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Introduction

Chapter 1
Nutrition is an easy topic of discussion for most people, but when asked to record
habitual food intake one is often not able to do this accurately. Food intake in humans
in their own environment is one of the hardest parameters to measure. Still, the
measured food intake is often related to health or disease parameters in
epidemiological studies and it is used as a measure of actual food intake in intervention
studies. Obviously this has consequences.
For example, obese subjects often believe that their food intake is equal to or even
lower than the food intake of lean subjects and that their obesity is due to metabolic
defects causing low energy expenditure. This is confirmed by the self reported food
intakes of obese and lean subjects. However, in a study with obese and lean women
the obese women had a higher energy expenditure than the lean women while the self
reported energy intake of the obese women was significantly lower than their energy
expenditure, in contrast with the lean women. The obese women underreported their
food intake with 33% (41). This first observation in 1986 has been confirmed by many
more studies and one may conclude that mostly self-reported food intake is not valid.
Errors in the assessment of food intake may be both quantitative and qualitative.
The main question of this thesis is how to validate assessment of habitual food intake
in humans. In this introduction, first an overview of frequently used dietary assessment
methods is given, followed by a description of available validation methods.
Thereafter, the problem of errors, both quantitative and qualitative, in reported food
intake are discussed. Finally the outline of the thesis is presented.

Dietary assessment
Food intake can be measured on national, household or individual level. Standard
methods of determining food intake are:
1
Indirect from food balance sheets (import/export of food, changes in food
stocks etc.), information on group consumption (5, 12, 42)
2
Estimation by recall of food consumed over the last day, week, or longer
3
Measurement and recording of food intake as it is eaten in daily life (5, 12).
Methods 2 and 3 measure the food intake of individuals to get information on mean
food consumption of a group of individuals, inter-individual variation of food
consumption in groups, or intra-individual variation over time. Examples are food
frequency questionnaires, 24-hour dietary recall, dietary history, weighed or estimated
dietary record and the double portion technique with nutrient and/or energy analysis.
The measured food intake can be converted into intake of energy, macronutrients and
micronutrients using food composition tables (or nutrient and/or energy analysis of the
food sample in case of the double portion technique).
The choice of a dietary assessment method depends on the type of information needed.
An overview of frequently used dietary assessment methods is presented in table 1.1.
Both the food frequency questionnaire and the 24-hour recall are not suitable to
measure habitual food intake of individual subjects. The food frequency questionnaire
measures a limited number of dietary components instead of the total diet. The 24-hour
recall is only suitable for the determination of the food consumption at a group level.
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Table 1.1: Overview of dietary assessment methods (5, 12).
Observation
Description
Method
period
Week, month.
Questionnaire
Food frequency
year
questionnaire
24 hour dietary recall
Interview
Past 24 hour
Dietary history

Dietary record

Double portion
technique

Interview, with eventually Week, month.
3 day dietary record as a year
cross-check
Food intake is recorded as 1, 3, 7 or more
days
eaten in a food diary
Equivalent amount of food 1, 3, 7 or more
items consumed have to be days
collected for later analysis

Type of information
Qualitative (sometimes
also quantitative)
Qualitative and
quantitative (estimated)
Qualitative and
quantitative (estimated)
Qualitative and
quantitative (estimated or
weighed)
Qualitative and
quantitative
(weighed)

The length of the observation period depends on the level of accuracy required and the
level of day-to-day variability in the intake of the foods or nutrients studied. Edholm et
al. measured energy expenditure and energy intake in individual men for 2 weeks and
showed that mean energy expenditure was close to intake on weekly and fortnightly
basis. Individual intakes were highly variable from day to day and were often not in
daily or weekly balance with energy expenditure (15). This study of Edholm et al. was
conducted in a military situation, but comparable results were also found in a study of
Sjodin et al. with cross-country skiers (50). Basiotis et al. calculated that the minimum
time interval to measure habitual energy intake was 31 days for the individual level
and 3 days for a group level. For accurate estimation of separate nutrients such as fat
the number of days required is 6 for a measurement at group level and about 65 for a
measurement at an individual level (4).
The assessment of food intake is subject to different types of error, depending on the
method used. Errors in food tables and coding errors are for all methods the same, and
are relatively small. Larger errors in the assessment of food intake might be due to the
phenomenon that subjects tell the interviewer their perception of what they eat instead
of their real consumption. Subjects can give wrong quantitative and/or qualitative
information to the researcher. The use of a weighed dietary record can solve the
problem of inaccurate weights of foods. However, the disadvantage of this is that
weighing all the food might interfere more with the habitual consumption than other
methods do. Memory failure might cause errors in the food frequency questionnaire,
24-hour recall or dietary history method. Overall, the precision of the assessment of
food intake will probably be not better than 10% (19). Small errors may have large
consequences, but anyhow, errors higher than 10% lead at least to erroneous
conclusions in quantitative nutrition research. Therefore, it is obvious that the
measurement of food intake requires an external validation.

Validation methods
Validation methods must be independent of the dietary assessment method used (25).
Thus, e.g. validation of a food frequency questionnaire with a dietary record is useless.
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Physiological measures should be used as a reference. Table 1.2 gives an overview of
existing and new methods (still to be validated) for the validation of energy and
macronutrient intake, which are further described in the text below. The use of
biomarkers for the validation of the intake of micronutrients is beyond the scope of this
thesis and will not be discussed here.
Table 1.2: Overview of physiological references and their assessment methods, for energy and
macronutrient intake.
^___^
Physiological measure
Method
Reference for
Energy expenditure
Doubly labelled water
Energy (food) intake
Basal metabolic rate and physical
activity'*
Basal metabolic rate
Energy balance
Repeated body mass measurements
Change in diet
Water loss
Deuterium elimination*
Water intake, food
recording
Nitrogen loss
24 hour urine collection
Nitrogen (protein) intake
Carbohydrate / fat oxidation Postabsorptive respiratory quotient*
Carbohydrate / fat intake
* Methods still to be validated

Reported food (energy) intake can be validated against measured energy expenditure, a
measure for total energy expenditure like basal metabolic rate and physical activity, or
just basal metabolic rate. Subjects should be in energy balance as reflected by a stable
body weight or corrections for energy imbalance should be made.
Foot/ /wfaAre; roto/ energy expend/tare
Total energy expenditure of subjects in their habitual environment can be measured
with the doubly labelled water (^H^'^O) method. Subjects are given a weighed dose of
doubly labelled water, where ^H is eliminated as water while ' O is eliminated as both
water and carbon-dioxide. The difference between the two elimination rates (measured
from collected body fluids samples, like urine) is a measure for carbon-dioxide
production. The CO2 production is converted to energy expenditure with the use of the
food quotient (ratio of the calculated carbon-dioxide production and oxygen
consumption when the consumed food is fully oxidised) of the diet (48, 59). The
coefficient of variation for energy expenditure measured with doubly labelled water in
free living subjects is about 6% (48). The doubly labelled water method is the most
accurate method for the validation of reported energy intake by subjects in free living
situations. However, its expenses and availability of oxygen-18 water make it
relatively less practical for studies with a large number of subjects.
Food /MMte; />osa/ mera/>o//c ra/e am/p/ijwca/ ac//v/Yy
A combination of basal metabolic rate (BMR) and physical activity is another method
to validate reported energy intake accurately. Total energy expenditure (EE) is the sum
of BMR, physical activity and diet induced energy expenditure (a relatively constant
fraction of about 10% of energy intake, and, when subjects are in energy balance, also
about 10% of total EE). BMR is the main component of total EE and can be measured
with a ventilated hood or calculated with formulas using age, sex, height and weight or
formulas using body composition. Physical activity can range from zero in subjects
lying in bed all day to about 60% of total EE in highly active subjects. Physical
12
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activity is the most variable part of total EE and can be measured with activity diaries,
questionnaires, heart rate monitoring or accelerometers. A tri-axial accelerometer
appeared to give the most reliable measure of individual physical activity in free living
situations (37, 55). An example of a tri-axial accelerometer for movement registration
is the Tracmor. The Tracmor has been validated against doubly labelled water (9, 57).
The combination of BMR and physical activity assessed with a triaxial accelerometer
might be a promising validation method for total energy intake.
me?a6o//c rate
The ratio energy expenditure / basal metabolic rate (EE/BMR) is known as the
physical activity level and in case of no misreporting EE/BMR is equal to energy
intake /BMR (El/BMR). The ratio EI/BMR is therefore often used in studies to
identify underreporting, notably identification of overreporting with this ratio is rarely
done. Goldberg et al. (1991) made cut-off limits to recognise underreporting at group
level. They adopted a cut-off limit for EI/BMR of 1.35 as indicator for underreporting.
A physical activity level below 1.35 is not very likely unless someone has a very
inactive lifestyle (20). However the proposed cut-off limits for the ratio El/BMR have
failed to identify underreporters of food intake at the individual level (7, 8).
/« rf/e/; energy
Energy balance over the recording period is an indication for a change in diet or
expenditure while food recording. A positive or negative energy balance, i.e. a higher
or lower energy intake compared to energy expenditure, can be estimated with
measurements of body mass at the start and end of the recording period. In a study by
Stockley (52) subjects weighed and recorded their food intake for 16 days. The body
mass of the subjects was measured at the start and end of the recording period and
showed a significant decrease of 0.8 kg. The subjects ate less than usual during the 16
days of food recording (52).
Body mass might fluctuate from one week to another. Thus body mass changes over a
recording period should be compared with body mass changes over a non-recording
period to determine a change in diet in the recording period. The assessment of
changes in body composition over the recording period give information about the
energy content of the body mass change, but methods for the measurement of the body
composition are not enough accurate yet as for this purpose (38). The energy content
of the body mass has to be estimated (58).
Next to changing their diet, subjects might also misrecord their food intake and
therefore an independent marker for misrecording is required.
e, ybot/ recoraVwg," wa/er /em
Deuterium used to measure water loss can serve as a biomarker for water intake in
healthy subjects. Normally, one is in water balance and a water intake, corrected for
metabolic water, below or above water loss indicates misrecording of water intake. We
hypothesised that the recording of water intake is indicative for the food intake
recording as well. The deuterium elimination method is used before in studies which
measured the milk intake of infants with deuterium (11, 17, 34). This method appeared
to be very sensitive, since it showed a recovery rate of 98±3% of the milk intake (17).
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The use of water loss as a marker for total food intake recording by adults might be a
promising method for the validation of food recording.
;

The reported protein intake can be validated with measuring nitrogen loss. Healthy
adults are in nitrogen balance and nitrogen loss in urine was found to be 81 ±5% of
total nitrogen loss per 24 hour. The remaining 19% of total nitrogen loss is mainly
found in the faeces (6). The completeness of 24-hour urine collections can be checked
with para-amino benzoic acid (PABA) which subjects have to take at each meal.
PABA recoveries of more than 90% indicates complete 24-hour urine collection. Eight
24-hour urine collections appeared to be sufficient to estimate dietary nitrogen intake
(not necessarily measured at the same time as the urine collections) up to within
81 ±5% (SD) (6). In the European Prospective Investigation into Cancer and Nutrition a
food frequency questionnaire in combination with twelve 24-hour recalls was
compared with four 24 hour urine samples in 134 subjects. The reported protein intake
correlated with estimated protein excretion (r=0.46); it was on average 23% lower than
the estimated protein excretion assessed from urinary nitrogen measurements
indicating a 23% underreporting of protein intake (29).
_/a/ '"'cite: carfco/iyrfra/e _/^' ojc/'da//o/i
There are no validated biomarkers for carbohydrate and fat intake yet. A possible
indicator for the carbohydrate and fat intake might be postabsorptive respiratory
quotient (RQ) as it is thought to be a function of the macronutrient ratio of the food
intake, i.e. the food quotient (FQ) (36). Normally, subjects who are in energy balance
are also in substrate balance and the RQ measured over a 24 hour period is equal to FQ
(18). The RQ is 0.7 for fat oxidation, 1.0 for carbohydrate oxidation and the RQ for a
mixed diet will be between 0.7 and 1.0. Whether a postabsorptive RQ can distinguish
e.g. high fat consumers from low fat consumers is not clear yet.

Misreporting of food intake
The use of validation methods for reported food intake make the misreporting of
habitual food intake visible. Quantitative misreporting of food intake can indicate both
under- and overreporting. Since most studies have found a self-reported energy intake
below energy expenditure as measured with doubly labelled water, misreporting of
food intake mostly means underreporting of food intake. Figure 1.1 shows studies
which validated reported energy intake with energy expenditure as assessed with
doubly labelled water (total number of subjects = 473). The issue of under- and
overreporting, as well as selective misreporting, is described shortly.
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studies with non-obese subjects
studies with obese subjects
studies with (depleted) children

0 % underreporting
25 % underreporting
50 % underreporting

4

6
8
10
12
14
Measured energy expenditure (MJ/d)

Figure 1.1 Reported energy intake (dietary record) plotted against energy expenditure as measured with
doubly labelled water of studies with obese subjects (n=161), lean subjects (n=235), (depleted) children
(n=77) (2, 8, 10. 16. 21, 24, 26, 30, 35, 39, 40, 41, 43, 45, 49, 51, 53, 54).

Studies which used a dietary record to measure food intake and doubly labelled water
as biomarker reported percentages underreporting ranging from 20 to 50% in obese
subjects (2, 10, 28, 30, 41, 46, 54, 56) and from 0 to 30% in lean subjects (1,2, 14, 16,
33, 32, 35, 39, 46, 47, 49, 50, 56).
The percentage underreporting appeared to be positively related to the body mass
index of subjects (53, 56). However, the list of studies with lean subjects shows that
underreporting not only occurs in obese subjects. Reported energy intake and
measured energy expenditure in children below 9 years showed a good agreement (14,
32). Studies with children above this age (10-18 years) found an underreporting of
food intake ranging from 11 to 33% (1, 13, 32). Livingstone et al. measured energy
intake and energy expenditure in children from 3 to 18 years old. In the younger
children the reporting of food intake was shared with parents and other adults who
surrounded the child, and there was a good agreement between energy intake and
energy expenditure. In the older age groups the children had to report their food intake
themselves. Many children appeared to forget to record everything, to find it too much
a burden or, in case of adolescent girls, preoccupation with body weight appeared to
result in errors in the reporting of food intake ranging from 11 to 33% (32).
The percentages underreporting measured in studies with elderly subjects were not
different from those in studies with younger subjects (below 55 yr.) (8, 45, 53). The
degree of obesity seems to influence the reporting of food intake more than the age of
subjects. Lissner et al. stated that obese and lean subjects both underreport their food
intake. The magnitude of underreporting depended primarily on the energy
requirements of the individual subjects and was not related to their % body fat (31).
Moreover, underreporting of food intake was not a function of type of dietary
assessment method used (3, 45).
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Next to the many studies showing an underreporting of food intake there are also some
studies which found an overreporting of food intake. A typical example is a study by
Stallings et al. who measured the energy expenditure by the doubly labelled water
method and energy intake by a 3 day weighed dietary record in children and
adolescents with severe disabilities. The recorded energy intake was about 50% higher
than the measured energy expenditure. The intake of the children was recorded by the
caregivers who also fed the children (51), again reflecting their perception instead of
the actual consumption. Studies of Kayser et al. and Johnson et al., with depleted
nursing home patients, also reported an overestimation of the habitual food intake (23,
27). The increased awareness by the nurses during the food recording period resulted
in a higher figure than real intake in the depleted nursing-home patients (23, 27).
Additional information on overrecording of food intake and/or of a change in diet
during food recording would be useful for the determination of the nutrition status of
the (depleted) patients.
5e/ec//ve
A selective misreporting of food intake can indicate a misreporting of type of food
(e.g. sweets), type of eating moment (snacks vs. meals), type of meal (breakfast, lunch
or dinner) or macronutrient (fat, carbohydrate, protein or alcohol) or combinations of
these. In a study by Rothenberg et al. with elderly subjects (440 females, 369 males)
the food intake, measured with a dietary history method, was compared with categories
of the ratio EI/BMR. The EI/BMR categories for females were <1.20, 1.20-1.82, >1.82
and for males <1.20, 1.20-2.10, >2.10. The reported food choice differed with
EI/BMR category, especially regarding sugar and sweet intake. Subjects with a lower
EI/BMR reported a lower sugar and sweet intake, a lower spread and cooking fat
intake and higher intakes of fish, meat, vegetables and fruits (44). However, the ratio
EI/BMR failed to identify misreporters of food intake at the individual level and is
probably not the most suitable method for the assessment of selective underreporting.
Heitmann et al. used nitrogen loss as an independent biomarker and compared it with
reported intakes in 323 men and women (lean and obese). The energy expenditure was
estimated from physical activity as measured with a questionnaire and BMR estimated
with equations. The underreporting of protein was disproportional to the
underreporting of energy suggesting a selective underreporting of fat and carbohydrate
rich foods. The degree of obesity also influenced the dietary reporting both
quantitatively and qualitatively (22).
Data on an indication of selective misreporting by subjects in their own environment
are not yet available. Studies on qualitative misreporting are necessary to get
information on which foods, meals or macronutrients are vulnerable to misreporting.
C/?a/Jge ;« re/?orf/>jg 6e/K7v/oMr iv/7/i

For the study of the effect of (nutrition) intervention on food intake, repeated
measurements of food intake are necessary. The reporting accuracy of the food intake
might change between successive measurements which would indicate that subjects
cannot act as their own controls. A change in reporting accuracy was reported in a
study by Westerterp et al. who measured food intake (7-day dietary record) and energy
expenditure (with doubly labelled water) in 16 non-obese men and women before and

16

Introduction

after a 40 week exercise intervention. Before the start of the intervention the difference
between energy intake and energy expenditure was -5±28% (not significant) and after
the 40 weeks the difference had increased to -19±17% (P<0.01). The subjects
perceived the reporting of their food intake for the fourth time (subjects also reported
food intake two times during the intervention) as a real burden (56). If an increased
misreporting of food intake means a higher misrecording and / or a larger change in the
diet is still unknown. Nutrition intervention studies might even stimulate selective
over- or underrecording of specific food stuffs, i.e. subjects might report the foods they
•
'
;M :.:;v-.-rti
are supposed to eat for the study.

Outline of the thesis

•

•••••• • ' ' • ' -•• ••'•>' -•

For validation of quantitative and qualitative assessment of habitual daily food intake
in adults, the validation of the 7-day weighed food intake record is chosen here. This
method does not rely on the memory of a subject and measures recent habitual food
intake of individuals and groups. Seven days is the minimum number of days to
measure mean daily energy requirement and it is probably the maximum number of
days to keep a weighed food record; accuracy will drop with more than 7 days because
of a declined motivation of the subjects. The 7-day weighed food record is evaluated
on accuracy of recording and on the burden for subjects in the first study.
The validation of the 7-day food record is executed with several biomarkers, i.e. 1) the
combination of basal metabolic rate and physical activity (assessed with a triaxial
accelerometer) as a marker for total energy intake, 2) water loss (deuterium) as a
marker for food recording, 3) repeated body mass measurements as a marker for a
change in the diet and 4) postabsorptive respiratory quotient as a marker for the
carbohydrate / fat ratio of the diet. Both the combination basal metabolic rate and
physical activity and the sum of a change in the diet and misrecording were validated
against total misreporting assessed by the doubly labelled water method. The ratio
EI/BMR, being not very useful for the identification of misreporting, and the
measurement of nitrogen loss as marker for reported protein intake, being already
validated, are not used.
Since dieticians are familiar with accurately weighing and reporting food intake they
were chosen as subjects in the first study to evaluate the 7-day weighed food record. In
this study (chapter 2) the water balance method was used to identify possible
misrecording of food intake. The measurement of body mass changes over the
recording period was used to determine a possible change in the diet. The
simultaneous measurement of possible misrecording and a possible change in the diet
gives insight in the reporting behaviour of subjects.
Information on a change in the diet and misrecording was used as key information to
inform subjects about their way of food intake reporting. This might stimulate
motivated subjects to improve their food intake reporting the next time. Thus, the
subjects of the first study were confronted with their reporting behaviour and they
were asked to record their food intake a second time (chapter 3).
Some qualitative misreporting of food intake has been indicated (22), but independent
measurements are necessary to determine possible selective misreporting of type of
macronutrient or type of meal. Chapter 4 describes a study about qualitative and
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quantitative misreporting of food intake in obese men. The reported food intake was
validated with assessment of energy expenditure by doubly labelled water.
A biomarker for protein intake is available in the form of nitrogen loss, but markers for
the carbohydrate fat ratio of the diet have not been found yet. Chapter 5 shows the
results of an analysis of postabsorptive respiratory quotient and food quotient in lean
and obese men and women.
Since validation of energy intake cannot always be executed with the doubly labelled
water method, a more practical method to validate total food intake is required in
nutrition research. The combination of basal metabolic rate and physical activity as
assessed with an accelerometer appeared to be a promising biomarker and was
validated against doubly labelled water in a group of men and women (chapter 6).
Chapter 7 describes a study which measures the influence of repeated measurements of
food intake on reporting behaviour in the elderly, including possible misrecording or a
change in the diet.
A nutrition intervention might influence food intake reporting behaviour even more
than other interventions do. Chapter 8 describes the results of a nutrition intervention
study in depleted, ambulatory patients with chronic obstructive pulmonary disease.
The effect of oral nutritional supplements on habitual food intake and food intake
reporting behaviour was studied in these patients.
Finally, all results are discussed and conclusions are drawn in chapter 9.
Recommendations for future research as well as options for the valid assessment of
habitual food intake are given.
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Abstract
Underreporting of habitual food intake can be explained by underrecording and/or
undereating. This study was designed to discriminate between the two errors
mentioned, by measuring energy- and water balance. Twenty-four lean, female
dieticians were recruited as subjects. Energy intake and water intake were measured
for one week with a weighed dietary record. Energy expenditure was estimated from
measurements of resting metabolic rate, and measured physical activity with a triaxial
accelerometer for movement registration. Water loss was estimated with deuterium
labelled water. Energy balance was determined by measuring the change in body mass
over a nonrecording week (preceding the recording week) and over the recording
week. Mean energy- and water intake were 8.5±1.0 MJ/d and 2.3±0.5 1/d. The change
in body mass in the nonrecording week was 0.1±0.6 kg and in the recording week 0.6±0.8 kg (paired t-test; P=0.02), indicating 16% undereating. Recorded water intake
plus calculated metabolic water closely matched measured water loss (r=0.93;
P=0.0001), which indicated a high recording precision. In conclusion, in the studied
group of highly motivated lean women, there was 16% underreporting of habitual food
intake, which could be explained by undereating.

