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Validation of dietary intakes measured by diet history against
24 h urinary nitrogen excretion and energy expenditure measured
by the doubly-labelled water method in middle-aged women
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A diet history method for estimating energy and N intakes was validated against 24 h urinary N
excretion and energy expenditure measured by the doubly-labelled water (DLW) method. Forty-
eight women aged 50-65 years were studied over 1 year. Weighed diet records from 4 d and two
24 h urine collections, for measurement of urinary N excretion, were obtained in each of four
seasons. At the end of the year, a diet history was obtained, BMR was measured by whole-body
calorimetry, and, in sixteen women, total energy expenditure (EE) was measured by DLW.
Energy intake (El) and N intake (NI) were calculated using food tables. Using weighed records
and diet history respectively mean NI werelA1 (sp 2[09) g and 117 (sp 2[40) g (NS) and El

were 808 (sp 184) MJ and &0 (sp 1B86) MJ (NS). Mean urine N: NI and El:BMR values
indicated bias to under-reporting by weighed record and diet history techniques in some
individuals, but there was no significant difference between these measures at the group level.
The Pearson correlation coefficien} for urine Nv. NI was 081 for the weighed record and33

for the diet history. The correlation of BE El wasr 048 for weighed record andO[11 for diet

history. In this study the diet history gave the same estimate of mean intake, but the weighed
record appeared to perform better in ranking individuals.

Diet history: Diet record: Validation

The diet history method of assessing dietary intake is would give a valid estimate of mean intake but could not
favoured for two reasons. First, as a retrospective question-rank individuals correctly for habitual intake. A diet record
naire method, it places less burden on subjects than doof sufficient length to measure habitual intake might rank
prospective diet records. Second, it is believed to obtain aindividuals correctly but give an invalid estimate of mean
better measure of long-term habitual intake than diet intake due to systematic bias across all subjects. If random
records, which, of necessity, record intake on a limited errors are large and if systematic bias is variable across
number of days. The debate over the respective merits of theindividuals, then ranking will also be poor. Studies of
weighed diet record and the diet history is a long one and relative validity indicate whether one method gives a
many studies over several decades have compared theihigher intake than another, and comparison with expected
relative validity. On balance the diet history tends to obtain energy requirements can help determine the validity of each.
higher mean energy intakes (El) (see reviews by Bingham, However, an independent marker of intake is essential to
1987; Blacket al. 1991). However, without external vali- determine which method best ranks individuals according to
dation such studies have been unable to reach a firmtrue intake.
conclusion as to which, if either, is valid in absolute terms. It is now recognized that there is widespread bias to
A valid dietary assessment should give an estimate of underestimation of El by self-reports of food intake. A
mean intake that is close to the true intake and also be ablereview of forty-six studies (fifty-six groups) that included
to rank individuals correctly for intake within acceptable measurements of both El and energy expenditure (EE)
limits of precision. The two requirements do not necessarily measured by the doubly-labelled water (DLW) method
go together. For example, a dataset of valid 24 h recalls (Black, 1999) found a mean underestimation of EI
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p-amino benzoic acid; PAL, physical activity level.
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compared with EE of 16 %. In 63 % of groups mean El was seasons, eight collections in total) was also measured. These
more than 10 % below mean EE and in only one group was it data were obtained in a study to determine the best dietary
more than 10 % above EE. Comparisons of El expressed asassessment method to use in the European Prospective
a multiple of BMR (El: BMR) with the physical activity Investigation into Cancer (Bingharat al. 1994, 1995)
level (PAL) for a sedentary lifestyle have confirmed the conducted between 1989 and 1990. The present study
widespread tendency to underestimation of El in large additionally assessed El and NI in the fourth season by
national dietary surveys from several countries (Heywood diet history and, in sixteen subjects, measured EE by DLW
et al 1993; Klesgest al. 1995; Ballard-Barbasét al. 1996; and BMR by whole-body calorimetry. Twenty-four diet
Fogelholmet al. 1996; Briefelet al. 1997; Lafayet al. 1997, histories were obtained in autumn 1989, the remaining
Price et al. 1997; Pryeret al. 1997; Rothenbergt al. diet histories and the DLW measurements in autumn 1990.
1997; Braanet al. 1998; Gnardelli®t al. 1998; Vos<t al
1998) and also many smaller studies. Mean reported
El:BMR values were predominantly in the range of
12-13, whereas DLW studies suggest that EE is greater For the main study, all women aged 50-65 years from the
than 1I85x BMR in all age groups except those aged over 75 lists of two general practices in Cambridge were contacted
years (Blacket al. 1996). by post. Those expressing interest in a detailed study of diet
The number of studies with external validations of the were contacted by telephone and visited at home and, if still
diet history are few, since the majority of DLW studies have willing, were entered into the study. In all, 160 women
used diet records to measure El and the large nationalcompleted the main study, about 15 % of the total number
surveys have predominantly used 24 h recalls or food- contacted initially. No exclusions were made on the grounds
frequency questionnaires (FFQ). The earliest validations of ill health. The study was conducted in two groups. For the
of the diet history method by urinary N excretion (Steen present study, after completion of the fourth season, subjects
et al. 1977; Binghanet al. 1982; van Stavereet al. 1985; from both groups were asked if they were willing to be
Hulten et al. 1990) did not include validation for com- visited at home by a dietitian to obtain a diet history. Those
pleteness of the 24 h urine collections by the PABACHEK willing to participate were ranked according to their
method (Bingham & Cummings, 1983) which ugeamino reported El from the 16 d weighed record. When a subject
benzoic acid (PABA) as a marker. It is known that a agreed to the diet history, an attempt was made to recruit a
substantial proportion of collections may be incomplete; ‘matched’ subject with similar reported EI. The aim was to
Heitmann (1993) rejected 17 %, Binghaet al. (1995) obtain paired groups with the same mean El in order to test
25%, and SD Poppitt, G Keogh and AA Black (personal observer bias in the technique of the diet history. One
communication) 40 %. The ratio urine N:N intake (NI) is member of each pair was interviewed by A. W. and the
used as the estimate of validity and incomplete collection other by A. B. This procedure was followed until twenty-
produces a bias towards showing the reported intake to befour pairs (forty-eight subjects) had been recruited.
valid. Among the externally validated studies of the diet  Subjects in the second group were also approached before
history are two validated by urinary N excretion (Petersen the fourth season for measurement of metabolic rate using
et al 1992; Heitman, 1993), two validated by urinary N DLW and calorimetry. Forty-five out of eighty-four subjects
excretion without PABA and by EE measured by physical were willing to participate. Final selection of subjects for

