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Validation of self-reported energy intake by a selfadministered diet history questionnaire using the
doubly labeled water method in 140 Japanese adults
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Objective: To validate reported energy intake (rEI) with a self-administered diet history questionnaire (DHQ) against total
energy expenditure (TEE) by the doubly labeled water (DLW) method.
Subjects: A total of 140 healthy Japanese adults (67 men and 73 women) aged 20–59 years living in four areas in Japan.
Methods: Energy intake was assessed twice with DHQ over a 1-month period before and after TEE measurement (rEIDHQ1 and
rEIDHQ2, respectively). TEE was measured by DLW during 2 weeks (TEEDLW).
Results: Mean rEIDHQ1 was lower than those of TEEDLW by 1.972.4 MJ/day (16.4%, Po0.001) for men and 0.671.9 MJ/day
(6.0%, Po0.01) for women. In men and women together, 62 subjects (44%) were defined as underreporters (rEIDHQ1/TEEDLW
o0.84), 58 (41%) as acceptable reporters (0.84–1.16) and 20 (14%) as over-reporters (41.16). Pearson correlation coefficient
was 0.34 for men and 0.22 for women. After adjustment for the dietary and non-dietary factors related to rEIDHQ1/TEEDLW, the
correlation coefficient improved to 0.42 and 0.37, respectively.
Conclusion: The energy intake assessed with DHQ correlated low to modestly with TEE measured by DLW. In addition, DHQ
underestimated energy intake at a group level. Caution is needed when energy intake was evaluated by DHQ at both individual
and group levels.
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Introduction
Dietary intake estimates from self-administered dietary
assessment methods such as questionnaires are commonly
used in large-scale nutritional epidemiologic studies. Dietary
assessment questionnaires have been developed for assessing
habitual dietary intake and for ranking subjects according to
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their dietary intake. However, they cannot entirely avoid
reporting errors (Barrett-Connor, 1991), including not only
random but also systematic errors (Black and Cole, 2001;
Livingstone and Black, 2003), due to the fact that they are
self-reported.
In validation studies, data from dietary assessment questionnaires have often been compared with data from
reference methods such as weighed diet records or 24 h
recall (Willett and Lenart, 1998). However, all these dietary
assessment methods were based on self-reporting. Therefore,
the errors of both the new and reference methods might be
correlated each other. The doubly labeled water (DLW)
method, which measures the total energy expenditure
(TEE) of subjects in free-living situations, has made it
possible to validate reported energy intake (rEI) with an
external biomarker (Hill and Davies, 2001; Trabulsi and
Schoeller, 2001). The error of the DLW method is independent of self-rEI error (Livingstone and Black, 2003). However,
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relatively few validation studies of food frequency questionnaires against the DLW method have appeared (Sawaya
et al., 1996; Andersen et al., 2003; Subar et al., 2003).
Furthermore, no such studies have been reported in nonWestern countries.
The purpose of the present study was to examine the
validity of energy intake assessed with a self-administered
diet history questionnaire (DHQ) (Sasaki et al., 1998) in
comparison with TEE, as measured by the DLW method in a
Japanese population.

Subjects and methods
Study population
This study was conducted in four districts of Japan from May
to August 2003. We invited 40 healthy subjects (20 men and
20 women) aged 20–59 years from each of the four areas to
participate, and distributed five subjects equally in each sex
and age class of 20–29, 30–39, 40–49 and 50–59 years. Details
of study recruitment and enrollment were described previously (Ishikawa-Takata et al., 2007). All subjects providing
written informed consent were finally considered eligible for
the study. The total number of participants was 157 (78 men
and 79 women).