Introduction
Nutrition research requires a valid measurement of habitual food intake. Standard
methods used for determining habitual food intake include interviewing subjects about
their usual or past intake and food records kept by the subjects at the time of
consumption. Yet, measurements of food intake have often been prone to errors, e.g.,
underrecording or undereating. Since the doubly labelled water method has come into
use for the validation of energy intake (assuming energy balance), many studies have
found a self reported energy intake below measured energy expenditure (1, 2, 6, 7, 9,
12, 13, 15, 14, 16, 18, 19, 20, 21, 23, 24, 25, 27). The doubly labelled water method is
an accurate and precise method to measure energy expenditure in free-living subjects.
Underreporting of habitual food intake (i.e., a discrepancy between energy intake and
expenditure) can be divided into underrecording and undereating, but the distinction
has seldom been made. By underrecording is meant a discrepancy between energy
intake and measured energy expenditure with no change in body mass, and by
undereating a discrepancy accompanied by a decline in body mass over the food
recording interval (17). Milne et al. (1991) tried to distinguish underrecording and
undereating in their study. Energy expenditure was assessed from predicted basal
metabolic rate (calculated from subjects height, weight and age) and the physical
activity level (obtained by activity diaries for each day). Body mass was measured at
the start and end of the recording week at the same time of day, but not necessarily in
subjects with an empty stomach. The size of underreporting, and thus of undereating
and underrecording, could only be estimated in this study.
Studies that measured energy intake with a food record and energy expenditure with
the doubly labelled water method found discrepancies ranging from 20 to 50% in
obese subjects (2, 6, 12, 13, 19, 20, 21, 25, 27) and from 0 to 30% in lean subjects (1,
2, 7, 9, 15, 14, 16, 18, 20, 21, 23, 24, 27). One of the few studies that found a reported
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energy intake equal to measured energy expenditure was a study of Sjodin et al. (24).
This study was done with eight cross country skiers (four men and four women) who
reported their food intake for four consecutive days assisted by two dieticians who
were present at all meals, likely an ideal situation. Other studies by Davies et al. (7) in
children from 1.5 to 4.5 years, by Westerterp et al. (27) in adults before an exercise
training and by Schulz et al. (23) in students found a reported energy intake nearly
equal to energy expenditure. Most other studies found discrepancies >5% between
energy intake and expenditure; these were attributed to underreporting. Measurements
of body mass were done in some of the above mentioned studies, but a determination
of the fraction of underreporting attributed to undereating could not be made (2, 6, 7,
9, 12, 13, 16, 18, 19, 20, 21, 23, 24, 25, 27). Other studies did not measure body mass
at the start and end of the recording interval and attributed the underreporting
completely to underrecording of energy intake (1, 14, 15). Repeated measurements of
body mass on an accurate scale in the morning before any beverage or food
consumption and after voiding are necessary to detect undereating. This might be a
reason for not addressing the issue of undereating in most studies.
In addition, a distinction between underrecording and undereating is difficult to make
because a decline in body mass does not necessarily have to exclude underrecording;
both can occur at the same time. An independent measure for underrecording is
therefore necessary.
This study was designed to discriminate between underrecording and undereating by
comparing reported food intake with measured energy expenditure and water loss.
Food and water intake were measured with a 7-day weighed food record, and energy
expenditure was estimated by measurements of resting metabolic rate and physical
activity. A triaxial accelerometer for movement registration measured physical activity
(validated by Bouten et al. (5) with doubly labelled water), a less expensive alternative
for the doubly labelled water method. Water loss was measured with deuterium
elimination. Under normal conditions, water balance is preserved, and water intake
matches water loss. Water loss might slightly deviate from water intake during the
postovulatory phase of the menstrual cycle for premenopausal women, but this is very
small (e.g., a water retention of 0.5 1/wk gives, on a total water loss of 21 1/wk, a 2%
deviation of measured water loss). "Underdrinking" because of food recording is not
realistic. Thus a water intake, corrected for metabolic water, lower than water loss
indicates underrecording. Portion size errors have to be minimal to be able to
distinguish underrecording from undereating. Therefore, dieticians were chosen as
subjects because they are familiar with accurately weighing and reporting food intake.
The objective of this study was to sort out the two errors that contribute to
underreporting of habitual food intake, i.e., underrecording and undereating.

Subjects and methods
Food intake was measured with a 7-day food record. Energy balance was monitored by
measurement of body mass. Subjects were weighed one week before the start of the
food-recording week, at the start and at the end of the recording week. Thus, possible
weight fluctuations because of food recording could be compared with normal weight
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fluctuations. During week one, the nonrecording week, there were no further
measurements. In week two, energy and water intake were measured with a weighed
food record. Energy expenditure was estimated by two measurements of resting energy
expenditure (at the start and end of the recording week) and by the assessment of
physical activity during the whole recording week. Water loss was measured with
deuterium elimination.

Twenty-seven dieticians were recruited from the Maastricht University, university
hospital, home nursing association and dietician practices in Maastricht and the
surrounding area. Subjects were informed about the goal of the study to stimulate them
to record their food intake accurately. All subjects were healthy women with a mean
age of 34±9 years (range 22-60) and a mean body mass index of 22.1±2.3 kg/m^
(range 17.4-26.0). Two subjects were post-menopausal. Subjects who were pregnant,
lactating or dieting were not included in the study. The protocol was approved by the
university ethics committee.

Body mass was measured three times at 7-day intervals. Because weight fluctuations
can be influenced by phase of menstrual cycle, the phase of the cycle in the recording
week was noted. Subjects were weighed (in underwear) in the morning before any
beverage or food consumption and after voiding, on a digital balance accurate to 0.01
kg (Sauter, Ebingen, Germany).
Food am/ water /w/a/fce
A seven day weighed food record was chosen, because it does not rely on the memory
of a subject and it is commonly used for measuring recent habitual food intake of
individuals and groups. Subjects were instructed to weigh everything they ate and
drank on an electronic scale (EKS; Selestat, Sweden; max. 2000g; accurate to lg) and
record it in a structured food diary. The food records were converted into intakes of
total energy and water with a computer program based on food tables (Becel Nutrition
Program, 1988).
The amount of metabolic water was estimated from protein, fat and carbohydrate
intake derived from the 7-day food record and from the change in body mass.
Oxidation water is 0.41 ml/g for protein, 1.07 ml/g for fat and 0.6 ml/g for
carbohydrate (10). A change in body mass of 1 kg is assumed to be a change of 0.75
kg fat mass and 0.25 kg fat free mass. Fat mass is pure fat and fat free mass is 73%
water and 27% protein (28).

Energy expenditure (EE) was estimated from measured resting metabolic rate (RMR)
and physical activity (PA). Diet-induced energy expenditure was not measured in this
study; it is a constant fraction of 10% of total energy expenditure in subjects
consuming an average mixed diet (31).
Resting metabolic rate was measured by means of an open circuit ventilated hood
system, in the morning in a fasting state while lying for 30 min in supine position. Gas
analyses were performed by a paramagnetic oxygen analyzer (Servomex type 5 00A,
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Crowborough Sussex, United Kingdom) and an infrared carbon dioxide analyzer
(Servomex type 500A, Crowborough Sussex, United Kingdom), similar to the analysis
system described by Schoffelen et al. (22). Weir's formulas were used for calculating
RMR (26).
Physical activity was registered with a triaxial accelerometer for movement registration
(Tracmor, Philips Research, Eindhoven, The Netherlands). The Tracmor was an
improved version (same principle, but smaller 7x2x0.8 cm) of the Tracmor used in
previous studies (5). In short, the Tracmor measures accelerations in the
anteroposterior, mediolateral and vertical directions. The Tracmor has been validated
against doubly labelled water (5). Subjects wore the Tracmor in a belt at the back of
the waist during waking hours and recorded the times at which they got up, put on and
off the Tracmor and when they went to bed. The registered accelerations in
counts/minute were used as an objective measure for the physical activity level of each
subject.

Water loss over the recording week was measured with the deuterium elimination
method (10). Subjects drank a deuterium ( ^ O ) dilution (70 g water with an
enrichment of 5 atom percentage excess ^H) after voiding (baseline urine sample) the
evening before the start of the recording week. Elimination was calculated from two
urine samples directly after dosing (at day 1 in the morning and evening) and two at
the end of the observation period (day 7 in the evening, day 8 in the morning).
Deuterium content was measured in urine samples with an isotope ratio mass
spectrometer (30). Water loss was calculated from H elimination with the equation of
Fjeld et al. (10), as described previously (29).

At the end of the recording week subjects filled in a questionnaire about their
experiences with food recording to determine if they always weighed and recorded
their food intake and if they changed their habitual food intake.

Twenty-seven subjects were recruited; three subjects were excluded from statistical
analysis because of missing physical activity registration by the Tracmor.
Mean values and standard deviations were calculated. A one factor ANOVA for
repeated measures and a Scheffe test (post-hoc) were used to compare the three
measurements of body mass. The changes in body mass were compared with a paired
t-test. A factorial ANOVA test was used to measure the influence of the phase of the
menstrual cycle on the body mass changes.
Measurements of RMR at the start and end of the recording week were compared with
a paired t-test and means were calculated if the two measurements did not differ
significantly.
RMR, PA and body mass changes are all independent measures for energy
metabolism. Multiple and simple regression analyses were used to assess the
contribution of these independent variables to reported energy intake.
The ratio between energy intake and resting metabolic rate (EI/RMR) is often used to
identify underreporting. For subjects in energy balance EI/RMR ranges between a
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minimum of 1.1, in somebody with zero activity, and a higher value of about 2.5 in
very active subjects. A low EI/RMR can be caused by underrecording or underearing.
With simple regression analysis.s the contribution of physical activity and the change
in body mass to EI/RMR were tested. Significance was reached when P<0.05. The
StatView SE+ (1988, Abacus Concepts, Berkeley, CA) was used for statistical
analysis.

Results
The results of the three body mass measurements (mean ± SD) were, in sequence of
time, 61.5±8.1, 61.5±8.0 and 61.0±7.9 kg. The last mean body mass differed
significantly from the first two measurements (P<0.01). Mean body mass changes over
the nonrecording and recording week (table 2.1) differed significantly (P<0.02) and
were independent of the phase of the menstrual cycle (P>0.05).
Figure 2.1 presents the individual changes in body mass over the nonrecording week
and the recording week. The change in body mass indicated that most subjects (18 out
of the 24) were in negative energy balance. The mean body mass loss of 0.57 kg over
the recording week represented 17.1 MJ [1 kg body mass was assumed to be
equivalent to 30 MJ (28)] or 2.4 MJ/day. Energy expenditure calculated from energy
intake and body mass loss was 10.8±2.8 MJ/d. The discrepancy between reported
energy intake and calculated energy expenditure was 16±29% of calculated energy
expenditure.
The results of reported energy intake and estimated energy expenditure are
summarised in table 2.1. Measurements of RMR did not differ significantly from each
other and mean values of both measurements were calculated for each subject. The
mean ratio of energy intake to resting metabolic rate (EI/RMR) was 1.4±0.2 for this
group and ranged from 1.1 to 1.7.
Table 2.1: Reported intakes of energy and water and estimates of energy expenditure, body mass
changes and water loss in lean healthy women'.
n=24
Mean± SD
(ranges)
Energy intake (MJ/d)
8.5 ± 1.0
(6.1-10.4)
6.1 ±0.5
(5.3-6.9)
Resting metabolic rate (MJ/d)
(75-315)
163 ± 70
Physical activity (counts/min)
0.07 ±0.59
(-0.96-1.36)
Body mass change over the non- recording week (kg)
-0.57 ±0.77*
(-2.53-0.93)
Body mass change over the recording week (kg)
(1.4-3.0)
2.3 ± 0.5**
Reported water intake (l/d)
(1.7-3.3)
2.6 ±0.5**
Reported water intake + metabolic water^l/d)
(2.0-3.9)
3.0 ±0.5
Water loss (l/d)
1 Means are based on 7-day food diaries of 24 subjects and the ranges refer to differences among
subjects.
2 Metabolic water was calculated from reported protein, fat and carbohydrate intakes derived from the
7 day food record and from the change in body mass (1 kg change is 0.75 kg fat mass and 0.25 kg
fat free mass).
* Body mass change over the recording week was significantly different from body mass change over
the nonrecording week (t-test; P<0.02).
*• Water intake was significantly different from water loss (t-test; PO.01).
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r=-0.60.
P<0.01
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Figure 2.1: Individual body mass changes in lean healthy women (n=24) over
the nonrecording week, a week with no interventions, and over the recording
week, a week in which subjects weighed and recorded their food intake.

Reported water intake plus calculated metabolic water correlated closely with
measured water loss (water intake = -0.29 + 0.99-water loss; r=0.92, P<0.0001),
indicating a high recording precision. However, there was a significant difference of
0.3 1/d between total water loss and reported water intake plus the calculated amount
of metabolic water (see discussion).
Resting metabolic rate, physical activity, and the change in body mass were all
independently related to energy intake (table 2.2). Together they explained 66% of the
variation in energy intake.
Table 2.2: The attribution of resting metabolic rate, physical activity and body mass change over the
recording week to energy intake in 24 lean healthy women and a simple and multiple regression analysis
on energy intake.
Significance, P<
Explained variation (%)
Energy intake
27
0.02
Resting metabolic rate (RMR)
Physical activity (PA)
27
0.02
A body mass over recording week
0.01
25
0 00!
65
RMR + PA + A body mass'
The following equation, which predicts energy intake, can be derived from the multiple regression
analysis: 'Energy intake (kJ/d) = 2815 + 0 . 8 4 R M R (kj/d) + 5.3PA (counts/min) + 669- A body mass
(kg/wk)

The frequently adopted indicator for underreporting, EI/RMR, was positively related
to body mass change (r=0.61; P<0.01) (figure 2.2). In a multiple regression analysis,
PA explained an additional 17% of the variation.
The answers to the questionnaire subjects completed at the end of the recording week
indicated that weighing and recording food intake for seven days was quite a burden.
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However, according to their answers, subjects did not change their food pattern during
the recording week.

-3

-2

-1

0

1

Change in body mass over recording week (kg)
Figure 2.2: The contribution in lean healthy women (n=24) of the change in body mass over
the food-recording week to the energy intake/resting metabolic rate ratio, with the linear
regression line; Energy intake/resting metabolic rate = 1.4 + 0.1 -body mass change (kg/wk).

Discussion
In this study we found a discrepancy of 16% between reported energy intake and
estimated energy expenditure. The level of underreporting of 16% falls in the range
observed in other studies with lean subjects (1, 2. 7. 9, 15, 14, 16, 18. 20, 21, 23. 24.
27). Here, underreporting could be attributed to undereating, because body mass
declined significantly over the recording week.
The recording of food intake in this study was done accurately according to the
measured water balance. The small shortage in water intake compared to water loss
was also seen in other studies that measured the water balance (29, 30). The shortage
in this study might be due to underestimation of the amount of calculated metabolic
water or might be in the assumptions made on respiratory and cutaneous water loss
and fractionation in the calculation of water loss. The amount of metabolic water was
calculated from the carbohydrate, fat and protein intakes derived from the 7-day food
record and from the change in body mass. To calculate the amount of metabolic water
derived from the change in body mass, the mass ratio 75:25 for fat mass and fat free
mass was used. This ratio of mobilisation or storage of energy between fat mass and
fat free mass is not a constant and might introduce an error in the calculation of
metabolic water (28). A good recording of water intake does not necessarily imply that
the same holds for the recording of food intake. However, most foodstuffs contain a
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certain amount of water; therefore, it was concluded that the food recording was also
done accurately.
Subjects changed their habitual food intake in the recording week; this was probably
done unconsciously according to the answers on the questionnaire. To indicate
undereating, body mass changes in the recording week were compared with body mass
changes in the nonrecording week. Body mass might fluctuate from one week to
another; thus, normal body mass changes were excluded from changes caused by
undereating. Milne et al. measured body mass changes only over the recording week.
A significant weight loss (-0.28 kg/wk) from zero over the recording week was found.
However, body mass was not measured in the morning after an overnight fast (with an
empty stomach), which might give some error in the measured body mass changes
over the recording week. The body mass changes were not related to energy intake,
only in subgroups of large eaters vs. small eaters. It was therefore not entirely clear
whether the body mass changes indicated undereating or whether they were simply
normal weight fluctuations or measurement errors (17). Figure 2.1 presents changes in
body mass over the nonrecording week and the recording week. The regression line
goes not through zero, probably because of the intervention (weighing and recording
food intake) in week two or because the time interval was too short to measure energy
balance. Edholm et al. measured energy expenditure and food intake in individual men
for 2 weeks and showed that mean energy expenditure was close to intake on a weekly
and fortnightly basis. Individual intakes were highly variable from day to day and were
often not in daily, weekly or even fortnightly balance with energy expenditure (8).
Basiotis et al. found that the minimum time interval in which to measure habitual
intake at an individual level was 31 days and 3 days at a group level (3). Seven days is
the minimum number of days to measure mean energy balance and is probably the
maximum number of days in which to keep a weighed food record; accuracy will drop
if the time is extended because of declining motivation on the part of the subjects.
The ratio EE/RMR is known as physical activity level; if there is no underreporting,
EE/RMR is equal to EI/RMR. The EI/RMR ratio is therefore often used in studies to
identify underreporting. Goldberg et al. made cut-off limits to recognise
underreporting at the group level (11). A physical activity level <1.35 is not very likely
unless someone has a very inactive lifestyle. Therefore ratios of EI/RMR < 1.35
indicate underreporting. But, as can be seen in figure 2.2, there were subjects in this
study with a ratio below and above 1.35 who lost weight. The ratio EI/RMR cannot
identify all underreporters, only the very unlikely reporters. Black et al. compared the
ratio EI/RMR with EI/EE and also arrived at the conclusion that the ratio EI/RMR
cannot identify all underreporters; specific information about a person's physical
activity is needed (4). Specific information about such physical activity was available
in this study through the use of the Tracmor; thus conclusions could be made on
individual level. The output of the Tracmor explained 27% of the variation in energy
intake.
This study was done with dieticians, a population that would be expected to report
very accurately. The results of this study can therefore not be used for other
populations, but the methods used certainly apply to other studies.
In summary, underreporting of habitual food intake does not necessarily mean that
subjects are dishonest about their food intake. In this study, we found that the
recording precision of subjects was high, but they changed their food pattern and
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therefore lost weight. The underreporting of about 16% could be explained by
undereating in this group of motivated, lean women.
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Abstract
The aim of the present study was to improve the reporting of food intake by
confronting subjects with their way of reporting food intake, e.g., underrecording
and/or undereating. To minimize portion size errors, 18 female dieticians were
recruited as subjects. Energy- and water intake were measured for one week with a
weighed dietary record. Resting metabolic rate was measured with an open-circuit
ventilated hood indirect calorimeter, and physical activity was measured with an
accelerometer for movement registration. Water loss was estimated with deuterium
labelled water. Energy balance was checked for by measuring empty body weight one
week before the start, at the start and at the end of the recording week. In the first part
of the study, the change in body weight in the non-recording week was 0.14 kg and in
the recording week -0.45 kg (P=0.02), indicating 12% undereating. Total water intake
closely matched measured water loss, indicating a high recording precision. There was
underreporting of habitual food intake that could be fully explained by undereating. In
the second part of the study, subjects were confronted with these results and the
protocol was repeated. This time there was no significant change in body weight in the
recording week, indicating no undereating. The reporting of habitual food intake had
been improved. In conclusion, in the studied group of highly motivated lean women,
underreporting of habitual food intake (here due to undereating) could be eliminated
by confrontation with the results of this phenomenon.

Introduction
Underreporting of habitual food intake is seen in many studies and in different
populations. The most accurate way to measure habitual food intake is still not
established and a valid method is much needed for nutrition research. Discrepancies
between reported food intake and measured energy expenditure (with the doubly
labelled water method) ranged from 20 to 50% in obese subjects (3, 5, 8, 14, 15, 22,
24, 25, 32, 36) and from 0 to 30% in lean subjects (2, 3, 4, 9, 10, 17, 16, 18, 20, 24,
25, 27, 30, 36). Until recently it was not clear whether the discrepancy was due to
underrecording (an energy intake below energy expenditure with no change in body
mass), to undereating (an energy intake below energy expenditure accompanied by a
decline in body mass) or to both. We were able to investigate both mentioned errors
with simultaneous measurements of energy balance and water balance (13). Body mass
decline over the reporting week, as a measure for energy balance, was an indication for
undereating. Water loss in excess of reported water intake was an indication for
underrecording. The recording precision of water intake was assumed to be
representative for total food recording (13). This first study to enable the division of
underreporting into undereating and underrecording also gave information for
providing comments to the subjects. Feedback on the reporting of food intake can be
useful to make subjects aware of their way of reporting food intake e.g.,
underrecording and/or undereating. After the feedback, a second period of food
reporting might improve the reporting of habitual food intake. The aim of this present
study was to improve the reporting of habitual food intake, by confronting subjects
with the results of an earlier reporting of food intake. Food and water intake were
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measured with a seven day weighed food record and energy expenditure was
calculated from measurement of resting metabolic rate and physical activity. Water
loss was measured with deuterium elimination. The study was split into two parts; the
first part was to investigate the two errors underrecording and undereating and the
second part was to improve the reporting of habitual food intake. To be able to
distinguish underrecording from undereating it was necessary to minimize portion size
errors. Therefore, dieticians were chosen as subjects as they are familiar with weighing
and reporting food items accurately.
—
;•

.

:

. . -

, . •

• '

.

. .

• : - •

Subjects and methods

. . . • - . • • .

•

.

•

•

•

.

•

.

• •

:.-•

.

• . • . :

_ • ; ; ; • • ' !

•

(

. .

! .

> : - ,

-

; - . \ t £ . / . '

'

Pro/oco/
*
''
Food intake was measured with a 7 day food record. Energy balance was monitored by
measurement of body mass. Subjects were weighed one week before the start of the
food recording week, and at the start and end of the recording week. Thus, possible
weight fluctuations because of food recording could be compared with normal weight
fluctuations. During the first week, the non-recording week, there were no further
measurements. In the second week energy and water intake were measured with a
weighed food record. Energy expenditure was estimated by two measurements of
resting energy expenditure (at the start and end of the recording week) and by the
assessment of physical activity during the whole recording week. Water loss was
measured with deuterium elimination.
When all subjects had followed the protocol once, they came together 1 to 6 months
later and were confronted with the qualitative and quantitative results on
underrecording and/or undereating of the whole group and of themselves. They were
given a detailed personal copy to take home as well. All subjects were asked to follow
the same protocol again, independent of personal results of the reporting of food
intake, and to do it better. The confrontation with the results should help the subjects
to improve the reporting of food intake.
Dieticians (n=27) were recruited, via letters and meetings, from Maastricht University,
Maastricht University Hospital, home nursing association and dietician practices in
Maastricht and surrounding area. Subjects were informed about the goal of the study to
stimulate them to record their food intake accurately. All subjects were healthy women
with a mean age of 34±9 years (range 22-60) and a mean body mass index of 22.1±2.3
kg/m* (range 17.4-26.0). Subjects who were pregnant, lactating or slimming were not
included in the study. Two subjects were post-menopausal. The protocol was approved
by the university ethics committee.
mas.s
Body mass was measured three times (with seven day intervals). Thus, possible weight
fluctuations because of food recording can be compared with normal weight
fluctuations. As weight fluctuations can be influenced by phase of menstrual cycle, the
phase of the cycle was noted. Subjects were weighed (in underwear) in the morning
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before any drink or beverage consumption and after voiding, on a digital balance
accurate to ±0.01 kg (Sauter, Ebingen, Germany).
f00 J erne/ water
A seven day weighed food record was chosen, because it does not rely on the memory
of a subject and is commonly used for measuring habitual food intake of individuals
and groups. Subjects were instructed to weigh everything they ate and drank on an
electronic scale (EKS; Selestat, Sweden; max. 2000g; accurate to lg) and record it in a
structured food diary. The food records were converted into intake of total energy and
water with a computer program based on food tables (Becel Nutrition Program,
Nederlandse Unilever Bedrijven B.V., Rotterdam, Netherlands, 1988).
The amount of metabolic water was estimated from protein, fat and carbohydrate
intake derived from the 7-day food record and from the change in body mass.
Oxidation of protein yields 0.41 ml water/g, fat 1.07 ml/g and carbohydrate 0.6 ml/g
(11). A change in body mass of 1 kg was assumed to be a change of 0.75 kg fat mass
and 0.25 kg fat free mass (fat mass being pure fat and fat free mass being 73% water
and 27% protein) (38).

