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Abstract

Identifying points of intervention to reduce the burden of childhood obesity is
critical. Despite concurrent trends of increased childhood obesity prevalence and
increased eating frequency, the role of eating frequency in excess childhood weight
gain is not well understood. To clarify this relationship, we examined the cross-
sectional and prospective relationships of eating frequency with relative weight in
children using data from the National Health and Nutrition Examination Survey
(NHANES) 2005-2010 and the Daily D diet sub-study. We also explored the
relationships of eating frequency with total energy intake, diet quality, and television
(TV) viewing as possible pathways by which the eating frequency may affect
relative weight in children.

In cross-sectional analyses using data from 9,713 children, ages 2-18 years,
who participated in NHANES 2005-2010, we observed that the relationships of
eating frequency with weight status, total energy intake and diet quality differed
among pediatric life stage groups. Unexpectedly, we found that eating frequency was
associated with lower odds of being obese in both elementary school-age (6-11
years) and adolescent (12-18 years) participants, despite the observed positive
association between eating frequency and total energy intake. Also inconsistent
with our hypothesis, we found that eating frequency was associated with better diet
quality, as measured by the Healthy Eating Index-2005 (HEI-2005), in both older
age groups.

Using prospective data from the Daily D study, a low-income, racially
and ethnically diverse sample of 176 school-age children, ages 9-15 years, we were
able to compare the cross-sectional and prospective relationships of eating frequency
with relative weight. At baseline, we observed a statistically significant and inverse
cross-sectional association between eating frequency and BMI z-score (BMIz);
however, the association between eating frequency and 6-month change in BMIz
was statistically significant and positive. Similar to our findings in
NHANES, eating frequency was statistically significantly and positively
associated with total energy intake. With respect to diet quality, snacking behavior
was positively associated with diet quality in elementary school-age participants and
inversely associated with diet quality in adolescents.

Finally, in a cross-sectional analysis of the relationship between TV viewing
and eating frequency in children ages 6-11 years who participated in NHANES, 2005-
2010, each additional reported hour of daily TV viewing was statistically
significantly associated with increased odds of being overweight or obese and lower
total diet quality. The relationships of TV viewing with eating
frequency and with total energy intake, in separate models,
however, were not statistically significant.

The observed inverse cross-sectional relationship of eating frequency with
relative weight and positive association with total energy intake is paradoxical.
However, when considered along with the observed positive prospective association
between eating frequency change in BMIz, we conclude that the inverse association
between eating frequency with relative weight is likely an artifact of the cross-



sectional study design. More specifically, the prospective findings support that
residual confounding, reverse causation, and/or biased dietary recall may account for
the inverse cross-sectional relationship. The present research highlights the need for
further prospective work to assess the relationship between usual eating
frequency and long-term weight gain in children.
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Chapter One: Introduction

Childhood overweight and obesity have reached epidemic proportions in the
United States. Estimates from the National Health and Nutrition Examination Survey
(NHANES) 2009-2010 suggest that one-third of children are overweight or obese, and
ethnic minorities, particularly those of low socioeconomic status (SES), are
disproportionately affected (1). Physiologically, obesity results from an imbalance
between energy consumed and energy expended, such that prevention hinges on eating
less and being more physically active. In the current obesogenic environment, however,
children consume diets low in fruits, vegetables, and whole grains and high in low-
nutrient, energy dense foods (2), physical activity levels are well below recommendations
(3), and total screen-time estimates are more than three times the two hour limit
recommended by the American Academy of Pediatrics (AAP) (4, 5).

Nationally representative data from the 1970’s to the 2000’s show that as
childhood obesity prevalence has increased, so have eating frequency (6) and total energy
intake (7). Whereas several contributors to childhood obesity are well established, the
role of eating frequency in excess childhood weight gain remains unclear. This is largely
due to inconsistent findings across cross-sectional and prospective studies, the cause of
which is not readily understood. Inconsistencies are attributable to methodological
limitations in cross-sectional studies, a shortage of prospective work, and variations in the
definition of eating occasions and dietary assessment methods used across studies. As a
result of the equivocal literature, parents, schools and clinicians are without clear

guidance as to an ideal eating frequency to minimize childhood obesity risk. Thorough



understanding of how eating frequency affects relative weight in childhood is critical to
both preventing and treating obesity.

Study Populations and Methods Overview:

National Health and Nutrition Examination Survey, 2005-2010

The National Health Survey Act of 1956 provided legislation for a continuing
survey designed to monitor the effects of illness and disability in the United States (8). In
compliance with this legislative act, the National Center for Health Statistics (NCHS)
conducted its first National Health Examination Survey (NHES I) from 1960 to 1962.
Through several subsequent cycles and a refocus on nutrition and its relationship to
health status, NHES | evolved into the continuous National Health and Nutrition
Examination Survey (NHANES). Continuous NHANES is a program of studies that
evaluates the nutritional status and health of adults and children in the United States.
Through a complex, multistage, probability sampling design, NCHS annually surveys
approximately 7,000 citizens to yield samples that are representative of the civilian, non-
institutionalized US population (9).

As part of the NHANES protocol, participants and/or eligible proxies complete an
in-person health interview as well as a physical exam and laboratory studies within the
Mobile Examination Center (MEC). The health interview includes demographic,
socioeconomic, dietary, and health-related questions. The MEC exam includes medical,
dental, and physiological measurements, as well as laboratory tests (9). Height and
weight are measured for each eligible participant during the MEC exam. Height is
measured in centimeters using a stadiometer, and weight is measured in kilograms using

a digital scale and (10). BMI (kg/m?) is calculated for each participant from height and



weight measurements. Centers for Disease Control and Prevention (CDC) age- and sex-
specific BMI growth charts were used to determine weight status f (11, 12).

Diet is measured as part of the survey via two non-consecutive, repeat 24-hour
dietary recalls. The first recall is collected in-person at the time of the MEC exam, and
the second recall is collected 3-10 days later by telephone (13). Both recalls are collected
by a trained interviewer using the United States Department of Agriculture (USDA)
Automated Multiple Pass Method (AMPM) (13). The AMPM has been validated for
energy using the doubly-labeled water technique (14). Parents or guardians report dietary
intake for children ages 2-5 years, parent- or guardian-assisted interviews are conducted
with children ages 6-11 years, and adolescents, ages 12-18 years, report their own intake.

We have analyzed dietary and anthropometric data from children ages 2-18 years
who participated in NHANES 2005-2006, 2007-2008 and 2009-2010. The sample for
these analyses included children aged 2-18 years with complete anthropometric data and
a complete, reliable, in-person 24-hour recall. The final sample included 9,876 children.
A total of 1,015 participants ages 2 to 18 years were not included in this analysis because
they were missing both anthropometric and dietary data (41%), missing anthropometric
data only (13%), missing dietary data only (28%), or provided unreliable 24-hour recall
data (18%). The Institutional Review Board of Tufts University approved this study as
non-human subjects research.

Daily D Diet Sub-study

The Daily D diet sub-study was a supplement to the Daily D Study, a randomized

trial designed to determine the appropriate level of vitamin D supplementation needed to

prevent serum vitamin D inadequacy in school-age children. Participants were recruited



from five public schools in three communities in the greater Boston, Massachusetts area:
Everett, Malden and Somerville. A total of 312 participants, ages 9 to 15 years, enrolled
in the trial, which was comprised of four study visits from October 2011 to December
2012: baseline, 3-months, 6-months, and 1-year. Other than providing a vitamin D
supplement to all participants, the trial’s protocol did not include any dietary intervention.

At the 3-month study visit, 183 participants were recruited from four of the five
schools into the diet sub-study. Recruitment did not occur at the fifth school due to
logistical constraints. Students were ineligible for the Daily D Study if they were
currently taking vitamin D or multi-vitamin supplements, taking oral glucocorticoids, or
had rickets, cystic fibrosis, kidney disease, sarcoidosis, irritable bowel syndrome,
epilepsy, or HIV/AIDS. Participation required complete weight and height
measurements at baseline and willingness to complete two 24-hour diet recalls. Parental
informed consent and child assent was obtained for both the diet sub-study.

Body mass index (BMI = weight (kg) / height (m?)), which is frequently used as a
surrogate for adiposity in children (15), was calculated from height and weight
measurements collected at baseline, 6 months, and 1 year. Height was measured without
shoes using a portable stadiometer (Model 214, Seca Weighing and Measuring Systems,
Hanover, MD) and recorded to the closest 1/8th inch. Weight was measured without
shoes in light clothing on a portable balance beam scale (Healthometer, Boca Raton, FL)
and recorded to the closest 1/4 pound. All measures were taken in triplicate. BMI
measurements were converted to BMI z-scores (BMIz) relative to the Centers for Disease

Control and Prevention Revised Growth reference (11). Their use provides an age- and



sex-specific measure of relative adiposity and allowed for calculation of change in BMIz
from baseline to 6-months and 1-year, respectively (16).

Diet was assessed via collection of two non-consecutive, weekday 24-hour diet
recalls by trained registered dietitians. The initial 24-hour diet recall was collected in-
person during the 3- month study visit using the University of Minnesota Nutrition Data
System for Research (NDSR) software (Version 2011, Nutrition Coordinating Center,
Minneapolis, MN). The NDSR software employs a multiple-pass method and a
standardized portion-size manual to minimize measurement error. At this visit,
participants were taught how to use the portion size manual to estimate portion sizes.

The second recall was collected over the phone 3 to 21 days after the first recall using the
same methodology. For 25 participants (16%), the second recall was collected in-person
given difficulty in reaching them by phone within a 21-day window. Dietary data were
collected for Monday through Friday only to avoid any additional variation introduced by
differences in eating patterns between weekday and weekend day recalls (17). Research
suggests that children in this age group, which ranged in age from 9-15 years, are capable
of providing reliable 24-hour diet recalls without the assistance of a parent or guardian
(18, 19).

Specific Aims and Hypotheses

The primary objective of this research is to examine the relationships of eating
frequency with relative weight, total energy intake, and diet quality to better understand
the role of meal and snack patterns in childhood obesity. We explore these relationships
using cross-sectional data from the nationally representative NHANES, 2005-2010, and

we examine both cross-sectional and prospective relationships using data from the Daily



D diet sub-study. Finally, using daily television (TV) viewing data for NHANES
participants, ages 6-11 years, we elucidate the relationship between daily TV viewing and
eating frequency, total caloric intake, and diet quality.

Specific Aim 1: Determine the cross-sectional relationship of eating frequency with
weight status, total energy intake, and diet quality as well as how each relationship may
differ by pediatric life stage, SES, and race/ethnicity using data from NHANES 2005-
2010. The working hypothesis for this aim is that eating frequency will be positively
associated with weight status and total energy intake and inversely associated with diet
quality. We also hypothesize that each relationship will be stronger in adolescents, those
of low SES, and racial/ethnic minorities as compared to young children, those of high
SES, and non-Hispanic whites.

Specific Aim 2.1: Evaluate the prospective relationship of eating frequency with change
in BMI z-score at 6-months and 1-year and determine whether each relationship differs
in elementary school-age participants versus adolescent using data from the Daily D diet
sub-study. The working hypothesis for this aim is that eating frequency will be positively
related to change in BMI z-score at both 6 months and 1 year.

Specific Aim 2.2: Examine the cross-sectional relationships of eating frequency with
baseline BMI z-score, total energy intake and diet quality and determine whether each
relationship differs in elementary school-age participants versus adolescents. The
working hypothesis for this aim is that eating frequency will be positively associated with

baseline BMI z-score and total energy intake inversely associated with diet quality.



Specific Aim 3: Using data cross-sectional data NHANES 2005-2010, determine how
daily TV viewing is related to eating frequency, total energy intake and diet quality. The
working hypothesis for this aim is that there will be a positive association between daily
TV viewing with eating frequency and total energy intake and a negative association
between daily TV viewing and diet quality.

Significance of the Research

This research seeks to elucidate the relationship between eating frequency and
childhood overweight and obesity, in children ages 2-18 years. Given the high
prevalence of childhood obesity in the U.S. along with findings that total energy intake
has increased, that diets are largely made up of low-nutrient, energy-dense foods, and that
snacks largely contribute to consumption of empty calories, one would expect that the
observed increase in eating frequency contributes to excess weight gain. Results from
cross-sectional analyses, however, generally suggest an inverse relationship between
eating frequency and weight status, while those from prospective studies are mixed.
Given the equivocal nature of the literature along with a limited number of prospective
studies, the Academy of Nutrition and Dietetics, the AAP, and the USDA make no
specific recommendations regarding eating frequency as it relates to childhood obesity
(20-22).

This analysis has the potential to clarify the literature. A cross-sectional analysis
will be done in a nationally representative dataset and both cross-sectional and
prospective analyses will be done in the same low-income, racially/ethnically diverse
sample of school children, a population at high risk for poor diet and its health-related

consequences. Application of a definition for an eating occasion that is consistent with



previous studies and use of a single dietary assessment method will aid in interpretation
of findings. Finally, if results suggest that eating an increased number eating occasions
protects against or contributes to overweight and obesity, this analysis may inform

interventions designed to reduce childhood obesity incidence.
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Chapter Two: Review of the Literature

Childhood overweight and obesity are defined using the Center for Disease
Control and Prevention (CDC) BMI-for-age and -sex growth reference (1). Children and
adolescents are considered overweight if their BMI is greater than or equal to the 85"
percentile, and obese if their BMI is greater than or equal to the 95" percentile (2).

Using these definitions, comparing rates from the 1960°s to those from NHANES 2009-
2010 suggests that the prevalence of childhood obesity has more than tripled over the last
three decades (3-5). Data from NHANES 2009-2010 suggest that 17% of children ages
2to 19 are obese, and 32% are overweight or obese (6). Furthermore, African-
American, Hispanic-American, and Native American children and those of low SES are
disproportionately affected (6).

Childhood obesity has considerable public health implications due to both the
physical and economic costs associated with excess weight. Childhood obesity is a
recognized risk-factor for many adverse physical health outcomes. Specifically, obesity
in children can lead to metabolic complications during the pediatric period (7). These
include increased risk for high blood pressure (8), type Il diabetes (9), sleep apnea (10),
asthma (11), polycystic ovarian syndrome (12), and cardiovascular disease risk factors
(13). Overweight and obese children are also at increased risk for social and
psychological problems, which often persist into adulthood (14-16). Further, obese
children are more likely to become obese adults (17). From an economic perspective, if
current obesity trends continue, it is estimated that by 2030, 86% of American adults will
be overweight or obese. Based on these projections, total health care costs attributable to

overweight and obesity in children and adults in the United States would total $860
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billion by 2030 (18). These physical and economic costs of highlight the need for
research which identify contributing causes and potential points for intervention for
childhood obesity.

At the most basic level, obesity arises from an imbalance between energy
expended versus energy consumed. A lack of physical activity and excessive sedentary
time, particularly watching television, are therefore likely contributors to excess weight
gain in childhood. Nationally representative data suggest that children’s physical activity
levels are well below recommendations (19). Specifically, data from the 2001-2004
NHANES show that 37% of school-aged children had low levels of play, 65% had total
screen time that was higher than the AAP recommended two-hour limit, and 26% of
children exhibited both behaviors concurrently (19, 20). Further, obese children were
more likely than non-obese children to have low levels of active play (42% vs. 36%),
total screen time greater than two hours per day (71% vs. 64%) and to have both
behaviors simultaneously (33% vs. 25%) (19). TV has long been recognized as a
contributor to childhood obesity. In 1985, Dietz and Gortmaker first documented the
association between TV viewing and obesity in a nationally representative sample of
children aged 6 to 17 years (21). Since this seminal study, TV has become an established
risk factor for childhood obesity, as a sedentary behavior and due to its association with
poor dietary intake (22, 23).

Several dietary behaviors are associated with excess weight gain in childhood
(24-34), including increased consumption of sugar-sweetened beverages (SSB) (24, 27,
33-35), increased portion sizes (30, 31), and eating more meals away from home (24, 32).

A recent evaluation of 2007-2008 NHANES dietary data found that the top energy
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sources for American children ages 2-18 years include desserts, pizza, and soda, and
nearly 40% of total energy consumed by 2- to 18- year olds were as empty calories (36).
Although modifying food choices is a well-established point of intervention for
childhood obesity, the role of eating frequency remains unclear.

Trend data suggest that eating frequency has increased considerably over the last
three decades as both total energy intake and childhood obesity prevalence have both
increased (5, 37). Specifically, the average number of daily eating occasions increased
from 3.0 in the 1970°s to 5.0 in 2006 (38). Despite the parallel trends, however, the
relationship between eating frequency and relative weight in children is not well
understood. In adults, increased eating frequency is inversely associated with BMI (39,
40). Yet, these findings have been challenged given documented under-reporting and
because controlled feeding studies have failed to show that increased eating frequency
affects appetite or energy intake (41, 42). In children, the literature relating to eating
frequency and childhood obesity is even more difficult to make sense of. Inconsistent
findings are likely due to studies that were done several decades ago, limited prospective
evaluations, methodological limitations of the cross-sectional studies, inconsistencies in
the definition of eating occasions and differences in dietary assessment methods used
across studies.

To date, the only intervention study to examine this relationship in children was
conducted in the 1960’s by Fabry, et al. Their school-based intervention tested the
differences in excess weight gain among school-age children eating three versus seven
meals per day. Despite similar energy intake levels across the two meal frequency

groups, children who consumed three meals per day gained more excess weight than
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those who consumed seven (43). These results are not readily interpreted, however, as
the data were collected in the context of a different food environment, and because
energy intake was similar across eating frequency groups. This is unlikely in free-living
children, as research shows that children lose their ability to regulate energy intake based
on prior intake as they age (44).

Since this study, only two other investigations have prospectively examined the
relationship of eating frequency with weight gain in children (45, 46). Inthe MIT
Growth and Development Study, Thompson and colleagues used prospective data from
adolescent females to examine how eating frequency affected change in BMIz over six
years. They found that girls eating 4.0-5.9 times per day had a smaller increase in BMIz
than those eating 6.0 or more times per day (p=0.0024) (46). Considered alone, these
results suggest that additional eating occasions increase risk for obesity; however, using
data from adolescent girls participating in the National Heart, Lung and Blood Institute
(NHLBI) Growth Study, Ritchie observed an inverse association between eating
frequency and 10-year mean BMI gains (45). Together, these three studies fail to provide
a clear conclusion with respect to the role of eating frequency in childhood weight gain.

Cross-sectional studies that have examined the relationship between eating
frequency and relative weight in children generally find inverse associations (47-53). In
a large nationally representative sample of French children aged 3-11, Lioret, et al. found
that number of self-defined eating occasions and snacks was inversely associated with
being overweight (48). Toschke and colleagues report similar cross-sectional results, as
they found that the odds of overweight and obesity decreased with each additional

reported daily meal in a dose-response fashion in a sample of young German children
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(50). Kaisari et al. performed a meta-analysis of 10 cross-sectional studies and one case-
control study, including more than 18,000 children and concluded that the relationship
between eating frequency and relative weight is inverse (53).

