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Validation of dietary intakes of protein and energy against
24 hour urinary N and DLW energy expenditure in middle-aged
women, retired men and post-obese subjects: comparisons with

validation against presumed energy requirements
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Objectives: To compare validation of reported dietary intakes from weighed records against urinary nitrogen
excretion and energy expenditure measured by DLW, and to examine the utility of the Goldberg cut-off for
EI:BMR in the identification of under-reporters.

Design: Energy (EI) and nitrogen (protein) intake (NI) were measured by 16 d of weighed diet records collected
over 1 y. They were validated against urinary nitrogen excretion in 58 (mean 6.0) 24 h urine collections and
total energy expenditure (EE) measured by doubly labelled water (DLW). Basal metabolic rate (BMR) as
measured by whole body calorimetry in women or bedside ventilated hood (Deltatrac) in men. Individual
subjects were identified as under-reporters if Urine N:NI was > 1.00 or if EI:EE was <0.79. The agreement
between the two ratios in detecting under-reporting was examined. The results from the direct validation by
DLW were also compared with validation using the Goldberg cut-off for E:BMR (Goldberg et al, 1991).
Subjects: Eighteen women aged 50—65 y and 27 men aged 55-87 y were selected from participants in two larger
dietary surveys as representing the full range of dietary reporting as measured by Urine N:NI. Data from a
previous study of 11 post-obese subjects were also included.

Results: The two ratios, Urine N:NI and EI:'EE, were significantly related (r= —0.48, P <0.01). Using the
above cut-offs, seven (4F, 3M) subjects were identified as under-reporters by both methods, one (1M) by Urine
N:NI only and 8 (3F, 5M) by EL:EE only. There was close agreement in post-obese subjects where 6 subjects
showed a substantial degree of under-reporting by both methods (r= —0.87, P <0.001). The correlation
between direct validation by DLW and EI:BMR.; was 0.65 (P < 0.001). Some limitations of the Goldberg cut-
off for identifying individual under-reporters were demonstrated.

Conclusions: ETI:EE provides an estimate of the degree of under-reporting of energy at the group and individual
level. Urine N:NI identifies under-reporting of protein intake and the most obvious under-reporters of energy, but
is probably of lesser value in estimating the overall degree of under-reporting of energy at group level. Good
validation by EI:BMR depends on knowledge of physical activity at both group and individual level. However,
the correlation of 0.65 between EI:EE and EI:BMR.; suggests that EBMR could be usefully incorporated into
analysis of data from epidemiological studies. Validation measures consisting of at least predicted EI:BMR ratios
and urinary measures should be incorporated into dietary surveys.
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Council, the Cancer Research Council and the Swedish Medical Research Council and the Henning and Johan
Throne-Holst Foundation.
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Introduction

During the 1970s and 1980s, statistical approaches to
dietary data enhanced understanding of the limitations of
dietary assessment (see Basiotis et al, 1989; Basiotis et al,
1987; Beaton et al, 1983; Liu et al, 1978). However, these
approaches assumed that the data collected was associated
with random rather than systematic measurement error. The
1980s saw the development of biomarkers to validate
reported food intakes. Two have proved particularly help-
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ful. The first is the use of 24 h urinary nitrogen excretion
(Urine N) to validate reported nitrogen (protein) intake first
proposed by (Isaksson, 1980) and further developed by
(Bingham & Cummings, 1983; Bingham & Cummings,
1985). The second technique is the use of the measurement
of energy expenditure by doubly labelled water (Schoeller
& van Santen, 1982) to validate reported energy intake
(Bandini et al, 1987; Black et al, 1993; Haggarty &
McGaw, 1988; Prentice et al, 1986). The use of biomarkers
that are independent of the behavioural changes induced by
the act of recording or reporting food intake has shown that
systematic measurement errors may be present even in
those methods assumed to be the most accurate such as
weighed records and that an assumption that dietary records
are valid is no longer tenable.
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With the exception of one small study on post-obese
subjects (Black et al, 1995), the two techniques have not
been used simultaneously. Both have independently pro-
vided clear evidence for under-estimation of food intake.
However, understanding of this problem has as yet not
progressed much beyond a demonstration of its existence.
Many questions remain to be answered. This paper presents
data from two studies in which Urine N and DLW were
used together to validate reported dietary intakes, and
examines their relative ability to identify under-reporters
at the individual level.

In 1991, Goldberg and colleagues extended the principle
of validating energy intake against measured energy expen-
diture to validating energy intake against energy require-
ments. In this technique mean energy intake is expressed as
a multiple of the mean BMR estimated from equations
(Schofield et al, 1985) and compared with the presumed
mean energy requirement of the population also expressed
as a multiple of the BMR (known as Physical Activity
Level or PAL). The Goldberg equation calculates the cut-
off value of EI:BMR below which it is unlikely that the
mean intake represents either habitual intake or a random
low intake. It makes allowance for the errors associated
with the number of subjects studied (n), the length of
dietary assessment (k days), and variation in food intake,
BMR and physical activity. This technique has demon-
strated that under-reporting is widespread. Approximately
two thirds of 37 studies examined had a mean reported
energy intake below the Goldberg cut-off (Black et al,
1991). It has also provided a tool for others to investigate
the problem.

