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The objective was to evaluate overweight and obese children’s ability to report reproducible and valid estimates of energy intake (EI)
by using digital camera food records (FR) during a 2-year study, compared with objectively measured total energy expenditure
(TEE). Seventy-three overweight/obese children, aged 8–12 years at inclusion, kept FR with the help of digital cameras for 16 days
in total, on 7 occasions during a 2-year period. On the same days, their TEE was registered with SenseWear Armband (SWA). The
children underestimated their EI by−2.8 (2.4) MJ/d on the first assessment occasion (95% CI:−3.3,−2.3). Reporting accuracy did
not differ between the 7 assessment occasions (P = 0.15). Variables negatively associated with reporting accuracy relative to TEE
were increased age (95% CI: −0.07, −0.01) and BMI z-score (95% CI: −0.18, −0.06). Further, reporting accuracy relative to TEE
was lower for girls than boys (95% CI: −0.14, −0.01) and on weekdays compared with weekend days (95% CI: −0.08, −0.001). In
conclusion, overweight and obese children were able to report their EI using a digital camera FR with good reproducibility over a
2-year period, even though their EI was underestimated compared with objectively measured TEE.

1. Background

Estimated food record (FR) is one of the most common
methods of dietary assessment. Its advantage is that food is
recorded in real time and the method is thus not dependent
on memory, as compared to the retrospective methods 24-
hour recall and diet history interview [1]. The major dis-
advantages are that it is time consuming, strenuous, and can
be inconvenient to conduct, although it is less so than the
weighed FR. It has been suggested that children can reli-
ably report their food intake from the age 8–10 years [2].
When children and adolescents use estimated FR to docu-
ment their dietary intake, energy intake (EI) is usually under-
estimated [3]. Furthermore, it has been shown that over-
weight and obese children tend to underestimate their EI to a
higher extent than their normal weight counterparts [2, 4].
More accurate and feasible methods are therefore needed
when it comes to dietary intake assessment in children and
adolescents in general and in overweight and obese child-
ren and adolescents in particular. The estimated FR could
possibly be improved by using new technology [5], which

is supposedly of interest for and easily adopted by young
people. To photograph foods with a digital camera could be
one way to make the recording of dietary intake easier and
more attractive for children. Since children often eat away
from home, for example, in school and at friends’ places,
the digital camera may facilitate documentation of what and
how much is being consumed, so that it can more easily be
recorded in a pen and paper FR later on. We are only aware
of one study that used cameras to make it more feasible for
children to report their food intake. The study showed that
an FR based on photographs solely gave a similar estimate
of EI to that from a traditional FR with pen and paper, but
the participants found the photographic method quicker and
easier to use [6]. However, a combination of the two methods
may be benefited by the detailed pen and paper FR and the
more convenient photographic method.

When assessing dietary intake, the method used needs
to be validated, not only in order to establish the trustwor-
thiness of collected dietary data but also to determine if the
method is suitable to be used in future studies in a similar
population. Likewise, the reproducibility of the method used
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is of great interest since the method has to be reproducible in
order to be valid. To evaluate the validity of a dietary assess-
ment method, the assessed EI can be compared with the
subject’s total energy expenditure (TEE); if the subject is
weight stable, EI should equal TEE [7]. The gold standard of
measuring TEE is the doubly labeled water (DLW) method
[3, 7]. This is, however, an expensive technique and other
methods such as using accelerometers may be a more feasible
alternative when having a large sample of subjects. The
SenseWear Armband (SWA) (BodyMedia, Inc., Pittsburgh,
PA, USA) is a multisensory device worn on the upper arm
which consists of a two-axis accelerometer and sensors mea-
suring skin temperature, near-body temperature, heat flux,
and galvanic skin response, which together with computer
software can be used to assess TEE.

The objective of the present study was to evaluate over-
weight and obese children’s ability to report reproducible and
valid estimates of EI by using digital camera FR during a 2-
year study, in comparison with TEE registered with SWA.

