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Energy intake by multiple pass 24 h recall and total energy expenditure:
a comparison in a representative sample of 3—4-year-olds
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The accuracy of the multiple pass 24 h recall for assessment of habitual energy intake in pre-
school children is unclear. The primary aim of this study was to assess its accuracy by comparison
with measurement of total energy expenditure by doubly-labelled water in a representative
sample of forty-one 3—4-year-olds. The recall method was well tolerated by subjects and was
administered quickly and easily. However, it produced estimates of energy intake which
significantly exceeded measures of total energy expenditure from doubly-labelled water, mean
paired difference 660kJ/d (P<0-01). Agreement between the two methods was poor at the
individual level: limits of agreement 660+/—3018 kJ/d. Error and imprecision in both methods
contribute to individual differences, but the present study suggests that the multiple pass 24 h
recall does not provide accurate estimates of dietary energy intake in individual children.

Doubly-labelled water: Energy expenditure: Children: Energy intake misreporting

Assessments of dietary energy intake (EI) in pre-school
children are commonly made, in applications which range
from clinical settings to experimental investigations of the
causes of energy imbalance to population surveys. In older
children and adolescents (Bandini et al. 1990; Livingstone
et al. 1992; Maffeis et al. 1994; Champagne et al. 1996), and
adults (Livingstone et al. 1990; Sawaya et al. 1996; Kroke
et al. 1999) such assessments tend to be time consuming yet
produce results which are prone to imprecision and
inaccuracy (largely due to dietary under-reporting).

In 3-4-year-old children, the accuracy and practical
utility of EI assessments are less clear because the evidence
is somewhat limited: a recent review of dietary assessment
methodology for use in children concluded that more
validation studies were necessary (Livingstone & Robson,
2000). In subjects in energy balance EI should approximate
total energy expenditure (TEE) and so measurement of
TEE, with doubly-labelled water, is widely used as a
criterion method against which dietary assessment tech-
niques can be validated. This assumption is fair even in
young, growing, children because the energy cost of growth
is very small after infancy (typically <2 % of daily EI;
Kuzawa, 1998). Our literature search revealed only one
comparison of TEE and EI in 3—4-year-olds. Davies et al.
(1994) found in twenty-seven 3-5—4-5-year-olds in England

that average EI, measured by 4 d weighed record, slightly,
but not significantly, exceeded average TEE, but that error
at the individual level was large. In two studies of slightly
older children in the USA the accuracy of a food-frequency
questionnaire (Kaskoun et al. 1994; n 45, 4—7-year-olds)
and the multiple pass 24 h recall (Johnson et al. 1996; n 24,
4—7T-year-olds) was poor relative to TEE measured by
doubly-labelled water, though bias in estimation by multiple
pass 24h recall was small, suggesting that it might be
suitable for group estimates of EI (Johnson et al. 1996).

The multiple pass 24h recall (Johnson et al. 1996;
Guenther et al. 1998) was designed in part with the aim of
reducing the problem of under-reporting of EI, and was
intended to be very practical. It is widely used in the USA
but its use has been very limited outside the USA. The
primary aim of the present study was to assess the validity of
the multiple pass 24 h recall for assessment of EI in a
representative sample of 3—4-year-olds.

Subject and methods
Subjects and design

We aimed to recruit a sample of 3—4-year-olds representa-
tive of Glasgow, Scotland, UK, in terms of social class. This
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was achieved by recruiting children from nurseries in
postcodes selected to approximate the social class
distribution of Glasgow, one of the most socially deprived
areas of the UK (General Register Office Scotland, 1993).
The sample and sampling frame have been described
elsewhere (Jackson et al. 2000).

Measurement of energy intake

EI was assessed using the multiple pass 24 h recall. This
method, described in detail elsewhere (Johnson et al. 1996;
Guenther et al. 1998), was originally designed to minimise
under-reporting, while reducing the amount of effort
required of the investigator and subject. To our knowledge
the present study was its first use outside the USA.