The Goldberg equation was designed to evaluate the
overall bias to under-reporting in mean energy intakes.
However, the cut-off value calculated for » =1 can be used
to identify under-reporters at the individual level. For
example, several authors (Price et al, 1993, 1997; Pryer
et al, 1997; Rutishauser et al, 1994) have examined the
characteristics of ‘Low Energy Reporters’ defined as those
with EI:BMR ratio below a cut-off that assumed an energy
requirement of about 1.55 x BMR. However, this criterion
can only identify under-reporters among those with a
sedentary lifestyle. Any large dietary survey will include
subjects with both high and low energy expenditures and
the pattern of under-reporting across the full range is still
unknown. The present study examined the data for the
presence of under-reporters at higher energy expenditures
and for the limitations of the Goldberg cut-off in identify-
ing under-reporters.

Methods

Outline of the study

Energy (EI) and nitrogen (NI) intake were assessed by 4 d
weighed records in each of four seasons (16 d in total).
Urinary nitrogen excretion (two 24 h collections in each of
the 4 seasons) (Urine N) was also measured. These data
were obtained from women in a study to determine the best
dietary assessment method to use in the European Prospec-
tive Investigation of Cancer (EPIC) (Bingham et al, 1995;
Bingham et al, 1994) and a study of mainly retired men
(Johansson et al, in preparation). The present study addi-
tionally measured energy expenditure (EE) by DLW and
basal metabolic rate (BMR). Data from a previous study of
post-obese subjects (Black et al, 1995) has also been
included.

Recruitment: Women

For the main study of women, all those aged 50—65 y from
the lists of two general practices in Cambridge were
contacted by post. Those expressing interest in a detailed
study of diet were contacted by telephone and visited at
home and, if still willing, were entered into the study. No
exclusions were made on the grounds of ill health. One
hundred and sixty women completed the study. They were
studied in two groups. Immediately before the fourth
season, the eighty women in the second group were asked
if they were willing to have their metabolic rate measured
by doubly labelled water and calorimetry. Subjects were
chosen from among those who were willing to participate
and who eventually provided at least 5 valid 24 h urine
collections. The intention was that the DLW measurement
would span the 4 d of diet records. Unfortunately, owing to
a scarcity of water enriched with %0 at that time and a
consequent unanticipated price increase, the study was
limited to 18 subjects and delayed in some subjects until
after completion of the final diet records. Median (range)
time elapsed between final diet records and DLW measure-
ment was 0.8 (—4 to +4) weeks. The 18 subjects were
selected to represent the range of Urine N:NI found in the
first three seasons. The number eventually obtained from
each fifth of the distribution of Urine N:NI was 4 (lowest),
5, 2, 4 and 3 (highest).

Recruitment: Men

In the main study, men aged 5587 y were recruited from
three sources. Husbands of women who had participated in
the earlier similar study, men that had previously taken part
in an osteoporosis study, and men from the list of one
general medical practice were invited to participate by
letter. All those responding were contacted by phone and
visited at home for further explanations and enrolled on the
study if willing to participate. No exclusions were made on
the grounds of ill health. Seventy-six men completed the
main study. For the present study, subjects were
approached for DLW and BMR measurements only after
completion of the final diet records. They were selected to
represent the range of the ratio of Urine N:NI found.
Twenty-seven subjects were studied, the number eventually
obtained from each fifth of the distribution of Urine N:NI in
the main study being 5 (lowest), 5, 6, 5 and 5 (highest).
Owing to organisational problems and difficulties in
recruiting, the median (range) time elapsed between the
final diet records and the DLW measurement was 15 (2-52)
weeks.

Recruitment: Post-obese subjects

Subjects were recruited by advertisement as having lost
more than 28 pounds (12.7 kg) and maintained that weight
loss for more than six months. Ten women and one man
were enrolled on the study. Energy expenditure from DLW
was assessed simultaneously with the other investigations.

Dietary assessment: Women and men

Subjects were instructed to weigh each individual food item
using cumulative weighing and to provide notes on ingre-
dients of composite dishes with approximate quantities.
Weighing was by the PETRA system (Cherlyn Electronics,
Cambridge). The weight and a spoken description of each
food item were automatically recorded onto a cassette tape.
A special console was used to recover the information
which was transcribed and then coded manually for com-
puter analysis (women’s study) or using a computerised



entry system, DIDO (Paul et al/, unpublished) (men’s
study).

Nutrient intake was calculated using the fourth edition
of McCance & Widdowson’s The Composition of Foods
(Paul & Southgate, 1978) and the Dunn Nutrition Centre’s
supplementary database of additional recipes (Wiles et al,
1980) and manufacturers’ information. The third (Holland
et al, 1988) and fourth (Holland ef al, 1989) supplements to
the fourth edition were additionally used to calculate
nutrient intake from the mens’ data.

Dietary assessment: Post-obese

The subjects kept weighed diet records using the PETRA
system for 10—11 d and traditional digital scales and note-
book for 10—11 d. Subjects kept 21 d of records in total.
Diet records were analysed using McCance & Widdow-
son’s The Composition of Food, fourth edition (Paul &
Southgate, 1978) with additional recipes (Wiles et al, 1980)
and manufacturers’ information.

Basal metabolic rate

All subjects were brought to the unit for an evening meal of
approximately one third of energy requirements taken as
1.4 x BMR estimated from equations (Schofield et al,
1985). The women and the post-obese subjects then spent
the night in a whole body calorimeter. They were woken to
pass urine at 6.30 am, subsequently returning to sleep.
They were woken for BMR to be measured between
8 am and 9 am at a temperature of 23°C.