Procedures
The study protocol was approved by the Ethics Committee
of the National Institute of Health and Nutrition in
Japan. The participants completed three visits over the
study period and all participants completed the study.
After recruitment, the participants were mailed an introductory letter and two dietary questionnaires including
a DHQ, four physical activity questionnaires, and a supplemental questionnaire on lifestyle variables, and asked
to fill them out and mail them back before the first visit
(visit 1).
At visit 1, the participants had their questionnaires
reviewed, their body weight and height measured and
provided a baseline urine sample. At visit 2, on the morning
following visit 1, they received a dose of DLW after an
overnight fast. At visit 3, 14 days after visit 2, the participants
brought urine samples and had their body weight and height
measured.
After visit 3, the participants were mailed two dietary
questionnaires including the DHQ, four physical activity
questionnaires, supplemental questionnaire on lifestyle
variables and diary about lifestyle during the period of TEE
measurement.
All the collected questionnaires were checked by trained
dietitians in each local center and again then in the
study center. When missing answers, errors or both were
found, the subjects were requested to answer the questions
again.
European Journal of Clinical Nutrition

Dietary assessment methods
Self-administered DHQ. The DHQ is a validated 16-page
structured questionnaire, which assesses dietary habits in the
preceding 1-month period (Sasaki et al., 1998, 2000). Details
of the questionnaire, methods of calculating nutrients and
validity are given elsewhere (Sasaki et al., 1998, 2000). Briefly,
the DHQ consists of seven sections; (1) general dietary
behavior, (2) major cooking methods, (3) consumption
frequency and amount of six alcoholic beverages, (4)
consumption frequency and semiquantitative portion size
of 121 selected food and nonalcoholic beverage items, (5)
dietary supplements, (6) consumption frequency and
amount of 19 staple foods (rice, bread, noodles and other
wheat foods) and miso soup (fermented soybean paste soup),
and (7) open-ended items for foods consumed regularly
( ¼ once/week), which are not listed in the question. The
food and beverage items and portion sizes in the DHQ were
derived primarily from the data in the National Nutrition
Survey of Japan (Sasaki et al., 1998) and several recipe books
for Japanese dishes. Measures of energy and dietary intakes
for food and beverage items and dietary supplements with
energy (148 food items in total) were calculated using an ad
hoc computer algorithm for the DHQ, which was based on
the Standard Tables of Food Composition in Japan (Science
and Technology Agency, 2000). Information on dietary
supplements, such as tablet, powder and liquid, which
contained few energy and on data from the open-ended
questionnaire items were not used in the calculation of
dietary intake.

Anthropometric measures
Anthropometric measures were obtained at visits 1 and 3 by
a single-trained study member. Body weight and height were
measured to the nearest 0.1 kg and 0.1 cm, respectively, in
subjects wearing light clothing and no shoes. body mass
index (BMI) was calculated as body weight (kg) divided by
the square of body height (m2).