2. Methods

2.1. Participants. Ninety-three overweight and obese chil-
dren were recruited to a randomized controlled trial in
Umeå, Sweden, from August 2006 to May 2007. Overweight
and obesity was defined according to the International Obe-
sity Task Force’s age- and sex-specific BMI limits classifying a
child as overweight at a BMI corresponding to an adult BMI
of 25–29.9 kg/m2 and as obese corresponding to an adult
BMI of ≥30 kg/m2 [8]. Details about the study, recruitment,
and inclusion criteria have been described elsewhere [9]. In
summary, the children, aged 8–12 years at inclusion, had
been randomized to either an intervention or control group,
and the same measurements were made in both groups
regarding anthropometrics as well as dietary and physical
activity assessments. Children in the intervention group also
participated in 15 group sessions and used a web-based
platform aimed at improving dietary habits and increasing
physical activity. The study was approved by the Regional
Ethical Review Board in Umeå.

2.2. Measurements

2.2.1. Food Records. The children were asked to keep an esti-
mated FR with the help of a digital camera on 7 occasions at
regular intervals during a 2-year study period, altogether;
six 2-day records and one 4-day record after one year of
participation. The recording occasions were scheduled to
cover weekdays and weekend days as well as different seasons
throughout the years. On each occasion, the children were
equipped with a digital camera, a measuring tape, a paper
food diary, and a booklet “Matmallen” with pictures of com-
mon foods of different portion sizes and known weights
[10]. The children were instructed to bring the camera and
measuring tape with them during the day and to use it to
photograph everything they ate and drank. They were
instructed to place the measuring tape beside the food item
or dish to help assessment of portion size when looking

at the photographs at the end of the day. They were also
instructed to take pictures of any retakes and leftovers. In the
end of each record day, with the help of a parent, they were
instructed to write down in the paper food diary everything
that had been consumed during the day. As a memory aid
and to help estimate portion sizes, they were instructed to
look at the pictures in the digital camera. In the paper food
diary, they noted time of meal, name of food (one per row),
and any details of, for example, fat or sugar content, cooking
methods, and brand label. They estimated portion sizes by
comparing their own photographs to the ones in the pic-
ture booklet “Matmallen,” or by comparison with standard
household measures and noted this in the diary. If they had
not taken any pictures during the day, they had to rely on
memory when completing the food diary.

The children’s EI was calculated by entering the food
records into the nutrient analysis software Dietist XP version
3.1 (Kost och Näringsdata AB), which is based on the
Swedish National Food Database and includes energy and
nutrient content of over 2000 food items, dishes, and prod-
ucts. A trained dietician and two trained nutritionists entered
the foods written in the diary and also checked the photo-
graphs for more details on type and amounts of food as this
was not always clear from the paper food diaries. If the
photographs did not show the same amounts of food that
was written in the diary it was generally assumed that the
diary was correct, that is, if the amount in the diary was not
obviously wrong, it was assumed that the child did not finish
the plate photographed. If there were photos of foods not
mentioned in the diary, these were entered with the estimated
amount visible in the photo. When no photographs were
taken and amount of intake was not estimated of a food item
written in the diary, standard portions given by the National
Food Agency were used [11]. The dietician/nutritionists
entering the data had agreed as far as possible on what type
of food to enter when this was not clear from the record, for
example, medium-fat milk was entered if the diary only said
“milk” or if there was a picture of a glass of milk without any
specific information given in the diary. Data from the food
diaries were excluded from analysis if only one meal per day
was recorded or if the child had a stomach illness during the
day of recording, as these were considered incomplete days
of recording and days unrepresentative of the child’s habitual
dietary intake, respectively.