The men spent the night in a bedroom of the metabolic
suite and BMR was measured at the bedside using a
metabolic cart (Deltatrac) with a ventilated hood. At
6.30 am they were woken to pass urine, subsequently
returning to bed. After a period of 30 min quiet rest, a
large transparent plastic hood was placed over the head,
and measurements were commenced. After a period 10—
15 min to obtain steady readings, BMR was measured for
10 min. BMR was calculated from the equation of Elia
(Elia & Livesey, 1992).

BMR (kJ/min) = (15.818 + (5.176*RQ) x VO(1/min)

Total energy expenditure

A baseline urine specimen was obtained at 6.30 am on the
day of the BMR measurement. The subject then drank the
doubly labelled water containing 0.07 g ?H,O and 0.174 g
H,'®0/kg body weight (women and men) or 0.046 g “H,O
and 0.174 g H,'80/kg body weight (post-obese subjects).
Urine samples were obtained from the second voiding of
the day on each of the following 14 d (21 d in the post-
obese). In the men only, seven baseline urine samples were
also obtained on each of the seven days preceding the BMR
measurement and administration of the DLW dose. This
was done to provide an estimate of the contribution of
natural abundance variation of the isotopes to the precision
of the method (Ritz ef al, 1996). Isotope enrichments were
measured using an isotope-ratio mass spectrometer (Aqua
Sira, Middlewich, Cheshire) and pool sizes were calculated
by extrapolation. The mean (s.d.) ratio of ?H and '®O spaces
was 1.035 (0.013) in the women, 1.033 (0.009) in the men
and 1.037 (0.014) in the post-obese subjects. Energy
expenditure was calculated using the multipoint technique
(Coward, 1988). Individual FQ were calculated from diet-
ary data (Black et al, 1986).
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Urinary nitrogen

Twenty-four hour urine collections were made using boric
acid as a preservative in the collecting container as
described by (Bingham et al/, 1995). In each season, two
24 h urine collections were obtained, one during the 4 d
period of diet records and one in the 2 d immediately
following. The post-obese made five collections within
the 21 d period of diet records. Completeness of collection
was verified by PABACHEK (Bingham & Cummings,
1983). Three capsules containing 80 mg of para-amino-
benzoic acid (PABA) were taken, one on rising and one
each with the midday and evening meals. Urine collections
containing less than 205 mg (85% of the dose) were
rejected as incomplete. Nitrogen in urine was measured
by Kjeldahl technique.

Validation of nitrogen intake

For subjects in nitrogen balance, Urine N reflects nitrogen
intake (NI). Validation is by comparison of NI with Urine
N expressed as the ratio Urine N:NI. A higher than
expected ratio of Urine N:NI reflects either incomplete
reporting of nitrogen (protein) intake, or a reduced (low
energy) intake leading to oxidisation of protein to supply
energy. Although the expected ratio is 0.81 +0.05 (Bing-
ham & Cummings, 1985), the ratio is skewed in free-living
individuals with no clear bimodal distribution which would
suggest a cut-off point between €valid’ and ‘invalid’
records (Bingham et al, 1995). In the main study of
women subjects were divided into fifths of the distribution
according to the ratio of Urine N:NI. It was found that those
in the top fifth (with ratios from 1.00-1.47) had signifi-
cantly lower energy intake, higher body weight, higher
BMI, and higher restrained eating scores than those in the
lower four fifths (with ratios from 0.68—0.99) (Bingham et
al, 1995). For the present study therefore a cut-off of 1.00
was chosen on the basis that individuals whose value was
greater than this were clearly different from the rest in a
number of variables. Subjects with a ratio Urine N:NI
greater than 1.00 were deemed under-reporters.

Validation of reported energy intake
For people in energy balance, habitual energy intake must
equal energy expenditure. The assumption is made that
individuals are in energy balance and that a single dietary
assessment (by whatever technique) provides a valid mea-
sure of habitual intake and that a single 14 d measure by
DLW provides a valid measure of EE. Validation is by
direct comparison of EI with EE expressed as the ratio
ELLEE. The expected ratio is 1.00 and the 95% confidence
limits in the present study were 0.79—1.21 (based on mean
within subject CV on daily energy intake of 20.8% and of
repeat DLW measurements of 8.9% (Black et al, 1996)).
Subjects with a ratio EI:EE Jess than 0.79 or greater than
1.21 were deemed under- or over-reporters respectively.
Under-reporting is somewhat confusingly indicated by
high values of Urine N:NI but /ow values of EIL:EE.
However, since each ratio has been established indepen-
dently in previous publications and is in the form that best
represents the underlying concepts, it was decided to
maintain the original configuration for the present study.

