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A B S T R A C T

Objective

The objective was to assess the quantitative agreement between a 4-day food record and a 24-hour dietary
recall in young men.

Methods

Thirty-four healthy men aged 18-25 years had their food intake estimated by 4-day food record within one
week following 24-hour dietary recall in a cross-sectional study. Resting metabolic rate was assessed by
indirect calorimetry and Energy Expenditure was estimated by physical activity records completed simultaneously
with food intake records. The validity of food records was determined by direct comparison of Energy Intake
and Energy Expenditure (95% confidence interval for Energy Intake/Energy Expenditure).

Results

There were good agreements between the measurements of energy and macronutrient intakes by 24-hour
dietary recall and 4-day food record at the group level, but not at the individual level. Compared to energy
expenditure, about 20% and 9% of participants underreported their Energy Intake by 4-day food record and
24-hour dietary recall, respectively. Over 30% of underreporters of Energy Intake estimated by 24-hour dietary
recall underreported Energy Intake estimated by 4-day food record.
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Conclusion

Both diet methods, 24-hour dietary recall and 4-day food record, may be used to collect data at the group
level, but not at the individual level. Both methods, however, appear to underestimate Energy Intake.
Underreporting may be subject-specific and appears that is more difficult to retrieve valid dietary data from
some people than others.

Indexing terms: Diet report. Energy consumption. Food records. Underreporting.

R E S U M O

Objetivo

Medir a concordância qualitativa entre registros alimentares, obtidos durante 4 dias, e recordatório alimentar
de 24 horas em homens jovens.

Métodos

Em um estudo com delineamento transversal, o consumo alimentar de 34 homens saudáveis com idades entre
18 e 25 anos foi medido por meio do recordatório alimentar de 24 horas e uma semana depois, por meio de
4 dias de registros alimentares. O gasto energético em repouso foi medido por calorimetria indireta e o gasto
energético total foi medido por meio de registros de atividade física. A validade dos registros alimentares foi
determinada por comparação direta do consumo energético com o gasto energético total (intervalo de confiança
de 95% para consumo energético/gasto energético total).

Resultados

A concordância entre medidas de consumo energético e de consumo de macronutrientes, obtida por meio de
registros alimentares de 4 dias e por recordatório de 24 horas, foi boa para grupos, mas não para indivíduos.
Comparado com o gasto energético total, um baixo consumo energético foi observado em 20% e em 9% dos
participantes, quando o consumo alimentar foi obtido por meio de registros alimentares de 4 dias e por
recordatório de 24 horas, respectivamente. Mais de 30% dos participantes que tiveram baixo consumo
energético, obtido com a utilização de recordatório de 24 horas, também tiveram baixo consumo energético
a partir do exame dos registros alimentares de 4 dias.

Conclusão

O recordatório de 24 horas é uma opção para registros alimentares de 4 dias na coleta de dados para grupos,
mas não para indivíduos. Entretanto, baixo consumo alimentar, em alguns participantes, foi observado quando
ambos os métodos foram utilizados na coleta de dados de consumo alimentar. É possível que a determinação
de baixo consumo alimentar em alguns participantes seja específica do participante, sugerindo que pode ser
mais difícil obter dados precisos de umas pessoas do que de outras.

Termos de indexação: Registros de dieta. Consumo de energia. Inquéritos alimentares. Subregistro.

I N T R O D U C T I O N

Accurate measurements of food intake are

important to studies of the association between

diet and health1. A method often used in large

surveys due to its short administration time is the

24-hour Dietary Recall Method (24hDR), where

during an interview, the participant tells the

interviewer the quantity of foods and beverages

consumed in the preceding day. This method has

a relatively small participant burden, participants’

food intake pattern is unchanged and the collected

data are more reliable due to the personal contact

with the interviewer. However, the participants’
recall depends on memory.

