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Abstract
This secondary analysis investigated the influence of body mass index (BMI) category and sex on
reporting accuracy during multiple 24-hour dietary recalls. On three occasions, each of 79 children
(40 girls) was observed eating school meals and interviewed the next morning about the previous
day’s intake, with ≥ 25 days between any two consecutive occasions for a child. Using age/sex BMI
percentiles, we categorized 48 children as healthy weight (≥ 5th percentile <85th), 14 as at risk of
overweight (≥ 85th percentile <95th), and 17 as overweight (≥95th percentile). A repeated-measures
analysis was conducted for each of five outcomes (number of items observed eaten, number of items
reported eaten, omission rate, intrusion rate, total inaccuracy). For items observed, BMI category x
trial was marginally significant (P=0.079); over trials, this outcome was stable for healthy-weight
children, decreased and stabilized for at-risk-of-overweight children, and was stable and decreased
for overweight children. This outcome was greatest for overweight children and least for healthy-
weight children (P=0.015). For items reported, no significant effects were found. For omission
rate (P=0.028) and intrusion rate (P=0.083), BMI category x trial was significant and marginally
significant; over trials, both decreased for healthy-weight children, decreased and stabilized for at-
risk-of-overweight children, and increased and stabilized for overweight children. Total
inaccuracy decreased slightly over trials (P=0.076); this outcome was greater for boys than for girls
(P=0.049). Results suggest that children’s dietary reporting accuracy over multiple recalls varies by
BMI category. Validation studies with adequate samples for each BMI category, sex, and race are
needed.
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1. Introduction
Children have provided multiple 24-hour dietary recalls (24hDRs) over a period of several
weeks or months for a variety of studies including national surveys [1], studies of heart disease
etiology [2,3], evaluations of the effectiveness of nutrition education interventions [4–8], and
evaluations of the relative validity of food frequency questionnaires [9–16]. However, to our
knowledge, the consistency of children’s reporting accuracy over multiple 24hDRs has been
investigated in only one dietary validation study [17], conducted by our group. One finding
from that study was that total inaccuracy (a measure that cumulates errors in servings across
all items for each child [18]) decreased significantly from the first to the third interview; in
other words, children’s reporting accuracy for items and amounts combined improved over
trials. This suggests that, in studies in which multiple 24hDRs are collected from children, the
accuracy of the 24hDRs from individual children varies, and may improve, over trials.

Results from several studies with adults indicate that underreporting of energy intake increases
as body mass index (BMI) increases [19–21], and that this is especially true for women [22–
26]. Although some researchers [27] contend that in children, too, underreporting is related to
BMI, studies that have assessed various dietary reporting methods relative to the metabolism
of doubly-labeled water have provided conflicting results. Some studies with elementary
school children (ages six to 11 years) have failed to find a relationship of dietary reporting
accuracy to BMI [28–31], whereas others have found such a relationship [32–34]. Results from
several studies with children [32–34] are consistent with studies of adults that indicate that
underreporting increases as BMI increases. However, in some of these studies of children,
parents assisted children in providing dietary reports [30,31,33]; parents provided the dietary
reports [34]; children, parents, and observers provided the dietary reports [29]; or the extent to
which parents and staff helped children provide dietary reports was unclear [28,32]. Thus, the
dietary reports were not strictly by elementary school children, so the relationship between
children’s BMI and children’s reporting accuracy cannot be determined from these cited
studies.

In this article, we report additional analyses of the data collected in our study of the consistency
of children’s reporting accuracy over multiple interviews [17]. Specifically, we investigated
whether the accuracy of fourth-grade children’s reports of school meals (breakfast, lunch) over
multiple 24hDRs was systematically related to BMI category and sex. Although the sample
was stratified by race and sex, and children’s height and weight were measured, the study was
not designed to investigate associations of reporting accuracy over multiple 24hDRs with BMI
category or sex, and we did not analyze BMI category or sex associations previously. We
defined accuracy as the extent to which the parts of the 24hDRs concerning school meals
corresponded to what the child was observed to have eaten at school breakfast and school lunch
on the day about which the child was asked to report. Accuracy was assessed in terms of foods
instead of kilocalories or nutrients because children (and adults) report what they have eaten
as foods, not kilocalories or nutrients [35]. In the analyses presented in this article, we focused
on whether dietary reporting accuracy improved or deteriorated consistently over trials.