Measurement of TEE with the DLW method
At visit 2, after a baseline urine sample was obtained, a single
dose of approximately 0.06 g/kg body weight of 2H2O (99.8
atom%, Cambridge Isotope Laboratories, MA, USA) and
0.14 g/kg body weight of H18
2 O (10.0 atom%, Cambridge
Isotope Laboratories, MA, USA) was orally given to each
subject via a drinking straw. After the dose administration,
the subjects refrained from eating and drinking over a 4-h
equilibration period (4 h sampling) for measurement of total
body water. The second voided urine in the morning of day 1
(the day after the DLW dose) and day 14 (at the same time as
the voiding on day 1) were collected for measurement of the
isotopic (2H and 18O) elimination rate.
The procedure for specimen analysis and for subsequent
data analyses was described previously (Ishikawa-Takata
et al., 2007). Briefly, the isotopic analyses were conducted
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using the Isotope Ratio Mass Spectrometry (IRMS) DELTA
Plus equipment (Thermo Electron Corporation, Bremen,
Germany) and calibrated using Vienna Standard Mean
Ocean Water (V-SMOW), 302B, and the Greenland Ice Sheet
Precipitation (GISP) standard provided by the International
Atomic Energy Agency. Each measurement of samples and
the corresponding references was performed in duplicate.
The average s.d. through the analyses were 0.5% for 2H and
0.03% for 18O.
TEE (kcal/day) calculation was performed using a modified
Weir’s formula Weir, 1949 based on rCO2 (mol/day) and food
quotient (FQ):
TEE ¼ 3:9ðrCO2 =FQÞ þ 1:1ðrCO2 Þ
FQ was derived from the dietary assessment data (g/day) of
DHQ using an equation of Black et al. (1986). The average
value of all subjects (0.867) was used for all subjects to
estimate TEE.
Assessment of other variables possibly related to the rEI
Lifestyle, behavioral and psychological variables possibly
related to the rEI were obtained from the four-page
questionnaire as follows: educational attainment, alcohol
drinking, history of diet experiences, desire for body weight
change, and difference between ideal and measured body
weight.
A physical activity level was calculated as TEE divided by
basal metabolic rate (BMR). BMR was estimated according to
the 6th Recommended Dietary Allowances for Japanese
Ministry of Health Welfare (1999).
Statistical analysis
We excluded 17 subjects who was non-Japanese (n ¼ 1), who
was obese (n ¼ 1), who did not complete at least first or
second DHQ (n ¼ 2), who had left more than 40 items blank
in the questions regarding frequency for 121 selected food
and beverage items in DHQ (n ¼ 4), who rEI outside the range
of 3.0–16.0 MJ/day (n ¼ 2), or who did not provide sufficient
urine sample volume (n ¼ 7). Thus, 140 subjects (67 men and
73 women) were included in the present analysis.
As we monitored the body weight change during the
assessment period of rEI by second DHQ (rEIDHQ2), we
estimated EI (eEI) from TEEDLW with a correction for change
in body energy store during the survey period (Bathalon
et al., 2000):
eEI ¼ TEE þ ðDwt0:03Þ
where TEE is measured as MJ/day, Dwt is measured as g/day
between visits 1 and 3, and 0.03 MJ/day (7 kcal/day) is the
energy cost of weight change (Saltzman and Roberts, 1995).
The eEI was used for the validation of rEIDHQ2. In contrast,
this correction of change in body energy store was not
considered for the validation of rEIDHQ1 because of the lack
of the monitoring.

The results were expressed as the mean and s.d. Mean
differences between sexes and among methods were tested
by the non-paired t-test and paired t-test, respectively. The
Pearson and Spearman correlation coefficient was used to
examine correlations between the test and the reference
methods. Furthermore, the study participants were classified
into tertiles of energy intake according to the distribution of

Table 1 Characteristics of 140 Japanese men and women aged 20–59
years included in the analysesa
Men (n ¼ 67)

Women (n ¼ 73)

39.4711.1
169.376.3
67.379.7
23.372.9
5 (7)
39 (58)
23 (34)

38.5710.4
157.976.1e
53.977.3e
21.672.7e
10 (14)i
55 (75)
8 (11)

Educational attainment
High school or less
Technical or professional school
University or more

28 (42)
5 (7)
34 (51)

23 (32)h
28 (38)
22 (30)

History of diet experiencec
No
Yes

58 (87)
9 (13)

57 (78)
16 (22)

Desire for weight change
Reduction
No change
Increase

37 (55)
20 (30)
10 (15)

50 (68)
20 (27)
3 (4)

4.276.7

4.574.3

2.672.7

1.071.9e

1.7070.21
23755j

1.6970.27
2745g

10.771.7
10.072.1
8.872.4
8.972.5

8.371.2e
8.272.0e
7.771.7f
7.471.5e

Age (years)
Body height (cm)
Body weight (kg)
BMI (kg/m2)b
o18.5
18.5–24.9
X25.0

Difference between ideal
and measured body weight (kg)d
Frequency of alcohol intake
(times/week)
Physical activity level
Body weight change during
survey (g/day)
TEEDLW (MJ/day)
eEIDLW (MJ/day)
rEIDHQ1 (MJ/day)
rEIDHQ2 (MJ/day)