The self-report method, where the
participants record all food and beverages
consumed during a period of time, usually ranging
from 1 to 7 days, is probably the most accurate of
the self-report methods. However, the disadvantages
include the burden to respondent of the recording
process and the possibility of the habitual intake
to be changed2,3. The amount of consumed food
can be estimated visually or previously weighed.
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Methods where the amount of food
consumed is weighed previously are the most
accurate. However, their use is time consuming,
requires a high level of participants’ cooperation
and is cumbersome for free-living participants. The
estimation of the amount of food is rapid, has low
cost, has high cooperation rates and is less
demanding for participants than weighing foods4,5.
However, the accuracy of estimating food is highly
variable among participants according to subject’s
skills, memory and commitment to the study.
Previous training improves the food portion
estimates6.

Many studies have evaluated the relative
validity of the diet assessment methods and the
agreement between the methods has typically
been summarised by calculation of the correlation,
regression coefficients or degree of cross-
classification. Indeed, no study has actually focused

on the absolute agreement between the methods
and the individual variation of the between-method
differences in young men.

In addition, it has been established for

many years that comparisons between methods
are not sufficient, since individuals report similarly
with different methods. Therefore, the aim of the

present study was quantitatively to test the
agreement between estimated nutrient intake
obtained with 24hDR recall and 4-day food record

(4dFR) methods in a sample of young men
comparing the food intake methods against energy
expenditure.

M E T H O D S

Thirty-four healthy young men aged
between 18 and 25 years were recruited between
July 2004 and March 2005, from the local

community in the city of Brisbane, Australia
through newspaper advertisements, flyers in clubs,
schools, universities and fitness centers. Each

participant read and signed an approved written
consent form. Queensland University of Technology
Human Research Ethics Committee approved the

participant recruitment and the data collection
procedures.

The 24hDR and coding of records were
performed by the same trained dietitian. The
24hDR comprised four steps. Firstly, the interviewe
was asked to recall foods consumed in the previous
day. In the second pass, the interviewer probed
for estimations with household measures and
details about each of the foods and fluids listed.
On the third pass, individually the participant saw
48 food item slides each with 3 food sizes
expressed on household measures on a computer
screen. On the fourth pass the participant had an
opportunity to correct and/or complete any
inaccurate or forgotten data in his previous recall.

The 4-day food record was completed
within one week after the 24hDR and participants
recorded food intake estimated by household
measures during the same 4 days while completing
the physical activity record. The period of recording
included two weekdays, a Saturday and a Sunday.

The 24hDR and 4dFR data were entered
into the Foodworks© (v. 3.02) nutrient analysis
software (Xyris software Pty Ltd., Brisbane,
Australia, http://www.xyris.com.au) incorporating
nutrient tables for use in Australia (AUSNUT,
Canberra, 2000). Dietary records were checked
by a dietitian and details regarding recipes and

portion sizes were noted and clarified with each
participant. Macronutrients were expressed as
absolute intakes and energy adjusted volumes
(percentage of daily energy intake).

Resting metabolic rate was assessed by a
continuous open-circuit indirect calorimetry device.

Respiratory gases were collected continuously for
30 minutes and the data from the last 10 minutes
were used for analyses. Participants lay supine in

a comfortable position, listening to a radio to
prevent sleeping whilst monitored to ensure that
they remained awake.

Data collection took place in a thermal-
regulated environment with minimal light and
noise. Participants fasted for 5 hours, were involved
in minimal physical activity prior to arrival and
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rested lying for 30min in the laboratory before the
measurement. A Deltatrac II metabolic cart
(Datex-Ohmeda Corp., Helsinki, Finland - http://
www.datex-ohmeda.com) was used to assess RMR
of half of the participants. Expired gas was
analyzed for oxygen concentration via a
paramagnetic O2 sensor and for carbon dioxide
concentration via an infrared absorption technique.
Due to technical problems, the Moxus O2 system
(AEI Technologies, Pennsylvania, USA) was used
to assess the RMR of the remaining participants.
Participants were fitted with a Hans-Rudolf headset
(with two-way breathing valve and pneumotach)
and a nose clip.