Recruitment

activity questionnaire (Lindroost al. 1993; Visseret al. DLW measurement was confined to those who provided at
1995), two validated by DLW EE (Livingstoret al. 1992; least five valid 24 h urine collections and included subjects
Rothenberget al. 1998), and one validated by EE measured from the full range of urine N:NI values. The numbers
by physical activity questionnaire (iKzingeret al. 1997). eventually obtained from each fifth of the distribution of
Only the present study has included both DLW EE and urine N:NI were 4 (lowest), 5, 2, 4 and 3 (highest). The
PABA-validated urinary N excretion. intention was for the DLW measurement to span the 4d of

The aim of the present study was to determine the validity diet records. Unfortunately, owing to a scarcity of water
of the diet history, compared with that of 16d weighed enriched with*®0 at that time and a consequent unantici-
records, with respect to both mean intake and ranking of pated price increase, the study was limited to sixteen
individuals using the independent markers of urinary N subjects and delayed in some subjects until after completion
excretion and DLW EE. The results were compared also of the final diet records. The mean time that elapsed between
with findings from the validation study of other dietary final diet records and DLW measurement wé& @D 2(5)
assessment methods, including the 7 d estimated diet recordyweeks.
the Oxford FFQ and an unstructured 24 h recall, undertaken
for the Cambridge arm of the European Prospective .
Investigation into Cancer (Binghast al. 1994). Dietary assessment

For weighed records, subjects were instructed to weigh each

individual food item using cumulative weighing and to

Methods provide notes on ingredients of composite dishes with

approximate quantities. Weighing was by the PETRA
system (Cherlyn Electronics, Cambridge, Cambs., UK).
El and NI were assessed in forty-eight middle-aged women The weight and a spoken description of each food item
by 4d weighed records in each of four seasons (16d in were automatically recorded onto a cassette tape. A special
total). Urinary 24h N excretion (2d in each of the four console was used to recover the information from the

