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Background and Objectives: Despite growing interest in the association between dietary amino acid intake and
optimal health, validated dietary questionnaires that can estimate amino acid intake have been scarce. We exam-
ined the validity of amino acid intakes estimated using a self-administered diet history questionnaire (DHQ) com-
paring with 16-day semi-weighed dietary records (DR). Methods and Study Design: A total of 184 Japanese
men and women completed a four-day DR and a DHQ four times, once in each season. Dietary amino acid in-
takes were estimated as crude, energy-adjusted, and percentage of total protein intake (% protein) using an amino
acid database of Japanese foods. The validity of dietary amino acid intake estimated by the first-time DHQ was
examined using the mean of 16 days’ DRs as reference. Results: Mean intakes of almost all amino acids estimat-
ed by DHQ were significantly lower than those estimated by the DR for energy-adjusted values in both sexes.
Although mean amino acid intakes estimated by DHQ were significantly higher than those estimated by the DR
for % protein value, the differences between the DR and DHQ were slight (-0.04 to 0.39% protein for men, -0.05
to 0.37% protein for women). Pearson correlation coefficients between DHQ and the DR showed reasonable
ranking ability in % protein values for men (interquartile range (Q1—Q3): 0.31-0.47) and energy-adjusted values
for women (interquartile range (Q1—Q3): 0.40-0.45). Conclusion: DHQ showed acceptable ability to estimate
mean amino acid intake and to rank individuals in a population according to their amino acid intake for using in
large-scale epidemiological studies.
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tween habitual dietary amino acid intake and health out-
comes;*® however, these studies remain scarce. This is
partly due to the lack of a comprehensive amino acid da-
tabase and validated dietary questionnaires able to esti-
mate amino acid intake. To conduct large-scale epidemio-
logical studies with lower cost and respondent burden,
dietary questionnaires are indispensable.

Sasaki et al developed a comprehensive self-
administered diet history questionnaire (DHQ) to assess
the Japanese diet which has already has been used in
many epidemiological studies.**? Although the DHQ can
estimate the dietary intake of energy and 42 selected nu-
trients,"" the intake of amino acids has not been evaluable
due to the lack of amino acid composition data of Japa-
nese foods. In a previous study, we developed a compre-
hensive amino acid composition table for Japanese
foods,** which enabled the DHQ to estimate habitual
amino acid intake.

The aim of this study was to examine the validity of the
DHQ for estimating amino acid intake among healthy
Japanese adults using a 16-day semi-weighed dietary rec-
ord (DR) as a reference method.

MATERIALS AND METHODS

Participants

This study was based on a multicenter survey conducted
in three areas of Japan, Osaka (urban), Nagano (rural in-
land), and Tottori (rural coastal) from November 2002 to
September 2003."*214!® These three areas were selected
in consideration of potential regional differences in food
availability and dietary habits, and availability of partici-
pants.' In each area, apparently healthy women aged 30
to 69 years who lived with their husbands were invited. In
each 10-year age class (30-39, 40-49, 50-59, and 60-69
years), eight women were equally enrolled without con-
sideration to the age of their husbands. Thus, a total of 96
women and 96 men were invited. Information sessions for
the participants were held before the study at which the
study purpose and protocol were explained. We excluded
eight subjects (four women and four men) who did not
complete the study protocol. Finally, 92 men (30 from
Osaka, 31 from Nagano, and 31 from Tottori) aged 32 to
76 years and 92 women (30 from Osaka, 31 from Nagano,
and 31 from Tottori) aged 31 to 69 years were included in
the final analysis sample.

This study did not undergo ethical approval because it
was conducted before ethical guidelines for epidemiolog-
ic research were mandated in Japan. However, it was
conducted according to the guidelines laid down in the
Declaration of Helsinki, and use of data from the study
was approved by the Research Ethics Committee of the
University of Tokyo Faculty of Medicine (No. 3421).
Written informed consent was obtained from all partici-
pants.

