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Abstract

Objective: To examine relationships between the ratio of energy intake to basal
metabolic rate (EI/BMR) and age and body mass index (BMI) among Japanese adults.
Design: Energy intake was assessed by 4-day semi-weighed diet records in each of
four seasons (16 days in total). The EI/BMR ratio was calculated from reported energy
intake and estimated basal metabolic rate as an indicator of reporting accuracy.
Setting: Residents in three areas in Japan, namely Osaka (urban), Nagano (rural
inland) and Tottori (rural coastal).

Subjects: One hundred and eighty-three healthy Japanese men and women aged
=30 years.

Results: The oldest age group (=60 years) had higher EI/BMR values than the
youngest age group (30—39 years) in both sexes (1.74 vs. 1.37 for men; 1.65 vs. 1.43
for women). In multiple regression analyses, age correlated positively (partial
correlation coefficient, 8=0.012, P<0.001 for men; 8=0.011, P<0.001 for
women) and BMI correlated negatively (8= —0.031, P<0.001 for men;
B = —0.025, P < 0.01 for women) with EI/BMR.

Conclusion: Age and BMI may influence the relative accuracy of energy intake among

Keywords
Energy inioke
Underreporfing
Age

Body mass index

Japanese adults.

Reliable dietary information plays a critical role in many
aspects of human nutrition. Investigators have often relied
on self-reported dietary data assessed by diet records, 24~
hour dietary recalls and food-frequency questionnaires to
interpret the associations between diet and disease.
However, the results of various studies applying different
assessment methods and investigating different popu-
lations have shown common problems such as reporting
bias'?. In particular, underreporting of energy intake is a
serious threat to the validity of self-reported dietary
assessment data. Studies using the doubly labelled water
technique as an external biomarker of energy intake not
only reveal underreporting of energy intake, but also

tCorrespondence address: 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-
8636, Japan.

{Present address: Department of Food Science and Nutrition, Faculty
of Human Life and Environment, Nara Women’s University, Nara,

Japan.

*Corresponding author: Email stssasak@nih.go.jp

Jupanese adulls

identify the subject characteristics and factors associated
with underreporting®*. Moreover, other studies using the
ratio of energy intake to basal metabolic rate (EI/BMR) as
an alternative approach to identify the low energy
reporters have shown similar results™®,

Most studies found a higher proportion of under-
reporting among women and older subjects”®. Moreover,
underreporting of energy intake was common among
obese subjects”™**, but was also observed in non-obese
subjects'®*. Other factors such as body image, health
consciousness, social desirability, educational level and
smoking status also affected reporting accuracy?*4%3.
However, all of these studies were conducted in Western
countries. The only study conducted in Japan showed a
significantly negative correlation berween BMI and El/
BMR among women aged 18-20 years®. Thus the
purpose of the present study was to examine the relative
accuracy of self-reported energy intake among various age
ranges in the Japanese population.

© The Authors 2006
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Subjects and methods

Subjects

We selected three areas which have different geographical
conditions in Japan: Osaka (urban), Nagano (rural inland)
and Tottori (rural coastal). We invited 32 healthy married
women aged 30~69 years from each of the three areas to
distribute eight women equally in each age class of 30-39,
40-49, 50-59 and 60—-69 vyears. The total number of
women recruited was 96. Their husbands (aged 31-76
years) were also invited to participate in the study. None of
the subjects was currently receiving or had recently
received diet counselling from a doctor or dietitian, nor
had a history of educational hospitalisation for diabetes.
The subjects were not randomly sampled but asked by
local study staff to participate in the study. Here, subject
recruitment was continued until a sufficient number of
subjects was obtained. Prior to the study, we held group
orientations for the subjects where we explained the study
purposes and protocol. All subjects giving written
informed consent were finally considered eligible for the
study.

Dietary assessment

The subjects completed 4-day semi-weighed diet records
four times at 3-month intervals from November 2002 to
August 2003. Dietary intake was assessed from four
randomly assigned days, including one weekend day and
three weekdays. A digital scale (Tanita KD-173; * 2g
precision for 0-250 g and * 4 g precision for 250-1000g)
was given to each couple to weigh all the foods eaten.
When measurement was difficult, e.g. when eating out, we
instructed them to record in as much detail as possible the
size and quantity of foods they ate. For each recording
day, the subjects were asked to fax the completed forms to
the local staff (dietitians). The study staff checked the
submitted forms and asked the subjects to add and/or
modify the records as necessary by telephone or fax. In
some cases, the responses were handed directly to the
study staff rather than faxed.

All the collected diet records were checked by trained
dietitians in each local centre and then in the study centre.
The diet records were analysed for nutrient intake by
trained dietitians using the food composition table of
Japanese foods, 5th edition”.

Pbhysical activity level and anthropometric
measurements

Physical activity level was obtained from a questionnaire
which queried information about each subject’s occu-
pation and leisure-time activity. One answer was chosen
from four categories, i.e. ‘low’, ‘relatively low’, ‘moderate’
and ‘heavy’ physical activity level. This classification was
referenced to the recommended dietary allowance for
Japanese, 6th edition'®. The gross energy expenditure of
each category was considered to require 1.3, 1.5, 1.7 and
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1.9 times the BMR, respectivelym. Therefore, we
converted the categorical classification of physical activity
level to the ratio of BMR based on above values, and
expressed as it as a score for easy interpretation.