Energy expenditure was estimated from measured resting metabolic rate (RMR) and
physical activity (PA). Resting metabolic rate was measured by means of an open
circuit ventilated hood system, in the morning in a fasting state while lying for 30 min
in a supine position. Gas analyses were performed by a paramagnetic oxygen analyser
and an infrared carbon dioxide analyser (Servomex type 500A; Crowborough, Sussex,
UK), similar to the analysis system described by Schoffelen et al. (26). Weir's
formulas were used for calculating RMR (35).
Physical activity was registered with a triaxial accelerometer for movement registration
(Tracmor, Philips Research, Eindhoven, The Netherlands). The Tracmor was an
improved version (same principle, but smaller 7x2x0.8 cm) of the Tracmor used in
previous studies (6). In short, the Tracmor measures accelerations in the anteroposterior, medio-lateral and vertical directions. The Tracmor has been validated
against doubly labelled water. The Tracmor output explained 64% of the variation in
the average daily metabolic rate adjusted for sleeping metabolic rate with a standard
error of estimate of 0.9 MJ/day (37). Subjects wore the Tracmor in a waist belt at the
low back during waking hours and recorded the times when they got up, put the
Tracmor on and off, and when they went to bed. The registered accelerations in
counts/min were used as an objective measure for the physical activity level of each
subject.

Water loss over the recording week was measured with the deuterium elimination
method (11). Subjects drank a deuterium ( ^ O ) dilution (70 g water with an
enrichment of 5 atom percentage excess *H) after voiding (baseline urine sample) the
evening before the start of the recording week. Elimination was calculated from two
urine samples directly after dosing (at day 1 in the morning and evening) and two at
the end of the observation period (day 7 in the evening, day 8 in the morning).
Deuterium content was measured in urine samples with an isotope ratio mass
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spectrometer (40). Water loss was calculated from *H elimination with the equation of
Fjeld et al. (11), as described previously (39).
At the end of the recording week subjects filled in a questionnaire about their
experiences with food recording to determine if they always weighed and recorded
their food intake and if they changed habitual food intake.
Twenty-seven subjects participated in the first part of the study, of whom eighteen also
participated in the second part of the study. Of the other nine subjects, one was
pregnant during the second period of measurements, three subjects went abroad and
five subjects found it too much of a burden to follow the protocol twice. There were
no significant differences in body mass changes, body mass index, age, energy intake
and resting metabolic rate, and percentage discrepancy between water intake and loss
in the first part of the study, among the 5 subjects who did not want to participate
twice and the other 22 subjects (ANOVA, P>0.05; data not shown). Also, no
differences were found between the nine subjects who participated only once and the
18 subjects who participated twice (ANOVA, P>0.05). The results presented here,
therefore, are from the 18 subjects who followed the protocol twice. Mean values and
standard deviations were calculated from the results of both parts of the study.
A one way repeated-measures ANOVA and a Scheffe test (post-hoc) were used to
compare the three measurements of body mass on a within subject basis. The changes
in body mass were compared with a paired t-test (two-sided). A factorial ANOVA test
was used to measure the influence of the phase of the menstrual cycle on the body
mass changes.
Measurements of RMR at the start and end of the recording week were compared with
a paired t-test (two-sided) and means were calculated if both measurements did not
differ significantly from each other.
RMR, PA and body mass changes are all independent measures for energy
metabolism. Multiple and simple regression analyses were used to assess the
contribution of these independent variables to reported energy intake. Results of both
reporting weeks were compared with each other with a paired t-test (two-sided).
Significance was reached when P<0.05. The StatView SE+ (1988, Abacus Concepts,
Berkeley, CA, USA) was used for statistical analysis.

Results
one o/f/ie sfwc/y
The mean results of the three body mass measurements were, in sequence of time,
59.5±7.1, 59.7±7.1 and 59.2±6.9 kg. The last mean body mass differed significantly
from the first two measurements (P=0.03). Mean body mass changes over the nonrecording and recording week (table 3.1) differed significantly (P=0.04). Subjects in
the pre-ovulation period (n=13) had a body mass change over the recording week of0.67±0.78 kg and subjects in the post-ovulation period (n=5) had a body mass change
of0.14±0.55kg(P=0.02).
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Table 3.1: Reported intake of energy, resting metabolic rate, physical activity counts and body mass
changes of the first recording week (part one) and of the second recording week* (part two) (Values are
means and standard deviations for eighteen subjects).
Part two of the study
Part one of the study
Mean±SD
(ranges)
(ranges)
Mean±SD
(6.8-11.9)
(7.1-12.1)
9.4'± 1.4
8.5 ±1.2
Energy intake (MJ/d)'
(5.3-6.4)
(4.9-6.7)
6.0 ±0.5
5.9 ±0.4
Resting metabolic rate (MJ/d)
(90-315)
(61-198)
114 ±42
•" 158 ±69
Physical activity (counts/min)
(-0.96-1.73)
(-1.0-0.90)
-0.23 ± 0.49
Body mass change over
0.14 ±0.67
non-recording week (kg)
-0.45" ±0.69 (-1.42-0.93)
-0.15 ±0.59 (-1 15-0.95)
Body mass change over
recording week (kg)
(1.7-5.4)
(1.9-5.7)
2.8 ±0.8
2.9 ±0.8
Total water intake (l/d)
(2.0-5.7)
(2.1-5.9)
3.1 ±0.8
3.0 ±0.9
Total water loss (l/d)
*The second recording week was after subjects were confronted with the results of the first food
recording week.
^Values are means based on 7 day food diaries of 18 female subjects and ranges refer to differences
among subjects.
Mean value was significantly different from that in part one of the study: P<0.04.
"Mean value was significantly different from that in the non-recording week: P<0.04.

The mean body mass loss of 0.45±0.69 kg over the recording week, which implied
undereating, represented 13.4±20.7 MJ [1 kg body mass was assumed to be equivalent
to 30 MJ (38)] or 1.9±3.0 MJ/d. The undereating amounted to 12±30% of the energy
requirement calculated as energy intake plus the energy equivalent of the body mass
loss. Reported water intake plus metabolic water was closely correlated with measured
water loss (r=0.98, P=0.0001), indicating a high recording precision. The difference
between water loss and total water intake was not related to the average of water loss
and intake (r^=0.08, P=0.27) (1). The relative bias (the average of the difference
between water loss and intake) was 0.32 l/d and the estimate of error (SD of the
difference) was 0.16 l/d. The relative bias of 0.32 l/d was significantly different from
zero (see Discussion). The answers on the questionnaire subjects filled in at the end of
the recording week indicated that subjects did not change their food pattern during the
recording week. However, weighing and recording food intake for seven days was
experienced as quite a burden.
/wo o///ie
In the second part of the study, the results of the three body mass measurements were,
in sequence of time, 60.0±6.8, 59.8±6.6 and 59.6±6.5 kg. The last mean body mass
differed significantly from the first measurement (P=0.02). Body mass changes over
the non-recording week and recording week (both independent of the phase of the
menstrual cycle) did not differ significantly from each other and did not differ from
zero (P=0.7, table 3.1).
Mean daily energy intake was 9.4±1.4 MJ (table 3.1) and was 0.8±1.2 MJ higher than
the reported energy intake in part one of the study (P=0.04). The higher energy intake
of 11±17% of reported energy intake of the first part, was not due to a higher physical
activity in part two of the study. Physical activity was lower in part two compared with
part one of the study (P=0.01). The higher energy intake in part two was related to the
change in body mass of the first part (figure 3.1). This was a negative relationship;
from the subjects who lost body mass in the first part of the study, those who lost most
40
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body mass showed the largest increase in energy intake. This relation remained
significant when data from the five subjects who gained body mass in the first part of
the study were excluded. All, except one subject, increased their energy intake
(relative to part one). Subjects who gained weight in the first part of the study showed
a small increase in energy intake (n=4) or decrease in energy intake (n=l) in part two.
The subject who had an increase of about 75% in energy intake in the second part of
the study relative to the first part of the study overrecorded her food intake (see
below). Excluding these data did not change the correlation between the % extra
energy intake and change in body mass over the first recording week.
40-
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Figure 3.1: Improved reporting of food intake after confrontation with earlier
results on food reporting: the relationship between the change in body mass
during the first food recording week (part one) and the percentage increase in
energy intake in the second food recording week (part two) compared with
the first (part one) (r=-0.51. p=0.04).

Measured water loss was fully explained by reported water intake and the amount of
metabolic water (r=0.98; P=0.0001). There was no difference (P=0.09) between water
loss (3.0±0.9 1/d) and water intake (2.9±0.8 1/d), so the reporting of water intake was
done very accurately. However, 2 subjects had a discrepancy between water intake
(reported intake + metabolic water) and water loss of more than 10% of water loss.
One subject over- and one subject underrecorded the water intake (and thus the food
intake). These two subjects have been excluded from the regression analysis on energy
intake, because of the over (/under)-recording, as their energy intake could not be
explained by measures of energy. Energy intake was explained by resting metabolic
rate (P=0.01), physical activity (P=0.03) and the change in body mass over the
recording week (P=0.05, table 3.2). Resting metabolic rate and physical activity were
independently related to energy intake. In a simple regression analysis the change in
body mass was not related to energy intake.
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Table 3.2: The attribution of resting metabolic rate, physical activity and the change in body mass over
the recording week to energy intake in a simple and in a multiple regression analysis on energy intake
(part two of the study, n=16).
Energy intake
Explained variation (%)
Pj;
Resting metabolic rate (RMR)
37
0.01
Physical activity (PA)
24
0 05
A Body mass
•
17
0.1
RMR + PA + A body mass*
66
0.004
• Multiple regression equation: Energy intake (kj/d) = -738 + 1.46RMR (ld/d) + 12.8PA
(counts/min) + 720- A body mass (kg/wk).

Subjects did not change their food pattern during the recording week, according to
their answers on the questionnaire. Subjects (50%) subjects answered that the
confrontation with the results of the first recording week made them more careful to
maintain their habitual food pattern. The higher energy intake in the second part of the
study was due to a higher carbohydrate (part one: 250 g vs. part two: 275 g, P=0.03)
and fat intake (part one: 73 g vs. part two 83 g, P=0.02). Subjects ate less
carbohydrate- and fat-containing foodstuffs during the first recording week than during
the second recording week.

Discussion
This present study is, to our knowledge, the first attempt to improve the reporting of
habitual food intake. Subjects showed 12% underreporting of food intake at the first
time of food recording, which could be fully explained by undereating. Individual
confrontation with this phenomenon improved the reporting of habitual food intake the
second time. Information about the sort of errors made (e.g., undereating and/or
underrecording) helped subjects to improve the reporting of habitual food intake. In
most studies subjects receive instructions on weighing and recording food intake. A
few studies (23, 28, 29, 33) also mentioned explicitly that subjects were instructed not
to lose or gain weight during the recording period. The instructions provided to the
subjects in the first part of this study were not very different from other studies.
Subjects were informed about the aim of the study, and were asked not to change their
activity-, eating- and behaviour patterns during the food recording interval. The
instructions were obviously not sufficient to avoid underreporting of food intake in the
present study and in earlier studies. Subjects changed their food intake in the first part
of the study, probably unconsciously, according to the answers on the questionnaire.
Confronting subjects with their own behaviour on food reporting seems to be a way to
get reliable data on habitual food intake. There was a direct relationship between the
change in body mass over the recording week in part one of the study and the increase
in energy intake in part two compared with part one of the study. The more subjects
lost weight in the first part of the study, the more they ate in the second part of the
study. The answers subjects gave to the questionnaire after the second recording
period revealed that fifty per cent of all the subjects did notice that they ate more
during the second recording period. They answered that they improved the reporting of
habitual food intake this time.
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The improvement in the reporting of habitual food intake could have been a learning
effect rather than a confrontation effect. However, in another study with subjects
before and after a training intervention they found no underreporting of food intake
before the intervention and a 19% underreporting after the intervention. The reporting
of food intake several times was perceived as quite a burden by the subjects and this
probably caused the underreporting the second time (36). In the case of a learning
effect, the reporting of the food intake should have been improved and this was not the
case. The dieticians in this study were familiar with reporting of food intake and a
learning effect would not be very likely.
In the first part of the study, three out of the five women in the post-ovulation phase
showed an increase in body mass over the recording week (for women in the preovulation phase this was 2 out of the 13 women). In the post-ovulation period
progesterone, a general metabolic stimulant, is increased. However, the consequent
increase in energy intake and expenditure is at the same magnitude and subjects
remain in energy balance (7). The higher body mass during the post-ovulation period is
probably due to water retention. Body mass declines again before the onset of the
menses and is stable during the pre-ovulation period (7, 12, 19, 31, 34). Thus, the body
mass loss of the women in the pre-ovulation period and of the two post-menopausal
women seen in this study can only be explained by undereating.
The recording of food intake was done accurately in both parts of the study. The small
shortage in water intake compared to water loss in part one was also seen in other
studies that measured the water balance (13, 39, 40). This small shortage might be due
to underestimation of the amount of calculated metabolic water. The amount of
metabolic water was calculated from the carbohydrate, fat and protein intakes derived
from the 7 day food record and from the change in body mass (part one of the study).
In part two of the study there was no significant difference between water loss and
intake. Subjects had no change in body mass over the recording week this time and
probably weighed and recorded their food intake even more accurately than the first
time. However, there were two subjects who had a difference of more than 10%
between water intake and loss. Their food intake could not be explained by measures
of energy metabolism (e.g., RMR, PA, change in body mass), because of under- or
overrecording of the food intake. Water loss, as an indicator of recording precision,
could discriminate the under- or overrecorders of food intake from the accurate
recorders of food intake.
A good recording of water intake does not necessarily imply that the same holds for
the recording of food intake. However, most foodstuffs contain a certain amount of
water; therefore, it was concluded that the food recording was also done accurately. In
a recent study by Poppitt et al. selective underreporting of snacks was found by obese
and non-obese women in a metabolic facility. The women stayed for 24-hour in a
metabolic facility and had ad libitum food intake (which was covertly measured). The
next day subjects had to write down what they ate and drank the previous 24-hour.
Food items eaten during a meal were reported well, but the between-meal snack foods
were underreported. The snacks provided were mostly carbohydrate-rich and they
found selective underreporting of carbohydrate (21). Measurements of 24-hour food
intake in a metabolic facility are difficult to compare with a 7-day weighed food
record. This latter method does not rely on the memory of subjects. It is less likely to
cause omission of recording the various snacks consumed between the meals, unless
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recording is delayed. Still, selective underrecording of foods might introduce a small
error in the measurement of total water intake and thus in the measurement of
underrecording.
In conclusion, the significant body mass loss over the recording week indicated
undereating. The measured water balance showed no sign of underrecording. In the
first part of the study the underreporting of food intake was fully explained by
undereating. After confrontation with these results the subjects were able to improve
the reporting of food intake. There was no significant body mass loss over the second
recording week and water balance was stable. Physical activity was decreased, but
energy intake was significantly higher than found in the first recording. Measurements
of energy- and water balance to detect underreporting, undereating and underrecording
can be used as key information to inform subjects about their way of food reporting.
The lean, motivated women in this study were, with this information, able to improve
the reporting of habitual food intake.
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Underreporting of food intake is common in obese subjects. One aim of this study was
to assess to what extent underreporting by obese men is explained by underrecording
(failure to record in a food diary everything that is consumed) or undereating. Another
aim of the study was to find out whether there was an indication for selective
underreporting. Subjects were 30 obese men with a mean (± SD) body mass index (in
kg/m^) of 34±4. Total food intake was measured over one week. Energy expenditure
(EE) was measured with the doubly labelled water method and water loss was
estimated with deuterium labelled water. Energy balance was checked for by
measuring body weight at the start and end of the food recording week and one week
after the recording week. Mean energy intake and EE were 10.4±2.5 and 16.7±2.4
MJ/day, respectively; underreporting was 37±16%. The mean body mass loss of
1.0±1.3 kg over the recording week was significantly different (P<0.05) from the
change in body mass over the non-recording week, and indicated a 26% undereating.
Water intake (reported + metabolic water) and water loss were significantly different
from each other and indicated 12% underrecording. The reported percentage of energy
from fat was a function of the level of underreporting: percentage of energy from fat =
46 - 0.2 x %underreporting (r^=0.28; P=0.003). Total underreporting by the obese men
was explained by underrecording and undereating. The obese men selectively
underreported fat intake.

Introduction
In many western societies, the prevalence of obesity has increased (26) and the
relatively high energy intakes might be partly due to a high fat intake (34). However,
food intake is hard to measure, especially in obese subjects (22, 26). Discrepancies
between reported energy intakes and measured energy expenditures (with the doubly
labelled water method) of about 20-50% have been described in obese subjects (3, 7,
14, 15, 21, 24, 25, 27, 30). The degree of underreporting is positively correlated with
body mass index (10, 13, 19, 24, 25, 30). The aim of the present study was to assess
whether this underreporting (i.e., a discrepancy between energy intake and
expenditure) is also selective for macronutrients, meal types and snacks. A second aim
of the study was to assess to what extent underreporting in obese subjects is explained
by underrecording or undereating. We defined underrecording (the failure to record in
a food diary everything that is consumed) as a discrepancy between reported energy
intake and measured energy expenditure without a change in body mass; we defined
undereating as the consumption of less than usual because of the requirement to record
food intake, with a resultant decline in body mass (9). Compliance with food recording
was checked with the water balance technique, as we described previously (9). Briefly,
healthy subjects are in water balance. The recording of water intake appears to
represent total food recording; thus, a recorded water intake below the measured water
loss indicates the underrecording of water and food intakes (9). In an earlier study in a
gTOup of lean, motivated women, the underreporting of habitual food intake was
entirely explained by undereating. Subjects changed their food patterns during the
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recording period (9). In obese subjects reporting their total food intake, underrecording
and undereating have not yet been distinguished.

Subjects and methods
Thirty obese men with a mean (± SD) age of 44±7 years and body mass index (in
kg/m ) of 34.1±3.9 (range: 29.5-44.8) participated in the study. Subjects were recruited
by advertisements in a local newspaper and on local television for a weight-loss
intervention study. The results presented are baseline measurements, made before the
intervention started. The protocol was approved by the Medical Ethical Committee of
the University of Maastricht.
Pro/oco/
The study included a two week observation period for the measurement of energy
expenditure. Food intake, water intake and water loss were measured over the first
week. Energy balance was checked for by measuring body weight changes over each
of the two weeks separately. Thus, possible weight fluctuations resulting because
subjects consumed less when they had to record their food intake could be compared
with normal weight fluctuations measured over a nonrecording week.

Total food intake was estimated with use of a 7-day dietary record. Subjects received
instructions from a dietician on how to keep a food record and were asked not to
change their habitual food intakes. The data on the food records were used to calculate
intakes of total energy, protein, fat, carbohydrate and water with a computer program
based on food tables (Becel Nutrition Program, 1988; Nederlandse Unilever Bedrijven
BV, Rotterdam, Netherlands) (28). Total water intake was calculated from reported
food and water intakes and the calculated amount of metabolic water. The amount of
metabolic water was calculated by multiplying energy expenditure by the percentages
of energy from protein, fat and carbohydrate (from the 7-day food record). Oxidation
water is 0.41 ml/g for protein, 1.07 ml/g for fat and 0.6 ml/g for carbohydrate (8).
£>jer,gy ejcpenoV/Mre awe/ wafer /ass
Energy expenditure was measured with the doubly labelled water method according to
Westerterp et al. (33). Water loss was calculated from the deuterium elimination as
included in the doubly labelled water method.
Subjects were given, on the evening of day 0, a weighed dose of a mixture of 99.84
atom% ^ O in 10.05 atom% r V O , such that baseline levels were increased to > 150
ppm for ^H and > 300 ppm for '*O. A background urine sample was collected on the
evening of day 0. Additional urine samples were collected on day 1 (from the second
void) on the evening of day 1, the morning and evening of day 8, and the morning and
evening of day 15.
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mass:
Body mass was measured 3 times at 7 day intervals. Subjects were weighed (in
underwear) in the morning, before any food or beverage consumption and after
voiding, on a digital balance accurate to 0.1 kg (Seca, Almere, Netherlands). Body
composition was determined by underwater weighing as described elsewhere (32).
The results are presented as means ± SDs for 30 subjects. Simple regression analyses
were performed for energy intake and expenditure and water intake and loss. A onefactor analysis of variance for repeated measures and a post hoc Scheffe test were used
to compare the three measurements of body mass. Changes in body mass were
compared with a paired t-test.
Underreporting, underrecording were calculated as follows:
Underreporting=[(Energy intake - Energy expenditure)/(Energy expenditure)] * 100%.
Underrecording=[(Water intake - water loss)/(Water loss)] * 100%.
Undereating=[(Body mass change recording week * 30 MJ/7 days)/(Energy
expenditure)]* 100%, where 1 kg body mass was assumed to be equivalent to 30 MJ
(31).
Simple regression analyses were also conducted by using the percentage of
underreporting and reported percentages of energy from protein, fat and carbohydrate
to determine whether there was selective underreporting. Calculations of the
percentages of energy from protein, fat and carbohydrate included the amount of
energy derived from alcohol. Significance was set at PO.05. The StatView SE+ (1988,
Abacus Concepts, Inc., Berkeley, CA, USA) was used for the statistical analysis.