Structure of the DHQ

The DHQ is a 16-page structured self-administered ques-
tionnaire that asks about the consumption frequency and
portion size of 150 selected food and beverage items to
estimate the dietary food and nutrient intake during the
preceding month.*"*>** It consists of seven sections: (1)
general dietary behavior; (2) usual cooking methods; (3)

consumption frequency and amount of alcoholic beverag-
es; (4) consumption frequency and semi-quantitative por-
tion size of selected food and non-alcoholic beverage
items; (5) dietary supplements; (6) consumption frequen-
cy and semi-quantitative portion size of staple foods (rice,
other grains, noodles, bread and other grain products),
soup for noodles, and miso (fermented soybean paste)
soup, with questions on the size of cups (bowls) usually
used for rice and miso soup; and (7) open-ended items for
foods consumed regularly (> once/week) but not appear-
ing in the DHQ.™ The food and beverage items were se-
lected as foods commonly consumed in Japan. Standard
portion sizes and sizes of bowls for rice and cups for miso
soup were derived from several recipe books for Japanese
dishes.

Dietary assessments
Participants completed a 4-nonconsecutive-day semi-
weighed DR four times, once in each season, at intervals
of approximately three months: DR1 in November or
December 2002 (autumn), DR2 in February 2003 (winter),
DR3 in May 2003 (spring), and DR4 in August or Sep-
tember 2003 (summer).”*? One weekend day and three
weekdays were included in each set of four recording
days. During the information session, registered dietitians
provided the participants written and verbal instructions
on how to record the DR, recording sheets, and a digital
scale, and asked them to record and weigh all foods and
beverages consumed on each recording day. The weight
of foods and beverages consumed was documented as the
weight of the edible portion. For standardization of the
survey method, all collaborators (registered dietitians)
were trained in how to check the collected DR before
starting the survey. All collected records were checked by
trained dietitians at the respective local center and then
again at the study center. Intakes of energy and protein
were estimated based on the Standard Tables of Food
Composition in Japan 2010,'® and those of 18 amino acids
(isoleucine, leucine, lysine, methionine, cysteine, phenyl-
alanine, tyrosine, threonine, tryptophan, valine, histidine,
arginine, alanine, aspartic acid, glutamic acid, glycine,
proline, and serine) were estimated based on an amino
acid database developed by Suga et al.®

The participants were also asked to answer the DHQ
four times, once in each season: DHQ1 in November or
December 2002 (autumn), DHQ2 in February 2003 (win-
ter), DHQ3 in May 2003 (spring), and DHQ4 in August
or September 2003 (summer).***2 The DHQ was adminis-
tered approximately two days before the start of each die-
tary recording period to avoid the influence of the
memory of recording the DR. Intakes of energy, protein,
and 18 amino acids were estimated based on the intake of
food items obtained from the DHQ, the Standard Tables
of Food Composition in Japan 2010,'® and the amino acid
database developed by Suga et al.** Information on die-
tary supplements and data from the open-ended question-
naire items in the DHQ were not used in the calculation
of dietary intake because no reliable database of dietary
supplements was available and few participants reported
food intake using the open-ended questionnaire.
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Statistical analysis

The validity of amino acid intake values derived from the
DHQ were examined using the average value of the 16-
day DR as a reference. In this validation study, we used
mean amino acid intake values and Pearson correlation
coefficients to examine the DHQ’s ability to estimate a
group’s mean amino acid intake and to rank individuals
according to their amino acid intake, respectively. In ad-
dition, agreement for amino acid intakes between the DR
and the DHQ at the individual level was examined using
intraclass correlation coefficients (ICC) and Bland-
Altman plots.”*® We plotted the amino acid intake dif-
ferences between the DR and the DHQ against mean val-
ues of the DR and DHQ. The limits of agreement were set
as 1.96 times the standard deviation (SD) of the differ-
ence.

Many epidemiological studies administer dietary as-
sessment questionnaires only once. To assess the validity
of the use of the DHQ, which asks dietary intake during
the preceding month, we used the estimated dietary intake
value from DHQL to examine whether a single (and the
first time) DHQ can represent habitual dietary intake over
a longer period (e.g. one year).

Since previous studies on the relationship between
amino acid intake and health outcome used crude
values,***? energy-adjusted values by the residual meth-
od,*" and a percentage of total protein intake (% protein)
values,>**® amino acid intake values were estimated us-
ing these three expression in this study. Energy and pro-
tein intakes were also estimated based on the Standard
Tables of Food Composition in Japan 2010 to calculate
energy-adjusted and % protein values.'® As nutrient in-
takes were not normally distributed, intake values were
log-transformed before analysis.