Body weight and height were measured to the nearest
0.1kg and 0.1 cm, respectively, with subjects wearing light
clothing and no shoes. BMI was calculated as body weight
(kg) divided by the square of body height (m?. We
classified BMI into four categories: <18.5kgm™?, 18.5—
249kgm™?, 25.0-27.9kgm™* and =28kgm™? Because
the proportion of obese subjects (BMI =30kgm™ ) was
very low (=1 for men aged 40—-49 years; n= 0 for
women), BMI =28kgm™” was used as the highest
category instead of =30kgm ™ in the present analysis.

BMR was estimated for each subject using formulas
based on body weight given by the Food and Agriculture
Organization/World Health Organization/United Nations
University (FAO/WHO/UNU)" as follows.

e Men aged 30-60 years:
BMR = 0.0485 X bodyweight(kg) +3.67.
e Men aged > 60 years:
BMR = 0.0565Xbodyweight (kg) +2.04.
e Women aged 30-60 years:
BMR=0.0364Xbodyweight (kg)+3.47.
e Women aged >60 years:
BMR=0.0439Xbodyweight (kg)+ 2.49.

Statistical analysis

We included 183 subjects (91 women and 92 men) with
complete 16-day diet records living in the Osaka (29
women and 30 men), Nagano (31 women and 31 men)
and Tottori (31 women and 31 men) areas in the present
analysis.

We calculated the rario EI/BMR to evaluate the relative
accuracy of the reported energy intake. Subjects were
allocated into quintiles of EI/BMR to compare ‘low energy
reporters’ with ‘high energy reporters’. Low ratios describe
subjects reporting comparatively low energy intake
relative to their energy requirement. To compare the
relative degree of under- and overreporting, we tempor-
arily used the values defined by FAO/WHGO/UNU: the
minimum survival level of 1.27, the sedentary level for
men of 1.55 and women of 1.56, and the maximum
sustainable lifestyle level of 2.0-2.4.

Results are given as mean * standard deviation.
Student’s t-test and one-way analysis of variance
(ANOVA) were used to test for differences between the
groups. When ANOVA indicated a difference among
the groups, Dunnett’s -test was applied to compare to the
first group as a control. The chi-square test was used to test
for proportionate differences between categories. Multi-
varate evaluation of the simultaneous effects of age, BMI,
physical activity level and living area on EI/BMR was
performed by a stepwise multiple regression analysis.
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(P < 0.00D). Although women aged 40—49 years had the
lowest EI/BMR among the women, the trend of the
relationship between mean EI/BMR and age was almost |
the same as that of men (P < 0.001).

Table 3 presents the mean values of anthropometric
characteristics by quartile of EI/BMR. Age and reported
energy intake increased significantly with the increase in
EI/BMR in both sexes (all 2 < 0.001 except for age in
women, where P < 0.01). However, with increasing El/
BMR quartile, body height and body weight decreased
significantly in men (both P < 0.01), as did BMR in both
sexes (P < 0.001 for men, P < 0.01 for women). BMI was
slightly lower in the lowest category of EI/BMR than in the
other categories in men, although it was not significant.

Table 4 shows the results of multiple regression analyses
with EI/BMR as the dependent variable to examine the
prediction for relative accuracy of reporting. For men, age
and physical activity level correlated positively (partial
regression coefficient, B=0.012, P<0.001 and
B=0.377, P=10.01, respectively), and BMI and living
area (urban) correlated negatively (B= —0.031,
P<0.001 and B= —0.114, P=0.045, respectively),
with EI/BMR. On the other hand, age and body height
correlated positively (8 = 0.011, 2 < 0.001 and 8 = 0.011.
P =0.01, respectively) and BMI correlated negatively
(8= —0.025, P < 0.01) with EI/BMR for women. All the
independent variables explained 35.7% and 25.7% of the
variation in EI/BMR for men and women, respectively.

Figures 1a and 1b show the joint effect of age and BMI
on EI/BMR values by cross-classifying subjects by both
variables. Compared with subjects classified into the
lowest BMI and oldest age group, subjects in the highest

Table 4 Results of stepwise multiple regression analyses with
EI/BMR ratio as dependent variable*

Partial R?

Independent variable gt SEf P-value (%)8§
Men (n= 92)

Age (years) 0.012 0.002 <0.001 17.9

BMI (kgm™2) —-0.031 0.009 <0.001 9.9

Physical activity level 0.377 0.145 0.01 4.8

Living area (rural coastal area as reference)

Urban -0.114 0.056 0.05 3.1

Women (n = 91)

Age (years) 0.011 0.002 <0.001 12.1

BMI (kgm™3) -0.025 0.008  0.005 7.0

Body height (cm) 0.011 0.004 0.01 6.6

El — energy intake; BMR — basal metabolic rate; BMI — body mass index.
* Age (as a continuous variable), BMi (as a continuous variable}, height (as
a continuous variable), physical activity level (as a continuous variable) and
area of fiving (rural coastal, rural inland, urban) were entered into the
model as independent variables.

