweight at age 6 years or
excess weight gain from 4 to 6 years in the present study. It may be the case that child
mouthfuls/min and calories eaten/min are stronger determinants of future weight status than
feeding prompts by parents. It may also be the case that parental prompts are secondary to
the child eating traits with which they are associated. For example, parental restriction of
child eating is elicited by child overeating and parental perceptions that their child is
overweight (37). Indeed, maternal restrictive feeding at child age 5 years predicted excess
child BMI at age 7 years in the IGS cohort, but only among HR children (6). Future studies
need to identify parental feeding behaviors that have a casual influence on the development
of childhood obesity.

Girls showed greater accretions in fat mass compared to boys in the present study, consistent
with other reports in the literature (38,39). Future analyses of this cohort will need to
continue to model sex effects in analyses. Controlling for sex, however, the effect of child
eating rate was significant in the regression analyses, suggesting that the effect was not
simply due to potential sex differences in eating styles that may have impacted on results.

A noteworthy finding in our study was that children’s total meal energy intake/min was
negatively correlated with active mealtime (i.e., a shorter duration) and positively associated
with total daily energy intake from the 3-day food records. Thus, children eating faster
during the test meal consumed more calories as recorded from the 3-day food records kept
by parents. Interestingly, these children also spontaneously requested more food during the
test meal.

The present findings should be interpreted in light of study strengths and limitations.
Strengths include use of a prospective cohort design, investigation of children born with and
without a familial predisposition to obesity, and precise measurement of child eating and
parental feeding behaviors that were evaluated under controlled laboratory conditions.
Limitations include a relatively smaller sample size and investigation of a single ethnic
group. In addition, physical activity was not measured at year 4 and therefore was not
included as a predictor variable. Total energy expenditure was not examined in the present
study, although, in prior analyses of this cohort, HR and LR children did not differ in total
energy expenditure (5,7). Finally, behavioral measures at year 6, such as food intake outside
of the home and physical activity, were not obtained.

In summary, the vigorous feeding style among overweight children described in this study
includes more rapid eating (i.e., mouthfuls/min) and greater food consumption (i.e., kcal/
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min). This eating style may be a behavioral phenotype for a genetically based predisposition
for the development of obesity. Future studies are needed to understand the potential genetic
and physiological factors, such as hormonal or neuro-biological factors, associated with this

vigorous feeding style in young children at HR for obesity. Rapid eating could relate to the

construct of food reward (40). From a clinical viewpoint, future intervention research should
address strategies for targeting a vigorous eating style in obese prone children. Possibilities
include the promotion of less energy-dense foods as a target for vigorous eating (41), satiety
training procedures (42), or teaching a slowing eating rate to help minimize excessive

weight gain. The development of clinically effective protocols to assist parents of children at

risk for obesity with their eating behavior is also needed.
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Figure 1.

Probability of child overweight or obesity at age 6 years as a function of (a) maternal BMI,
(b) total meal energy intake/min, (c) mouthful of food/min, and (d) total active mealtime.
These four were the only significant predictors in univariable logistic regression models
where outcome was overweight status (yes/no) at age 6 years.
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Table 1

Child anthropometrics, and child and parent behavioral measures by risk group

Low risk (N = 29)

High risk (N = 32)

Variable Mean (s.d.) Mean (s.d.) t-Test P value
Maternal BMI at child’s birth 19.6 (1.12) 30.4 (4.20) <0.0001
Paternal BMI at child’s birth 24.92 (2.49) 27.25 (4.06)  0.009
Child anthropometrics
Height at 4 years (cm) 101 (3.17) 103 (3.82) 0.07
Height at 6 years (cm) 115 (3.90) 117 (4.85) 0.06
Weight at 4 years (kg) 15.92 (1.36) 17.51(2.74) 0.006
Weight at 6 years (kg) 20.04 (1.99) 23.55 (6.44) 0.006
BMI at 4 years 15.64 (0.99) 16.57 (2.00) 0.03
BMI at 6 years 15.12 (0.99) 16.99 (3.56)  0.008
Change in child BMI from year 4 to 6 —-0.53 (0.76) 0.41(2.03) 0.02
Body fat variables
Total skinfold thickness 4 years (mm) 25.0(7.3) 29.3(109) 0.13
Total skinfold thickness 6 years (mm) 23.7(7.5) 36.9(28.2) 0.02
Change in skinfold from year 4 to 6 (mm) -0.71 (3.6) 5.91(16.9) 0.09
Total lean mass 4 years (kg) 12.17 (0.86) 13.05(1.46) 0.01
Total lean mass 6 years (kg) 15.59 (1.28) 16.57 (2.07) 0.05
Change in total lean mass from year 4 to 6 (kg) 3.22 (0.624) 3.40(0.80) 0.39
Total body fat 4 years (kg) 3.23(0.84) 3.71(1.6) 0.19
Total body fat 6 years (kg) 3.79(1.2) 6.55(5.6) 0.02
Change in total body fat from year 4 to 6 (kg) 0.56 (0.7) 2.25(3.5) 0.03
Total % body fat 4 years 20.3(3.4) 21.0(6.23) 0.64
Total % body fat 6 years 18.8 (4.5) 24.5(11.6) 0.03
Change in % body fat 4-6 -1.3 (2.6) 2.24(6.2) 0.02
Waist circumference 4 years (cm) 52.2 (2.6) 54.6 (5.1) 0.03
Waist circumference 6 years (cm) 55.0 (3.0) 59.8(9.2) 0.01
Change waist circumference 4-6 (cm) 2.6 (2.0) 5.0(5.3) 0.05
Child and parent eating behaviors—4 years&
Total daily energy intake (kcal) 1,240 (318) 1,243 (300) 0.98
Total meal energy intake (kcal/min) 11.9 (4.0) 13.9(6.5) 0.18
Total meal energy intake (kcal) 430 (136) 463 (195) 0.47
Parental prompts/min 3.20(1.2) 29(15) 041
Parental discouragements/min 0.22 (0.3) 0.16 (0.13) 0.25
Child refusals/min 0.47 (0.41) 0.50(0.39) 0.80
Child requests/min 0.53 (0.25) 0.56 (0.28) 0.79
Child mouthfuls/min 2.16 (0.96) 2.60(1.08) 0.10
Total active mealtime 37.8 (11.8) 36.9(15.7) 0.82
Gender n (%) n(%) 0.89
Boy 15 (48) 16 (52)
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Low risk (N=29) High risk (N =32)