Both gas analyzers were calibrated prior
to each measurement against standard mixed
reference gases. There are unlikely to be any
significant differences in measuring RMR with two
different machines because they are continuous
open-circuit indirect calorimetry devices that
measure oxygen and carbon dioxide concentrations
using similar sensors. The Weir equation7 was used
to convert O2 and CO2 values to RMR values.

RMR = [(1.106 VCO2 (L/min) + 3.941 x VO2

(L/min)] x 1440 min/d, where RMR is the resting
metabolic rate (kcal.d-1), VCO2 is the carbonic
dioxide production rate and VO2 is the oxygen
consumption rate.

Daily energy expenditure

A 4-day physical activity record8 was
completed simultaneously with recording food
intake. Physical activity was recorded (1-9,
corresponding to nine categories of physical activity
intensity) for each 15-min period, throughout the
day. These categories and their corresponding list
of activities, as established by Bouchard et al8.
were explained and illustrated in detail to each
participant before they started to record.

The daily EE was calculated after accounting,
for each 15-min period of a day and multiplying

the score by its specific  metabolic equivalent
(MET). The 4-day physical activity record scores

1, 2, 3, 4, 5, 6, 7, 8 and 9 correspond to 1, 1.5,
2.3, 2.8, 3.3, 4.8, 5.6, 6 and 7.8 METs,
respectively.

Evaluation of the validity of food
intake methods

The participants were asked to maintain a
normal diet and there were no significant changes
in their weight before and after recording food
intake suggesting that participants in this study
were in energy balance and therefore the
validation is by direct comparison of Energy Intake
(EI) with Energy Expenditure (EE) expressed as the
ratio EI:EE. The expected ratio is 1.00 and the
95% Confidence Limits (CL) are based on mean
within-subject variation on daily EI intake (CVwEI)
and on within-subject variation in EE (CVwEE).

CL (EI)0.95 =  EE [± 2 (CVwEI 
2./.d + CVwEE 

2)1/2]
where CVwEI is the within-subject variation in EI, d
is the number of days of diet assessment9,10 and
CVwEE is the within-subject variation in Pooled
mean CVw = (ΣCVi

2 / n)1/2, where CVi is the CV
(CVwEI or CVwEE) calculated for each participant
from the number of days of dietary assessment or
EE assessment available for that participant, and
n is the number of participants11. In the current
study, mean within-subject variation on daily EI
intake (CVwEI) was 23% and on within-subject
variation in EE (CVwEE) was 15%.

Although EI is a continuous, quantitative
limits were defined to identify the under-reporters
(URs), acceptable reporters (ARs) and over-
reporters.

When EI was estimated by 4dFR, ARs were
defined as having the ratio EI/EE in the range
0.62-1.38, URs as EI/EE<0.62, and over-reporters
as EI/EE >1.38.

When EI was estimated by 24hDR, ARs
were defined as having the ratio EI/EE in the range
0.45-1.55, URs as EI/EE<0.45, and over-reporters
as EI/EE>1.55.

Data are presented as means and standard
deviation (SD). Differences between URs and ARs
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were evaluated with the use of the Student’s test.
Calculation of correlation coefficients are
inappropriate to test the degree of agreement
between two diet methods’ ability to measure daily
energy and macronutrient intake in the same

individuals since they only measure the strength
of a relation between the two measurements and
not the quantitative agreement between them12.

To give quantitative estimates of the

agreement between the two methods, Bland-
Altman plots were constructed to illustrate the
distribution of error scores (4dFR - 24hDR - esti-

mated nutrient intake). Solid horizontal lines in
theses plots indicate mean error scores, whereas
dashed horizontal lines present the 95%

confidence intervals for the error scores. The
analyses were conducted using the Statistic for
Windows 5.5 software.

