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ABSTRACT

Objective: This thesis aimed to develop an amino acid database for 1878 foods in the

Standard Tables of Food Composition in Japan; to validate amino acid intake estimated by a

self-administered diet history questionnaire (DHQ); and to examine the relationship between

dietary tryptophan and depressive symptoms among young and middle-aged Japanese

women.

Methods: The standard Tables of Food Composition in Japan does not provide amino acid

data for 1471 foods. These data were obtained from published papers. When they were

unavailable, calculated data were imputed using established criteria. The validity of amino

acid intake estimated by the DHQ was examined using a 16-day dietary record (DR) as a

reference. The association between dietary tryptophan and depressive symptoms was then

examined among young and middle-aged Japanese women by logistic regression analysis.

Results: Adequate data of 1100 foods were obtained for the amino acid database. Although

mean amino acid intakes estimated by the DHQ were significantly different from those by the

DR, the DHQ showed satisfactory ability to rank individuals according to their amino acid

intake. Lower dietary tryptophan was significantly associated with depressive symptoms

among young and middle-aged Japanese women.

Conclusion: An amino acid database for Japanese foods and a valid estimation method for

x11



dietary amino acids were established. Dietary tryptophan showed an inverse association with

depressive symptoms in young and middle-aged Japanese women. The methodology

established in this thesis will facilitate the implementation of epidemiological studies of the

effect of dietary amino acids on human health.

Key words: Dietary amino acid; Diet history questionnaire; Nutritional epidemiology;

Japanese women; Depression.
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INTRODUCTION

1. Background

Amino acids, the constituents of protein, act as precursors of many co-enzymes,
hormones, nucleic acids, and other molecules essential for life I Among more than 300 amino
acids in nature, only 20 serve as constituents of protein 2. These 20 amino acids are classified
as nutritionally essential (indispensable) or non-essential (dispensable). Essential amino acids
are defined as amino acids whose carbon skeletons cannot be synthesized or those that are
inadequately synthesized de novo by the body relative to needs, and which must be provided
from the diet to meet optimal requirements *. For humans, isoleucine, leucine, lysine, valine,
methionine, phenylalanine, arginine, histidine, threonine, and tryptophan are classified as
essential amino acids.

Since humans lack the capability to synthesize essential amino acids, intake of essential
amino acids has been considered to affect health status. Based on this hypothesis, many
previous studies were conducted to examine the association between a particular amino acid
intake and health outcome ***. Most of these trials were intervention studies that examined the
effect of high or low doses of one amino acid using amino acid supplementation or restriction
>8 and their results were inconsistent. In contrast, epidemiological studies in humans based

on “habitual” dietary amino acid intake are sparse.



To examine the association between human “habitual” dietary amino acid intake and
health outcomes, a comprehensive amino acid composition table which contains the values of
the foods routinely consumed is required. However, few such databases are available, because
there are numerous food items which contain amino acids. For example, among 1878 food
items listed in the Standard Tables of Food Composition in Japan -2010-, amino acid values
are available for only 337 °. Ishihara et al. developed a “comprehensive” amino acid database
based on the Standard Tables of Food Composition in Japan 4th edition (the earlier edition of
the Standard Tables of Food Composition in Japan -2010- ) '°. Since the number of food items
it contains and details of the data imputation procedure are not documented, however, its
comprehensiveness and reliability are not clear. This limited availability of comprehensive
amino acid databases has in turn caused a paucity of studies on habitual amino acid intake.

From a preventive perspective, findings on associations between dietary intake and
health outcomes in observational studies conducted in free-living settings are much more
important than those of intervention studies conducted in “unusual” settings. The ability to
conduct observational studies on dietary amino acid intake strongly depends on the

availability of methods to estimate human dietary amino acid intake.

2. Aims of the present study and structure of this thesis

The main aims of the present study were to develop an amino acid composition



database to estimate dietary amino acid intake for Japanese people (Aim 1); to validate amino

acid intake estimated by a comprehensive self-administered diet history questionnaire (DHQ)

among Japanese populations using a 16-day dietary record (DR) as reference (Aim 2); and to

examine the relationship between dietary tryptophan intake and depressive symptoms among

young and middle-aged Japanese women, as a potential health outcome affected by dietary

amino acid intake (Aim 3).

The structure of this thesis is as follows:

1) In Chapter 1, the author provides an overview of dietary amino acids and their effect on

human health, showing epidemiological studies on dietary amino acids conducted to date.

2) In Chapter 2, the author provides the development of an amino acid database to estimate

dietary amino acid intake for Japanese populations (Aim 1).

3) In Chapter 3, the author estimates dietary amino acid intake among a Japanese population

using a 16-day DR and the DHQ, and examines the validity of amino acid intake

estimated from the DHQ (Aim 2).

4) Finally, in Chapter 4, the author examines the association between dietary tryptophan

intake and the onset of depressive symptoms among young and middle-aged Japanese

women, which might be one health outcome affected by dietary amino acid intake (Aim

3).



CHAPTER 1

Nutritional epidemiologic studies on dietary amino acid intake: a review



1.1. Introduction

As described in the previous section, the number of the observational studies of amino

acid intake conducted in free-living settings is limited. To the author’s knowledge, since no

comprehensive review of epidemiological studies on dietary amino acids has existed, it is

unclear how many epidemiological studies on dietary amino acids have been conducted,

which amino acids have been examined for the effect of their dietary intake on health

outcomes, and how dietary amino acid intake has been assessed. To identify previous

overview of studies on dietary amino acids, the author reviewed the previous epidemiological

studies on dietary amino acid intake.

1.2. Epidemiological studies of dietary amino acids

To identify epidemiological studies on dietary amino acids, the author searched the

PubMed database (National Library of Medicine, Bethesda, MD) using the following search

strategy: (food OR diet OR dietary OR intake OR consumption) AND “amino acid”. This

search was limited to reports written in English or Japanese, involving human adult subjects,

and published up to November 2014. In this review, intervention studies such as those using

amino acid supplements or amino acid deprivation were not included because the dose of

amino acids administered in these studies is beyond (or below) usual amino acid intake.

A total of 11,155 articles were identified by this search. The titles and abstracts of all



articles were reviewed to determine whether they should be included, and 18 articles were
determined eligible. Reference lists from the articles were also reviewed to find additional
papers that were not be found in the PubMed search, and a further 17 articles were added.
Among the 35 articles determined eligible, 10 studies were descriptive studies and 26 studies
were analytical studies which examined the relationship between dietary amino acid intake
and health outcomes. Since one study '’ reported both descriptive and analytical data, this

study was included in both the descriptive and analytical studies (Figure 1-1).

1.3. Descriptive studies of dietary amino acids
A total of 10 articles on descriptive studies of dietary amino acid intake were identified.
Major characteristics are shown in Table 1-1. These descriptive studies were conducted in

411-15 , Asian 10’12’14’16’17, and African countries '°,

Western
Among the six studies conducted in Asian countries, five were conducted in Japan '
121416 Ope study was an ecological study which examined the association between the
population average of arginine intake and 25-year age-adjusted mortality rates from coronary
heart disease in the Seven Countries Study . The remaining four studies estimated dietary
amino acid intake in International study of macro- and micro- nutrients and blood pressure

(INTERMAP) study participants '""'?, Japan Public Health Center-based Prospective Study

cohort (JPHC) participants '°, or healthy adult volunteers '°. Ishihara et al. also reported the



validity of dietary amino acid intake estimated with a food-frequency questionnaire (FFQ)
using 28-day dietary records (DRs) as reference '°. These studies estimated dietary amino acid
intake by DR 10’14’16, 24-h recall ”’12, or FFQ 1% The amino acid databases used for the four
estimation studies were the INTERMAP dietary database ', the Standardized Tables of

Food Composition 4th edition modified by Ishihara et al. '°

, and a modified version of the
Standard Tables of Food Composition in Japan -2010-, developed by the author in Chapter 2
of this thesis '°. Details of the development of the INTERMAP dietary database and the amino
acid database developed by the author have been published '*'’; however, details of the
development process of Ishihara’s database were unclear '°. Three studies estimated 18 amino
acids (isoleucine, leucine, lysine, methionine, cysteine, phenylalanine, tyrosine, threonine,
tryptophan, valine, histidine, arginine, alanine, aspartic acid, glutamic acid, glycine, proline,

and serine) '*'*1¢

, and one study estimated the intake of five selected amino acids (cysteine,
phenylalanine, glutamic acid, proline, and serine) ''.

Regarding the five studies conducted in countries other than Japan, one study was an
ecological study which examined the association between national estimates of dietary
tryptophan intake and national suicide rates across industrialized nations '°, and four studies
estimated dietary amino acid intake among adolescent male runners '*, homebound older

adults *, Third National Health and Nutrition Examination Survey (NHANES III) participants

1 and Health Effect of Arsenic Longitudinal Study (HEALS) participants . A validated FFQ



7 and 24-h recall *'>'® were used as dietary assessment methods. The amino acid databases
used in these estimation studies were the United States’ Department of Agriculture (USDA)
National Nutrient Database for Standard Reference ', and a nutrition database system
developed by the University of Minnesota *'*. Details of the development of these two
databases are also available via the Internet. Heck’s study estimated 18 amino acids '/, and the

other three studies estimated selected amino acids.

1.4. Analytical studies of dietary amino acids

A total of 26 analytical study articles on the association of dietary amino acids with
health outcomes were included. Major characteristics of these studies are shown in Table 1-2.
The first study on the association between dietary amino acids and health outcomes was
published by Algert et al. in 1987 *°. Most studies were published after 2000. Studies were

20-35

conducted in various countries, with 16 studies conducted in Western countries , eight in

Asia (including six in Japan) ***

, and two studies by Western and Asian countries in
collaboration, namely Japan, China, the US, and the UK ''*.

A total of eight studies were conducted in Japan ''=¢2%*1#24 Qix studies were
cross-sectional studies and two were prospective cohort studies. Study subjects were

university or college students ****, female volunteers *, JPHC cohort participants >’

INTERMAP study participants ''*, Takayama cohort participants *', and Three-generation



Study participants **. Dietary intake was assessed using 24-h recall (three studies) '=**,

342 (two studies in each), or DR (one

validated FFQ ***!, validated diet-history questionnaire
study) *’. Many studies used modified versions of the Standard Tables of Food Composition
in Japan. However, in some studies, the process of modification was unclear ">, Three
studies examined the associations between histidine intake and energy intake, and the results
were inconsistent ***. The remaining studies examined the associations between the intake of
various amino acids and health outcomes, i.e. methionine and colorectal cancer *°; glutamic
acid and hypertension ''; and branched-chain amino acids (BCAAs) and obesity, onset of
diabetes, or frailty 44,

Regarding the 18 studies conducted in Western and Asian (except for Japan) countries,
10 studies were cohort studies, five were case-control studies, and three were cross-sectional
studies. Study subjects were participants of the Nurses’ Health Study cohort *', Health
Professionals Follow-up cohort ', California birth cohort , Zutphen Elderly Study cohort
24, South Carolina Neural Tube Defect Surveillance *° , Breast Cancer Detection
Demonstration Project *°, lowa Women’s Health Study Cohort *’, Kuopio Ischaemic Heart
Disease Risk Factor Study ***', NHANES III %, Melbourne Colorectal Cancer Study *°,
INTERMAP study *, Netherlands Cohort Study on diet *2, HEALS cohort *, THIS-DIET

study **, Rotterdam Study cohort *°, Mexican-American women >°, and patients with herpes

simplex 2. For dietary assessment, FFQ was the most frequently used, in 12 studies, among



which 11 studies used a non-validated FFQ. 24h-recall and DR were used in three studies

21,22,26,27,30,32

each. With regard to health outcomes, colorectal cancer (or adenoma) , neural

tube defects >, coronary heart disease *****', hypertension '***4?°

, overweight and
obesity ****, levels of C-reactive protein *°, and urinary arsenic excretion ** were examined.
Five studies used the USDA National Nutrient Database for Standard Reference to calculate
amino acid intake. Some studies used application-specific databases specially developed for
the application. Frequently examined amino acids were methionine (13 studies), arginine (five
studies), and cysteine (four studies each). Although the associations between dietary amino
acid intake and health outcome were inconsistent, 17 of the 26 studies showed significant

associations between dietary amino acid intake and health outcome '!2!2%25:29734.36.37:4042

1.5. Conclusion

As the first epidemiological study on the association between dietary amino acids and
health outcomes, Algert et al. examined dietary lysine and arginine intake among patients with
herpes simplex and healthy controls in 1987 *°. Most studies were conducted after 2000.
These studies varied in their study design, dietary assessment method and amino acid
database used, investigated amino acid variable and health outcomes. Although many of the
previous studies were conducted in Western countries, five descriptive studies and eight
analytical studies were conducted in Japan. For the descriptive studies, amino acid intake was

10



frequently estimated by DR and 24h-recall methods. In contrast, for the analytical studies, the

most frequently used assessment method was an FFQ. Although the Japanese studies used

validated questionnaires to assess dietary amino acid intake, most of the other countries’

studies used a non-validated questionnaire. In contrast, Western studies tended to use amino

acid databases which had information on the development process available to users, whereas

Japanese studies tended to use amino acid databases in which the development process was

unclear. The validity of dietary intakes estimated by questionnaire and the reliability of amino

acid databases can bias the estimation of amino acid intake. Thus, the author speculated that

these factors might have caused inconsistencies in the results of these analytical studies.