In brief, the multiple pass recall consisted of three
elements (passes): quick list; detailed description; review;
as previously described by Johnson et al. (1996). Food
portion sizes were estimated by a single dietitian using a
combination of the photographic atlas of portion sizes for
adults (Nelson et al. 1996, 1997), guide weights for portion
sizes of selected foods consumed by children of this age in
the UK based on a national survey (Gregory et al. 1995),
and estimates provided in household measures by the carer.
The recall interviews were conducted over the telephone
after a face-to-face interview with the carer; in almost all
cases the mother was the primary carer and was the target of
the dietary recall. Photographs of food portion sizes and
written instructions were provided to carers. Recalls were
carried out over 3d (two weekdays, one weekend day)
during the 7d period of the TEE measurements. It was felt
that 3d would be adequate to obtain a reasonably precise
estimate of EI on the basis of earlier evidence in children of
similar age (Davies et al. 1994, 4d; Johnson ef al. 1996,
3d), though the standard error of the estimate for dietary EI
was calculated and is discussed later. In addition, extension
of the recall beyond a 3d period was considered an
unreasonable burden on carers.

Food intake records were converted to energy intake
estimates using nutritional analysis software (Compeat
version 4.0; Nutrition Systems, Grantham, Lincs., UK)
based on the UK Food Composition Database (Royal
Society of Chemistry, Cambridge, Cambs., UK). All
interviews and nutrient analyses were carried out by the
same investigator, a dietitian (CM).

Measurement of total energy expenditure

We measured TEE using the doubly-labelled water method.
This is the most accurate method for measurement of TEE
in free-living subjects, and is widely regarded as the only
accurate method (Speakman, 1998). The method was used
as previously described (Reilly et al. 1998, 1999). In brief,
this involved giving each child an accurately weighed,
sterilised, oral dose of 'O (10 % enriched, 1-6 ml/kg body
weight) mixed with 0-06 m1 99-9 % enriched *H,0O/kg. Urine
samples were obtained from each child before the dose, then
on days 1 and 7 after the dose. A pilot study of four subjects
suggested that 7d was adequate in that it represented two
half-lives of the '®0 isotope, though rate constants for both
isotopes in the main study are given later. We used equation

A6 of Schoeller et al. (1986): validation studies suggest that
this equation is as accurate as the alternatives (Speakman,
1998). We converted estimates of CO, production to energy
expenditure by using an average food quotient based on
food records from the present study of 0-86, an energy
equivalent of 23-7kJ/l. Individualised estimates of food
quotient from each child’s food records were not used for
three reasons. First, this would have involved the (doubtful)
assumption that diet composition data were accurate for
individuals. Second, individual differences in food quotient
in the present and previous studies in Glasgow (e.g. Reilly
et al. 1998, 1999) were small. Finally, the effect of small
differences in food quotient on final measurements of TEE
were negligible, as expected (Speakman, 1998).

Urine samples were prepared in triplicate for *H analysis
using the method of Scrimgeour et al. (1993). In brief,
aliquots of 400ul urine were pipetted into 10ml vials
containing Pt catalyst (5% Pt on alumina powder; Sigma
Aldrich, Gillingham, Kent, UK), which were then placed on
a twenty tube manifold and evacuated for 1min. The
manifold was brought to atmospheric pressure prior to
flushing with reference gas for 5 min. Samples were filled
with reference gas (H—He (5:95, v/v); Air Products Special
Gases, Crewe, Ches., UK) for 10s and left to equilibrate for
at least 48 h at room temperature prior to analysis. Samples
for analysis of '®0 were prepared using the method of
McMillan et al. (1989). After H analysis, samples were
refrigerated until the analysis of '®0. Vials were evacuated
as described earlier and filled with reference gas (CO,—N,
(3:97, v/v); Air Products Special Gases) and samples left to
equilibrate for 24 h at room temperature. The abundance of
’H and 'O in the gas phase was measured using a
continuous flow isotope ratio MS (Hydra, Europa, Crewe,
Ches., UK; Prosser & Scrimgeour, 1995). Reference
samples of water were prepared and analysed with each
batch of urine samples.

The energy cost of growth was expected to be small in
these subjects (<2% EI; Kuzawa, 1998) and so no
correction was made for it and energy requirement was
assumed to be equal to TEE. Measurements and calculations
used for the doubly-labelled water method were made
‘blind’ to the assessments of EI and different staff measured
the two variables. For descriptive purposes heights (to
0-1cm) and weights (to 0-1kg) were measured in light
indoor clothing (without shoes) in all subjects and BMI
values expressed as sD scores relative to UK 1990 reference
data (Cole et al. 1995).