+ Partial regression coefficient; change in the dependent variable related to
a one-unit change in the independent variable.

1 Standard error of the regression coefficient,

§ Explained variance; adjusted R2 and P-values are for independent vari-
ables in multiple regression analysis. R? value for E/BMR was 35.7% and
25.7% for men and women, respectively, when all variables were included
in the model.
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Fig. 1 The interaction of age and body mass index (BMI) in relationships with the ratio of reported energy intake to estimated basal meta-
bolic rate (EI/BMR). Mean value of EV/BMR by tertile of BMI and age group (30—49, =50 years) in (a) Japanese men aged 32-76
years (n=92) and (b) Japanese women aged 31—-69 years (n = 91). EI/BMR values were adjusted for physical activity level and living
area. Significance of difference compared with the oldest age and lowest BMI group (Dunnett’s ttest of one-way analysis of variance):

*, P <0.05; **, P<0.01; ™, P<0.001

BMI and youngest age group had EI/BMR that was 24%
and 14% lower in men and women, respectively.

Discussion

To our knowledge, this is the first report to evaluate
EI/BMR values over a wide age range of Japanese men and
women. We conducted semi-weighed diet records for 4
days in four seasons, which is often considered to be the
most accurate and precise method for determining energy
intake. Furthermore, fax delivery was used so that we
could check the diet records immediately on each survey
day. Therefore, we believe that the data have higher

precision than in any other such survey conducted in
Japan. The EI/BMR in our study was 1.55 among men and
1.48 among women. Although we refrained from using a
specific cut-off value to identify underreporters, 20% and
23% of men and women, respectively, showed EI/BMR
below 1.27, the minimum survival level reported by
FAO/WHO/UNU". Moreover, the proportion of subjects
with EI/BMR < 1.27 decreased with increasing age in both
sexes, except in the 40—49 year age group in women.
However, 10% and 4% of men and women, respectively,
showed EI/BMR exceeding 2.0 as the maximum level.
Even when physical activity level was considered, the
proportion of subjects with EI/BMR > 2.0 increased with
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increasing age, and was especially more pronounced in
the age group =60 years for both sexes. This indicates that
older Japanese men and women tend to relatively
overestimate energy intake rather than underreport.

The main finding of this study was that age and BMI
independently affect EI/BMR as a positive and a negative
factor, respectively. The statistical power of these findings
became stronger after adjustment for potentially con-
founding factors such as physical activity level and living
area (urban or rural) for both sexes (Figs l1a and 1b).
According to previous studies, physiological and psycho-
logical factors are also related to reporting accuracy; for
example, smoking habits, education level, socio-econ-
omic status and obesity-related behaviours!®1>20-22,
However, we did not examine the effect of these factors
on reporting accuracy because of a lack of information.

Most studies conducted in Western countries revealed
that underreporting of energy intake was more prevalent
among older subjects than among younger counter-
parts?>?% The tendency was completely opposite in this
Japanese population. To our knowledge, no
previous study has found underreporting to be more
prevalent among younger compared with older subjects,
either in Western or Asian countries. Possible factors
affecting reporting accuracy may include dietary con-
sciousness and knowledge of foods and diet. According
to the National Nutrition Survey in Japan®®, the
percentage of subjects who paid high attention to diet
and nutrition was 12.1%, 17.5%, 24.4% and 27.2% among
30~39-, 40—49-, 50-59- and = 60-year-old men, respect-
ively, and 27.5%, 35.7% 42.9%, and 48.6%, respectively,
among women. The capability to recognise foods and
diet may be related to recording as correctly as possible.
Some previous studies reported that cultural, behavioural
and psychological factors affect reporting accu-
racy* #2922 The results were, however, inconsistent
and differed among the populations examined. Further
research focusing on dietary consciousness and beha-
viours connected with food and the process of dietary
assessment is needed.

Our study has several limitations. First, the subjects may
not be representative because they were not randomly
sampled from the general Japanese population. Moreover,
the participants might be highly health-conscious because
almost all of them completed the study despite the strict
study design. Second, the sample size was relatively small.
Therefore, the results may arise by chance. Third, we
cannot exclude the possibility that the subjects changed
their dietary behaviour or food choices during the
recording periods. However, the relationships between
EI/BMR and age and body weight did not change
materially when the dietary record data of the first four
days were used in the analysis (data not showrn). Fourth,
we used body height to take into consideration body size
although body height is not an ideal marker of body size.
Fifth, the reliability of the BMR prediction from the

H Okubo et al.

FAO/WHO/UNU formulas may be inappropriate when
applied to the japanese population®. The validity of the
self-reported physical activity levels from the 6th Japanese
recommended dietary allowance is questionable because
of the lack of a validation study™®.