Several limitations should be acknowledged. Because the search strategy in this chapter

did not include the names of individual amino acids, articles whose title and abstract

contained only individual amino acid names (and not the words “amino acid”’) might not have

been identified. In addition, articles written in languages other than English and Japanese

were not identified.

This review revealed a shortage of reliable amino acid databases and validated FFQs

for epidemiological studies on dietary amino acid intake. In this doctoral thesis, the author

developed a valid estimation method for dietary amino acids for Japanese.

11



11,155 articles identified
from PubMed database

A 4

11,155 titles/ abstracts
reviewed

11,137 articles excluded
for not meeting
review criteria

17 references meeting the
review criteria not identified
< from PubMed

v

18 eligible articles

A 4 Y
10 descriptive studies 26 analytical studies

Figure 1-1. Flow diagram for the literature search and study selection
NOTE: One study (Stamler J et al., 2009) ' reported both descriptive and analytical data and

was included in both the descriptive and analytical studies.
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Table 1-1. Descriptive studies reporting dietary amino acids

Sex and sample

No. Authors and year Country Study Subjects Gire Age Diet Amino acid
1 Feskens EJ, et al Finland, Ecological ~ Seven countries study  M: 12,763 40-59 y DR Arg
2001 " Netherlands, cohort, 1958-1964
US, Serbia,
Croatia, Italy,
Greece, Japan
2 Christensen DL, et al Kenya Estimation ~ Adolescent male M: 12 15-20y 24-h recall Ile, Leu, Lys, SAA,
2002 '8 Kalenjin runners in AAA, Thr, Trp, Val,
Kenya His
3 Dasgupta M, et al US Estimation =~ Homebound older M+ W: 323 2 60y 24-h recall Indispensable amino
2005 * adults who received acids
home-delivered meals
4 Elliott P, et al Japan, China, Estimation INTERMAP study, M+ W: 962 - 24-h recall Ile, Leu, Lys, Met,

2006 2

UK, and US

1996-1999

Cys, Phe, Tyr, Thr,
Trp, Val, His, Arg,
Ala, Asp, Glu, Gly,

Pro, Ser
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Table 1-1. (Continued)

Sex and sample

No. Authors and year Country Study Subjects ) Age Diet Amino acid
size
5 Voracek M, et al 37 European Ecological National elderly male - > 65y Yearly national Trp
2007 countries and and female population in supplies data from the
one 38 countries FAO's Food Balance
industrialized Sheets
Near East
country
6 Ishihara J, et al. Japan Validation  Japan Public Health M + W: 565 45-75y FFQ Ile, Leu, Lys, Met,
2009 ' and Center-based (276 +289) (validated using 28-DR  Cys, SAA, Phe, Tyr,
estimation  Prospective Study cohort as a reference) AAA, Thr, Trp, Val,
I and II, 1990 and 1993 His, Arg, Ala, Asp,
Glu, Gly, Pro, Ser
7 King DE, et al [ON Estimation  Third National Health M+ W:17,158 >18y 24-h recall Arg
2008 " and Nutrition
Examination Survey,
1988-1994
8 Stamler J, et al Japan, China, Estimation INTERMAP study, M + W: 4,680 Mean: 24-h recall Cys, Phe, Glu, Pro, Ser
2009 UK, and US 1996-1999 492y

14



Table 1-1. (Continued)

No. Authors and year Country Study Subjects Sexand Age Diet Amino acid
sample size

9 Heck JE, et al. Bangladesh Estimation Health Effect of Arsenic M + W: 18-76 y FFQ Ile, Leu, Lys, Met,
2010 Longitudinal Study 11,170 (validated) Cys, Phe, Tyr, Thr,
cohort, 2000- (4,746 + Trp, Val, His, Arg,
6,424) Ala, Asp, Glu, Gly,

Pro, Ser
10 SugaH, et al. Japan Estimation  Healthy adults; M + W: 230 30-69 y 16-d DR Ile, Leu, Lys, Met,
2013 ¢ subjects in a survey, (121 + 109) Cys, SAA, Phe, Tyr,

2002-2003

AAA, Thr, Trp, Val,
His, Arg, Ala, Asp,
Glu, Gly, Pro, Ser

UK: United Kingdom; US: United States of America; M: men; W: women; FFQ: food-frequency questionnaire; DR: dietary record; FAO: United Nations Food and

Agriculture Organization; Ile: isoleucine; Leu: leucine; Lys: lysine; Met: methionine; Cys: cysteine; SAA: sulfur-containing amino acids (methionine + cysteine); Phe:

phenylalanine; Tyr: tyrosine; AAA: aromatic amino acids (phenylalanine + tyrosine); Thr: threonine; Trp: tryptophan; Val: valine; His: histidine; Arg: arginine; Ala: alanine;

Asp: aspartic acid; Glu: glutamic acid; Gly: glycine; Pro: proline; Ser: serine.
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Table 1-2. Analytical studies reporting dietary amino acids

No. Authors and year  Country Design Subjects Sex and sample size Age Diet Amino acid Health
outcome
1 Algert SJ, et al (0N Case-control Patients with herpes M+ W: 16 - FFQ Lys, Arg Herpes simplex
1987 % simplex and normal Case: 8 (non-
controls Control: 8 validated)
2 Giovannucci E, et US Prospective cohort Nurses' Health Study M + W: 25474 M: FFQ Met Colorectal
al. 1993 %! ( 4-year follow-up for  cohort, 1976- (15,984 + 9,490) 40-75y  (non- adenoma
men, Health Professionals W: validated)
10-year follow-up for ~ Follow-up cohort, 1986- 30-55y
women) (at the
baseline)
3 Giovannucci E, et US Prospective cohort Health Professionals M: 47,931 40-75y  FFQ Met Colon cancer
al. 1995 # (6-y follow-up) Follow-up cohort, 1986- (non-
validated)
4 Shaw GM, et al US Case-control California birth cohort, M + W: 864 - FFQ Met Neural tube
1997 % 1989-1991 Case: 424 (non- defects
Control: 440 validated)
5 Nakajima S, etal.  Japan Cross-sectional Students living in Ehime ~ M + W: 64 20-24y  24-hrecall His Energy intake
2000 *¢ prefecture (26 + 38)
6 Oomen CM, etal  Netherlands Prospective cohort Zutphen Elderly Study M: 806 64-84y  24-hrecall Arg Coronary heart
2000 ** (10-y follow-up) cohort disease
mortality

16



Table 1-2. (Continued)

No. Authors and year  Country Design Subjects Sex and sample size Age Diet Amino acid Health
outcome
7 Shoob HD, et al. US Case-control South Carolina Neural W: 439 - FFQ Met Neural tube
2001 % Tube Defect Surveillance Case: 170 (non- defects
Control: 269 validated)
8 Flood A, et al. usS Prospective cohort Breast Cancer Detection W: 45,264 - FFQ Met Colorectal
2002 (8.5-y follow-up) Demonstration Project (non- cancer
(BCDDP) Follow-up Study validated)
9 Harnack L, et al usS Prospective cohort Iowa Women's Health W: 41,836 55-69y FFQ Met Colorectal
2002 %7 (13-y follow-up) Study cohort, 1986-1998 (non- cancer
validated)
10 Venho B, et al Finland Prospective cohort Kuopio Ischaemic Heart M: 1981 42-60y 4-d DR Arg Acute
2002 % (10-y follow-up) Disease Risk Factor Study coronary
cohort events,
Hypertension
11 KonomiY, et al Japan Cross-sectional Female volunteer W: 118 Mean: 3-d DR His Energy intake
2004 *7 469y
12 Okubo H, et al. Japan Cross-sectional Japanese female students W: 1,689 18y DHQ His Energy intake
2005 ** aged 18 years (validated)
13 Wells BJ, et al Us Cross-sectional Third National Health and ~ W: 13,401 2 25y 24-hrecall Arg Levels of
2005 % Nutrition Examination C-reactive
Survey, 1988-1994 protein (CRP)




Table 1-2. (Continued)

No. Authors and year  Country Design Subjects Sex and sample size Age Diet Amino acid Health
outcome
14  Kune G, et al Australia Case-control Melbourne Colorectal M+ W: 1,442 - FFQ Met Colorectal
2006 *° Cancer Study Case: 715 (non- cancer
Control: 727 validated)
15  Virtanen JK, etal  Finland Prospective cohort Kuopio Ischaemic Heart M: 1981 42-60y  4-d DR Met Acute
2006 °! (14.0-y follow-up) Disease Risk Factor Study coronary
cohort events
16  IshiharaJ, et al Japan Prospective cohort Japan Public Health M+ W: 81,184 45-74y  FFQ Met Colorectal
2007 ** (5.8-y follow-up) Center-based Prospective Case: 526 (validated) cancer
Study cohort Control: 80,658
17 HekK, etal. China Cross-sectional Chinese participants of M+ W: 752 40-59y  24-hrecall Glu (as Overweight
2008 4 INTERMAP study, (386 + 366) monosodium
1996-1999 glutamin
acid)
18 de Vogel S,etal.  Netherlands Prospective cohort Netherlands Cohort Study M + W: 6,517 55-69y  FFQ Met Colorectal
2008 ** (13.3-y follow-up) on diet and cancer cohort, (3,479 + 3,038) (at the (non- cancer
1986- baseline) validated)
19  Stamler J, et al Japan, Cross-sectional INTERMAP study, M+ W: 4,680 Mean: 24-hrecall Glu Hypertension
2009 ' China, UK, 1996-1999 492y
and US
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Table 1-2. (Continued)

No. Authors and year  Country Design Subjects Sex and sample size Age Diet Amino acid Health
outcome
20  Heck JE, et al Bangladesh Cross-sectional ~— Health Effect of M+ W: 10,402 18-76 y FFQ Met, Cys Urinary
2009 * Arsentic (4,138 + 6,264) (validated) arsenic
Longitudinal Study excretion
cohort, 2000-
21  Graham A, et al. US Case-control Mexican-American W: 409 - FFQ Met Neural tube
2010 % women who resided  Case: 184 (non- defects
along the Control: 225 validated)
Texas-Mexico border
22 QinLQ,etal. Japan, Cross-sectional  INTERMAP study, M+ W: 4,429 40-59 y 24-hrecall BCAAs Overweight
2011 % China, UK, 1996-1999 (2,203 +2,226) and obesity
and US
23 Tuttle KR, et al US Observational THIS-DIET study, M+ W:92 Mean: 59y 3-d DR Met, Ala, Thr, His, Systolic and
2012 % cohort by (70 +22) Cys, Phe, Glu diastolic
secondary blood
analysis of pressure
clinical trial
data
24 Nagata C, et al. Japan Prospective Takayama study M+ W: 13,525 <10y FFQ Leu, Ile, Val, and Onset of
2013 4! cohort (10-year  cohort, 1992 (5,885 + 7,640) (validated) Total BCAAs diabetes

follow-up)
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Table 1-2. (Continued)

No. Authors and year  Country Design Subjects Sex and sample size Age Diet Amino acid Health
outcome
25  Kobayashi S, et Japan Cross-sectional Three-generation Study  W: 2,108 65-94y BDHQ Leu, Ile, Val, Met, Cys, Frailty
al. 2013 % of Women on Diets (validated) BCAAs, SAA, and
and Health Study, Essential amino acids
2011-2012
26  Altorf-van der Netherlands Prospective Rotterdam Study M+ W: 1,810 Mean:  FFQ Glu, Arg, Cys, Lys, Tyr Hypertension
Kuil W, et al cohort cohort 66y
2013 % (6-y follow-up)

UK: United Kingdom; US: United States of America; M: men; W: women; BDHQ: brief-type self-administered diet history questionnaire; DHQ: self-administered diet

history questionnaire; FFQ: food frequency questionnaire; DR: dietary record;

Ile: isoleucine; Leu: leucine; Lys: lysine; Met: methionine; Cys: cysteine; SAA:

sulfur-containing amino acids (methionine + cysteine); Phe: phenylalanine; Tyr: tyrosine; AAA: aromatic amino acids (phenylalanine + tyrosine); Thr: threonine; Trp:

tryptophan; Val: valine; His: histidine; Arg: arginine; Ala: alanine; Asp: aspartic acid; Glu: glutamic acid; Gly: glycine; Pro: proline; Ser = serine; BCAAs: Branched-chain

amino acids.
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CHAPTER 2

Development of an amino acid composition database of Japanese foods

for epidemiologic study
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2.1. Introduction

In this chapter, the author developed an amino acid composition database for Japanese
foods consumed routinely*m. Estimating an individual’s habitual amino acid intake and
examining its association with health-related outcomes requires a comprehensive amino acid
composition table which contains the values of the foods routinely consumed. Few such
databases are available, however; in Japan, for example, among 1878 food items listed in the
Standard Tables of Food Composition in Japan -2010-, amino acid values are available for
only 337 °. Ishihara et al. developed a “comprehensive” amino acid database '°. Since the
number of food items her database contains is not mentioned, however, it is not possible to
evaluate its comprehensiveness. This limited availability of amino acid databases has made it
difficult to conduct epidemiological studies on habitual amino acid intake, as described in
Chapter 1.