Statistically significant differences in mean values be-
tween the DR and DHQ were determined by a paired t-
test using two-sided values. p values less than 0.05 were
considered to indicate a statistically significant difference.
All statistical analyses were conducted using the SAS
statistical software package version 9.2 (SAS Institute
Inc., Cary, NC, USA) for women and men separately.

RESULTS

The mean ages of men and women were 52.8 (SD 12.1)
and 49.6 (SD 11.4) years, respectively. The mean (inter-
quartile range) energy and protein intakes estimated by
the DR were 9804 (8709-10756) kJ/day and 83.1 (73.2—
91.8) g/day for men and 7722 (7071-8589) kJ/day and
69.5 (62.8-79.5) g/day for women. Those estimated by
DHQ were 9300 (7604-10879) kJ/day and 71.6 (55.9—
89.1) g/day for men and 7854 (6925-9053) kJ/day and
65.8 (54.3-79.7) g/day for women.

Mean amino acid intakes calculated from the DR and
DHQ are shown in Table 1. Regarding the energy-
adjusted values, mean amino acid intakes estimated by
DHQ were significantly lower than those estimated by the
DR for men. Similar results were shown for women;
however, significant differences were shown for only six
amino acids: cysteine, histidine, alanine, aspartic acid,
glutamic acid, and glycine. Regarding the % protein val-
ues, mean intake of amino acids estimated by DHQ was
significantly higher than that estimated by the DR in both

sexes, except for histidine and glycine for both sexes and
proline for men.

Pearson correlation coefficients for amino acid intake
estimated by the DR and DHQ are shown in Table 2. The
medians (interquartile ranges (Q1-Q3)) of Pearson corre-
lation coefficients between crude amino acid intakes es-
timated by the DR and those estimated by DHQ were
0.33 (0.31-0.35) for men and 0.27 (0.26-0.28) for women.
Regarding energy-adjusted and % protein values, the me-
dians (interquartile ranges (Q1-Q3)) were 0.32 (0.26—
0.37) and 0.43 (0.31-0.47) for men and 0.42 (0.40-0.45)
and 0.32 (0.25-0.44) for women, respectively. For men,
the Pearson correlation coefficients of % protein values
tended to be the highest among the three types of values.
For women, those of energy-adjusted values tended to be
the highest.

ICCs for amino acid intake estimated by the DR and
DHQ are shown in Table 3. ICCs for crude values were
close to the Pearson correlation coefficients in both sexes.
However, for non-crude values, ICCs were very low, ex-
cept for energy-adjusted values for women. This implied
that non-crude amino acid intake estimated by DHQ
showed poor agreement at the individual level.

The Bland-Altman plots showed that the mean differ-
ences for men were larger than those for women. Also,
the mean differences for energy-adjusted amino acid in-
takes were larger than those for crude intake, whereas the
mean differences for % protein values were slight. The
limits of agreement of crude and energy-adjusted values
were relatively large compared to those of % protein val-
ues. These results indicated that % protein value may be
preferable for estimating amino acid intake at the individ-
ual level. As an example, Bland-Altman plots for agree-
ment between the crude, energy-adjusted, and % protein
intake of tryptophan estimated by the 16-day DR and by
DHQ are shown in Figure 1 for men and Figure 2 for
women. The plots of crude values in both sexes showed a
significant relationship between the difference and the
average of DHQ1 and the DR (slope 0.569, p<0.001 for
men and slope 0.633, p<0.001 for women). In addition, %
protein values in women also showed a significant rela-
tionship (slope 0.261, p=0.046). Thus, proportional biases
were likely to exist in crude values in both sexes and in
the % protein values in women. Similar results were ob-
served for other amino acids (data not shown).

DISCUSSION
In this study, we examined the validity of amino acid in-
take estimated by the DHQ, using DR collected over a
total of 16 days as reference. Mean amino acid intakes
estimated by DHQ tended to be lower than those estimat-
ed by the DR for crude and energy-adjusted values in
both sexes. On the contrary, for % protein values, mean
amino acid intakes estimated by DHQ tended to be higher
than those estimated by the DR in both sexes. Regarding
correlation coefficients between amino acid intakes esti-
mated by the DR and DHQ, % protein values showed
higher correlation coefficients than crude and energy-
adjusted values for men while energy-adjusted values
showed higher correlation coefficients than crude and %
protein values for women.