Abbreviations: BMI, body mass index; DHQ, diet history questionnaire; DHQ1,
first measurement of DHQ before dose of DLW; DHQ2, second measurement
of DHQ 2 weeks after dose of DLW; DLW, doubly labeled water method; eEI,
estimated energy intake ¼ TEEDLW þ (body weight change during
survey  0.03); rEIDHQ, reported energy intake assessed with self-administered
DHQ; TEEDLW, total energy expenditure measured by DLW.
a
Mean7s.d. or n (%).
b
The categorization was based on the Japan Society for the Study of Obesity
(Matsuzawa et al., 2000).
c
Dieting was defined as at least 2 kg intentional reduction of body weight
within 1 month.
d
Ideal body weight was evaluated by the following question: how many
kilograms is your ideal body weight? Difference between ideal and measured
body weight was calculated, as ideal body weight (kg)—measured body
weight (kg), to evaluate the degree of desire for body weight change.
e–g
Difference between sexes by non-paired t-test: ePo0.001, fPo0.01,
g
Po0.05.
h,I
Significant difference between sexes in all categories by w2 test: hPo0.001,
i
Po0.01
j
Difference within sexes from 0 by paired t-test: Po0.01.
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the test and the reference methods, and the proportions of
subjects classified into the same, adjacent or opposite tertiles
were determined.
To evaluate the prevalence of under- or over-reporters, we
calculated 95% confidence limits of rEIDHQ1/TEEDLW and
rEIDHQ2/eEIDLW as a cutoff value proposed by Livingstone
and Black (2003). Then, subjects with rEIDHQ1/TEEDLW and
rEIDHQ2/eEIDLW smaller than 0.84 or larger than 1.16 were
considered as under- or over-reporters, respectively.
A stepwise multiple regression analysis was performed to
evaluate the influence of sociodemographic, lifestyle, behavioral and psychological factors on rEIDHQ1/TEEDLW and
rEIDHQ2/eEIDLW, simultaneously. The following potential
factors were entered into the model as the independent
variables: age, BMI, body height, residential area, educational attainment, physical activity level, frequency of
alcohol drinking, desire for body weight change, difference
between ideal and measured body weight, and history of diet
experience.
To examine the reproducibility, we compared mean rEIs
between first and second DHQs (DHQ1 and DHQ2, respectively). Furthermore, the Pearson correlation coefficients
were used to compare the rEIs assessed with DHQ1 and
DHQ2.
All statistical analyses were performed using version 8.2 of
the SAS software package (SAS Institute Inc., Cary, NC, USA).
The test was considered significant at a P-value of o0.05.

Results
Basic characteristics of the study subjects, the mean TEEDLW,
eEI, first and second measurements of rEI by the DHQ
(rEIDHQ1 and rEIDHQ2) are shown in Table 1. Men had the
higher BMI than women (23.3 versus 21.6 kg/m2, Po0.001).

Twenty-three of 67 men and eight of 73 women were
overweight (BMI X25 kg/m2). This table also shows body
weight change during the TEE measurement, between visits
1 and 3. Mean body weight in men, although not in women,
significantly changed by 23755 g/day (Po0.01 by paired
t-test). Mean rEIDHQ1 was significantly lower than mean
TEEDLW by 1.972.4 MJ/day (16.4%, Po0.001) for men and
0.671.9 MJ/day (6.0%, Po0.01) for women. Mean rEIDHQ2
was also significantly lower than mean eEIDLW by
1.172.7 MJ/day (9.1%, Po0.001) for men and 0.872.4 MJ/
day (4.6%, Po0.01) for women.
Table 2 shows reporting accuracy of energy intake assessed
with DHQ expressed as rEIDHQ1/TEEDLW and rEIDHQ2/eEIDLW.
The rEIDHQ1/TEEDLW and rEIDHQ2/eEIDLW was 0.84 and 0.91
for men and 0.94 and 0.95 for women, respectively, resulting
in a significantly lower rEIDHQ1/TEEDLW ratio for men than
for women (Po0.05). There was a wide range in reporting
accuracy of DHQ1; 31 and 51% were identified as acceptable,
and 58 and 32% as under-, and 10 and 18% as over-reporters
for men and women, respectively.
The rEIDHQ1 and TEEDLW were significantly correlated only
for men (Pearson correlation coefficient ¼ 0.34, Spearman
correlation coefficient ¼ 0.33), but not for women (0.22 and
0.16, respectively). Forty-one, 45 and 14% of the subjects
were cross-classified into the same, the adjacent and the
opposite tertiles of the respective distributions of rEIDHQ1
and TEEDLW, respectively (Figure 1a). The results of the
correlation between rEIDHQ2 and eEIDLW were similar
(Figure 1b).
Table 3 shows the results of multiple regression analysis
with rEIDHQ1/TEEDLW and rEIDHQ2/eEIDLW, as the dependent
variables to examine the prediction of accuracy of reporting
energy intake. For men, frequency of drinking alcohol, the
difference between ideal and measured body weight, and
history of diet experience correlated significantly and