The quality of research on dietary intakes depends on the reliability of the nutrient
database used to calculate nutrient values . Of note, foods are biological materials, and
exhibit variations in composition; therefore, a database cannot accurately predict the
composition of any given single piece of a food *°. This limitation of food composition
databases makes it difficult to evaluate the “reliability” of a nutrient database.

Since database quality is very difficult to define, the use of generally accepted standards

* This chapter is based on the following paper already published (Suga et al. Asia Pac J Clin
Nutr. 22: 188-99.). The author appreciates the co-authors for their permission to use the

paper.
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for gathering nutrient data is considered important. In general, chemical analysis of food
samples is preferred as the method to obtain the data of a specific nutrient content in each
food item *’; however, substitution by other types of data (e.g. use of databases in other
countries or estimation from similar foods) is often adopted in the development process of
nutrient databases to complete missing analytic values **. When substitution by other types of
data is adopted, the availability of information on the process used to develop the database,
the sources of its data, and the rationale for selected reference data would be helpful in
evaluating its reliability; particularly given that the quality of a nutrient database is a
reflection of its data sources *°, precise documentation of sources is indispensable.

In Ishihara’s database, four substituting methods were used: using food products of the
same species (method A), using food products of a similar species (method B), using values
from the USDA food composition table (method C), and using values computed with recipe
data (method D) '°. Though the order of priority can be changed at the discretion of the person
or group compiling the database, these four substitution methods are common for estimating
nutrient values. However, Ishihara et al. did not mention how they determined that the data of
“similar species” foods are representative of the foods for which values are needed, or how
they calculated amino acid values in each substitution method. Because documentation of
what work was done and the rationales given for the work are poor, it is difficult to evaluate
the reliability of Ishihara’s database.
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The aim of this chapter was to develop a comprehensive amino acid composition table
for Japanese food using generally accepted standard methods, and to document details of its

development and data sources.

2.2. Methods
2.2.1. Number of food items for imputation

The author developed an amino acid food composition table for 1878 foods in the
Standard Tables of Food Composition in Japan -2010- °. Of these 1878 foods, amino acid
values were listed for only 337 (17.9%). Among the remaining 1541 foods with missing
values, total protein content of 70 foods was zero, leaving 1471 foods requiring imputation of
amino acid composition values. The number of listed and missing food items by food group is

shown in Table 2-1.

2.2.2. Sources of nutrient data
Amino acid values of these 1471 foods were collected using the data gathering strategy

of Rand et al. *’, as shown in Figure 2-1.

Step 1: Direct analytical values
To identify possible sources of published food composition data for amino acids, the

24



author searched the PubMed, CiNii and Medical Online Library databases for English- and
Japanese-language papers reporting analyses of the amino acid content of foods conducted in
Japan. In addition, the author manually searched references from relevant articles where
necessary. Since the nutrient composition of a food can vary depending on the country in
which the food was cultivated and raised, the author limited this analysis to papers which
analyzed foods cultivated or bred in Japan. Because analysis of amino acids is generally done
by ion-exchange chromatography and high-performance liquid chromatography (HPLC),
which can be applied to all types of food *°, the author limited data to those of papers which
assessed total amino acid composition in foods using an automatic amino acid analyzer
(ion-exchange chromatography method) or HPLC. The author searched for data for 18
individual amino acids (isoleucine, leucine, lysine, methionine, cysteine, phenylalanine,
tyrosine, threonine, tryptophan, valine, histidine, arginine, alanine, aspartic acid, glutamic
acid, glycine, proline, and serine), as well as sulfur-containing amino acids (methionine +
cysteine: SAA) and aromatic amino acids (phenylalanine + tyrosine: AAA) according to the
description of the Standard Tables of Food Composition in Japan -2010- °.

49-52

Four papers which used an automatic amino acid analyzer and one which used

HPLC *® were identified. In addition, one paper using “the same analyzing method as the

3% was also

Standard Tables of Food Composition in Japan, fifth revised and enlarged edition
identified. As the Standard Tables of Food Composition in Japan, fifth revised and enlarged
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edition used an automatic amino acid analyzer and HPLC *°, the author considered that these
methods were used in this paper also. To allow for comparison across all papers, values of
each amino acid were converted to mg/100 g of food.

The author then considered criteria to use in determining the amino acid content of
individual foods. Several articles analyzed similar foods using the same method but provided
different mean or median values. To deal with these complexities, the following criteria were
conducted.

1) When only one article existed and this article analyzed the amino acid content in a single
example of a food only, this value was assigned.

2) When only one article existed and this article analyzed the amino acid content of several
samples and reported mean or median values, this value was selected. If mean and median
values were reported, the median value for the food was selected because the literature used in
Step 1 provided little information on the distribution of analyzed data. According to the

recommendation by Rand et al. /

, the author planned to use the median value which is less
affected by outliers.

3) When multiple articles existed but reported different mean (or median) amino acid values
for a similar food, the mean (or median) value was calculated by weighting the number of
foods analyzed in each article *.

In these criteria, the form (i.e. raw, boiled, baked, and fried) of individual food items was also

26



considered and only the values of the same form of the food in the literature were used.

Step 2: Using data from other food composition tables

For foods whose amino acid values were unavailable from the literature, amino acid
composition data for the same form of “identical” foods from the United States’ Department
of Agriculture (USDA) food composition tables *® were used. All amino acid values available
from the USDA were obtained through HPLC 7, and were therefore considered eligible for
the developing database.

To determine the similarity of food items, the author examined scientific names and text
descriptions of food items, and the similarity of nutrient composition (total energy, water,
protein, and fat). To correct the data for differences in the nitrogen value of each food item,
amino acid values were adjusted using the following equation:

Amino acid value of food of interest (Japanese) = amino acid value of reference (USDA)

food % nitrogen of food of interest (Japanese) food/nitrogen of reference (USDA) food

Step 3: Estimation from data on “similar” foods

For a number of food items, published food composition data were either unavailable or
inappropriate. The author estimated values for missing amino acids using the following
procedure **:
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1) Calculated values from a different form of the same food (Step 3-a)

When an amino acid value was known for a raw food, but not for a different form of the
same food (e.g., boiled, baked, dried, and fried), values for the cooked food items were
calculated using the values of the raw food item.

This type of calculation requires consideration of nutrient loss or gain during cooking.
To adjust for differences between the raw and cooked items, the author assumed that the
component ratio of amino acids did not change. Values for cooked foods were therefore
calculated from the raw form using the change in nitrogen content by the following equation:

Amino acid value of food of interest (cooked) = amino acid value of reference (raw) food %
nitrogen of food of interest (cooked) food /nitrogen of reference (raw) food
2) Calculated values from data for biologically similar foods (Step 3-b)

When nutrient values for a specific item were unavailable, values from another food
within the same genus or same family of foods were used instead. A similar (reference) food
was determined by genetic similarity, maturity of the plant crop at harvest or age of the animal
at slaughter, and part of the food item consumed *’. To correct for differences in nitrogen
values between the food of interest and reference, amino acid values were adjusted using the
following equation:

Amino acid value of food of interest = amino acid value of reference (similar) food %
nitrogen of food of interest food /nitrogen of reference (similar) food.
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Step 4: Calculations for multi-ingredient foods

For multi-ingredient foods (mainly confectionery, sweet buns, breads, and cooked food
with seasoning), the author estimated amino acid values on the basis of the ingredient list. For
confectioneries (n = 75), sweet buns (n = 4), and breads (n = 3), the ingredient lists were
obtained from the Standard Tables of Food Composition in Japan -2010- °, which described
the names and weight ratio of ingredients, and the amount of sucrose per 100 g edible portion.
The amount of an individual ingredient per 100 g edible portion of mixed dishes was
estimated using the amount of sucrose *°. The total amino acid content of all prepared
ingredients was summed to obtain the total amino acid content of the multi-ingredient food.
Because ingredient lists do not contain information on cooking process, cooking and handling
losses during preparation could not be considered *’. The author accordingly assumed that the
sum of amino acids of the ingredients did not change during cooking. Energy values were also
calculated, and examined whether a calculated value matched the analyzed value listed in the
Standard Tables of Food Composition in Japan -2010- °. There is no consensus of the
acceptable cutoff line regarding the difference between calculated and analyzed values. In
addition, few studies comparing the calculated and analytic nutrient values for
multi-ingredient foods **. Taking account of the study by Murphy et al. ®°, the author
arbitrarily determined 20% as the cutoff line of the difference between calculated and
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analyzed energy values. According to this criteria, calculated energy values of nine
confectioneries (Chatsu (food code; 15026), Hina-arare, Kanto style and Kansai style (food
code; 15055, 15056), Waffles, Jam (food code; 15085), Biscuits, Soft (food code; 15098),
Russian cake (food code; 15100), Jelly beans (food code; 15108), Brittle (food code; 15112),
and White chocolate (food code; 15115)) and one sweet bun (Cornet with chocolate cream
(food code; 15072)) were quite different from analyzed values (over 20%), and values for
these items were accordingly left missing.

For multi-ingredient foods for which an ingredient list was not available (mainly
cooked food with seasoning, pickles, and frozen foods; n = 187), the author made ingredient
lists based on the manufacturer’s ingredient list of commercial foods. In Japan, ingredient lists
of commercial foods list the ingredient items in order of content by weight. Therefore a
trial-and-error technique was used to estimate ingredient proportions ®'. Values of energy,
carbohydrate, and sodium were calculated by the assumed ingredient proportions, and the
calculated values were compared to the known nutrient values. When the calculated energy
values substantially differed from analyzed values (over 20%), or amino acid values of
ingredient foods were not available, the value of these items was left as missing data. Using a

trial-and error technique, amino acid values for 47 foods were calculated.

2.2.3. Documentation of the database
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In this amino acid database, the author documented food codes and descriptions based
on the Standard Tables of Food Composition in Japan -2010- °, scientific name of the food
item, and data sources by the terms 1, 2, 3-a, 3-b, 4, 0, and L, which indicate Step 1, Step 2,
Step 3-a, Step 3-b, Step 4, assumed 0 (foods assumed to contain no amino acids because their
total protein values were zero), and originally listed value, respectively.

The analytical quality of data values imputed from the literature have been
recommended to undergo evaluation using five criteria, namely the analytical method used,
number of samples, sample handling procedures, sampling plan for the selection of foods, and

1%, These criteria have been previously used to calculate formal

the analytical quality contro
scores or ratings of data quality. However, the papers used in Step 1 provided little
information on sample handling procedures, sampling plan or analytical quality control.
Accordingly, the author did not calculate ratings of data quality, but rather provided whatever
quality control information (information on reference literature, analytical method, number of
samples) was available from the references.

The author expressed nitrogen values and amino acid values by g and mg per 100 g
edible portion, respectively. Nitrogen values were calculated as protein value divided by a
nitrogen-to-protein conversion factor. Amino acid values were rounded to two significant
figures in the same way as in the Standard Tables of Food Composition in Japan -2010- °.