In summary, the results of the present study suggest that
age and BMI may influence the relative accuracy of
reported energy intake among Japanese adults. The
positive correlation found between age and EI/BMR was
especially interesting because almost all previous studies
conducted in Western populations showed a negative
correlation. This indicates that the factors related to
reporting accuracy of energy intake may depend on
population characteristics. Further studies are needed to
examine whether or not this is a consistent tendency in
Asian or Japanese populations.
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Obijective: Although under-reporting of dietary intake is more common in persons with a high body mass index (BMI), it is not
well known whether or not misreporting is selective for different foods (and hence energy and nutrients), particularly in non-
Western populations. We examined misreporting of dietary intake against biomarkers and its relation with BMI in young
Japanese women.

Design: Cross-sectional study.

Subjects: A total of 353 female Japanese dietetic students aged 18-22 years (mean BMI: 21.4 kg/m?, mean fat intake: 29.8% of
energy).

Methods: Misreporting of dietary energy, protein, potassium and sodium (assessed by a self-administered diet history
questionnaire) was examined against respective biomarkers (estimated energy expenditure and 24-h urinary excretion).
Reporting accuracy was calculated as the ratio of reported intake to that estimated from corresponding biomarkers (complete
accuracy: 1.00).

Results: Mean reporting accuracy of absolute intake (amount per day) varied considerably (0.86-1.14). Reporting accuracy of
absolute intake decreased with increasing BM! (P for trend <0.001). However, no association was observed between reporting
accuracy of energy-adjusted values and BMI (P for trend >0.15), indicating that BMI-dependent misreporting was canceled by
energy adjustment. This was owing to positive correlation between the reporting accuracy of energy intake and that of absolute
intake of the three nutrients (Pearson correlation coefficient: 0.49-0.67, P<0.0001).

Conclusions: Although differential misreporting of absolute intake was associated with BMI, differential misreporting of energy-
adjusted value was not. These findings support the use of energy-adjusted values in the investigation of diet-disease
relationships among lean populations with a low-fat intake.
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Introduction

Although accurate assessment of habitual dietary intake is a
prerequisite in studies of diet and health, the difficulty of
obtaining dietary data that accurately represents what
people usually eat is now generally recognized (Livingstone
and Black, 2003). In particular, obese people tend to under-
report dietary intake to a greater extent than lean people
(Livingstone and Black, 2003; Rosell et al., 2003; Subar et al.,
2003; Tooze et al., 2004; Mattisson et al., 2005; Mahabir et al.,
2006). Whether this is a consequence of selective misreport-
ing of certain foods, proportional misreporting of all foods,
or both is not well established. This is an important issue:

" errors in dietary reporting do not necessarily invalidate

dietary data if the misreporting is not selective, but may do
so if the misreporting is selective.

Unfortunately, investigation of possible differential mis-
reporting of dietary intake in free-living situations has been
hampered, largely by a lack of suitable methods for
quantifying absolute true intake for all dietary variables
except energy (Black et al., 1996), protein (Bingham and
Cummings, 1985; Kipnis et al., 2001), potassium (Holbrook
et al., 1984; Tasevska et al.,, 2006) and sodium (Holbrook
et al., 1984; Willett, 1998). As a result, only a limited number
of studies have examined this issue (Hulten et al., 1990;
Bingham et al., 1995; Heitmann and Lissner, 1995, 2005;
Black et al., 1997, 2000; Heerstrass et al., 1998; Heitmann
et al., 2000; Larsson and Johansson, 2002; Rosell et al., 2003;
Subar et al., 2003; Freedman et al., 2004), none of which were
conducted in Asian countries, including Japan. A character-
istic of Japanese people is their relatively low BMI and
relatively low-fat consumption (Ministry of Health, Labour
and Welfare, 2006), which differs somewhat from Western
people. This difference hampers the extrapolation of find-
ings in Western countries to Japanese.

Here, we examined misreporting of energy, protein,
potassium and sodium intake assessed against estimated
energy expenditure and 24-h urinary excretion of urea
nitrogen, potassium and sodium, respectively, and its
relation with BMI in a group of young Japanese women.

Methods

Subjects

The present study was based on a multi-centered nutritional
survey conducted from February to March 2006 among
female dietetic students from 10 institutions in Japan. All
measurements at each institution were conducted according
to the survey protocol. Staff at each institution briefly
explained the survey to potential subjects. Subjects who
responded positively were then provided detailed written
and oral explanations of the general purpose and procedure
of the survey. A total of 474 women took part in the survey.
The protocol of the study was approved by the Ethics
Committee of the National Institute of Health and Nutri-
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tion, and written informed consent was obtained from each
subject, and also from a parent for subjects aged less than 20
years.

In total, 424 of 474 women undertook 24-h urine
collection. For the present analysis, we selected 417 women
aged 18-22 years without missing information on the
variables used. We then excluded women whose 24-h urine
collection was considered incomplete. Because the p-amino-
benzoic acid (PABA) check method to verify the complete-
ness of 24-h urine collection (Bingham and Cummings,
1983) was not available in the present study, we used the
strict INTERMAP criteria for completeness of urine sampling
(Stamler et al., 2003) (a collection time outside the 22-26-h
range (n=10), subject response that collection was not
complete (n=47) and total volume <250ml (n=1)) as well
as a widely used criteria determined by creatinine excretion
in relation to body weight (creatinine (mg) divided by body
weight (kg) of <10.8 or >25.2 (WHO Regional Office for
Europe, 1984), n=13). As some women were in more than
one exclusion category, the final analysis sample comprised
353 women.