2.2.2. SenseWear Armband. The SWA Pro 2 and 3 (Body-
Media, Inc., Pittsburgh, PA, USA) was worn by the children
on the same days as they conducted the FR. It was worn
on the back of the upper right arm over the triceps muscle
according to the manufacturer’s recommendations and regis-
tered TEE at 1 minute intervals. The children were instructed
to wear the SWA at all times 24 hours a day, except when
water was involved, as in, for example, showering and swim-
ming. During time off body, TEE was set equal to estimated
basal metabolic rate, which was automatically estimated
from the subject data (weight, height, sex, and age) entered in
the software. The computer software InnerView Professional
version 5.1 (BodyMedia, Inc., Pittsburgh, PA, USA) was used
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to estimate TEE from the armbands’ registrations together
with information about the child’s age, sex, weight, and
height. To be included in analysis, the SWA had to be worn
for at least 19 hours (≥80%) of the day. This cutoff was
chosen arbitrarily and the wearing time for records of TEE
that did not meet this criterion was in the range of 0–79% of
the day.

2.2.3. Anthropometric Measurements. Weight and height
were measured by a research nurse using standardized pro-
cedures during a visit to Umeå University Hospital at inclu-
sion and after one and two years of participation. Weight and
height were measured with the child wearing light clothing.
BMI (kg/m2) was calculated and BMI z-scores were com-
puted based on an American child reference population [12],
a Swedish child reference population [13], and a mixed child
reference population defined by the WHO [14]. Weight
status was determined according to the standards of the
International Obesity Task Force [8].

2.3. Data Analysis and Statistics. Twenty children either did
not hand in any records, handed in records that did not meet
the inclusion criteria, or handed in records of either food
intake or TEE only, thus not enabling a comparison of EI and
TEE. In total, 73 children and 288 records of EI and TEE
were included, and the number of included assessment days
was 583. The first assessment occasion was regarded as the
reference category; therefore, assessments of 7 children that
had their first assessment on the second possible occasion
were moved, so that the first assessment occasion included
all 73 children. Any following assessment occasions for those
7 children were likewise moved so that the time between
the occasions remained unchanged. Twelve children (16.5%)
participated on all seven assessment occasions, 8 (11%) on
six occasions, 16 (22%) on five occasions, 4 (5.5%) on four
occasions, 8 (11%) on three occasions, 11 (15%) on two
occasions, and 14 (19%) on one occasion.

Statistical analysis was performed in IBM SPSS Statistics
version 19 and P values≤0.05 were considered significant. In
the text, results are presented as mean (SD). Differences in
characteristics at inclusion between girls and boys, children
in intervention and control group, and overweight and obese
children were analyzed using the independent samples t-
test (age), Mann-Whitney U test (BMI z-score), and chi-
square test (sex, study group, and weight status). Differences
in proportions of girls and boys, children in intervention
and control group, as well as body weight status at inclusion
compared with after one and two years of participation,
respectively, were analyzed using the chi-square test. The
Spearman correlation coefficient was calculated for EI and
TEE since TEE was not normally distributed. Difference bet-
ween EI and TEE at the first assessment occasion was ana-
lyzed using the one sample t-test, and a Bland-Altman plot
was used to display the agreement of estimated EI with TEE.
The reproducibility of the method when used on several
occasions was analyzed using mixed model analysis, to take
into account the missing values of EI-TEE on the different
assessment occasions. EI-TEE was the dependent variable,

Table 1: Characteristics of children at inclusion and after one and
two years of participation, respectively, presented as mean (SD) or
percentage proportion.

Inclusion
(n = 73)

Year 1
(n = 57)

Year 2
(n = 54)

Age, y 10.4 (1.0) 11.4 (1.0) 12.4 (1.0)

Weight, kg 50.6 (10.0) 55.8 (11.4) 61.7 (11.7)

Height, cm 148.1 (8.4) 154.2 (8.9) 160.3 (9.1)

BMI, kg/m2 22.8 (2.6) 23.2 (2.9) 23.8 (2.9)

BMI z-score, CDC1 1.9 (0.8) 1.6 (0.9) 1.4 (0.5)

BMI z-score, Sweden2 3.0 (1.3) 2.6 (1.3) 2.4 (1.2)

BMI z-score, WHO3 2.0 (0.5) 1.8 (0.6) 1.7 (0.7)