Nitrogen values were rounded to the second decimal point.
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2.3. Results

Table 2-2 shows the number of foods with imputed amino acid values in the present

study. Among 1471 foods selected for substitution, substitution methods were found for 1100

(74.8%). In contrast, no suitable method could be found for 371, among which 54 contained a

total protein content of less than 1 g/100 g edible portion. In addition, 173 foods did not

appear in the 16-day dietary record conducted by 92 men and 92 women in the three areas in

Japan (data not shown). The author thus concluded that the contribution of these foods to

amino acid intake would be negligible. Most of the 144 remaining foods were

multi-ingredient foods (n = 45), seasonings (n = 23), or edible wild plants (n = 20). Finally,

the total number of foods with amino acid compositions was 1507, including 337 foods

originally listed in the Standard Tables of Food Composition in Japan -2010- and the 70 food

items assumed to contain no amino acids because their total protein values were zero. Of

these, 9.8% of foods were assigned amino acid data by direct analysis (1.7% by Step 1 and

8.1% by Step 2), 55.5% by imputed data (41.1% by Step 3-a, and 14.4% by 3-b), and 7.7% by

calculated data (Step 4).

2.4. Discussion

The author developed a comprehensive database of amino acid values for a wide variety

of foods. This database is an improvement over the Standard Tables of Food Composition in
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Japan-2010- °, which has many missing values, and will be usable in epidemiologic studies.
There are two major amino acid databases in Japan: the Standard Tables of Food
Composition in Japan and Ishihara’s database '°. The Standard Tables of Food Composition in
Japan consists of analytical amino acid data, but has many missing values. Although Ishihara

et al. developed a “comprehensive” amino acid database using four substitution methods, no
information is available on whether there are missing values. In addition, Ishihara et al. did
not mention how they determined that the data of “similar species” foods are representative of
the foods that are needed, or how they calculated amino acid values in each of the substitution
methods. Thus, it is difficult to examine the reliability of Ishihara’s database for its users.

The strength of the amino acid database developed in this study is as follows: first, it
contains most of the Japanese foods consumed routinely; second, it was developed using a
generally accepted data gathering strategy (Rand’s strategy); third, obtained data were well
manipulated with consideration to the differences in nitrogen values between the food of
interest and reference; fourth, it provides clear and detailed information on the process used to
develop the database, the sources of its data, the strategy to determine that the data of “similar
species” foods are representative of the foods that are needed, and the calculation procedure
used in each of the substitution methods. To examine the usefulness of this database, the
author used it to calculate total protein intake using a 16-day dietary record conducted in 92
men and 92 women in three areas in Japan. In the first analysis, the author excluded data for
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those foods with missing amino acid values in the Standard Tables of Food Composition in

Japan. Protein intake values calculated this way were compared to those measured with the

present database but without the exclusion of foods with missing amino acid values in the

Standard Tables of Food Composition in Japan. Although the estimated protein intake using

values of the 337 foods originally listed in the Standard Tables of Food Composition in Japan

-2010-, were about 45% underestimated, total protein intake estimated using values of the

1507 foods listed in this study’s database were only 4% underestimated. Thus, this database

avoided the deficiencies of the previously developed databases, and is likely to be usable for

epidemiological studies.

The author was unable to find reliable data for 371 foods. Consumption of most of

these foods among the Japanese population was appeared to be low, however, and the

influence of these missing values will likely be relatively small.

Several limitations of this database should be acknowledged. First, amino acid values

were not available for all foods, which would cause the underestimation of amino acid intake

for subjects who eat these food items. Nevertheless, relevant data were obtained for food

items which are frequently consumed in Japan, and thus the influence of missing values

would likely be negligible. Second, values calculated by Steps 3-a, 3-b and 4 may bias the

estimation of amino acid intake. These steps used the difference of nitrogen values (Steps 3-a

and 3-b) or the ingredient list of the Standard Tables of Food Composition in Japan -2010- to
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calculate amino acid values (Step 4) °. In previous studies, the difference between the
calculated values and directly analyzed values were examined ***. According to these reports,
nutrient values calculated by the same food or a biologically similar food (similar to Step 3-a,
and 3-b in this study) are comparable. Thus, the author considered that the bias introduced by
the values calculated by Steps 3-a, and 3-b is relatively small. On the other hand, the
difference between calculated (like Step 4 in this study) and directly analyzed values of
multi-ingredient foods tended to be large. Third, as information about cooking was
unavailable, losses during the preparation and cooking of these foods could not be reflected in
the calculation. Given reported loss rates due to cooking of 5-10% %%, however, the influence
of cooking effects is considered relatively small. In addition, most of the foods calculated by
Step 4 were confectioneries, and according to the 16-day dietary record conducted in three
areas in Japan, the contribution of confectioneries was only around 3-4% for women, and only
around 2% for men (data not shown). Thus, the author considered the bias introduced by
multi-ingredient foods was not large. Fourth, among foods produced by industrial processing,
the amount of glutamic acid, alanine, and glycine added as ingredients of food additives is
unclear, and intake may be underestimated when such foods are eaten. The author was also
unable to obtain information on the manufacturer of the processed foods listed in the Standard
Tables of Food Composition in Japan - 2010- °, and were thus unable to detect differences
among manufacturers. Finally, because of the inherent variability in the nutrient composition
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of foods, a definitive method to evaluate the reliability of food composition databases is not
available *’. Therefore, the author could not examine the appropriateness of the database
developed in this study.

In this chapter, development of an amino acid food composition table for use in

nutritional epidemiologic studies was completed.
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Foods in the Standard Tables of Food Composition in Japan -2010- (n= 1878)

.| Amino acid values were listed in the Standard Tables of
| Food Composition in Japan -2010- (n=337)

> No protein content given (n= 70)

A 4
Requiring imputation of amino acid composition values (n= 1471)

A 4

Step 1. Direct analytical values

v

Step 2. Use of data from other food composition tables

v

Step 3. Estimation from data on “similar foods”

v

Step 4. Calculations for multi-ingredient foods

Figure 2-1. Flow diagram for the gathering strategy of amino acid composition data

37



Table 2-1. The number of foods in the standard food composition tables of Japanese foods by

food group’, with and without amino acid and protein value

Amino acid food

Available Missing Total

composition data
Total protein
content of food TP=0 0<TP*! Total
(g/100g portion)
Cereals 43 0 95 95 138
Potatoes and

4 0 36 36 40
starches
Sugars and

0 17 6 23 23
sweeteners
Pulses 21 0 52 52 73
Nuts and seeds 12 0 25 25 37
Vegetables 44 0 282 282 326
Fruits 21 4 132 136 157
Mushrooms 5 0 31 31 36
Algae 5 1 41 42 47
Fishes and

87 0 301 301 388

shellfishes
Meats 41 0 203 203 244
Eggs 4 0 16 16 20
Milks 12 0 40 40 52
Fats and oils 0 16 6 22 22
Confectioneries 25 10 85 95 120
Beverages 1 18 36 54 55
Seasonings and

8 4 72 76 84
spices
Processed foods 4 0 12 12 16
Total 337 70 1471 1541 1878

TP: total protein.

¥ Food groups are defined by the Standard Tables of Food Composition in Japan -2010- °.

* The 1471 foods in the shadowed area were selected for substitution of amino acid composition

in this study.
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Table 2-2. Number of foods by database development step of amino acid composition and food group *

Foods selected for substitution

Result of Not
Substituted
substitution substituted
Step for
. Step 1 Step 2 Step 3-a Step 3-b Step 4 Total

substitution *
Cereals 6 2 64 10 8 90 5
Potatoes and

0 1 26 4 0 31 5
starches
Sugars and

0 1 0 0 0 1 5
sweeteners
Pulses 1 3 38 4 0 46 6
Nuts and seeds 0 7 10 2 0 19 6
Vegetables 0 31 72 68 8 179 103
Fruits 0 22 60 20 0 102 30
Fungi 3 0 10 5 0 18 13
Algae 1 0 3 27 3 34 7
Fishes and

5 12 118 67 19 221 80
shellfishes
Meats 8 27 142 1 0 178 25
Eggs 0 0 11 2 1 14 2
Milks 0 8 23 1 0 32 8
Fats and oils 0 0 4 0 0 4 2
Confectioneries 0 0 6 0 69 75 10
Beverages 1 2 15 2 2 22 14
Seasonings and

0 6 18 4 6 34 38
spices
Processed foods 0 0 0 0 0 0 12
Total 25 122 620 217 116 1100 371

"Food groups are defined by the Standard Tables of Food Composition in Japan -2010- °.
! Step 1: foods determined by analytic values; Step 2: foods determined by data from other food composition
table; Step 3-a: foods determined by calculated value from a different form of the same food; Step 3-b: foods

determined by calculated value from a biologically similar food; Step 4: foods determined by recipe.
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CHAPTER 3

Validity of a self-administered diet history questionnaire for estimating

amino acid intake among Japanese adults
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3.1. Introduction

In this chapter, the author examined the validity (i.e. the degree to which a
questionnaire actually measures the aspect of diet that it was designed to measure **) of
dietary intake of amino acids estimated by the self-administered diet history questionnaire
(DHQ) developed by Sasaki et al. *. Basic dietary assessment questionnaires consist of a food
list and a frequency response section for subjects to report how often each food is eaten, and
additionally questions about the usual portion size ®. Using the data on frequency of intake,
portion size obtained from a questionnaire, and nutrient composition data of foods included in
the food list, nutrient intake can be estimated % To estimate an individual’s nutrient intake
validity, the foods included in the questionnaire must have a substantial content of the nutrient
of interest *. However, foods which have “a substantial content of the nutrient of interest”
vary by nutrient of interest, and the number of foods included in a questionnaire is limited.
Thus, the validity of nutrients estimated in a diet assessment questionnaire can differ by
nutrient of interest, and should be examined for each nutrient of interest.

To evaluate the validity of a dietary assessment questionnaire, comparison of individual
estimates of nutrient intake based on the questionnaire with those measured by a more
accurate method (gold standard) is used. Since there is no perfect measure of “true” dietary
intake, assessment methods in which the source of errors is independent from that of the
questionnaire have been used as gold standard. As gold standard for validation studies of a
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dietary assessment questionnaire, dietary records (DRs) are recommended ®. DR is a dietary
assessment method in which all of the foods and beverages consumed during the assessment
days are recorded. Since the major error sources of DRs do not depend on memory (a major
error source of dietary assessment questionnaires), DRs are considered to have the least
correlated errors *.

The author enabled the DHQ to estimate habitual amino acid intake using the amino
acid composition database for Japanese foods developed in Chapter 2 '°. Since a validation
study of the DHQ for estimating amino acid intake has not been conducted, the author
evaluated the validity of the DHQ for estimating amino acid intake using a 16-day

semi-weighed dietary record as a reference method.

3.2. Methods
3.2.1. Structure of the DHQ and assigning of amino acid values

The DHQ is a 16-page structured self-administered questionnaire 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 ®*’. The DHQ consists of
seven sections: (1) general dietary behavior; (2) usual cooking methods; (3) consumption

frequency and amount of alcoholic beverages; (4) consumption frequency and

T Methods in this chapter is based on the paper already published (Suga et al. Nutr J. 13: 51.). The author
appreciates the co-authors for their permission to use the paper.
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semi-quantitative portion size of selected food and non-alcoholic beverage items; (5) dietary
supplements; (6) consumption frequency 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 appearing in the DHQ. The food and beverage items were selected 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. To estimate the dietary intake of
150 food and beverage items, food composition data for 219 foods in the DHQ’s computer
algorithm were used. For example, to estimate the intake of “green leafy vegetable”, the
nutrient data of four vegetables are used.

For these 219 food and beverage items, the author assigned the amino acid values from

the amino acid database developed in the previous chapter '°.

3.2.2. Participants

The present study was based on a multicenter survey conducted in three areas of Japan,
Osaka (urban), Nagano (rural inland), and Tottori (rural coastal) from November 2002 to
September 2003 * . These three areas were selected in consideration of potential regional
differences in food availability and dietary habits, and availability of participants ®. In each
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area, public health nurses invited apparently healthy women aged 30 to 69 years who were

willing to participate and who lived together with their husbands to participate in this study. In

each 10-year age class (30-39, 40-49, 50-59, and 60-69 years), eight women were equally

enrolled without consideration 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. This study did not undergo ethical

approval because it was conducted before ethical guidelines for epidemiologic research were

enforced 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 participants.

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 completed study protocol and were included in the final analysis sample.