EI:BMR and the Goldberg cut-off

The EI:BMR ratio was calculated for each subject using
both measured BMR (BMR,,.,s) and BMR estimated
(BMR.y) from equations (Department of Health, 1991).
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The Goldberg cut-off was calculated from the equation
Cut-off value for EI: BMR

= PAL x exp |:SDmin X (S/IOO)]

Jn

where PAL is the assumed average physical activity level
for the population under study, SD,,,;, is —2 for 95% or —3
for 99% confidence limits, # is the number of subjects, and
S is the overall CV for PAL, taking into account the
variability in energy intake and basal metabolic rate. S is
given by the equation

§ = JICV3, /k + CV} + CV3]

where CVyy, is the within-subject variation in energy intake
(taken as 23%) (Bingham, 1987), & is the number of days of
diet assessment, CVp is the variation in repeated BMR
measurements (taken as 2.5%) (Prentice ef al, 1989) or the
precision of estimated compared with measured BMR
(taken as 8.0%) (Schofield et al, 1985), and CVp is the
between-subject variation in PAL (taken as 12.5% here)
(FAO/WHO/UNU, 1985).

The Goldberg cut-off was calculated for n=1 using
both BMR,,,..s and BMR,; and three alternatives for PAL:
first, the mean population PAL for a sedentary lifestyle of
1.55, second, a study-specific mean PAL for women (1.66),
men (1.86) and post-obese (1.59) as measured, and third,
the subject-specific PAL as measured. Table 1 shows the
calculated cut-off values for each situation except the last.
Subjects in each category with E:BMR below the Gold-
berg cut-off were designated under-reporters.

Statistics

Differences between groups were tested by Student’s #-test.
All protocols were approved by the Dunn Nutrition Centre
Ethical Committee.

Results

Subjects
Anthropometric characteristics of the subjects are shown in
Table 2.

Validation of intake at the group level

Nitrogen intake and excretion and the ratio of Urine N:NI
are shown in Table 2. There was no significant difference
between women and men in the mean (s.d.) ratio Urine
N:NI, 0.90 (0.13) vs 0.85 (0.13). The value for the post-
obese subjects, 1.15 (0.42), was significantly greater than
that of the men (P < 0.05). All three values were greater
than the expected ratio of 0.81 (Bingham & Cummings,
1985) indicating bias to under-reporting of protein intake.

The correlation between urine N and NI was 0.69
(P <0.001).

The mean energy intake and energy expenditure and the
ratio of EI:EE are shown in Table 2. There were no
significant differences between women and men in the
mean (s.d.) ratio of EI:EE, 0.89 (0.17) vs 0.88 (0.18). The
mean (s.d.) ratio EI:EE was 0.89 (0.18) compared with an
expected ratio of 1.00, indicating a bias to under-reporting
of about 11% for energy. EI:EE was significantly lower in
the post-obese subjects than in both women and men, mean
(s.d.) ELEE 0.73 (0.19) compared with 0.89 (0.18),
P <0.05, indicating a greater bias to under-reporting in
this group. The correlation between EE and EI was 0.47
(P <0.001).

Table 2 also shows the mean BMR,,., for each group
and EI and EE both expressed as multiples of BMR ,c,s.
There were significant differences between all groups for
EI:BMR,c,s (Women vs men, women vs post-obese,
P < 0.05; men vs post-obese, P <0.001). Energy expendi-
ture in the men, expressed as EE:BMR,,.,s, was signi-
ficantly higher than that of women (P <0.02) and the
post-obese (P <0.001). In all three groups EL:BMRcus
were lower than the Goldberg cut-off calculated using the
study-specific PAL indicating bias to under-reporting. If
however, no measure of energy expenditure had been
available and a sedentary life-style of PAL =1.55 had
been assumed for calculating the cut-off, then only the
post-obese subjects would have been described as under-
reporting. This highlights the need to use an appropriate
PAL when evaluating under-reporting.

Validation at the individual level

Figure 1 shows the relationship between Urine N:NI and
EL:'EE. There were no significant differences between
women and men in these ratios, and the data were com-
bined. The dashed lines show the expected ratios. For
EL:EE the dotted lines show the 95% confidence limits as
defined under methods. Under-reporters are deemed to be
those with EI:EE /ess than 0.79. For Urine N:NI the dotted
line marks the cut-off (1.00) above which under-reporting
is deemed present as defined under methods. Seven subjects
(4F, 3M) were identified as under-rerporters by both vali-
dations; one (1M) by Urine N:NI only and eight (3F, 5M)
by EL:EE only. The correlation between the two ratios was
—0.43 in men, —0.59 in women, and for men and women
together was —0.48 (P < 0.01) (Table 2).

In Figure 2 the data for the highly selected postobese
subjects are shown superimposed on Figure 1 There was a
dichotomy in the data. Four subjects were among the
‘valid’ reporters, whereas six were clear under-reporters
by both validation techniques, three of whom had particu-
larly high Urine N:NI ratios. The correlation between the

Table 1 Goldberg cut-off calculated for individuals using standard factors for CVyy, CVg and CVyp, study specific PAL, study specific days of dietary

assessment, SD,;,=—2,and n=1

Group BMR PAL CVpy CVg CVp k days n subjects N Cut-off*

‘Sedentary’ Estimated 1.55 23.0 8.0 12.5 16 1 15.92 1.13
Measured 1.55 23.0 2.5 12.5 16 1 13.98 1.17

Women Estimated 1.66 23.0 8.0 12.5 16 1 15.92 1.21
Measured 1.66 23.0 2.5 12.5 16 1 13.98 1.25

Men Estimated 1.86 23.0 8.0 12.5 16 1 15.92 1.35
Measured 1.86 23.0 2.5 12.5 16 1 13.98 1.41