Proportion obese, (%)4 27.4 17.5 16.7

Proportion overweight, (%)4 69.9 65.0 64.8

Proportion normal weight, (%)4 2.7 17.5 18.5

Proportion girls, (%) 46.6 49.1 44.4
1
Calculated in comparison with an American child reference population

[12].
2Calculated in comparison with a Swedish child reference population [13].
3Calculated in comparison with a mixed child reference population [14].
4Weight status according to the International Obesity Task Force [8].

and since the Bland-Altman plot showed a dependence of
the reporting accuracy on the average energy values, an addi-
tional model was performed with the dependent variable
(EI-TEE)/TEE. In both models, assessment occasion and a
dichotomous variable indicating whether or not a weekend
day was present in the record were repeated variables. Study
group, age, sex, and BMI z-score at inclusion calculated from
reference values [14] were included to investigate their influ-
ence on reporting accuracy. All independent variables were
treated as fixed effects and a Bonferroni correction was
applied to adjust for the repeated comparisons. The covari-
ance structure compound symmetry was used since it fitted
the data best.

3. Results

The children’s characteristics measured at inclusion and after
one and two years of participation are shown in Table 1.
There was no difference in age between the sexes at inclusion.
The boys, however, had higher BMI z-scores than the girls at
inclusion (P ≤ 0.05), and the obese children were older than
the overweight children (P = 0.02). Two children became
normal weight between recruitment and measurement at
inclusion. After one year of participation, the proportion of
normal weight children had increased from 2.7 to 17.5%
(P = 0.004), and this difference remained after two years of
participation. There was no statistically significant difference
in any of the characteristics between children in control and
intervention groups and there was an approximately even
distribution of children in respective groups at inclusion as
well as after one and two years of participation (data not
shown).

The children recorded on average 17 (5) foods per day
and photographed 11 (6), or 65%, of these foods. On average,
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the children gave estimated amounts of intake in the paper
food diary for 13 (6), or 74%, of the recorded foods per day.
On 29 out of 288 assessment occasions (10%), the children
did not photograph, although they noted foods in the diary,
and on 4 occasions (1%) they did not note any foods in
the diary although they photographed foods. On 55 (19%)
of the 288 assessment occasions, 80% or more of the foods
were photographed and given estimated amounts of intake
in the paper food diary. On 210 (73%) of the assessment
occasions at least 50% of the foods were photographed and
given estimated amounts in the diary.

On the first occasion, which was used to investigate the
children’s ability to accurately estimate their EI, the child-
ren underestimated their EI compared to TEE with −2.8
(2.4) MJ/d (t (72) =−10.0, CI:−3.4,−2.3), or 24% (Table 2).
Five children (7%) estimated their EI within +5% of the
individually measured TEE, 6 children (8%) overestimated
their EI, and 62 children (85%) underestimated their EI.
Figure 1 shows the difference between EI and TEE on the
first assessment occasion in a Bland-Altman plot. The limits
of agreement were −7.6 to 1.9 MJ/d and assessments of two
children were outside these limits.

Table 2 shows the estimated EI and registered TEE on
the 7 occasions as well as the difference between EI and
TEE. The difference ranged from −3.9 MJ/d (32%) on the
third assessment occasion to−2.7 MJ/d (23%) on the second
assessment occasion and the correlation coefficient for EI and
TEE was only statistically significant on assessment occasion
4 (ρ = 0.34, CI: 0.04, 0.58), although it was borderline signi-
ficant on the first assessment occasion. Mixed model analy-
sis showed no significant differences in reporting accuracy
between the 7 assessment occasions (F = 1.60, P = 0.15)
(Table 3). When reporting accuracy was the dependent
variable, there were significant negative associations with
increased age (b = −0.61, CI:−0.98,−0.25) and BMI z-score
at inclusion (b = −1.89, CI: −2.67, −1.11). Furthermore,
when reporting accuracy relative to TEE was the dependent
variable, there were also significant associations with sex
and the presence of a weekend day in the record, with girls
reporting with a lower accuracy than boys (b = 0.07, CI:
−0.14, −0.01) and with lower accuracy on weekdays than
weekend days (b = 0.04, CI: −0.08, −0.001). There was no
difference in reporting accuracy between intervention and
control group (Table 3).