2. Methods and Materials
The appropriate Institutional Review Board approved the study. Written child assent and
parental consent to participate were obtained prior to data collection.

2.1. Sample
The sample has been described in detail elsewhere [17]. Briefly, during the 1999–2000 school
year, fourth graders from six schools in one school district in Georgia were invited to
participate; approximately 70% agreed. On three occasions, each of 79 randomly selected
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children (20 black girls, 20 white girls, 19 black boys, 20 white boys) was observed eating
school breakfast and school lunch, and then interviewed the following morning about the
previous day’s intake. Mean time between trial 1 and trial 2 was 46 days (SD = 15; range 28
– 99 days), and mean time between trial 2 and trial 3 was 41 days (SD = 13; range 25 – 89
days). In our earlier article [17], we reported data from 104 children, of whom 79 were observed
and interviewed three times, 13 were observed and interviewed twice, and 12 were observed
and interviewed once. For this article, we analyzed only data from the 79 children who were
observed and interviewed three times each.

2.2. Observations
The observation procedure has been described in detail elsewhere [17]. Briefly, one of several
observers stood by the tables at which the children were eating, and simultaneously observed
one to three children. Only children who obtained their breakfast and lunch from the school
foodservice were observed. Research staff observed children’s entire meal periods so that
traded foods could be noted [36,37]. Although children knew in general when they were being
observed, individual children did not know who would be interviewed later. Practice
observations were conducted prior to data collection to help familiarize children with an
observer’s presence. Inter-observer reliability, assessed during observer training and regularly
throughout data collection, was acceptable [17].

2.3. Interviews
The interview procedure has been described in detail elsewhere [17]. Briefly, research staff
who conducted observations also conducted 24hDR interviews, but an interviewer never
interviewed a child that she had observed on the previous day. Interviews followed a four-pass
protocol patterned after the Nutrition Data System for Research (version 4.03, Nutrition
Coordinating Center, University of Minnesota, Minneapolis, 2000); however, information was
written on a paper form. Each interview was audiorecorded and subsequently transcribed.
Quality control for interviews, assessed during interviewer training and throughout data
collection, indicated that interviewers adequately adhered to the protocol [17].

2.4. Measurement of Weight and Height
At approximately the mid-point of data collection, research staff used standardized procedures
[38,39] to measure children’s weight and height after lunch in a private location at school.
Children were asked to remove their shoes and heavy clothing (e.g., jackets). Weight was
measured to the nearest 1/10 pound using digital scales that were calibrated daily. Height was
measured to the nearest 1/8 inch using a portable stadiometer. Inter-measurer reliability was
assessed daily for pairs of research staff by having both staff members measure each of a 10%
random selection of children; intraclass correlation reliability exceeded 0.99 for both weight
and height.

2.5. BMI Categories
Each child’s age at the time of measurement was calculated by subtracting his or her date of
birth from the date of measurement. The Centers for Disease Control (CDC) sex-specific BMI-
for-age growth charts for ages two to 20 years were used to determine each child’s age/sex
BMI percentile [40]. The sample distribution of age/sex BMI percentiles was skewed towards
the high end; the mean ± standard deviation was 70 ± 26 for the 79 children, and the median
was 77. Using the CDC categories, we classified children ≥ 5th and <85th percentiles as healthy
weight, children ≥ 85th and <95th percentiles as at risk of overweight, and children ≥ 95th

percentile as overweight [41]. No child’s BMI was below the 5th percentile for his or her sex
and age. Table 1 shows the number of children in each BMI category by sex and race, and the
mean (± standard deviation) BMI for each BMI category.
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2.6. Outcome Measures
We have explained in detail elsewhere [17] how we assessed the accuracy of children’s reports
of school meals. Briefly, to be counted as a report about a school meal, the child had to 1)
indicate that the meal was eaten at school, 2) report the meal time to within an hour of the
observed meal time, and 3) name the meal appropriately. Each item observed and/or reported
eaten was classified as a match (an item observed eaten and reported eaten), an omission (an
item observed eaten but not reported eaten), or an intrusion (an item reported eaten but not
observed eaten). To be classified as a match, an item had to be reported as eaten at the school
meal during which it was observed eaten. Because children can report foods many ways, we
classified items reported eaten as matches unless it was clear that the children’s reports did not
describe items observed eaten; thus, we may have overestimated the accuracy of children’s
reports [17]. To construct the five outcome measures, items were weighted by importance
according to meal component, with combination entrée = 2, condiment = 0.33, and other
components = 1. Amounts observed and/or reported eaten were recorded in servings.