Outline of the study
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women’s data which was transcribed and then coded used. The mean difference between EE calculated using the
manually for computer analysis. different food quotients was3 (sp 91) kJ. Correlation
Before embarking on the diet histories, the interviewers between food quotients from weighed records and from
standardized their technique by jointly interviewing col- diet history was ®9.
leagues and volunteers taking part in other studies. Each
diet history was conducted in a single face-to-face semi-
structured interview lasting between 1 and 2 h in the sub-
ject's own home. The interviewer took each meal and inter- Urine collections (24 h) were made using boric acid as a
meal period in turn and established a typical week’s menu. preservative in the collection container (Binghash al.
The interviewer then took each food group in turn and asked 1995). In each season, two 24 h urine collections were
about types of items eaten and frequency of consumption.obtained, one during the 4 d period of diet records and one
Particular attention was given to alcoholic drinks, eating in the 2d immediately following. Completeness of collec-
out, take-away foods and snacks. Portions were quantifiedtion was verified by PABACHEK (Bingham & Cummings,
by verbal descriptions in terms of familiar volumes and 1983). Three capsules containing 80 mg PABA were taken,
sizes and by reference to photographs derived from aone on rising and one each with the midday and evening
Swedish atlas of food portions. The publication of Crawley meals. Urine collections containing less than 205 mg (85 %
(1988) was used a source of average portion sizes andof the dose) were rejected as incomplete. N in urine was
typical weights of standard sized items such as biscuits, measured by the Kjeldahl technique.
confectionery, buns and cakes. Nutrient intake was calcu-
lated using the fourth edition dflcCance & Widdowson’s
The Composition of Fooddaul & Southgate, 1978) and
supplements (Hollanat al. 1988, 1989) with additional  For subjects in N balance, urine N reflects NI. Validation is
recipes (Wilest al. 1980) and manufacturers’ information. by comparison of NI with urine N expressed as the ratio
The alternative dietary assessments are fully described inurine N:NI. A higher than expected urine N:NI value
the original publication (Bingharet al. 1994). The Oxford reflects either incomplete reporting of N (protein) intake,
FFQ was based on the US Nurses Study (Wikétl. 1985) or a reduced (low energy) intake leading to oxidization of
modified for the UK. The unstructured 24 h recall was a protein to supply energy. Bingham & Cummings (1985)
blank piece of paper with an example of how to record found extra-renal losses to be proportional to total N turn-
the previous day’s intake. Published portion weights over and the average urinary N:NI value to b810(sb
(Crawley, 1988) were used to calculate nutrient intake. 0[05). In the main study those in the top fifth, with values
The 7d estimated record was that developed for the MRC from 100 to 147, had significantly lower El, higher body
National Survey of Health and Development (Bradéoal. weight, higher BMI, and higher restrained eating scores than
1988; Priceet al. 1996). Food was recorded at the time of those in the lower four fifths (with values from@3 to
eating and quantified in household measures or with the help0@9) (Binghamet al. 1995). In the present study subjects
of photographs included in the booklet. with a urine N:NI value greater than@D were deemed
under-reporters.
BMR The alternative approach of Isaksson (1980) assumes
extra-renal losses of N to be constant at 2 g/d. ‘True’ protein
The subjects were brought to the unit for an evening meal of intake is calculated as (urine \2) x 6125 g and compared
one third of energy requirements calculated @&xBMR directly with the reported protein intake. A value ddQ is
estimated from equations (Schofiedtial. 1985). After an expected. Authors using both calculations have reported no
overnight stay in the whole-body calorimeter, they were practical difference between them (Heitmann, 1993). Both
woken to pass urine at 06.30 hours, subsequently returningvalues are reported in the present paper.
to sleep. They were woken for BMR to be measured
between 08.00 and 09.00 hours at a temperature of 23

Urinary nitrogen

Validation of nitrogen intake

Validation of reported energy intake

For people in energy balance, habitual EI must equal EE.
The assumption is made that individuals are in energy
A baseline urine specimen was obtained at 06.30 hours onbalance and that a single dietary assessment provides a
the day of the BMR measurement. The subject then drankvalid measure of intake (within the limits of the precision of
the DLW containing @7 g °H,0 and @749 H,**0/kg the technique) and that a single 14d measure by DLW
body weight. Urine samples were obtained from the second provides a valid measure of EE. Validation is by direct
voiding of the day on each of the following 14 d. Isotope comparison of El with EE expressed as the ratio El : EE. The
enrichments were measured using an isotope-ratio massxpected value isl@0 and the 95 % confidence limits in the
spectrometer (Aqua Sira, Middlewich, Cheshire, UK) and present study were (9-121 (based on mean within-
pool sizes were calculated by extrapolation. The mean valuesubject CV on daily El of 28 % and of repeat DLW
for %0 : H spaces was[@35 (D 0013). EE was calculated  measurements of 8% (Black et al. 1996). Subjects with
using the multipoint technique (Coward, 1988). Individual an El: EE value less than@® or greater than21 were
food quotients were calculated from the 16d weighed deemed under- or over-reporters respectively.

records (Blacket al. 1986). There was no difference in Under-reporting is somewhat confusingly indicated by
calculated DLW EE if the diet history food quotient was high values of urine N:NI but low value of EIl:EE.

Total energy expenditure
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However, since each validation ratio has been establishedTable 2. Anthropometric characteristics, energy expenditure (EE)

independently in previous publications, it was decided to @nd 24h urinary nitrogen excretion in forty-eight women and in a

maintain the original configuration for the present study subgroup of sixteen WOTebn 'l? VdV“Om E%th?,s)measured using doubly-
. i : abelled water

Where direct measures of EE are not available, com-

] M | d standard deviati
parison may be made between El:BMR and the expected (Mean values and standard deviations)

EE expressed as EE :BMR or PAL (Goldbergal. 1991, Whole study DLW subjects
Black, 1996). PAL as measured in a subsample in the (n48) (n 16)
present study was@5. The Goldberg cut-off is the value
below which the reported intake is unlikely to represent Mean sb Mean sb
either habitual intake or low intakes obtained by chance, Age (years) 5703 50 573 4B
taking into account errors in the techniques involved. The Weight (kg) 640 90 6801 98
equation to calculate the Goldberg cut-off is given by: Cho"’;”sgﬁd'; ‘("Ifgg"’er year  -0@7 10 ot 2
(S/100) Height (m) 164 07 1086 om7
El : BMR > PAL X exp{SDmn X } BMI (kg/m?) 240 32 251 4R
v Urine N (g) 9m0 186 1067 200
where PAL is the assumed average PAL for the population ErEOt(?\;B)equ'valem @ a8 1 7332 1i§2
under study, SR, is —2 for 95 % or-3 for 99 % confidence  BMRt 539 037 569 023
limits, and S=[CV ,//d+ CVg:+CVp2], Wwhere CV,, is the PALst (EE:BMReg) 185 028
within-subject variation in Eld is the number of days of =~ BMRumeast 5B6 0B6
meas (EE : BMR peas) 1065 oR7

diet assessment (where the assessment purports to measufé"-
habitual intake e.g. diet history, thet=o but 28 is used PAL, physical activity level.
in practice), C\4 is the variation in repeated BMR ’Estimatedas (urine N+2)x6@25g.