It is noteworthy that other large cross-sectional samples report no statistically
significant relationship between eating frequency and weight in children (54-56). Data
from the 1994-1996 Continuing Food Survey of Intake in Individuals (CFSII) suggest no
statistically significant relationship between number of eating occasions and BMI (57).
Similarly, in a cross-sectional analysis of data from adolescents participating in the 1970
Longitudinal Birth Cohort, Crawley and Summerbell found no statistically significant
relationship between frequency of eating occasions and BMI once they excluded dieters
(55). Finally, in an analysis done by Huang and colleagues using data from both the
1994-1996 and 1998 CFSII, an inverse relationship was initially observed between
reported eating frequency and BMI. However, when they limited their sample to only
children with plausible reported energy intakes, the inverse relationship was no longer
statistically significant (58). Researchers have asserted that the inverse relationship
between eating frequency and relative weight reported in cross-sectional studies may be
an artifact of biased dietary recall, or more specifically, under-reporting of both energy
intake and eating frequency by overweight or obese children (41, 58).

When considered independent of meals, the relationship between snacking and
weight status in children is also complicated. That snacking behavior among American
children has increased in recent decades is well-established. Analyses of 2003-2006
NHANES data suggest that children currently consume three snacks per day, such that,

on average, snacks contribute more than 27% of total daily energy intake (59). Low-
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nutrient, energy-dense foods such as desserts and sugar-sweetened beverages are the
major source of calories from snacks (59). Further, data from the third School Nutrition
Dietary Assessment Study show that 40% of children consume a snack during the school
day (60). Whereas some studies have found an inverse relationship between snacking
and weight status (61, 62), others have found that more frequent snacking is associated
with increased odds of overweight in children (47). These inconsistent findings are likely
due to lack of a consistent definition for snacking, under-reporting by overweight and
obese children, as well as the fact that overall eating patterns are not always considered.
This latter issue is important because children who skip meals are more likely to snack
(63, 64).

Considered together, the relationship between eating frequency and childhood
weight is not clear. In addition to the methodological limitations of cross-sectional
studies, a lack of prospective work, absence of a consistent definition for eating
occasions, and varying dietary assessment methods, it is also possible that the
relationship is unclear due to effect modification by pediatric life-stage, SES and
race/ethnicity. Although differences in the relationship between eating frequency and
childhood overweight and obesity have not been explicitly examined by pediatric life
stage, this relationship might be expected to vary with age because of the degree of
family influence on diet changes markedly over the pediatric life course as does
autonomy with respect to food-related decisions. Specifically, younger children have
shown to have a better ability to self-regulate intake (65), while adolescents have greater
autonomy over their eating habits, have greater spending power, and consume more

meals outside the home (66), particularly fast food (67). Furthermore, as students move
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from elementary to middle to high school, consumption of the breakfast meal and of
fruits, vegetables, and milk decreases and consumption of soft drinks increases (68).
These observations suggest that the association of number of eating occasions with BMI
and weight status may differ across the life course.

It is possible that the relationship between eating frequency and relative weight
differs between racial and ethnic groups. To examine the relationship between meal
frequency and BMI, Franko and colleagues used data from the NHLBI Growth and
Health Study (NGHS). They found that in black and white girls aged 9-10 years, those
who ate three or more meals per day had lower BMI z-scores. In examining the
association between meal frequency and weight status, they found significant effect
modification by race, as the main effect for meal frequency was not significant, but black
females who consumed consistently ate three meals per day were 1.23 times less likely to
be overweight (OR: 1.23; 95% CI: 1.05-1.50) (49). Furthermore, in the Bogalusa Heart
Study, a bi-racial sample of 1562 children aged 10 years at time of data collection,
researchers report that the total number of meals consumed was inversely associated with
obesity in African American females (47). This relationship was non-significant in both
white and African American males and, notably, the association was positive in white
females. Further, in an analysis of data from several cycles of NHANES, Kant and
Graubard found that although number of eating occasions increased over time in all
race/ethnic groups, the increase in non-Hispanic black and Mexican Americans in pre-
school-age children and in adolescents was significantly greater than in non-Hispanic
whites (p<0.02) (69). These results suggest that the relationship between eating frequency

and childhood obesity may differ by race/ethnicity.
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In the relationship between eating frequency and weight in children, there also
may be differences between children of high and low SES. Research suggests that
children from low SES families are more likely to consume more servings of SSBs (34),
whereas those from families of higher SES are more likely to snack (59). Moreover,
children from low SES families are less likely to consume fruit and vegetables and eat
family meals, which may put them at greater risk for consuming lower quality diets, one
of the proposed mechanisms by which eating frequency may affect childhood weight
status (67). Therefore, the effect of SES should be considered in the relationship between
number of eating occasions and childhood obesity.

Finally, as previously discussed, TV viewing is an established risk factor for
childhood obesity as a sedentary behavior that is often accompanied by poor dietary
intake (22, 23). Research suggests that both children and adults passively consume
excessive amounts of energy dense foods while watching TV (22). In a study of
elementary school-age children with mean age 11.7 years, each additional hour of TV
viewing was associated with consumption of an additional 106 kcals/day (95% CI: 61-
150 kcals/day) (70). In addition to increasing total energy intake (70-72), watching TV
is inversely associated with fruit and vegetable consumption (73-75) and positively
associated with consumption of energy-dense snhacks (76) and SSB (72) in children. One
proposed mechanism by which TV viewing affects dietary intake is food advertising. An
expert committee at the Institutes of Medicine concluded that food marketing to children
is effective, as it influences both food preference and purchase requests (77). Another
way in which TV viewing may affect dietary intake is through distracted or passive

eating, which may affect eating frequency (22). This hypothesis has been less well
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explored; however, overweight and obese teens report ‘unconsciously’ eating foods high
in sugar, salt and fat while watching TV (78). Further support for this mechanism is
national trend data which suggest a parallel increase between TV viewing and eating
frequency in children. Accordingly, distracted or passive eating associated with TV
viewing may be responsible for the observed increase in eating frequency (38). Given
these findings, it is important to examine how TV viewing may affect eating frequency in

children.
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ABSTRACT

The relationship between eating frequency and weight status during childhood is unclear.
Given the equivocal state of the literature, the current work was undertaken to identify
possible mechanisms by which daily eating frequency, operationalized as number of
reported daily eating occasions, may affect weight status. Specifically, we examined the
associations of eating frequency with weight status, total energy intake and diet quality,
measured by the Healthy Eating Index 2005, in 9,713 subjects, ages 2-18 years, who
participated in the National Health and Nutrition Examination Survey, 2005-2010.
Eating frequency was determined using one in-person 24-hour diet recall. Odds of being
obese were statistically significantly lower in both elementary school-age children and
adolescents with each additional reported eating occasion. Total energy intake was
statistically significantly and positively associated with both BMI z-score and total
energy intake in all pediatric life stage groups. Each additional eating occasion was
associated with a 7.0% increase in total energy intake for preschool-age children, a 7.8%
increase in elementary school-age children, and a 15.0% increase in adolescents (all
p<0.0001). Eating frequency was associated with better diet quality in elementary
school-age children and adolescents. Results suggest that eating frequency is associated
with greater energy intake and higher diet quality, despite the observed inverse
association with BMI z-score in elementary school-age children and adolescents. Given
the shortcomings of cross-sectional diet-focused obesity studies, these paradoxical
findings emphasize the need for further prospective analyses to clarify the relationship

between eating frequency and excess weight gain in childhood.
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INTRODUCTION

Trend data show that over the past three decades, as the prevalence of childhood
obesity has more than tripled (1, 2), the average number of daily eating occasions in
children shifted from 3.0 to 5.0 (3) as total daily energy intake in children ages 2-18 years
increased by almost 200 calories (4). Research supports a positive association between
eating frequency and total energy intake in both children and adolescents (5, 6).
Together, these findings suggest that childhood obesity may, in part, be due to increased
total energy intake resulting from more frequent consumption of energy dense snack
foods. However, despite these well-documented trends, the relationship between eating
frequency and weight status in childhood and adolescence is not well established.

To date, the only intervention study to examine this relationship in children was
carried out in the 1960’s, in which Fabry and colleagues examined differences in excess
weight gain among school-age children receiving three versus seven meals per day.
They found that children who consumed three daily meals gained more relative weight as
compared to those who consumed seven, despite similar energy intake levels (7). These
results are not readily interpretable, given that the food environment has changed since
the 1960’s and because free-living individuals may not self-regulate energy consumption
well (8). The only two longitudinal studies to examine the relationship of eating
frequency with weight gain in children have both been done in females and yield
opposing results. Thompson et al found that girls who reported six or more daily eating
occasions exhibited a greater increase in BMI z-score than those who reported fewer (9),
while Ritchie found that girls reporting six or more daily eating occasions had a

statistically significantly smaller 10-year increase in BMI as compared to those eating
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fewer (10). Finally, two recent reviews suggest that the cross-sectional literature
generally supports an inverse relationship between eating frequency and weight in
children (11, 12). While these inverse associations may be artifacts of biased dietary
recall in cross-sectional studies, they further complicate the state of the literature (13).
Accordingly, the Academy of Nutrition and Dietetics, the American Academy of
Pediatrics, and the United States Department of Agriculture (USDA) make no
recommendations regarding an ideal eating frequency as it relates to excess weight gain
children (14-16).

The present analysis was done not only to examine the cross-sectional
relationship between eating frequency and weight status in a nationally representative
sample, but also to explore the relationships of eating frequency with total reported
energy intake and diet quality to uncover possible pathways by which eating frequency
may be related to weight status in children and adolescents. We hypothesize that eating
frequency is associated with greater odds of overweight and obesity, positively associated
with total energy intake, and inversely associated with diet quality.

SUBJECTS & METHODS
Study Design and Participants

NHANES, collected by the National Center for Health Statistics (NCHS), is a
continuous program of cross-sectional surveys designed to assess the health and
nutritional status of adults and children in the United States. NHANES utilizes a
complex, multistage, probability sampling design to generate nationally representative
samples (17). Through a health interview and physical exam, this survey provides

information on demographics, physiological measurements, and diet. A complete
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description of data-collection methods and analytic guidelines has been detailed
elsewhere (17). For purposes of this analysis, data from the three most recent continuous
NHANES cycles, 2005-2006, 2007-2008, and 2009-2010, were combined. The sample
for these analyses included children aged 2-18 years with complete anthropometric data
and a reliable, in-person 24-hour recall. The final sample included 9,876 children. A
total of 1,015 participants ages 2 to 18 years were not included in this analysis because
they were missing both anthropometric and dietary data (41%), missing anthropometric
data only (13%), missing dietary data only (28%), or provided unreliable 24-hour recall
data (18%). Per federal guidance, the Institutional Review Board of Tufts University
approved this study as non-human subjects research.
Dietary Measures

Dietary measures were determined from an in-person 24-hour diet recall obtained
by a trained interviewer using the USDA Automated Multiple Pass Method (AMPM)
(18). Proxy respondents reported dietary intake for children five years of age and
younger at the time of participation, and proxy-assisted interviews were conducted with
children six to eleven years of age. Adolescents, ages 12-18 years, reported their own
intake. Research suggests that using the AMPM to collect 24-hour diet recalls yields
valid accounts of food intake in children (19). For all three cycles of NHANES,
participants completed two 24-hour recalls; however, prior work suggests that there may
be systematic bias in reporting of eating frequency in children and adolescents resulting
from mode of administration used to collect the two recalls (in-person vs. by telephone).

Therefore, this analysis uses data from the in-person recall only (Appendix C).
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Eating Frequency: The AMPM uses probes to collect detailed information on each food
and beverage consumed as well as the name and timing of each eating occasion. Eating
occasion names come from a pre-defined list including, “breakfast, lunch, dinner, supper,
brunch, snack, extended consumption, drink” for English speaking participants or
“desayano, almuerzo, comida, merienda, cena, entra comida, botana, bocadillo,
tentempie” for Spanish-speaking participants. For purposes of these analyses, an eating
occasion was defined as any distinct time when a participant reported consuming at least
one food or beverage item, excluding water. When an eating occasion was labeled as an
“extended consumption,” and it was initiated at the same time as a reported meal or
snack, we combined the two occasions into a single eating occasion. This was done by
identifying all times at which an extended consumption was reported at the same time as
a meal or snack. Eating frequency, defined as the number of eating occasions reported
over the 24-hour recall period, was determined for each participant. Previous
publications on eating frequency have used a definition for eating occasions in which
foods and beverages consumed within 15 minutes of each other were combined into one
meal or shack (3, 20). An examination of how often eating occasions occur within 15
minutes of each other in this dataset suggests a prevalence of less than one percent of the
time. Therefore, our definition is consistent with previous research while also
maintaining the integrity of how children, adolescents, or proxies self-report eating
occasions.

Total Energy Intake: Total energy intake was determined for each participant using the

Total Nutrients File for the in-person 24-hour diet recall.
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HEI-2005 Score: Diet quality was measured using the HEI-2005. The HEI-2005 is a
scoring system designed to assess conformance to the 2005 Dietary Guidelines for
Americans (DGA) (21). The HEI-2010, which corresponds to the 2010 DGA, is now
publically available (22); however, we used the HEI-2005 as it reflects adherence to
federal dietary guidance that prevailed during the time of data collection for the three
NHANES surveys used in this analysis. The HEI-2005 comprises 12 nutrient- and food-
based component scores which reflect whether intake of food groups and nutrients meet
the standards set by the 2005 DGA. Nine of the components (fruit, whole fruit, total
vegetables, dark green and orange vegetables, total grains, whole grains, milk, meat and
beans, and oils) represent adequacy components for which a higher score indicates higher
consumption, whereas the saturated fat, sodium, and energy from solid fat, alcohol, and
added sugars (SOFAAS) represent moderation components where a higher score reflects
lower consumption. With the exception of energy from SOFAAS, the HEI-2005 uses a
density approach (per 1,000 calories) to reflect the 2005 DGA recommendation to meet
food group and nutrient needs while maintaining energy balance (21).

Total and component HEI-2005 scores were determined for each participant using
the MyPyramid Equivalents Database (23), the 2003-2004 addendum (24), and SAS
code made publically available by the USDA (25). Given that the standards used to
assign maximum HEI-2005 scores are based on overall population needs along with the
assertion that younger children need to consume more nutrient-dense diets to achieve
desired intakes without exceeding energy needs, we modified the HEI-2005 standards
for each pediatric life-stage group (26). Estimated energy requirements published by the

Institute of Medicine were 1,436 calories for preschool-age children, 1,805 calories for
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elementary school-age children, 1,982 calories for adolescent females, and 2,518 calories
for adolescent males (27). Thus, HEI-2005 standards were modified using MyPyramid
eating patterns for 1,400, 1,800, 2,000 and 2,400 calories, respectively (21).
Anthropometric Measurements

Height and weight were measured for each eligible participant during the MEC
exam. Weight was measured in kilograms and height was measured in centimeters (28).
BMI (kg/m?) was calculated for each participant using height and weight measurements,
and BMI z-scores were determined using the Center for Disease Control and Prevention
(CDC) z-score data files (29, 30). The instructions and SAS code for this calculation are
publically available from the CDC (31). Weight status was determined using BMI
percentiles for sex and age. Participants were considered normal weight if their BMI
percentile for age and sex was less than the 85™ percentile, overweight if their BMI
percentile for age and sex was between the 85" and 95" percentiles, and obese if their
BMI percentile for age and sex was greater than or equal to the 95" percentile. In our
examination of weight with total energy intake, BMI z-scores were used.
Covariates

Pediatric life stage, age in months, sex, race/ethnicity, poverty-to-income ratio
(PIR), and physical activity were considered covariates. Pediatric life-stage groups were
defined using age at last birthday as follows: preschool: children ages two to five years
old, elementary school-age: children ages six to eleven years old; adolescent: participants
ages 12-18 years old. Self-identified race/ethnicity was coded by NCHS by combining
information on race and Hispanic origin. Racial/ethnic categories include non-Hispanic

white, non-Hispanic black, Mexican American, and other (32). PIR, a measure of SES,
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is calculated as a ratio of household income to the appropriate poverty threshold for the
household size.

Physical activity was assessed by questionnaire across all three cycles of
NHANES 2005-2010; however, different questions were used to collect information on
physical activity in children ages two to eleven years old between the 2007-2008 and
2009-2010 surveys. From 2005-2008, proxy respondents were asked to report the
number of times their child played or exercised hard over the last week (NHANES
variable PAQ560). In 2009-2010, proxy respondents were asked the number of days
during the last week that their child was physically active for at least 60 minutes
(NHANES variable PAQ706). Both survey questions yield count variables with similar
means. In adolescents, 12-18 years of age, physical activity was assessed by self-report
of moderate and vigorous activity. In the 2005-2006 survey, only questions on leisure
time activity were asked; therefore, while more detailed questions were asked as part of
the physical activity questionnaire for the 2007-2008 and 2009-2010 cycles, only
physical activity from recreation was considered to keep the measure consistent across
cycles (33). Adolescents were categorized as ‘sedentary’ if their reported weekly
moderate activity totaled less than 150 minutes, ‘moderately active’ if it totaled 150-300
minutes, and ‘active’ if it exceeded 300 minutes (34).

Statistical Analyses:

All descriptive and inferential statistics were obtained using Proc Survey in SAS
(Version 9.2, 2008, SAS Institute, Cary, NC) to account for the complex, multistage,
probability sampling methodology used by NCHS to collect the 2005-2010 NHANES

cycles. Sample weights, which account for survey non-response, over-sampling, post-
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stratification, and sampling error for each two-year survey, were re-scaled to represent
the population at the midpoint of the combined six year survey period (17). All tests
were performed at the two-sided 0.05 level of significance.

The relationship between eating frequency and weight status was estimated using
multinomial logistic regression in Proc SurveyLogistic to account for three weight status
outcomes, normal, overweight, and obese. The associations of eating frequency and
BMIz score with total energy intake and the association eating frequency with diet quality
were estimated using multivariable linear regression in Proc SurveyReg. Given its
distribution, total energy intake was log transformed and geometric means are reported.
Per a priori hypotheses, we tested for the presence of effect modification by pediatric
life-stage, socioeconomic status, and race/ethnicity using an interaction term in each
respective model. Where effect modification by pediatric life stage was present, separate
models were fit for preschool-age, elementary school-age and adolescent participants.
For each respective outcome, effect estimates are reported for an age-adjusted model,
controlling for age in months, and a multivariate model: controlling for age in months,
sex, race/ethnicity, PIR, and physical activity. To account for the change in physical
activity assessment across survey cycles, dummy variables were created for survey cycle
and physical activity, and interaction terms were included in the full multivariate models
for preschool-age and elementary school-age participants. Finally, where the
relationship of eating frequency with diet quality was statistically significant, the
relationships between eating frequency and HEI-2005 component scores were examined

by eating frequency groups.
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RESULTS

Statistically significant effect modification by pediatric life stage was observed
for eating frequency and each respective outcome. Accordingly, Table 1, which presents
demographic, anthropometric and dietary characteristics of the sample, is stratified by
pediatric life stage group. Each age group was about 50% female and varied by
racial/ethnic frequencies. Adolescent and elementary school-age participants were more
likely than preschool-age participants to be overweight and obese (p<0.001). With
respect to diet, eating frequency decreases through childhood as preschool-age children
report almost six daily eating occasions while adolescents report fewer than five
(p<0.001). Conversely, on average, daily total energy intake increases with age, with
preschool-age children reporting 1451 calories, elementary school-age children reporting
1826 calories, and adolescents reporting 1958 calories. Finally, diet quality is highest in
preschool age children, but does not significantly vary between elementary school-age
children and adolescents. While not shown in Table 1, physical activity assessments
suggest that both preschool age children (2005-2008: 6.2 + 0.12 times/week; 2009-2010:
6.5 + 0.10 times/week) and elementary school age children (2005-2008: 5.9 + 0.14
times/week; 2009-2010: 6.0 + 0.14 times/week) are close to meeting the recommendation
of 60 minutes of physical activity every day of the week. The majority of adolescents,
however, were sedentary (66%), 7% were moderately active, and 27% were active based
on minutes of reported moderate physical activity per week (34).