Results
Reported food intake and measured energy expenditure are presented in table 4.1.
Most subjects had a reported energy intake below the measured energy expenditure.
Only one subject had a reported energy intake within 10% of the measured energy
expenditure. The average percentage underreporting was 37±16% in this group. There
was no relation between the reported energy intake and the measured energy
expenditure (r~=0.05, P=0.2; simple regression analysis).
Table 4.1: Reported food intake and measured energy expenditure and water loss.
n=30
mean ±
Energy intake (MJ/d)
10.4 ±
Energy expenditure (MJ/d)
16.7 ±
±
Body mass change in non-recording week (kg/wk)
0.0
±
Body mass change in recording week (kg/wk)
-1.0
±
Recorded water intake (L/d)
2.8
±
Recorded + metabolic water intake (L/d)
3.3
±
3.7
Water loss (L/d)

SD
2.5
2.4
1.0
1.3
0.9
0.9
0.5

The three body mass measurements were, in sequence of time, 108.8±14.7,
108.1±14.7 and 107.7±14.8 kg. The first body mass measurement differed
significantly from the last two measurements (P=0.0001, one-factor analysis of
SO
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variance and a post hoc Scheffe test). Changes in body mass over the non-recording
and recording weeks also differed significantly (P=0.02, paired t-test; table 4.1). The
percentage of undereating, based on the body mass change over the recording week,
was 26±33%.
Fifty-five percent of the variation in total water intake (recorded + metabolic) was
explained by water loss (regression equation: total water intake (L/d) = 1.35 x water
loss (L/d) - 1.7; P=0.0001). The percentage of underrecording, based on the negative
water balance, was 12±16%.
The reported percentages of energy from protein [(-0.04 x % underreporting) + 14.3;
r^=0.11, P=0.07] and carbohydrate (r^=0.1) were not significantly related to the
percentage of underreporting (simple regression analysis). The reported percentage of
energy from fat was related to the percentage of underreporting (figure 4.1). The
intercept of the regression line, which indicates the percentage of energy from fat in
the case of no underreporting, was 46% of energy from fat. The 95% confidence
intervals for the adjusted 46% of energy from fat were 4 1 % and 51%. The mean
reported percentage of energy from fat was 39±6%. The reported percentages of
energy from fat and carbohydrate were not significantly related to the percentage of
undereating [r^=0.01 (P=0.96) and r^=0.0 (P=0.9), respectively] or to the percentage of
underrecording [r^=0.01 (P=0.6) and r^=0.01 (P=0.6), respectively]. The reported
percentage of energy from protein was positively related to the percentage of
undereating (r^=0.22, P=0.009), but not to the percentage of underrecording (r*=0.03;
P=0.4).
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Figure 4.1: Percentage of energy from fat (reported) as a function of the
percentage of underreporting in obese men (n=30). Linear regression line:
% energy from fat = 46 - 0.2 x % underreporting (r*= 0.28, P=0.003).
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The reported percentages of energy from fat at the different meals were related to the
percentages of underreporting (figure 4.2). The same relation was found for the
reported percentages of energy from fat from the afternoon- and evening snacks
(simple regression analysis: r^ =0.12; r^ =0.13, respectively, P=0.05). The results of a
simple regression analysis on reported energy intakes at the different meals and the
percentage of underreporting are shown in table 4.2. The reported energy intakes at
lunch, dinner and the evening snack were related to the total percentage of
underreporting. The reported energy intake in the morning (breakfast and morning
snack) was not significantly related to the total percentage of underreporting.
Table 4.2: Simple regression analysis of reported energy intakes at different meals (y) and the
percentage of underreporting (x) in 30 obese men.
Reported energy intake from breakfast
Reported energy intake from morning snack
Reported energy intake from lunch
Reported energy intake from afternoon snack
Reported energy intake from dinner
Reported energy intake from evening snack

0.3
0.4
0.0006
095
0.001
0.009

0.19
0.17
0.59
0.01
0.56
0.47
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Figure 4.2: Percentage of energy from fat reported at breakfast, lunch and dinner as a function
of the percentage of underreporting in obese men (n=30). The linear regression lines are as follows:
% energy from fat reported at breakfast = 46 - 0.2 x % underreporting (r= 0.19. P=0 02), % energy
from fat reported at lunch = 49 - 0.2 x % underreporting (r= 0.23. P=0.008), and % energy from fat
reported at dinner = 50 - 0.2 x % underreporting (r= 0.19, P=0.02).
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Discussion

;

The results of this study showed a 37% underreporting by male obese subjects. The
mean body mass loss over the recording week indicated 26% undereating and the
discrepancy between total water intake and water loss indicated 12% underrecording.
The recording of water does not necessarily represent the recording of food intake.
However, most foodstuffs contain a certain amount of water; therefore, it was
concluded that the underrecording of food intake was identical to the underrecording
of water intake.
About 70% of the total underreporting was due to a diminished intake of food over the
recording period. In an earlier study with lean women, total underreporting (16%) was
entirely explained by undereating (16). The present study also indicated that recording
itself is a useful tool for losing body mass: 70% of the total amount of underreporting
was undereating. The level of underreporting found in this study (37%) was of the
same magnitude as found in other studies of obese subjects (3, 7, 14, 15, 21, 24, 25,
27, 30).
Besides this total underreporting of 37%, there was also a selective underreporting of
fat intake. The reported percentage of energy from fat was negatively correlated with
the amount of underreporting, and, in the case of no underreporting, the percentage of
energy from fat would be 46±5%. The reported energy percentage from fat of 39±6%
was relatively high (higher than the recommended dietary guidelines of 30-35%),
although not higher than that reported previously in a sample of 34 obese subjects
partly controlled for underreporting (34). In a representative sample of the Dutch
population (n=2625) the average percentage of energy from fat, measured with a 2 day
dietary record, was 40% for men (12). This value may have been underestimated
because of the underreporting of food intake.
Selective underreporting of fat intake was also found in the study by Voss et al. (29),
in which the percentage of energy from fat decreased with lower quintiles of the ratio
of energy intake to basal metabolic rate. Food intake in this study was measured with a
food frequency questionnaire, and energy expenditure was estimated from calculations
of basal metabolic rate (with use of age and weight) and from the assessment of
physical activity by using a questionnaire.
Lissner and Lindroos (17) compared reported intakes from two dietary assessment
methods. Reported energy intakes differed with the two methods, but the various
macronutrients did not. They concluded that there was no qualitative underreporting of
food intake in obese men and women. Rutishauser (23) performed a similar analysis in
lean and obese adults and found significantly different percentages of energy from fat
and carbohydrate but no significant differences in reported energy intakes between the
methods used. External validation was needed in those studies because dietary
assessment methods are mostly subject to the same errors.
Specific information on the energy expenditure of subjects was available in our study
and this made it possible to compare the reported percentages of energy from the
macronutrients with an external validation, the percentage of underreporting. In a
study by Heitmann and Lissner (10), reported intakes were compared with nitrogen
loss and estimated energy expenditure in 323 men and women (lean and obese). The
underreporting of protein was disproportional to the underreporting of energy,
suggesting a selective underreporting of fat and carbohydrate-rich foods. The degree of
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obesity also influenced the dietary reporting both quantitatively and qualitatively (10).
Livingstone et al. (18) suggested in their study that the underreporting of total food
intake was explained by a selective underreporting of snacks. However, subjects who
underreported total food intake did not report a significant lower snack intake. Further
analysis to determine any selective underreporting were not done.
In a study by Poppitt et al. (20), non-obese women stayed for 24 hr in a metabolic
facility and had ad libitum food intake, which was covertly measured. The next day,
subjects had to write down what they ate and drank the previous 24 hr. Food items
eaten during a meal were reported accurately, but the between meal snacks foods were
underreported. The snacks provided were mostly carbohydrate rich and there was a
selective underreporting of carbohydrate, but not of fat and protein. In our study, there
was no selective omission of snacks in the reporting of food intake. In general, the
foods consumed in the morning (breakfast and morning snack) were reported
accurately. Subjects reported the foods consumed at lunch, at dinner and in the
evening less accurately (higher values of underreporting were associated with lower
reported energy intakes at those meals). The reported percentages of energy from fat at
the different meals were higher in subjects with a lower percentage of underreporting.
Why would subjects selectively underreport their fat intakes? In general, 30%
underrecording of underreporting does not show a complete lack of compliance. Obese
subjects might often consume energy-dense foods (foods with a high percentage of fat
according to the Atwater factors) in larger than culturally determined portion sizes
(34). Therefore, when they report a normal portion of an energy-dense food with a
high fat content, they might in fact consume a portion that is normal to them, but
should be recorded as "large" by the dietician. A selective underreporting of fat intake
at the meals would be the consequence.
Thus, a simple energy intake adjustment would not solve the problem of
underreporting for estimation of energy intake. Selective underreporting might have
more severe implications than would nonselective underreporting in a dietary survey of
obese subjects (4, 16).
The national health campaigns aimed at lowering fat intakes are thought to be
successful because results from national food consumption measurements have shown
a decline in reported fat intake over several years (1,5, 11). However, has there been a
true decline in reported fat intakes or has there been a selective underreporting of fat
intake, as was found in the present study. Results from the third National Health and
Nutrition Examination Survey (NHANES III, phase 1 (1988-91)) show a decline in the
reported percentage of energy from fat, an increase in reported energy intakes, and an
increase in the prevalence of overweight compared with NHANES II (1976-80) (1, 2,
6). The ratio of reported energy intake to estimated basal metabolic rate was 1.36 for
the total population (age >20y) in NHANES III. For a sedentary population, one would
expect a ratio between 1.50 and 1.55, which indicates that energy intake was
underreported (6). This underreporting of energy was also probably associated with a
selective underreporting of macronutrients, at least in obese participants.
In conclusion, we observed 37% underreporting of energy intake in obese men,
consisting of 26% undereating and 12% underrecording. Selective underreporting of
fat intake as observed in the obese men in the present study might throw a different
light on the outcome of dietary surveys.
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Abstract
Macronutrient intake is difficult to measure under free-living conditions, because of
errors in the reporting of food intake. The aim of the current study was to assess
whether postabsorptive respiratory quotient (RQ) is indicative for the food quotient
(FQ), with other factors, such as body composition and energy balance, taken into
account. Thirty lean subjects (age 31±9 years.body mass index (BMI) 22.0±2.1 kgW)
and 20 obese subjects (age 48±12 years, BMI 33.3±4.4 kg/m^) participated in the
study. Body mass changes were determined over a 7-day period before the
measurement of postabsorptive RQ and in this period subjects reported their total food
intake in a dietary record. A subgroup of twelve lean subjects was supplied with their
total food intake in this period (twice with different diets). Food quotients were
calculated from the valid food records (<10% underrecording and undereating). Body
composition was estimated using the three-compartment model of Siri. Postabsorptive
RQ was not related to FQ (n=31 r=-0.24, P=0.2) and no difference was observed
between the 2 diet periods (n=12 paired t-test P=0.9). Postabsorptive RQ was related
to the change in body mass (r=0.57, P=0.0001), but not to BMI, fat mass or fat free
mass. In the present study, the energy balance over the days prior to the measurement
was the most important factor influencing postabsorptive RQ. Postabsorptive RQ was
not a reliable indicator for habitual FQ even when corrected for energy balance and
body composition.

Introduction
Postabsorptive respiratory quotient (RQ) is often related to measures of body
composition (2, 13, 16) and / or used as a predictor for future weight gain or weight
loss (15, 17). In some studies subjects with a higher fat mass (FM) were found to have
a lower postabsorptive RQ (2, 16). A large fat mass, as a consequence of a positive
energy balance, might increase fasting free fatty acids levels and the rate of fat
turnover until fat oxidation is commensurate with dietary fat intake (2, 3, 16). Other
studies found a negative relation between postabsorptive RQ and fat free mass (FFM)
(13, 18). The FFM is a more metabolically active compartment of the body than fat
mass and is therefore responsible for the fat oxidation. The interindividual variability
in postabsorptive RQ seems to be only partly explained by differences in the amounts
of FM and / or FFM. The role of the macronutrient ratio of the food intake, i.e. the
food quotient (FQ), is also thought to influence postabsorptive RQ (11). Normally,
subjects who are in energy balance are also in substrate balance; the RQ measured
over a 24-hour period is equal to FQ (5). Whether or not postabsorptive RQ is also
related to FQ is not clear. The FQ is difficult to measure, because of errors in the
reporting of food intake. In a previous study with obese men we found a selective
underreporting of fat intake with the use of a 7-day dietary record (7). Obviously, other
methods to assess habitual macronutrient intake are needed for nutrition research.
The aim of this study was to assess whether postabsorptive RQ is indicative for FQ,
with other factors, such as body composition and energy balance, taken into account.
We hypothesized that postabsorptive RQ is related to FQ, and that postabsorptive RQ
will change when FQ changes. Measurements were done in lean subjects and obese
subjects (before and at the end (>f, a weight loss intervention). The energy balance was
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measured over a one week interval and in the obese subjects also over a 10 week
weight loss intervention interval.

Subjects and methods
For a first study, thirty lean subjects (BMI<27 kg/m~), a group of dieticians and a
group of students were recruited from the university and the university hospital in
Maastricht. For a second study twenty obese subjects (BM1>27 kg/m^), were recruited
from a weight loss intervention of the local home nursing association in Maastricht.
They were studied before the start and at the end of the intervention. The weight loss
intervention consisted of weekly group meetings under supervision of a dietician who
gave information about nutrition and who weighed the subjects. For all subjects, body
mass changes were determined over a 7 day period before the measurement of
postabsorptive RQ and in this period subjects reported their total food intake in a
dietary record. A subgroup of twelve lean subjects followed the protocol twice and
received two different diets from the university. The formation of this subgroup made
it possible to study the effect of a change in diet on the postabsorptive RQ. Physical
activity was measured to control for differences in physical activity which might
influence the RQ measurement. The protocol was approved by the university ethics
committee.
foot/ /«to/te

A 7 day weighed food record was used to measure habitual macronutrient intake. The
reporting of food intake was checked for underrecording and undereating (6).
Recording was checked with the water balance technique, as described previously (6,
7). Briefly, healthy subjects are in water balance and water intake matches water loss.
A water intake, corrected for metabolic water, lower than water loss indicates
underrecording of water intake. The recording of water intake appeared to be
representative for total food recording, thus a reported water intake below water loss
indicates underrecording of food intake. Water loss was measured with the deuterium
elimination method (4). Subjects drank a deuterium ( ^ O ) dilution (70g water with an
enrichment of 5 atom% excess ^H) after voiding (baseline urine sample) the evening
before the start of the recording week. Elimination was calculated from two urine
samples directly after dosing (at day 1 in the morning and evening) and two samples at
the end of the observation period (day 7 in the evening, day 8 in the morning).
Deuterium content was measured in urine samples with an isotope ratio mass
spectrometer (Aqua Sira, VG Isogas, Middlewich, Cheshire, UK (21)). Water loss was
calculated from ^H elimination with the equation of Fjeld et al. (4), as described
previously (20). Undereating was checked by comparing the body mass change over
the recording week with the body mass change over a non-recording week. A
significantly higher body mass loss over the recording week indicates undereating (6).
Food quotients were calculated from the valid food records (50% of the food records
were judged valid, i.e. less than 10% underrecording and undereating). The data of the
food records were used to calculate intakes of fat, carbohydrate and protein with a
computer program based on food tables (Becel Nutrition Program, 1988, Nederlandse
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Unilever Bedrijven BV, Rotterdam, The Netherlands). The food quotient was then
calculated using the following equations: O2 consumption (L/d) = (0.966 x protein
intake) + (2.019 x fat intake) + (0.829 x carbohydrate intake), and CO2 production
(L/d) = (0.774 x protein intake) + (1.427 x fat intake) + (0.829 x carbohydrate intake),
where the intake of protein, fat and carbohydrate is expressed in grams per day; FQ=
VCO2 / VO2 (9).
A subgroup of 12 lean subjects received over two 4 day intervals a diet with a fixed
macronutrient composition (each interval a diet with a different composition). One diet
according to the habitual macronutrient composition, as estimated with a dietary
history, and one diet with more / less fat than the habitual diet (± 0.04 of habitual FQ).
Subjects could choose the food items and meals they preferred for the next four days,
from a list with a fixed FQ. Foods and drinks were given ad libitum. The interval
between the two diets was at least 4 days.
Swfofrafe
Postabsorptive RQ (ml CO2 / ml O2) was measured by means of an open circuit
ventilated hood system while subjects were lying in the supine position. Gas analyses
were performed by a paramagnetic oxygen analyzer (Servomex type 500A,
Crowborough Sussex, UK.) and an infrared carbon dioxide analyzer (Servormex type
500A), similar to the analysis system described by Schoffelen et al. (14).
Measurements were performed in the morning in a fasting state for about 45 minutes.
The last 30 minutes were used to calculate postabsorptive RQ. Subjects slept the night
before the measurement at the university (n=22) or else they were asked to come by
car or public transport to the university (n=28) and to perform as little activity as
possible. They lay down for 15 minutes before the start of the measurements.
Subjects were weighed (in underwear) in the morning, before any beverage or food
consumption and after voiding, on a digital balance accurate to 0.01 kg (Sauter,
Ebingen, Germany). Body composition was estimated from the three-compartment
model of Siri. Body density was determined by underwater weighing with
simultaneous assessment of residual lung volume with the helium dilution technique
using a spirometer (Volugraph 2000, Mijnhardt, The Netherlands). Total body water
was measured by deuterium dilution following the Maastricht protocol (22). The
evening prior to the underwater weighing subjects drank a deuterium dilution (70 g
water with an enrichment of 5 atom% excess *H) after voiding. Deuterium enrichment
was measured in urine from the second voiding of the following morning. For
comparison between individuals, corrections for differences in body height were made
by calculating the fat mass index (FMI = kg FM7m^) and fat free mass index (FFMI =
kg FFMW).

Physical activity was assessed with a CSA accelerometer (Computer Science and
Applications Inc., Shalimar, U.S.A.), which subjects wore during waking hours in a
belt at the back of the waist (12). The registered counts/minute were used as an
objective measure for the individual's physical activity level.
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Mean values and standard deviations (±) were calculated for the total group of 50
subjects and for the obese and lean subjects separately. For the subjects with a reliable
FQ (i.e. subjects with a valid food record and the subjects who received their diet from
the university), simple regression analysis was done for postabsorprive RQ and FQ.
For the subjects who were supplied with food only the 'habitual* FQ (i.e. the FQ of the
supplemented diet according to the macronutrient composition of the dietary history) +
corresponding RQ was used for this analysis. The measurements of postabsorptive RQ
after die two different diets were compared with a paired t-test. In the obese subjects
the relationship of a change in body mass after 10 weeks and postahsorptive RQ was
tested with a simple regression analysis. The influence of body mass index (BMi),
FMI and FFMI on postabsorptive RQ was analyzed with a simple regression.

Results
Borfy
Subjects' characteristics are shown in table 5.1. The mean change in body mass over
the 5-7 days before the RQ measurement was, for the lean and obese subjects
respectively, -0.38±0.77 kg, and -0.27±1.09 kg (one factor ANOVA, P=0.69). The
body mass change of the lean subjects was significantly different from zero (one group
t-test, P=0.012). There was no difference in mean body mass change between the two
diet periods in the subgroup of 12 subjects (paired t-test, P=0.7). The obese subjects
lost on average 5.2±3.3 (range 0.58-10.0)kg after 10 weeks of participation in a weight
loss program.
The mean physical activity was 82.6±32.9 counts/minute for the lean subjects and
66.5±18.9 counts/minute for the obese subjects (P=O.O55). Physical activity was not
related to postabsorptive RQ. For the subjects who were supplied with food, there
were no differences in physical activity (counts per minute) between the two periods
with different diets.
Table 5.1: Age, body mass, fat mass, fat free mass, body mass index, fat mass index and fat free mass
index for obese and lean subjects, mean values, standard deviations and ranges.
Total group
Obese subjects (n=20)
Lean subjects (n=30)
9/41
5/ '15
4/26
Male / female
38±13
(25-63)
(21-60)
48±12*
Age
31 ± 9
75.2±18.7
92.8±13.8*
(68.0-115.5)
62.6 ±9.0 (47.1-92.7)
Bodv mass (kg)
26.8±14.1
(28.3-60.7)
40.9±10.1*
16.8 ±4.9 (8.0-26.7)
Fat mass (kg)
48.4±8.4
52.0±8.6*
(36.0-68.9)
Fat-free mass (kg)
45.8 ±7.5 (35.6-68.4)
26.5±6.4
33.3±4.4*
(27.0-43.9)
Body mass index (kg/W)
22.0 ±2.1 (18.1-26.1)
14.6±3.9*
(9.1-23.0)
(2.5-9.5)
9.6±5.2
Fat mass index (kg/m")
5.9 ± 1.7
18.5±1.8*
(15.5-21.7)
17.0±2.0
Fat-free mass index (kg/in') 16.0 ±1.4 (13.3-19.0)
*P<0.05
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Figure 5.1: Postabsorptive respiratory quotient (RQ) in relation to the food quotient (FQ)
of 31 subjects, with the line of identity plotted (simple regression analysis: r=-0.24, P=0.2).

Figure 5.1 shows RQ plotted against FQ for the subjects with a valid food record and
the subjects who were supplied with food (r=-0.236, P=0.2). RQ was significantly
lower than FQ (paired t-test P=0.0003) and had also a wider range than FQ. The FQ
range of 0.82-0.88 corresponded with an energy percentage fat in the diet of 27-44 and
an energy percentage carbohydrate in the diet of 40-64. The postabsorptive RQ was
related to the body mass change over the week before the measurement (r=0.42,
P=0.024 for the subjects with a valid food record and r=0.57, P=0.0001 for all
subjects, figure 5.2). A high RQ was observed in subjects with a weight gain and vice
versa. FQ was also not significant related to postabsorptive RQ in a multiple regression
analysis on RQ, with body mass change and FQ as independent factors. Figure 5.3
shows the postabsorptive RQ measured after a low fat diet and after a high fat diet for
the 12 lean subjects who were supplied with their food for four days. Postabsoiptive
RQ did not differ between the two periods (paired t-test P=0.88) and was not
influenced by FQ (simple regression analysis on low FQ, r^=0.2. P=0.15; and on high
FQ, r*=0.11,P=0.3).
The results of simple regression analysis of BMI, FMI and FFMI on postabsorptive
RQ are shown in table 5.2. RQ was not related to BMI, FMI or FFMI in the whole
group. In the obese group RQ was significantly related to BMI and FMI.
Table 5.2: Simple regression analysis of postabsorptive RQ on BMI. FMI and FFMI.
Lean subjects (n=30)
Obese subjects (n=20)
Total group
BMI (kg/nr)
r = -0.29 P = 0.12
r = -0.54 P = 0.01
r = -0.04 P = 0.77
FMI (kg/m-)
r = -0.03 P = 0.88
r = -0.53 P = 0.02
r = -0.03 P = 0.85
FFMI (kg/rn^
r = -0.26 P = 0.18
r = -0.16 P = 0.49
r = -0.04 P = 0.80
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Figure 5.2: Postabsorptive respiratory quotient (RQ) as a function of the body
mass change (ABM) in 50 subjects (linear regression line: postabsorptive
RQ = 0.023 * ABM + 0.837: r=0.57, P=0.0001).
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Figure 5.3: Postabsorptive respiratory quotient (RQ) of 12 subjects after a diet
with a low food quotient (FQ) and after a diet with a high food quotient (dashed
line is difference in FQ of 0.04 of the diets).
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The body mass change over the 10 weeks weight loss intervention in the obese
subjects did not change the postabsorptive RQ significantly (0.832±0.039 before vs
0.818±0.035 after). The postabsorptive RQ at the end of the weight loss intervention
was a function of the change in body mass over the week before the measurement
(simple regression analysis r=0.53, P=0.02) and of the change in body mass over the
ten weeks intervention (r=0.47, P=0.048). In a stepwise regression analysis, only the
change in body mass over the week before the measurement was related to
postabsorptive RQ.