3.2.3 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
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August or September 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
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
18 amino acids, sulfur-containing amino acids (SAA), and aromatic amino acids (AAA) by
the DR were estimated as follows: 1) multiply consumed weight of food items (unit: g/day)
estimated from the DR by amino acid data of the corresponding foods obtained from the
amino acid database developed in Chapter 2 '® (unit: mg/100 g edible portion), and 2) sum up
values obtained by 1).

The participants were also required to answer the DHQ four times, once in each season:
DHQ1 in November or December 2002 (autumn), DHQ2 in February 2003 (winter), DHQ3 in
May 2003 (spring), and DHQ4 in August or September 2003 (summer). The DHQ was
administered approximately 2 days before the start of each dietary recording period. Since
dietary assessment questionnaires are commonly administered only once in many
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epidemiological studies and participants’ experience in recording the DR can affect the
answers of the subsequent DHQs, this study used the estimated dietary intake value from the
first DHQ (DHQ1) to examine whether a single (and first time) DHQ can represent habitual
dietary intake over a longer period (e.g. one year). In addition, the amino acid intakes
estimated from the average of the four DHQs (mDHQs) were also used to match the
evaluation period with that of the DR. In this study, information on dietary supplements
(section (5)) and data from the open-ended questionnaire items (section (7)) 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 section (7). Intakes
of 18 amino acids, sulfur-containing amino acids (SAA), and aromatic amino acids (AAA)
were estimated by the DHQ as follows: 1) multiply consumed weight of food items (unit:
g/day) obtained from the DHQ by amino acid data of the corresponding foods obtained from
the amino acid database developed in Chapter 2 '® (unit: mg/100 g edible portion), and 2) sum
up the values obtained by 1).

Although the DR recorded all food items which were consumed by the participants, the
DHQ asks about the intake frequency and portion size of only 150 food items. Thus, nutrient
intake estimated by the DHQ was adjusted for this difference using an ad hoc computer
algorithm. This validation study was conducted to examine how the foods listed in the DHQ
and DHQ’s computer algorithm can estimate valid amino acid intake.
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3.2.4. Statistical analysis

The validity of amino acid intake values derived from the DHQ 1 and mDHQ were
examined using the average value of the 16-day DR as a reference. In this validation study,
mean amino acid intake values and Pearson correlation coefficients were used to examine the
DHQ’s ability to estimate a group’s mean dietary intake and to rank individuals according to
their amino acid intake, respectively. In addition, agreement for amino acid intakes between
the DR and the DHQ1 or mDHQ at the individual level was examined using intraclass
correlation coefficients (ICC) * and Bland-Altman plots "°. The author plotted the amino acid
intake differences between the DR and the DHQ1 (or mDHQ) against mean values of the DR
and the DHQ1 (or mDHQ). The limits of agreement were set as 1.96 times the standard
deviation of the difference.

As nutrient intakes were not normally distributed, intake values were log-transformed

before analysis. Since previous studies of the relationship between amino acid intake and

17,33 d 21,32,38,39,42

health outcome used crude , energy-adjusted by the residual metho ,and a

“’38’44, amino acid intake values were

percentage of total protein intake (% protein) values
estimated using these three expression. Energy and protein intakes were also estimated based
on the Standard Tables of Food Composition in Japan, 2010 ° to adjust amino acid intake
values.

Mean dietary intakes were calculated for each assessment method. Statistically
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significant differences between the DR and DHQ1 (or mDHQ) were determined by a paired

t-test using two-sided values. P values less than 0.05 were considered to indicate significant

differences. The author also calculated Pearson and intraclass correlation coefficients between

the DR and the DHQ1 (or mDHQ) for crude, energy-adjusted, and % protein values. 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.

3.3. Results

Basic characteristics of the participants are shown in Table 3-1. Mean amino acid

intakes calculated from the DR, DHQ1, and mDHQ are shown in Table 3-2 for men and in

Table 3-3 for women. Pearson correlation coefficients for amino acid intake estimated by the

DR and DHQ1 (or mDHQ) are shown in Table 3-4 for men and Table 3-5 for women. Also,

ICCs for amino acid intake estimated by the DR and DHQ1 (or mDHQ) are shown in Table

3-6 for men and Table 3-7 for women.

3.3.1. Validity of DHO!I

Regarding the % protein values of amino acid intake, significant differences between

the mean amino acid intakes estimated by the DR and those estimated by DHQ1 were

observed for almost all amino acids in both sexes, except for histidine and glycine for both
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sexes and proline for men. Regarding energy-adjusted values, results were almost the same

for men. However, for women, significant differences were shown for only six amino acids:

cysteine, histidine, alanine, aspartic acid, glutamic acid, and glycine. This implies that

energy-adjusted values by the residual method might be suitable for estimating the mean

intake value of a female group using DHQI.

The medians (interquartile ranges) of correlation coefficients between crude amino acid

intakes estimated by the DR and those estimated by the DHQ1 were 0.33 (0.31-0.35) for men,

and 0.27 (0.26-0.28) for women, respectively. Regarding energy-adjusted and % protein

values, values were 0.32 (0.27-0.37) and 0.43 (0.31-0.47) for men, and 0.42 (0.40-0.45) and

0.32 (0.24-0.44) for women, respectively. For men, the correlation coefficients of % protein

values tended to be highest among the three types of values. On the other hand, for women,

the correlation coefficients of energy-adjusted values tended to be the highest.

ICC:s for crude values were close to Pearson correlation coefficients in both sexes.

However, for non-crude values, ICCs were very low, except for energy-adjusted values for

women. That implies non-crude amino acid intake estimated by DHQ1 showed poor

agreement at the individual level.

The Bland-Altman plots showed that the mean differences for men were larger than

those for women. Also, the mean differences for energy-adjusted amino acid intakes were

larger than those for crude intake. Regarding % protein values, the mean differences were

49



slight. The limits of agreement of crude and energy-adjusted values were relatively large

compared to those of % protein value. These results indicate that % protein value might be

appropriate for estimating amino acid intake at the individual level. As an example,

Bland-Altman plots for agreement between crude, energy-adjusted, and % protein intake of

tryptophan estimated by the 16-day DR and by the DHQI are shown in Figure 3-1 for men

and Figure 3-2 for women. The Bland-Altman plots of crude values in both sexes showed a

significant relationship between the difference and the average of DHQI and the DR (slope

0.5686, P <0.001 for men and slope 0.6329, P <0.001 for women). In addition, % protein

value in women also showed significant relationship (slope 0.2611, P = 0.046). Thus,

proportional biases are likely to exist in crude values in both sexes and in the % protein values

in women. Similar results were observed for other amino acids (data not shown).

3.3.2. Validity of mDHQ

Almost all mean amino acid intakes estimated by mDHQ were significantly different

from those estimated by the DR for many amino acids in both sexes. This result implies that

repetition of the DHQ might not improve its ability to estimate a group’s mean dietary amino

acid intake.

Although almost all Pearson correlation coefficients between the DR and mDHQ were

improved as compared with those between the DR and DHQ1, they did not differ significantly,
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except with regard to energy-adjusted values for men. This implies that repetition of the DHQ

might be preferable, if possible, for the purpose of ranking subjects according to their amino

acid intake.

Most ICCs calculated by mDHQ were improved over those calculated by DHQI.

Nevertheless, except for % protein values for men and crude values for women, ICCs

calculated by mDHQ were still low. This implies that amino acid intakes estimated by mDHQ

also showed poor agreement at the individual level.

Regarding Bland-Altman plots, mDHQ showed larger mean differences than DHQI,

except for % protein value. This indicates that the degree of relative bias might be greater

when crude and energy-adjusted values estimated by mDHQ were used. The limits of

agreement of mDHQ were less than those of DHQ1, indicating that the degree of random

error was less for mDHQ (data not shown). In addition, the Bland-Altman plots of crude,

energy-adjusted, and % protein values tended to show significant relationships between the

difference and the average of the mDHQ and the DR in both sexes (data not shown).Thus,

proportional biases are likely to exist in amino acid values estimated by the mDHQ.

3.4. Discussion

The author examined the validity of amino acid intake estimated by the DHQ, using

DRs collected over a total of 16 days as reference. As shown in the previous study, which
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examined the relative validity of energy and nutrient intakes estimated by the DHQ, the
DHQ’s ability to estimate a group’s mean nutrient intake values is satisfactory for a limited
number of nutrients . Regarding mean intake values of amino acids estimated by the DHQ1
and mDHQ, the result was consistent with the previous finding, except for energy-adjusted
value by the residual method for women. However, the differences in mean intake expressed
as % protein values estimated by the DR and the DHQ1 (or mDHQ) were slight in both sexes
(0.0-0.39 % protein for men, and 0.02-0.37 % protein for women, respectively). Thus, uses
of % protein values to estimate a group’s mean dietary intake might be appropriate. Intakes of
almost all amino acids estimated by mDHQ differed significantly compared to those
estimated by the DR. This result implies that repetition of the DHQ might not improve its
ability to estimate a group’s mean dietary intake.

Regarding the correlation coefficients between the DR and DHQ1, 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

1733 uise of crude values might not

relationship between amino acid intake and health outcome
be appropriate. Most of the correlation coefficients of % protein values were higher than those
of energy-adjusted values for men, however, the result was opposite for women. This result

implies that an appropriate method of estimating amino acid intake in epidemiological studies

might differ depending on the subjects’ sex. Although the reason of this difference is unknown,
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significant underestimation of energy intake for men might affect the correlation of

energy-adjusted protein and amino acid intake.

Although Pearson correlation coefficients between the DR and mDHQ improved

compared to those between the DR and DHQ1, this improvement was not statistically

significant except for energy-adjusted values for men. This result implies that both the DHQ1

and mDHQ had sufficient ability to rank individuals in a group according to their amino acid

intake.

To examine agreement at the individual level, ICC and Brand-Altman plots were used.

ICC calculated using DHQ1 and mDHQ were relatively low compared to Pearson correlation

coefficients. According to this result, although the DHQ has a reasonable ability to rank

subjects in a group according to their amino acid intake, it has 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 objective is to rank

individuals according to the nutrient intake of subjects, 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. 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
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ate these food items. Nevertheless, the mean contribution of these food items to the estimation
of amino acid intake was only 4.0% '°. The author therefore considered that the effect of
underestimation was not so large. Second, although we used mean values of amino acid intake
derived from the 16-day DR as reference, DRs are susceptible to day-to-day variability in
nutrient intake. A DR collection period of 16 days and our sample size (92 men and 92
women) might have therefore been too short and small for consideration as usual individual
intake. On the other hand, considering the burden on participants, conducting DR over 16
days appears to be unfeasible. Finally, our participants were volunteers, and may therefore
have been more nutritionally conscious than others who did not participate in the study.
Accordingly, they might not be representative of the general Japanese population, and our
results might thus not be generalizable to the Japanese population.

In this chapter, the author conducted a validation study on the amino acid intake
estimated by the DHQ. This validation study, to the author’s knowledge the first such study,
showed that the DHQ has acceptable validity for estimating amino acid intake in

epidemiological studies.
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Table 3-1. Basic characteristic of the study participants (92 men and 92 women)

Men (n = 92) Women (n = 92)

Mean SD Mean SD

Age (years) 52.8 12.1 49.6 114
Body height (cm) 168.0 6.7 155.6 5.8
Body weight (kg) 66.2 11.2 534 7.1
Body mass index (kg/m?) 233 3.1 22.1 2.6

Abbreviations: SD: standard deviation.

55



Table 3-2. Comparison of mean intakes of energy, protein, and amino acids estimated by the 16-day

DR, DHQ1, and mDHQ among 92 men

Men (n = 92)

Crude and energy-adjusted by the )
. Percentage of total protein
residual method

(mg/day) (% protein)

DR DHQI mDHQ DR  DHQI mDHQ
Isoleucine 3374 2990 *** 2886 *** 406 4.18 FF*¥ 412 x**
Leucine 6030 5384 *¥* 5154 *k** 7026 7.53 *¥* 736 Hk*
Lysine 5063 4438 *** 4431 *** 610 6.21 * 6.33 ***
Methionine 1839 1634 *** 1578 *** 222 229 *¥* D06 kk*
Cysteine 1205 1089 *** 999 *** 145 1.52 ¥k 143 *k*
Sulfur amino acids * 3020 2706 *¥** 2564 *** 3,64 378 **FF 366
Phenylalanine 3498 3121 *¥* 2047 *** 421 436 *¥* 421
Tyrosine 2716 2440 *¥* 2324 k¥x 327 34] *¥*¥ 33 ek
Aromatic amino acids * 6229 5571 ¥*¥x 5277 *¥*¥x 750 7.79 *¥*Fk 754
Threonine 3101 2748 *** 2659 *** 373 384 kk¥ 380 k**
Tryptophan 933 835 k¥* 787 *¥** 112 1.17 *** 112
Valine 3981 3554 *** 3306 *** 479 4097 *¥*¥ 485 **
Histidine 2634 2289 *¥* 2238 *** 317 3.20 3.20
Arginine 4634 4119 *** 3897 *** 558 576 *** 557
Alanine 3962 3501 *** 3361 *** 477 490 *** 480
Aspartic acid 7242 6368 *** 6142 *** 872 890 *** 877
Glutamic acid 14137 12451 *** 11660 *** 17.0 174 * 16.7 ***
Glycine 3614 3081 *** 2067 *** 435 431 4.24 **
Proline 4382 3843 *** 3624 *** 528 5.38 5.18 *
Serine 3654 3262 *** 3087 *** 440 4.56 *** 441
Energy (kcal/day) ' 2343 2223 * 2289 - - - - -
Protein (g/day) 83.1 717 *¥x 741 kwk - - - -

Abbreviations: DR = semi-weighed 16-day dietary records; DHQ1= first self-administered diet
history questionnaire; mDHQ = mean of 4DHQs.