L. . TBMR estimated from equations.
measurements or the precision of estimated compareds yeasured BMR.
with measured BMR, CV is the between-subject varia-
tion in PAL. The values used to calculate the Goldberg
cut-off were CV| 208 %, CVgest 8%, CVameas 4%, CVp agreement between weighed record and diet history in
15%,n 48, d 16 (the cut-off does not change whenis Fig. 2 were calculated as the combined error derived from
increased to 28d for the diet history) (Black, 2@00 the within-subjectsD of daily intake. Thesp derived from
AE Black, unpublished results). The measured PAL was the 16 d weighed record was also used for the diet history
1B5. The calculated Goldberg cut-off values for the group which was assumed to be equivalent to a 28d record. The
means for El: BMR.ssand El: BMR.; respectively were  confidence limits of agreement between intake and vali-
138 and 157 for forty-eight subjects, 2 and 131 for dator in Figs. 4 and 6 were calculated as the combined
sixteen subjects. For identifying individual under-reporters
(n 1) they were M9 and 116 respectively.

Table 3. Daily energy intakes (El) and nitrogen intakes (NI) measured
by weighed records and diet history and validations in a group of forty-
eight women, and in a subgroup of sixteen women in whom energy

Statistical techniques expenditure (EE) was measured using doubly-labelled water (DLW)
Differences between observers were tested with Student’s (Mean values and standard deviations)
unpairedt test, and differences between techniques on the Weighed records Diet history
same subjects by pairedtest. The confidence limits of
Measurement Mean SD Mean SD
Table 1. Energy and nitrogen intakes estimated by diet histories in AIINslu(tg;ects (n48) 1121 209 1137 20
two groups of women by different observers together with anthro- Urine N : NI 089 o1 089 020
pometric characteristics and n_utrient intake by 16d weighed diet Protein i.ntake ©) 698 1217 712 153
records in each group Protein intake : protein 0194 0110 08 022
(Mean values and standard deviations) equivalent*
El (MJ) 808 154 8120 186
Observer A. B. Observer A. W. El:BMRggt 135 0R7 1@a7 032
DLW subjects (n 16)
Mean SD Mean SD NI (g) 12[00 2044 12070 2015
Urine N: NI 000 omaz2 086 020
n 24 24 Protein intake (g) 748 148 7909 170
Age (years) 580 4B 5614 S8 Protein intake : protein 004 oa1 103 026
Height (m) 165 0[06 163 o7 equivalent*
Weight (kg) 6306 84 6601 93 El (MJ) 8127 139 899 178
BMI 233 20 2409 306 El - EE -115 175  -0@3 2130
16d weighed records El:EE 0B9 on7 008 oR7
Energy (MJ) 798 140 8119 119 El:BMR gt 126 0B1 1539 034
Nitrogen (g) 1102 1® 112 23 El: BMR meast 16 023 1060 037
Diet histories
Energy (MJ) 703 1@5 868 2013 *(Urine N+2) x6(25g.
Nitrogen (g) 11 20 110 20 1 BMR estimated from equations.

+Measured BMR.
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error derived from the within-subjes for repeat DLW Results
EE measurements (Black, 2G90 daily El, daily NI, or
daily N excretion and the given number of days
(16d weighed record, 28d diet history and eight urine The anthropometric characteristics, EI and NI of the sub-
collections). jects studied by each observer are shown in Table 1. There
All protocols were approved by the Dunn Nutrition were no significant differences in either anthropometric
Centre Ethics Committee. The work was funded by the characteristics, or EI and NI from 16d weighed records
Medical Research Council and the Ministry of Agriculture, showing that the attempt to obtain two equivalent groups
Fisheries and Food. was successful. From the diet history, A. B. obtained estimates

Observer differences in diet histories
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13 I
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NI by DH (g)
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El by DH (MJ)
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8 9 10 11 12 13 14
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B

Fig. 1. Comparison of daily nutrient intakes by 16 d weighed record (WR)
and by diet history (DH) in forty-eight women aged 50—-65 years. The dotted
lines divide intake according to thirds of the distribution. (a) Nitrogen intake
(NI) (r 086, P<0001). (b) Energy intake (El) (r 062, P<0[001).