Discussion
In the present study, postabsorptive RQ was not related to (estimated) FQ. Even a
change in diet did not affect postabsorptive RQ. Postabsorptive RQ was only related to
the change in body mass over the week before the measurement. Subjects with a
positive energy balance (a weight gain) had a higher postabsorptive RQ than subjects
who were in a negative energy balance (a weight loss). McNeill et al. (11) found in
their study a difference in fasting RQ after two different diets in 11 subjects. The
fasting RQ was 0.82 after the diet with a FQ of 0.85 and 0.85 after the diet with a FQ
of 0.88 (11). Figure 5.3 shows that in the current study only 5 out of the 12 subjects
had a higher postabsorptive RQ after the diet with the high FQ than after the diet with
the low FQ. A measurement of a fasting RQ is not sufficient to get an indication of
someone's habitual FQ. One reason could be that fasting RQ represents only a short
period of the day. The measurement of a 24-hour RQ is probably more indicative for
habitual FQ (1, (8). Verboeket- van de Venne et al. observed a relation between 24hour RQ and FQ as measured with a 3 day dietary record before the measurement of
24-hour RQ (19). However a 24-hour RQ measurement in a respiration chamber is not
a very practical method to get an indication of someone's habitual FQ. A second
reason for the lack of a relation between postabsorptive RQ and FQ might be the time
of measurement. Lean and James (10) observed diurnal changes in postabsorptive RQ
with a minimum during the early night (0.00-3.00 hours) and a rise in RQ during the
later part of the night. The systematic change of RQ was more marked in the obese and
post-obese subjects (10). All subjects in the current study were measured after an
overnight fast between 7.00 and 9.00 o'clock in the morning. Thus differences in
fasting RQ between lean and obese subjects might not have been discovered. Twentyeight out of the 50 subjects (both obese and lean subjects) had to come by car or public
transport to the university, which might have influenced the measurement of
postabsorptive RQ. However, all subjects were within 30 min drive from the
university.
The relation between postabsorptive RQ and FQ was analyzed in a group of subjects
of whom the FQ was calculated from a food record and in a group of subjects of whom
the FQ was calculated from the provided diet. FQ was only calculated from the food
records if the underrecording and undereating was less than 10%. A correct reported
energy intake gives no guarantee for correct reported macronutrient intakes, but a
selective underrecording of, for example fat intake has then to be accompanied by an
overrecording of carbohydrate / protein intake. This is not veiy likely. Besides, the

64

Postabsorptive respiratory quotient

result of the analysis of postabsorptive RQ and FQ was not different for the total group
and for the 12 subjects who received their diet from the lab.
The relation of postabsorptive RQ with FM, FFM and BMI as reported before could
not be confirmed (2, 13, 16, 18). Only in the subgroup of obese subjects did we
observe a negative relation of FM1 and BMI with postabsorptive RQ.
The body mass change over the week before the measurement influenced
postabsorptive RQ more than the body mass change over the past 10 weeks of the
weight loss intervention for the obese subjects. The weight loss over a 10-week
interval is probably not constant, which might explain the greater influence of the body
mass change over the week prior to the measurement on postabsorptive RQ. The obese
subjects who lost weight before the first measurement of postabsorptive RQ were also
the subjects who lost most weight during the weight loss intervention. They started
with a lower postabsorptive RQ (because of the negative energy balance) than the
subjects who did not loose weight before the first measurement and maintained this
lower RQ until the end of the intervention. This might explain why no difference was
observed in postabsorptive RQ between the start and end of the weight loss
intervention.
The body mass change prior to the measurement of RQ was probably due to the
recording of the food intake. The recording of food intake for a week is known to
change eating habits (6, 7). It is unlikely that the change in body mass was due to
changes in the degree of hydration of the body or differences in gut content in this
study. The body mass was always measured at the same time for each subject before
any beverage or food consumption and after voiding. Most people have a regular
defecation pattern and the gut content will not much differ between the two
measurements. The measurement of body mass changes is necessary in the
interpretation of postabsorptive RQ, even if there is no significant change in body mass
on a group level. The wide range in postabsorptive RQ found in this study was related
to the body mass change, which ranged from -2.2 to +2.4 kg/week.
In conclusion, in the present study the energy balance over the days prior to the
measurement was the most important factor influencing postabsorptive RQ.
Postabsorptive RQ is not a reliable indicator for habitual FQ even when corrected for
energy balance and body composition.
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Abstract
An easy and cheap method for validating reported energy intake (El) is needed.
Reported El was compared with calculated energy expenditure (EE^ic) and with
energy expenditure measured by the doubly labelled water method (EEDLW)- EE was
calculated on the basis of basal metabolic rate (BMR) measured with the ventilatedhood technique and physical activity measured with a triaxial accelerometer (EEVH+PA)
and on the basis of BMR estimated by using WHO equations and PA (EEWHO+PA):
EEcc = -1259 + 1.55*BMR + 0.076*counts/minute (r^=0.90, P=0.0001, from a
validation against EEDLW in an earlier study). Subjects [n=12 men and 12 women; age:
60±3 years; body mass index (in k g W ) : 26 ± 4] reported their food intake for 7 days
with simultaneous assessment of EEDLW. EEVH+PA and EEWHO+PA- Reported El (9.0+2.1
MJ/d) was lower (PO.0001) than EEDLW (11.3±2.3 MJ/d), EEVH+PA (10.8±1.7 MJ/d;
BMRVH + PA), and EEWHO+PA (10.811.8 MJ/d; BMRWHO + PA). Underreporting was
19.4114.0%, 16.7±13.6% and 16.4±15.5% on the basis of EEDLW, EEVH+PA and
EEWHO+PA, respectively. The difference of 2.718.0% between EEDLW and EEVH+PA was
not related to the average of both percentages and was not significantly different from
zero. The percentage of underreporting calculated with EEWHO+PA was not significantly
different from that calculated with EEDLW (3.0111%). The use of a combination of
BMR (measured or estimated) and PA is a good method for validating reported El.
There was no significant difference between the percentage of underreporting
calculated with EEVH+PA. EEWHO+PA or E

Introduction
Food intake by humans is often related to health or disease indexes in epidemiologic
studies and is used as a measure (outcome) in intervention studies. Meassurements of
food intake with use of dietary records, food-frequency questionnaires, dietary
history's or 24-h recalls are mostly unreliable because of underrecording, undereating,
or both (4, 14). A reporting bias in measured food intake can attenuate or exaggerate
associations with nutrition and obesity-related disease or disturb the outcome of
intervention studies (3, 17). Underreporting of habitual food intake was measured in
both obese and lean subjects (2, 14, 15, 20, 26). Thus, measured food intake in
nutrition research needs to be validated to ensure that the right conclusions are drawn.
The reporting of total food intake can be checked by validating reported energy intake
(El). Several methods for validating reported El have been used with varying degrees
of success. The doubly labelled water method, which measures total energy
expenditure (EE) of subjects in free-living situations, is the most reliable method for
validating reported El. However, it is very expensive (oxygen-18 water is not readily
available) and is thus not practical in large studies. Total EE is the sum of basal
metabolic rate (BMR), physical activity (PA) and diet induced energy expenditure (a
constant fraction of about 10% of El and, when subjects are in energy balance, of total
EE) and can serve to validate reported El. BMR can be measured with a ventilated
hood or calculated with formulas that use age, sex, height, and weight or with formulas
that use body composition. The most variable part is the PA, which can be measured
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with activity diaries, questionnaires, heart rate monitoring or accelerometers. The
triaxial accelerometer seems to give the most objective measure of individual PA in
free-living situations (18, 25).
The ratio of EE to BMR is known as physical activity level (PAL); if there is no
underreporting, EE:BMR equals EI:BMR. Goldberg et al. set cutoff limits for E1:BMR
to recognize underreporting at the group level (10). However, the proposed cutoff
limits for the ratio EI:BMR have failed to identify underreporters of food intake at the
individual level (6, 14). The cutoff limits are based on minimum PALs for subjects and
do not take variation in individual PALs into account.
An easy, cheap and valid method for validating individual reported Els in large surveys
is needed. Estimated or measured BMR in combination with PA assessed with a
triaxial accelerometer might be such a method. We present the results of a validation
study in which the reported El of elderly subjects was compared with calculated EE
with EE measured by the doubly labelled water method (EEDLW)-

Subjects and methods
Thirty subjects (14 women and 16 men) with a mean (± SD) age of 60±4 y (range 5574 y) and a mean body mass index (BMI) of 26.3±3.6 kg/W (range 19.4-34.1 kgW)
participated in the study. They were recruited for an exercise intervention by
advertisements in local newspapers. Results presented here are baseline measurements,
which were made before the intervention began. The protocol was approved by the
Medical Ethical Committee of the University of Maastricht.
Foot/ arm/ wafer /w
Food and water intake were measured with a 7 day dietary record. Subjects received
instructions from a dietician on how to keep a food record and were asked not to
change their habitual food intakes. The data on the food records were used to calculate
intakes of total energy, protein, fat, carbohydrate, and water with a computer program
based on food tables (Becel Nutrition Program, 1988; Nederlandse Unilever bedrijven
BV, Rotterdam, Netherlands). Total water intake was calculated from reported food
and water intakes and the calculated amount of metabolic water. The amount of
metabolic water was calculated by multiplying energy expenditure by the fraction of
energy from protein, fat and carbohydrate (from the 7-d food record). The oxidation of
protein, fat and carbohydrate gives 0.41 mL/g, 1.07 mL/g and 0.6 mL/g water,
respectively (9).
Energy ejcpewoV/wre ara/ wafer
Energy expenditure was measured with the doubly labelled water method according to
Westerterp et al. (27). The estimated coefficient of variation for energy expenditure is
6% (21). Water balance was assessed to measure the percentage of underrecording (i.e.
the failure to record in a food diary everything that is consumed, (14)). Water loss was
calculated by using the deuterium elimination method, which has an estimated
coefficient of variation of 7% (21). In the evening on day 0, subjects were given a
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weighed dose of a mixture of 99.84 atom% ^ O in 10.05 atom% Hz'^O, such that ^H
and '*O increased from baseline by > 150 ppm and >300 ppm, respectively. A
background urine sample was collected in the evening of day 0. Additional urine
samples were collected on day 1 (from the second void of the day and during the
evening) and in the morning and evening of days 8 and 15. EEDLW was calculated over
the 2""* week during which subjects recorded their food intakes.
BMR was measured by means of an open-circuit, ventilated hood system (BMRVH) in
the morning while subjects lay for 30 min in a supine position. Subjects had slept at
the university the night before this measurement was made and were in a fasting state.
The estimated coefficient of variation for BMRVH is 4% (11). Gas analyses were made
with a paramagnetic oxygen analyzer (Servomex type 500A, Crowborough Sussex,
UK) and with an infrared carbon dioxide analyzer (Servomex type 500A), similar to
the system described by Schoffelen et al. (22). Weir's equations were used to calculate
BMR (24). BMR was also estimated by using equations from the World Health
Organisation (BMRWHO), in which age, sex, body mass and height are incorporated (8).
PA was assessed with a triaxial accelerometer for movement registration (Tracmor,
Philips Research, Eindhoven, The Netherlands). The triaxial accelerometer was an
improved version (smaller 7x2x0.8 cm, 30 g) of the triaxial accelerometer used in
previous studies (7, 27). Subjects wore the triaxial accelerometer on a belt at the back
of their waist during waking hours and recorded the times at which they awoke in the
morning, put the triaxial accelerometer on and off, and went to bed. Total counts per
day were divided by the amount of time subjects wore the triaxial accelerometer to get
an average number of counts/minute. The triaxial accelerometer measures
accelerations in the anteroposterior, mediolateral and vertical directions of the trunk
and was validated against the doubly labelled water method in another study (K
Westerterp, U Ekelund, unpublished observations, 2000) in 16 men and women with a
mean (±SD) body mass of 92.2±25.2 kg, PAL of 1.76±0.14 and age of 20 yr. This
validation resulted in the following equation in which triaxial accelerometer counts
and BMR were used for total E E ^ : EE=-1.259 + 1.55*BMR + 0.076*counts/minute
(regression analysis r*=0.90, P=0.0001; residual SD=0.809 MJ/d). Other validations of
the triaxial accelerometer output with the doubly labelled water method showed
similar correlations (7, 27). EE calculated on the basis of BMRVH and PA is referred to
as EEVH+PA and EE calculated on the basis of BMRWHO and PA is referred to as
EEWHO+PA-

Body
Energy balance was checked for by measuring changes in body weight over each of
the 2 weeks separately. Thus, possible weight changes resulting from a change in diet
while reporting food intakes could be compared with normal weight fluctuations.
Subjects were weighed (in underwear) in the morning on day 1, before any food or
beverage consumption and after voiding, with a digital balance accurate to 0.01 kg
(Sauter, Ebingen, Germany) and on days 8 and 15 with a digital balance accurate to
0.1 kg (Seca, Almere, The Netherlands). Both balances were calibrated with four 20kg weights.
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Means and standard deviations were calculated for subjects who had 7 days of
physical activity registration and who recorded their food intake for 7 days. Reported
El was compared with EEDLW, EEVH^PA and EEWHO+PA by using paired t-tests with
Bonferroni correction. Prediction margins for reported El versus EEVHJA were
calculated as ±2 times the residual SD of the value obtained in a previous validation
study (K Westerterp, U Ekelund, unpublished observations, 2000). The percentage
underreporting of food intake was calculated by using EEDLW, EEVH+PA, EEWHO+PA ( %
underreportingDLw, % underreportingvH+PA and % underreportingwHo+PA) as follows:
Underreporting = [(El - EE)/(EE)]) x 100%.
The calculated percentages underreporting were compared by using Bland Airman
analysis and t-tests (1).
Changes in body mass over the recording week were compared with changes over the
non-recording week by using a paired t-test with Bonferroni correction and were
compared with zero by using an one-sample group t-test. Total water intake (WI) was
compared with water loss (WO) by using a paired t-test with Bonferroni correction.
The % underrecording and undereating were calculated if a significant difference was
found between WI and WO and if a significant change was found in body mass over
the recording week:
Underrecording = [(WI - WO)/ (WO)]) x 100%
Undereating = [(body mass change recording week x 30 MJ/7d)/(EE)]) x 100%.
Significance was set at PO.05. The STATV1EW program (1992-98; SAS Institute Inc.
North Carolina, USA) was used for the statistical analysis.

Results
Thirty subjects participated in the baseline measurements; six subjects were excluded
from the statistical analysis because of missing PA data during the recording week.
The 24 subjects with complete data had a mean age of 60±3 (55-65) years and a mean
body mass index of 26.1±3.5 (19.4-32.7) kg/ml Values for El, EE, BMR, PA, WO,
and WI are presented in table 6.1.
BMRWHO was not significantly different from BMRVH (paired t-test, P=0.99). The
mean differences of 0.45 MJ/d between EEDLW and EEVH+PA and of 0.47 MJ/d between
EEDLW and EEWHO+PA were not significant. The reported El of 9.0 MJ/d was
significantly lower than EEDLW, EEVH+PA, and EEWHO+PA- The correlation between
reported El and EEVH+PA is shown in figure 6.1; the line of identity and 95% prediction
margins are also shown. Twelve of the 24 subjects were identified as underreporters;
i.e. they reported an El below the prediction margin.
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Table 6.1: Energy intake (El), energy expenditure (EE), basal metabolic rate (BMR). physical activity
(PA), water intake (WI), water loss (WO) and metabolic water values of the total group of subjects
(n=24)'.
Mean±SD
(ranges)
El (MJ/d)
9.0 ±2.1
(5.3- 14.5)
(7.5 - 14.6)
11.3 ± 2.3^
EEDLW (MJ/d)
(4.7 - 8.8)
6.6± 1.1
BMRVH (MJ/d)
(5.0-9.2)
6.6 ± 1.2
BMRWHO (MJ/d)*
(10.7-48.6)
PA (counts/min.)
24.2 ± 1 0
(MJ/d)'
(8.2-14.0)
10.8 ± 1.7'
(8.3 - 14.6)
10.8 ±1.8'
A (MJ/d)'
(1.0-3.6)
2.2 ±0.6
WI (1/d)
(0.2 - 0.4)
0.3 ±0.06
Metabolic water (1/d)
(1.8-4.1)
3.2 ±0.7'
WO (l/d)
'DLW, doubly labelled water method; VH. ventilated-hood technique; WHO. World Health
Organisation equations; PA. triaxial accelerometer assessed physical activity.
"Significantly different from El, P=0.0007.
'Estimated with an equation including age, sex. body mass and height (8).
•*EEVH,PA = -1259 + 1.55*BMRVH + 0.076 counts/minute (PA).
^EEWHOPA = -1259 + 1.55*BMRWHO + 0.076 counts/minute (PA).

'Significantly different from the sum of WI and metabolic water, P=0.0007.
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Figure 6.1: Correlation between reported energy intakes plotted and energy expenditure
(calculated by using measured basal metabolic rate and triaxial accelerometer assessed physical
activity) in elderly menand women. The line of identity and 95% prediction margins are shown.
Values for %underreportingDi.w, %underreportingvH+PA, and %underreportingwnoPA
were 19.4±14%, 16.7±13.6%, and 16.4±15.5%, respectively. A Bland Airman plot of
the difference between % underreportingDi w and % underreporting VH-PA against the
mean %underreporting is shown in figure 6.2. The difference was not related to the
mean in a simple regression analysis (r=0.06, P=0.78). The relative bias was 2.7%
(P=0.12) and the SD of the mean difference was 8.0%. The four subjects clustered in
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the bottom left of figure 6.2 were men with a relatively high PAL (2.0 compared with
1.6 for the other 20 subjects). The difference between %underreportingDi w and
%underreportingwHo+PA was also not related to the mean of both percentages (simple
regression analysis, r=0.15; P=0.49). The relative bias was 3.0% (P=0.18) and the SD
of the mean difference was 11%.
The mean of the three body mass measurements were 76.5±11.4 on day 1, 77.1±11.7
on day 8, and 76.8±11.7 on day 15. The change in body mass over the non-recording
week was 0.62±0.74 kg and over the recording week was -0.24±0.66 kg (P=0.01). The
change in body mass over the recording week was not significantly different from zero
(P=0.10) and indicated no undereating. The energy equivalent of the change in body
mass over the recording week was -0.8±2.6 MJ/day (lkg body mass was assumed to
be 30 MJ; (22)). The reported water intake plus calculated metabolic water was
2.6±0.7 1/d and was significantly different from the measured water loss of 3.2±0.7 1/d
(P=0.0007). The calculated %underrecording was 19.5±11.2%.
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Figure 6.2: Difference between the percentage underreporting by elderly men and women calculated
on the basis of energy' intake and energy expenditure measured with the doubly labelled water method
(%underreportingDi.w) and the percentage underreporting calculated on the basis of energy intake
and energy expenditure measured by using triaxial accelerometer-assessed physical activity (PA) and
basal metabolic rate measured with a ventilated-hood (VH) technique (%underreportingvn.pA) plotted
against the mean of the %underreportingDLw and %underreportingvH*PA values.

Discussion
The use of a combination of PA and BMRWHO or BMRVH values was found to be a
good validation method for reported El given that no significant difference was found
between %underreportingvH»pA . %underreportingwHOPA, and %underreportingDLw-
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The relative bias between the percentages underreportingDLw and underreportingVH+PA
might be higher for subjects with PALs >2.0 than for subjects with PALs <2.0.
However, because only 4 subjects in this study had a PAL of ±2.0, no conclusions can
be drawn from this.
The triaxial accelerometer used in this study is a miniaturized version (based on same
principle) of the triaxial accelerometer which was used in previous studies (7, 27).
Thus, the smaller triaxial accelerometer required a new EE equation, which was
developed in a previous, unpublished study. The equation was derived from a younger
population but, as shown in the present study, is also valid for older populations. A
few of the accelerometers used in the present study did not registrar any activity,
because of problems with battery contact; the data of 6 subjects had to be excluded
from the statistical analysis.
In previous studies, the output of the triaxial accelerometer for movement registration
was found to be a good discriminator between PALs (27). However, additional studies
with groups of subjects with a wider range of PALs than in the subjects of the present
study is advised to assess the use of a combination of BMR and PA to validate
reported El.
The triaxial accelerometer gives an objective measurement of the PA of subjects in
their natural environment, which is not true of diaries or questionnaires (18). Subjects
completing activity diaries may alter their normal activity patterns or overreport their
activity. In a group of obese subjects, who failed to lose weight under a physician's
care, overreporting of up to 5 1 % of PA, assessed with activity diaries, was found (16).
In the present study, %underreporting (±18%) was comparable with values found in
other studies (2, 14, 15, 20, 26). In these other studies, the %underreporting was
explained on a group leveJ by undenrecording (i.e. the compliance with food recording)
and not by undereating as in our two previous studies (14, 15). In the present study,
%underrecording was calculated by using the water balance method, but water balance
was not corrected here for eventual water input from atmospheric exchange. The water
input from atomospheric exchange can account for 3 to 10% of water turnover
depending on the inspired air volume and absolute humidity, which would result in an
increase in total water intake (21). A higher total water intake would mean a smaller
difference between water intake and water loss and the %underrecording would be
reduced to 17 or 10%.
A reported energy intake outside the prediction interval of the calculated EE (figure
6.1) indicated underreporting. A simple adjustment of food intake for these
underreporters is no solution because of selective underreporting (3). Recent studies
showed selective underreporting of fat intake by both obese and lean subjects (15, 19,
23). The reported protein intake can be validated with urine nitrogen analysis (5), but
there is no validation method for the reported carbohydrate and fat intakes (13). A
possible method to solve the problem of underreporting is confronting subjects with
the accuracy of their recordings: whether they ate less during the recording period
(undereating) or whether they did not write down everything they consumed
(undenrecording). The subjects would then be asked to rerecord their food intake. In a
previous study of*lean women, this method resulted in improved food recording by 16
of the 18 subjects (12). More studies other populations are necessary to validate this
method for improving the accuracy of food records (12).

74

Validation of reported food intake

This study and other studies of underreporting of food intake make it clear that the
design of a nutrition study should include a validation method for reported food
intakes as well as a strategy for dealing with possible underreporting of food intake (2,
14, 15, 20, 26). The triaxial accelerometer for the assessment of physical activity
proved to be an easy and valid method for the determination of underreporting of food
intake at the individual level.
. -...
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The aim of the current study was to measure differences in reporting behaviour
between a first time of 7 day food recording and a second time of 7 day food
recording, after 12 weeks, in a group of elderly men (n=17) and women (n=17). Half
the group followed an exercise intervention. The mean age was 61 ±5 years and mean
BMI was 26.2±3.8 kgW. Reported energy intake was compared with energy
expenditure as calculated from measured basal metabolic rate and physical activity
assessed with a triaxial accelerometer for movement registration. Total underreporting
was divided into undereating and underrecording. Undereating was calculated from the
change in body mass over the recording week and the underrecording was measured
using the water balance technique. In the first period, the total underreporting was 21%
and increased to 27% in the second period (P=0.03). In the first period there was no
indication for subjects eating less during the recording week, however, in the second
period subjects lost body mass during the food recording indicating undereating. The
amount of underrecording was calculated at 21% in the first period and 18% in the
second period of recording (P=0.28). During the second period subjects selectively
underreported their fat intake and overreported their protein intake. In conclusion,
repeated assessment of food intake caused a higher quantitative and a qualitative
underreporting of food intake. The effect of interventions (dietary or otherwise) on
habitual food intake might be confounded by changes in food reporting behaviour.

Introduction
In intervention studies on diet components or behaviour one often studies effects on
food intake. However, the aimed effects of the intervention on the food intake are
probably not only due to the intervention, but also due to changes in food intake
reporting. It is known that underreporting can range from 0-50 % and is observed in
both obese and lean subjects (1)) (6, 7, 12, 16). The underreporting might be due to
undereating, subjects consuming less while food recording, or to underrecording,
failure to record in a food diary everything that is consumed. Earlier studies showed in
a group of lean women a 16% underreporting due to undereating and in a group of
obese men a 37% underreporting which could be divided into 26% undereating and
12% underrecording (6, 7). A second time of reporting food intake might change the
proportions of undereating and underrecording. Previous studies that have measured
food intake both before and after an intervention have not made the distinction
between underrecording and undereating. Westerterp et al. (1991) measured food
intake (7 day dietary record) and energy expenditure (with doubly labelled water) in
16 non-obese men and women before and after a 40-week exercise intervention.
Before the start of the intervention the difference between energy intake and energy
expenditure was -5±28% and after the 40 weeks (13 subjects completed the training
intervention) the difference had increased to -19±17%. The subjects perceived the
reporting of food intake for the fourth time (subjects also reported food intake two
times during the intervention) as a real burden (16).
Insight into the reporting of habitual food intake (undereating vs underrecording and
selective underreporting) is needed to be able to detect changes in the food intake after
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an intervention. The aim of the present study was to measure differences in reporting
behaviour between a first time of 7 day food recording and a second time of 7 day
food recording in a group of men and women. Half of the group followed an exercise
intervention of 12 weeks and the other half served as a control group. The percentages
underreporting, undereating and underrecording were measured before and at the end
of the 12 weeks. Reported energy intake was compared with energy expenditure as
calculated from measured basal metabolic rate and physical activity assessed with a
triaxial accelerometer for movement registration. Undereating was calculated from the
change in body mass over the recording week and the underrecording was measured
with the water balance technique as described recently (6).