All variables were log-transformed before analysis.

T Unit of energy and protein are expressed as kcal/day and g/day.

* Sulfur amino acids = Methionine + Cysteine; Aromatic amino acids = Phenylalanine + Tyrosine.

Significant difference from the DR: *P<(.05, **P<0.01, ***P<0.001 (paired t-test).
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Table 3-3. Comparison of mean intakes of energy, protein and amino acids estimated by the 16-day

DR, DHQ1, and mDHQ among 92 women

Women (n =

92)

Crude and energy-adjusted by the

Percentage of total protein

residual method (mg/day) (% protein)

DR DHQI mDHQ DR  DHQI mDHQ
Isoleucine 2857 2792 2613 *¥** 411 425 #**x 423 kkx
Leucine 5094 5015 4670 *** 733 763 **k 756 w**
Lysine 4251 4158 3986 * 6.12 6.33 *** (646 ***
Methionine 1521 1486 1394 *** 219 226 *** 226 ***
Cysteine 1010 977 ** 881 *** 145 1.49 *** 143 **
Sulfur amino acids * 2511 2450 2263 *¥** 362 373 kkx 367 kkx
Phenylalanine 2966 2897 2669 ¥*¥* 427 441 *F*¥ 432 ¥*x*
Tyrosine 2288 2263 2099 *** 329 344 ¥k 340 w**
Aromatic amino acids * 5269 5167 4772 *Fk 759 7.86 Frx 7773 kkx
Threonine 2601 2542 2383 **k* 375 387 **k 386 ***
Tryptophan 786 773 713 *** 113 1.18 *** 115 ***
Valine 3365 3310 3079 *** 484 5.04 **¥* 409 *kxx
Histidine 2165 2086 * 1970 ** 3.12 3.18 3.19 **
Arginine 3803 3695 3427 *** 548 5.63 *** 555 *
Alanine 3257 3149 * 2046 **F* 469 4779 xFR 4777 wEE
Aspartic acid 6104 5887 * 5528 *** 879 8.96 *¥* 895 *x*
Glutamic acid 12103 11694 ** 10660 *** 17.4 17.8 *** 173
Glycine 2943 2752 *¥* D582 *** 4724 419 4.18 *
Proline 3825 3729 3411 *** 551 5.68 *** 553
Serine 3096 3013 2780 *** 446 459 *** 450 *
Energy (kcal/day) ' 1846 1877 1850 - - - - -
Protein (g/day) 69.5 658 *¥k 649 wwk - - - -

Abbreviations: DR = semi-weighed 16-day dietary records; DHQ1= first self-administered diet

history questionnaire; mDHQ = mean of 4DHQs.

All variables were log-transformed before analysis.

T Unit of energy and protein are expressed as kcal/day and g/day.

* Sulfur amino acids = Methionine + Cysteine; Aromatic amino acids = Phenylalanine + Tyrosine.

Significant difference from the DR: *P<(.05, **P<0.01, ***P<0.001 (paired t-test).

57



Table 3-4. Pearson correlation coefficients between crude, energy-adjusted, and % protein amino acid

intakes estimated using the 16-day DR and those estimated using DHQ1 and mDHQ among 92 men

Men (n = 92)
Crude Energy-adjusted by Percentage of total
residual method protein
DHQI1 mDHQ DHQ!1 mDHQ DHQI1 mDHQ

Energy 0.41 0.49 - - - -
Protein 0.33 0.43 0.28 0.47 *x - -
Isoleucine 0.32 043 * 0.32 0.54 ok 0.36 0.51
Leucine 0.33 044 * 0.33 0.55 ok 0.41 0.49
Lysine 0.29 041 * 0.26 0.48 ok 0.25 0.45
Methionine 0.31 0.40 0.25 0.46 ok 0.26 0.30
Cysteine 0.37 0.43 0.37 0.55 ok 0.45 0.53
Sulfur amino acids ' 0.33 0.41 0.28 0.48 HoH 0.39 0.26
Phenylalanine 0.35 0.45 0.38 0.58 woH 0.52 0.56
Tyrosine 0.34 0.44 0.35 0.57 ok 0.48 0.55
Aromatic amino acids ' 0.35 0.45 0.37 0.58 HoH 0.50 0.55
Threonine 0.31 0.41 0.28 0.49 ok 0.26 0.35
Tryptophan 0.34 0.43 0.37 0.56 *x 0.56 0.57
Valine 0.33 044 * 0.35 0.56 HoH 0.52 0.57
Histidine 0.27 039 * 0.26 0.42 * 0.19 0.31
Arginine 0.35 0.40 0.30 0.47 * 0.41 0.42
Alanine 0.31 0.38 0.23 0.44 HoH 0.31 0.30
Aspartic acid 0.31 0.40 0.31 0.52 ok 0.47 0.53
Glutamic acid 0.37 048 * 0.44 0.62 ok 0.45 0.58
Glycine 0.33 0.38 0.21 0.38 * 0.31 0.28
Proline 0.40 0.54 ** 0.50 0.67 ok 0.47 0.56
Serine 0.34 0.44 0.37 0.56 HoH 0.44 0.49

Abbreviations: DR = semi-weighed 16-day dietary records; DHQ1= first self-administered diet history
questionnaire; mDHQ = mean of 4 DHQs.

All variables were log-transformed before analysis.

" Sulfur amino acids = Methionine + Cysteine; Aromatic amino acids = Phenylalanine + Tyrosine.
Significant difference between correlation coefficients of DHQ1 and mDHQ: * P < 0.05,

** P <0.01 (Meng-Rosenthal-Rubin method).
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Table 3-5. Pearson correlation coefficients between crude, energy-adjusted, and % protein amino acid

intakes estimated using the 16-day DR and those estimated using DHQ1 and mDHQ among 92 women

Women (n = 92)

Crude Energy-adjusted by Percentage of total
residual method protein
DHQ!1 mDHQ DHQI1 mDHQ DHQI1 mDHQ
Energy 0.30 0.38 - - - -
Protein 0.27 0.36 0.47 0.45 - -
Isoleucine 0.25 0.34 0.40 0.40 0.13 0.35 ok
Leucine 0.26 0.35 0.42 0.42 0.29 0.44 *
Lysine 0.26 0.34 0.36 0.36 0.15 0.24
Methionine 0.26 0.34 0.35 0.37 0.20 0.29
Cysteine 0.27 0.34 0.42 0.49 0.30 0.33
Sulfur amino acids ' 0.26 0.34 0.37 0.41 0.10 0.22
Phenylalanine 0.27 0.35 0.46 0.46 0.44 0.46
Tyrosine 0.27 0.35 0.42 0.44 0.25 0.43 ok
Aromatic amino acids ' 0.27 0.35 0.45 0.46 0.38 0.46
Threonine 0.27 0.35 0.40 0.39 0.09 0.22
Tryptophan 0.27 0.35 0.46 0.47 0.44 0.54
Valine 0.26 0.35 0.41 0.43 0.34 0.48 *
Histidine 0.24 0.33 0.35 0.31 0.27 0.30
Arginine 0.32 0.36 0.45 0.45 0.45 0.54
Alanine 0.29 0.36 0.40 0.39 0.42 0.46
Aspartic acid 0.28 0.35 0.44 0.43 0.42 0.58 *
Glutamic acid 0.28 039 * 0.56 0.54 0.54 0.56
Glycine 0.31 0.38 0.43 0.43 0.46 0.50
Proline 0.31 043 * 0.58 0.58 0.61 0.66
Serine 0.27 0.34 0.44 0.45 0.27 0.34

Abbreviations: DR = semi-weighed 16-day dietary records; DHQ1= first self-administered diet history
questionnaire; mDHQ = mean of 4 DHQs.

All variables were log-transformed before analysis.

" Sulfur amino acids = Methionine + Cysteine; Aromatic amino acids = Phenylalanine + Tyrosine.
Significant difference between correlation coefficients of DHQ1 and mDHQ: * P < 0.05,

** P <0.01 (Meng-Rosenthal-Rubin method).
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Table 3-6. Intraclass correlation coefficients between crude, energy-adjusted, and %
protein amino acid intakes estimated using the 16-day DR and those estimated using

DHQ1 and mDHQ among 92 men

Men (n=92)

Energy-adjusted  Percentage of total
Crude _ )
by residual method protein

DHQ! mDHQ DHQ! mDHQ DHQI mDHQ

Isoleucine 0.27 0.30 0.16 0.24 0.11 0.42
Leucine 0.28 0.29 0.17 0.23 0.004 0.41
Lysine 0.26 0.33 0.15 0.33 0.21 0.31
Methionine 0.27 0.29 0.12 0.21 0.11 0.24
Cysteine 0.31 0.21 0.16 -0.01 0.21 0.49
Sulfur amino acids ' 0.28 0.26 0.11 0.13 -0.03 0.24
Phenylalanine 0.29 0.27 0.19 0.17 0.15 0.53
Tyrosine 0.30 0.30 0.19 0.24 0.03 0.45
Aromatic amino acids | 0.29 0.28 0.19 0.19 0.09 0.50
Threonine 0.27 0.29 0.13 0.22 0.06 0.26
Tryptophan 0.29 0.25 0.20 0.18 0.19 0.54
Valine 0.28 0.29 0.19 0.23 0.16 0.50
Histidine 0.25 0.30 0.15 0.23 0.19 0.32
Arginine 0.30 0.25 0.12 0.12 0.26 0.41
Alanine 0.27 0.26 0.06 0.14 0.18 0.28
Aspartic acid 0.25 0.26 0.14 0.21 0.40 0.52
Glutamic acid 0.30 0.26 0.18 0.09 0.39 0.54
Glycine 0.28 0.24 -0.04 0.02 0.30 0.22
Proline 0.32 0.32 0.27 0.20 0.42 0.54
Serine 0.29 0.27 0.18 0.16 0.13 0.43

Abbreviations: DR = semi-weighed 16-day dietary records; DHQ1= first self-administered
diet history questionnaire; mDHQ = mean of 4 DHQs.

All variables were log-transformed before analysis.

¥ Sulfur amino acids = Methionine + Cysteine; Aromatic amino acids = Phenylalanine +

Tyrosine.
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Table 3-7. Intraclass correlation coefficients between crude, energy-adjusted, and %
protein amino acid intakes estimated using the 16-day DR and those estimated using

DHQ1 and mDHQ among 92 women

Women (n = 92)

Energy-adjusted  Percentage of total
Crude _ )
by residual method protein

DHQ! mDHQ DHQ! mDHQ DHQI mDHQ

Isoleucine 0.27 0.31 0.38 0.27 -0.15 0.10
Leucine 0.27 0.31 0.40 0.28 -0.17 0.14
Lysine 0.29 0.35 0.36 0.31 0.07 -0.02
Methionine 0.28 0.32 0.34 0.24 0.05 0.13
Cysteine 0.24 0.20 0.38 0.07 0.23 0.29
Sulfur amino acids ' 0.26 0.28 0.35 0.19 -0.14 0.17
Phenylalanine 0.27 0.29 0.44 0.24 0.08 0.38
Tyrosine 0.27 0.31 0.42 0.30 -0.19 0.14
Aromatic amino acids | 0.27 0.30 0.44 0.27 -0.02 0.32
Threonine 0.29 0.32 0.39 0.27 -0.15 -0.01
Tryptophan 028 030 045 029 006 041
Valine 0.27 0.32 0.40 0.28 -0.06 0.23
Histidine 0.27 0.31 0.33 0.20 0.25 0.26
Arginine 0.31 0.30 0.44 0.27 0.36 0.51
Alanine 0.30 0.31 0.39 0.23 0.34 041
Aspartic acid 0.30 0.30 0.43 0.28 0.36 0.51
Glutamic acid 0.25 0.28 0.49 0.21 0.48 0.56
Glycine 0.29 0.29 0.36 0.18 0.44 0.48
Proline 0.28 0.35 0.53 0.36 0.55 0.66
Serine 0.27 0.28 0.42 0.22 0.06 0.29

Abbreviations: DR = semi-weighed 16-day dietary records; DHQ1= first self-administered
diet history questionnaire; mDHQ = mean of 4 DHQs.