ssaud Ans1anun abprquie) Ag auljuo paystiand Li00000S L L£000S/£L0L 0 L/BIo 10p//:sd1y


https://doi.org/10.1017/S0007114500000441

346 A. E. Blacket al.

of intake that were lower and A. W. estimates of intake that Fig. 2 shows the Bland—Altman plot of differences
were higher than those from the weighed records, but the between the methods against the mean of the two methods.
differences between the observers were not statistically Mean differences between weighed records and diet history
significant. The data were combined for further analysis.  were -026 (sp 188)g N and-0012 (sp 1(530) MJ which
were not significantly different from zero and indicated no
bias between the two methods at the group level. At the
individual level sixteen (33%) (N) and eighteen (38 %)
Table 2 shows the anthropometric characteristics, and the(energy) out of forty-eight subjects fell outside the 95 %
EE, urinary N excretion and its protein equivalent for all confidence limits of agreement between the two methods.
subjects and the subgroup with DLW measurements. This could indicate either real differences in intake at
Table 3 shows the NI, protein intake and El and the
validation ratios for the 16 d weighed records and the diet
history. There were no statistically significant differences
between the weighed records and the diet history for any of
the measurements shown. The validation ratio urine N: NI
was 089 by both methods compared with the expected
value of 081 indicating some bias to under-reporting of
protein by both methods and no difference between them.
When expressed as protein intake : protein equivalent, the
values of (@4 and @8, compared with an expected value of
100, suggest that protein was only slightly under-reported.
The ratio El : BMR.gwas 145 for weighed records and4ly
for diet history compared with an expected value @5land
a Goldberg cut-off value for the group of8%, indicating
bias to under-reporting of El by both methods and no °
difference between them. L .
In the sixteen subjects with DLW measurements, the -4r i
mean difference between El and EE wd$15 for weighed sk .
records and-043 for diet history, or under-reporting of L 4
1202% and 46 %. The ratio El: EE was[B9 for weighed e 7 8 9 101112 1314151617 18
records and @8 for diet history compared with an expected
value of 100, indicating under-reporting of 11 % and 2%
respectively. (The difference between these values and the
percentages derived from EEE are due to the fact that in
individuals similar values for Et EE give different El: EE
depending on total EE.) El: BMR,swas 146 for weighed
records, and B0 for diet history compared with a PAleas
of 165 and a Goldberg cut-off value of8R. On this basis
the weighed records mean intake would be regarded as
biased to under-reporting and the mean intake from diet
history as valid within the limits of the methodology. In this
small group the diet history appeared to obtain a better mean
reported intake than the weighed records, although the .

Validation and comparison of methods at the group level

[ (a)

N W o o]
T

Difference in NI (WR-DH) (g)
.
.
°

Mean of NI(WR) and NI(DH) (g)

© (b)

EI (WR-DH) (MJ)

n
[
[ ]
=
®
[ ]
[
[
LA XY
[ ]

differences were not statistically significant. All three vali- § 1 __________. A
dation measures suggest a valid mean intake and no bias tog L o7
under-reporting by the diet history. L I e * *o.
a -3

Comparison of weighed record and -4

diet history at the individual level 5k
Fig. 1 shows the comparison between intakes as estimated gl v o v o0 o v 1@ 0 0 00 00 Ly
by weighed records and by diet history for N (Fig. 1(a)) and 4 5 6 7 8 9 10 11 12 13 14

energy (Fig. 1(b)). The figures show they line and the
lines that divide each distribution into thirds. The corre-
lations Were ®6 for N and @2 for energy P<_O[0_O:_L) Fig. 2. Bland—Altman plot. Differences in daily intake measured by
suggesting that both methods te_nd to rank |nd|V|duaIs 16d weighed records (WR) and the diet history (DH) against the
similarly. However, twenty-two subjects out of forty-eight mean of both measurements (n 48). (a) Nitrogen intake (NI), mean
(46 %) for N and fourteen subjects out of forty-eight (29 %) g:ggggg?-gﬁg ((SSDD 1%5[%;3)'\/8 '2' (b) )Eg%rgy Clg;?iléi n(CEeI)I,imrnsea;r;
e . - = - B CEX R y (]

fqr gnergy were not class!fled in the same third of the agreement between the two methods calculated from within-subject
distribution, although only five (N) and two (energy) were gajly variation in intake, with the DH assumed to be equivalent to a
placed in the opposite thirds. 28d record.

Mean of EI(WR) and EI(DH) (MJ)
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different time points since the assessments were not doneindicating that ranking of subjects was closer to true ranking
concurrently, or poor agreement between the methods.(as estimated by urinary excretion) by weighed records than
Alternatively, it could indicate an underestimation of the by diet history. The Bland—Altman plots of individual
errors and hence of the confidence limits of the measure-differences between the methods (Fig. 4) gave a similar
ments. Figs. 1 and 2 show that the two methods gave similarpicture. The mean difference between reported N intakes
results at the group level as used by these observers and irand measured N excretion wa$31 (sp 125)g N for

this population. However, agreement at the individual level weighed records and@7 (sp 2[41)g N for diet history
was sometimes poor. (NS). The mean differences were not statistically signifi-
cantly different but the larger standard deviation for diet
history indicated poorer ranking of individuals.