Table 2 Reporting accuracy of energy intake determined by the self-administered diet history questionnairea
DHQ1

Reporting accuracyb
Underreporters (n (%))
Acceptable reporters (n (%))
Overreporters (n (%))
Pearson’s correlation coefficient
Spearman correlation coefficient

DHQ2

All (n ¼ 140)

Men (n ¼ 67)

Women (n ¼ 73)

All (n ¼ 140)

Men (n ¼ 67)

Women (n ¼ 73)

0.8970.22
62 (44)
58 (41)
20 (14)
0.40e
0.35e

0.8470.21
39 (58)
21 (31)
7 (10)
0.34f
0.33f

0.9470.22c
23 (32)d
37(51)
13 (18)
0.22
0.16

0.9370.30
64 (46)
48 (34)
28 (20)
0.36e
0.36e

0.9170.26
30 (45)
27 (40)
10 (15)
0.35f
0.41e

0.9570.33
34 (47)
21 (29)
18 (25)
0.11
0.07

Abbreviations: DHQ1, first measurement of DHQ before dose of DLW; DHQ2, second measurement of DHQ 2 weeks after dose of DLW; DLW, doubly labeled water;
eEI, estimated EI.
a
Mean7s.d. or n (%).
b
Reporting accuracy was assessed as the ratio of energy intake to total energy expenditure (rEIDHQ1/TEEDLW) and the ratio of energy intake to estimated energy intake
(rEIDHQ2/eEIDLW), respectively. eEI was determined by using a correction for change in body energy during the measurement period, as TEE7(body weight change
during survey  0.03). Under-, acceptable, and over-reporters were defined as the ratio rEIDHQ/TEEDLW and rEIDHQ/eEIDLW o0.84, 0.84–1.16 and 41.16,
respectively.
c
Difference between sex by non-paired t-test: Po0.01.
d
Significant difference between sexes in all categories by w2 test: Po0.01.
e,f
Correlation coefficients between two methods: ePo0.001, fPo0.01.
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the above-mentioned related factors (0.42 for men and 0.37
for women).
We also examined reproducibility of energy intake
between DHQ1 and DHQ2. The rEIDHQ2 was significantly
lower than rEIDHQ1 for women (the difference was
0.371.1 MJ/day, P ¼ 0.03), but not for men. The Pearson
correlation coefficient between rEIDHQ1 and rEIDHQ2 was 0.79
for men and 0.76 for women.

18
16
rEIDHQ1 (MJ/d)

14
12
10
8
6
4

Discussion

2
2

4

6

8
10
12
TEEDLW (MJ/d)

14

8
10
12
eEIDLW (MJ/d)

14

16

18

b 18
16

rEIDHQ2 (MJ/d)

14
12
10
8
6
4
2
2

4

6

16

18

Figure 1 (a) Comparison of the first measurement of energy intake
determined by the self-administered diet history questionnaire
(rEIDHQ1) with total energy expenditure measured by the doubly
labeled water method (TEEDLW) (’ ¼ 67 men, J ¼ 73 women). The
dotted lines divide intake according to the tertiles of distribution. A
straight line is y ¼ x. Pearson and Spearman correlation coefficient
was 0.40 and 0.35, respectively (both Po0.001). (b) Comparison of
the second measurement of energy intake determined by the selfadministered diet history questionnaire (rEIDHQ2) with estimated
energy intake (eEIDLW) determined by a correction of body weight
change during survey period, as TEE þ (Wwt  0.03), (’ ¼ 67 men,
J ¼ 73 women). The dotted lines divide intake according to the
tertiles of distribution. A straight line is y ¼ x. Pearson and Spearman
correlation coefficient was both 0.36 (Po0.001).