Diet history questionnaire

Dietary habits during the preceding month were assessed
using a validated previously, self-administered diet history
questionnaire (DHQ) (Sasaki et al., 1998a,b 2000). All
answered DHQs, as well as a lifestyle questionnaire, were
checked at least twice for completeness. When necessary,
forms were reviewed with the subject to ensure the clarity of
answers. The DHQ is a 16-page structured questionnaire that
consists of the following seven sections: general dietary
behavior; major cooking methods; consumption frequency
and amount of six alcoholic beverages; consumption
frequency and semi-quantitative portion size of 122 selected
food and nonalcoholic beverage items; dietary supplements;
consumption frequency and semi-quantitative portion size
of 19 cereals usually consumed as staple foods (rice, bread
and noodles) and miso (fermented soybean paste) soup; and
open-ended items for foods consumed regularly (=once/
week) but not appearing in the DHQ. Items and portion sizes
were derived primarily from data in the National Nutrition
Survey of Japan and several recipe books for Japanese dishes
(Sasaki et al., 1998a).

Estimates of dietary intake for 148 food and beverage
items, energy and nutrients were calculated using an ad hoc
computer algorithm for the DHQ based on the standard
tables of food composition in Japan (Science and Technology
Agency, 2000). Discretionary salt (table salt and other
seasonings with salty flavor) and seasonings used during
cooking were taken into consideration for estimating sodium
intake. Information on dietary supplements and data from
the open-ended questionnaire items were not used in the
calculation. Detailed descriptions of the methods used to
calculate dietary intake and the validity of the DHQ have
been published elsewhere (Sasaki et al, 1998a,b 2000).



Pearson correlation coefficients between the DHQ and 3-day
estimated dietary records were 0.48 for energy, 0.48 for
protein, 0.68 for potassium and 0.32 for sodium among 47
women (Sasaki et al., 1998a). In addition, Pearson correlation
coefficients between the DHQ and 24-h urinary excretion
were 0.40 for potassium and 0.23 for sodium among 69
wormen (Sasaki et al., 1998b).

Estimated energy expenditure

Body height and weight were measured to the nearest 0.1cm
and 0.1kg, respectively, while wearing light clothes and no
shoes. Basal metabolic rate (BMR) was estimated according to
the FAO/WHO/UNU equation for women aged 18-30 years, as
follows: BMR (kcal/day)=14.7 xbody weight (kg)+ 496
(FAO/WHO/UNU, 1985). BMR calculated from the FAO/
WHO/UNU equations was relatively comparable with mea-
sured BMR in Japanese people at the group level (arithmetic
mean = 1182 and 1107 kcal/day, respectively) (Yamarmura and
Kashiwazaki, 2002). Energy expenditure can be estimated as
BMR multiplied by an appropriate physical activity level value
(Black et al., 1996). In the present study, subjects self-reported
in a lifestyle questionnaire the frequency and duration of
high-intensity activities (e.g., carrying heavy loads; bicycling,
moderate effort; jogging; singles tennis), moderate-intensity
activities (e.g., carrying light loads; bicycling, light effort;
doubles tennis) and walking during the preceding month. On
average, less than half an hour per day was spent on these
activities (arithmetic mean=0.07, 0.30, and 0.50h/day,
respectively), indicating a predominantly sedentary lifestyle
in our sample. We therefore estimated energy expenditure as
BMR multiplied by physical activity level value for light
activity (1.56) (FAO/WHO/UNU, 1985), and used this value as
a biological marker for energy intake.

24-h urine

A single 24-h urine sample was collected for biological
markers of intake of protein, potassium and sodium. Subjects
were instructed both in writing and orally on the method of
urine collection and the necessity of obtaining a complete
24-h urine collection. We requested the subjects to eat and
drink normally during the collection and to follow their
usual pattern of activity. Subjects were then provided with a
bag, three or four 1-1 plastic bottles (containing no additives)
and 10400-ml cups. A recording sheet was also provided. In
the morning, subjects were asked to discard the first speci-
men and to record the time (usually 0600-0900h) on the
sheet (the start of the collection period). Subjects were asked
to collect all specimens by the time of the start of the
collection period in the next morning. When some speci-
mens were missed, subjects were asked to record the
estimated volume of missing urine and the time. In the
next morning, subjects were asked to collect the last
specimen at the time when the specimen was discarded last
morning and to record the time on the sheet (the end of the
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collection period). The sheet was reviewed by staff when the
collection bottles were handed in, and any missing informa-
tion was obtained from subjects. The height of urine in each
bottle was measured and later converted into volume with
an empiric formula based on repeated measurements of
volume in identical bottles (Stamler et al., 2003). All urine
from the 24-h collection period was then combined and
mixed thoroughly by vigorous stirring, and several urinary
aliquots were taken and sent by car or airplane to a
laboratory in Tokyo. Urea nitrogen concentration was
measured by urease ultraviolet spectorophotometry, potassium
and sodium by electrode method and creatinine (for the
assessment for completeness of urine collection) by
enzymatic assay method. Total 24-h excretion was calculated
by multiplying the measured concentration with the total
volume of urine collected.