Figs. 5 and 6 shows the limited validation against DLW
(n 16). The correlation between measured EE and reported
Fig. 3 shows the relationship between urine N and NI by EI was 048 for weighed records anda for diet history
each technique. The correlation between urine N and NI was
r 081 for weighed records and 0[38 for diet history

Validation of weighed record and
diet history for ranking individuals
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. Fig. 4. Bland—Altman plot. Difference between daily nitrogen intake
Urine N (g) (NI) and 24 h nitrogen excretion plotted against the mean of the two
measurements (n 48). (a) Weighed records (WR), mean difference =
Fig. 3. Comparison of daily nitrogen intake (NI) with 24 h urinary N 1.31 (sb 125)g. (b) Diet history (DH), mean difference=1[B7 (sD
excretion in forty-eight women aged 50—-65 years obtained from eight 241)g. (------ ), 95% confidence limits of agreement between the
24 h collections. (a) 16 d weighed records (WR), rOB1. (b) Diet history two methods calculated from within-subject daily variation in intake

(DH), r038. and excretion.
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Fig. 5. Comparison of energy intake (El) in sixteen women measured
by two different methods with energy expenditure (EE) measured by
doubly-labelled water. (a) 16 d weighed record (WR), r 0i48. (b) Diet

Fig. 6. Bland—Altman plot. Difference between daily energy intake
(El) measured by two different methods, and energy expenditure (EE)
measured by the doubly-labelled water (DLW) method plotted against

history (DH), r O11. the mean of the two measurements for sixteen women aged 50—65
years. (a) Weighed records (WR), mean difference =-1[15 (sD 1(75)
MJ. (b) Diet history (DH), mean difference=-043 (sb 2(40) MJ.
(------ ), 95% confidence limits of agreement between the two
methods calculated from within-subject daily variation in El and

repeat measures of DLW EE.

data, indicating better ranking of individuals by the weighed
record method. Mean differences wetd147 D 1[15) MJ

for weighed records ane043 (sp 2[40) MJ for diet history
(NS). The mean differences were not statistically signifi-
cantly different but the larger standard deviation for diet
history indicated poorer ranking of individuals.

differences in mean EIl between any of five methods. El
(MJ) in the forty-eight subjects were[ (sp 13) for
weighed record,  (sp 19) for diet history, & (sp 1(6)

for the Oxford FFQ, & (sp 1[6) for the 7 d estimated record
and 81 (sp 1) for the unstructured 24 h recall.

In the main study from which the participants in the present  Table 4 shows the Pearson correlation coefficients for
study were drawn (Bingharat al. 1994), the Oxford FFQ  urinary Nv. NI and for DLW EEv. El from each method.
obtained an El that was significantly higher than the Values are shown for the total sample in the main study, the
weighed record, 7 d estimated record or 24 h recall. How- diet history subgroup and the DLW subgroup.

ever, in the present study of forty-eight subjects inwhomthe  The pattern of the validation against urinary N was broadly
diet history was completed, there were no significant similar for the whole study and for the two subgroups. The

Comparison with other methods of dietary assessment
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Table 4. Pearson correlation coefficients between urinary nitrogen (UN) excretion and nitrogen intake (NI)

measured by five different methods in women aged 50-65 years and in subgroups who provided a diet

history and had their energy expenditure measured by doubly-labelled water (DLW), together with Pearson

correlation coefficients between energy expenditure (EE) measured by DLW and energy intake (EI)
measured by five different methods

UN v. NI
Diet history DLW subgroup El v. EE
Method* All subjects subgroup (n 48) (n 16) by DLW (n 16)
16 d weighed record 0[71 (n 155) 0B1 083 048
Diet history 038 043 ol
7 d estimated diet record 069 (n 80) 088 (n 24) 0B5 o4
Oxford FFQ 025 (n 137) 037 (n 46) 0(39 (n 14) 045
24 h recall (unstructured) 0010 (n 155) 039 0B3 04

FFQ, food-frequency questionnaire.
*For details of methods, see Bingham et al. (1994).

correlation between intake and excretion was best for 16 d

. . . 20r ]
weighed records, followed by 7 d estimated diet records, and [ @ i
then FFQ. The correlations for 24 h recall improved as the 181 i
sample became more highly selected: the DLW subjects i
. . 161 1
were selected to represent the full range of urine N:NI ;
values. The correlations for the diet history were similarto  y; 14F i
those for the Oxford FFQ in both subgroups. Inthe subgroup ¥ e @ b
with measured EE, the pattern was reversed in that the FFQ & '2 . .|
and 24h recall performed similarly to the 16d weighed E 10 ° L ) E
record, and the 7d estimated record and the diet history I $ 0!
performed poorly. However, with only sixteen subjects, 08[-mmmmmmmmmmmmos l‘é"“li'.' """""""
none of the correlations was significant and it was not 06k ! A
possible to draw conclusions about the relative ability of i
these methods to rank subjects correctly for energy. 04T !
0.2 1 1 ‘ 12 1J4
Comparison of validation techniques 0-4 06 08 10 t ’
) ) ) ] ) UN:NI(WR)
Fig. 7 shows the relationship between urinary N excretion
and total EE. The correlation wa&8. Fig. 8(a) shows the
relationship between the validation ratios EI:EE and 207 (b) .
16 rer 4 i
. 16 |
14t ° w14 I i
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UN:NI(DH)
4 L + L : L 1 n ! + ! Fig. 8. Relationships between the validation ratios urine nitrogen
4 6 8 10 12 14 16

(UN): nitrogen intake (NI) and energy intake (EI) : energy expenditure

EE (MJ) (EE) in sixteen subjects for whom measurements of EE by the doubly-

labelled water method were available. (a) Validation of the weighed

record (WR) method. (b) Validation of the diet history (DH) method.