All variables were log-transformed before analysis.

¥ Sulfur amino acids = Methionine + Cysteine; Aromatic amino acids = Phenylalanine +

Tyrosine.
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Figure 3-1. Bland-Altman plots for agreement between crude, energy-adjusted, and % protein intake of

tryptophan estimated by a 16-day DR and that estimated by DHQ1 in 92 men
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CHAPTER 4

Effect of habitual tryptophan intake on depressive symptoms

in young and middle-aged Japanese women: a cross-sectional study
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4.1. Introduction

Depression is a common mental disorder that presents with depressed mood, loss of
interest or pleasure, decreased energy, feelings of guilt or low self-worth, disturbed sleep or
appetite, and poor concentration. Depression is a leading cause of disease burden and an
important source of lost years of healthy life for women aged 15-44 years ''. According to the
World Mental Health Japan Survey 2002-2006, lifetime prevalence of major depression was
estimated at 6.16% in the general population *. Although the prevalence of depression is
much lower in Japan than in western countries, according to the national patient survey
conducted in 2011, the number of depression patients in Japan is reported 704,000 7, and
major depression is an important risk factor for suicide "*. Therefore, investigating factors that
influence depression onset is a high priority.

Several risk factors have been found for depression, including female sex, older age,
low income, widowed or divorced marital status, and worse perceived health status ">7°. As
risk factors of depression, nutritional factors have also been focused on, and many studies
have been conducted '"’*. Among them, tryptophan, an essential amino acid, has been
considered to have a relation with the onset and progress of depression.

Tryptophan, a precursor of serotonin, is a monoamine neurotransmitter which affects
mood, emotions, wakefulness, sleep, and appetite of the human body "°. Since tryptophan
cannot be synthesized de novo and must be supplied from the daily diet, low tryptophan
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intake has been assumed to lower brain serotonin level, and to be an important risk factor
involved in the onset and course of a variety of affective disorders, including depression *°.

The relationship between tryptophan intake and mood status has been examined mainly
in intervention studies using tryptophan supplementation or restriction "*'. However, as
shown in Chapter 2, few previous studies have investigated the relationship between “dietary
(usual)” tryptophan intake and depression. From a preventive perspective, examining the
relationship between dietary tryptophan intake and onset of depression in free-living setting is
more important than the results of intervention studies.

One reason for the paucity of such studies is the difficulty in estimating individual
habitual amino acid intake. To overcome this difficulty, the author developed a comprehensive
amino acid database of Japanese foods '® in Chapter 2, and enabled estimation of the habitual
intake of individual amino acids via the DHQ in Chapter 3. In this chapter, the author
examined the relationship between dietary tryptophan intake and the prevalence of depression

in a large group of young and middle-aged Japanese women.

4.2. Serotonin and dietary tryptophan: overview of previous studies

Serotonin is a monoamine neurotransmitter which is synthesized from the essential
amino acid tryptophan in serotonergic neurons of the central nervous system and in
enterochromaffin cells of the gastrointestinal tract. Serotonin has been implicated in the
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regulation of mood, food intake, satiety, and general behavior ”°, and its deficit has been
assumed to play an important role in the onset and course of depression *. The relationship
between serotonin dysfunction and the onset of depression has been examined from three
points of view. First, several studies demonstrated significant reductions in serotonin
concentration in platelets, cerebrospinal fluid, whole brain, hypothalamus, and amygdala in
postmortem tissue in depressed patients, particularly from patients with suicidal intent ***.
Second, serotonin-depleting drugs (e.g. reserpine) were found to induce a depressive mood in
the early 1950s *. Third, many antidepressants have effects on increasing synaptic serotonin
level. Based on these findings, low brain serotonin levels or suppression of
serotonin-stimulated function is considered an onset mechanism of depression .

Although a number of foods contain serotonin, including cheese, meat, fruits, and
vegetables, passage into the brain for serotonin is inhibited by the blood brain barrier ”°. In
addition, serotonin synthesized in the gastrointestinal tract cannot cross the blood-brain barrier.
Thus the amount of serotonin produced in the brain depends on the amount of tryptophan in
plasma *. Since tryptophan is an essential amino acid that is contained in meat, fish, eggs,
milk, and pulses, and cannot be synthesized in human body, low tryptophan intake is
considered to cause low tryptophan concentration in plasma, low serotonin production in the
brain, and the onset of depression *’. Previous studies reported that plasma tryptophan levels

83,88,89

were significantly lower in subjects with major depression than healthy control subjects ,
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and increased significantly after recovery ****. In addition, an experimental dietary tryptophan

depletion procedure dramatically decreased serum serotonin levels "%

and caused a rapid
lowering of mood in both depressed patients with remission *° and healthy volunteers,
particularly those with a family history of affective illness °'. These findings suggested that

the habitual dietary intake of tryptophan also plays an important role in the onset of

depression.

4.3. Methods
4.3.1. Participants

In this chapter, the author used the dataset of the Three-generation Study of Women on
Diets and Health. The Three-generation Study of Women on Diets and Health is a
cross-sectional study of risk and preventive factors for health problems in young, middle-aged,
and old aged women which was conducted among dietetic students enrolled in 85 institutes to
major in dietetics, or nutritional science, as well as their mothers, and grandmothers *.

This survey was conducted in northern (Hokkaido) and western Japan (58 institutes)
from April to May 2011, and in eastern Japan (27 institutes) from April to May 2012. All
measurements at each institution were conducted according to the survey protocol **.
Collaborators at each institution explained the purpose and an outline of the survey to 7016

potential participants (students) and distributed a dietary assessment questionnaire and
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lifestyle questionnaire. The collaborators asked the students who agreed to participate in the

survey to answer both of two questionnaires. The collaborators also asked the students to

invite their mothers and grandmothers to participate in the survey, and to distribute the

questionnaires to their mothers and grandmothers. The child or grandchild (student) explained

the purpose and outline of the study to student’s mother and grandmother using a written and

oral explanation. The mothers and grandmothers who agreed to participate were asked to

answer a dietary questionnaire and a lifestyle questionnaire. This study was conducted

according to the latest version of the Declaration of Helsinki and the protocol of this survey

was approved by the ethics committee of the University of Tokyo (approval no. 3249;

approval date, November 29th, 2010). Written informed consent was obtained from each

participant, and also from a parent for participants aged < 20 years old after the nature of the

procedures had been fully explained.

In this chapter, the author used the dataset of students and their mothers for analysis.

5132 students from 85 institutions (universities, colleges, and vocational schools) in 35 of 47

prefectures in Japan and 4236 student mothers participated in this survey. Among them, 4933

students and 4044 mothers answered both the dietary and the lifestyle questionnaire.

Participants who lived in eastern Japan and answered the questionnaires in 2011 were

excluded, because their lifestyles and habitual diets in April and May, 2011, were likely

influenced by the Great East Japan Earthquake, which occurred on 11th March, 2011 (45
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students and 63 mothers). The author also excluded two students and two mothers who were

at an institution with an extremely low response rate (2%). In addition, the author excluded

male students (277 students); those who answered the questionnaires on May 20th or later (85

students), did not complete the survey questionnaire (7 students and 4 mothers), or had

extremely low or high reported energy intakes (<500 or >4000 kcal/day; 48 students and 21

mothers); those with a medical history of mental disorders or who were currently under

treatment for mental disorders; those with endometabolic diseases such as diabetes or thyroid

disease (106 students and 226 mothers) or with estrogen preparation use at the time the survey

(24 students and 84 mothers); and students aged 21 years old and over (145 students) and

mothers aged 65 years old and over (10 mothers). After exclusion according to these criteria,

4278 students and 3655 mothers remained for analysis. Flow diagrams are shown in Figures

4-1 for students and 4-2 for mothers.

4.3.2. Dietary measurements

Dietary nutrient intake during the preceding month were assessed using the DHQ %,
Responses to the DHQ were checked once for completeness by trained research staff at the
survey center, and where necessary returned to the participant for review and clarification of
ambiguous responses. The DHQ in this chapter was slightly modified from the previous

version shown in Chapter 3. Since the food item of skim milk was deleted from and soybean
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milk and salted green and yellow vegetable pickles were added to the previous version, the
modified version of the DHQ estimates the dietary intake of 151 food and beverage items
during the preceding month. The structures of the modified DHQ were almost the same
described in Chapter 3, except that questions about dietary supplement use were removed
(questions were asked about dietary supplement use in the lifestyle questionnaire). Estimates
of dietary nutrient and tryptophan intake were calculated using a computer algorithm
developed specifically for the DHQ, based on the Standard Tables of Food Composition in
Japan, 2010 ° and the amino acid database developed in Chapter 2. '°. Although dietary
supplement use was queried in the lifestyle questionnaire, intake from supplements was not
included in the analysis because there is no reliable composition table of dietary supplements
in Japan.

The validity of the DHQ for commonly studied nutritional factors has been shown in
previous study ® and the validity of amino acid intake estimated by the DHQ was examined
in Chapter 3. Briefly, Pearson correlation coefficients between the DHQ and 16-day dietary
records in 92 female adults were 0.30 for energy, 0.47 for protein, 0.52 for folate, 0.42 for
marine-origin n-3 polyunsaturated fatty acid ®, and 0.46 for tryptophan. Values of dietary
intake were energy-adjusted using the residual method, since, as described in Chapter 3, the
correlation coefficients of energy-adjusted value were satisfactory for ranking subjects
according to their amino acid intake for females.
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4.3.3. Depression

Depressive symptoms were assessed using a Japanese version °2 of the Center for
Epidemiologic Studies Depression Scale (CES-D) *°, which was included in the lifestyle
questionnaire. This scale consists of 20 questions addressing 6 symptoms of depression
experienced during the preceding week: depressed mood, guilt or worthlessness, helplessness
or hopelessness, psychomotor retardation, loss of appetite, and sleep disturbance. Each
question is scored on a scale of 0 to 3 according to the frequency of the symptom, giving a
total CES-D score range from 0 to 60. The criterion validity of the CES-D scale has been well
established in Western ** and Japanese adult populations °2, with a score of 16 or more
considered to show the presence of depressive symptoms. However, the validity and optimal
cut-off score of the CES-D have not been investigated in Japanese adolescents. Also, because
Japanese population tends to rate lower on the scale for the CES-D’s positive affect questions
(question no. 4, 8, 12, and 16), the traditional cut-off value (> 16) is assumed to overestimate
the prevalence of depression. In the present study, therefore, the author used two cut-off
values to define depressive symptoms, namely a CES-D score > 16, based on the traditional
cut-off value of the CES-D, and a CES-D score > 19, which is considered more optimal for

Japanese based on the validation study of Japanese adults >,
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4.3.4. Other variables

Information on physical activity level; region of residence; smoking habit; alcohol

drinking habit; history of chronic diseases (such as asthma, ulcerative colitis, Crohn’s disease,

renal diseases, and collagen disease); marital status; employment status; family structure;

perceived health status; and level of stress were assessed using the lifestyle questionnaire.

Information on age, body height, and body weight were collected using the DHQ. Body mass

index (BMI) was calculated as body weight (kg) divided by the square of body height (m).

4.3.5. Statistical analysis

All statistical analyses were performed for students and mothers separately using SAS

statistical software version 9.3 (SAS Institute Inc., Cary, NC, USA). Intakes of tryptophan

(mg/day) and protein (g/day) were categorized at quintile points based on the distribution of

students and mothers. Using logistic regression analysis, crude and multivariate adjusted odds

ratios (ORs) and 95% confidence intervals (Cls) for depressive symptoms between each

quintile category of dietary intake and the reference (lowest) intake group were calculated.