positively, and physical activity level negatively with
rEIDHQ1/TEEDLW. For women, age and educational attainment correlated significantly and positively, and BMI
negatively with rEIDHQ1/TEEDLW. We also conducted the
same analysis with rEIDHQ2/eEIDLW. Body height, BMI and
physical activity level significantly and negatively correlated
with rEIDHQ2/eEIDLW for women. On the other hand, no
factors attained the significance level for men.
The Pearson correlation coefficients between rEIDHQ1 and
TEEDLW slightly improved in both sexes after adjustment for

To our knowledge, this is the first report in a non-Western
country to validate energy intake estimated with a dietary
assessment questionnaire against TEE measured by DLW
method. Moreover, the sample size was relatively large
compared to the previous studies with the same purpose
and method (Sawaya et al., 1996; Kroke et al., 1999; Andersen
et al., 2003).
The mean rEIDHQ1 was 11.0% less (16.4% for men and
6.0% for women) than the mean TEEDLW. Several validation
studies have shown that dietary assessment instruments
underestimated daily energy intake (Livingstone et al., 1990;
Hill and Davis, 2001). The degree of such error, under- or
overestimation, has also been examined using TEE measured
by the DLW method (Sawaya et al., 1996; Kroke et al., 1999;
Andersen et al., 2003; Livingstone and Black, 2003). Average
underreporting in the previous studies between EI from
dietary assessment questionnaires and TEE measured by
DLW ranged from 10 to 38% (Sawaya et al., 1996; Subar et al.,
2003), which depends on sample size and subjects (Trabulsi
and Schoeller, 2001).
For the individual ranking, the rEIDHQ1 significantly and
positively correlated with TEEDLW (r ¼ 0.40, Po0.001), showing a correlation similar to or relatively higher than those
observed in the previous studies (r ¼ 0.06–0.48) (Kroke et al.,
1999; Bathalon et al., 2000). Acceptable reporting was
observed in 41% of the subjects, whereas 44% underreported
and 14% over-reported. Underreporting of energy intake
therefore seems to be a more serious problem than overreporting.
In this study, the mean rEIDHQ1/TEEDLW ratio was significantly lower in men than in women. Further, the rate of
underreporting was higher in men than in women. In a
previous analysis of individual data from 21 studies, in
contrast, the proportion of underreporters did not statistically differ between sexes (Black, 2000). In our previous
study using semi-weighed diet records in 4 days  4 seasons,
the mean value of the ratio of rEI to BMR estimated from sex,
age and body weight was not statistically different between
sexes (Okubo et al., 2006). In the DHQ, the portion sizes of
food items are standardized regardless of sex, for example as
‘one small cup’. The subjects then select the relative portion
size from the five categories given except for rice, bread,
noodles, other wheat foods and miso soup. This structure
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Table 3 Result of multiple regression analysis by stepwise procedure with the ratio of energy intake to total energy expenditure (rEIDHQ1/TEEDLW and rEIDHQ2/eEIDLW) as dependent variablesa
Independent variableb

Men (n ¼ 67)

Women (n ¼ 73)

DHQ1

DHQ2

Partial
regression
coefficient c

s.e.

P-value

Partial
regression
coefficientc

s.e.

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0.356
0.026

0.120
0.009

o0.01
o0.01

—
0.013

—
0.003

0.170

0.071

d

DHQ1

DHQ2
Partial
regression
coefficientc

s.e.d

P-value

—
0.049
0.016
—
—

—
0.015
0.006
—
—

—
o0.01
0.02
—
—

—
—

0.480
—

0.154
—

o0.01
—

—
—

—
—

—
—

—
—

—
—

—

—

—

—

—

s.e.