The mean amino acid intakes estimated by DHQ were
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Table 1. Mean intakes of amino acids estimated by the 16-day DR and DHQ among 92 men and 92 women

Men (n=92)

Women (n=92)

Crude Energy-adjusted % protein Crude Energy-adjusted % protein
(mg/day) (mg/day) (% protein) (mg/day) (mg/day) (% protein)

DR DHQ DR DHQ DR DHQ DR DHQ DR DHQ DR DHQ
Isoleucine 3374 2990 3374 2990 4.06 418 2857 2792 2857 2792 4.11 425
Leucine 6030 5384 6030 5384 7.26 753 7 5094 5015 5094 5015 7.33 763 77
Lysine 5063 4438 5063 4438 7 6.10 621 4251 4158 4251 4158 6.12 633
Methionine 1839 1634 1839 1634 7 2.22 229 77 1521 1486 1521 1486 2.19 226 7
Cysteine 1205 1089 1205 1089 7 1.45 152 1010 977 1010 977 o 1.45 149 77
Phenylalanine 3498 3121 7 3498 3121 7 421 436 7 2966 2897 2966 2897 4.27 441 "
Tyrosine 2716 2440 7 2716 2440 7 3.27 341 7 2288 2263 2288 2263 3.29 344 7
Threonine 3101 2748 3101 2748 7 3.73 384 7 2601 2542 2601 2542 3.75 387 7
Tryptophan 933 83 933 835 1.12 117 7 786 773 786 773 1.13 118 77
Valine 3981 3554 3981 3554 7 4.79 497 7 3365 3310 3365 3310 4.84 504 7
Histidine 2634 2289 2634 2289 7 3.17 3.20 2165 2086 2165 2086 3.12 3.18
Arginine 4634 4119 7 4634 4119 7 558 576 7 3803 3695 3803 3695 5.48 563
Alanine 3962 3501 3962 35010 7 4.77 49 7 3257 3149 3257 3149 T 4.69 479 7
Aspartic acid 7242 6368 7242 6368 872 890 6104 5887 6104 5887 8.79 896
Glutamic acid 14137 12451 7 14137 12451 7 17.0 174 " 12103 11694 12103 11694 17.4 178 7
Glycine 3614 3081 7 3614 3081 7 435 431 2943 2752 2943 2752 7 4.24 4.19
Proline 4382 3843 7 4382 3843 7 5.28 5.38 3825 3729 3825 3729 5.51 568 7
Serine 3654 3262 3654 3262 7 4.40 456 7 3096 3013 3096 3013 4.46 459 7

DR: dietary records; DHQ: self-administered diet history questionnaire.
Mean values obtained by the crude and the energy-adjust by residual method were the same.

All variables were log-transformed before analysis.
Significant difference from the DR: p<0.05, p<0.01, p<0.001 (paired t-test).

Mean values obtained by the crude and the energy-adjust by residual method were the same.
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Table 2. Pearson correlation coefficients of amino acid intakes between the DR and DHQ among 92 men and 92

women
Men (n=92) Women (n=92)
Crude Energy-adjusted % protein Crude Energy-adjusted % protein

Energy 0.41 - - 0.30 - -
Protein 0.33 0.28 - 0.27 0.47 -
Isoleucine 0.32 0.32 0.36 0.25 0.40 0.13
Leucine 0.33 0.33 0.41 0.26 0.42 0.29
Lysine 0.29 0.26 0.25 0.26 0.36 0.15
Methionine 0.31 0.25 0.26 0.26 0.35 0.20
Cysteine 0.37 0.37 0.45 0.27 0.42 0.30
Phenylalanine 0.35 0.38 0.52 0.27 0.46 0.44
Tyrosine 0.34 0.35 0.48 0.27 0.42 0.25
Threonine 0.31 0.28 0.26 0.27 0.40 0.09
Tryptophan 0.34 0.37 0.56 0.27 0.46 0.44
Valine 0.33 0.35 0.52 0.26 0.41 0.34
Histidine 0.27 0.26 0.19 0.24 0.35 0.27
Arginine 0.35 0.30 0.41 0.32 0.45 0.45
Alanine 0.31 0.23 0.31 0.29 0.40 0.42
Aspartic acid 0.31 0.31 0.47 0.28 0.44 0.42
Glutamic acid 0.37 0.44 0.45 0.28 0.56 0.54
Glycine 0.33 0.21 0.31 0.31 0.43 0.46
Proline 0.40 0.50 0.47 0.31 0.58 0.61
Serine 0.34 0.37 0.44 0.27 0.44 0.27