Post-obese Estimated 1.59 23.0 8.0 12.5 21 1 15.67 1.16
Measured 1.59 23.0 2.5 12.5 21 1 13.70 1.21

See text for the equations for calculating S and the Cut-off value.
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Table 2 Anthropometric measures, nitrogen intake and excretion, energy intake and expenditure, and dietary intake validation ratios for men and women

in the present study and in a study of postobese subjects [Black et al, 1995]

Women
present study

Men

present study

All subjects

present study

Post-obese

(Black et al, 1995)

n

Age, y

Height, m
Weight, kg

BMI

Nitrogen intake, g
Nitrogen excretion
Urine N:NI

r (Urine N x NI)
Energy intake, MJ

Energy expenditure, MJ

ELEE
r (EE x EI)

r (EL:EE x Urine N:NI)

BMRmcas
EI:BMR a5

EE:BMR,,,,s (PAL)

Mean
57.9
1.66
68.8
25.0
12.13
10.79
0.90
0.77
8.30
9.50
0.89
0.45
—0.59
5.71
1.45
1.66

18

s.d.
4.6
0.07
9.3
39
2.32
2.10
0.13

1.56
1.72
0.17

0.62
0.22
0.24

27

Mean
67.5
1.72
74.7
254
13.53
11.51
0.85
0.62
10.06
11.67
0.88
0.28
—0.43
6.28
1.61
1.86

s.d.
5.03
0.06

10.7
3.6

1.89
2.17
0.13

1.88
243
0.18

0.90
0.28
0.30

45
Mean

12.96
11.21
0.87
0.69
9.34
10.78
0.89
0.47
—0.48
6.05
1.55
1.78

s.d.

2.17
2.14
0.13

1.94
2.40
0.18

0.84
0.27
0.29

11

Mean

35.6
1.66
64.7
23.6
10.48
11.10
1.15
0.66
7.14
9.66
0.73
0.75

—0.97

6.08
1.16
1.59

Goldberg cut-off for each study calculated using 95% confidence limits, measured BMR, and study specific » and & (days of diet assessment).

s.d.
0.10
0.09
8.3
2.8
3.71
2.72
0.42

2.55
1.69
0.19

0.94
0.32
0.11

for PAL =1.55 1.45 1.47 1.49 1.43
for study PAL 1.55 1.76 1.71 1.46
r (ELEE x EI:BMR ca5) 0.68 0.68 0.65 0.97
two ratios for the post-obese subjects was —0.87  ture and that the number of under-reporters identified by the

(P <0.001) (Table 2).

Figure 3A and 3B shows the EI:BMR ., ratios for men
and for women plotted against PAL (EE:BMR,,,c,5). Under-
and over- and valid-reporters, as defined by the direct
comparison of EL:EE, are identified by different symbols.
The horizontal lines indicate the Goldberg cut-off for n =1
and PAL=1.55 and also n=1 and either PAL=1.86
(men) or PAL=1.66 (women). These figures show that
there were under-reporters at all levels of energy expendi-
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Figure 1 Relationship between validations against Urine N and DLW
energy expenditure for men and women of the present study.

[ Men
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Expected mean ratio for valid records.

95% confidence limits of the agreement between EI and EE due
to within-subject day to day variation in each measurement or
cut-off at 1.00 for Urine N:NIL.

B2 Area of under-reporting according to Urine N:NI.

XN Area of under-reporting according to EL:EE.

Goldberg cut-off for EI:BMR,,.,s depended on the choice
of PAL used to calculate the cut-off. Only 2 men and 2
women were identified a under-reporters if the ‘sedentary’
PAL of 1.55 was used, whereas 5 male and 4 female under-
reporters were identified using the higher study-specific
PAL of 1.66 in women and 1.86 in men. However, even if
the study-specific PAL was used, 3 men and 3 women
under-reporters remained unidentified. This indicates that
even choosing the appropriate PAL for the group cannot
identify all under-reporters, and suggests that knowledge of
each subjects own PAL is required. Nevertheless, there
were significant correlations between EI:LEE and EI.BMR
(0.67 in women and 0.65 in men, P < 0.001, Table 2) which
suggests that EI:BMR is an indicator that could usefully be
incorporated into the analysis of data from epidemiological
studies.

Table 3 further explores the ability of E:BMR to
identify under-reporters. Columns 1—4 show the individual
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Figure 2 Data for post-obese subjects superimposed upon Figure 1
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O Women (Present study)
+ Post-obese subjects (Black et al, 1995).
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Figure 3 Relationship between energy expenditure expressed as
EE:BMRcasured @nd energy intake evaluated as EI:BMR,easureq- The
horizontal lines show the Goldberg cut-off for n=1 and -either
PAL =1.55 or the PAL specific to the study, (1.66 for women and 1.86
for men).

[ J under-reporters: EI:EE < 0.79
O valid-reporters: EI:EE 0.79-1.21
A over-reporters: ELEE > 1.21

A. Women B. Men

validations by Urine N:NI, EL.EE, EI:BMR.; and EI:
BMR,cas. Within each group (men, women and post-
obese) subjects are ranked according to the ratio EI:EE.
Columns 5-10 show the difference between each subject’s
EI:BMR and the Goldberg cut-off for the criteria (PAL and
BMR) at the head of the column. (The cut-off values are
shown in Table 1). Negative values identify under-reporters
and are shown in bold. The actual figures give an indication
of whether a subject is a serious under-reporter or only
borderline.