4. Discussion

The children in the present study were able to estimate their
EI with high reproducibility over a 2-year period, even
though EI was underestimated, by 24% on the first assess-
ment occasion. Younger children as well as children with
a lower BMI and TEE were more able to estimate their EI
accurately. Furthermore, the boys estimated their EI more
accurately than the girls, and underestimation was lower
when a weekend day was included in the record.

Systematic reviews on dietary assessment in children and
adolescents have concluded that individuals who are over-
weight and obese tend to underestimate their EI more
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Figure 1: Difference between assessed energy intake (EI) from esti-
mated food records aided by digital camera and total energy expen-
diture (TEE) registered with Sense Wear Armband in 73 children on
the first assessment occasion, against the mean of the two variables.
The correlation coefficient of EI-TEE and mean of EI and TEE was
−0.24 (P = 0.04) and the regression equation was y = 0.74± 0.38 x
(P = 0.04).

than normal weight subjects [2, 4]. Nevertheless, the 24%
underestimation of EI found in the present study using
digital cameras is lower than the ones shown in previous
validation studies of traditional (not using digital cameras)
estimated FR in overweight and obese adolescents [15–17].
Bandini et al. showed a 41% underestimation of EI from a
2-week traditional estimated FR compared with TEE mea-
sured with DLW in obese adolescents aged 12–18 years [15].
However, in that study the long recording period most cer-
tainly contributed to a high underreporting as the motivation
to record food intake is likely to decline over time. In a more
recent study, Singh et al. showed a 35% underestimation
of EI when using a traditional estimated FR during 9 days
compared with TEE measured with DLW in 12–15-year-old
overweight adolescents [17]. In the two above-mentioned
studies, the participants were somewhat older than in the
present study, and it has been observed that underestimation
of EI has a tendency to increase with age [2, 18]. A validation
result similar to that of the present study was shown by
Champagne et al. who validated a traditional estimated 8-day
FR in 10-year-old children against TEE measured with DLW
and found that the obese children underestimated their EI
with 25% [16].

Validation studies of traditional estimated FR in normal
weight children and adolescents have shown an underesti-
mation of EI of 12, 19, and 21% when compared with TEE
[15, 16, 19]. Validation studies of EI among children and
adolescents recruited from the general population (including
both normal weight, overweight, and obese) against TEE
measured with DLW have shown both underreporting and
over reporting of EI; Swedish 15-year-old adolescents under-
estimated their EI with 20% when using a traditional estima-
ted FR [20], and parents of Australian 6–9-year-old children



Journal of Nutrition and Metabolism 5

T
a

bl
e

2:
A

ss
es

se
d

en
er

gy
in

ta
ke

(E
I)

fr
om

es
ti

m
at

ed
fo

od
re

co
rd

s
ai

de
d

by
di

gi
ta

lc
am

er
a

an
d

to
ta

le
n

er
gy

ex
pe

n
di

tu
re

(T
E

E
)

re
gi

st
er

ed
w

it
h

Se
n

se
W

ea
r

A
rm

ba
n

d,
of

ch
ild

re
n

on
7

oc
ca

si
on

s
du

ri
n

g
2

ye
ar

s.
D

at
a

ar
e

pr
es

en
te

d
as

m
ea

n
(S

D
),

[9
5%

C
I]

,c
or

re
la

ti
on

co
effi

ci
en

t,
or

p
er

ce
n

ta
ge

pr
op

or
ti

on
,a

n
d

th
e

di
ff

er
en

ce
be

tw
ee

n
E

I
an

d
T

E
E

w
as

an
al

yz
ed

u
si

n
g

th
e

on
e

sa
m

pl
e

t-
te

st
an

d
Sp

ea
rm

an
’s

co
rr

el
at

io
n

.