Variable Mean (s.d.) Mean (s.d.) t-Test P value
Girl 14 (47) 16 (53)

8\/ariables were measured as part of an ad libitum laboratory feeding protocol, except for total daily energy intake, which was estimated from 3-
day food records.
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Table 2

Child and parent behavioral measures by overweight status at age 6 years

Overweight
(BMI >85th %)

Normal weight
(BMI <85th %)

N 11 50
Continuous variables? Mean (s.d.) Mean (s.d.) 'L)Jr\};vligiable logistie
Child BMI (kg/m?), year 4 18.6 (1.7) 15.6 (1.1) 0.001
Absolute change in BMI (kg/m?) from year 4 to 6 2.2(2.6) -0.52 (0.73)  0.002
Change in skinfold from year 4 to 6 (mm) 23.3(19.4) -1.6 (4.0) 0.03
Change in total lean mass from year 4 to 6 (kg) 3.97 (1.0) 3.18(0.58) 0.03
Change in total fat from year 4 to 6 (kg) 6.0 (4.3) 0.540 (0.6) 0.01
Change in % fat 4-6 8.7 (7.1) -1.1 (2.5) 0.005
Change in waist circumference from year 4 to 6 (cm) 9.6 (6.7) 2.7(2.2) 0.002
Maternal BMI at child’s birth 30.98 (5.50) 24.03 (5.76)  0.003
Paternal BMI at child’s birth 27.92 (4.80) 25.78 (3.19) 0.08
Total daily energy intake (kcal), year 4 1,261 (376) 1,237 (296) 0.84
Child eating and parental behavior during test meal at year 4
Total meal energy intake/min (kcal/min) 16.58 (6.36) 12.22 (5.05) 0.04
Total meal energy intake (kcal) 438 (200) 449 (163) 0.85
Parental prompts/min 3.47 (1.42) 2.95(1.35) 0.28
Parental discouragements/min 0.20 (0.13) 0.18(0.22) 0.83
Child refusals/min 0.60 (0.49) 0.46 (0.38) 0.34
Child requests/min 0.68 (0.23) 0.52 (0.26) 0.10
Child mouthfuls/min 3.12 (1.17) 2.24(0.95) 0.02
Total active mealtime (min) 28.53 (14.4) 39.19 (13.19) 0.03
Categorical variables n (%) n (%)
Risk group
Low 1(3) 28(97) 0.02
High 10 (31) 22 (69)
Gender
Boy 3(10) 28(90) 0.10
Girl 8 (27) 22 (73)

a . . .
Unless otherwise noted, measures were summarized per min.
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Child and parent eating behaviors at child age 4 that are significantly correlated at Pearson’s r >0.40

Table 3

Variable 1 with Variable 2 Pearson r
Maternal BMI at child’s birth Paternal BMI at child’s birth 0.42
Active mealtime (min) Total meal energy intake/min (kcal) -0.51
Total meal energy intake (kcal) 0.50
Parental prompts -0.67
Child refusals —0.55
Child requests -0.54
Parental Discouragements Parental prompts 0.46
Child requests 0.46
Total meal energy intake (kcal) Child active mealtime 0.50
Total meal energy intake/min (kcal) 0.40
Total meal energy intake/min (kcal/min)  Parental prompts 0.48
Child requests 0.50
Child mouthfuls 0.62
Child active mealtime —-0.51
Total daily energy intake (kcal) 0.42
Total meal energy intake (kcal) 0.40
Child mouthfuls Total meal energy intake/min (kcal) 0.62
Parental prompts Total meal energy intake/min (kcal) 0.48
Parental discouragements 0.46
Child refusals 0.73
Child requests 0.55
Child active mealtime —0.67
Child refusals Parental prompts 0.73
Child active mealtime —0.55
Child requests Total meal energy intake/min (kcal) 0.50
Parental prompts 0.55
Parental discouragements 0.46
Active mealtime —0.54

All P values <0.005; measurements were summarized per min, unless otherwise noted.
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Table 4

Page 16

Results of stepwise regression analyses testing predictors of change in BMI, change in total skinfold thickness,

total body fat, and total percent body fat from ages 4 to 6 years

Intercept Gender Mouthfuls/min

Outcome

variable B (se.) P value B(se.) Partial R? P value B (se.) Partial R®> P value
Change in

BMI —1.19 (0.53) 0.03 Not significant 0.50 (0.22) 8.8% 0.03
Total skinfold —12.6 (1.02)  0.03  8.72 (4.04) 10.2% 004 489 (204)  11.4% 0.02
thickness

Total body fat —1.60 (1.85)  0.12  1.63(7.70) 9.1% 004 096(356)  13.7% 0.01
% Body fat -5.46 (1.85)  0.005  3.94(1.39) 13.9% 0.008  1.75(0.64) 13.9% 0.01
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