Among the men and the women taken together, the
direct validation by doubly labelled water (EI:EE) identifies
fifteen subjects (7 women, 8 men) as under-reporters
(Column 3). Only 4 out of the 15 subjects are identified
using the Goldberg cut-off for the sedentary PAL of
1.55 x BMR ;cas (Column 6). This increases to 7 subjects
if the study-specific PAL and BMR ;. is used (Column 8),
and 11 if the subject-specific PAL and BMRyye,s 1s used
(Column 10). The latter comparison is effectively a repeat

of the direct comparison of EI to EE, but with greater errors
and confidence limits because BMR enters the comparison.
Columns 7 and 9 show that if BMR. was used for these
calculations, then subjects not identified as under-reporters
by the direct validation EI:EE were also included.

Among the post-obese subjects, the dichotomy in the
data is clearly shown. Six subjects were identified as under-
reporters by EI:EE and were also identified as under-
reporters by all variations of EI:BMR. The low EL:EE
ratio and high Urine N:NI ratio indicate a substantial
degree of under-reporting in these subjects. This, together
with a relatively low PAL (1.59), made under-reporters
readily identifiable even using the sedentary PAL.

Discussion

Validation of dietary records against a variety of external
markers is now accepted as desirable practice, but it is
important to establish what different conclusions may be
drawn from validation by different techniques.

For validation at group level, both Urine N:NI and
EL:EE can indicate the presence of bias to under-reporting.
ELEE can also indicate the degree of bias in energy intake.
Since energy imbalance is undetectable in the time scale of
a dietary assessment with the techniques available, energy
balance may be assumed at the group level and the
expected value for EL:EE is 1.00. In the present study
over the twelve months from the beginning of the main
study to the time of DLW measurement there was no
change in the mean (s.d.) weight of the women,
(68.4£9.3 vs 68.5+9.4 kg and a fall of only —0.9 kg in
the men, 75.9 (10.5) vs 75.0 (10.7 kg). The assumption of
energy balance at the group level is thus reasonable. The
use of 24 h urine N to estimate NI also depends on the
assumption that subjects are in a steady state, where intake
equals output and may be influenced by the level of protein
intake and the level of NSP in the diet; the latter increases
bacterial and faecal N output and therefore reduces ‘appar-
ent’ digestibility (Stephens & Cummings, 1979). In indivi-
duals consuming normal Western type diets low in NSP
and containing relatively high amounts of mixed protein
sources, the expected value is 0.81 £0.05 (Bingham &
Cummings, 1985). Alternatively, an allowance of 2 g for
faecal N is made (Isaksson, 1980). In spite of the assump-
tions made and the fact that the two validation ratios relate
to different items of diet, they were in broad agreement
with = —0.48 (P <0.01) in the men with women and
r= —0.87 in the post-obese and the severest under-repor-
ters were identified by either measure.

For the men and women together, the correlation
between Urine N and NI was 0.69 and between EE and
EI was 0.47. This suggests that urinary N excretion more
closely reflects dietary N than energy expenditure reflects
energy intake in the short term. Urinary N excretion may be
more useful than DLW measurements at correctly identify-
ing individual under-reporters, although poorer at estimat-
ing the overall bias to under-reporting. However, an
alternative explanation could be that urinary N was mea-
sured simultaneously with dietary assessment whereas
DLW measurements were made after completion of dietary
studies. This is further discussed below.

From Figure 1, it is clear that there was not absolute
agreement between the validations at the individual level.
There are several possible reasons for this including the
way the cut-off was defined, underestimation of the errors
involved in the measurements, lack of coincidence in this
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Table 3 Validation of individual energy intakes using the Goldberg cut-off calculated with varying factors. The figures in columns 5 to 10 are the
difference between the subject E:BMR and the Goldberg cut-off calculated using the factors at the head of the column. Negative values (in bold) identify
under-reporters