Materials and methods
Twenty-six men and twenty-three women were recruited for a controlled exercise
intervention study by advertisements in local newspapers. Forty-nine subjects
participated in the baseline measurements of whom 3 subjects dropped out of the study
because of personal reasons. From the forty-six subjects, 12 subjects had a missing
physical activity registration in the first and / or second period. The results presented
here are therefore from 34 subjects (9 men and 10 women in the exercise group and 8
men and 7 women in the control group). They had a mean age of 61 ±5 years and a
mean body mass index of 26.2±3.8 kg/m^. Baseline characteristics were the same for
both groups. The protocol was approved by the Medical Ethical Committee of the
Maastricht University.
fVo/oco/
The subjects were studied before the start of the exercise intervention (in the autumn)
and during the final phase of the 12 weeks exercise intervention (in the winter). The
measurements were performed in a two week period. Food and water intake were
measured over the second week simultaneously with the assessment of physical
activity and water loss. Basal metabolic rate was measured in the first week. Body
mass changes were determined over the first week and over the second week, the
recording week, to control for changes in the diet (i.e. undereating) during the
recording period (see (6)). The water balance was also assessed over the recording
week to measure the underrecording (i.e. the failure to record in a food diary
everything that is consumed) (6).
Foot/ a/«/ water wtofc
Subjects recorded for 7 days everything they consumed in a structured food diary.
They received instructions from a dietician on how to fill in the diary (they did not
have to weigh everything) and were asked not to change their dietary habits. The data
on the food records were used to calculate intakes of total energy, protein, fat,
carbohydrate and water with a computer program based on food tables (Becel nutrition
program, 1988, Nederlandse Unilever bedrijven BV, Rotterdam, The Netherlands).
Total water intake was calculated from reported food and water intakes and the
calculated amount of metabolic water. The amount of metabolic water was estimated
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from protein, fat and carbohydrate intake derived from the 7 day food diary. Oxidation
water is 0.41 mJ/g for protein, 1.07 ml/g for fat and 0.6 ml/g for carbohydrate (3).
/055

Energy expenditure was derived from basal metabolic rate (BMR) and physical
activity (PA) as assessed with a triaxial accelerometer for movement registration. BMR
was measured by means of a computerised open circuit ventilated hood system, in the
morning in a fasting state (subjects slept the night before at the university) while
subjects were lying for 30 min in supine position. Gas analyses were performed by a
paramagnetic oxygen analyser (Servomex type 500A, Crowborough Sussex, UK) and
an infrared carbon dioxide analyser (Servomex, type 12-X1), similar to the analysis
system described by Schoffelen et al (1997) (13). Weir's formulas were used for
calculating BMR (15).
Physical activity was assessed with a triaxial accelerometer for movement registration,
the Tracmor (Philips Research, Eindhoven, The Netherlands). The Tracmor is a small
device (7x2xO.8cm, 30g) and measures accelerations in the anteroposterior,
mediolateral and vertical directions of the trunk. Subjects wore the Tracmor during
waking hours and recorded the time they put on and off the Tracmor. Total counts per
day were divided by the time subjects wore the Tracmor to get average counts/minute
(2). Total energy expenditure (EE) was calculated with the formula: EE (MJ/d) = 1.259 + 1.55*BMR + 0.076 • PA (counts/min) (r^=0.90, pO.OOOl; SD=0.809 MJ/d,
derived from a validation against doubly labelled water) (4).
Water loss was measured with deuterium labelled water ( ^ O , 70 g water with an
enrichment of 5 atom % excess ^H). Subjects drank this dilution after voiding (baseline
urine sample) the evening before the start of the two week period. More urine samples
were collected in the morning and evening of day 1, evening of day 7, morning of day
8, evening of day 14 and morning of day 15. Deuterium content was measured in urine
samples with an isotope mass spectrometer (19). Water loss was calculated over the
second week from ^H elimination with the equation of Fjeld et al. (1988), as described
previously (18).
Boofy
Subjects were weighed (in underwear) in the morning before any food or beverage
consumption and after voiding on day 1, on a digital balance accurate to 0.01 kg
(Sauter, Ebingen, Germany) and day 8 and 15, because of practical reasons, on a
digital balance accurate to 0.1 kg (Seca, Almere, The Netherlands). Both balances
were calibrated and gave the same results.
Subjects of the exercise group trained twice a week, for one hour, on non-consecutive
days for 12 weeks. All training sessions were performed at a fitness centre and
supervised by a fitness instructor. The intensity of the training program was
approximately 50% of heart rate reserve.

Means and standard deviations were calculated. Body mass changes over the nonrecording week and over the recording week were compared with paired t-tests (two-
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sided) and the body mass change over the recording week was also compared with
zero in an one-sample t-test (two-sided). Energy intake and energy expenditure, water
intake and water loss were compared with each other in a paired t-test (two-sided).
Non-parametric tests were used in case data was not normally distributed.
The underreporting, underrecording and undereating were calculated for the exercise,
control and total group separately and were calculated as follows:
%underreporting =[(energy intake - energy expenditure)/(energy expenditure)] * 100%
% undereating = [(body mass change * 30MJ/7d) / (energy expenditure)] * 100%
% underrecording = [(water intake - water loss) / (water loss)] * 100%.
The different parameters measured in period one and two were compared with paired
t-test (two-sided) and/or simple regression analysis. Significance was set on P<0.05.
The STATVIEW program (1992-98; SAS Institute Inc. North Carolina, USA) was
used for the statistical analysis.

Results
Table 7.1 shows the mean results of reported energy intake (El), basal metabolic rate,
physical activity counts and calculated energy expenditure (EE) of period one and two
for both the exercise and control group. No differences in energy intake and
expenditure were found between the exercise and control group. The calculated
percentages underreporting were also not significantly different between the two
groups (table 7.3).
Table 7.1: Body mass (BM), body mass index (BMI). reported energy intake (El), basal metabolic rate
(BMR), physical activity (PA) and total calculated energy expenditure (EE)' for two repeated
measurements (period 1 and period 2, with a time lapse of 12 weeks between). (Values are means and
standard deviations for 19 subjects in the exercise group and 15 subjects in the control group)
Period 1
Period 2
Exercise
Control
Total
Exercise
Total
Control
Mean±SD Mean±SD Mean±SD Mean±SD
Mean SD
Mean SD
BM(kg)
74.3 ± 11.0 75.7± 11.8 74.9 ± 11.2
74.6±10.8
76.7± 11.7 75.5± 11.1
BMI (kg/m")
26.1 ± 3 . 1
26.3 ±4.6
26.2 ±3.8
26.2 ±3.0
26.6 ±4.5
26.4 ±3.7
El (MJ/d)
8.0 ±2.2*
9.3 ±2.6*
8.6 ±2.4*
7.5 ± 2.0*
8.9±2.1*
8.1 ±2.2
BMR (MJ/d)
6.5± 1.1
6.7 ± 1.2
6.6 ± 1.1
6.5 ± 1.0
6.9±1.1"
6.7 ± 10
PA
25.3 ±10.6 26.7 ± 11.4 25.9 ± 10.8
25.1 ±7.4
29.6 ± 11.2
27.1 ±9.4
(counts/min)
EE (MJ/d)
10.7 ± 1.9
11.1 ±1.7
10.9 ± 1.8
10 7 ± 1.6
11.7 ±1.9
111 ± 18
'Energy expenditure was calculated from basal metabolic and physical activity counts.
*E1 was significantly lower than EE (P<0.05)
"Significant difference between period 1 and 2 (P<0.05)

Figure 7.1 shows the % underreporting in period two plotted against the %
underreporting in period one for the total group (simple regression analysis; r^=0.73,
P<0.0001). The degree of underreporting remains rather constant within subjects.
Individual changes in reported energy intake were due to individual differences in the
amount of underreporting between period 1 and 2 (figure 7.2; simple regression
analysis r^=0.77, PO.0001).
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Figure 7.1. The % underreporting during the second period plotted against the
% underreporting during the first period of 7-d food recording, with the calculated
regression line: %underreporting second period = 0.98*%underreporting first period
+ 0.81 (r=0.85, P<0.0001).

The body mass change over the first recording week was not different from zero for
the total group (one sample t-test, P=0.16) and also for the exercise (one sample sign
test, P=0.33) and control group (one sample sign test, P=0.30) separately (table 7.2)
and there was no undereating in the first period. In the second period the body mass
change over the recording week was significantly different from zero for the total
group (one sample t-test, P=0.03) and from the body mass change over the nonrecording week in the second period of 0.23±0.64 kg (paired t-test, P=0.01). The body
mass change over the second recording week for the exercise and control group were
not significantly different from zero (one sample sign test, exercise group P=0.08
control group P=0.18). The % undereating was in the second period 15.4±18.1 % for
the total group (table 7.3). The body mass change of-0.62±1.9 kg between period one
and two was not significantly different from zero (one sample t-test, P=0.72).
The results on total water intake (reported + metabolic) and water loss for the exercise,
control and total group are described in table 7.2. Total water intake was significantly
lower (paired t-tests, PO.0001 for all groups) than measured water loss indicating
underrecording (table 7.3).
The % underreporting and underrecording in period one did not differ from each other
in a paired t-test for the total group (P=0.82) and in a paired sign test for the exercise
(P=0.36) and for the control group (P=0.61) (table 7.3). The sum of the % undereating
and underrecording for the total group in period two was also not significantly
different from the total % underreporting in period two (P=0.06, exclusion of one
outlier P=0.11). The outlier mentioned was a subject from the exercise group who lost
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1.8 kg over the second recording week. The % underreporting and underrecording in
period 2 were significantly different from each other in the exercise group (paired sign
test, P=0.02), but not in the control group (paired sign test, P>0.999). The difference
between underreporting and underrecording in period 2 for the exercise group was
probably due to a small amount of undereating which did not reach significance (body
mass change over the recording week for the exercise groups was not different from
zero; P=0.08).
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% Underreporting period 1 - period 2

Figure 7.2. The difference of reported energy intake between period one and two
plotted against the difference of the % underreporting between period one and two,
with the calculated regression line: difference energy intake = -0. l*difference in
%underreporting - 0.09 (r=0.88, P<0.0001).
Table 7.2: The body mass change over the recording week (ABM), total water intake plus metabolic
water (WI), water loss (WO) for two repeated measurements (period 1 and period 2'). (Values are
means and standard deviations for 19 subjects in the exercise group and 15 subjects in the control
group)
Period 2
Period 1
Control
Total
Exercise
Total
Exercise
Control
Mean±SD
Mean±SD
Mean±SD
Mean±SD
Mean±SD
Mean±SD
-0.25 ±
ABM
-0.26 ± 0.64 -0.23 ± 0.69
-0.20 ±
-0.37 ±0.71 -0.01 ±0.82
0.65"
0.77
(kg/wk)
2.2 ±0.6*
2.2 ±0.5*
2.4 ±0.7*
2.2 ±0.6*
2.3 ±0.8*
2.6 ±0.7*
WI (1/d)
2.9 ±0.5
2.8 ±0.6
2.7 ±0.6
2.9 ±0.7
3.2 ±0.7
WO (1/d)
3.0 ±0.7
'Between period 1 and 2 was a time lapse of 12 weeks
'Significantly lower than water loss (paired t-tests; P<0.0001)
Significantly different from zero (one sample t-test, P=0.03)
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Table 7.3: The amount of underreporting, underrecording and undereating for two repeated
measurements (period 1 and period 2'). (Values are means and standard deviations for 19 subjects in the
exercise group and 15 subjects in the control group)
Period 2
Period 1
Control
Total
Exercise
Total
Control
Exercise
Mean±SD
Mean±SD
Mean±SD
Mean±SD
Mean±SD
Mean±SD
16.2 ±18.8 21.2± 17.5 29.7 ± 16.4" 23.4 ±17.9 26.9 ± 17.1*
25.1 ± 15.9
%underreporting
23.0 ± 12.9
18.4 ±
%under17.3 ±10.5 20.5 ± 12.1
22.5 ± 14.6 20.2 ± 12.3
10.2"
recording
%under15.4 ± 18.1
eating
'Between period 1 and 2 was a time lapse of 12 weeks
'Significantly different from period 1 (P<0.05)
"Significantly lower than %underreporting (paired sign test P=0.019)

The reported energy percentages fat, carbohydrate and protein in period one were
respectively, 36.1±4.5, 43.2±6.8 and 15.5±3.1 % and were not different from the
reported energy percentages fat, carbohydrate and protein in period two of
respectively, 36.3±5.6, 42.2±6.0 and 15.9±3.0 % (paired t-tests P>0.05). Absolute
intakes of protein and fat were not significantly different between period one and two.
Only the carbohydrate intake was lower in period two compared to period one (paired
t-test P=0.02). In the first period the energy percentages fat, carbohydrate and protein
were not related in simple regression analysis (P>0.05, data not shown) to the total %
underreporting, thus there was no indication for selective underreporting of
macronutrients. However, in the second period the energy percentage fat and the
energy percentage protein were significantly related to the percentage underreporting
(figure 7.3, simple regression analysis both P=0.02, not influenced by exercise
intervention). Table 7.4 shows the results of simple regression analysis of reported
energy intakes at the different meals related to the % underreporting for period one and
two. The reported energy intakes at the different meals were all related to the %
underreporting, thus there was no selective underreporting of food intake at specific
meals.
Table 7.4: Simple regression analysis of reported energy intakes at different meals (y) and the
percentage of underreporting (x) in 34 subjects for two repeated measurements (period 1 and 2. 12
weeks later).
Period one
Period two
Breakfast
Morning snack
Lunch
Afternoon snack
Dinner
Evening snack
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0.38
0.33
0.52
0.65
0.53
0.46

0.0282
0.0608
0.0018
<0.0001
0.0013
0.0067

0.40
0.32
0.48
0.59
0.62
0.19

0.019
0.064
0.004
0.0002
<0.0001
0.289
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Figure 7.3. Reported energy % fat and protein plotted against the % underreporting for the second
period with the calculated regression lines: energy % fat = -0.13*%underreporting + 40 (r=-0.39,
P=0.02) and energy % protein = 0.06*%underreporting + 14 (r=0.37, P=0.02).

Discussion
The results of the repeated measurement of food intake with a 12 week interval in a
group of elderly men and women showed an increase of about 6% in the total amount
of underreporting. The % underrecording remained the same, but during the second
period subjects ate less than habitual. Besides the increase in the % underreporting in
the second period, subjects also selectively underreported their fat intake and
overreported their protein intake. Individual differences in reported energy intake were
explained by differences in the amount of underreporting between period one and two.
Thus, the assessment of food intake the second time caused a higher quantitative and a
qualitative underreporting of food intake.
Whether subjects had an exercise intervention or not, did not seem to influence the
food reporting here. This might be different if instead of an exercise intervention a
nutrition intervention was performed as was done in a study of Kristal et al (10). They
showed half of their subjects a videotape with information on the consequences of
eating a high fat diet and the other half a placebo videotape. Subjects received preintervention and post-intervention assessment or only post-intervention assessment of
their diet. The reported fat intake significantly decreased in the subjects who watched
the intervention videotape compared to the control subjects. The effect of a nutrition
intervention influenced the reporting of food intake, while the real food intake was not
changed and thus one might say that the nutrition intervention failed (10). This effect
was also reported by Johansson et al (8), where subjects had to change from a mixed
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diet to a lactovegetarian diet. The reported fibre intake at 3, 6 and 12 months was
compared with biological markers for fibre intake (i.e. total faecal weight, water
content in faeces and excretion of short-chain fatty acids). The validity of the food
intake was the same before the dietary shift and at 3 months and was lowest at 12
months. The compliance to the new diet was decreased although subjects did not
report this (8).
In the current study, the degree of underreporting between the two periods was rather
constant within subjects. Subjects who reported their food intake the first time
accurately did this also the second time and vice versa. The % underreporting was not
related to subject characteristics such as body mass index or age (data not shown) as
was found in some other studies (9, 16).
In the second period a selective underreporting of fat and an overreporting of protein
intake was measured. A selective underreporting of fat was found before in obese men
(7) and also in two other studies with older men and women (11, 14). We observed no
selective omission of foods at specific meals as was found in a study with obese men
who selectively underreported their food intake at lunch, dinner and during the evening
(7). Subjects changed their diet during the second period by eating less (15%
undereating). Food recording for 7 days is often perceived as quite a burden and this
might result in subjects eating less and differently (5, 7). A second time of food
recording might increase this behaviour even more (16). The reason for selective
underreporting of fat and overreporting of protein during the second period remains
unclear. Subjects did not receive any information on nutrition or a healthy diet and the
exercise did also not influence the results, thus the selective under- / overreporting is
not the result of a specific intervention.
The mean body mass, total energy expenditure and energy intake of period one and
two did not differ significantly between both periods. Individual changes in total
reported food intake were due to changes in the amount of underreporting. Total
reported food intake between both periods thus, remained the same. However, the food
choice of subjects might have been different between both periods, because period one
was in the autumn and period two in the winter. The energy % fat, carbohydrate and
protein did not differ between both periods, but during the second period subjects
selectively underreported fat and overreported their protein intake. A seasonal effect of
food choice was probably present in the current study. The changed errors in the food
reporting covered the changes in the habitual food intake between the two
measurements. The effect of nutrition, exercise or other interventions on food intake
might thus not be discovered. A biomarker for reported food intake must be included
in studies of the effect of an intervention on food intake.
In the second period the sum of the undereating (15%) and the underrecording (18%)
was higher than the total amount of underreporting (27%), although the difference was
not significant. For the calculation of the % undereating the energy content of 1 kg
body mass was assumed to be 30 MJ (75% fat mass, 25% fat free mass with 73%
water) (6, 17). The used mass ratio for storage or mobilisation of energy between fat
and fat free mass might differ on the individual level and errors in the calculation of
undereating are the result. Besides an error in the calculation of the amount of
undereating, a small error in the calculation of underreporting might also be present.
The amount of underreporting is calculated from energy expenditure as derived from
basal metabolic rate and physical activity. The formula for the calculation of energy
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expenditure had a residual SD of 0.809 MJ/d and small errors in the estimation of
energy expenditure might be present. However in a former study the combination of
BMR and physical activity as assessed with a triaxial accelerometer was found to be a
good validation method for reported energy intake (4).
The results presented here are for a group of elderly men and women and more
research is needed to find out whether these results also apply for younger age groups,
hi summary, a second time of food reporting after 12 weeks caused a higher total
underreporting due to subjects consuming less than habitual and a selective
underreporting of fat and overreporting of protein intake.
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Chapter 8

Abstract
Patients with chronic obstructive pulmonary disease (COPD) often suffer from weight
loss. The aim of this study was to get insight in the energy balance of depleted
ambulatory COPD patients, in relation to the habitual level of physical activity and the
consumption of nutritional supplements. Patients (n=15, body mass index 19.9±2.1
kg/m*) were studied one and three months after discharge from the clinic and were at
random assigned to a control or intervention group with regard to nutritional
supplementation (2.38 MJ/d). Energy intake was measured with a 7 day food record.
Energy expenditure was calculated from a simultaneous 7 day assessment of physical
activity with a tri-axial accelerometer for movement registration in combination with
measured basal metabolic rate. Body mass changes over the recording- and over a
non-recording week were assessed to check for a change in diet while food recording.
The water balance method was used to determine the food intake recording accuracy.
There was no indication for a change in diet while food recording and the food intake
was recorded accurately. At month one, the daily cumulative energy intake as fraction
of energy expenditure was 20% higher in the intervention group than in the control
group. The difference was mainly due to higher intakes in the afternoon and evening
for the intervention group. The mean body mass change between month 1 and 3 was
negatively related to the mean physical activity level (r=-0.59, P=0.05). In conclusion,
nutritional supplementation had a positive effect on energy balance. Energy balance
was negatively associated with the energy requirement for physical activity.

Introduction
Patients with chronic obstructive pulmonary disease (COPD) often suffer from weight
loss, due to an inadequate dietary intake compared to, increased, energy expenditure
(16). Nutritional depletion in COPD patients influences functional status and health
related quality of life (4, 12, 14, 21). Insight in factors related to the energy balance of
depleted COPD patients at home helps to optimise the implementation of nutritional
supplements.
Nutrition therapy in a rehabilitation setting seems to improve the condition of depleted
COPD patients, especially when it is combined with exercise or an anabolic stimulus
(4, 15). The success of nutrition therapy in ambulatory depleted COPD patients varies
and probably depends on the consumption of the supplements, as there is less control
on the food intake of the patients than in a clinical situation (5, 10). Efthimou et al.
observed in 7 depleted COPD outpatients a weight increase of about 10 kg after 3
months of supplementation with 2.5 MJ/day, while in the control group no change of
body mass was observed. They did not make a distinction between the energy intake
with the supplements and with the habitual diet (5). In a study of Lewis et al., depleted
COPD outpatients received about 3.0 MJ/day extra for 8 weeks, while no significant
increase in body mass was observed compared to a control group (10). The patients ate
less of their habitual diet and the effect of the dietary supplementation was lost.
Stratton et al., in a review of 84 trials on the use of oral nutritional supplements in the
community, showed that information on consumption of nutritional supplements and
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of the habitual diet is often lacking or not reliable due to infrequent dietary assessment
(17).
An increase in energy intake by supplementation does not necessarily imply a positive
energy balance. The energy balance of ambulatory depleted COPD patients might also
be a function of the energy requirement of the patients. Physical activity, as the main
determinant of variation in energy requirement, probably plays a role as well.
The aim of this study was to get insight in the energy balance of ambulatory, depleted
COPD patients in relation to the habitual level of physical activity and consumption of
nutritional supplements. The measurement of the food intake is complicated through
problems of misreporting or a change in diet while food recording (7, 8). Mostly, an
underreporting of food intake is observed (13). However, in depleted patients intake
might also be overreported. For example, Kayser-Jones et al. observed a higher food
intake during the food recording period in depleted nursing home patients (9). The
distinction of misreporting into misrecording, the failure to record accurately
everything consumed, or a change in diet while food recording gives additional
information for the interpretation of the nutritional status of depleted patients. Here,
reported energy intake was compared with energy expenditure as estimated from
measured basal metabolic rate and physical activity assessed with a fri-axial
accelerometer (7). The water balance was used to determine recording accuracy, and
body mass change over a non-recording interval and over the recording interval was
measured for the assessment of a change in diet while food recording (8).