Table 2 displays stratified odds ratios which represent the odds of being
overweight and the odds of being obese, relative to normal-weighted children, for each

additional reported daily eating occasion. In preschool-age participants, no relationship
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was observed between reported eating frequency and weight status. In elementary
school-age participants, after adjusting for age-in-months, race/ethnicity, sex, PIR and
physical activity, each additional reported eating occasion was statistically significantly
associated with lower odds of obesity (OR: 0.89; 95% CI: 0.80-0.98) but not overweight.
In adolescents, in a separate but similar model, each additional eating occasion was
statistically significantly associated with 18% reduced odds of being overweight and a
15% reduced odds of being obese. Of note, when physical activity was added to the final
model, neither covariate substantially altered effect estimates (data not shown).

Total energy intake was statistically significantly associated with odds of obesity
in each pediatric life stage group. Also shown in Table 2, after controlling for age in
months, sex, race/ethnicity, PIR and physical activity, each additional reported 10 calories
increased the odds of being obese by 4%. In a similar model, for each additional 100
calories reported, the odds of obesity in elementary school-age participants were 3%
higher. In adolescents, the relationship differed such that for each additional 100 calories
reported, an adolescent had 2% lower odds of being obese.

The relationship of eating frequency with total energy intake was statistically
significant across all three pediatric life stage groups (Table 3, top). Effect estimates
were of similar magnitude for the age-adjusted and multivariate models. In preschool-
age children after adjusting for sex, race, age in months, PIR and physical activity, with
each additional eating occasion, total energy intake increased by 7.0% (p<0.0001).
Extrapolating from average energy intake reported above, this represents a mean intake
of 102 calories for each additional eating occasion. In elementary school age children,

total energy intake increased, on average, by 7.8% with additional eating occasion
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(p<0.0001), which represents a mean increase in energy intake of 142 calories for each
additional eating occasion. In adolescents, the data suggest that total energy intake
increased, on average, by 15.0% with each additional eating occasion, representing a
mean increased intake of 294 calories for each additional eating occasion (p<0.0001).
Effect estimates for the relationship of eating frequency with diet quality (HEI-
2005 total scores) are also shown in Table 3 (bottom). In both elementary school-age
children and adolescents eating frequency is statistically significantly and positively
associated with diet quality. For each additional eating occasion, HEI-2005 total scores
increased, on average, by 0.41 units in elementary school-age children (p=0.01) and by
0.68 units in adolescents (p<0.001). To better understand the observed positive
relationships elementary school-age children and adolescents, we also examined the
relationship between eating frequency categories and each of the twelve HEI-2005
component scores (Table 4). For elementary school-age children, those with four or
fewer reported daily eating occasions have statistically significantly lower scores for total
fruit, whole fruit, milk, and sodium and statistically significantly higher scores for meat
and beans, and energy from SoFAAS than those with six or more daily eating occasions.
This finding suggests that children who report six or more daily eating occasions eat
higher relative amounts of fruit, milk, and a greater percent of energy from SoFAAS and
consume lower relative amounts of meat and beans and sodium as compared to those who
report four or fewer daily eating occasions. In adolescents, those who reported six or
more daily eating occasions had statistically significantly higher scores for total and
whole fruit, total grains, milk and milk products as compared to those who reported three

or fewer daily eating occasions. Finally, adolescents who reported six or more daily
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eating occasions also consume statistically significantly less sodium and saturated fat as
compared to those who reported three or fewer daily eating occasions.
DISCUSSION

Given the equivocal literature on the role of eating frequency in weight status in
children, this study was undertaken to elucidate possible mechanisms by which eating
frequency may affect weight status in children. In the context of the modern food
environment, one characterized by highly permissive feeding styles, availability of low-
nutrient, energy dense foods and increased opportunities to eat, we hypothesized that an
increased eating frequency would be associated with greater odds of overweight and
obesity through a positive association with total energy intake and an inverse association
with diet quality. We found that over the pediatric life course, eating frequency decreases
while total energy intake increases. Unexpectedly, we observed an inverse association
between reported daily eating frequency and obesity in elementary school-age children
and adolescents despite a positive association between reported daily eating frequency
and total energy intake. We also found that eating frequency is positively associated with
diet quality in elementary school-age children and adolescents.

Our findings present an apparent paradox. It is possible that the observed inverse
relationship between eating frequency and weight status is a chance finding; yet, our
results are consistent with most cross-sectional studies in children and adolescents (6, 11,
35). A recent meta-analysis comprising twelve studies and over 18,000 participants ages
2-19 years, suggests that those with the highest eating frequency have lower odds of
overweight and obesity compared to those with lower eating frequency(11).

Accordingly, it is more likely that the observed inverse association in elementary school-
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age children and adolescents is due to the cross-sectional study design of NHANES. Ina
similar analysis carried out by Huang and colleagues using nationally representative data
from the 1994-1996 and 1998 Continuing Surveys of Food Intakes by Individuals, an
inverse relationship was initially observed between reported eating frequency and BMI.
When they limited their sample to only children with plausible reported energy intake,
the inverse relationship was no longer present (35). They conclude that the inverse
relationship between eating frequency and weight in children may be an artifact of biased
dietary recall, or more specifically, under-reporting of both energy intake and eating
frequency by children who are overweight or obese. In their work, they did not observe a
positive relationship between energy intake and weight until implausible reporters were
removed. In this analysis, we observed a statistically significant, positive association
between total energy intake and BMI z-score in preschool-age and elementary school-age
children and an inverse association in adolescents. Given that adolescents are more likely
to under-report their intake, it is possible that the observed inverse association between
eating frequency and weight status in adolescents is an artifact of under-reporting.

The finding that elementary school-age children and adolescents with a higher
reported daily eating frequency also have better diet quality, as represented by a higher
total HEI-2005 score, may provide some insight into the aforementioned contradictory
associations of eating frequency with weight status and total energy intake. Analysis of
HEI-2005 component scores shows that elementary school-age children and adolescents
with a higher eating frequency have higher reported intakes of total fruit, whole fruit, and
milk products. Similar patterns have been identified in previous studies examining

snacking and diet quality in both adolescents and adults (5, 20, 36). Further, in
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adolescents, those with six or more daily eating occasions have lower saturated fat and
sodium intakes than those with three or fewer daily eating occasions. Our findings imply
that differences in diet quality may overcome the effects of total energy intake; however,
there is scant evidence to support this proposition. The role of components of a healthy
diet, such as fruit and milk, in weight gain during childhood is unclear (37-40).
Moreover, we observed no differences with respect to other aspects of a healthy diet
pattern, such as vegetable and whole grain intake.

A final explanation for the observed findings is that the interplay between eating
patterns and physical activity level is responsible for our observed relationships.
Specifically, children who are more physically active may consume more total energy
over an increased number of daily eating occasions and weigh less. If this were true, we
would expect the addition of physical activity to our multivariate model to attenuate the
observed inverse relationship between eating frequency and odds of being overweight
and obese. However, the addition of physical activity had little effect on the odds of
being overweight or obese in either elementary school-age children or adolescents. We
attribute this to the fact that it is not possible to rule out residual confounding by physical
activity. The NHANES protocol measures physical activity via questionnaire, which is
reported by a proxy for elementary school-age children and self-reported for adolescents,
such that random misclassification is possible.

The major limitation of this analysis is the cross sectional nature of NHANES
data. Specifically, no conclusions regarding the directionality or causality of the
observed associations can be made. Another potential limitation of this research is the

use of a single 24-hour diet recall to determine eating frequency. Intake on a single day
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IS not necessarily representative of long-term eating frequency given that a child’s eating
frequency may vary from day to day (41). Although two 24-hour recalls are available in
NHANES 2005-2010, there are currently no statistical methods developed to model usual
eating frequency. Further, we found that children may report eating frequency differently
in-person as opposed to over the telephone (unpublished data). A major strength of this
study is its use of data from three consecutive cycles of NHANES. This provides a
nationally representative contemporary sample of children and adolescents and adequate
power to examine these relationships stratified by pediatric life stage. Another strength
provided by the use of NHANES data is the detailed dietary information in the 24-hour
recall collected using the USDA’s validated AMPM. Specifically, the AMPM addresses
snacking behavior through questions and memory aids (36, 42).

Results from this cross-sectional analysis using contemporary nationally
representative data, suggest that that a higher reported daily eating frequency is related to
lower odds of being obese as well as a higher overall diet quality in elementary school-
age children and adolescents, despite a higher total energy intake. These counterintuitive
findings may be an artifact of under-reporting, or they may reflect that greater eating
frequency, as part of an overall healthy lifestyle comprised of physical activity and a high
quality diet, may not contribute to weight in children. They should not be interpreted to
suggest that eating more frequently results in a lower weight, given our finding that
eating frequency is positively and statistically significantly related to total energy intake.
Instead, these results highlight the need for prospective studies designed to elucidate
factors that influence both eating frequency and how eating frequency may affect weight

gain in children and adolescents.
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Table 1. Demographic and dietary characteristics for children and adolescents, ages 2-18
yearsl, who participated in the National Health and Nutrition Examination Survey, 2005-
2010

Variable Preschool Elementary  Adolescents p-value®’
School
Number of subjects (n=) 2,603 3,287 3,986 -

Demographics
Age, years (mean, (SE)) 3.47 (0.04) 8.48 (0.04) 15.0 (0.06) p<0.001

Sex (% female) 48.0% 49.5% 49.0% p=0.30
Race-Ethnicity p<0.001
Non-Hispanic White 854 983 1190
Non-Hispanic Black 558 828 1137
Mexican-American 777 962 1132
Other 414 514 527
Poverty-to-Income Ratio p=0.02
(PIR)
PIR < 1.30 1407 1527 1763
1.30<PIR<3.50 786 1107 1362
PIR > 3.50 410 653 861
Anthropometrics
Weight Status® (%) p<0.001
Normal weight 75.8% 64.2% 61.7%
Overweight 12.4% 15.5% 16.4%
Obese 11.8% 20.3% 21.9%
Diet <----- Mean (SE) - - - - - >
Daily Eating Frequency 5.94 (0.05) 5.25 (0.04) 4.70 (0.04)  p<0.001
Total energy intake 1451.0 (1.0) 1826.2 (1.0) 1958 (1.0)  p<0.001
(kcal/day)*
Diet Quality (HEI-2005 48.3 (0.38) 45.6 (0.34) 45.4 (0.36)  p<0.001
score)

'Children ages 2 to 18 years with one reliable 24 hour diet recall and complete BMI data
*Determined using Proc SurveyFreq and the Rao-Scott F adjusted chi-square statistic
Weight status categories Normal: BMI >5™ percentile and <85™ percentile for sex and
age; Overweight: BMI >85™ percentile for sex and age, Obese: >95™ percentile for sex
and age

*Geometric mean reported; total energy intake was log-transformed to normalize
distribution
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Table 2. The odds of being overweight or obese based on reported daily eating frequency
and energy intake in preschool-age children, elementary school-age children and
adolescents participating in the National Health and Nutrition Examination Survey, 2005-
2010

Eating

. Age-Adjusted Model* Full Model®
requency
Odds Ratio (95% CI)? Odds Ratio (95% CI)?
Normal Overweight Obese Normal  Overweight Obese
0.95 0.96 0.98 0.98
Preschool  Rel  (0g6-1.05) (0.86-108) <  (0.88-1.09) (0.87-L10)
0.92 0.89 0.92 0.89
Elementary — Ref 181104y (0.79-009) R (081-104)  (0.80-0.98)
0.81 0.83 0.82 0.85
Adolescents Rt 75 189) (0.76-090) &  (0.73-091)  (0.77-0.94)
Energy
Intake . 1 2
(per 100 Age-Adjusted Model Full Model
calories)’
Odds Ratio (95% CI)? Odds Ratio (95% CI)?
Normal Overweight Obese Normal Overweight Obese
1.03 1.03 1.02 1.04
Preschool  Ref 1 60.1.07 (099-1.07)  R€T (0.98-1.07)  (1.01- 1.08)
1.01 1.02 1.02 1.03
Elementary — Ref 98104y (1.00-1.03) "¢ (0.99-1.05) (1.01-1.06)
Adolescents Ref 0.97 0.98 Ref 0.96 0.98

(0.96-0.98)  (0.97-0.99) (0.95-0.97)  (0.97- 0.99)

"Multinomial logistic regression models stratified by pediatric life stage and adjusted for
age-in-months

“Multinomial logistic regression models stratified by pediatric life stage and adjusted for
age-in-months, race/ethnicity, sex, poverty-to-income ratio and physical activity

%0dds ratios represent odds of being overweight (BMI > 85" percentile for sex and age) or
obese (BMI > 95™ percentile for sex and age) relative to the normal weight category group
(BMI < 85™ percentile for sex and age)

*0dds ratios represent odds of being overweight for each additional 100 calories reported
during the in-person 24-hour diet recall
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Table 3. The relationship of eating frequency with total energy intake and with diet
quality, as measured by the HEI-2005, in preschool-age children, elementary school-age
children and adolescents participating in the National Health and Nutrition Examination

Survey, 2005-2010

TOTAL ENERGY INTAKE

Age-Adjusted Model* Final Model?
Preschool-age
B-estimate +SE 0.066 +0.006 0.068 +0.007
p-value p<0.0001 p<0.0001
% change in total energy 6.8% 7.0%
intake®
Elementary School-age
B-estimate +SE 0.074 +0.008 0.075 +0.007
p-value p<0.0001 p<0.0001
% change in total energy 7.7% 7.8%
intake®
Adolescents
B-estimate +SE 0.139 +0.008 0.140+0.008
p-value p<0.0001 p<0.0001
% change in total energy 14.9% 15.0%
intake®
DIET QUALITY
Age-Adjusted Model* Final Model?
Preschool-age
B-estimate +SE 0.38+0.23 0.39+0.24°
p-value p=0.11 p=0.12
Elementary School-age
B-estimate +SE 0.38+0.18 0.41+0.16°
p-value p=0.04 p=0.01
Adolescents
[-estimate +SE 0.92+0.16 0.68+0.17
p-value p<0.001 p<0.001

! Multiple linear regression models stratified by pediatric life stage controlling for age-in-

months

2 Multiple linear regression models stratified by pediatric life stage controlling for age-in-

months

sex, race/ethnicity, age in months, poverty-to-income ratio and physical activity
®Total energy intake log-transformed. Beta-coefficients have not been back transformed.

% change in total caloric intake is reported as ((e”B1) — 1) * 100%
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Table 4. Mean Healthy Eating Index-2005 component scores in elementary school-age and adolescent participants in the National Health
and Nutrition Examination Survey 2005-2010 (mean (SE))*

HEI Component | Total | Whole | Total | DOL? | Total | Whole | Milk | Meats | Oils® Sat | Sodium | SOFAAS*
Fruit Fruit Veg Grains | Grains and Fat
Beans
Max Score 5 5 5 5 5 5 10 10 10 10 10 20
Elementary School-age Children
Group 1: 1-4 2.24 190 | 1.70° | 0.71°| 4.24* | 0.73* | 496 | 6.60 | 4.85°| 5.07° 3.84 7.76°
eating occasions (0.09)| (0.09) | (0.07)| (0.08)| (0.05) | (0.07) | (0.14)| (0.11)| (0.15)| (0.17) | (0.13) (0.21)
Group 2: 5 eating | 2.61° 228 | 1.61° | 0.73% | 4.29° | 0.89° | 550° | 5.90° | 4.75° | 553 4,29 7.65%P
occasions (0.09) | (0.12) | (0.07) | (0.06) | (0.05) | (0.08) | (0.19 | (0.17) | (0.18) | (0.17) | (0.16) (0.24)
Group 3: 6+ 2.80° | 262 | 1.60° | 0.60* | 4.27° | 0.86° | 5.60° | 5.80° | 4.71° | 5.46° 4.54° 7.21°
eating occasions (0.10) | (0.10) | (0.07) | (0.07) | (0.06) | (0.06) | (0.11 | (0.14) | (0.13) | (0.15) (0.16) (0.22)
Adolescents
Group 1: 1-3 1.27 0.89 | 193%| 067°| 394 0.68° | 479 | 7.08 | 4.29*| 5.16° 3.55° 8.58°
eating occasions (0.10)| (0.09) | (0.09)| (0.09)| (0.09) | (0.07) | (0.21)] (0.20)| (0.27)| (0.22) (0.17) (0.38)
Group 2: 4 eating | 1.78° 1522 | 1.86% | 0.70° | 4.23* | 0.78° | 5.32% | 6.78*" | 4.56% | 5.38*° | 3.79*" 8.56°
occasions (0.10) | (0.11) | (0.08) | (0.07)| (0.05) | (0.05) | (0.16 | (0.15) | (0.20) | (0.20) | (0.15) (0.35)
Group 3: 5eating | 2.05*° | 1.74* | 1.97° | 0.81° | 4.22* | 0.70° | 5.54°| 6.63*" | 4.68° | 5.73" 3.98° 8.32?
nceacinne (0 N\ (0 NO\ (0 NO) (0 N\ (0 NR) (0 NR) (02N (0 15} (017 (0 22\ (017N (0 2N\
Group 4: 6+ 2.24° 203 | 178 | 0.70* | 4.28° 0.79° | 5.68° | 6.40° | 4.81*°| 5.5°% 4.18° 8.30°
eating occasions | (0.10) | (0.11) | (0.09) | (0.08) | (0.05) | (0.05) | (0.21 | (0.16) | (0.24) | (0.13) | (0.20) (0.35)

'Means within a column and by pediatric life stage that do not share a common letter are statistically significantly different (p<0.05) — no
adjustment has been made for multiple comparisons
’Dark green, Orange vegetables and Legumes. Legumes are counted as vegetables once the standard for intake of meat and beans is met
®Includes non-hydrogenated vegetable oils and oils in fish, nuts, and seeds
*Solid fats, alcohol and added sugar (SOFAAS)
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What’s Known on This Subject: Eating frequency in children has increased, as obesity
prevalence has peaked. Despite parallel trends, cross-sectional studies generally suggest
an inverse relationship, while prospective studies are equivocal. There is no agreement
on what role eating frequency plays in childhood weight.

What This Study Adds: Our results uniquely contributes to the equivocal literature by
showing that the cross-sectional relationship of eating frequency with baseline BMIz is
inverse, whereas the prospective relationship with change in BMIz at 6-months and 1-
year is positive.
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ABSTRACT

Objective: The role of eating frequency in childhood weight is unclear given equivocal
findings across cross-sectional and prospective studies. We sought to clarify this
relationship by assessing the cross-sectional relationship of eating frequency with BMI z-
score (BMIz) and the prospective relationship of eating frequency with change in BMIz
over 6-months and 1-year in the same sample of school-age children.

Methods: Repeat, non-consecutive 24-hour diet recalls were collected at baseline to
assess eating frequency. Height and weight were measured and converted to BMIz at
baseline, 6-months, and 1-year. Cross-sectional and prospective analyses were done to
determine the association between eating frequency and BMI as well as change in BMIz
in a diverse sample of 176 school children, ages 9-15 years.