R E S U L T S

The characteristics of the participants are
shown in Table 1. The participants had a mean
age of 21.4 years, with a mean Body Mass Index
(BMI) of 24.83kg/m2.

The 24hDR and 4dFR provided similar
estimates of average daily energy and
macronutrient intake expressed as energy source
(Table 2). However, there were large variations
between 4dFR and 24hDR estimates at the

Table 2. Daily macronutrients and energy intake evaluated by 24-hour dietary recall and 4-day food record from 34 young men.

Brisbane, Australia, 2005.

Proteins (g)

Fat  (g)

Carbohydrates (g)

EI (kcal/d)

EI from proteins (%)b

EI from fat (%)b

EI from carbohydrates (%)b

Dietary intake

0.121.6

0.096.3

0.335.8

2.747.0

0.019.0

0.031.4

0.049.1

042.3

031.4

102.3

686.0

004.6

006.5

009.3

(51.9 - 225.0)a

(32.2 - 152.5)

(142.4 - 591.4)a

(1.440.0 - 4.011.0)

(12.8 - 30.3)a

(18.3 - 44.1)a

(35.0 - 68.4)a

a

 a

24hDR

Dietary method

0.113.3

0.096.1

0.318.7

2.726.0

00.18.0

00.32.0

0.046.7

028.5

020.2

080.4

526.0

003.8

005.1

007.0

(60.7 - 178.5)

60.6 - 132.5)

180.9 - 545.2)

(1.781.0 - 3.750.0)

(12.3 - 28.8)

(18.5 - 40.6)

(32.8 - 61.5)

4dFR

a minimum - maximum; b Energy source = 100 x nutrient intake (g) x nutrient energy value/EI.

The nutrient energy value for protein, fat and carbohydrate are 4, 9 and 4 kcal.g-1, respectively. EI: energy intake; M: mean; SD: standard

deviation; 24hDR: 24-hour dietary recall; 4dFR:  4-day food record.

Table 1. Anthropometric characteristics, body mass index, resting metabolic rate, daily energy expenditure, physical activity level, daily

energy intake and cut-off limits of 34 young male participants in the study. Brisbane, Australia, 2005.

Age (y)

Body weight (kg)

Height (m)

BMI (kg/m2)

RMR (kcal/d)

EE (kcal/d)

PAL (= EE / RMR)

EI 4dFR (kcal/d)a

EI 24hDR (kcal/d)b

Individual cut-off

Group cut-off

.0021.40

0.077.50

0.001.76

00.24.83

1.904.40

3.626.40

000.1.91

2.726.40

2.747.00

002.10

013.50

0000.070

003.49

282.10

613.70

000.18

525.80

686.00

00.18.00

00.54.40

0001.60

0018.76

1.348.90

2.533.30

0001.50

1.781.30

1.440.00

.0025.00

0.103.80

0.001.89

0.033.50

2.583.70

4.796.40

00.02.26

3.749.80

4.011.00

Characteristics Mean Standard deviation Minimum Maximum

1.26<EI/RMR<2.72

1.73<EI/RMR<1.98

a 4dFR: 4-day food record; b 24hDR: 24-hour dietary recall.

BMI: body mass index; RMR: resting metabolic rate; EE: daily energy expenditure; PAL: physical activity level; EI: energy intake.

M SD Minimum - Maximum M SD Minimum - Maximum
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individual level. Despite the differences being
normally distributed (Gaussian), because 95% of
differences fell between mean 1.96 SD, they were
too large at individual level (Figure 1).

Three (8.8%) and seven (20.6%) URs were
identified when EI was estimated by 24hDR and
by 4dFR, respectively (Figure 2).

The within-participant day to day variation
in EI (CVwEI) of individuals is large (Figure 3A). When
considering mean daily EI from two or three days,
the variation decreases with increasing the number
of days of dietary assessment (Figure 3B and 3C).