DR: dietary records; DHQ: self-administered diet history questionnaire.

All variables were log-transformed before analysis.

Table 3. Intraclass correlation coefficients of amino acid intakes between the DR and DHQ among 92 men and 92

women
Men (n=92) Women (n=92)
Crude Energy-adjusted % protein Crude Energy-adjusted % protein

Isoleucine 0.27 0.16 0.11 0.27 0.38 -0.15
Leucine 0.28 0.17 0.004 0.27 0.40 -0.17
Lysine 0.26 0.15 0.21 0.29 0.36 0.07
Methionine 0.27 0.12 0.11 0.28 0.34 0.05
Cysteine 0.31 0.16 0.21 0.24 0.38 0.23
Phenylalanine 0.29 0.19 0.15 0.27 0.44 0.08
Tyrosine 0.30 0.19 0.03 0.27 0.42 -0.19
Threonine 0.27 0.13 0.06 0.29 0.39 -0.15
Tryptophan 0.29 0.20 0.19 0.28 0.45 0.06
Valine 0.28 0.19 0.16 0.27 0.40 -0.06
Histidine 0.25 0.15 0.19 0.27 0.33 0.25
Arginine 0.30 0.12 0.26 0.31 0.44 0.36
Alanine 0.27 0.06 0.18 0.30 0.39 0.34
Aspartic acid 0.25 0.14 0.40 0.30 0.43 0.36
Glutamic acid 0.30 0.18 0.39 0.25 0.49 0.48
Glycine 0.28 -0.04 0.30 0.29 0.36 0.44
Proline 0.32 0.27 0.42 0.28 0.53 0.55
Serine 0.29 0.18 0.13 0.27 0.42 0.06

DR: dietary records; DHQ: self-administered diet history questionnaire.

All variables were log-transformed before analysis.

lower than those estimated by the DR for crude and ener-
gy-adjusted values and were higher than those estimated
by the DR for % protein values. Considering the differ-
ences in mean intakes between the DR and DHQ), the dif-
ferences of % protein values were slight in both sexes (-
0.04 to 0.39% protein for men, and -0.05 to 0.37% protein
for women). This result indicates that is likely preferable
to use % protein values to estimate a group’s mean die-
tary intake.

Regarding the correlation coefficients between the DR
and DHQ, crude intake values tended to be lower than
non-crude (energy-adjusted and % protein) values.
Though some previous epidemiological studies have used

crude amino acid intake values to examine the relation-
ship between amino acid intake and health outcome,®*
this result suggested that the use of crude values to esti-
mate amino acid intake in epidemiological studies may be
problematic. Most of the correlation coefficients of %
protein values were higher than those of energy-adjusted
values for men, although the opposite result was seen for
women. Although this result was unexpected, it implied
that an appropriate method of estimating amino acid in-
take by dietary assessment questionnaires may differ de-
pending on the subjects’ sex. One possible reason is that
DHQ’s significant underestimation of energy intake for
men may affect the correlation of energy-adjusted amino
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Figure 1. Bland-Altman plots of tryptophan intake between the DR and DHQ among 92 men estimated by (A) crude values, (B) energy-
adjusted values, and (C) % protein values. DHQ: self-administered diet history questionnaire; DR: dietary records; SD: standard devia-

tions.

acid intake. To our knowledge, this is the first study to
examine the validity of amino acid intake estimated by a
dietary questionnaire using % protein value, and to com-
pare the difference between crude, energy-adjusted, and
% protein values.