Statistical analysis and power

Differences between EI and TEE were tested for
significance using paired ¢ tests and calculation of 95 %
CIL. The study was intended to assess agreement at the
individual level so we also calculated the ‘biases and limits
of agreement’ between EI and TEE using the method of
Bland & Altman (1986). This method was used as
previously described (Davies et al. 1994; Kaskoun et al.
1994).

Differences in validity between boys and girls were
formally tested using a ¢ test. To estimate the power of the
validation study we referred to previous studies which
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compared assessments of EI and TEE in young children
(Davies et al. 1994; Kaskoun et al. 1994; Johnson et al.
1996). In all of these studies, sample sizes in the 3—4-year-
old age range were less than thirty, yet this was adequate for
identification of biases and determination of the degree of
agreement at the individual level. We therefore aimed to
recruit at least thirty children to the study.

Results
Characteristics of subjects

We recruited forty-one children (twenty-three boys,
eighteen girls) to the study (mean age 3-7 (sD 0-4) years).
Characteristics of subjects are given in Table 1.

Comparison of energy intake and total energy expenditure

Mean EI was 6-5 (sp 1-4) MJ/d and TEE 5-8 (sp 1-2) MJ/d
(Table 1). We found no significant differences in the EI v.
TEE comparison between the sexes, so data from both sexes
were combined. EI significantly exceeded TEE: mean
paired difference 660 kJ/d (paired #, P<<0-01), with 95 % CI
183, 1137kJ/d.

The mean difference (‘bias’) and limits of agreement
(bias +/— t.sD of the differences) were 660+/—3018 kJ/d.
The bias (Fig. 1) tended to increase with increasing EI but
this did not reach significance (r 0-26, P>0-05).

Dilution space ratios (ZH:IBO) used in the Schoeller
(1986) equation A6 are fixed, but our observed uncorrected
mean was 1-022 (sp 0-019). Mean rate constants were 0-184
(sD 0-046) for '®0 and 0-135 (sp 0-044) for *H, with mean
'80:?H elimination rates of 136 (sp 0-12). These
elimination rates corresponded to a mean study period of
1-9 biological half-lives for '®0 and 1-5 half-lives for “H.

Discussion

The present study found that use of the multiple pass 24 h
recall in a representative sample of 3—4-year-olds was
relatively quick for investigators and respondents, and well
tolerated. In a pilot study of three families, used for training
purposes, the initial recall interview averaged 33 (SD 4) min,
but this reduced to 19 (sD 2) min for subsequent interviews.
In another pilot study of practical utility involving
seventeen children, the initial interview lasted an average

Table 1. Characteristics of subjectst
(Mean values and standard deviations)

Mean SD
Age (years) 37 0-4
Weight (kg) 16-5 26
Height (m) 1-01 0-05
BMI (kg/m?) 16-1 1.8
BMI sD score 0-13 119
Energy intake (MJ/d) 6-5** 11
Total energy expenditure (MJ/d) 5.8 1.2

1 n 41, twenty-three boys, eighteen girls.
Mean value was significantly different from that of total energy expenditure
(**P<0-01)

of 17 (sp 5) min. The subsequent interviews, on second and
third days, were significantly shorter at 8 (SD 4) and 7 (SD 4)
min respectively, giving an average total interview time of
32 min over 3 d. A total of 98 % of recalls in this pilot study
(50/51) were made successfully at either the first or second
attempt to contact the mother by telephone.