Results: The cross-sectional association between reported daily eating frequency and
BMIz was statistically significant and inverse (f=-0.23; p=0.007). At 6-months, the
nature of the relationship changed. For each additional reported daily eating occasion, a
participant’s BMIz increased by 0.03 units from baseline to 6-months (;= 0.03;
p<0.001). This relationship remained positive at 1-year; however, it was no longer
statistically significant (p=0.37).

Conclusions: Results suggest that the nature of the relationship of eating frequency with
BMIz differs between cross-sectional and prospective study designs. Differences are
likely due to methodological deficiencies of the cross-sectional study design and may
reflect under-reporting of eating frequency by overweight and obese children. While a
logistical challenge, controlled trials are needed to examine eating frequency and weight

status in the modern food environment.
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INTRODUCTION

Childhood obesity prevalence and eating frequency have increased in parallel
from the 1970’s to the present. As childhood obesity prevalence tripled, eating
frequency in children increased from 3.0 to 5.0 eating occasions per day (1, 2). At the
most basic level, obesity results from an imbalance between energy consumed and energy
expended. Given that research suggests a positive association between eating frequency
and energy intake in school-age children (3-5), eating frequency represents a potential
point of intervention for childhood obesity prevention. Currently, however, there is no
consensus as to what role of eating frequency plays in childhood obesity. In 2010, the
U.S. Department of Agriculture’s (USDA) Dietary Guidelines Advisory Committee
concluded that there was insufficient evidence to determine whether the eating frequency
affects obesity in children (6). Therefore, parents, schools, and clinical practitioners lack
guidance as to what role meal and snack patterns play in healthy weight.

Eating frequency and childhood weight status has been studied since the 1960’s
when Fabry and colleagues performed a school-based intervention to test the differences
in weight change relative to growth among school-age children receiving three versus
seven meals per day. Despite similar energy intake levels across the two meal frequency
groups, children who consumed three meals per day gained more weight compared to
those who consumed seven (7). Since this seminal study, prospective and cross-sectional
studies have reported both similar (4, 5, 8, 9) and conflicting results (10). Specifically, of
the two prospective studies to examine this relationship, one reported an inverse
association between eating frequency and 10-year mean BMI gains (9), while the other

found a positive association between an eating frequency and 6-year change in BMI z-
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score (BMIz) (10). Most of the analyses undertaken to examine this relationship in
children have been cross-sectional in nature. While their results more uniformly suggest
an inverse association, study authors commonly cite methodological limitations, conclude
that causal inferences should not be made from their findings and call for prospective
studies (4, 5, 8, 11, 12).

Given the potential for these methodological limitations in cross-sectional diet-
focused obesity research, this study was undertaken to examine both the cross-sectional
and prospective relationships of eating frequency with weight in the same sample of low-
income school-age children from the greater Boston area. We hypothesized a positive
relationship of eating frequency with baseline BMIz and with change in BMIz over 6-
months and 1-year.

SUBJECTS AND METHODS
Participant Information

This study was a diet sub-study within a randomized trial, called the Daily D
Study, which was designed to determine the appropriate level of vitamin D
supplementation needed to prevent serum vitamin D inadequacy in school-age children.
Participants in the sub-study were recruited from the 312 currently enrolled fourth
through eighth grade students at five public schools in the greater Boston area. The trial,
which ran from October 2011 to December 2012, included four study visits: baseline, 3-
months, 6-months, and 1-year. Other than providing a vitamin D supplement to all
participants, the study protocol did not involve any dietary intervention. At the 3-month
study visit, 183 students enrolled in the diet sub-study from four of the five schools. We

did not recruit from the fifth school due to logistical constraints. Students were ineligible
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for the Daily D Study if they were currently taking vitamin D or multi-vitamin
supplements, were taking oral glucocorticoids, or had rickets, cystic fibrosis, kidney
disease, sarcoidosis, irritable bowel syndrome, epilepsy, or HIV/AIDS. The only
additional exclusion criterion for the diet sub-study was having incomplete weight and/or
height measurements at baseline. Parental informed consent and child assent was
obtained for both the supplementation trial and the diet sub-study. The Tufts University
Institutional Review Board approved the protocols for both the Daily D study and the diet
sub-study.
Dietary Assessment

Diet was assessed via collection of two non-consecutive, weekday 24-hour diet
recalls by trained registered dietitians. The initial 24-hour diet recall was collected in-
person during the 3 month study visit using the University of Minnesota Nutrition Data
System for Research (NDSR) software (Version 2011, Nutrition Coordinating Center,
Minneapolis, MN). This methodology uses a multiple-pass method and a standardized
portion-size manual to decrease measurement error. At this visit, participants were taught
how to use the portion size manual to estimate portion sizes. The second recall was
collected over the phone 3 to 21 days after the first recall using the same methodology.
For 25 participants (16%), the second recall was collected in-person given difficulty in
reaching them by phone within a 21-day window. Dietary data were collected for
Monday through Friday only to avoid any additional variation introduced by differences
in eating patterns between weekday and weekend day recalls (13). Research suggests
that this age group, which ranged in age from 9-15 years, is capable of providing reliable

24-hour diet recalls without the assistance of a parent or guardian (14, 15).
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Within the NDSR protocol, participants identify the name and time of each
reported eating occasion. The names are chosen from a predefined list that includes
breakfast, lunch, dinner/supper, school lunch, snack and other. For this analysis, an
eating occasion was defined as any distinct time when a participant reported consuming
at least one food or beverage item, excluding water, regardless of whether the occasion
was designated as a meal (breakfast, lunch, dinner/supper or school lunch) or snack.
Previous studies of eating frequency have considered eating occasions to be independent
if separated by a minimum of 15 minutes (2, 10). Of the 1,574 eating occasions reported
by subjects in this sample, only nine occasions (0.05%) were consumed within 15
minutes of each other and were treated as one occasion. Therefore, our definition is
consistent with previous research while also maintaining the integrity of how school-age
children self-define eating occasions.

No statistical methods are currently available to determine usual eating frequency
from repeat 24-hour diet recalls. Analyses were therefore undertaken to determine if
reported eating frequencies were similar between the in-person and over-the-phone 24-
hour diet recalls. Results from a paired t-test (t= 0.51; p=0.61) suggest no differences
between eating frequency estimates across the two recalls. Similarly, results from simple
linear regression models in which eating frequency estimates from each type of recall
were used separately, show there is no difference in the magnitude, direction or statistical
significance of effect estimates. Accordingly, average eating frequency was calculated
for each participant across the two, non-consecutive 24-hour diet recalls. For the 12 (7%)
participants who provided only one reliable 24-hour diet recall, the estimate from their

single recall was used. Given this methodology, eating frequency could take on only
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integer or half-integer values. Finally, eating frequency categories were created to
differentiate among those who are primarily ‘infrequent snackers’ (1.0-3.5 daily eating
occasions), ‘snackers’ (4.0-4.5 daily eating occasions), and ‘frequent snackers’ (5+ daily
eating occasions).

Study Outcome:

Body mass index (BMI = weight (kg) / height (m?)), which is commonly used as a
surrogate for adiposity in children (16), was calculated from height and weight
measurements collected at baseline, 6-months, and 1-year. Height was measured without
shoes using a portable stadiometer (Model 214, Seca Weighing and Measuring Systems,
Hanover, MD) and recorded to the closest 1/8th inch. Weight was measured without
shoes in light clothing on a portable balance beam scale (Healthometer, Boca Raton, FL)
and recorded to the closest 1/4 pound. All measures were taken in triplicate. BMI
measurements were converted to BMlIz relative to the Centers for Disease Control and
Prevention (CDC) Revised Growth reference (17). Their use provides an age- and sex-
specific measure of relative adiposity and allows for the assessment of change in BMIz
from baseline to 6-months and 1-year, respectively (18).

Covariates

Demographic data including age, sex, and race/ethnicity were collected on the
vitamin D supplementation trial consent forms. At the baseline visit, parents completed
an additional questionnaire which provided information on maternal education and
eligibility for free or reduced-priced school meals. Physical activity was assessed via the
Block Kids Physical Activity Screener (NutritionQuest, Berkley, CA), which was

completed by participants at the baseline visit. The screener asks about the frequency
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and duration of leisure activities, school activities, chores, and part-time employment. Its
analysis provides relative estimates of total minutes of daily activity as well as minutes
spent in low, moderate, and vigorous daily activity. Using these estimates with
guidelines in the 2008 Physical Activity Guidelines for Americans, participants were
categorized as ‘sedentary’ if their reported weekly moderate activity totaled less than 150
minutes, ‘moderately active’ if it totaled 150-300 minutes, and “active’ if it exceeded 300
minutes (1 minute vigorous activity = 2 minutes moderate activity) (19).
Statistical Analyses

All statistical testing was done using SAS (Version 9.2, 2008, SAS Institute, Cary,
NC) at the two-sided 0.05 level of significance. We used descriptive statistics to examine
baseline characteristics of our sample. Separate multivariable models were estimated
using Proc Genmod to estimate associations of eating frequency with baseline BMlz,
change in BMlIz at 6-months, and change in BMIz at 1-year. Per a priori hypotheses, we
tested for the presence of effect modification by age category (elementary school-age (9-
11 years) versus adolescents (12+ years)), by evaluating the statistical significance of an
interaction term in each model. We assessed the need to control for age in years at
baseline, sex, race/ethnicity, maternal education, eligibility for free and reduced-price
lunch and physical activity level in models of each respective outcome measure.
Variables were retained in the model if their inclusion induced a change in the point
estimate greater than 10% (20). Given differences in snacking policies and the unique
food environments of the four schools represented in our sample, we controlled for
school in all models. Finally, the relationship between eating frequency and each

outcome was examined using eating frequency categories.
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RESULTS

A total of 167 participants provided at least one reliable 24-hour diet recall and
had complete anthropometric measures at baseline and 6-month visit. Some loss to
follow-up was anticipated between the 6-month and 1-year visits given the transition of
eighth grade participants into high school; however, only 12 students were lost to follow-
up (n=155 at one year). Table 1 displays baseline participant characteristics for the
analytical samples for change in BMIz at 6 months and 1 year, respectively. At baseline,
the mean age of participants was 11.4 years, 42.5% were non-Hispanic white, 46% were
overweight or obese (21), and approximately 65% were eligible for free or reduced-
priced school meals. On average, the sample was largely sedentary, with 65%
participants reporting less than 150 minutes of physical activity per week.

Data shown in Table 2 suggest that over the course of the study, while participant
average BMI increased by 0.17 kg/m? at 6 months and 0.25 kg/m? at 1 year, BMIz
decreased, on average, as did the percentage of overweight and obese participants.
Specifically, relative to baseline, BMI decreased by 0.03 units over 6 months and by 0.06
units over 1 year, on average. Of the 12 participants lost to follow-up, 40% were
overweight or obese and 60% were normal weight at baseline. On weekdays (Monday —
Friday), participants reported a mean eating frequency of 4.5 daily eating occasions.
Reported average eating frequency ranged from 2.0 to 8.5 daily eating occasions.

There was no evidence of effect modification by age category in the baseline, 6-
month or 1-year models. As shown in Table 3, after adjusting for school and age-in-
years, the cross-sectional association between reported daily eating frequency,

operationalized as a continuous variable, and baseline BMIz was statistically significant
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and inverse (f=-0.23; p=0.007). Conversely, by the 6-month visit, the nature of the
relationship changed such that reported daily eating frequency was statistically
significantly and positively associated with change in BMIz. Specifically, for each
additional reported daily eating occasion, a participant’s BMIz increased by 0.03 units,
on average, from baseline to 6 months, after controlling for school, age-in-years and
physical activity (1= 0.03; p<0.001). Over 1 year, after controlling for school, sex, age-
in-years, race/ethnicity, free or reduced-price lunch, maternal education and physical
activity, the prospective relationship between reported daily eating frequency and change
in BMIz remained positive; but, it was no longer statistically significant (B, = 0.01; p =
0.37).

To examine differences in BMIz between ‘infrequent snackers’ (1.0-3.5 daily
eating occasions), ‘snackers’ (4.0-4.5 daily eating occasions), and ‘frequent snackers’ (5+
daily eating occasions), a categorical analysis was performed (Table 3). At baseline,
‘frequent snackers’ had a BMIz that was 0.44 units lower than that of ‘infrequent
snackers’ (p<0.001). At 6 months, BMIz in the “frequent snackers’ was 0.11 units higher
than ‘infrequent snackers’ (p<0.001). BMIz in ‘snackers’ did not differ from that of
‘non-snackers’ at baseline; yet, at 6 months, ‘snackers’ had an average change in BMIz
that was 0.06 units higher than that of ‘infrequent snackers’ (p<0.001). This difference
remained statistically significant at 1 year.

DISCUSSION

To our knowledge, ours is the first study to report both the cross-sectional and

prospective relationships between eating frequency and weight in the same sample of

school-age children. We found a statistically significant, inverse relationship between
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reported daily eating frequency and baseline BMIz and a statistically significant, positive
relationship between reported daily eating frequency and change in BMIz at 6 months.
Similarly, the analysis by eating frequency categories suggested that “frequent snackers’
had a statistically significantly lower BMIz at baseline but experienced a greater increase
in BMIz at 6 months compared to those considered ‘non-snackers’. These results support
the assertion that the inverse relationship between eating frequency and BMIz commonly
reported in cross-sectional studies is likely due to methodological limitations (22, 23).
This study uniquely contributes to the equivocal body of literature examining the
relationship between eating frequency and weight in children. Both the cross-sectional
and prospective analyses were done in the same sample of school-age children and
suggest that the nature of the relationship between eating frequency and weight depends
on study design. Our cross-sectional findings are consistent with the literature which
uniformly supports an inverse relationship. A recent meta-analysis of ten cross-sectional
studies concluded that those with the highest reported eating frequency had 22% lower
odds of being overweight or obese as compared to those with the lowest reported eating
frequency (OR: 0.78; 95% CI 0.66 to 0.94) (11). Similarly, our prospective analysis is
consistent with one of two prospective studies to examine this relationship. In the MIT
Growth and Development Study, Thompson and colleagues found that adolescent
females with six or more eating occasions experienced a greater 6 year increase in BMIz
compared to those with 3.9 or fewer reported daily eating occasions (10). Our findings
mirror Thompson’s in that children in our ‘frequent snackers’ category experienced

larger gains in BMIz relative to those in the ‘infrequent snackers’ category.



73

One can speculate that the opposing cross-sectional and prospective findings in
this study reflect inherent differences in the two types of study designs. First, it is likely
that dietary under-reporting, particularly by overweight and obese children, accounts for
the inverse relationship observed in cross-sectional analyses (24, 25). After examining
this relationship in a cohort of 220 free-living adolescents and adults, Summerbell
suggested that under-reporting of snacks may be greater in those who are dieting or are
highly restrained eaters, which would result in a spurious finding of lower feeding
frequency in association with higher BMI (26). In a subsequent study in 731 adolescents
from the Longitudinal Birth Cohort Study, Crawley and Summerbell found an initially
significant, inverse cross-sectional relationship between eating frequency and BMI in
both males and females. However, after removing dieting males and weight-conscious
females from their analysis, the relationships no longer held up (27). Further, in a similar
analysis in a nationally representative sample of children, when Huang and colleagues
removed subjects with implausible energy intakes, the observed inverse relationship
between eating frequency and BMI was no longer statistically significant (12). A second
possible explanation for the differences between cross-sectional and prospective findings
is reverse causation in the cross-sectional design. Specifically, overweight or obese
children may skip meals or omit snacks in attempt to lose weight or prevent further
weight gain, thereby giving rise to an inverse association (23).

Our study has some notable limitations with respect to the assessment of dietary
intake patterns. First, we took an average across two, non-consecutive 24-hour diet
recalls to measure eating frequency. Intake on two days is not necessarily representative

of usual, long-term dietary intake patterns given that a child’s eating frequency may vary
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from day to day (28). However, given that there are currently no statistical methods
developed to model usual eating frequency, an average across two recalls provides more
detail on day-to-day variation than a single 24-hour recall. Further, diet was assessed
only at the 3month study visit. Therefore, our approach assumes that average daily eating
frequency did not change over one calendar year. This assumption is reasonable from the
baseline to the 6-month visit, given that students in the study remained in the same school
food environment over the school year, which provides a similar weekday meal and
snack structure. It is possible, however, that for those students with an unstructured
summer environment, the assumption that eating frequency measurements from the
school year hold true during the summer months may be less valid; such measurement
error would lead to random misclassification. This may explain why the association
between eating frequency and change on BMIz at 1 year is no longer statistically
significant.

Our study also has several strengths. First, the prospective study design allowed
us to follow the children through a school year as well as an entire calendar year to
examine weight gain patterns in the context of eating frequency. Although no
conclusions regarding the directionality or causality of the observed associations can be
made from our cross-sectional analysis, our prospective analyses do support such
conclusions. Second, our dietary recalls were collected by trained registered dietitians
using NDSR’s multiple-pass method. This methodology reduces the chance of omitting
eating occasions and food items. Third, our findings can be easily compared given that
eating frequency was determined from a 24-hour recall using a definition consistent with

several recent studies (2, 10, 29). Finally, our sample is both racially/ethnically diverse
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as well as low income. Given that childhood overweight and obesity affects minorities
and low-income children more significantly, this is the ideal population in which to
examine this relationship (1).