The linear correlation between mean daily
EI and EE was not significant when EI was
estimated by 4dFR (r=0.29) or 24hDR (0.001).

D I S C U S S I O N

There was good agreement between the
measurements of energy and macronutrients
intake estimated by 24hDR and 4dFR at the group
level. Similar findings were observed in other
studies. The mean differences between the
nutrient intake observed in 42 men aged 21 to 65
years with BMI of 21 to 39kgm-2 while in a
metabolic facility and that estimated by 24hDR
the following day, ranged from 8.0 to 9.3%13.
When 79 men aged 20 to 67 years selected and
consumed all foods for a 1-day period under
observation and actual intake was determined in
the following day by a 24-hour recall, the energy
intake was overestimated by 7.6%14. Karvetti &

Figure 1. Bland and Altman12 plot. Differences in daily energy intake - EI (A) protein (B), fat (C), and carbohydrate intake (D) of  34

young men, estimated by 4-day food record (4dFR) and 24-hour dietary recall (24hDR) against the mean of the estimations

by both methods. Brisbane, Australia, 2005.

Note: The lines represent the mean difference (solid) and 1.96 standard deviation (dashed). n.s p>0.05.
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Knuts15 found that EI estimated by 24hDR was
overestimated by 3% in relation to that observed
intake in 140 participants including 84 men and
56 women aged 15 to 57 years.

However, the relative and absolute
agreement at the group level between 24hDR and
4dFR does not necessarily indicate that the
methods are valid measurements of food intake.
The EI estimated from both 24hDR and 4dDR
methods in the current study was approximately
25% below EE estimated by 4-day physical activity
records.

Figure 2. Energy Intake (EI)/Energy Expenditure (EE) against EE

in 34 youth men. EI was estimated by 24-hour dietary

recall (24hDR) (A) or by 4-day food record (4dFR) (B).

Brisbane, Australia, 2005.

Note:The lines represent the 95% confidence limits of EI/EE.

 = underreporters: EI/EE<0.45 (A) or EI/EE<0.62 (B).

Figure 3. Individual energy intake (EI) variation of 34 youth men

estimated by 4-day food record: differences between

four days EI average (EI 4d) daily EI (EI 1d) (A), two

days EI average (EI 2d) (B) and three days EI average (EI
3d) (C). d is the absolute difference (mean, standard
deviation. Brisbane, Australia, 2005.
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Underestimation of EI intake has been
found in other studies. Jonnalagadda et al.16 found
EI underestimation of 12% when 24hDR was
compared to EI required to maintain body weight
in 78 men and women aged 22 to 67 years. Thirty-
three women reported their EI as 13% lower than
their observed intake during one day in a metabolic
facility17.

The EI underestimation of 25% estimated
by both food intake methods in relation to EE
found in the current study was higher than that
(12% or 13%) found in other studies16,17. An
overestimation of EE may have occurred. The use
of self reported physical activity records to estimate
EE is a limitation of the current study because
individuals can easily overestimate or
underestimate the time spent in activity and the
intensity of the activity18. An overestimation of EE
would explain a higher PAL (1.91) compared to
the mean (1.85) for men 18-25 years19 when EE
was assessed by Double Labeled Water (DLW). A
overestimation of EE would also explain the smaller
EI/EE (0.76) found in the current study compared
to that (0.84) found by Livingstone et al.20 when
analyzing data from 26 studies where EI was
reported and EE was assessed by DLW. However,
if EE was overestimated, it did not appear to have
jeopardized the study regarding the number of
URs identified because the upper limit of 1.38 for
ARs was much higher than the highest EI/EE ratio
of 1.2 found for one of the participants of the
current study. However caution should be taken
with the percentage of EI underestimation.