The urea nitrogen content in 24-h urine was multiplied by
9.08, assuming that urea nitrogen is in constant proportion
(85%) to total urinary nitrogen (Bingham and Cummings,
1985), 81% of ingested nitrogen is excreted through the
urine (Bingham and Cummings, 1985; Kipnis et al., 2001)
and nitrogen constitutes 16% of protein. The value obtained
was used as a biological marker for protein intake. Potassium
content in 24-h urine was divided by 0.77, assuming that
77% of ingested potassium is excreted through the urine
(Holbrook et al., 1984; Tasevska et al., 2006), and used as a
biological marker for potassium intake. Sodium content in
24-h urine was divided by 0.86, assurming that 86% of
ingested sodium is excreted through the urine (Holbrook
et al., 1984; Willett, 1998), and used as a biological marker
for sodium intake.

Reporting accuracy

Reporting accuracy was calculated as the ratio of reported
dietary intake (energy, protein, potassium and sodium)
obtained from DHQ to estimated dietary intake obtained
from respective biological markers (estimated energy expen-
diture and 24-h urinary excretion) (Zhang et al., 2000), in
terms of both absolute (amount/day) and energy-adjusted (%
energy for protein and mg/1000kcal for potassium and
sodium) values. At the group level, reporting accuracy of <1
was considered underestimation, >1 overestimation and 1
accurate estimation (Zhang et al., 2000).

Other variables

BMI was calculated as body weight (kg) divided by the square
of body height (m). Current smoking status was self-reported
in the lifestyle questionnaire, whereas current dietary
supplement use was assessed in the DHQ.

Statistical analysis
All statistical analyses were performed using SAS statistical
software, version 8.2 (SAS Institute Inc., Cary, NC, USA).

(5}
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Dietary intake (derived from both DHQ and biological
markers) and reporting accuracy of energy, protein, potas-
sium and sodium were natural-log transformed to meet the
assumption of normal distribution. The formula log(X + 1)
was used for reporting accuracy. Geometric mean and 95%
confidence intervals of these variables were calculated using
back transformation. Differences between self-reported va-
lues and biological marker-based values were evaluated using
the paired t-test. Reporting accuracy was compared with a
value of 1 using the one-sample f-test. Mean values of dietary
intake (derived from both DHQ and biological markers) and
reporting accuracy were calculated by quintile categories of
BMI. Linear trends with increasing levels of BMI were tested
by assigning to each participant the median value for the
category and modeling this value as a continuous variable.
All reported P-values are two-tailed and were considered
statistically significant at the <0.05 level.

Results

Subject backgrounds are shown in Table 1. Subjects were
characterized by a relatively low BMI (arithmetic
mean =21.4kg/m?), relatively low-fat intake (arithmetic
mean =29.8% of energy) and low smoking rate (3%).
Although 39% of subjects consumed alcoholic beverages,
their contribution to dietary intake was negligible (arith-
metic mean=0.4% of energy). Dietary supplements were
used by 20% of subjects, but none consumed dietary
supplements predominantly containing protein, potassium,
or sodium. Table 2 shows the contribution of each food
group to energy, protein, potassium and sodium intake,
based on DHQ. Most food groups were important sources of
at least one of them.

Table 1 Selected characteristics of subjects (n=353)?

Variable Value
Age (years) 19.4+1.0
Body height (cm) 158.0+5.8
Body weight (kg) 53.4+7.7
Body mass index (kg/m?) 214427
Current smoker 10 (3)
Alcohol drinker® 139 (39)
Dietary supplement user” 69 (20)
Reported dietary intake®
Energy (kcal/day) 1723+398
Protein (% of energy) 13.8+1.8
Fat (% of energy) 29.8+5.0
Carbohydrate (% of energy) 54.8+5.7
Alcohol (% of energy) 0.4+1.0

Dietary intake (estimated by DHQ and biological markers)
and reporting accuracy for energy, protein, potassium and
sodium are shown in Table 3. Misreporting of dietary intake
was differential rather than proportional. In terms of
absolute values, energy was significantly (P<0.0001) under-
estimated (geometric mean reporting accuracy =0.86) and
sodium overestimated (geometric mean reporting accuracy =
1.14), whereas estimation of protein and potassium was
relatively accurate (geometric mean reporting accuracy is
equal to 0.97 and 1.03, respectively). Mainly owing to
underestimation of energy, energy-adjusted values of all
three nutrients were significantly (P<0.0001) overestimated
(geometric mean reporting accuracy is equal to 1.14 for
protein, 1.20 for potassium and 1.32 for sodium).