A
ss

es
sm

en
t

oc
ca

si
on

1
2

3
4

5
6

7
M

ea
n

of
al

l
28

8
re

co
rd

s
(n

=
73

)
(n

=
46

)
(n

=
41

)
(n

=
42

)
(n

=
31

)
(n

=
28

)
(n

=
27

)

E
I,

M
J/

d
8.

03
(1

.7
2)

7.
89

(1
.5

3)
7.

62
(1

.9
5)

7.
37

(1
.5

9)
7.

93
(1

.6
8)

8.
31

(1
.5

9)
7.

66
(1

.7
8)

7.
83

(1
.7

0)
T

E
E

,M
J/

d
10

.8
7

(2
.1

9)
10

.6
1

(2
.0

3)
11

.4
9

(1
.9

8)
10

.4
2

(1
.8

7)
10

.6
8

(2
.5

1)
11

.5
3

(2
.5

2)
10

.6
7

(2
.6

6)
10

.8
7

(2
.2

2)
E

I/
T

E
E

0.
76

(0
.1

9)
0.

77
(0

.1
9)

0.
68

(0
.1

9)
0.

72
(0

.1
5)

0.
77

(0
.1

9)
0.

75
(0

.2
3)

0.
76

(0
.2

7)
0.

74
(0

.2
0)

E
I-

T
E

E
,M

J/
d

−2
.8

4
(2

.4
2)

−2
.7

2
(2

.3
8)

−3
.8

7
(2

.4
7)

−3
.0

5
(2

.0
1)

−2
.7

5
(2

.5
4)

−3
.2

2
(3

.0
9)

−3
.0

1
(3

.3
0)

−3
.0

4
(2

.5
5)

[−
3.

40
,−

2.
27

]
[−

3.
42

,−
2.

01
]

[−
4.

65
,−

3.
09

]
[−

3.
68

,−
2.

42
]

[−
3.

68
,−

1.
81

]
[−

4.
41

,−
2.

02
]

[−
4.

32
,−

1.
70

]

C
or

re
la

ti
on

co
effi

ci
en

t
of

E
I

an
d

T
E

E
0.

23
0.

19
0.

16
0.

34
0.

35
−0

.0
2

−0
.1

6
0.

17
[0

.0
0,

0.
44

]
[−

0.
11

,0
.4

6]
[−

0.
16

,0
.4

5]
[0

.0
4,

0.
58

]
[−

0.
00

4,
0.

63
]

[−
0.

39
,0

.3
6]

[−
0.

51
,0

.2
3]

E
I-

T
E

E
W

ee
kd

ay
s,

M
J/

d
−3

.0
0

(2
.7

1)
−2

.8
3

(2
.6

8)
−3

.9
5

(2
.6

6)
−3

.3
3

(2
.4

5)
−3

.4
4

(3
.0

6)
−3

.6
9

(3
.5

7)
−3

.7
7

(3
.7

2)
−3

.3
5

(2
.9

0)
E

I-
T

E
E

W
ee

ke
n

ds
,
M

J/
d

−2
.7

1
(3

.2
3)

−1
.7

5
(3

.1
5)

−2
.8

4
(3

.7
3)

−2
.7

4
(3

.2
8)

−1
.1

8
(2

.4
3)

−1
.7

2
(3

.9
0)

−0
.6

4
(2

.1
0)

−2
.2

3
(3

.1
9)

P
ro

po
rt

io
n

w
ee

ke
n

ds
in

re
co

rd
s,

(%
)

43
18

21
43

43
26

20
33



6 Journal of Nutrition and Metabolism

Table 3: Mixed model analyses of possible differences in accuracy of assessed energy intake (EI) from estimated food records aided by digital
camera compared with total energy expenditure (TEE) registered with SenseWear Armband, of children on 7 occasions during 2 years.
Analyses were conducted with regard to presence of a weekend day in the record, group belonging (intervention or control group), sex, age,
and BMI z-score.