We used ICC and Brand-Altman plots to examine
agreement for amino acid intakes between the DHQ and
the DR at the individual level. ICC calculated using DHQ
were relatively low compared to Pearson correlation coef-
ficients. According to this result, although the DHQ had a

reasonable ability to rank subjects in a group according to
their amino acid intake, it had difficulty in estimating
absolute values of amino acid intake at the individual
level. Bland-Altman plots also showed poor agreement at
the individual level. Because the DHQ’s primary objec-
tive is to rank individuals according to their nutrient in-
take, rather than providing a measure of absolute intake,
the results of this study imply that the DHQ is likely to
have sufficient ability for its purpose.

Several limitations of this study should be mentioned.
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ations.

ble to day-to-day variability in nutrient intake. The DR
collection period of 16 days and our sample size (92 men
and 92 women) may have therefore been too short and
small for consideration of usual individual intake. On the

First, since the amino acid database used in this study has
missing values for some food and beverages, amino acid
intake values estimated by the DHQ and 16-day DR were
underestimated for participants who ate these food items.

Nevertheless, the mean contribution of these food items
to the estimation of amino acid intake in this study popu-
lation was only 4.0%," and we therefore considered that
the effect of underestimation was not so large. Second,
although we used mean values of amino acid intake de-
rived from the 16-day DR as a reference, DR is suscepti-

other hand, considering the burden on participants, con-
ducting a DR for more than 16 days appears to be unfea-
sible. Finally, our participants were volunteers, and may
therefore have been more nutritionally conscious than
others who did not participate in the study. Accordingly,
the generalization of our results may be limited.
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We examined the validity of amino acid intake esti-
mated by the DHQ. The DHQ showed acceptable ability
to estimate mean amino acid intake and to rank individu-
als in a population according to their amino acid intake.
Although the DHQ is a dietary questionnaire which as-
sesses individual dietary intake during the previous month,
amino acid intakes estimated by a single DHQ showed
acceptable validity for use in large-scale epidemiological
studies.

ACKNOWLEDGEMENTS

This study was supported by grants from the Japanese Ministry
of Health, Labour, and Welfare. The funder of this study had no
role in the design, in the data collection, analysis, and interpreta-
tion, in the writing of the manuscript, or in the decision to sub-
mit this manuscript for publication.

AUTHOR DISCLOSURES
The authors declare that there was no conflict of interest.

REFERENCES

1. Giovannucci E, Stampfer MJ, Colditz GA, Rimm EB,
Trichopoulos D, Rosner BA, Speizer FE, Willett WC. Folate,
methionine, and alcohol intake and risk of colorectal
adenoma. J Natl Cancer Inst. 1993;85:875-83. doi: 10.1093/
jnci/85.11.875.

2. Okubo H, Sasaki S. Histidine intake may negatively
correlate with energy intake in human: a cross-sectional
study in Japanese female students aged 18 years. J Nutr Sci
Vitaminol (Tokyo) 2005;51:329-34. doi: 10.3177/jnsv.51.
329.

3. Altorf-van der Kuil W, Engberink MF, De Neve M, van
Rooij FJA, Hofman A, van’t Veer P, Witteman JCM, Franco
OH, Geleijnse JM. Dietary amino acids and the risk of
hypertension in a Dutch older population: the Rotterdam
Study. Am J Clin Nutr. 2013;97:403-10. doi: 10.3945/ajcn.
112.038737.

4. Tuttle KR, Milton JE, Packard DP, Shuler LA, Short RA.
Dietary amino acids and blood pressure: a cohort study of
patients with cardiovascular disease. Am J Kidney Dis. 2012;
59:803-9. doi: 10.1053/j.ajkd.2011.12.026.

5. Kobayashi S, Asakura K, Suga H, Sasaki S. High protein
intake is associated with low prevalence of frailty among old
Japanese women: a multicenter cross-sectional study. Nutr J.
2013;12:164. doi: 10.1186/1475-2891-12-164.

6. Ishihara J, Otani T, Inoue M, Iwasaki M, Sasazuki S,
Tsugane S, the Japan Public Health Center-based
Prospective Study Group. Low intake of vitamin B-6 is
associated with increased risk of colorectal cancer in
Japanese men. J Nutr. 2007;137:1808-14.