The association of dietary intake (estimated by DHQ and
biological markers) and reporting accuracy with BMI is also
shown in Table 3. Reporting accuracy of absolute intake of
energy and the three nutrients significantly decreased with
increasing BMI (P for trend <0.001), as result of increasing
intake derived from biological markers but no increase in
dietary intake derived from DHQ with increasing BML
However, no association between reporting accuracy and
BMI was observed when energy-adjusted values were used,
indicating that the BMI-dependent misreporting of dietary
intake was canceled by energy adjustment. This was owing to
a significant correlation between the reporting accuracy of
energy and that of the absolute value of the three nutrients
(Pearson correlation coefficient is equal to 0.67 for protein,
0.56 for potassium and 0.49 for sodium, P<0.0001).

Table 2 Contribution of each food group to dietary intake of energy,
protein, potassium and sodium as assessed by a self-administered diet
history questionnaire (n=353)*

' Energy Protein  Potassium  Sodium

Cereals 388 (1) 23.9(1) B84(S) 9.6

Potatoes 24 (11) 10000 7.6 0.2(12)
Confectioneries® 14.7 (2) 7.0((7) 5.0(10) 3.5(7)
Fat and oil 8.7 (3) 0.2(13) 01(14) 25(8)
Pulses® 39 (@) 7.6 {5) 7.0(8) 7.9 (3)
Fish and shelifish 43(6) 159(3) 7.8 (6) 4.9 (4)
Meats 7.5(5)) 17.2(2) 8.8 (4) 239
Eggs 3.1(8) 7.4 (6) 24011 1400
Dairy products 8.2(4) 1M.7(M4) 129 4.2 (6)
Vegetablesd 2.9 (9) 4.4(8) 223(1) 4.7 (5)
Fruits 25(10) 09(12) 689 0034
Seasonings® 06(13) 09T 1.8(12) 582(1H)
Other foods 0.2(15) 0.1(14 0115 01(03)
Alcoholic beverages 0.5(14) 0.04(15 0.2(3) 0.01(15
Nonalcoholic beverages 1.6 (12) 1.7 (9) 8.9 (3) 05011

*Values are arithmetic mean +s.d. or number of subjects ().

bSubjects who consumed more than 0 g of any of alcohol beverage during the
previous month.

“Subjects who used any dietary supplement at least once during the previous
month.

“Assessed by a self-administered diet history questionnaire.

European Journal of Clinical Nutritien

*Values are the arithmetic mean percentage of total intake (ranking).
Pincluding sugar and sweeteners.

“Including nuts and miso (fermented soybean paste).

“Including mushrooms and sea vegatables.

“Including soups.

fArtificial sweeteners and nutrient supplement bars.
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Table 3 Dietary intake (estimated by a sef-administered diet history questionnaire (DHQ) and biological markers) and reporting accuracy of energy,
protein, potassium and sodium and its relation with body mass index®

Total (n=353)P< Quintile category of body mass index

T(n=70) 2(=71) 3n=71) 4t=71) 5(=70) P for trend®

Body mass index (kg/m?)  21.1 (14.8~342)  18.4 (14.8-19.2) 19.9 (19.3-20.4)  21.1 (20.4-21.6) 22.2 (21.6-23.1)  24.7 (23.1-34.2)

Absolute dietary intake

Energy
DHQ (kcal/day) 1678 (1638-1719) 1715 (1629-1805) 1637 (1546-1734) 1729 (1641-1821) 1644 (1561-1731) 1667 (1575-1764) 0.57
Biological marker 1992 (1975-2010) 1832 (1815-1850) 1918 (1898-1937) 1979 (1959-1999) 2029 (2009-2048) 2225 (2181-2271) <0.0001
(keal/day)*
Reporting accuracy’ 0.86 (0.83~0.88) 0.95 (0.9-0.99) 0.87 (0.82-0.92) 0.88 (0.84-0.93) 0.82(0.78-0.86) 0.76 (0.72-0.81)  <0.0001
Protein
DHQ (g/day) 57.6 (55.9-59.3) 59.0 (55.4-62.8) 58.1 (53.8-62.7) 60.1 (56.5-63.8) 55.3 (51.8-58.9) 55.5(51.9-59.5) 0.12
Biological marker 60.9 (59.3-62.6) 54.6 (51.2-58.2) 61.1 (57.5-65.0) 61.9 (58.5-65.6) 60.6 (57.4-64.0) 66.9 (63.4-70.6)  <0.0001
(g/day)®
Reporting accuracy’ 0.97 (0.94-1.01)  1.11 (1.02-1.21)  0.98 (0.90-1.06)  1.00 (0.93-1.08) 0.93 (0.87-1.00)  0.85(0.79-0.91)  <0.0001
Potassium
DHQ (mg/day) 1902 (1833-1973) 2000 (1851-2162) 1957 (1796-2132) 2012 (1874-2159) 1747 (1613-1892) 1808 (1649-1982) 0.03

Biomarker (mg/day)® 1930 (1862-2001) 1793 (1677-1917) 1871 (1713-2044) 1993 (1843-2155) 1890 (1732-2061) 2121 (1969-2285) 0.005
Reporting accuracy' 1.03 (0.98-1.08) 1.15(1.05-1.26) 1.10 (0.98-1.23) 1.06 (0.96-1.17) 0.96 (0.88-1.04) 0.89 (0.80-0.98)  <0.0001