At the individual level, there was not good
agreement between the measurements of
individual intake of energy and macronutrients by

24hDR and 4dFR. The inaccuracy of 24hDR for
measuring food intake at the individual level was
also observed in other studies. Conway et al.13

observed a significant variation in the ability of
the men to recall food intake and the errors ranged
from almost zero to 30% for EI. Karvetti & Knuts15

found that 45% of participants under- or over-
estimated their EI by more than 20% compared
to their observed food intake.

Besides the difficulty in recalling food on
the previous day there is large within-participant

day-to-day variation in EI which makes 24hDR

inaccurate to measure habitual or usual food

intake. Champagne et al.21 found day-to-day
variation higher than 2500 kcal.d-1 in one
participant over a 7-day period. Individual daily EI
differed according to the annual average by up to
1670 kcal11 and the CVwEI ranged from 10 to 50%,
with a pooled mean of 26%22. From 14 studies
reviewed by Bingham23 and Nelson et al.24, CVwEI

ranged from 14 to 45%, with a pooled mean of
23%. These data are similar to the daily EI
variability for 4dFR data found in the current study
which ranged from 3.5 to 52.4% with a pooled

mean of 23.6%.

The daily EI variability for 4dFR data

decreased with the increasing of days reporting

food intake in the current study, which can be

observed in the Figure 3, where the points were

closer to the line 0 and consequently the difference

between EI mean estimated from 3 days and that

estimated from 4 days was smaller. Due to smaller

variability of EI intake estimated with 4dFR, the

cut-off interval was smaller (0.68 -1.38 versus 0.45-

1.55) and higher number of individuals (7 versus

3) were identified as URs compared to 24hDR.

The smaller number of URs identified with

24hDR than that identified with 4dFR does not
mean that 24hDR is more accurate to estimate
food intake. When food intake of only one day is
considered, the within-participant day-to-day
variation in EI is very large, leading to a low
sensitivity and therefore fewer URs are identified.

There is a tendency subject-specific for food
intake underreporting10. If a participant is an UR
once, it is very likely that he/she will be an UR on
other occasions. In the current study, 33% of UR
of EI estimated by 24hDR underreported EI
estimated by 4dFR. High percentage of URs on
more than one occasion has been identified when
EI is assessed by the same1,25 or by different
methods5. When 24-hour dietary was used to

estimate EI, 55% of male URs on the first 24-hour
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dietary also under-reported on the second 24hDR,
1 month after1. Using either diet history or 7dFR
method to estimate EI, 34% of men underreported

by both food intake methods5.

Different measurement contexts and skills
required in recording and reporting may have
accounted for differences on measurements

estimated with 24hDR and 4dFR at the individual
level. The 24hDR relies on memory and “bad”
dietary intake is less likely to be reported to an

interviewer than on a self-report3,26.

On the other hand, 4dFR may be more
difficult to participants to complete than the
24hDR. It is widely recognized that food self reports

are subject to errors and biases11. In addition, there
are some participants’ common errors when
reporting food intake including: a) overeating, or

most commonly undereating, which are an
increase, or a reduction, respectively, in food
intake2,17,26-29, b) under or over-estimation due to
errors in the estimation of portion size and lack of
knowledge of the composition of mixed dishes30

and c) mis-reporting including under- and over-
reporting due to forgotten meals and failure to
record because of the burden of recording everything
that was eaten29. Over 45% of participants
admitted to have altered their diet consciously due
to feeling embarrassed about recording specific
food and / or due to much effort after having
weighed and recorded food intake over 7 days29.

In conclusion, there was good agreement
between the measurements of energy and
macronutrients intake by 24hDR and 4dFR at the
group level, but not at the individual level.
Therefore 24hDR can be used to assess a food
intake of a group but not their individual intake.
About 20% and 9% of participants underreported
their EI by 4dFR and 24hDR, respectively
considering the 95% confidence interval for EI/EE
criteria. Over 30% of EI URs assessed by 24hDR
underreported their EI assessed by 4dFR showing
that underreporting may be subject-specific and it
appears that is more difficult to retrieve valid

dietary data from some people than others.
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