EI:BMR—Goldberg cut-off

PAL of 1.55 x BMR Study specific PAL Subject PAL

UrN:NI EL'EE EI:BMRe EI'BMRm BMRe BMRm BMRe BMRm BMRe BMRm

1 2 3 4 5 6 7 8 9 10
Women present study 1.21 0.60 1.01 1.13 —0.12 —0.04 —0.20 —0.12 —0.35 —0.29
(PAL = 1.66) 1.05 0.70 1.27 1.28 0.14 0.11 0.06 0.03 —0.04 —0.09
0.88 0.71 1.26 1.36 0.13 0.19 0.05 0.11 —0.12 —0.08
1.05 0.72 1.38 1.52 0.25 0.35 0.17 0.27 —0.15 —0.07
1.00 0.74 1.68 1.54 0.55 0.37 0.47 0.29 0.17 —0.02
0.84 0.75 1.10 1.11 —0.03 —0.06 —0.11 —0.14 0.02 —0.01
0.89 0.78 1.14 1.19 0.01 0.02 —0.07 —0.06 0.03 0.03
0.88 0.85 1.61 1.61 0.48 0.44 0.40 0.36 0.23 0.18
0.78 0.88 1.76 1.54 0.63 0.37 0.55 0.29 0.49 0.22
0.94 0.88 1.47 1.37 0.34 0.20 0.26 0.12 0.33 0.19
0.78 0.93 1.41 1.47 0.28 0.30 0.20 0.22 0.26 0.28
0.72 0.96 1.19 1.38 0.06 0.21 —0.02 0.13 0.15 0.30
0.74 0.99 1.81 1.69 0.68 0.52 0.60 0.44 0.58 0.40
0.96 1.00 1.64 1.45 0.51 0.28 0.43 0.20 0.59 0.35
0.95 1.13 1.58 1.44 0.45 0.27 0.37 0.19 0.66 0.48
0.87 1.03 1.32 1.34 0.19 0.17 0.11 0.09 0.36 0.35
0.78 1.08 1.56 1.73 0.43 0.56 0.35 0.48 0.40 0.52
0.82 1.24 2.26 1.99 1.13 0.82 1.05 0.74 1.09 0.78
Men present study 1.19 0.44 1.01 1.18 —0.12 0.01 —0.34 —0.23 —0.93 —0.83
(PAL=1.86) 0.89 0.63 0.99 1.09 —0.14 —0.08 —0.36 —0.32 —0.26 —0.21
1.00 0.64 1.53 1.47 0.40 0.30 0.18 0.06 —0.15 —0.27
0.75 0.73 1.02 1.16 —0.11 —0.01 —0.33 —0.25 —0.13 —0.04
0.92 0.73 1.30 1.30 0.17 0.13 —0.05 —0.11 0.01 —0.04
0.85 0.77 1.40 1.65 0.27 0.48 0.05 0.24 —0.16 0.02
1.01 0.77 1.37 1.42 0.24 0.25 0.02 0.01 0.02 0.02
0.76 0.78 1.31 1.38 0.18 0.21 —0.04 —0.03 0.02 0.04
0.86 0.79 1.62 1.64 0.49 0.47 0.27 0.23 0.11 0.07
0.98 0.80 1.25 1.64 0.12 0.47 —0.10 0.23 —0.24 0.10
1.04 0.99 1.27 1.44 0.14 0.27 —0.08 0.03 0.21 0.34
0.71 0.85 1.57 1.66 0.44 0.49 0.22 0.25 0.15 0.19
0.67 0.86 1.40 1.69 0.27 0.52 0.05 0.28 —0.03 0.21
0.64 0.86 2.07 1.76 0.94 0.59 0.72 0.35 0.59 0.22
0.83 0.88 1.61 1.63 0.48 0.46 0.26 0.22 0.27 0.24
091 091 1.59 1.56 0.46 0.39 0.24 0.15 0.34 0.26
0.87 0.92 1.46 1.64 0.33 0.47 0.11 0.23 0.17 0.30
0.93 0.93 1.65 1.43 0.52 0.26 0.30 0.02 0.53 0.26
0.71 0.95 1.96 1.85 0.83 0.68 0.61 0.44 0.55 0.39
0.89 1.01 1.71 2.18 0.58 1.01 0.36 0.77 0.15 0.56
0.77 1.01 2.08 2.29 0.95 1.12 0.73 0.88 0.44 0.58
0.82 1.05 1.94 1.91 0.81 0.74 0.59 0.50 0.62 0.53
0.77 1.06 1.68 1.64 0.55 0.47 0.33 0.23 0.55 0.47
1.08 1.88 1.87 0.75 0.70 0.53 0.46 0.62 0.56
0.82 1.16 1.50 1.77 0.37 0.60 0.15 0.36 0.38 0.62
0.73 1.18 1.51 1.68 0.38 0.51 0.16 0.27 0.47 0.60
0.85 1.27 1.99 1.88 0.86 0.71 0.64 0.47 0.92 0.77
Post-obese 1.72 0.46 0.63 0.64 —0.50 —0.53 —0.53 —0.57 —0.40 —0.42
(Black et al (1995) 2.12 0.46 0.76 0.72 —0.37 —0.45 —0.40 —0.49 —0.39 —0.48
(PAL=1.59) 1.33 0.61 1.09 1.03 —0.04 —0.14 —0.07 —0.18 —0.13 —0.24
1.02 0.63 1.02 1.06 —0.11 —0.11 —0.14 —0.15 —0.21 —0.22
1.09 0.66 0.95 0.98 —0.18 —0.19 —0.21 —0.23 —0.13 —0.14
1.07 0.67 1.08 1.09 —0.05 —0.08 —0.08 —0.12 —0.10 —0.14
0.99 0.80 1.26 1.37 0.13 0.20 0.10 0.16 0.01 0.06
0.78 0.90 1.25 1.28 0.12 0.11 0.09 0.07 0.22 0.20
0.82 0.92 1.45 1.57 0.32 0.40 0.29 0.36 0.20 0.27
0.86 0.95 1.83 1.55 0.70 0.38 0.67 0.34 0.63 0.31
0.85 0.98 1.67 1.53 0.54 0.36 0.51 0.32 0.52 0.34
Percent Under-reporters
Women 33 39 11 11 22 17 22 33
Men 19 30 11 7 26 15 26 19

Post-Obese 63 55 55 55 55 55 55 55
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study in the timing of measurements, and differential
reporting of energy and nitrogen.