Model with dependent variable EI-TEE Model with dependent variable (EI-TEE)/TEE

b (95% CI) b (95% CI)

Assessment occasion 1 (n = 73) Reference Reference

Assessment occasion 2 (n = 46) 0.09 (−1.06, 1.24) 0.002 (−0.09, 0.10)

Assessment occasion 3 (n = 41) −1.04 (−2.23, 0.16) −0.09 (−0.18, 0.01)

Assessment occasion 4 (n = 42) −0.19 (−1.37, 1.00) −0.04 (−0.13, 0.06)

Assessment occasion 5 (n = 31) 0.04 (−1.29, 1.36) 0.00 (−0.11, 0.11)

Assessment occasion 6 (n = 28) −0.33 (−1.73, 1.06) −0.003 (−0.12, 0.11)

Assessment occasion 7 (n = 27) −0.22 (−1.61, 1.18) −0.001 (−0.12, 0.11)

Weekend day in record 0.42 (−0.07, 0.90) 0.04 (0.001, 0.08)∗

Group1 0.06 (−0.70, 0.82) 0.02 (−0.04, 0.08)

Sex2 −0.50 (−1.32, 0.32) −0.07 (−0.14, −0.01)∗

Age −0.61 (−0.98, −0.25)∗∗∗ −0.04 (−0.07, −0.01)∗∗

BMI z-score3 −1.89 (−2.67, −1.11)∗∗∗ −0.12 (−0.18, −0.06)∗∗∗
1
Reference category: control group.

2Reference category: boys.
3Calculated in comparison with a mixed child reference population [14].
∗Significance at P≤ 0.05.
∗∗Significance at P≤ 0.01.
∗∗∗Significance at P≤ 0.001.

overestimated their children’s EI with 4% when using a
traditional estimated FR [21]. In a study by Higgins et al.,
underreporting of EI was 16% when comparing a 3-day
traditional estimated FR with known weights of the foods
eaten in 10–16-year-old children and adolescents [6]. In the
same study, the children also used digital cameras to record
their food intake and this method gave similar results as the
traditional estimated FR.

Underestimation of EI could result from, for example,
a conscious unwillingness to bother with the recording or
admit what is eaten and/or that the participants simply forget
to record some foods. This in turn could result either from
methodological factors (e.g., feasibility or that the children
were tired from participating in many different activities
and measurements in the study) or individual factors (e.g.,
social desirability). Another source of error is the difficulty
to accurately estimate portion size. Since underreporting can
have many different causes, it is not likely that the problem
will be solved entirely by making the dietary assessment
method more user friendly; however, doing so perhaps could
lessen the problem. The method used in the present study
aimed at being more feasible for children than traditional FR
and resulted in a more accurate estimate of EI; however, the
possible attained improvement was not great enough to con-
tribute to a valid estimation of EI. The children in the present
study were overweight or obese, and about half of them took
part in an intervention program with focus on improving
dietary habits and physical activity. It would be understand-
able if the children wanted to report the desired dietary
habits, especially the children in the intervention group.
The children in the intervention group could also have

been in a negative energy balance as a result of participating
in the intervention program. However, results of the inter-
vention study after one year showed no difference in BMI
between intervention and control group [22], and accuracy
of estimated EI did not differ in the intervention group
compared to the control group. The positive energy balance
due to growth in all children could have masked some of
the underestimation of EI in the present study. However,
the amount of extra energy needed for growth during the
2 respective 4 days that the assessment of EI and TEE was
conducted was probably negligible. Furthermore, all children
in the present study took part in an extensive study protocol
with additional measurements to the ones described in this
paper, which put more effort on them to complete the
repeated FR.

Previous studies have shown that a higher BMI may be
associated with lower accuracy of estimated EI among over-
weight and obese children [3, 9]. Also age has been shown
to be associated with reporting accuracy of EI in children
and adolescents [2, 18]. These results were confirmed by the
present study. A possible reason for the association between
higher TEE and higher underestimation of EI is that the more
a person needs to eat to maintain energy balance, the more
effort it takes to report everything eaten. Since older and
heavier subjects by consequence have higher energy needs,
age and BMI could seem to be more important factors
behind underreporting than they really are if TEE is not
adjusted for. The result of the present study indicates that
TEE explains some, but not all, of the underreporting in
older and heavier children. This is also in line with results
from a study on normal weight preadolescent girls in which
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TEE was controlled for, and where TEE and age were found
to be independently positively associated with underreport-
ing of EI [19].