Preventing childhood obesity is a public health priority. Currently, there are no
recommendations as to an ideal eating frequency with respect to reducing childhood
obesity risk. Given that eating patterns represent a potential point of intervention, it is
important to understand this relationship in order to provide guidance to parents, schools,
and practitioners, alike. The findings from this study suggest the inverse relationship
observed between eating frequency and weight seen in cross-sectional analyses may
reflect methodological deficiencies of the study design. Our prospective analysis
suggests a statistically significant, positive relationship of eating frequency with change
in BMIz over 6 months. Additional prospective studies are needed to confirm these
findings. Although a logistical challenge, the school-based intervention trial, similar to
that conducted by Fabry, et al in 1966, is needed in the context of the modern food

environment.
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TABLES

Table 1. Baseline characteristics of elementary school-age participants in the Daily D
diet sub-study®

Change in Change in
BMI z-score BMI z-score
at 6-months at 1-year
n=167 n=155
Female (%) 53.2% 52.3%
Age (mean + SD) 11.4 + 1.5 years 11.4 + 1.5 years
Race/ethnicity (%)
White 42.5% 43.9%
Black 12.0% 11.6%
Hispanic 12.6% 11.0%
Asian 13.2% 13.5%
Other 19.7% 20.0%
Overweight/obese (%) 46.1% 45.9%
Maternal education (%0)
No college education 48.5% 51.6%
Some college, college, and/or 51.5% 48.4%
graduate education
Free or reduced-price lunch (% Yes) 64.7% 63.9%
Physical activity”
Active (>300 min/week) 13.2% 14.2%
Moderately active (150 - 300 21.6% 21.9%
min/week)
Sedentary ( <150 min/week) 65.2% 63.9%

'Sample sizes vary slightly due to missing data

“Minutes of moderate and vigorous physical activity measured using the Block Kids Physical
Activity Screener. Categories are based on the 2008 Physical Activity Guidelines for
Americans (19)
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Table 2. Anthropometric measurements and reported eating frequency by study visit for
elementary school-age participants in the Daily D diet sub-study

Baseline visit 6-month visit 1-year visit
(Oct - Dec, 2011)*  (Apr - June, 2012)*  (Oct — Dec, 2012)*
Sample Size n=167 n=167 n=155
<-mmmmmee- Mean (SD) ---------- >

Weight (kg) 50.2 (15.3) 52.1 (15.5) 53.4 (15.8)
Height (cm) 151.8 (11.3) 154.2 (11.0) 155.8 (10.5)
BMI (kg/m?) 21.5 (5.06) 21.7 (4.9) 21.8 (5.0)
Change in BMI (kg/m?) - 0.17 (0.9) 0.25 (1.1)
BMI z-score® 0.70 (1.14) 0.67 (1.1) 0.64 (1.1)
Change in BMI z-score -- -0.03(0.2) -0.06 (0.3)
% Overweight/Obese 46.1% 46.1% 39.4%
Eating Frequency’ 4.5 (1.02) - -

Yparticipants with at least one reliable 24-hour recall and non-missing baseline and 8-
month anthropometrics

*Participants with at least one reliable 24-hour recall and non-missing baseline and 1-year
anthropometrics

*BMI z-score determined using CDC Revised Growth Reference (17)

*Imputed from collection of non-consecutive repeat 24-hour recalls at the 3 month study
visit
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Table 3. Multivariable regression effect estimates for reported daily eating frequency with
baseline BMI z-score and change in BMI z-score over 6 months and 1 year for school-age
participants in the Daily D diet sub-study

Sample Baseline Change in Change in
Size® BMI z-score®* BMI z-score  BMI z-score
(Cross- at 6-months®  at 1-year®
Sectional) (Prospective) (Prospective)
[-estimate [-estimate [-estimate
n (p-value) (p-value) (p-value)
Eating Frequency
Average Reported Eating 167 -0.23 0.03 0.01
Frequency (p=0.007) (p<0.001) (p=0.37)
Eating Frequency Categories’
‘Infrequent Snackers’: 28 Referent Referent Referent
1.0 to 3.5 daily eating occasions
‘Snackers’: 69 0.06 0.06 0.06
4.0 to 4.5 daily eating occasions (p=0.65) (p<0.001) (p=0.003)
‘Frequent Snackers’: 53 -0.44 0.11 0.05
5+ daily eating occasions (p<0.001) (p<0.001) (p=0.13)

ICoefficients represent the difference in BMI z-score per each additional eating occasion
*Coefficients represent the adjusted mean BMI z-score difference from ‘infrequent snackers’
(referent group)

At year, 12 students were lost to follow-up: 3 “infrequent snackers’; 4 ‘snackers’; and 5
‘frequent snackers’

*Multivariable regression model adjusted for school and age

*Multivariable regression model adjusted for school, age and reported physical activity
®Multivariable regression model adjusted for school, sex, age, race/ethnicity, free or reduced-price
lunch, maternal education, and physical activity
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ABSTRACT

Introduction: Eating frequency has increased, as energy intake and obesity prevalence
have peaked in children. Despite concurrent trends, how eating frequency and snacking
affect dietary intake and relative weight is unclear. This study examines how eating,
snack and meal frequencies affect energy intake and diet quality in children.

Methods: Two non-consecutive 24-hour diet recalls were collected from a diverse
sample of 176 school children, ages 9-15 years. Eating, meal and snack frequencies, total
energy intake, and diet quality scores, measured by the Healthy Eating Index, 2005 (HEI-
2005), were determined for each recall. Separate multivariable mixed models were used
examine cross-sectional associations and differences were examined by age-group.
Results: Overall, 82% of participants consumed three daily meals. Eating, meal, and
snack frequencies were statistically significantly and positively associated with total
energy intake. Each additional reported meal and snack were associated with an 18.5%
and 9.4% increase in total energy intake, respectively (p<0.001). The relationships of
eating, meal and snhack frequencies with diet quality differed by age category. In
elementary school-age participants (9-11 years), total eating occasions and snacks
increased HEI-2005 scores. In adolescents (12-15 years), each additional meal increased
HEI-2005 scores by 5.4 points (p=0.01), whereas each additional snack decreased HEI-
2005 scores by 2.73 units (p=0.006).

Conclusions: Findings suggest that snacking is positively associated with total energy
intake. In elementary school-age children, snacking improves diet quality, while it
decreases diet quality in adolescents. Thus, further research is needed to elucidate the

role of snacking in excess weight gain in adolescents.
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INTRODUCTION

Since the 1970’s, childhood obesity prevalence has increased in developed
countries worldwide (1). Estimates suggest that up to 60% of obese adolescents become
obese adults (2) and that dietary patterns established during childhood and adolescence
often persist into adulthood (3). Accordingly, there has been an increased focus on diet
and dietary behaviors in children and adolescents. Consumption of sugar-sweetened
beverages (SSB) (4-8), increased portion sizes (9, 10), and eating more meals away from
home (5, 11) have all been positively associated with excess weight gain in childhood.
Further, nationally representative U.S. trend data from children ages 2- to 18-years show
that average eating frequency increased from three to five daily eating occasions between
1970 and the 2000’s (12) and average total daily energy intake has increased by 184
calories over the same time frame (13). These findings, among others, have led
researchers to explore what roles eating frequency plays in dietary intake and weight
status in childhood.

The observed increase in eating frequency is largely attributable to snacking,
given that the average American child eats three snacks per day (14). Snacking
contributes nearly one-third of total calories consumed, the majority of which come from
desserts and sugar-sweetened beverages (14). Further, compared to breakfast, lunch and
dinner meals, snacks have a significantly higher energy density (15). Despite these
findings, the cross-sectional literature on the relationships of eating frequency and
snacking generally suggests an inverse relationship with weight status (16, 17).

Given the inconsistencies in the literature, no consensus exists with regard to the

impact of eating frequency on relative weight in children (18, 19). A 2013 review of this
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relationship cited inconsistent definitions for snacking occasions, methodological
limitations in cross-sectional studies, and a shortage of prospective studies and concluded
that the evidence base is lacking (17). In the absence of clear guidance to parents,
schools, and clinicians as to an ideal eating frequency to help reduce childhood obesity
risk, the objective of this study was to explore the relationships of eating frequency, meal
frequency, and snack frequency with total energy intake and diet quality in effort to
elucidate possible mechanisms by which eating frequency may affect excess weight gain
in children. Further, given that younger children appear to have a better ability to self-
regulate intake (20), and that adolescents typically have greater autonomy over their
eating habits, have greater spending power, and consume more meals outside the home
(21), a secondary objective was to examine whether these associations differ between
elementary school-age and adolescent participants. We hypothesized that eating
frequency would be positively associated with total energy intake and inversely
associated with diet quality in this racially diverse low-income sample of school-age
children.
METHODS
Participant Information

This study was a diet sub-study within the Daily D Study, a randomized trial
designed to determine the appropriate level of vitamin D supplementation needed to
prevent serum vitamin D inadequacy in school-age children. All 312 participants who
enrolled in the trial attended one of five schools in three communities in the greater
Boston, Massachusetts area. The trial, which ran from October 2011 to December 2012,

consisted of four study visits: baseline, 3 months, 6 months, and 1 year. Other than
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providing a vitamin D supplement to all participants, the trial protocol did not include
any dietary intervention. At the 3-month study visit, 183 participants were recruited
from four of the schools into the diet sub-study. Recruitment did not occur at the fifth
school due to logistical constraints. Students were ineligible for the Daily D Study if they
were currently taking vitamin D, multi-vitamin supplements or oral glucocorticoids, or
had rickets, cystic fibrosis, kidney disease, sarcoidosis, irritable bowel syndrome,
epilepsy, or HIV/AIDS. Participation in the diet sub-study required complete weight and
height measurements at baseline and willingness to complete two 24-hour diet recalls.
Parental informed consent and child assent was obtained for both the Daily D Study and
the diet sub-study. Both protocols were approved by the Tufts University Institutional
Review Board.
Dietary Assessment

Research suggests that school-age children are capable of providing reliable 24-
hour diet recalls without the assistance of a parent or guardian (22, 23). Therefore,
trained registered dietitians collected repeat, non-consecutive weekday 24-hour diet
recalls directly from participants. Specifically, the first 24-hour diet recall was collected
in-person at the time of the 3-month study visit, and the second 24-hour diet recall was
collected 3-21 days later over the telephone. Both 24-hour diet recalls were collected
using the University of Minnesota Nutrition Data System for Research (NDSR) software
(Versions 2011, Nutrition Coordinating Center, Minneapolis, MN). NDSR employs a
multiple-pass method and a standardized portion-size manual to decrease measurement
error. Participants were taught how to use the portion size manual at the time of the in-

person recall, and provided a copy for use during the telephone recall. Data collection



was designed so that 24-hour diet recalls were collected on Monday through Friday on
days when school was in session. This was done to avoid any variation introduced by
differences in eating patterns between weekday and weekend day recalls (24).
Eating Frequency

Within the NDSR protocol, participants identify the name and time of each
reported eating occasion. The names for each eating occasion are chosen from a
predefined list that includes: breakfast, lunch, dinner/supper, school lunch, snack and
other. For this analysis, an eating occasion was defined as any distinct time when a
participant reported consuming at least one food or beverage item, excluding water,
regardless if the occasion is designated as a meal (breakfast, lunch, dinner/supper or
school lunch) or snack. No participants designated an eating occasion as “other”.
Therefore, to examine possible differences in energy intake by eating occasion type,
meals were defined as breakfast, lunch, dinner/supper or school lunch. Snacks were
defined as a separate category. Previous publications on eating frequency have
considered eating occasions to be independent if they were separated by a minimum of

minutes (12, 25). Of the 1,574 occasions reported by this sample, only nine occasions
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15

(0.05%) were consumed within 15 minutes of each other and were combined. Thus, our

definition of eating frequency is consistent with previous research and also reflects the
integrity of how elementary school-age children self-define eating occasions. Eating
frequency estimates were determined separately for each 24-hour recall.

Total Energy Intake

Total energy intake estimates were determined for each 24-hour diet recall using NDSR.
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Diet Quality

Diet quality was measured using the Healthy Eating Index, 2005 (HEI-2005),
which is a scoring system developed by the United States Department of Agriculture
(USDA) Center for Nutrition Policy and Promotion (CNPP) to measure degree of
compliance with the 2005 Dietary Guidelines for Americans (2005 DGA) (26). The HEI-
2005 is made up of 12 nutrient- and food-based component scores. Nine of the
components (fruit, whole fruit, total vegetables, dark green and orange vegetables, total
grains, whole grains, milk, meat and beans, and oils) represent adequacy components,
whereas the saturated fat, sodium, and energy from solid fat, alcohol, and added sugars
(SOFAAS) represent moderation components.

The standards used to assign maximum HEI-2005 scores for each component are
based on overall population needs. Given that children require a more nutrient-dense diet
to achieve recommended intakes without exceeding energy needs, the HEI-2005
standards have been modified (27). Mean Estimated Energy Requirements (EER)
published by the Institute of Medicine were used as the basis for this modification. EER
are quite different for male and female adolescents, such that adolescents have been
stratified for purposes of this analysis. Specifically, for children ages 9-11 years, female
adolescents ages 12-18 years, and male adolescents ages 12-18 years the HEI-2005
standards were modified according to the 1,800, 2,000 and 2,400 calorie MyPyramid
eating patterns, respectively (26-28). Total and component HEI-2005 scores were
calculated for each 24-hour diet recall using methodology developed for use with NDSR

as well as the detailed USDA CNPP technical report (29, 30).
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Covariates

Demographic data collected on the vitamin D supplementation trial consent forms
included age, sex, and race/ethnicity. At the baseline visit, parents completed an
additional questionnaire which provided information on maternal education and
eligibility for free or reduced-priced school lunch. Physical activity was assessed by
participants at the baseline visit via the Block Kids Physical Activity Screener
(NutritionQuest, Berkley, CA). The screener asks about the frequency and duration of
leisure activities, school activities, chores, and part-time employment. Its analysis
provides relative estimates of total minutes of daily activity as well as minutes spent in
low, moderate, and vigorous activity daily. These estimates along with methodology
provided in the 2008 Physical Activity Guidelines for Americans were used to categorize
participants as ‘sedentary’ if their reported weekly moderate activity totaled less than 150
minutes, ‘moderately active’ if it totaled 150-300 minutes, and “active’ if it exceeded 300
minutes (31). Each minute of vigorous activity was deemed equivalent to 2 minutes of
moderate activity.
Statistical Analyses

All statistical analyses were conducted using SAS version 9.2 (2008; SAS
Institute, Inc.), at the two-sided 0.05 level of significance. This study was powered at
80% with an estimated sample size of 150 participants. Using data from the in-person
24-hour recall, participants were initially grouped into eating frequency categories and
dietary characteristics were compared. A Bonferroni adjustment was made to account for
multiple comparisons. To determine whether specific dietary characteristics (eating

frequency, meal frequency, and snack frequency) affect total energy intake and diet
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quality, measured by the total HEI-2005 score, separate multivariate mixed models were
estimated using Proc Mixed. Participants provided up to two 24-hour recalls, and thus,
they had up to two estimates for eating frequency, meal frequency, and snack frequency
as well as total energy intake and diet quality. Accordingly, a mixed model allowed us to
account for having repeat measures for each dietary variable. We tested for the presence
of effect modification by age group (elementary school-age (9-11 years) versus
adolescents (12-15 years) by evaluating the statistical significance of an interaction term
in each model. Given differences in snacking policies and the unique food environments
of the four schools represented in our sample, we controlled for school in all models.
Finally, we assessed the need to control for age at baseline, sex, race/ethnicity, maternal
education, free or reduced price lunch eligibility and physical activity. Variables were
retained in the model if their inclusion induced a change in the point estimate greater than
10% (32).
RESULTS

A total of 176 participants provided a reliable, in-person 24-hour diet recall, and
168 participants provided a reliable, second 24-hour diet recall. Twenty-five participants
provided both 24-hour diet recalls in-person, given difficulty in reaching them by phone.
Despite this difference in collection methodology, there were no statistically significant
differences in reported eating frequency between the two recalls with (t=0.51; p= 0.61)
and without (t=0.37; p=0.71) these 25 participants. Accordingly, all 176 participants who
provided at least one reliable in-person recall were included in these analyses.

Participants were 9 to 15 years old, with a mean age of 11.4 years, 40% were white, and
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64% were sedentary (Table 1). Forty-six percent were overweight or obese, and 65%
were eligible for free or reduced price lunch.

In total, 82% of participants reported consuming three meals per day in their in-
person 24-hour diet recall. With respect to meal location, 77% of participants consumed
breakfast at home, 95% of children consumed lunch at school, and 91% of participants
reported consuming dinner at home (data not shown). Participants were also grouped
into eating frequency categories using data from the first in-person 24-hour diet recall,
and dietary intake patterns were compared (Table 2). Both ‘snackers’ and ‘frequent
snackers’ consumed three meals per day, on average. Finally, ‘infrequent snackers’
category consumed 2.0 fewer snacks and nearly 700 fewer calories per day, on average,
as compared to ‘frequent snackers” who consumed 2.5 snacks and over 2,000 calories per
day (p<0.05).

There was no statistically significant effect modification by age category in the
association of eating frequency with total energy intake, so results are presented on the
un-stratified sample (Table 3). For all participants, each additional eating occasion was
statistically significantly associated with an 11.6% increase in total energy intake in a
multivariable mixed model adjusted for free or reduced price lunch eligibility (p<0.0001).
In similar but separately estimated models, each additional reported daily meal was
associated with an 18.5% increase in total energy intake (p<0.0001), and each additional
reported daily snack was associated with a 9.4% increase in total energy intake
(p<0.0001).

Table 4 shows the relationship between eating frequency and diet quality in this

sample. HEI-2005 total scores ranged from 21.9 to 82.3 units out of a possible 100.
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Because associations differed between elementary school-age and adolescents
participants, all multivariable mixed models have been stratified by age category. In
elementary school-age participants, ages 9-11 years, the relationship between eating
frequency and diet quality was statistically significant and positive. After adjusting for
maternal education, free or reduced-price lunch eligibility, and physical activity, each
additional reported daily eating occasion was associated with a 2.6 point increase in total
HEI-2005 score (p=0.003). This relationship was not statistically significant in
adolescents. In similar but separate models, the relationship between meal frequency and
diet quality was positive in both age groups; however, it was statistically significant only
in adolescents. Specifically, for each additional reported daily meal, adolescents’ total
HEI-2005 scores increased by 5.4 points (p=0.01). The relationship between reported
daily snacks and diet quality was statistically significant in both life stage groups;
however, it was positive in elementary-school age participants and inverse in adolescents.
Finally, we used the eating frequency categories to explore the relationship between
eating frequency and the 12 HEI-2005 component scores in both age groups. After
adjusting for multiple comparisons, no statistically significant differences were identified
DISCUSSION

In a population of children at high risk for poor diet and its attendant
consequences, eating, meal, and snack frequencies were positively associated with total
energy intake, whereas the relationships with diet quality differed between meals and
snacks and by age category. We hypothesized that eating frequency would be inversely
associated with diet quality in light of recent dietary trends in American youth (33).

Unexpectedly, in elementary school-age participants, we found that overall eating
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frequency and snacks positively contributed to diet quality, while the relationship of meal
frequency with diet quality was not statistically significant. In adolescents, however, our
results suggest that snacks detract from overall diet quality. Specifically, for each
additional snack consumed by adolescent participants, total HEI-2005 scores statistically
significantly decreased by 2.73 points , while each additional meal statistically
significantly increased total HEI-2005 scores by 5.4 points. In other words, adolescent
diet quality decreased with each additional snack and increased with each additional
meal.

Why results differ between elementary school-age participants and adolescents is
not entirely clear; however, longitudinal trend data suggest that diet quality decreases
with the transition from early to middle adolescence, as consumption of fruit and
vegetables, 100% fruit juice, and milk and milk products decrease (34, 35). Itisalso
possible that because adolescents are generally more autonomous than elementary
school-age children, they may make more of their own food choices, particularly at snack
time, leading to a decrease in overall diet quality with each additional snack (36).
Although we did not collect information regarding family meals, the family meal setting
may explain why meals are positively associated with diet quality while snacks are
inversely associated with diet quality in adolescents. Family meal frequency has been
shown to be positively associated with nutrient intake patterns and inversely associated
with sugar-sweetened beverage and fried food intake in both children and adolescents
(37).

On average, reported eating frequency and total energy estimates were similar to

national estimates (12). Interestingly, however, despite research which suggests that



96

children who skip meals are more likely to snack, 82% of participants in this sample
reported consuming three meals per day (38, 39). ‘Frequent snackers’ had the highest
daily total energy intake, and reported 2.5 or more snacks per day. These findings
support the assertion that older children and adolescents may not compensate for energy
intake from snacks at subsequent meals (40). Further, after adjusting for eligibility for
free or reduced-priced lunch, a statistically significant and positive association was
observed for eating, meal, and snack frequencies with total energy intake. This is not
only is consistent with our hypotheses, but it is also supported by the literature. Dietary
data from children ages 13-16 years who participated in the Child and Adolescent Trial
for Cardiovascular Health, show that total energy intake increased linearly with daily
eating frequency (39). Other studies have observed a similar relationship, suggesting a
positive association between daily meal and snack frequency and total energy intake (41,
42).