Sodium
DHQ (mg/day) 3442 (3321-3568) 3578 (3318-3859) 3477 (3182-3798) 3558 (3297-3839) 3275 (3030-3540) 3336 (3073-3620) 0.15
Biological marker 3235 (3094-3384) 2830 (2535-3158) 3102 (2818-3415) 3495 (3228-3784) 3081 (2759-3440) 3753 (3426-4110) 0.0002
(mg/day)

Reporting accuracy’ 1.14 (1.07-1.21)  1.34 (1.17-1.52)  1.21 (1.05-1.38)  1.09 (0.96-1.21) 1.14 (0.98-1.30)  0.94 (0.84-1.05) 0.0002

Energy-adjusted dietary intake

Protein .
DHQ (% energy) 13.7 (13.5-13.9)  13.8 (13.4-14.2) 14.2(13.7-14.7) 13.9 (13.5-14.3) 13.4(13.1-13.8) 13.3 (12.9-13.8) 0.02
Biological marker 12.2(11.9-12.5)  11.9 (11.2-12.7)  12.8 (12.0-13.6) 12.5(11.8-13.2) 11.9(11.3-12.6) 12.0 (11.4-12.7) 0.61
(% energy)!
Reporting accuracy’ 1.14 (1.11-1.17) 117 (1.10-1.25)  1.13 (1.06-1.20)  1.13 (1.06-1.20)  1.14 (1.08-1.2) 1.12 (1.06-1.19) 0.42
Potassium
DHQ (mg/1000kcal) 1133 (1106-1161) 1167 (1106-1230) 1195 (1130-1264) 1164 (1104-1226) 1063 (1011-1117) 1085 (1027-1145) 0.005
Biological marker 969 (935-1003) 979 (915~1047) 976 (895-1064) 1007 (932-1088) 931 (855-1014) 953 (885-1026) 0.47
(mg/1000 kealy
Reporting accurav:yf 1.20 (1.16-1.25)  1.22 (1.13-1.31)  1.26 (1.15-1.38) 1.20(1.09-1.31) 1.17 (1.08-1.27) 1.17 (1.08-1.27) 0.29
Sodium
DHQ (mg/1000kcal) 2052 (2000~-2105) 2086 (1980-2199) 2124 (2013-2240) 2058 (1944-2178) 1992 (1874-2118) 2007 (1884-2126) 0.13
Biological marker 1624 (1555-1696) 1544 (1383-1724) 1617 (1470-1779) 1766 (1631-1913) 1518 (1363-1692) 1686 (1543-1842) 0.40

(mg/1000 keal)
Reporting accuracy’ 1.32 (1.26-1.39)  1.41 (1.26-1.57) 1.38 (1.22-1.54)  1.22 (1.10-1.34)  1.38 (1.20-1.58)  1.24 (1.11-1.37) 0.15

*Values are geometric mean (95% confidence intervals) except for body mass index (median (range)).

5Dietary intake values derived from DHQ were significantly different from the corresponding values derived from biological markers except for absolute’ potassium
intakes (P= 0.002 for absolute protein intake, £=0.03 for absolute sodium intake, and P<0.0001 for other values; paired t-test).

“Reporting accuracy was significantly different from a value of 1 except for absolute protein and potassium intake (P<0.0001; one sample t-test).

%Test for linear trend used the median value in each quintile as a continuous variable in linear regression.

®Calculated as estimated basal metabolic rate (14.7 x body weight (kg) + 496) (FAO/WHO/UNU, 1985) muitiplied by 1.56 (physical activity level for light activity)
(FAO/WHO/UNU, 1985) assuming that lifestyle of the subjects was predominantly sedentary.

fCalculated as the ratio of value derived from DHQ to that derived from biological marker.

9Calculated as 24-h urinary urea nitrogen muitiplied by 9.08 assuming that urea nitrogen is a constant proportion (85%) of total urinary nitrogen (Bingham and
Cummings, 1985), that 81% of the ingested nitrogen is excreted through the urine (Bingham and Cummings, 1985; Kipnis et al., 2001), and that nitrogen
constitutes 16% of protein. R
"Calculated as 24-h urinary potassium divided by 0.77 assuming that 779 of the ingested potassium is excreted through the urine (Holbrook et al., 1984; Tasevska
et al., 2006).

iCalculated as 24-h urinary sodium divided by 0.86 assuming that 86% of the ingested sodium is excreted through the urine (Holbrook et al., 1984; Willett, 1998).
iCalculated using dietary intake values estimated by biological markers.

Discussion . proportion of energy intake derived from fat is relatively low.

In this study of young Japanese women, misreporting of
To date, no information has appeared on possible differential dietary intake of energy, protein, potassium and sodium was
misreporting of dietary intake and its relation with BMI in differential rather than proportional. Additionally, differen-
Japanese populations, who are relatively lean and whose tial misreporting of absolute intake of energy, protein,
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