Although it has more often been shown that underesti-
mation of EI does not differ between the sexes [15, 20, 21],
the present study showed that girls underreported more than
boys. However, this was only seen after TEE was controlled
for since the boys had higher TEE than the girls. Also in a
previous study where EI was assessed with traditional esti-
mated FR, girls were shown to underreport more than boys
[16].

In the present study, the children used digital cameras as
an aid to record their food intake, and 65% of the recorded
items were photographed. The children were instructed to
photograph everything they ate or drank but some of them
did not feel comfortable with bringing the digital camera
to school or to friends’ places and therefore left it at home.
As a consequence, some children focused the recording on
writing in the paper food diary in the evening. This could
have made it more difficult for them to estimate the portion
size. On the other hand, some children seemed to have
enjoyed taking pictures, and these children used the digital
camera a lot, but they did not always note everything they
photographed in the paper food diary. On four assessment
occasions, none of the foods photographed were noted in
the diary, but it was more common that a few photographed
foods per assessment occasion were not noted or given esti-
mated amounts of intake. Even though most of the children
noted what had been eaten in the diary, it was fairly common
that they did not estimate amounts for some foods. For
those items (on average 24% of recorded items), a trained
dietician/nutritionist estimated the amount of food in the
picture. In this study three different persons made the esti-
mates and entered the dietary data into the nutrient analysis
software and this could have introduced some bias as they
did probably not interpret foods and amounts in the pictures
in the same way, even though standardized procedures were
aimed for. For those food items in the diary where no
estimates of amounts were made and no photographs were
taken, the trained dietician/nutritionists used standard por-
tions given by the National Food Agency [11]. Errors in
estimating portion size could bias the results in both direc-
tions, and it is not known who best could estimate amounts,
the child who ate the food, the parent, or the educated
dietician/nutritionist.

Even though children aged 8–12 years are able to record
their food intake on their own [2], it seems likely that
parents’ involvement is important to encourage the children
to actually complete the FR. The fact that the children in
this study estimated their EI more accurately on weekends
compared to weekdays could be due to the fact that families
with school aged children often are less busy on weekends
than weekdays. On weekdays many families participate in
scheduled leisure time activities in addition to school and
work, which leaves less time and energy to sit down in the
evening and complete the FR. Also, on weekends parents
have better knowledge of the child’s food intake than on
weekdays when meals are eaten in school, which makes it
easier for them to help with the recording.

In the present study, TEE was measured using SWA,
which has been validated against DLW in Swedish overweight
and obese children recruited from the same study as the
present [23]. The SWA showed to be valid on a group level,
but the results differed on the individual level.

A limitation of the present study is the few days of
assessment per occasion. On 6 of the 7 occasions, subjects
were instructed to record their EI and measure TEE for only
two days. A person who is in energy balance does not
necessarily have an intake that equals expenditure each day;
rather, this varies over time. Studies show that EI in children
may have a high day-to-day variability [24], and therefore
habitual EI and TEE are best estimated from several days of
measurement. With few days of assessment, however, one
avoids the decline in motivation which occurs when several
assessment days are used [25].

5. Conclusions

Overweight and obese children were able to report their EI
using digital camera FR with good reproducibility over a
2-year period, even though EI was underestimated by 24%
compared with objectively measured TEE. The ability to
report EI with higher accuracy was found in the younger, the
less overweight, and the boys. Furthermore, reporting accu-
racy was higher on weekends versus weekdays and dec-reased
with higher TEE. Future research ought to focus on devel-
oping ways of using new technology, for example, mobile
phones, to make it more attractive and feasible for children
and adolescents to validly report their food intake using FR.
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