This study has noteworthy limitations and strengths. First, our results are valid to
the extent that children and adolescents can accurately define meals and snacks. We
attempted to address this potential limitation by carrying out this analysis using total
eating frequency as well as reported meal and snack frequencies. Second, we did not
collect information on family meals or who purchased and/or prepared meals.
Accordingly, we can only hypothesize that these two constructs may have influenced our
findings. Third, our findings are cross-sectional in nature such that no conclusions can be
made with respect to direction or causality. Finally, generalizability of our findings may
be limited beyond racially and socioeconomically diverse samples of urban school

children.
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This investigation also has many strengths. Further, we employed registered
dietitians to collect repeat, non-consecutive 24-hour recalls using NDSR’s multiple-pass
method in effort to reduce under-reporting, particularly as it relates to eating occasions.
Finally, our analytical design, in which we used a mixed model to account for repeat
dietary measures, allowed us to account for day-to-day dietary variation. The
demographic characteristics of our sample should be considered a strength of this work,
given that low-income minority children are at greater risk for poor diet as well as
overweight and obesity (43).

CONCLUSIONS

This study provides evidence that eating frequency, meal frequency, and snack
frequency are positively associated with total energy intake in a racially and ethnically
diverse cohort of low-income children ages 9 to 15 years. Results suggest that eating
frequency, in general, and snacking, in particular, are positively associated with diet
quality in elementary school-age participants; however, in adolescents, snack frequency
is inversely associated with diet quality while meal frequency is positively associated
with diet quality. These findings further support the assertion that eating frequency likely
plays a role in excess childhood weight gain, despite the equivocal literature. Given the
lack of prospective and experimental studies in this area, further research is needed to

explore the relationships of eating frequency with weight gain in school-age children.
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TABLES

Table 1. Characteristics of school-age children and adolescents who participated in the
Daily D diet sub-study

Analytic Sample (n=176)"

Sex (% Female) 50.6%
Age (mean + SD) 11.4 + 1.5 years
Race/Ethnicity’ (%)
White 40.0%
Black 12.6%
Hispanic 13.7%
Asian 13.1%
Other 20.6%
Weight Status (% Overweight/Obese) 46.0%
Maternal Education (%6)
No college education 50.0%
Some college, college, and/or graduate education 50.0%
Qualify for Free / Reduced-Price Lunch (% Yes) 63.8%
Reported Physical Activity? (%)
Active (>300 minutes/week) 14.2%
Moderately Active (150 to <300 minutes/week) 21.6%
Sedentary ( <150 minutes/week) 64.2%

1Sample sizes vary slightly due to missing data
“Minutes of moderate and vigorous physical activity measured using the Block Kids Physical Activity
Screener. Categories are based on the 2008 Physical Activity Guidelines for Americans (31)
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Table 2. Dietary characteristics of the first in-person 24-hour diet recall provided by
school-age children and adolescents who participated in the Daily D diet sub-study”

‘Infrequent ‘Snackers’ ‘Frequent
Snackers’ (n=59) Snackers’
(n=32) (n=85)
Reported Eating 1-3 occasions/day 4 occasions/day 5+ occasions/day
Frequency”®
Mean (SD)

Meal Frequency® 2.34 (0.65) 2.97 (0.41)° 2.98 (0.41)*
Snack Frequency” 0.5 (0.62) 1.0 (0.41) 2.5 (0.88)
Diet Quality® 49.2 (10.9)° 56.4 (11.5)° 55.5 (13.0)*°
Energy Intake 1322.2 (595.2)% 1570.5 (435.1)*  2016.8 (586.9)
Average Energy per meal 495.3 (230.9) 463.7 (123.4)*  469.1 (139.8)%

Average Energy per snack 300.4 (219.0)* 212.6 (137.8)°  252.0 (174.6)*

'Participants were grouped into eating frequency categories using only data from the first, in-
person 24-hour recall

“Eating frequency: number of reported daily eating occasions for reliable first in-person 24-hour
recall

*Means in the same row that do not share a common letter are statistically significantly different:
Bonferroni adjustment made for multiple comparisons

“Meal frequency: number of reported daily meals (breakfast, lunch, dinner/supper) for reliable
first in-person 24-hour recall

>Snack frequency: number of reported daily snacks for reliable in-person 24-hour recall

®As measured by the total Healthy Eating Index, 2005 score
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Table 3. Associations of daily eating, snack and meal frequencies with total energy
intake in school-age children and adolescents who participated in the Daily D diet sub-
study

Energy Intake

Total Percentage change’
Multivariate Effect Estimate Multivariate Effect Estimate
(p-value) (p-value)
Eating Frequency® B1=0.11 (p<0.001) 11.6% increase in total energy
intake (p<0.001)
Meal Frequency* B:=.17 (p<0.001) 18.5% increase in total energy
intake (p<0.001)
Snack Frequency® B1=0.09 (p<0.001) 9.4% increase in total energy

intake (p<0.001)

Effect estimates from separate mixed models which account for repeat measures and are adjusted for
school and free or reduced-price lunch eligibility

*Total energy intake log transformed. Reported beta-coefficients have not been back transformed. Percent
change in total energy intake is reported as ((e"p1) — 1) * 100%

®Eating frequency: number of reported daily eating occasions

*Meal frequency: number of reported daily meals (breakfast, lunch, dinner/supper)

*Snack frequency: number of reported daily snacks




107

Table 4. Associations of eating, meal and snack frequencies with diet quality, as
measured by the HEI-2005 total score, and in elementary school-age children and
adolescents who participated in the Daily D diet sub-study”

Elementary School-age: Adolescents:
9-11 years 12-15 years
(n=92) (n=84)
B-estimate (p-value)? B-estimate (p-value)?
Eating Frequency 2.60 (p=0.003) -1.4 (p=0.16)
Meal Frequency 3.84 (p=0.06) 5.4 (p=0.01)
Snack Frequency 2.31 (p=0.02) -2.73 (p=0.006)

'HEI-2005 scores range from 21.9 to 82.3 (out of a possible 100)

*Separate mixed multivariable models accounting for repeat dietary measures and adjusting for
school, maternal education, free or reduced price lunch eligibility, and physical activity
“Eating frequency: number of reported daily eating occasions

*Meal frequency: number of reported daily meals (breakfast, lunch, dinner/supper)

“*Snack frequency: number of reported daily snacks
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ABSTRACT

Background: Research suggests television (TV) time affects weight status and dietary
intake in children; however, how TV time affects eating frequency in children is not
Clear.

Objective: To determine if TV time is associated with weight status, eating frequency,
total energy intake and diet quality, measured by the Healthy Eating Index-2010, in
elementary school-age children.

Design: Nationally representative data from 2,307 subjects, 6-11 years, who participated
in the National Health and Nutrition Examination Survey, 2005-2010.

Outcome Measures: Daily TV time was measured by proxy-completed questionnaire.
Results: Each additional hour of daily TV viewing was statistically significantly
associated with 1.18 times of odds of being overweight or obese (OR: 1.18, 95% CI: 1.09
to 1.27) and 0.71 unit decrease in total diet quality (p=0.003) (HEI-2005 range: 14.1 to
83.9 units). The relationships of TV viewing with eating frequency and with total energy
intake, in separate models, were not statistically significant.

Conclusions: Daily TV viewing is not associated with eating frequency, but is positively
associated with weight status and inversely associated with diet quality in elementary
school-age children. Further research is needed to understand how daily TV viewing

affects attention to dietary intake, particularly hunger and satiety cues in children.
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INTRODUCTION

The first study to examine the relationship between television (TV) viewing and
childhood obesity, was published in 1985 and concluded that TV viewing may cause
obesity in some children (1). Over the subsequent 30 years, children in the United States
have increased TV viewing by one hour per day (2, 3), and the obesity prevalence almost
tripled (4). Estimates suggest that children currently watch as many as 4.5 hours of TV
per day (2), which is more than twice the American Academy of Pediatrics’ (AAP)
recommendation to limit total screen time to fewer than 2 hours per day (5, 6). TV is
considered an established risk factor for childhood overweight and obesity given that it is
a sedentary behavior and is associated with poor dietary intake (7, 8). Specifically, TV
viewing is positively associated with total caloric intake (9-11), consumption of energy
dense snack foods (12, 13) and sugar-sweetened beverages (10, 13), and inversely
associated with fruit and vegetable consumption (13-16).

As the single largest media source of food messaging (13), it is important to
understand how TV viewing affects dietary intake patterns in children. One mechanism
by which TV viewing has been shown to affect dietary intake is through food advertising.
The expert panel convened by the Institute of Medicine to review the relationship
between food advertising and children’s diets concluded that food marketing is effective
inasmuch as TV advertising influences food preference and purchase requests (17).
Distracted or passive eating that may occur during TV viewing represents a second
pathway through which TV viewing could influence intake (7). This hypothesis has
been less well explored; however, overweight and obese teens report ‘unconsciously’

eating foods high in sugar, salt and fat while watching TV (18). Further indirect support
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for this plausible mechanism is national trend data which suggest a parallel increase
between TV viewing and eating frequency in children. Accordingly, distracted or passive
eating associated with TV viewing may be responsible for the observed increase in eating
frequency (19).

This study was undertaken to better understand how TV time is related to weight
status and dietary intake patterns in a nationally representative sample of school-age
children. We used data from children, ages 6-11 years, who participated in the National
Health and Nutrition Examination Survey (NHANES) 2005-2010, to explore the
relationship of TV viewing with overweight and obesity, eating frequency, total energy
intake and diet quality, as measured by the Healthy Eating Index, 2005 (HEI-2005). We
hypothesized that TV viewing would be positively associated with overweight and
obesity, eating frequency and total energy intake, and inversely associated with diet
quality.

SUBJECTS & METHODS
Study Design and Participants

NHANES, conducted by the National Center for Health Statistics (NCHS), is a
continuous survey program designed to assess the health and nutritional status of adults
and children in the United States. To achieve a nationally representative sample, NCHS
utilizes a complex, multistage, probability sampling design (20). Demographic,
physiological, and dietary data are collected through a health interview and physical
exam. A complete description of data-collection methods and analytic guidelines has
been detailed elsewhere (20). Data from three continuous NHANES cycles, 2005-2006,

2007-2008, and 2009-2010, were combined for this analysis. Participants were included
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if they were 6-11 years of age, provided a complete and reliable in-person 24-hour recall,
and had TV use information. This yielded an analytic sample size of 2,307 participants.
The Institutional Review Board of Tufts University approved this study as non-human
subjects research per federal guidance (21).
Dietary Exposures

As part of the NHANES protocol, an in-person, parent- or guardian-assisted 24-
hour diet recall was collected from each participant by a trained interviewer during the
Mobile Examination Center (MEC) examination. The 24-hour diet recall is collected
using the United States Department of Agriculture (USDA) Automated Multiple Pass
Method (AMPM) (22), which has been validated for energy using the doubly-labeled
water technique (23). For all three cycles of NHANES, participants completed two 24-
hour recalls; however, our analyses suggest that there may be systematic bias in reporting
of eating frequency in children and adolescents resulting from mode of administration
used to collect the two recalls (in-person vs. by telephone) (Appendix C). Accordingly,
we used data from the in-person recall only.
Eating Frequency: Eating frequency was operationalized as the number of daily eating
occasions reported by each participant during the in-person 24-hour diet recall. An eating
occasion was defined as any distinct time when a respondent reported consuming at least
one food or beverage item, excluding water. Eating occasion names were chosen by
participants from a pre-defined list including, “breakfast, lunch, dinner, supper, brunch,
snack, extended consumption, drink” for English speaking participants or “desayano,
almuerzo, comida, merienda, cena, entra comida, botana, bocadillo, tentempie” for

Spanish speaking participants. All eating occasions identified as “extended
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consumption” were combined into a single eating occasion with the original meal or
snack at which consumption was initiated.

Total Energy Intake: Total energy intake was determined for each participant using the
Total Nutrients File for the in-person 24-hour diet recall.

HEI-2005 Score: The HEI-2005 measures overall diet quality through adherence to the
2005 Dietary Guidelines for Americans (DGA) (24). We used the HEI-2005, rather than
the HEI-2010, because the 2005 DGA were the only federal dietary guidance during the
period of data collection for the three NHANES surveys used in this analysis. The HEI-
2005 total score represents the sum of 12 nutrient- and food-based component scores and
reflects whether intake of food groups and nutrients meet the standards set by the 2005
DGA. Nine of the components (fruit, whole fruit, total vegetables, dark green and
orange vegetables, total grains, whole grains, milk, meat and beans, and oils) represent
adequacy components for which a higher score indicates greater consumption, whereas
the saturated fat, sodium, and energy from solid fat, alcohol, and added sugars (SOFAAS)
represent moderation components where a higher score reflects lower consumption.
Because the standards used to assign maximum HEI-2005 scores for each component are
based on overall population needs and that elementary school-age children require a more
nutrient-dense diet to achieve recommended intakes without exceeding energy needs, the
HEI-2005 standards have been modified (25). Specifically, using mean Estimated
Energy Requirements published by the Institute of Medicine for children ages 6-11 years,
the HEI-2005 standards were modified according to the 1,800 calorie MyPyramid eating

pattern (24-26). Total and component HEI-2005 scores were determined for each
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participant using the MyPyramid Equivalents Database (27), the 2003-2004 addendum
(28), and SAS code made publically available by the USDA (29).
Outcome Measures
TV Viewing: Time spent watching TV was assessed by questionnaire across all three
cycles of NHANES 2005-2010. Specifically, parents or guardians, serving as proxy-
respondents, were asked, on average, over the past 30 days, how many hours per day
their child sat and watched television.
Covariates

Age in months, sex, race/ethnicity, poverty-to-income ratio (PIR), and physical
activity were considered as potential covariates. Race/ethnicity was coded by NCHS by
combining information on race and Hispanic origin. Per guidance from NCHS,
racial/ethnic categories include non-Hispanic white, non-Hispanic black, Mexican
American, and other (30). Poverty-to-Income Ratio (PIR), which is the ratio of
household income to the appropriate poverty threshold for the household size, was used
as the primary measure of socioeconomic status. Finally, physical activity was assessed
by questionnaire across all three cycles of NHANES 2005-2010. The questionnaire items
used to collect physical activity information in children ages 6 to 11 years old changed
between the 2007-2008 and 2009-2010 surveys. In the 2005-2006 and 2007-2008
surveys, proxy respondents were asked to report the number of times per week their child
played or exercised hard. In 2009-2010, proxy respondents were asked the number of
days per week that their child was physically active for at least 60 minutes over the past
seven days.

Statistical Analyses:
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Proc Survey procedures in SAS (Version 9.2, 2008, SAS Institute, Cary, NC) were
used to obtain descriptive and inferential statistics while accounting for the complex,
multistage, probability sampling methodology used to collect the 2005-2010 NHANES
cycles. All tests were performed at the two-sided 0.05 level of significance. Sample
weights, which account for survey non-response, over-sampling, post-stratification, and
sampling error for each two-year survey, were re-scaled to represent the population at the
midpoint of the combined six year survey period (20). The relationship of TV viewing
with overweight and obesity status was estimated using logistic regression. The
associations of TV viewing with eating frequency, total energy intake and diet quality
were estimated using multivariable linear regression. Given its distribution, total energy
intake was log-transformed; geometric means are reported. For each respective outcome,
we assessed the need to control for each potential covariate: age in months, sex,
race/ethnicity, PIR, and reported physical activity level. To account for the change in
physical activity assessment across survey cycles, dummy variables were created for
survey cycle and physical activity, and interaction terms were included in the full
multivariate models. Potential covariates were retained in each respective model if their
inclusion induced a change in the point estimate greater than 10% (31).

RESULTS

A total of 2,307 children, 6 to 11 years of age, provided a complete and reliable
in-person 24-hour recall, and their proxy provided data on hours spent watching TV
daily. The characteristics of this sample are shown in Table 1. On average, the
participants in this sample were 8.5 years of age, were active six days per week, and

32.5% were overweight or obese. Data in Table 2 show differences in TV viewing,
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eating frequency, total energy intake and diet quality between children whose proxy-
reported daily TV viewing is consistent with the AAP recommendation to limit TV time
to less than 2 hours per day and those whose proxy-reported TV viewing exceeds the
recommendation. On average, children who exceed the AAP guidelines watch more
than three additional hours of TV daily (p<0.0001). Further, with respect to dietary
intake patterns, children who exceed the AAP guidelines report consume a lower quality
diet than those who adhere to the recommendation (p<0.001). No statistically significant
differences were observed between groups for eating frequency or total daily energy
intake.

Table 3 displays the results from crude and multivariable regression models for
each dependent variable: weight status, eating frequency, total energy intake and diet
quality. For each additional hour of daily TV viewing, children have 18% greater odds of
being overweight or obese (OR: 1.18, 95% CI: 1.09 to 1.27) after controlling for physical
activity. Although a positive relationship between daily TV viewing and weight status
was observed, the relationships of TV viewing with eating frequency and total energy
intake, in separate models, were not statistically significant. Total HEI-2005 scores
ranged from 14.1 to 83.9 out of a possible 100 in this nationally representative sample.
TV viewing was statistically significantly and inversely associated with total HEI-2005
scores. Specifically, for each additional hour of daily TV viewing, a child’s HEI-2005
total score decreased by 0.71 units (p=0.003).

DISCUSSION
This study was done to explore whether TV viewing is associated with weight

status, eating frequency, total energy intake, and diet quality in a nationally representative
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sample of 6-11 year old children. We hypothesized a positive association of TV viewing
with weight status, eating frequency and energy intake and an inverse association with
diet quality. As anticipated, we observed a statistically significant and positive
association between TV viewing and weight status and an inverse association between
TV viewing and diet quality. However, the observed null relationship of TV viewing
with eating frequency and with total energy intake was unexpected.

Our results are consistent with studies over three decades which have replicated
Dietz and Gortmaker’s initial finding that TV viewing is positively associated childhood
obesity (1). Since then, prospective studies have shown that TV viewing is a risk factor
for weight gain (32), as have randomized controlled trials (33, 34), the gold standard of
study designs. After reducing TV time through intervention, Epstein and colleagues
observed weight loss in children ages 8-12 years old (33). Robinson et al. found that in
children who continued to watch TV at their regular rate, adiposity significantly
increased over a school year compared to those who decreased TV viewing by 40% (34).
Our results are also consistent with other studies which have examined the relationship
between TV viewing and diet quality. In a sample of fourth, fifth and six graders, with an
average age of 10 years, TV viewing was associated with higher consumption of pizza,
salty snacks and sugar-sweetened beverages and lower consumption of fruits and
vegetables (13). Similarly, in sixth to eighth graders, Wiecha and colleagues found that
each additional hour of TV viewing was positively associated with consumption of
energy dense snack foods, fast food, and sugar-sweetened beverages (35). Our findings

add to this literature through the use of a comprehensive diet quality score, as provided
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by the HEI-2005, in suggesting that overall diet quality decreases by nearly 1 unit with
each additional hour of daily TV viewing.

That we did not find a statistically significant relationship of TV viewing with
eating frequency or with total energy intake was unexpected. There are several possible
explanations for the observed null findings. First, if food consumption during TV time is
truly distracted or passive, as we hypothesized, eating occasions that occur while
watching TV may not be accurately reported in the context of a 24-hour diet recall. A
study examining the relationship between weight status and attention paid to the media,
found that children whose primary attention was focused on the TV had higher BMI than
those who paid less attention to the TV (36). The authors attribute their findings to
‘distracted’ eating, suggesting that attention paid to the TV distracts young people from
physiologic hunger and satiety signals.