Subjects and methods
Pro/oco/
Fifteen depleted COPD patients were studied one and three months after discharge
from the university hospital in Maastricht or from the pulmonary rehabilitation centre
in Horn, The Netherlands. At discharge the patients were at random assigned to the
intervention group (3 x 125 ml Respifor*, 2.38 MJ/d) or to the control group. Patients
from the hospital and rehabilitation centre were equally distributed over the
intervention group and control group. Food intake, energy expenditure and water loss
were measured over a one week period. Energy balance was controlled by
measurements of body mass, and body composition was measured at the start of the
recording week. Six patients of the control group and six patients of the intervention
group were also studied at three months after discharge.
Si/6/ec/.s

Inclusion criteria were a body mass index < 22 kg/rn^ or a body mass index < 25
kgW in combination with recent weight loss (>5 %). Exclusion criteria were
gastrointestinal or endocrine diseases, malignancies or dementia. Patients were
informed about the aim and procedures of the study and they gave written consent.
The medical ethics committee of the university and the hospital approved the protocol.
The characteristics of the subjects at discharge are described in table 8.1. Patients had
a moderate to severe airflow obstruction in combination with normal blood gasses.
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Table 8.1: Characteristics (mean±SD) of patients with chronic obstructive pulmonary disease at
discharge
Intervention group
Control group
Total
(n=8)
____
(n=15)
4/4
Male / female
5/2
9/6
61 ± 12
61±!1
60 ±13
Age(yr.)
19.8 ±2.4
19.9 ± 2.1
20.1 ±1.8
BMI (kgW)
, 43.5 ±12.6
43.1 ±16.6
42.7 ±21.4
FEV, (% predicted)
93.0 ±12.7
90.6 ±11.6
95.1 ±13.9
IVC (% prediaed)
9.4 ±1.4
9.5 ±1.6
9.4 ±1.2
PaO^ (kPa)
5.6 ±0.9
5.9 ±0.9
5.4 ±0.9
PaCOj (kPa)
BMI: body mass index, FEV,: forced expiratory volume in 1 second, FVC: inspiratory vital capacity,
: arterial O2 tension, PaCO^: arterial CO2 tension.

maw am/ feorfy
Measurements on body mass and body composition were performed at month 1 and
month 3 after discharge. Body mass was measured three times, with 7 day intervals, 1
week before the start of the recording week, at the start and at the end of the recording
week. Thus, possible weight changes due to food recording can be compared with
normal body mass fluctuations. Patients were weighed in indoor clothing and without
shoes, in the morning before any drink or beverage consumption and after voiding, on
a digital balance accurate to ±0. lkg (Seca, Almere, The Netherlands). The balances
used in the hospital and in the rehabilitation centre were calibrated.
Body composition was derived from total body water (TBW) as measured by
deuterium dilution following the Maastricht protocol (19). The evening prior to the
start of the recording week subjects drank a weighed dose of a deuterium dilution, 70 g
water with an enrichment of 5atom% excess ^H, after voiding (background sample).
Deuterium enrichment was measured in urine from the second voiding of the
following morning. Fat free mass was calculated from TBW with the hydration factor
for FFM of 0.73. The fat-free mass index (FFMI = kg FFM/nv*) was calculated for
comparison between individuals.
/•boo* am/ water m/afce
A 7-day structured food record was used to measure total food and water intake. Each
day of the food record was divided into 6 'meals': breakfast, morning snack, lunch,
afternoon snack, dinner and evening snack. Subjects received instructions from a
dietician on how to fill in the food record. The food records were converted into
intakes of total energy, macronutrients and water with a computer program based on
food tables (Becel Nutrition Program, Nederlandse Unilever Bedrijven B.V.,
Rotterdam, The Netherlands). Energy intake was calculated per meal. For the
intervention group, the energy derived from supplements was calculated separately.
The amount of metabolic water was calculated by multiplying energy expenditure by
the percentages of energy from protein, fat, and carbohydrate from the 7 day food
record. Oxidation of protein yields 0.41 ml water/g, fat yields 1.07 ml water/g and
carbohydrate yields 0.60 ml water/g (6).
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Energy expenditure was estimated from measured basal metabolic rate (BMR) and
physical activity (PA) assessed with a tri-axial accelerometer for movement
registration. BMR was measured at the start of the recording week after an overnight
fast, while lying for 30 minutes in a supine position, with a ventilated hood system
(Oxycon-B; Mijnhardt, Bunnik, The Netherlands).
PA was measured with a tri-axial accelerometer for movement registration (Tracmor)
during the recording week. The Tracmor is a small device (7x2x0.8 cm, 30g) which
measures accelerations in the anteroposterior, mediolateral and vertical directions of
the trunk. Subjects wore the Tracmor during waking hours in a belt at the back of the
waist. The Tracmor has been validated against doubly labelled water which gave the
following formula using Tracmor counts and BMR for the calculation of total energy
expenditure (EE): EE (MJ/d) = -2.289 + 1.777*BMR (MJ/d) + 0.063*counts/minute
(regression analysis r^=0.82, PO.0001; n=26 healthy elderly) (7). The physical
activity level was calculated by expressing energy expenditure as a multiple of basal
metabolic rate (PAL = EE/BMR).

Water loss was measured with the deuterium elimination method. Subjects collected
urine samples, additional to the urine samples for the calculation of TBW, in the
evening of day 1 at the start of the recording week, the evening of day 7 and the
morning of day 8. Water less was calculated from ^H elimination with the equation of
Fjeld et al (6), as described before (18).
Mean and standard deviations were calculated. Non-parametric tests were used, as data
was not normally distributed. Differences between groups were tested with the Mann
Whitney test and differences between measurements within groups were tested with
paired sign tests. Spearman rank correlations were calculated to describe relations
between parameters.
The cumulative energy intake was calculated as a fraction of total energy expenditure
to correct for differences in energy needs. For the intervention group the cumulative
energy intake was calculated with and without the energy from the supplements.
For 12 subjects who had measurements at 1 and 3 months after discharge, body mass
changes and mean physical activity levels of month 1 and 3 were calculated.
Significance was set on P<0.05.

Results
At month 1 after discharge there were no significant differences in body composition
between the intervention and control group (table 8.2).
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Table 8.2: Body mass index (BMI), fat-free mass index (FFMI), % body fat (BF) of the interventioncontrol- and total group at 1 month after discharge.
Intervention group
Control group
Total
(nf8)
(n^7J
(n=15)
BMI (kg/m*)
19'8±2.3
20.4 ± 1 . 2
20.1 ± 1 . 8
FFMI(kg/m') - . • . ' '
14.9± 1.7
14.8±0.8
14.8 ± 1.3
BF (%)
25.1 ± 5 . 8
27.2 ± 4 . 6
26.1 ± 5 . 2

The body mass change between discharge and month 1 was 0.15±0.98 (-0.91-2.26) kg
and 0.88±2.07 (-1.28-5.08) kg for the intervention group and for the control group,
respectively (Mann Whitney test, P=0.417). Results on energy intake and expenditure
at month 1 are presented in table 8.3. Energy intake was not significantly different
from energy expenditure, neither for the intervention group, nor for the control group.
There was no statistical significant difference in energy balance between the two
groups (Mann Whitney test; P=0.355). The intervention group had a positive energy
balance of 0.51 MJ/d and the control group had a negative energy balance of -1.27
MJ/d.
Table 8.3: Energy intake (El), basal metabolic rate (BMR), physical activity level (PAL) and energy
expenditure (EE) of the intervention-, control- and total group at 1 month after discharge.
Control group
Total
Intervention group
(n=8)
(n=7)
(n=15)
Mean ± SD
(range)
Mean±SD
Mean ± SD
(range)
6.0 ±0.9
6.3 ±1.0
(4.6-7.7)
5.8 ±0.7
(4.7-6.8)
BMR (MJ/d)
1.55 ±0.06
(1.46-1.64)
1.56 ±0.06
1.57 ±0.07
(1.48-1.66)
PAL
9.9 ±1.9
(7.2-12.4)
9.4 ±1.5
EE (MJ/d)
9.0± 1.1
(7.2-11.1)
9.5 ±2.0
(6.9-12.7)
8.6 ±2.7
(4.9-12.6)
9.1 ±2.3
El (MJ/d)

For the total group, the mean body mass change over the recording week (0.07±0.56
kg) was not different from zero (one-sample sign test, P=0.61), nor different from the
body mass change over the non-recording week (0.05±0.58 kg, paired sign test
P>0.999). Comparable results were found for both groups separately. Thus, there was
no indication for a change in diet while food recording.
The total water intake, reported water intake plus metabolic water (2.8±0.8 1/d) was
not significantly different from the measured water loss (3.0±0.6 1/d, P=0.3). Nor was
there a difference between total water intake and water loss for the intervention group
and the control group separately. Thus, there was no indication for under- or
overrecording of food intake either, and total food intake was reported accurately.
The intervention group consumed on average 95± 13 % of the prescribed nutritional
supplements, resulting in a mean energy intake from the supplements of 2.2 MJ/day.
The supplements were mostly consumed in between meals and amounted to 25±5 (1833) % of total energy intake. Figure 8.1a shows the cumulative energy intake,
expressed as a fraction of daily energy expenditure. For the intervention group, the
difference in cumulative energy intake from the control group, with and without
energy from the supplements, is plotted in figures 8.1b and 8.1c. In the morning there
was no difference in energy intake between both groups. A difference in energy intake
between the intervention and control group, although not statistically significant, was
only visible from the afternoon until the end of the day. At the end of the day, the
energy intake of the intervention group was on average 20% higher than the energy
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intake of the control group. Most patients in the intervention group compensated part
of the intake from the supplements with a reduction of the intake from their habitual
diet.

intervention group
(+ energy supplement)
control group

intervention group
(- eneTgy supplement)
meal I meal 1-2 meal 1-3 meal 1-4 meal 1-5meal 1-6

meal 1 meal 1-2 meal 1-3 meal I -4 meal I-5 meal 1-6
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Figure 8.1 above: Cumulative energy intake as fraction of daily energy expenditure for the control
group (n=7) and for the intervention group with or without energy from nutritional supplements (n=8);
middle: Cumulative energy intake as fraction of energy expenditure plotted as difference from the
control group; below: Cumulative energy intake minus energy from the supplements as fraction of
energy expenditure plotted as difference from the control group, (meal 1, breakfast; meal 2, morningsnack; meal 3, lunch; meal 4, aftemoon-snack; meal 5, dinner; and meal 6, evening-snack).
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The mean body mass change from month one to month three was 0.56±l.l 1 kg and 0.21 ±1.93 kg for patients in the intervention group (n=6) and in the control group
(n=6), respectively (Mann Whitney test, P=0.75). The body mass change was
negatively correlated with the mean physical activity level (Figure 8.2; Spearman rank
correlation r=-0.59, P<0.05). Patients with a physical activity level higher than about
1.55, probably had an insufficient energy intake for their relative high energy
expenditure and lost weight over the two-month interval. The physical activity level
was not related to the body composition of the patients.

1.4

1.45

1.55

1.6

1.65

Mean physical activity level

Figure 8.2: Body mass change from month one to month three plotted against the
mean physical activity level (n=12; r=-0.59, P<0.05).

Discussion
In the first month after discharge, patients from both, the intervention and control
group, gained weight. This was probably the result of an increased appetite and food
intake of the patients when they were just back at home. The social context has a
powerful influence on the food intake (3). One month after discharge, differences in
energy balance between the intervention and control group became visible. The
positive energy balance in the intervention group resulted in a weight gain from month
1 to month 3. However, the difference in weight gain over the two-month interval
between both groups was not significant, probably due to the small number of
subjects. The mean difference in relative weight change over the two-month interval
between the intervention and control group was about 2%. Stratton et al found, in their
review, a mean difference in percentage weight change between supplemented and
unsupplemented outpatients with COPD, of 4.7±2.7%. The supplementation period in
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the different studies ranged from 1 to 4 months (17). Some studies reported significant
functional improvements, like muscle strength and duration of exercise, in relation to
weight gain (17).
The positive energy balance in the intervention group was especially due to a higher
energy intake from meals in the afternoon and in the evening. During the morning no
differences in energy intake as function of energy expenditure were found between the
intervention and control group. In the morning humans generally consume smaller
meals than during the remainder of the day (2, 20), which might be even more
pronounced in COPD patients who often suffer from dyspnea in the morning. In this
study the patients of the intervention group were not able to consume extra energy
during the morning, despite the consumption of supplements. From the afternoon
onwards, the energy intake of the intervention group increased compared to the control
group. In a study on circadian rhythms of food intake, De Castro suggested that
humans obtain less satiety from a given amount of food later in the day than earlier on,
which might be functional in anticipation of the overnight fast (2). Supplementation
with extra energy might thus be more successful if it takes place in the afternoon and
evening. The patients of the intervention group consumed the supplements mostly in
between the meals in the morning, in the afternoon and in the evening as was
recommended by the dietician.
A compensation of energy intake from the habitual diet for the energy from the
supplement was found in most subjects of the intervention group. The consumption of
supplements during the morning resulted in a lower energy intake at, lunch in the
intervention group, compared to the control group. Total compensation was on average
about 20%, which is comparable with other studies (17). Even in a clinical situation,
with a high control on supplement and food intake, some compensation of habitual
food intake was found (4).
The physical activity level of about 1.55 in this group of outpatients with COPD, was
lower than measured in COPD patients in a rehabilitation centre (1) and lower than
measured in a group of healthy elderly men and women (11). In the rehabilitation
centre patients followed a daily program including physical exercises, which resulted
in a higher physical activity level. Additionally, the physical activity level of the
COPD patients in the rehabilitation centre, was calculated from energy expenditure
measured with the doubly labelled water method and basal metabolic rate measured
with the ventilated hood. Thus, the activity related energy expenditure included also
energy needed for the decreased mechanical efficiency in COPD patients (1). Here,
physical activity was measured with a triaxial accelerometer for movement registration
and an eventually lower mechanical efficiency was not taken into account.
At home physical exercise is probably limited in COPD patients. However, a lower
physical activity level is not per se negative. COPD patients with a lower physical
activity level were able to eat sufficient for their energy needs and remained in energy
balance or even gained weight (figure 8.2). A high physical activity level must be
accompanied with a higher energy intake to maintain at least energy balance. This was
probably difficult for the COPD patients with a high physical activity level, because
they lost weight. In a controlled setting, a rehabilitation centre, patients with a high
physical activity level were still able to maintain their body weight or even gained
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weight (4). More research is needed, to be able to give advises about physical activity
and food intake to depleted outpatients with COPD.
The food intake was reported accurately and the patients did not change their diet
while food recording. The patients were motivated to report their food intake
accurately and had probably sufficient time to record everything, because they were
mostly at home. Results on reported food intake could therefore be used to compare
the energy balance between the intervention and control group.
In summary, COPD patients reported their food intake accurately, which made it
possible to compare the reported food intake between the intervention and control
group. At one month after discharge from the clinic COPD patients from the
intervention group had a positive energy balance compared to the COPD patients of
the control group. The positive energy balance in the supplemented patients was
mainly achieved from the energy intake in the afternoon and evening. The weight gain
from month 1 to month 3 was negatively associated with the energy requirement for
physical activity. These preliminary results suggests, that knowledge about the
individual physical activity level is necessary for the estimation of the energy need of
the patient and to give an appropriate advise about the food intake and the use of
supplements. However, more research is needed to find out which combination of
supplementation and physical activity results in the highest weight gain and functional
improvement in depleted COPD patients at home.
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Chapter 9

Misreporting of food intake
Misreporting of food intake, mostly underreporting, is observed in many populations
ranging from children to the elderly (8) and the outcome of the studies presented in
this thesis is in accordance with this. Figure 9.1 shows the magnitude of misreporting
and the proportions of misrecording and a change in dietary intake in the diverse
groups of subjects studied. Both the obese men and the dieticians ate less while
recording food intake, but probably for different reasons. The dieticians ate less
because weighing and recording was perceived as a great burden, which might also
count for the obese men. However, the obese men used the recording period also as an
opportunity to start dieting. The recording error observed in the obese men and in the
elderly men and women was probably due to under estimation of food portion sizes
and to not-recording of all foods consumed. Only the depleted COPD patients reported
their food intake accurately and they did not change their diet while recording food
intake.

f~l

underrating

§|} underrecording

dieticians
obese men
elderly
depleted patients
Figure 9.1 Percentage misreporting, divided into misrecording and a change in diet, in lean women
(n=24, chapter 2), obese men (n=30. chapter 4). elderly men and women (n=24, chapter 6) and depleted
patients (n=15, chapter 8). Data are presented as measured energy expenditure minus recorded energy
intake divided by measured energy expenditure times 100 (%).
Se/ec//ve

Direct indications for selective underreporting of fat intake were found in the obese
men (chapter 4) and in the elderly men and women when reporting their food intake a
second time (chapter 6). The reported percentage of energy from fat was a function of
the amount of underreporting. The obese men reported the foods consumed at lunch,
dinner and in the evening less accurately than the foods consumed in the morning
(chapter 4).
If subjects are used to consume foods with a high energy density (especially obese
subjects (47)) and they eat less while food intake recording, a selective underreporting
of fat would be the result. A selective underreporting of fat might also be the result
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when subjects report the foods they are supposed to eat. Studies of Flicker et al. and
Heymsfield et al. (15, 24) both showed that subjects who underreported their food
intake, i.e. reported energy intake was lower than basal metabolic rate, tended to
present a favourable impression of themselves. They reported a low fat, low sugar
intake and low extra-prandial consumption. Becker et al. compared patterns of nutrient
and food intakes in men classified according to their ratio of energy intake over basal
metabolic rate. A low ratio was characterised by denial of consumption, by
underreporting the quantity consumed and by underreporting eating occasions (5).
A high reported energy and fat intake seems to be associated with a low social
desirability score (19, 43). The bias of social desirability is higher in women than in
men (19). In men the bias of social approval is more evident (20).
Repeated measurement of food intake increased the magnitude of underreporting and
induced a selective underreporting of fat and overreporting of protein in elderly men
and women (chapter 7). Thus, the statement that the bias in reported food intake may
not be important if subjects are studied more than once, and therefore act as their own
controls (8), is not always correct. The observed effects of interventions in food intake
are probably not only due to the intervention, but also to changes in food intake
reporting.
r-/ over reporf/'ng
The division of misreporting in misrecording and a change in the diet (chapters 2, 3, 4,
6, 7 and 8) gives insight into the issue of misreporting (figure 9.1). Other studies tried
to find the reasons for misreporting of food intake using questionnaires. For example,
Macdiarmid and Blundell asked the subjects in their study if they underreported their
food intake and the reasons for it (33). Half of the subjects admitted changing their diet
during the recording period, either deliberately and knowingly or due to the difficult
circumstances. Subjects felt embarrassed or guilty recording some foods consumed or
found it a real burden to record everything (33). This last point was also mentioned in
chapter 2, the study with the dieticians who had to weigh and record everything
consumed. The women changed their diet by eating less than habitually, but this was
probably done unconsciously according to their answers on a questionnaire about their
experience with the food intake reporting. The change in the diet was also reflected by
the change in body mass over the recording period. The depleted COPD patients
reported their food intake accurately and had no change in their diet while recording
food intake. This was, besides a high motivation to report accurately, probably also
because they had enough time to report everything for seven days as they were mostly
at home. Mela et al. did a study on self-reported diet-recording behaviour. Subjects
with a body mass index >25 kgW did not respond differently from subjects with a
body mass index <25 kgW. The average score for honest and complete reporting was
about 7 on a 10-cm likelihood scale. Cognitively restrained eaters (i.e. with a tendency
to control food intake consciously in order to prevent weight gain or to promote weight
loss) reported higher scores on a likelihood scale for eating differently and less than
usual during the food recording period than unrestrained eaters did (34). High dietary
restraint scores were found to be associated with a higher magnitude of underreporting
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in women and subjects with a low score on 'general hunger' were likely to eat less
while recording food intake (4, 30).
The transition from a low level to a higher level of energy expenditure might also
induce underreporting of food intake. Subjects might not yet be accustomed to their
higher food intake and thus still report a lower food intake (1, 14).
People are likely to report intakes that are similar to the expectations for the
population. Obese subjects report an intake similar to the non-obese, athletes report an
intake similar to less active subjects and subjects on a diet report an intake similar to
the prescribed diet (chapter 8, (23, 38)). Additionally, the recording of food intake by
obese subjects might also be perceived as an opportunity to diet for these subjects (38).
Another problem with dietary assessment might be the estimation of food portion sizes
if a non-weighed dietary record is used. Some studies suggest a growing trend to larger
portions, especially in fast food restaurants (18, 25). The portion size that is considered
as normal by the obese is objectively considered as large (47). If the portion sizes of
foods are still calculated as 'normal' portion sizes by the dietician, an underreporting
of food intake would be the result.
The literacy level of subjects might affect the reporting accuracy as the reading of food
labels and the writing of the foods consumed are more difficult (10, 27).
Generally, misreporting of food intake is observed in all types of subjects (8) and is
due to embarrassment about foods consumed (33), social desirability (43), a change in
diet or because food intake recording is perceived as a burden (chapter 2, (33)).

Both obese and lean subjects are known to misreport, especially underreport, their
food intake. Obese subjects probably misreport their food intake to a greater extent
and, as the number of obese people is growing (40) the error in reported food intake of
populations might be expected to increase (38). The implications of misreporting will
count to a certain extent for all populations and if the food intake is not validated by
means of an independent marker, one might draw erroneous conclusions.
An example of this is a study by Heini et al. entitled: "Divergent trends in obesity and
fat intake patterns: the American paradox". In the adult population the prevalence of
overweight has increased since 1976 with 3 1 % and at the same time reported energy
intake and % energy from fat decreased. This might be due to a lower physical activity
and a higher consumption of low-energy foods, but underreporting has also increased
since 1976 (21). Combining these results with the results of studies showing selective
underreporting of fat intake (chapter 4, (22, 44)) the reported decrease in energy and
fat intake in the US seems to be doubtful. National health campaigns aimed at lowering
fat intakes might not be so successful as it is concluded from the results of national
food consumption measurements showing a decline in reported fat intakes over several
years. Figure 9.2 shows reported percentages of energy from fat of national food
consumption studies in the Netherlands and in the U.S.A. and the percentage of energy
from fat reported by obese men, corrected and uncorrected for underreporting (chapter
4). Lissner et al. showed with the use of a theoretical example that the relation between
fat intake and obesity can be overestimated or hidden as a consequence of selective
underreporting (31). Thus, the relation between fat intake and obesity is still not clear.
Errors in the assessment of food intake might disturb the outcome of nutrition
intervention studies, or prevent to reveal relations between nutrition and parameters of
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health or disease (38). Greenwald et al. demonstrated that dietary assessment methods
may not be able to detect a possible dietary fat-breast cancer association because of
measurement error biases (17).
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Figure 9.2: Percentages of energy from fat as measured in national food consumption studies in the
U.S.A. in 1985, 1990 and 1995 (29) and in The Netherlands in 1987, 1992 and 1997 (11) and in obese
men, uncorrected and corrected for underreporting (chapter 4).

An overreporting of food intake of nutritional depleted patients might overestimate the
health situation of these patients. An accurate measurement of food intake of depleted
patients is necessary for clinical treatment (42).
Consequences of errors in the reported food intake of free living populations are
hidden, or result in under/overestimated relations between nutrition and health/disease
parameters. This might finally result in, for example, errors in recommended daily
allowance of nutrients or in errors in treatment of free living depleted patients.