Despite these important practical advantages, the
multiple pass 24 h recall produced a significant overestimate
of EI (by about 11 %). We found no evidence that bias was
related to diet composition, or to weight status. Complete
concordance of EI and TEE measurements would not be
expected given the imprecision and error inherent in both
methods. In addition, a small (approximately 2 %; Davies
et al. 1994; Kaskoun et al. 1994; Kuzawa, 1998) excess of
EI over TEE, representing the energy deposited in growth,
might be expected. However, the observed bias in the
present study was larger than the excess energy required for
growth and might have increased with increasing energy
requirement (Fig. 1), though this trend did not reach
significance. Reasons for the bias are unclear, though one
possibility might lie in the portion-size estimates used.
There are currently two main tools in use for estimation of
food portion sizes in the UK, both validated, but both based
on adult data (Ministry of Agriculture, Fisheries and Food,
1993; Nelson et al. 1996, 1997). Errors in using these tools
in children are likely and in our experience, mothers tended
to report portions at the lower end of the adult size range.
However, gross errors in portion size estimation in the
present study were minimised in a number of ways. First, for
many food items (e.g. biscuits, slices of bread; proportions
of canned food and drinks consumed) average adult
quantities were appropriate. Second, where possible
estimated values from surveys of adults were compared
with guide weights for typical portion sizes of young
children (Gregory et al. 1995) and were usually in broad
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Fig. 1. Plot of individual errors in energy intake assessment (kJ/d)
v. mean of energy intake and total energy expenditure. For details
of subjects and procedures, see Table 1 and p. 602. Solid horizon-
tal line (—) represents the bias, broken horizontal lines (---) the
limits of agreement between the two methods.
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agreement. Finally, mothers often reported quantities in
household measures.

Accuracy of TEE measurements by doubly labelled water
is excellent at the level of the group, but larger errors have
been observed in individuals (Speakman, 1998). Error in the
‘reference’” method in the present study must therefore have
contributed to the disagreement with EI estimates to some
extent. However, we attempted to minimise error by
following a standard, validated, protocol for the doubly-
labelled water method (Schoeller er al. 1986). The study
was based on the assumption that subjects were in energy
balance. While our data on weight change over the course of
the study supported this assumption, weight change is a
crude index of energy balance and might have contributed to
differences between methods. Imprecision would also
contribute to differences between the methods, particularly
imprecision in the dietary assessment. With 3d of intake
assessment and a mean within-subject CV of EI of 20 %,
mean standard error of the estimate of EI in the present
study was 11-5 % (Balogh et al. 1971). A longer period of
dietary assessment would have improved precision but at
the expense of subject compliance, obviating the practical
advantages of the dietary assessment method chosen. The
period of 3d dietary assessment was chosen largely on
practical grounds as in similar studies. An alternative
approach to considering differences between the two
methods is described by Davies et al. (1994). Applying
this approach (with an imprecision of about 5 % for TEE and
12 % for EI) to the present study, suggested that 95 % of the
individual differences should fall within 26 % of the mean
value. In fact, for fourteen of the forty-one subjects (34 %)
the difference was greater than 26 %.

For many applications, the degree of disagreement
between the two methods in the present study would be
more serious than the bias. The limits of agreement were
sufficiently wide in the present study that we can conclude
there was no agreement between the methods in individuals
and that biologically or clinically significant errors in the
assessment of EI by multiple pass 24 h recall are to be
expected (Fig. 1). It is important to note that this conclusion
is not specific to the present study, or to the method of
dietary assessment used. Despite slightly better concor-
dance between methods at the group level than observed in
the present study, both Johnson et al. (1996) and Davies
et al. (1994) reported similarly wide limits of agreement.
Kaskoun et al. (1994) reported both a very large bias and
wide limits of agreement. In older children, adolescents, and
adults, the errors in dietary intake assessment at the
individual level are also large and there is the additional
problem of under-reporting.

At present it would appear that the methods available for
assessing dietary EI in young children are, at best, able to
produce unbiased estimates only for groups. When the
amount of effort involved in obtaining such estimates is
considered, particularly for weighed records, the techniques
available offer a relatively poor return, inadequate for many
applications. The imprecision of dietary assessment
methods provides a further problem, adding to the
uncertainty in the estimates obtained.

In summary, the inaccuracy of the available dietary
assessment methods presents a serious barrier to

measurement of individual EI. For clinical applications
with individual patients all available methods may be
inadequate. For applications involving group estimates the
weighed intake might be adequate but is more demanding
than simpler methods based on recalls and food-frequency
questionnaires. For studies on causes and/or determinants
of energy balance, the existing methods of assessing intake
are limited. Many studies of energy balance should
therefore consider concentration on more measurable
components of energy balance such as TEE (Reilly ef al.
1998, 1999). Alternatively, studying proxy measures (such
as body weight or body composition) and/or the
determinants of these might be a more useful means of
making inferences in relation to causes of energy
imbalance (Wells, 1998).
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