For each of a child’s three observation/interview trials, five outcome measures were calculated
for breakfast and lunch combined: number of items observed eaten, number of items reported
eaten, omission rate, intrusion rate, and total inaccuracy. The legend for Table 2 defines these
outcome measures. Note that for omission rate, intrusion rate, and total inaccuracy, higher
values indicate worse reporting accuracy

2.7. Analyses
For each outcome measure, a full general linear model repeated-measures analysis was
conducted. In each analysis, trial (1, 2, 3) was the within-subject factor (i.e., the repeated
measure), and BMI category (healthy weight, at risk of overweight, overweight) and sex were
between-subjects factors. The distribution of children into BMI categories varied over races
(Specifically, 30% of black girls and 5% of white girls were overweight, and 42% of black
boys and 10% of white boys were overweight.) Therefore, we included race as a covariate in
each analysis. In these analyses, what was of major interest was the trend (improvement or
deterioration), if any, in reporting accuracy over three trials, not the absolute level of reporting
accuracy.

3. Results
Table 2 shows least-squares means (± standard errors) from the general linear model repeated-
measures analysis conducted for each of the five outcome measures. Significant P values and
F values are provided in the Table 2 legend.

For the number of items observed eaten, the BMI category x trial interaction was marginally
significant (P = 0.079): Over three trials, the mean number of items observed eaten was stable
for healthy-weight children, decreased and then stabilized for at-risk-of-overweight children,
and was stable and then decreased for overweight children. In addition, BMI category was
significant for the tests of between-subjects effects (P = 0.015): The mean number of items
observed eaten was greatest for overweight children and least for healthy-weight children.

For the number of items reported eaten, no significant effects were found in the tests of within-
subjects contrasts (all P values > 0.135), or in the tests of between-subjects effects (all P values
> 0.247).

For omission rate, there was a significant effect of trial (P = 0.006): Over three trials, mean
omission rate decreased and then stabilized. There was also a significant BMI category x trial
interaction (P = 0.028): Over trials, mean omission rate decreased for healthy-weight children,
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decreased and then stabilized for at-risk-of-overweight children, and increased and then
stabilized for overweight children.

For intrusion rate, there was a significant effect of trial (P = 0.025); the pattern was identical
to that for omission rate: Over three trials, mean intrusion rate decreased and then stabilized.
In addition, there was a marginally significant BMI category x trial interaction (P = 0.083),
the pattern of which was identical to that for omission rate: Over trials, mean intrusion rate
decreased for healthy-weight children, decreased and then stabilized for at-risk-of-overweight
children, and increased and then stabilized for overweight children.

For total inaccuracy, there was a marginally significant effect of trial (P = 0.076): Over three
trials, mean total inaccuracy decreased. In addition, sex was significant for the test of between-
subjects effects (P = 0.049): Mean total inaccuracy was greater for boys than for girls.

4. Discussion
The purpose of these additional analyses was to investigate whether the accuracy of fourth-
grade children’s reports of school meals (breakfast, lunch) over multiple 24hDRs was
systematically related to BMI category and sex. We found the following results: First, the
accuracy of children’s 24hDRs varied by BMI category over multiple recalls. For trial 1 only,
overweight children had the lowest mean omission rate and intrusion rate. However, over three
trials, mean omission and intrusion rates decreased for healthy-weight children, decreased and
then stabilized for at-risk-of-overweight children, and increased and then stabilized for
overweight children. Thus, the picture of children’s reporting accuracy changed over time with
multiple interviews according to BMI category. Specifically, over three trials, reporting
accuracy improved for healthy-weight children, improved and then stabilized for at-risk-of-
overweight children, and decreased and then stabilized for overweight children. These results
are especially pertinent to studies that rely on children to complete multiple 24hDRs, for
example, to evaluate the effectiveness of nutrition education interventions [4–8] or the relative
validity of food frequency questionnaires [9–16].