Definition of cut-off points

The cut-off for Urine N:NI was defined with reference to
observed findings in 160 women (Bingham et al, 1995). As
no clear bimodal distribution was evident in the study, the
cut-off was defined as the value of the fifth quintile (80th
percentile), subjects in the top fifth of the distribution
having been shown to be significantly different from sub-
jects in the fourth and lower fifths in several parameters
including reported energy and nitrogen intakes. Subjects
with values greater than 1.00 can be expected to be
undoubted under-reporters. The cut-off for EI:EE on the
other hand was defined statistically as the confidence limits
around the mean taking into account known daily variation
in each measurement. The lower boundary (0.79) lies near
the 40th percentile of the distribution in this study thus
defining two fifths of the distribution as under-reporters
compared with one fifth of the Urine N:NI distribution.

Confidence limits of the methods

The confidence limits ascribed to measures of energy intake
take into account the day to day variation found in the
present study. There are however, many potential sources
of error in dietary assessments the size and direction of
which are largely unknown. They are generally assumed to
cancel each other out at the group level, but may well
introduce large errors at the individual level.

Time elapsed between measurements

Urine N was measured at the time of the dietary recording,
both measurements being spread over four seasons,
whereas energy expenditure was measured after completion
of the dietary records. The median (range) time lapse was 1
(—4 to +4) w for the women and 15 (2-52) w for the men.

However, this time lapse may be unimportant in this
group. Energy balance is not expected to be achieved over
the few days of a diet study, and it is not therefore essential
for the DLW and dietary measurements to be concurrent.
Known within-subject variation in DLW measurements in
subjects with no apparent change in activity (Black et al,
1996) was incorporated into the confidence limits and this
was a retired group with a regular lifestyle. Information
collected from the subjects did not suggest any marked
changes in physical activity over the time of the study.
However, lack of agreement between intake and expendi-
ture might be due to differences in seasonal activity when
measures are widely spaced. Dietary records in this study
included measures in all four seasons. DLW measurements
were in the winter months (October to March) in all women
and 9 men, and in the summer months (April to September)
in 18 men. There was no difference in EI:EE between
winter and summer months; mean (s.d.) were 0.88 (0.18)
and 0.90 (0.18) respectively. Nor was there any correlation
between EI:EE and the lapse of time from last diet record to
DLW measurement (r=0.90).

If there was poorer agreement between reported intake
and energy expenditure in men with the longest gap
between measurements, this could indicate that a long
gap was inappropriate for validation of intake. However,
ELLEE for men with DLW measurements <15 w and
>15 w after the final diet records were 0.85 (0.19) and
0.96 (0.14) indicating less under-reporting in those studied
furthest from completion of diet records. This reflects the
pattern of recruiting in that those with severest under-

reporting by Urine N:NI were the first to be approached.
It gives no suggestion that the agreement became worse as
time between the EI and EE measurements increased and
provides support for the view that energy expenditure was
neither highly variable within subject nor likely to have
changed over the time period studied.

Differential reporting of energy and nitrogen

There is evidence from other studies of differential report-
ing of foods and nutrients between low and high energy
reporters (Bingham et al, 1995; Pryer et al, 1997; Rutishau-
ser et al, 1994; Price et al, 1997). Not only is the total
intake of macronutrients lower, but the proportion of
energy derived from each is altered. All four studies cited
reported a higher proportion of energy derived from protein
and a low proportion from sugars. Changes in energy
derived from fat and starch were generally smaller and
not consistent in direction. In a small observational study in
a metabolic facility (Poppitt et al, 1995) found that main
meals were well reported, but snacks very poorly reported.
This was reflected in 100% reporting of protein, but only
86% for energy.

EI:BMR for evaluating reported energy intake

Doubly labelled water measurements are not available as a
routine technique for validating energy intake in all sur-
veys. The use of EI:BMR estimated from body weight and
the Goldberg cut-off provides an alternative. The Goldberg
equation was designed to identify under-reporting at the
group level. In their original publication Black et al (1991)
chose 1.55 x BMR as the yardstick because evidence from
energy studies suggested this as the appropriate level for a
sedentary lifestyle. However, a recent review of global
DLW data (Black et al, 1996) suggests that PAL for
normally active free-living people are higher than 1.55 in
all age-sex groups except those over 75y. The extent and
degree of under-reporting has probably been under- rather
than over-estimated. However, provided there is sufficient
information about the physical activity of a group under
study, an appropriate PAL can be chosen and EI:BMR used
to evaluate the possible degree of under-reporting at the
group level.

The use of the Goldberg techniques has been extended
to identify under-reporting at the individual level and its
use for this purpose is more problematical. The data in the
present study show that under-reporting is present at all
levels of energy expenditure, and that the Goldberg cut-off
for n=1 and PAL of 1.55 will identify very few individual
under-reporters if the average PAL for the group is sig-
nificantly higher than 1.55. The proportion identified
increases if more appropriate group mean PAL are used
and improves further if subject’s own level of physical
activity can be ascertained. It is therefore desirable that
dietary surveys should collect not only data on weight for
the calculation of BMR, but also information about both
occupational and leisure activity. The data in the present
study suggest that using a measured BMR may eliminate a
small number of gross mis-classifications due to wide
discrepancies between measured and estimated BMR.
This suggests that the inclusion of measurement of BMR
is desirable in small scale research studies.

Conclusions

In summary, the use of independent validation measures
such as those reported here in dietary surveys has enabled



the presence of under-reporting to be documented. This is
an important source of error in surveillance and research
techniques and is likely to vary in extent and magnitude
depending on the population studied.
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