d

P-value

Partial
regression
coefficientc

—
—
—
—
—

—
—
—
—
—

0.005
0.036
—
—
0.145

—
—

—
—

—
—

—
—

—
—

—
o0.01

—
—

—
—

—
—

—
—

0.02

—

—

—

—

P-value

0.002
0.04
0.009 o0.001
—
—
—
—
0.053 o0.01

a
TEEDLW, total energy expenditure measured by doubly labeled water method (DLW); rEIDHQ, reported energy intake assessed with self-administered diet history questionnaire (DHQ); DHQ1, first
measurement of DHQ before dose of DLW; DHQ2, second measurement of DHQ 2 weeks after dose of DLW. Reporting accuracy were assessed as the ratio of energy intake to total energy expenditure
(rEIDHQ1/TEEDLW ) and the ratio of energy intake to estimated energy intake (rEIDHQ2/eEIDLW), respectively. Estimated EI (eEI) was determined by using a correction for change in body energy during the
measurement period, as TEE þ (body weight change during survey  0.03).
b
See table 1 for the definition of each independent variable. Age (as a continuous variable), BMI (as a continuous variable), body height (as a continuous variable), residential area (Hokuriku, Shikoku, North
Kyushu, and South Kyushu), educational attainment (high school or less, technical or professional school, or university or more), physical activity level (as a continuous variable), frequency of alcohol
drinking (as a continuous variable), desire for body weight change (reduction, no change or increase), difference between ideal and measured body weight (as a continuous variable), history of diet
experience (yes or no).
c
Partial regression coefficient; change in dependent variable related to a 1-U change in independent variable.
d
Standard error (s.e.) of the regression coefficient.
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Age (years)
BMI (kg/m2)
Body height (cm)
Residential area
Educational attainment,
(more than University
versus high school
or less as reference)
Physical activity level
Frequency of drinking alcohol
(times/week)
Desire for body weight change
Difference between ideal and
measured body weight (kg)
History of diet experience
(yes versus no as reference)

d

Validation of energy intake by DLW
H Okubo et al

1349
might have led to relative over- and underreporting of
energy in women and men, respectively.
The rEIDHQ1/TEEDLW was significantly and independently
correlated with several anthropometric and behavioral
factors (Table 3). Several previous studies have already
examined non-dietary factors, such as physiological (Zhang
et al., 2000; Livingstone and Black, 2003) and psychological
(Johansson et al., 1998; Bathalon et al., 2000; Tooze et al.,
2004) factors associated with reporting accuracy of energy
intake. After adjusting for these variables, the validity
slightly improved (Pearson correlation coefficient was 0.42
for men and 0.37 for women). Therefore, these non-dietary
factors are needed to consider when evaluating rEI.
This study has several limitations. First, FQ was derived
from dietary assessment data by DHQ. Therefore, TEE was
not theoretically independent of EI. Second, the surveyed
period for the first measurement of EI by DHQ (DHQ1) was
ahead of, and not overlapping with, TEE measurement by
the DLW method. Third, we used the TEE as gold standard
for the validation of DHQ1 without any consideration for a
possible body weight change during the assessment period
because of lack of the data. Fourth, we used the TEE with a
correction for change in body weight during the survey
period as gold standard for the validation of DHQ2, because
the body weight has significantly changed in men. Fifth, the
change in body composition, such as change in fat mass and
fat-free mass, is probably the better indicator than the
change in body weight for the correction of energy content
for the study purpose. Sixth, the rEIDHQ1 was significantly
lower than the rEIDHQ2 for women. Intentional or nonintentional intervention effect might have influenced
dietary behaviors between the first and the second measurement. As shown in Table 3, the factors affecting reporting
accuracy of energy intake were different between the two
measurements. This may be one of the reasons. Seventh, we
applied a two-point rather than multipoint method for the
measurement of TEEDLW. Eighth, the subjects were not
randomly sampled from the general Japanese population.
Moreover, the survey areas were not equally distributed over
the country but were rather selected mostly from the
Western parts of Japan.
In summary, the energy intake assessed with DHQ
correlated low to modestly with TEE measured by DLW. In
addition, DHQ underestimated energy intake at a group
level. Caution is needed when energy intake was evaluated
by DHQ at both individual and group levels.
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