Fig. 7. Relationshp between urinary nitrogen excretion and total Horizontal lines define the cut-off values for under-reporters (El : EE

energy expenditure (EE) in sixteen women aged 50-65 years in < 0[79) and over-reporters (El: EE >121). The vertical line defines
whom EE was measured by the doubly-labelled water method. the cut-off value for under-reporters (UN: NI >1[0).
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Table 5. Externally validated studies of the diet history (DH) method from the published literature

Age Diet El v. EE UN v. NI
Reference Subjects (years) method El:BMR El:EE Prl:Pregt o N Notes
Livingstone et al. (1992) 20 MF 3&5 DH 113 EE measured by DLW
24 MF 7&9 110 0[42%**
12 MF 12 114 (n 80)
24 MF 15 & 18 009
24 MF 7&9 7d WR 103
12 MF 12 089 077+
24 MF 15 & 18 076 (n 60)
Petersen et al. (1992) 24M9F 20-31 DH 1as 107 1 x 24 h urine, PABA validated
I9M1F 4d WR 107 096 EE = El to maintain weight
Heitmann (1993) 152 M 35-65 DH (1 month) 140 088 1 x 24 h urine, PABA validated >
171 F 127 082 :
Lindroos et al. (1993) 22M23F DH 1148 104 1a6 oBE2* 026 1 x 24 h urine unvalidated m
obese 4d WR 110 0a7 086 029 040** EE estimated from PAQ w
8M11F DH 129 104 0m@0 -001 0B6* e
non-obese 4d WR 146 102 088 043 0(B0*** 3
Visser et al. (1995) 12F 69-82 DH (1 month) 086 087 2 x 24 h urine unvalidated at home + 2 x 24 h urine ;
in calorimeter. Volumes similar in both situations. -
EE measured in a calorimeter and by PAQ
Kortzinger et al. (1997) 50 26-38 DH 186 0090 EE measured by PAQ
WR 146 0B3
Rothenberg et al. (1998) 9F 3 M 70 DH 149 0m7 EE measured by DLW
PAL =171
Black et al. 48 F DH 147 098 0038** 5to 8 x 24 h urine, PABA validated
(present study) WR 145 094 0@1***
Black et al. 16 F DH 160 098 103 oal EE measured by DLW
(present study) WR 1146 089 094 0o[48* PAL = 167

El, energy intake; EE, energy expenditure; Prl, protein intake; PrEq, protein equivalent; UN, urine N; NI, N intake; M, males; F, females; WR, weighed record; DLW, doubly-labelled water; PABA, p-amino benzoic acid;
PAQ, physical activity questionnaire; PAL, physical activity level.

* P < 005, ** P < 001, *** P < 0001.

1 PrEq = Pl estimated as (urine N+2) x6(254g.
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urinary UN : NI for the weighed record. Three subjects were Beaton, 1991). It undoubtedly varies with season and with
identified as under-reporters by both validators, three by periods of dieting to lose weight. Reported intake from
energy only and one as an over-reporter by energy. Theretrospective techniques is more strongly influenced by
three triangles show subjects with El:BMRo below the recent than by distant intake (van Stavesnal. 1986).
Goldberg cut-off. Fig. 8(b) shows the relationship between Beaton (1991) has also suggested that the errors of the diet
the validation ratios for diet history. Two subjects were history are similar to the errors of a 7d record.

identified as under-reporters by both techniques and one as In their comparison of several dietary techniques,
an over-reporter. Two subjects (triangles) were respectively Binghamet al. (1995) found that the weighed record out-
below and above the Goldberg cut-off values for EI: BMRo. performed all others in ranking individuals as judged by the
correlation coefficient between urine N and NI. The
conclusions were the same whether all 8d of urinary N
were used for the comparison or whether each method was
The present study of forty-eight women aged 50-65 years correlated only with the urinary N measurements from the
demonstrated under-reporting by both the diet history and same season in which the assessment was done (Bingham
the weighed record techniques. If the PAL d63 for the et al. 1997). The present work (Table 4) added the diet
subgroup with DLW measurements also applied to the history to the methods evaluated. The external validation

Discussion

whole group, then the El: BMR; values of 145 and 147 against urinary N excretion showed all retrospective ques-
indicate under-reporting of energy by both techniques. The tionnaire techniques including the diet history to perform
values for protein intake : protein equivalent aB® and less well than the prospective recording techniques. Retro-