Validation of dietary assessment
The described problem of misreporting and the implications for nutrition research
makes it clear that dietary assessment cannot be executed without a validation. The
main issue of this thesis was to find different methods for validation of assessment of
habitual daily food intake in humans, taking the sources of possible misreporting into
account. The validation methods showed a characterisation of misreporting of food
intake as 1) misrecording: failure to record accurately in a food diary everything that is
consumed and 2) as a change in the diet during measurement of food intake. Both
quantitative and qualitative misreporting of food intake was determined, which
provided insight into the pitfalls associated with the assessment of habitual daily food
intake.
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D/e/ary assess/newf
For validation of quantitative and qualitative assessment of habitual daily food intake
in adults the validation of the 7-day weighed food intake record was chosen as a
dietary assessment method. It was evaluated in a group of dieticians (chapter 2) and it
was found to be an accurate dietary assessment method in these motivated free living
humans. The main reason for this was that no errors were made in portion sizes of
foods and there was no misrecording. However, weighing all foods interfered with the
eating behaviour; subjects ate about 16% less than habitual. Thus, this study showed
that assessment of habitual daily food intake using 7-day weighed food records is
perfectly well possible, when the subjects record their consumptions in a
professionally accurate way. The pitfall of undereating that occurred the first time of
food intake recording in these subjects disappeared when they had been made aware of
it. A questionnaire the dieticians filled in after the recording period revealed that they
regarded the weighing and recording of food intake for 7 days as too much interference
with their daily lives. They considered it as impossible to require this as a method of
measurement when non-professional subjects would be involved. Therefore, in the
other studies (chapter 4 to 8), subjects did not have to weigh everything they ate and
drank in order to make it possible (for the subjects) to report habitual food intake for 7
days. A dietician checked the estimated portion sizes.
A food intake recording period shorter than 7 days is not advisable because the
measurement of energy expenditure on the individual level requires at least 7 days. If
subjects would report a lower food intake at the end of the 7-day recording period
because of getting tired of the procedure of writing down everything they eat, the
reporting accuracy will be improved if a 3 day dietary record is used (43). However, a
decline in reported energy intake at the end of the 7-day food recording period was
never observed in the studies discussed in this thesis. With respect to other food intake
recording methods, for the assessment of food intake on the group level 3 days of food
recording has reported to be sufficient (3).
The dietary history is also possible to measure habitual food intake, however a subject
bias and an observer bias are known to be present (6, 8). Still, studies which used the
dietary history method also observed misreporting of food intake (37, 45). Therefore, a
dietary assessment method with less burden for the subject is not automatically a more
valid method.
The biomarkers 1) deuterium to measure water loss, 2) energy balance to measure a
change in the diet, 3) the tnaxial accelerometer to measure physical activity and 4)
postabsorptive respiratory quotient to measure the carbohydrate / fat intake were
validated in the studies described in this thesis.
The triaxial accelerometer to measure physical activity was validated itself using the
doubly labelled water method (9). It could be used to estimate total energy
expenditure, which serves as a reference for total energy intake. Thus, the combination
of measured or estimated basal metabolic rate and physical activity assessed with a
triaxial accelerometer was shown to be a good validation method for reported food
intake (chapter 6). This validation method is applicable for many types of studies as it
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is easy and cheap and therefore it is a good alternative for the expensive doubly
labelled water method.
For the validation of food intake in individuals one has to keep in mind that subjects
do not have to be in energy balance over periods shorter than 1 month (3, 13).
Measurements of body mass changes over the recording period and over a nonrecording period are necessary to find out whether subjects ate more or less during the
recording period. An energy equivalent of 30 MJ/kg body mass (46) was used to
convert body mass change into energy. As shown in chapter 4 and 6 (studies which
used doubly labelled water), this gives a good estimation of the energy content of one
kg body mass on the group level. On the individual level the energy equivalent of one
kg body mass might differ between persons (46). The current methods for the
assessment of body composition are not sensitive enough to measure changes in fat
and fat free mass over a period of 7 days. For example, the precision of fat-change
estimates is 1.02 kg with the three compartment model, where fat- and fat free mass is
estimated by combining measurements of body weight, body volume and total body
water (36). Obviously, the energy content of the body mass change has to be estimated
and then the assessment of a change in diet on the individual level is less sensitive than
on the group level.
The water-balance method for the determination of misrecording, i.e. the failure to
record accurately in a food diary everything that is consumed, was proven to be an
accurate measure of food intake recording on group level. The studies described in
chapter 4 and 6 showed that the sum of undereating and underrecording as assessed
with the water balance method was equal to the total amount of underreporting as
measured with the doubly labelled water method.
Water loss can accurately be measured (coefficient of variation is 7% (39)) and can be
compared with total water intake. The total water intake is the reported water intake
plus the metabolic water as estimated from protein, carbohydrate and fat intakes. The
amount of metabolic water might be underestimated if it is calculated from the
reported macronutrient intake. Metabolic water can better be calculated from measured
macronutrient oxidation by multiplying energy expenditure with the reported fraction
of energy from protein, fat, and carbohydrate.
Furthermore, the assumptions made on respiratory and cutaneous water loss and
fractionation in the calculation of water loss might cause small errors in the calculation
of the water balance and correction is eventually necessary (39). The water balance
method is more sensitive on the group level than on the individual level.
The postabsorptive respiratory quotient was not indicative for the ratio of carbohydrate
to fat intake. Thus, a validation method for the carbohydrate and fat intake is not yet
available.

Recommendations
77ws

The 7-day food intake record together with measured or estimated basal metabolic rate
and physical activity assessed with a triaxial accelerometer was found to be a good
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combination for a validated assessment of habitual food intake. Misreporters can be
identified and can either be stimulated to improve their reporting a second time or the
data of the misreporters can be excluded. Measurements of the water balance and of
body mass changes give insight in the reporting behaviour of subjects, which can be
used as key information for motivated subjects to improve their reporting. This
strategy of improvement was successful in dieticians (chapter 3), but whether this is
also the case in other populations remains to be studied. An example of a study that
used reporting accuracy as an inclusion criterion is a study of Westerterp-Plantenga et
al. All subjects were informed about this inclusion criterion and from the 78 subjects,
obese and non-obese women, 8 subjects had to be excluded because they
underreported their food intake with more than 10% (47).
A reported energy intake within the 95% confidence limits of measured energy
expenditure gives no guarantee for correctly reported macronutrient intake. However, a
selective underrecording of, for example fat has then to be accompanied by an
overrecording of carbohydrate and or protein intake. A correction for energy intake is
not a possibility to solve the problem of misreporting of food intake, because the
intake of macronutrients might be either over- or underestimated if selective
misreporting is present.
Recommendations or solutions for the valid assessment of food intake in humans
might differ for nutrition intervention studies and epidemiological studies. A number
of more or less successful solutions for the valid assessment of food intake are
described below. Often, more research is still needed to find out whether these
methods are useful.
An observer in the habitual surrounding of the subject who records the food intake of
the subject is a possibility to get an accurate measurement of the food intake (32).
However, the observer must be unbiased regarding the food intake of the subject
otherwise the recording accuracy will decrease. For example, a study of Simmons et
al. (41) found an overestimation of the food intake of nursing home residents of 22%
when recorded by the nursing home staff compared to a method where all foods
consumed were photographed and compared to direct observation by the research staff.
Besides, the observer must also stay the whole recording period in the surrounding of
the subject.

The confrontation of motivated subjects with their food intake recording behaviour, i.e.
a change in diet and/or misrecording, increased the reporting accuracy of the dieticians
(chapter 3). Instructions on recording the food intake, on not to change habitual
activity-, eating- and behaviour patterns during the food recording period were not
sufficient to avoid underreporting of food intake the first time of food reporting in this
group dieticians (chapter 3). A training on estimating food portion sizes with the use of
food models, photographs and an instruction video could also not prevent subjects
from underreporting their food intake (26).
In a study of Muhlheim et al. (35) subjects were told that their reported food intake
would be verified with the doubly labelled water method. It was hypothesised that the
belief that the reported food intake was validated would cause subjects to report their
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food intake more accurately. The experimental group, who were told that their food
intake recording was verified, reported a higher energy intake than the control group
but still underreported their food intake (35). Subjects recorded their food intake for
two weeks, which is a long period and the authors suggested that the doubly labelled
water method as a verification method for food intake recording was perhaps for
subjects not convincing enough. Maybe if subjects knew that a good food intake
reporting is rewarded with for example inclusion in the study or a present, then they
would be stimulated to report more accurately.

The recording of food intake is often perceived as a real burden. Thus, solutions to
make recording easier might increase the reporting accuracy. The Portable Electronic
Tape Recorded Automatic (PETRA) system is one example that is aimed to make the
recording of food intake easier. The weight and the spoken description of each food
item are recorded onto a cassette tape. Subjects are not able to recover the information
transcribed to the system and cannot make changes anymore. However, Bingham et al.
who validated the protein intake by recording food intake with the PETRA system,
using urinary nitrogen loss as a reference, found in a group of 160 women still 20%
unvalid food intake records (7).
Kaczkoweki et al. validated a four-day multimedia diet record, consisting of a tape
recorder and camera, with doubly labelled water (28). They expected that the
multimedia diet record would reduce the subjects' burden and increase the reporting
accuracy. However, this multimedia record could not prevent the Subjects from
underreporting their food intake with 24% (28).
Neither in the study with the PETRA system, not in the study with the multimedia diet
record a distinction between misrecording and a change in the diet was made. This
distinction would be useful to judge both methods as these methods still rely on the
subjects' competence and willingness to record all they eat. If the main problem of
misreporting is a change in the diet and the use of the multimedia record is not
practical in a restaurant and at work, then a small pocket camera could be a tool for
subjects to report their habitual intake. Misrecording of food intake, because of
subjects being ashamed about foods consumed or giving social desirable answers, is
probably not reduced or avoided with a multimedia diet record or the PETRA system.
However, the magnitude of misrecording due to errors in the estimation of food
portion sizes is likely to be reduced with these methods.
Information on food preferences of subjects might give an idea of the habitual food
consumption. The so-called macronutrient self-selection paradigm was used to detect
the range of fat consumption in a study of Geiselman et al. (16). Subjects could choose
from large portions of foods varying in macronutrient content from high fat and high
sugar, high fat and complex carbohydrate, high fat and low carbohydrate and high
protein to the low fat variants of these combinations. The repeatability of the
percentage energy from fat was within 1.6% and a range of 3 to 50% energy from fat
could be detected in a group of 9 men (16). This is comparable with the within subject
coefficient of variation of 10% and the between subject coefficient of variation of 40%
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for energy and macronutrient intake that Arvaniti et al found using a buffet-type meal
(2).
The success of a macronutrient self-selection paradigm for assessing habitual food
intake as described above, is partly depending on the range and the macronutrient
specificity of the foods the subjects can select from. More research is needed to find
out whether food-selection can give a qualitative indication of habitual food intake.

Conclusions
1.
2.
3.

4.
5.
6.

7.
8.
9.
10.

Validation by the water-balance method can serve as an indicator for
misrecording of food intake, i.e. the failure to record accurately in a food intake
diary everything that is consumed.
The measurement of body mass changes over a recording period and a nonrecording period provides information about a possible change in the diet due to
food recording.
Information on misrecording and a change in the diet can be used as key
information to inform subjects about their way of food reporting. With this
information dieticians were able to improve their food intake reporting a second
time.
In obese men, underreporting of habitual food intake was mainly due to a
change in diet.
Obese men selectively underreported their fat intake.
The postabsorptive respiratory quotient (RQ) is not indicative for the
carbohydrate fat ratio of the diet. The energy balance over the days prior to the
measurement of the postabsorptive RQ was the most important factor
influencing the postabsorptive RQ.
The combination of basal metabolic rate, measured or estimated, and physical
activity assessed with a triaxial accelerometer is a good and cheap validation
method for reported food intake.
Repeated measurement of food intake increases the reporting error and induces
also selective misreporting, as observed in the elderly.
The energy balance of depleted ambulatory patients with chronic obstructive
pulmonary disease was negatively associated with the energy requirement for
physical activity.
Supplementation with extra energy in ambulatory depleted patients with chronic
obstructive pulmonary disease is probably most successful if it takes place in
the afternoon and evening.
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Summary
Errors in the assessment of food intake might disturb the outcome of nutrition
intervention studies, or inhibit to reveal relations between nutrition and parameters of
health or disease. Thus, the assessment of habitual food intake of free living humans
cannot be executed without valid biomarkers. The validation methods described in this
thesis either served as an indicator for misreporting individuals or were used as
feedback for subjects, which improved their reporting accuracy.
The main issue of the thesis was to find methods for the validation of the assessment
of habitual daily food intake in humans. The seven-day food record was used as
dietary assessment method, as it measures recent habitual food intake, and the outcome
of the record was compared with several biomarkers.
Misreporting of habitual food intake can be divided into misrecording, the failure to
record accurately everything consumed, and a change in diet while food recording.
Distinguishing misrecording from a change in diet provides insight in the reporting
behaviour of subjects and this was also used as a tool to give feedback to the subjects.
Next to misreporting of energy intake, subjects might also selectively misreport their
macronutrient intake.
Finally, problems associated with repeated measurements of food intake reporting
were studied in different circumstances.
Misrecording was identified using the water balance method. A reported water intake
below measured water loss indicates an underrecording of water intake, and vice versa.
The recording of water intake was assumed to be representative for total food intake
recording. A change in diet was identified by comparing body mass changes over the
recording period with body mass changes over a non-recording period. The distinction
of misreporting into misrecording and a change in diet was first studied in a group of
dieticians, as they are professionally familiar with food reporting.
Misreporting was also determined using the comparison with energy expenditure as
measured with the doubly labelled water method, and with energy expenditure as
calculated from basal metabolic rate and physical activity. The combination of basal
metabolic rate, measured or estimated, and physical activity assessed with a tri-axial
accelerometer, as a measure for total reported energy intake was validated in a group
of elderly men and women, against the doubly labelled water method.
Furthermore, the magnitude of misreporting, as determined by the doubly labelled
water method, was related to the reported macronutrient intake, in order to identify
possible selective misreporting in obese men.
To determine an indication for macronutrient intake, postabsorptive oxidation of
carbohydrate and fat (RQ, respiratory quotient) was measured in lean and obese men
and women.
Finally, problems associated with repeated measurements of food intake were studied
in elderly men and women, in dieticians who got feedback on the accuracy of their
first time of food intake reporting and in a group of depleted outpatients with chronic
obstructive pulmonary disease (COPD). This group of depleted patients were ad
random assigned to an intervention group who received extra energy supplements, or
to a control group who received no supplements.
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The results of the study with the distinction of misrecording from a change in diet,
showed an undereating of 16% and no misrecording in the dieticians. After
confrontation with these results, the dieticians were able to report their food correctly;
no change in the diet occurred anymore and their recording accuracy was even higher.
From the study on the combination of basal metabolic rate, measured or estimated, and
physical activity as assessed with a tri-axial accelerometer, it was proven that this was
valid against doubly labelled water. This appeared to be an easy marker for the
reported energy intake.
Assessment of selectivity in underreporting showed that obese men underreported their
food intake with 37 percent of energy, which could be divided into 26% undereating
and 12% underrecording. They selectively underreported their fat intake; subjects with
a high amount of underreporting reported a lower fat intake than subjects with a lower
amount of underreporting.
The results of the study with lean and obese men and women on postabsorptive RQ
measurements showed that this was not a reliable indicator for habitual FQ, even when
corrected for energy balance and body composition.
Finally, repeated measurement of food intake appeared to induce an increase in
underreporting of food intake from 21% (first period) to 27% (second period) and a
selective underreporting of fat intake and overreporting of protein intake.
The depleted outpatients with COPD reported their food intake accurately and the
preliminary results showed a positive energy balance for the patients of the
intervention group. The positive energy balance was mainly achieved from the energy
intake in the afternoon and evening.
The amount of misreporting ranged from 0 to -37 percent of energy in the described
studies and the use of the biomarkers studied made it possible to distinguish a change
in the diet from misrecording. Next to quantitative misreporting, also qualitative
misreporting was observed. Qualitative misreporting implies that possible correction
factors based upon energy intake estimation for misreporting are useless because then
the macronutrient intake would still be under or overestimated. No valid biomarker for
the macronutrient reporting is available yet.
The studies executed on validation of food intake reporting showed qualitative and
quantitative incorrect food intake recording, as well as a change in behaviour while
recording food intake, leading to a change in the diet, resulting in a change from the
habitual diet. The solutions for quantitatively incorrect reporting that these studies
provide are: 1) giving feedback on the reporting behaviour; this has been shown to
lead to correct food intake reporting in highly, i.e. professionally, motivated
individuals; 2) the possibility to select correctly reporting individuals in a relatively
easy way, i.e. determining their total energy intake from their total energy expenditure
using basal metabolic rate and a measurement for energy spent on physical activity,
i.e. with a tri-axial accelerometer.
For qualitatively incorrect reporting the studies unfortunately did not find any
indication for a solution.
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Samenvatting
Fouten in meting van de voedselinname kunnen de uitkomsten van
voedingsinterventie onderzoek verstoren, of kunnen mogelijke relaties tussen voeding
en parameters van gezondheid en ziekte verhullen. Het is duidelijk dat de meting van
de dagelijkse voedselinname van mensen niet zonder valide biologische merkers kan
worden uitgevoerd. Het doel van dit proefschrift was om verschillende validatie
methoden te vinden voor de meting van de dagelijkse voedselinname van mensen. Als
meetmethode voor de voedselinname is een zevendaags voedingsdagboek gebruikt,
omdat het de dagelijkse voedselinname meet op basis van de recente consumptie. De
uitkomst hiervan werd vergeleken met verschillende biologische merkers.
De beschreven validatie methoden in dit proefschrift werden gebruikt voor
identificatie van individuen die him voeding niet goed rapporteerden of werden
gebruikt als feedback voor proefpersonen, zodat de rapportage nauwkeurigheid kon
worden verbeterd.
Onjuiste rapportage van de voedselinname kan het gevolg zijn van het onjuist
opschrijven van de voeding en van een verandering van de voedselinname tijdens de
voedselrapportage. Het onderscheid tussen het onjuist opschrijven en een verandering
in de voedselinname geeft inzicht in het rapportage-gedrag van proefpersonen. Dit
inzicht werd ook gebruikt om feedback aan de proefpersonen te geven.
Naast onjuiste rapportage van de energie-inname kunnen proefpersonen selectief de
macronutrienten-inname onjuist rapporteren.
Tenslotte werden eventuele problemen, geassocieerd met herhaald opschrijven van de
voeding, bestudeerd in verschillende omstandigheden.
Fouten in het opschrijven van de voeding werden geidentificeerd met behulp van de
water balans methode. Een gerapporteerde water inname lager dan gemeten water
verlies betekent een onder rapportage van de water inname en vice versa. Het
opschrijven van de water inname werd representatief geacht voor het opschrijven van
de totale voedsel inname. Een veranderd eetpatroon werd geidentificeerd door het
vergelijken van de verandering van het lichaamsgewicht over de opschrijfperiode met
de gewichtsverandering over een niet-opschrijfperiode. Het onderscheid binnen het
onjuist opschrijven en een veranderde voedselinname werd eerst onderzocht in een
groep dietisten, omdat zij professioneel bekend zijn met het rapporteren van de
voedselinname.
Onjuiste rapportage werd ook gekwantificeerd door de energie inname te vergelijken
met het energie gebruik zoals gemeten is met tweevoudig gemerkt water en met het
energie gebruik berekend op basis van het rustmetabolisme en het energiegebruik voor
lichamelijke activiteit. De combinatie van rustmetabolisme, gemeten of geschat, en
lichamelijk activiteit gemeten met een drie-dimensionale versnellingsopnemer, als
referentie voor de totaal gerapporteerde energie inname werd gevalideerd in een groep
oudere mannen en vrouwen met behulp van tweevoudig gemerkt water.
Daamaast werd onjuiste rapportage, zoals vastgesteld met de tweevoudig gemerkt
water methode, gerelateerd aan de gerapporteerde macronutrienten inname, om
mogelijke selectieve onjuiste rapportage te herkennen. Dit laatste onderzoek werd
gedaan bij obese mannen.
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Voor de bepaling van een indicator voor de macronutrient inname, werd de
postabsorptieve oxidatie van koolhydraat en vet gemeten bij mannen en vrouwen met
en zonder overgewicht.
Tenslotte werden problemen die samenhangen met herhaalde metingen van de
voedselinname bestudeerd bij oudere mannen en vrouwen, bij dietisten die feedback
hadden gekregen over de nauwkeurigheid van een eerste keer voedsel rapporteren en
bij ondervoede patienten met chronisch obstructief longlijden in de thuissituatie. De
groep ondervoede patienten werd at random onderverdeeld in een interventie groep die
extra energie supplementen kreeg en in een controle groep die geen supplementen
kreeg.
De resultaten van het onderzoek naar het onderscheid tussen fouten in het opschrijven
en een verandering in de voedselinname, lieten in de groep dietisten een gemiddelde
verlaging van 16% van de voedselinname zien tijdens de opschrijfperiode, maar wat er
was gegeten was juist genoteerd. Na confrontatie met deze resultaten rapporteerden de
dietisten de voedselinname correct; er was geen veranderde voedselinname meer
tijdens de opschrijfperiode en de voedselinname werd nog nauwkeuriger
opgeschreven.
De studie naar berekening van het energiegebruik op basis van een combinarie van
rustmetabolisme, gemeten of geschat, en lichamelijke activiteit zoals gemeten met een
drie-dimensionale versnellingsopnemer, liet zien dat dit een valide methode was in
vergelijking met tweevoudig gemerkt water. Het bleek een goed alternatief voor de
validatie van de gerapporteerde energie inname te zijn.
De meting van selecrieve onderrapportage liet zien dat obese mannen hun
voedselinname onderrapporteerden met 37% wat kon worden onderverdeeld in 26%
minder eten tijdens het noteren van de voeding en 12% minder opschrijven. Deze
mannen onderrapporteerden selectief hun vet-inname; degenen met een sterke
onderrapportage rapporteerden een lagere vet-inname, uitgedrukt als percentage van
de energieinname, dan degene die de voedselinname beter rapporteerden.
Uit de resultaten van de studie met mannen en vrouwen met en zonder overgewicht en
de metingen van de postabsorptieve oxidatie van koolhydraat en vet bleek dat dit geen
betrouwbare indicator is voor de samenstelling van de gebruikelijke voeding, zelfs niet
wanneer werd gecorrigeerd voor de energiebalans en de lichaamssamenstelling.
Tenslotte bleek dat bij herhaalde metingen van de voedselinname, de totale
onderrapportage toenam van 21% (eerste periode) tot 27% (tweede periode) en dat
herhaalde meting een selectieve onderrapportage van de vet-inname en overrapportage
van de eiwit-inname induceerde.
De ondervoede patienten met chronisch obstructief longlijden rapporteerden hun
voedselinname nauwkeurig en de eerste resultaten lieten een positieve energie balans
zien voor de patienten van de interventie groep. De positieve energie balans kwam
voornamelijk door de energie inname in de middag en avond.
De mate van onjuiste rapportage varieerde van 0 tot 37% van het energie gebruik in de
beschreven onderzoeken. Het gebruik van de gevalideerde biologische merkers maakte
het mogelijk een veranderde voedselinname tijdens de voedselrapportage te
onderscheiden van fouten in het. opschrijven van de voedselinname. Naast een
kwantitatief onjuiste rapportage werd ook een kwalitatief onjuiste rapportage gemeten.
Een kwalitatief onjuiste rapportage betekent dat mogelijke correctie factoren
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gebaseerd op de energie-inname schatting voor onjuiste rapportages geen zin hebben,
omdat de macronutrienten-inname dan nog steeds onder- of overschat wordt. Er is nog
geen valide biologische merker voor de gehele macronutrient inname rapportage
gevonden.
De uitgevoerde studies met betrekking tot de validatie van de voedselinname
rapportage lieten een kwalitatief en een kwantitatief onjuiste rapportage zien, evenals
een gedragsverandering tijdens de voedselinname rapportage die leidde tot een
veranderde voedselinname. De oplossingen voor kwantitatief onjuiste rapportage zoals
beschreven in deze studies zijn: 1) feedback geven over het rapportage gedrag; dit
leidde tot een nauwkeurige voedselinname rapportage bij professioneel gemotiveerde
personen; 2) de mogelijkheid tot - op een relatief makkelijke manier - selecteren van
individuen die nauwkeurig rapporteren. Het laatste is mogelijk door vergelijking van
de voedselinname met het energie gebruik, berekend op basis van het rustmetabolisme
en het gemeten energiegebruik voor lichamelijke activiteit, met een drie-dimensionale
versnell ingsopnemer.
Voor kwalitatief onjuiste rapportage is helaas geen oplossing gevonden in deze
studies.
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