This study had some noteworthy limitations. First, TV viewing was reported by
parents or guardians such that it is only valid to the extent that the parent or guardian is
able to monitor or otherwise confirm TV use. Second, we were only able to consider TV
time rather than total screen time. Two recent studies reported positive associations
between video game play and snacking, despite no changes in appetite (37, 38). Despite
these limitations, this analysis also had strengths. First, this study was done in a
nationally representative sample of 2,307 children all of which had measured heights and
weights. Second, the dietary data were collected using the validated USDA’s AMPM.

CONCLUSIONS

It is well established that TV viewing is a modifiable risk factor for childhood

overweight and obesity. This association is likely due both to fact that TV viewing is a
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sedentary behavior associated with poor dietary intake. Our cross-sectional analyses
support the notion that TV viewing is positively associated with weight status and
inversely associated with diet quality. While this analysis did not identify a statistically
significant relationship between TV viewing and eating frequency, this may reflect
under-reporting related to the distracted eating that may occur with TV viewing.
Accordingly, future research studies using objective measures of total TV time and eating
frequency, are needed to better understand how TV viewing affects attention to dietary

intake, particularly hunger and satiety cues in children.
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TABLES

Table 1. Sample characteristics for elementary school-age children, 6-11 years, who
participated in the National Health and Nutrition Examination Survey, 2005-2010

NHANES 2005-2010
Participants (6-11 years old)*

Age (mean (95% Cl)) 8.48 years (8.40 to 8.56)
Sex (% female) 48.9%
Race-Ethnicity
Non-Hispanic White 57.3%
Non-Hispanic Black 14.2%
Mexican-American 14.6%
Other 13.9%
Poverty-to-Income Ratio (PIR)
PIR<1.30 34.3%
1.30<PIR<3.50 36.0%
PIR > 3.50 29.7%
Physical Activity? (mean (95% Cl))
2005-2008 NHANES Cycles 6.00 times per week (5.70 to 6.28)
2009-2010 NHANES Cycle 6.03 days per week (5.74 to 6.33)
Weight Status® (%)
Underweight 3.1%
Normal 64.3%
Overweight or Obese 32.5%

! Children ages 6 to 11 years with one reliable 24 hour diet recall and complete TV use data

% The questionnaire item for physical activity assessment changed for children ages 6-11 years
between NHANES 2005-2008 and 2009-2010. Proxy respondents were asked the ‘number of
times’ versus ‘number of days’ their child played or exercised hard over the last week in 2005-
2008 and 2009-2010, respectively.

*Underweight: BMI < 5™ percentile for sex and age; Normal: BMI >5™ percentile and <85"
percentile for sex and age; Overweight or Obese: BMI >85" percentile for sex and age
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Table 2. Mean reported television (TV) viewing time, eating frequency, total energy
intake, and diet quality in elementary school-age participants from NHANES 2005-2010,
by adherence to American Academy of Pediatrics (AAP) TV viewing guidelines®

Adhered to AAP Exceeded AAP T-Test
guidelines® guidelines? (p-value)®
(n=1218) (n=1089)
Mean (95% ClI)
Number of daily hours 0.71 3.76 t=56.9
of TV viewing (0.66 to 0.75) (3.66 to 3.87) (p<0.0001)
Number of daily 5.3 5.2 t=0.61
eating occasions (5.1t05.4) (5.1t05.3) (p=0.54)
Total energy intake 1901.4 1960.2 t=1.47
(kcals/day)* (1845.3 to 1957.6) (1902.5 t0 2017.9) (p=0.15)
Diet Quality® 47.2 44.5 t=3.77
(46.2 t0 48.2) (43.310 45.6) (p<0.001)

' The AAP recommends that children ages 2 years and older limit TV time to two hours per day
Geometric mean reported as total energy intake was log transformed

® Determined by Healthy Eating Index-2005 total score (range 14.1 to 83.9 out of a possible 100)
“t-Test statistics and p-values estimated using Proc SurveyReg
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Table 3. Associations of TV viewing with eating frequency, total energy intake, and diet
quality in elementary school-age participants from the National Health and Nutrition
Examination Survey, 2005-2010

Outcome Crude Model Estimates  Adjusted Model Estimates
Odds Ratio (95% CI)
Overweight & Obesity* 1.19 (1.10 to 1.29) 1.18 (1.09 to 1.27)
Beta-estimate (p-value)
Eating Frequency® -0.037 (p=0.16) -0.001 (p=0.97)
Total Energy Intake® 0.0078 (p=0.17) 0.0085 (p=0.18)
Diet Quality” -0.83 (p=0.007) -0.71 (p=0.003)

!Logistic regression model adjusted for physical activity

“Multivariable linear regression model adjusted for race/ethnicity and poverty-to-income ratio
*Multivariable linear regression estimating model effects for log-transformed total energy intake. Adjusted
model controls for sex, age-in-years, race/ethnicity, poverty-to-income ratio, and physical activity

* Multivariable linear regression model adjusted for poverty-to-income ratio
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Chapter Seven

Summary and Discussion
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Chapter Seven: Summary and Discussion

The expert committee that authored The Report of the Dietary Guidelines
Advisory Committee on Dietary Guidelines for Americans, 2005, identified a better
understanding of the relationship between the eating frequency and weight as a research
priority. They write “It is important in designing strategies for managing body weight to
have a better understanding of the role of pattern of food intake on body adiposity”(1).
This thesis was conceptualized to clarify the literature, in effort to provide guidance as to
an ideal meal and snack pattern in children. At the outset of this research, two
mechanisms by which eating frequency could be related to weight in children were
considered. First, as we hypothesized, eating more frequently would increase exposure to
low nutrient, energy-dense foods, and thereby increase energy intake, decrease diet
quality, and lead to a positive association between eating frequency and weight gain.
Second, increased eating frequency may help regulate energy intake through increased
metabolism, reduced hunger, and improved glucose and insulin control; this would result
in an inverse association between eating frequency and weight gain. We also examined
how TV viewing may affect eating frequency as a potentially relevant environmental
factor.

Several epidemiologic studies provide evidence in support of an inverse
association between eating frequency and weight in children (2-5), whereas only a few
support a positive association (6, 7). However, the observed inverse cross-sectional
association may be an artifact biased dietary recall (8-10). This dissertation was uniquely
poised to address this assertion as the cross-sectional relationship between eating

frequency and weight were examined using dietary and anthropometric data from
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NHANES and the Daily D sub-study. Further, the prospective relationship of eating
frequency with change in BMIz at 6 months and 1 year was also examined within the
Daily D diet sub-study, which allowed for direct comparison between cross-sectional and
prospective findings.
NHANES

Trend data show that several eating behaviors including increased portion size,
increased snacking prevalence and eating more meals away from home have all coincided
with the increase in total energy intake over the past three decades among children (11,
12). With respect to snacking, nationally representative data show that 98% of children
consume a snack daily, snacks contribute 27% of total daily energy, and the main energy
sources in snacks include desserts, salty snacks, and SSBs (12). Given these findings, we
hypothesized that eating frequency, operationalized as the number of daily eating
occasions, would be positively associated with total energy intake, inversely associated
with diet quality, and, thus, associated with greater odds of overweight and obesity. The
results of these analyses were contrary to our hypothesis, however, and somewhat
perplexing given the observed inverse association between eating frequency and obesity
in elementary school-age children and adolescents despite a positive association between
reported daily eating frequency and total energy intake. We also found that eating
frequency is positively associated with diet quality in elementary school-age children and
adolescents.

There are a few possible explanations for these paradoxical findings. First, as
always, the observed inverse relationship between eating frequency and weight status

could be a chance finding. This is unlikely, however, given that our results are consistent
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with most cross-sectional studies in children and adolescents (9, 13, 14). Second, it is
also possible that the observed inverse association in elementary school-age children and
adolescents is due to the cross-sectional study design of NHANES. Other researchers
have suggested that the reported inverse relationship between eating frequency and
relative weight in children is an artifact of biased dietary recall or under-reporting of
eating frequency by children who are overweight or obese (8-10, 15). Third, the
observed findings could reflect the interplay between eating patterns and physical
activity. Specifically, children who are more physically active may consume more total
energy over an increased number of daily eating occasions, yet weigh less due to
increased energy expenditure. Our multivariate models do not support this assertion, as
the addition of physical activity to the regression model did not affect the odds of being
overweight or obese according to eating frequency. It is not possible, however, to rule
out residual confounding by physical activity given the methodology used to assess
physical activity in NHANES. Given the many limitations of using cross-sectional data
to examine relationships between diet and obesity, the NHANES results should not be
interpreted to suggest that eating more frequently results in a lower weight, particularly
given that we observed a statistically significant and positive relationship between eating
frequency and total energy intake. Rather, these results highlight the need for prospective
studies designed to elucidate factors that influence both eating frequency and how eating
frequency may affect weight gain in children and adolescents.
Daily D

The Daily D dietary sub-study examined both the cross-sectional and prospective

relationships between eating frequency and weight in school-age children and
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adolescents. We hypothesized that eating frequency would be positively associated with
total energy intake, inversely associated with diet quality and positively associated with
BMIz at baseline and with change in BMIz at 6-months and 1-year. Similar to our
analysis within NHANES, the cross-sectional relationship between eating frequency and
weight at baseline was statistically significant and inverse. However, by 6-months, the
nature of the relationship changed such that eating frequency was statistically
significantly and positively related to change in BMIz. These results, considered with the
findings that eating frequency was statistically significantly and positively associated
with total energy intake, and snacking was positively associated with diet quality in
elementary school age children and inversely associated with diet quality in adolescents,
support the notion that the observed inverse, cross-sectional relationships between eating
frequency and weight is likely due to methodological limitations of the cross-sectional
study design (8, 16).
NHANES: TV viewing and eating frequency

To extend our research into possible mechanisms by which eating frequency may
affect weight in children, we examined whether TV viewing was associated with weight
status, eating frequency, total energy intake, and diet quality using dietary, TV use, and
anthropometric data from 6-11 year old children who participated in NHANES, 2005-
2010. We hypothesized that TV viewing would be positively associated with weight
status, eating frequency and energy intake and an inversely associated with diet quality.
As anticipated, we observed a statistically significant and positive association between
TV viewing and weight status and an inverse association between TV viewing and diet

quality. However, the observed null relationships of TV viewing with eating frequency
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and total energy intake were unexpected. The most likely explanation for these null
findings is under-reporting of eating frequency and total energy intake. Specifically, if
food consumption during TV time is truly distracted or passive, as we hypothesized, it is
possible that eating occasions that occur while watching TV may not be accurately
reported in the context of a 24-hour diet recall. This assertion is supported by a recent
study which examined the relationship between weight status and attention paid to
electronic Media (17). Children whose primary attention was focused on the TV had
higher BMI than those who paid less attention to the TV. The authors attribute their
findings to “distracted’ eating that attention paid to the TV distracts young people from
physiologic hunger and satiety signals (17). Overall, these findings suggest that further
research is needed to better understand how TV viewing affects attention to dietary
intake, particularly hunger and satiety cues in children.
Conclusions

The purpose of this work was three-fold. First, we sought to provide clarity to an
otherwise equivocal body of literature by examining the cross-sectional relationship
between eating frequency and weight and the prospective relationship between eating
frequency and weight gain. Second, we anticipated providing insight into possible
mechanisms by which eating frequency may affect weight status in children by
examining the relationships of eating frequency with total energy intake, diet quality and
TV viewing. Finally, we wanted this work to help parents, schools and clinicians better
understand what eating pattern, if any, can help minimize excess weight gain in
childhood at different stages of the pediatric life course. Performing parallel analyses in

two separate data sets with different study designs, uniquely allowed us to compare cross-
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sectional and prospective findings. In their entirety, our results provide some clarity to
the literature. The discrepancy between our cross-sectional and prospective findings
suggests that under-reporting of eating frequency by overweight or obese children may be
responsible for the equivocal literature. Our findings align with assertions made by
Bellisle and colleagues, Huang and colleagues, and Crawley and Summerbell that the
observed statistically significant relationship between eating frequency and decreased
weight is likely an artifact of biased dietary recall (8, 9, 15). This conclusion is
reinforced by the observed positive relationship between reported daily eating frequency
and total energy intake.

Given that prevention of childhood obesity is a public health priority, we
anticipated that this work would provide insight into an ideal meal and snack pattern
designed to minimize excess weight gain in childhood. Unfortunately, however, this
body of work does not suggest that a single meal and snack pattern is ideal, particularly
given that the relationships of eating frequency with relative weight and diet quality
differed between pediatric life stage groups. Instead, overall findings demonstrate the
need for future prospective work designed to assess the relationship between usual eating
frequency and long-term weight gain in children. In the absence of statistical methods to
model usual eating frequency, 24-hour recalls should be collected more frequently in
future work to provide better estimates of usual behaviors so that true longitudinal
analyses can be used. Inthe meantime, given our the positive association between eating
frequency and total energy intake, there is a critical need to address consumption of low-
nutrient, energy-dense foods and beverages, particularly as snacks, given that these foods

do not help children meet dietary recommendations and have the potential to increase
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energy intake. Snacking has become a pervasive behavior among children; interventions
that effectively promote the consumption of healthy snacks may reduce excess weight

gain in childhood.
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Appendix A:
Modification of the Healthy Eating Index, 2005

The standards for each HEI-2005 component score are derived to meet the
nutrient needs of the overall U.S. population. With the exception of saturated fat and
sodium, children typically need to consume larger amounts of most food groups and
nutrients on a per calorie basis to achieve desired intakes without exceeding energy
intake. Researchers have therefore questioned the use of the HEI-2005 in its current form
(39). For example, in their analysis of data from the School Nutrition and Dietary
Analysis (SNDA-I1I), Fox and colleagues modified the standards based on Estimated
Energy Requirements (EER)(40). In this approach, EER for each pediatric life stage
were determined using estimating equations developed by the Institute of Medicine.
Given large discrepancies in energy needs for adolescent males and females, sex-specific
criteria were developed for adolescents.. Mean EER’s were 1,600 calories per day for
preschool-age children, 1,800 calories per day for elementary school-age children, 2,000
calories per day adolescent females and 2,400 calories per day for adolescent males
calories per day. Table 1 shows both the original HEI-2005 standards for each
component score as well as the modified standards, which come from the MyPyramid
eating patterns for each respective pediatric life stage group and are published by the

USDA (24).
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Table 1. Original and modified standards for the Healthy Eating Index, 2005 (HEI-2005)

Modified Standards

Original Preschool  Elementary Adolescent  Adolescent
HEI Component Max HEI-2005 1 600 1 800 Females Males
Score Standards kca,ls /day kca’ls /day 2,000 2,400
kcals/day kcals/day
Total Fruit 5 >08cup >0.9cup > 0.8 cup >1.0cup > 0.8 cup
Whole Fruit 5 >04cup >04cup > 0.4 cup >0.5cup > 0.4 cup
Total Vegetables 5 >1lcup >1.2cup >1.4cup >1.3cup >1.3cup
Dark Green 5 >04cup >05cup > 0.6 cup >0.5cup >0.5cup
Orange Vegetables
and Legumes®
Total Grains 5 > 3.0 oz. > 3.1 0z. > 3.3 0z > 3.0 oz. > 3.3 0z
Whole Grains 5 >1.5o0z. >1.9oz. > 1.7 oz. >1.5o0z. > 1.7 oz.
Milk2 10 >13cup >19cup >1.7 cup >1.5cup >1.3cup
Meat and Beans 10 >2.5o0z. >3.10z. > 2.8 0z. > 2.8 0z. > 2.7 0z.
Oils® 10  >12gm. >14gm.  >13gm. > 14 gm. > 13 gm.
Saturated Fat 10 <7% <7% <7% <7% <7%
Sodium 10 <0.7gm. <0.7gm. <0.7gm. <0.7 gm. <0.7 gm.
SoFAAS* 20 < 20% <8.3% <11% <13.4% <15.1%
Total Score 100

1 . .
Legumes are counted as vegetables only after the standard for intake of meat and beans is met
2 . . . :
Includes all milk products including milks, yogurt, and cheese
3 . g
Includes non-hydrogenated vegetable oils and oils in fish, nuts, and seeds

*Solid Fats, Alcohol and Added Sugars
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ABSTRACT

The role of eating frequency in the development of childhood obesity has garnered a lot
of attention. Over the last three decades, as the prevalence of childhood overweight and
obesity has increased, eating frequency has increased by an average of 2.0 eating
occasions/day. Despite this simultaneous rise, the relationship between eating frequency
and childhood obesity is not well established. We examined eating frequency reported in
repeat 24-hour recalls collected from children ages 2-18 years who participated in 2005-
2010 National Health and Nutrition Examination Survey (NHANES) to determine if it
differs according to day of the week, on weekend vs. weekdays, and by mode of
administration for the 24-hour recalls (in-person versus over-the-telephone), to better
understand how to best measure usual eating frequency in children. Results show that
reported eating frequency does not differ by day of the week or between weekend and
week days; however, on average, the number of eating occasions reported in-person is 0.5
occasions greater than that reported over-the-telephone (p<0.001). Further, linear
regression analyses suggest that the estimates for eating frequency across the two 24-hour
recalls are not in agreement. These findings highlight the need for further research to
understand how differences in 24-hour recall collection methodology affect the report of

eating occasions in children.

KEYWORDS: Eating Frequency, Snacking, Children, Usual Intake
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INTRODUCTION

Given the current obesity epidemic, determining dietary risk factors that
contribute to obesity in childhood and adolescence has been a focus of nutrition research.
Increased eating frequency, particularly in the form of snacking, is one aspect of diet that
has received attention. Over the last three decades, research shows that eating frequency
in American children has considerably increased. The average eating frequency,
operationalized as number of eating occasions per day, in children shifted from 3.0 in the
late 1970’s to 5.0 in 2006 (1). This increase is largely attributed to snacking behavior, as
analyses of 2003-2006 NHANES data suggest that 98% of children consume at least one
snack per day, while on average, children consume almost three snacks per day (2).
Further, data from the third School Nutrition Dietary Assessment Study show that 40% of
children consume a snack during the school day (3).

The concurrent increase in childhood obesity suggests that an increased eating
frequency may contribute to childhood weight gain; however, the literature on this topic
is equivocal (4). A few studies have found that greater eating frequency is associated
with an increased odds of overweight in children (5, 6), while others have found an
inverse relationship between eating frequency and weight status (7-9). These inconsistent
findings may be due to the lack of a consistent definition for snacking (10); however,
they may also be due to the manner in which eating frequency is measured and
operationalized in these investigations.

For most epidemiologic studies exploring the association between diet and an
outcome, particularly a long-term outcome like obesity, the primary exposure of interest

is usual, or long-term, dietary intake given the day-to-day variation in diet (11). Food
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frequency questionnaires, which estimate usual intake over a longer period of time, are
not designed to assess eating frequency. Therefore, most studies that examine eating
frequency rely on data from 24-hour recalls, a method which captures intake on a single
day but is susceptible to large amounts of within person variation (11). Currently, no
accepted statistical methods are available to estimate usual eating frequency from repeat
24-hour recalls (12). Accordingly, most analyses examining the relationship between
usual eating frequency and weight status have done so by averaging number of daily
eating occasions across multiple 24-hour recalls or food records or relied on estimates
from a single 24-hour recall (6, 13-16) despite the well-documented drawbacks of doing
so (17).