Second, for no outcome measure did we find a significant interaction of BMI category and sex,
or of trial and sex. For total inaccuracy, which cumulates errors for both items and amounts in
servings, we found better reporting accuracy by girls than by boys. Because differences by sex
were not found in omission rates or intrusion rates, we attribute the sex difference in total
inaccuracy to differences between boys and girls in amounts reported for matches, amounts
not reported for omissions, and/or amounts reported for intrusions. Classifying each item as a
match, an omission, or an intrusion is a critical precursor to comparing observed amounts to
reported amounts because amounts cannot be reported correctly if items are not reported
correctly [17]. We were unable to conduct linear contrasts on the five outcome measures for
each of the six BMI category x sex groups due to the small numbers of children in the two
higher BMI categories.

Third, the number of items observed eaten at school breakfast and school lunch was
significantly associated with BMI category—it was greatest for overweight children, and least
for healthy-weight children (with at-risk-of-overweight children in between). In contrast, there
was no significant association of BMI category with the number of items reported eaten at
school breakfast and school lunch. These findings are of particular interest given the current
attention to the increased prevalence of overweight among youth [42].

These additional analyses have several limitations. Most important, the original study was not
designed to investigate the accuracy of children’s dietary reporting over trials by BMI category
and sex. Second, the confounding of race and BMI category (as indicated in Table 1) meant
that race could be treated only as a covariate. Third, the number of girls and/or boys in two of
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the three BMI categories was small. Fourth, the number of days between any two consecutive
reports by a child was uncontrolled, ranging from 25 to 99 (although this variation was not
associated with BMI category or with sex).

We see these limitations as being more than offset by several strengths. The first—critical to
the issue of any investigation of children’s dietary reporting accuracy and BMI category—is
that 24hDRs were obtained from children without assistance from their parents. This is
important because it allowed us to identify errors in children’s reporting accuracy. When
parents assist children, or provide dietary reports instead of children, the extent to which
children’s dietary reporting errors are related to their own characteristics (e.g., BMI category;
sex) cannot be determined.

Another strength of our study is that observations of school breakfast and school lunch were
used to validate these parts of children’s 24hDRs. Mertz asserted that observation is the best
method for validating dietary reports, and recommended that observations occur in a cafeteria-
type setting that is familiar to subjects [43]. Observations of school meals provide an attractive
opportunity to validate parts of children’s dietary reports in a setting that is familiar to them
because millions of children eat school meals in a group setting on a regular basis [44–47].
Observations of children eating meals in private homes is intrusive [48], obvious [45],
unacceptable in some communities [49], and may cause substantial reactivity [50]. However,
reactivity is less problematic when observations are conducted at school [45] where children
are accustomed to being watched while eating [45,51] and where groups may be observed in
a way that keeps individual children from determining who, specifically, is being observed
[52]. Validation studies that rely on the metabolism of doubly-labeled water are limited because
they can identify only bias in reporting of energy intake: If dietary intake is underreported,
doubly-labeled water cannot distinguish between underreporting across the dietary spectrum
and selective underreporting of particular foods that might amplify bias in assessments of
specific nutrients [27]. In contrast, validation studies that use observation are able to clarify
whether underreporting is due to inaccurate reporting of items or of amounts, or both, and
therefore can go beyond what studies using the metabolism of doubly-labeled water are able
to provide.

Another strength of our study is that quality control for each aspect of data collection
(observations, interviews, and measurements of weight and height) was assessed throughout
data collection, and was acceptable. Studies often utilize several people to conduct direct
observations; however, very few published studies using direct observations by multiple
observers indicate whether inter-observer reliability was assessed [53]. Although the 24hDR
is the most commonly used method for dietary surveys in the United States [54], few published
studies that use 24hDRs mention quality control for interviews [55]. Measurement of weight
and height is often included in studies, but few published studies mention assessment of inter-
measurer reliability for measurements of weight and height.

A final strength of our study is that both aspects of reporting error – intrusion rate and omission
rate – were assessed and analyzed. Although intrusion rate and omission rate are related by
definition, they are empirically independent [35,56], and characterize different aspects of
reporting accuracy: Omission rate is an input-bound measure that describes the accuracy of
the reported proportion of the to-be-reported information while intrusion rate is an output-
bound measure that describes the accuracy of what was reported [57,58]. For our study, the
omission rate is the percentage of items observed eaten that was not reported; the intrusion rate
is the percentage of reported items that was not observed eaten. Most attention to date has
focused on underreporting (of amounts or omitted items), but the possibility of systematic
overreporting (of amounts or intruded items) cannot be ignored [27]. Results that are limited
to ascertaining whether the number of items reported increased (for example, over trials, or
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when evaluating a revised interview protocol) can be misleading because they indicate nothing
about the extent to which the additional items were correctly reported (i.e., actually consumed)
or falsely reported (i.e., intruded) [59]. In our analyses, the number of items reported eaten was
not significantly associated with BMI category or sex, nor was there a significant BMI category
x trial interaction. In contrast, for both omission rate and intrusion rate, we found a BMI
category x trial interaction.