7. de Vogel S, Dindore V, van Engeland M, Goldbohm RA,
van den Brandt PA, Weijenberg MP. Dietary folate,
methionine, riboflavin, and vitamin B-6 and risk of sporadic
colorectal cancer. J Nutr. 2008;138:2372-8. doi: 10.3945/jn.
108.091157.

8. Qin LQ, Xun P, Bujnowski D, Daviglus ML, Van Horn L,
Stamler J, He K, the INTERMAP Cooperative Research
Group. Higher branched-chain amino acid intake is
associated with a lower prevalence of being overweight or

obese in middle-aged East Asian and Western adults. J Nutr.
2011;141:249-54. doi: 10.3945/jn.110.128520.

9. Stamler J, Brown 1J, Daviglus ML, Chan Q, Kesteloot H,
Ueshima H, Zhao L, Elliott P, the INTERMAP Research
Group. Glutamic acid, the main dietary amino acid, and
blood pressure: the INTERMAP Study (International
Collaborative Study of Macronutrients, Micronutrients and
Blood Pressure). Circulation. 2009;120:221-8. doi: 10.1161/
CIRCULATIONAHA.108.839241.

10. Sasaki S, Yanagibori R, Amano K. Self-administered diet
history questionnaire developed for health education: a
relative validation of the test-version by comparison with 3-
day diet record in women. J Epidemiol. 1998;8:203-15. doi:
10.2188/jea.8.203.

11. Kobayashi S, Honda S, Murakami K, Sasaki S, Okubo H,
Hirota N, Notsu A, Fukui M, Date C. Both comprehensive
and brief self-administered diet history questionnaires
satisfactorily rank nutrient intakes in Japanese adults. J
Epidemiol. 2012;22:151-9. doi: 10.2188/jea.JE20110075.

12. Kobayashi S, Murakami K, Sasaki S, Okubo H, Hirota N,
Notsu A, Fukui M, Date C. Comparison of relative validity
of food group intakes estimated by comprehensive and brief-
type self-administered diet history questionnaires against 16
d dietary records in Japanese adults. Public Health Nutr.
2011;14:1200-11. doi: 10.1017/S1368980011000504.

13. Suga H, Murakami K, Sasaki S. Development of an amino
acid composition database and estimation of amino acid
intake in Japanese adults. Asia Pac J Clin Nutr. 2013;22:
188-99. doi: 10.6133/apjcn.2013.22.2.03.

14. Murakami K, Sasaki S, Takahashi Y, Okubo H, Hirota N,
Notsu A, Fukui M, Date C. Reproducibility and relative
validity of dietary glycaemic index and load assessed with a
self-administered diet-history questionnaire in Japanese
adults. Br J Nutr. 2008;99:639-48. doi: 10.1017/S000711450
7812086.

15. Suga H, Asakura K, Sasaki S, Nojima M, Okubo H, Hirota
N, Notsu A, Fukui M, Date C. Effect of seasonality on the
estimated mean value of nutrients and ranking ability of a
self-administered diet history questionnaire. Nutr J. 2014;13:
51. doi: 10.1186/1475-2891-13-51.

16. Science and Technology Agency. Standard tables of food
composition in Japan 2010. Tokyo: Official Gazette Co-
operation of Japan; 2010. (In Japanese)

17.Shrout PE, Fleiss JL. Intraclass correlations: uses in
assessing rater reliability. Psychol Bull. 1979;86:420-8. doi:
10.1037/0033-2909.86.2.420.

18.Bland JM, Altman DG. Statistical methods for assessing
agreement between two methods of clinical measurement.
Lancet (London, England). 1986;1:307-10. doi: 10.1016/S01
40-6736(86)90837-8.

19. Heck JE, Nieves JW, Chen Y, Parvez F, Brandt-Rauf PW,
Howe GR, Ahsan H. Protein and amino acid intakes in a
rural area of Bangladesh. Food Nutr Bull. 2010;31:206-13.
doi: 10.1177/156482651003100203.

20. Graham A, Brender JD, Sharkey JR, Zhu L, Felkner M,
Suarez L, Canfield MA. Dietary methionine intake and
neural tube defects in Mexican-American women. Birth
Defects Res A Clin Mol Teratol. 2010;88:451-7. doi: 10.
1002/bdra.20672.