To understand how to best characterize usual eating frequency in the absence of
more sophisticated statistical methods, the purpose of this analysis was to examine if
eating frequency reported in repeat 24-hour recalls collected as part of the continuous
National Health and Nutrition Examination Survey (NHANES) 2005-2010, differs
according to day of the week, on weekend vs. weekdays, and mode of administration (in-
person versus over the telephone).

METHODS
Study Design and Participants

NHANES, collected by the National Center for Health Statistics (NCHS), is a
continuous program of studies designed to cross-sectionally assess the health and
nutritional status of adults and children in the United States. NCHS utilizes a complex,
multistage, probability sampling design to create samples that are representative of the

civilian, non-institutionalized US population (18). For purposes of this analysis, data
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from three continuous NHANES cycles, 2005-2006, 2007-2008, and 2009-2010 were
combined. This dataset included dietary data from a total of 10,891 participants aged 2-
18 years. Participants were excluded if they were missing anthropometric measurements,
completed only one 24-hour recall, or provided unreliable dietary data. This yielded a
sample size of 8,366.
Dietary Assessment Measures

Within the What We Eat in America protocol, the dietary component of
NHANES, two non-consecutive 24-hour recalls are collected by trained dietary
interviewers using the USDA’s Automated Multiple Pass Method (AMPM). The first
24-hour recall is collected in-person during the Mobile Examination Center (MEC) exam,
and the second is taken over-the-telephone three to ten days later (19). Proxy
respondents report intake for children who are five years of age and younger, and proxy-
assisted interviews are conducted with children six to eleven years of age.
Defining Eating Frequency

The AMPM uses probes to collect detailed information for each food and
beverage consumed. Participants are asked to report the time each food and beverage is
consumed and name each eating occasion from a pre-defined list. For purposes of this
analysis, an eating occasion was defined as any distinct time when a respondent reported
consuming at least one food or beverage item, excluding water. Eating frequency was
defined as the number of daily eating occasions reported. Occasions labeled “breakfast,
lunch, dinner, supper, brunch, snack, drink, desayano, almuerzo, comida, merienda, cena,
entra comida, botana, bocadillo, tentempie” counted toward eating frequency, with the

exception of water-only eating occasions. Further, any eating occasion labeled as an
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“extended consumption,” for which consumption was initiated as part of a previously
reported meal or snack, was combined into a single eating occasion with the original
meal or snack. This was done by identifying all times at which two eating occasions
were reported at the same time. For example, if a child reported an extended
consumption and breakfast at 9AM, because he/she continued drinking a beverage
beyond the end of breakfast, only one eating occasion contributed to his/her eating
frequency. Eating frequency was determined for each participant for each 24-hour recall.
Statistical Analyses

To account for the complex, multistage, probability sampling methodology used
to collect the 2005-2010 NHANES surveys, NCHS has developed sample weights which
account for survey non-response, over-sampling, post-stratification, and sampling error
for each two-year survey (18). In this analysis, three 2-year survey cycles have been
combined,; therefore, all weights were re-scaled so that they are representative of the
population at the midpoint of the combined survey period (18). When dietary data from
the in-person recall only were used, a rescaled dietary weight (WTDRD1) was used,
while the rescaled MEC exam weight (MECWT) was used when dietary data from only
the over-the-telephone recall were used (written communication with Joseph Goldman,
Senior Statistician at NCHS). When data from both recalls were used together, a rescaled
recall #2 weight (WTDR2D) was used.

To account for these rescaled sample weights as well as the correlation of sample
persons, the survey procedures within Statistical Analysis Software (version 9.2, 2008,
SAS Institute, Cary, NC) were used for all statistical analyses. Specifically, Proc

SurveyMeans was used to generate descriptive statistics for eating occasions by day of
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the week. Within Proc SurveyReg, Student’s t-test was used to compare number of
eating occasions across days of the week as well as to estimate differences in reported
number of eating occasions on week versus weekend days. Finally, to examine the
agreement between reported number of eating occasions between the in-person and
telephone recalls, a simple linear regression model was estimated. An alpha level of 0.05
was used to identify statistical significance. The Institutional Review Board of Tufts
University approved this study as exempt.

RESULTS AND DISCUSSION

Due to the scheduling of the MEC exams, the in-person recall (recall 1) is
disproportionately collected on a weekend day, which NCHS defines as Friday-Sunday,
as shown in Table 1. NHANES attempts to collect the telephone recall (recall 2) on
weekdays such that the majority of participants have one recall collected on a weekday
and weekend day. Given these differences and the fact that eating behaviors differ on
week versus weekend days in children (20), when exploring whether the two 24-hour
recalls can be combined to estimate usual eating frequency, it is important to understand
how the collection day of the week affects reported eating occasions.

When stratified by day of the week, the data indicate that the difference in eating
frequency between days of the week for each recall is not statistically significant with the
exception of Tuesdays for the in-person recall and Thursdays for the telephone recall
(Table 1). Despite this finding, the reported mean number of eating occasions, or eating
frequency, is significantly greater for the in-person recall as compared the telephone

recall (recall 1: 5.16 (SE=0.03) eating occasions per day, recall 2: 4.70 (SE=0.03) eating
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occasions per day; t= 23.7; p<.0001). Specifically, eating frequency reported for the in-
person recall is, on average, 0.5 occasions greater than reported for the telephone recall.

To further examine whether the differences in reported eating frequency reflect
the fact that the in-person recall is disproportionately collected on weekend days (Friday-
Sunday), two separate Student t-tests were performed. The results, shown in Table 2,
suggest that there are no statistically significant differences in eating frequency between
weekend and week days (recall 1: t=1.75, p=0.09; recall 2: t=1.13, p=0.26). When
considered along with the data in Table 1, these analyses suggest that although the in-
person recall is disproportionately collected on weekend days, this does not explain the
observed differences in reported mean daily eating occasions between the two 24-hour
recalls.

The standardized procedures for dietary data collection within NHANES, the
AMPM, is designed to prevent any biases in way the 24-hour recall is collected (19);
however, the fact that recall 1 is collected in-person, while recall 2 is collected by
telephone may lead to subjects, particularly children, to alter their reporting behaviors.
While we would anticipate some day-to-day variation, if the two recalls were
interchangeable, we would not expect any systematic difference in the reported eating
frequency between the two recalls. Such a systematic difference in reported eating
frequency between the in-person and telephone recalls is apparent within the NHANES
2005-2010 dietary data.

To explore this systematic difference, we further examined the level of agreement
between the reported eating frequencies for the two 24-hour recalls. The correlation

between the reported eating frequencies across the two recalls is modest (0.43;
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p<0.0001). Further, the results from a simple regression model, in which the dependent
variable, recall difference (EODiff = eating frequency for recall 1 — eating frequency for
recall 2), was regressed on the average number of eating occasions, or eating frequency,
across the two recalls, suggest that for each additional average eating occasion reported,
the difference in eating frequency reported between recalls 1 and 2 statistically
significantly increases by 0.09 eating occasions/day (1= 0.09, p<0.001). If there were
consistent bias between the two 24-hour recalls, we would have expected a statistically
non-significant effect estimate; however, given that this model yielded a statistically
significant effect estimate suggests that the bias varies with eating frequency.

The findings that, on average, there is a 0.5 occasion difference in the number of
eating occasions reported for the in-person as compared to over the phone recall, and that
the estimates yielded by the two 24-hour recalls are not in agreement suggest that taking
an average across them may not be the best approach to estimate usual eating frequency.
Given that the observed differences are independent of the collection day of the week, it
is possible that they are due to the differences in mode of collection used for the two 24-
hour recalls. That is, during an in-person 24-hour recall, a research subject, particularly a
child, may be more engaged in the process and better able to accurately recall each eating
occasion. When the same interview is done by telephone, it is possible that there are more
distractions and it is easier for a child to forget to report an entire occasion or more. It is
also possible that the observed differences are due to the participants experience in
already having completed a 24-hour recall. Children and proxies who have completed a

previous 24-hour recall may be more likely to rush through the second telephone recall
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given their prior experience and knowledge of the process thereby omitting an eating
occasion.

Previous research has examined the agreement between 24-hour recalls collected
in-person and those collected by telephone (21-23). This body of research suggests that
nutrient estimates from recalls taken using either methodology do not substantially differ;
yet, these studies have only been done in women and have not considered differences in
reported eating frequency across mode of administration. The current analysis is, to our
knowledge, the first to examine differences in reported eating occasions between recalls
collected using in-person versus those collected by telephone in children. An additional
strength of this analysis is its large sample size using a diverse, nationally representative
sample. Its primary limitation is the fact that there is no widely agreed upon definition
for eating frequency or daily eating occasions.

CONCLUSIONS

The role of eating frequency, or the number of daily eating occasions, in
childhood obesity is not well understood due to inconsistent findings in the scientific
literature. Although some of these inconsistencies may be due to unclear definitions for
eating frequency in general and for snacking in particular, they are also likely due the
methodology used to measure diet in children (4). The results from this analysis suggest
that eating frequency, as measured by non-consecutive repeat 24-hour diet recalls,
significantly differ in children when the first recall is collected in-person and the second
is collected by telephone. Specifically, dietary data from children ages 2-18 years who
participated in 2005-2010 NHANES show that, on average, reported eating frequency for

the in-person 24-hour recall is 0.5 occasions greater than that reported over the phone,
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independent of day of the week. This finding suggests that further research is needed to
understand whether the differences in mode of collection are responsible for the observed
differences in reported eating frequency across recalls in children. Additionally, these
results call attention to the need for statistical methods which would allow researchers the
ability to model usual eating frequency. However, even if statistical methodology to
estimate usual eating frequency was well established, these reported biases may affect

estimates of usual intake.
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Table 1. Reported eating frequency by 24-hour recall mode of administration and day of
the week for children ages 2-18 years who participated in the National Health and
Nutrition Survey (NHANES), 2005-2010
Day of the In-person Eating Telephone Eating Occasions
Week 24-hour Recall ~ Occasions  24-hour Recall Mean (SE)*
n (%) Mean (SE)* n (%)
Sunday 1396 (16.6%)  5.12°%(0.08) 1436 (17.2%) 4.63% (0.06)
Monday 709 (8.5%) 5.12% (0.07) 1860 (22.2%) 4.67°(0.04)
Tuesday 456 (5.5%) 5.22*°(0.13) 1739 (20.8%) 4.59° (0.05)
Wednesday 625 (7.5%) 5.39° (0.09) 1892 (22.6%) 4.64° (0.05)
Thursday 613 (7.3%) 5.10% (0.09) 603 (7.2%) 4.88" (0.06)
Friday 2356 (28.2%)  5.09% (0.05) 644 (7.7%) 4.65%(0.08)
Saturday 2211 (26.4%)  5.08%(0.05) 188 (2.3%) 4.66*"(0.10)
2> Means (by recall) sharing superscripts in the same column do not differ significantly
(p<0.05) — no adjustment has been made for multiple comparisons given multistage,
complex sampling design used in NHANES
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Table 2. Association between eating frequency and weekend day, defined as Friday-
Sunday, in children ages 2-18 years who participated in the National Health and
Nutrition Examination Survey (NHANES), 2005-2010°

24-hour Recall t-statistic Weekend Weekday
(p-value) Eating Occasions Eating

Mean(SE) Occasions

Mean (SE)

In-Person 1.75 (0.09) 5.09 (0.04) 5.21 (0.05)

Telephone 1.13 (0.26) 4.65 (0.05) 4.73 (0.04)

 Two separate Student t-tests performed via Proc SurveyReg to account for multistage,
complex sampling design used in NHANES
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Daily D Diet Sub-study Recruitment Materials
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Daily D Diet Study>

Is your child currently enrolled in the
Tufts University Daily D Study?

Does he/she want to participate in a
diet screening at today’s study visit?

Participating students will meet with a Registered
Dietitian twice to answer questions about their diet.
One visit will take place before school and the other

will be over the phone 3-10 days later.

Each student will receive an additional $25 Target
gift card as a thank you for participation.

Please read the letter & consent form to learn more
about this opportunity. If you have further questions,
please call the study coordinator at 617-636-0903
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Daily D Diet Study
The Gerald J. and Dorothy R. Friedman
School of Nutrition Science and Policy at Tufts University
Informed Consent
Jennifer Sacheck, PhD, Principal Investigator, Tufts University
E. Whitney Evans MS, RD, LDN, Friedman School, Tufts University

Purpose of Study

The Daily D Study is a 3-year community-based research project conducted by the Friedman
School of Nutrition at Tufts University and supported by the National Institute of Health. The
goal of the study is to examine the effect of vitamin D supplementation on vitamin D status and
heart disease risk factors (such as cholesterol) in schoolchildren. In addition to vitamin D
deficiency, overweight and obesity are very common in Massachusetts schoolchildren. Childhood
overweight and obesity are preventable diseases with appropriate diet and exercise. The goal of
this sub-study is to better understand the relationship between dietary patterns, television viewing,
and childhood weight status. We plan to examine this relationship using dietary data and height,
weight, and television viewing measurements collected within the Daily D Study.

Procedures to be Followed:

We are inviting all children who have enrolled in the Daily D Study to participate. This includes
all children in grades 4-8 in your school who completed the first study visit in the fall of 2011.
Participation in the Daily D Study asks that all children:

1. Arrive at school between 7AM and 8AM to a specified location within the school
Arrive after an overnight fast (not eaten any foods or beverages other than water that
morning before arriving at school)

Have his/her height and weight measured

Have his/her skin color measured with an instrument that takes a picture of his/her arm
Complete dietary and physical activity questionnaires

Have his/her blood drawn (~2 teaspoons) one time by a trained phlebotomist for
measurement of vitamin D and cardiometabolic risk markers

N

©sw

Children who participate in this sub-study will also be asked to complete two 24-hour diet recalls.
This involves meeting with a dietitian and reporting every food and drink they had to eat over the
prior 24-hour period. The first recall will be collected at school either on the day of the 3-month
study visit for the Daily D Study OR within a few days of that visit. The second recall will take
place over the phone within 3-21 days of the first recall. We will be calling your child by phone
to take this second recall. If we are unable to reach your child by phone, we will make an effort
to meet with him/her at the school within the same 3-21 day timeframe.

Confidentiality

Study day procedures will be performed within a private area of the school. All information
collected about your child will be kept confidential. Once we receive your child’s information,
we will assign him/her a number code that will be used as his/her identification number
throughout the study. All names and personal information will be kept in locked files at Tufts
University, available only to the principal investigator and appropriate project staff. No one else
will have access to your child’s information. You or your child can decide not to participate at
any time and you will no longer be contacted by the study investigator or support staff.

Risks
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There are no additional risks associated with participation in the repeat 24-hour diet recalls.

Benefits
The benefit of participating in this study will be that its results may help us learn how to prevent
and treat childhood overweight and obesity.

Costs
There is no cost to participate in this study.

Payment

Your child will receive a $25 payment in the form of a gift card for his/her participation in the
sub-study after completing both 24-hour recalls. This is in addition to the $25 he/she will receive
for completing the Vitamin D and Health Study protocol. The gift certificate will be mailed
home or can be picked up after completion of the over-the-phone 24-hour diet recall.

Whom to Contact

Jennifer Sacheck, Ph.D. Tufts Institutional Review Board
Principal Investigator Tufts University, Medford, MA
Tufts University, Friedman School of Nutrition (617) 627-3417

150 Harrison Avenue sher@tufts.edu

Boston, MA 02111
phone: 617-636-0903 fax: 617-636-3727
email: jennifer.sacheck@tufts.edu

Rights

Taking part in this study is voluntary. You may choose for your child not to participate, or you
may withdraw your child from the study at any time. You will be provided with your child’s
lipid results after the study, however, should your child’s results indicate a risk for a health-
related problem, we will inform you immediately. If at any time you decide to withdraw your
child from participating in the study, his/her name will be removed from the database; however,
any data previously collected will continue to be used. Withdrawal from the study will not affect
your child’s participation in any other activities at your child’s school.

To allow your child to participate, please read both the parent and child statements
and sign the Informed Consent on the next page. You can then return it to your
child’s school.

PARENT’S STATEMENT

o | have read this consent form and have been provided with contact information to ask
questions. | understand that any questions that I might have will be answered verbally, or
if | prefer, with a written statement.

e | understand that participation in this study is voluntary. | understand that I/my child may
refuse to participate. | also understand that if I/my child want to discontinue
participation, 1/my child will be free to do so.
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I understand that my child will be participating in a 24-hour recall during the 3-month
study visit for the Daily D Study, and that he/she will be called on the phone 3-21 days
later to complete a second diet recall.

e If | have any questions concerning my child’s rights as a research subject in this study, |
may contact the Tufts University Human Investigation Review Committee at 617-627-
3417.

e | have been fully informed of the above-described study with its risks and benefits, and |
hereby consent to the procedures set forth above.

e | understand that as a participant in this study, my child’s identity and data relating to this

research study will be kept confidential, except as required by law.

Signature

To indicate your informed agreement, please read the following statement, answer the questions
below, and sign your name.

The Daily D Diet Study, my child’s part, and my part were defined and explained. |
understand my role and my child’s role as a participant. Any data regarding my identity or
my child’s identity will remain confidential. | understand that I am free to withdraw my
consent and stop my child’s participation at any time.

Child’s Name (please print):

Parent/Guardian’s Name (please print):

***Parent/Guardian’s Signature:

***Child’s Signature:

Date:

Daily D Diet Study
The Gerald J. and Dorothy R. Friedman
School of Nutrition Science and Policy at Tufts University
Jennifer Sacheck, PhD, Principal Investigator, Tufts University
E. Whitney Evans MS, RD, LDN, Friedman School, Tufts University
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We are doing a research study to figure out how what kids chose to eat affects their
weight and health. You are being asked to join the Daily D Diet Study because you are
already participating in the Daily D Study.

If you decide to participate in this additional part of the study, we will ask that you meet
with a Nutritionist at the 3-month study visit to talk about your diet. You will also be
asked to speak with the Nutritionist over the phone 3-10 days later to talk about your diet
again. There are no right or wrong answers on to the questions the Nutritionist will ask
you. We just want to know what kids eat and when.

Sometimes things happen in research studies that may make a kid feel badly. We don’t
think there is anything that will make you feel bad in this study, but if you do, you are
free to tell us and we will listen. People can have good things happen to them in research
studies. If you join this study, you may learn more about what you eat. You will also help
us figure out how to help other kids eat healthfully.

Please talk with your parents before you decide if you would like to say “yes” and join
this study. Even if your parents say “yes” you can still say “no” and not join. No one will
be angry. Even if you say “yes” first, you may stop later. All you have to do is tell us you
want to stop.

Before you say “yes” or “no”, we will answer any questions you have. If you say “yes”
and join the study, you can still ask questions. Just tell the researcher that you have a
question. You or your parent can also contact Jennifer Sacheck, the leader of this study,
at 617-636-0903.1f you have any questions about anything that happens during the study,
there is a special office at Tufts University called the Institutional Review Board that will
listen to you and answer your questions. Your parents have the phone number for that
office and can help you reach them. Signing your name means that you agree to be in
this study.

Child’s full name

Child’s signature Date

For office use only
| certify that | have explained fully to the above subject the nature and purpose,
procedures, and the possible risks and benefits of this research study.

Signature of researcher or designate Date




	STATEMENT OF AUTHORS' CONTRIBUTIONS TO MANUSCRIPT
	Whom to Contact
	Rights
	To allow your child to participate, please read both the parent and child statements and sign the Informed Consent on the next page.  You can then return it to your child’s school.
	PARENT’S STATEMENT