In summary, results from these additional analyses suggest that children’s dietary reporting
accuracy over multiple recalls varies by BMI category. In studies in which multiple 24hDRs
are obtained from children, it cannot be assumed that reporting accuracy is invariant over trials
and independent of BMI category. Dietary validation studies with adequate sample sizes of
children for each BMI category, sex, and race need to be designed and conducted to extend
and better understand these findings.
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Table 1
Number of fourth-grade children in each body mass index (BMI) category by sex and race, and mean (± standard
deviation) BMI for each BMI categorya

Sex

BMI category BMI Race Girls Boys Total

Healthy weight 17.29 ± 1.44 Black 10 8 18
White 14 16 30
 Category total 24 24 48

At risk of overweight 21.76 ± 1.04 Black 4 3 7
White 5 2 7
 Category total 9 5 14

Overweight 26.31 ± 4.37 Black 6 8 14
White 1 2 3
 Category total 7 10 17
 Overall total 40 39 79

a
The Centers for Disease Control (CDC) sex-specific BMI-for-age growth charts for ages two to 20 years were used to determine each child’s age/sex

BMI percentile [40]. CDC categories were used to classify children as healthy weight (≥ 5th and <85th percentiles), at risk of overweight (≥ 85th and

<95th percentiles), or overweight (≥ 95th percentile) [41].
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te
d 

nu
m

be
r o

f i
te

m
s o

bs
er

ve
d 

ea
te

n,
 th

er
e 

w
as

 a
 m

ar
gi

na
lly

 si
gn

ifi
ca

nt
 B

M
I c

at
eg

or
y 

x 
tri

al
 in

te
ra

ct
io

n 
(P

 =
 0

.0
79

; F
2,

72
 =

 2
.6

). 
In

 a
dd

iti
on

, B
M

I c
at

eg
or

y 
w

as
 si

gn
ifi

ca
nt

 fo
r t

he
 te

st
s

of
 b

et
w

ee
n-

su
bj

ec
ts

 e
ff

ec
ts

 (P
 =

 0
.0

15
; F

2,
72

 =
 4

.5
).

j Fo
r o

m
is

si
on

 ra
te

, t
he

re
 w

as
 a

 si
gn

ifi
ca

nt
 e

ff
ec

t o
f t

ria
l (

P 
= 

0.
00

6;
 F

1,
72

 =
 8

.1
) a

nd
 a

 si
gn

ifi
ca

nt
 B

M
I c

at
eg

or
y 

x 
tri

al
 in

te
ra

ct
io

n 
(P

 =
 0

.0
28

; F
2,

72
 =

 3
.8

).

k Fo
r i

nt
ru

si
on

 ra
te

, t
he

re
 w

as
 a

 si
gn

ifi
ca

nt
 e

ff
ec

t o
f t

ria
l (

P 
= 

0.
02

5;
 F

1,
72

 =
 5

.3
) a

nd
 a

 m
ar

gi
na

lly
 si

gn
ifi

ca
nt

 B
M

I c
at

eg
or

y 
x 

tri
al

 in
te

ra
ct

io
n 

(P
 =

 0
.0

83
; F

2,
72

 =
 2

.6
).

l Fo
r t

ot
al

 in
ac

cu
ra

cy
, t

he
re

 w
as

 a
 m

ar
gi

na
lly

 si
gn

ifi
ca

nt
 e

ff
ec

t o
f t

ria
l (

P 
= 

0.
07

6;
 F

1,
72

= 
3.

2)
. I

n 
ad

di
tio

n,
 se

x 
w

as
 si

gn
ifi

ca
nt

 fo
r t

he
 te

st
s o

f b
et

w
ee

n-
su

bj
ec

ts
 e

ff
ec

ts
 (P

 =
 0

.0
49

; F
1,

72
 =

 4
.0

).
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