008 suggest that protein was more completely reported thanspective questionnaires require the subject to mentally
energy. In the sixteen subjects with DLW measurements, integrate complicated eating patterns. Further, the way
however, there was a difference between the techniques. Infood is perceived by nutritionists, which influences the
this subgroup the weighed record led to under-reporting and structure of questionnaires, may not relate well to the
the diet history provided a valid measurement. The selection non-nutritionist's perception of food. Prospective techni-
of subjects for the diet history and DLW measurements was ques require simply that food is noted as eaten. While open
dependent on them agreeing to additional investigations atto omissions and distortions and certainly subject to severe
the end of a long study. Subjects were therefore selected forunder-reporting by some subjects, these may nevertheless
compliance or interest in the results. They had also com- obtain the most valid representation of food intake.
pleted repeated dietary assessments and it is possible that Table 5 summarizes the results of other externally
this ‘training’ enabled the diet history to obtain better results validated studies of the diet history technique. Where the
than might be expected from a single isolated assessment.weighed record was also studied, the relative validity
The external validation against urinary N and EE should showed that the diet history obtained a more valid mean
determine whether the weighed record or the diet history intake than the weighed record. However, there is no clear
gives better measures of individual intakes and ranking of picture of the absolute validity of the diet history. The
subjects. The standard deviations of the differences betweerEl : BMR values ranged from[10 to 156; all indicate an
the intakes and the validators (energy and N) were greaterelement of under-reporting. El:EE measures indicated
for diet history than for weighed record indicating greater over-reporting in two studies (Livingstonet al. 1992;
discrepancies at the individual level. Correlation between Peterseret al 1992), valid mean intakes in two studies
urine N and NI was B0 for 16 d weighed records an@d38 (Lindrooset al. 1993; present study) and under-reporting in
for diet history suggesting that the diet history was less able four (Heitmann, 1993; Vissest al. 1995; Katzingeret al.
to rank individuals correctly. It might be argued that the 1997; Rothenbergt al. 1998). The validations by N excre-
poorer agreement for the diet history was because urine Ntion, expressed as protein intake : protein equivalent to
and NI were not measured concurrently, rather than due tofacilitate comparisons, are in broad agreement with those
errors of the diet history technique. However, urine N of El: EE, again showing that the absolute validity of the
appears to be a useful validator even when separated intechnique varied between studies. Correlations between
time from intake measurements. Binghash al. (1997) intakes and validators were worse for diet history than for
found a correlation of BO between the last 8d of weighed weighed record with the exception of the obese subjects
records (seasons 3 and 4) and the first single urine specimerstudied by Lindroogt al. (1993), where the weighed record
collected 6 or 9 months earlier in season 1. Further, in the also had a poor correlation.
present study, the correlation of EE with EI from weighed It is difficult to assess the absolute validity of the diet
records (not measured concurrently) wa&8) but that for history. The studies listed in Table 5, with the exception of
EE and EIl by diet history (measured within 2 weeks) was that from Heitmann (1993), were on small numbers and the
only O11. results were not consistent. The diet history is not a
It could also be argued that the urine N was derived from standardized technique. It is the most open-ended of the
only eight 24h collections whereas the diet history is retrospective interview-based survey techniques. It is
deemed to measure ‘habitual’ intake. However, it is doubt- strongly dependent on the communication skills and
ful if the diet history does measure ‘habitual’ intake. experience of the interviewer. Of all techniques, it is most
‘Habitual’ intake is a theoretical concept, i.e. the intake, open to variations in interviewer phraseology, intonation
averaged over a prolonged period, that maintains body and body language. It may be conducted using a structured
weight. Intake is enormously variable in the short term questionnaire, which is inevitably lengthy, probably repeti-
and has also been shown to vary with time (Tarasuk & tive, may include elements irrelevant to individual subjects
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and will differ from study to study. Alternatively the inter- differences in the reporting of protein and energy (Black
view may be unstructured, and supposedly tailored to the etal. 1997). As an alternative to measured EE, EIl : BMR has
individual, thus avoiding unnecessary questions and repeti-limitations as a validator. The confidence limits of the
tions but risking the omission of important aspects of the Goldberg cut-off are wider than those for the direct valida-
diet. The interview usually takes a minimum of 1 h and both tors and cannot identify as many under-reporters. Further,
interviewer and subject may lose concentration before all the sensitivity of the Goldberg cut-off for identifying under-
necessary information has been obtained. Subjects are askerkeporters among those with high energy requirements is
to undertake the very difficult task of integrating dietary limited (Black, 200®).

patterns over a long time span. Answers depend on subjects’ In conclusion, the present study was unable to establish
memories and perceptions of dietary patterns. It is probably the errors of the diet history or to separate methodological

more difficult for subjects of limited education; there is

evidence, for example, of poorer validity of 24 h recalls in
subjects with lower literacy scores (Johnszral. 1998). It

is probably more difficult for the elderly; there is evidence
of poorer performance in FFQ by older women (Sawaya
etal 1996). It is certainly more difficult for both interviewer

errors from imprecision due to normal variation in intake.
However, it found that in middle-aged women mean
intakes reported by the diet history did not differ from
those of the weighed record, although in a subset of
subjects it obtained a better mean intake. Although the
diet history identified the extremes of intake equally well,

and subject if eating patterns are irregular. Some of thesethe weighed record provided better ranking of individuals

many sources of variation may account for the lack of

consistency in comparative studies of diet records and diet

histories. Certainly conclusions from one study are not
necessarily transferable to another.

The present study attempted to evaluate observer dif-

overall.
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