Multivariate adjusted ORs were calculated by adjusting for potential confounders: age (years,

continuous), physical activity level (total metabolic equivalents-hours/d; METs, continuous),

current smoking (yes or no), living alone (yes or no), perceived health status (very good, good,

regular, bad), levels of stress (very high, high, normal, low, very low), history of chronic
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disease (yes or no), marine-origin n-3 unsaturated fatty acid intake (g/day, continuous), folate
intake (pg/day, continuous), and energy intake (kcal/day, continuous) for students and
mothers; and body mass index (kg/m?, continuous), alcohol drinking (yes or no), marital
status (married, widow or divorced, single), and work status (working (full time), working
(part-time), without work or not answered) for mothers. We included folate and marine-origin
n-3 unsaturated fatty acid intake in the models because previous studies reported that they are
independently associated with a lower prevalence of depressive symptoms > . Survey year
(2011 or 2012), residential block (six categories) for students and mothers; and body mass
index (kg/m’, continuous), marital status (two categories), and alcohol drinking (yes or no) for
students were not included in the models, because these variables had no influence on the
relationship between dietary variables and depression symptoms (P >0.10). Trends of
association were assessed by a logistic regression model which assigned consecutive integers
to the levels of the independent variable. All reported P values are two-tailed, and P values of

< 0.05 were considered statistically significant.

4.4. Results

Characteristics of the participants are shown in Table 4-1 for students and Table 4-2 for
mothers (depressed participants were defined as CES-D score > 16). The mean (standard
deviation) ages of students and mothers were 18.1 (0.3) and 47.8 (4.1) years, respectively. The
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prevalence of depressive symptoms was 50.0% for students and 26.4% for mothers. Mean

dietary intakes of tryptophan were 662 mg/day for students and 736 mg/day for mothers.

Students with depressive symptoms were likely to have a smoking habit, lower perceived

health status, higher level of stress, higher mean value intake of energy, and lower mean

intake of protein, tryptophan, and folate. Mothers with depressive symptoms were likely to be

younger, and have a lower physical activity level, a smoking habit, more experience of

divorce or loss of a husband, lower perceived health status, higher level of stress, higher mean

intake of energy, and lower mean intake of protein, tryptophan, and folate.

Tables 4-3 and 4-4 show ORs and 95% Cls for depressive symptoms according to

quintile of intake of tryptophan and protein for students and mothers, respectively (depressed

participants were defined as CES-D score > 16). In students, after adjustment for potential

confounders, tryptophan intake was inversely associated with depressive symptoms (adjusted

OR [95% CI] for depressive symptoms in the highest (compared with the lowest) quintile of

intake was 0.64 [0.50-0.83]; P for trend = 0.0006). Protein intake also showed an inverse

association with depressive symptoms (adjusted OR [95% CI] was 0.68 [0.52-0.88]; P for

trend = 0.0047). In mothers, after adjustment for potential confounders, tryptophan (adjusted

OR [95% CI] was 0.73 [0.54-0.996]; P for trend = 0.02) and protein (adjusted OR [95% CI]

was 0.65[0.47-0.89]; P for trend = 0.03) intake also showed an inverse association with

depressive symptoms.
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When depressive participants were defined as CES-D score > 19, the prevalence of

depressive symptoms was 35.9% for students (1535 students) and 15.9% for mothers (581

mothers). Basic characteristics of study subjects according to depressive symptoms tended to

be similar when depressive symptoms were defined as CES-D score > 16 (data not shown).

ORs and 95% Cls for depressive symptoms according to quintile of intake of tryptophan and

protein for students and mothers using a cut-off value for CES-D score > 19 are shown in

Tables 4-5 and 4-6. In students, after adjustment for potential confounders, tryptophan intake

was inversely associated with depressive symptoms (adjusted OR [95% CI] for depressive

symptoms in the highest (compared with the lowest) quintile of intake was 0.67 [0.51-0.87]; P

for trend = 0.0014). Protein intake also showed an inverse association with depressive

symptoms (adjusted OR [95% CI] was 0.70 [0.53-0.91]; P for trend = 0.0026). In mothers,

after adjustment for potential confounders, tryptophan (adjusted OR [95% CI] was 0.69

[0.48-1.01]; P for trend = 0.0256) and protein (adjusted OR [95% CI] was 0.69 [0.47-1.00]; P

for trend = 0.0365) intake also showed an inverse association with depressive symptoms.

4.5. Discussion

In this study, the author examined the relationship the between habitual intake of

tryptophan and depressive symptoms using cross-sectional data of female dietetic students

and their mothers. In both students and mothers, dietary tryptophan intake showed a
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significant inverse association with depressive symptoms when depressive symptoms were
defined as CES-D score > 16. These associations were stable even when depressive symptoms
were defined as CES-D score > 19. These findings suggest that higher tryptophan intake is
associated with a lower prevalence of depression symptoms.

Tryptophan intake of most of the students and mothers met the World Health
Organization (WHO) recommendation for daily tryptophan intake (4 mg/kg body weight for
adults, 6 mg/kg body weight for adolescents aged 18 years or less) **. Indeed, only 118
students (2.8%) and 7 mothers (0.2%) did not meet this recommended level (data not shown).
Nevertheless, this recommendation is considered to be sufficient to maintain body nitrogen
homeostasis in healthy adults. In addition, an inverse association between tryptophan intake
and depression was shown in our study. Thus these findings suggest that a level adequate to
prevent depression may be higher than the daily intake level recommended by the WHO. In
determining an adequate tryptophan intake to prevent depression, an upper tryptophan limit of
should be also considered. In 1989, there was an epidemic outbreak of eosinophilia myalgia
syndrome among the users of dietary supplements containing L-tryptophan in the United
States *>'%°. At first, a contaminant in the tryptophan was suspected to be the cause of
eosinophilia myalgia syndrome, rather than tryptophan itself, since more than 95% of the
patients of eosinophilia myalgia syndrome used L-tryptophan supplements supplied by a
single manufacturer. However, based on the available scientific evidences, the U. S. Food and
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Drug Administration concluded that other brands of L-tryptophan, or L-tryptophan itself
could not be eliminated as causal or contributing to the development of eosinophilia myalgia
syndrome in 2001 '. The upper limit of tryptophan for humans has not yet been determined
so far, because reliable evidences are sparse '°'. Hiratsuka reported that administration of
L-tryptophan at up to 5.0 g/day had no adverse effect among young Japanese female
participants. However, this study was conducted without consideration to participants’ dietary
tryptophan intake '°>. Thus, the amount of tryptophan ingested from the diet seems to be
within the safe upper limit; however, the “true” upper limit of tryptophan intake is not clear.
To determine an adequate tryptophan intake for the prevention of depression will require
further studies involving dietary and supplemental tryptophan intake.

A number of studies have examined the association between tryptophan intake and
depression symptom (or mood status), but all of these were experimental studies using either

%091 "supplementation *', or administration of tryptophan-rich protein

tryptophan deprivation
87.103.104 ‘These studies were conducted without assessing subjects” habitual tryptophan intake.
Assessments of subjects’ habitual nutrient intake are important even for intervention studies,
because the ability of a study to detect an effect of nutrients will be greatest among subjects
who have not yet adopted the intervention ®. For example, the effect of an intervention study
using a nutrient supplement may be underestimated if the subjects’ dietary intake of the

nutrient is beyond the minimum requirement. The author speculated that the inconsistency of
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intervention studies on tryptophan might be caused because the subjects were selected without
consideration to their habitual tryptophan intake.

One reason for the paucity of such studies is the difficulty in estimating individual
habitual amino acid intake. To overcome this difficulty, the author developed a comprehensive
amino acid database of Japanese foods '® in Chapter 2, and enabled estimation of the habitual
intake of individual amino acids via the DHQ in Chapter 3. As far as the author knows, this is
the first study to show that higher habitual intake of tryptophan is independently associated
with a lower prevalence of depression symptoms.

As described in Chapter 2 and Chapter 3, there are some missing values in the DHQ’s
nutrient estimation algorithm because of remaining missing values in the amino acid database
developed in Chapter 2. However, the food items in the DHQ’s nutrient estimation algorithm,
whose amino acid values are missing and whose protein values are not zero, are alcohol
beverages (beer, wine), soy sauce, margarine, mayonnaise, and “calorie mate (nutrient
supplemental cookie)”. Since the amount of protein in these food items is very low, the effect
of missing values in the DHQ algorithm is not likely to be large.

Previous studies suggest that low intakes of folate, docosahexaenoic acid (DHA), and
eicosapentaenoic acid (EPA) are dietary risk factors of depression *>**'%. Although we
adjusted for intake of these nutrients as potential confounders in the multivariate analysis, the
inverse associations between tryptophan or protein intake and depression remained. This
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result suggests that lower tryptophan intake is also likely to be an independent risk factor for
the occurrence of depression.

In this study, a similar result in protein intake was also found. In previous studies,
Wolfe et al. reported that a high intake of protein demonstrated a protective effect among men,
but a deleterious effect among women '*°. Davison et al. reported that there was no significant
association between a higher intake of protein and mood disorders '’ Since tryptophan
competes with other large neutral amino acids (LNAAs: phenylalanine, tyrosine, leucine,
isoleucine, and valine) for access to the uptake carrier of the brain, the brain’s availability of
tryptophan is reduced by raising LNAASs levels in blood **'*. Because a high protein intake
raises both LNAAs and tryptophan levels in blood, it has been considered that there is no
significant association between a higher intake of protein and mood disorders. This study’s
result is inconsistent with these previous studies. Although the author has no definitive
explanation for the underlying mechanism of the observed inverse association, the observed
relationship might have been confounded by other dietary or non-dietary factors associated
with intake of total protein.

This study has several methodological limitations that should be considered. First, the
cross-sectional nature of the study does not permit the assessment of causality owing to the
uncertain temporality of the association. For this reason, the possibility that depressive
symptoms may cause a low intake of tryptophan by decreasing food consumption could not
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be excluded. Given that depressed participants had significantly higher energy intake than

non-depressed participants and that tryptophan intake was energy-adjusted, however, reverse

causality is unlikely. Second, the association between dietary tryptophan intake and

depressive symptoms shown in this study might be caused by the association between dietary

protein intake and depressive symptoms. Since tryptophan is a constituent of protein, the

higher the amount of protein that was consumed, the higher the amount of tryptophan that was

also consumed. Therefore, the association between dietary protein and depressive symptoms

might be misunderstood as an association between dietary tryptophan and depressive

symptoms. Since dietary tryptophan intake strongly correlates with dietary protein intake

(correlation coefficients between protein and tryptophan were 0.98 for students and 0.97 for

mothers), protein intake values were not included in the multivariate adjusted logistic

regression analysis. Thus, this may affect the interpretation of the results of this study. To

reduce the effect of total protein intake, some previous studies used values of amino acid

intake expressed as % protein. The author also performed logistic regression analysis using

tryptophan intake value expressed by a percentage of total protein intake. The

multivariable-adjusted ORs (95% CI) of depressive symptoms were 0.78 (0.63-0.97) for

students and 0.85 (0.66-1.10) for mothers. Although a significantly inverse association was

shown only in students, the relationship was not significant in mothers. That is, mothers’

association between dietary tryptophan and depressive symptoms might be effected by protein
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intake. Third, the author assessed depressive symptoms using a widely used questionnaire
(CES-D) without structured diagnostic interviews. This absence of a clinical diagnosis may
have led to overestimation of the prevalence of depressive symptoms, particularly among
student participants struggling with the new environment due to admission to a school. The
prevalence of study participants with depression in this study was 50.0%, and may be larger
than that of the general population. However, previous studies reported that about 50% of
young subjects were identified as depressive when the standard adult cutoff point (CES-D
score > 16) was applied '*''°. The author therefore considers that the prevalence of
depression symptoms in the student participants of this study was comparable to that in
previous studies conducted among adolescents in the US in spring (not the season of

19 and Japanese college students in fall ', and that the effect of

university enrollment)
admission to a school is not likely to be large. In addition, the association between dietary
tryptophan intake and depression symptoms did not change when depressive symptoms were
defined as CES-D score > 19 which is considered a more suitable cut-off value for Japanese
populations. Therefore, the author considered that this association was stable and that the
effect of overestimation by the CES-D’s traditional cut-off line does not appear to be large.
Fourth, although we adjusted for a variety of potential confounders in the analysis, residual
confounding could not be ruled out. In particular, we could not control for the polymorphisms

in serotonin genes which have been implicated in the etiology of mood disorders **. In
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addition, since the author used the dietary amino acid intake estimated by the DHQ as an
exposure in this study, the effect of digestion, absorption, and metabolism of tryptophan,
which can differ depending on the individual, could not be considered. Because there was no
reliable biomarker which could be applied to a number of participants easily and safely at the
time this study was conducted, the author could not determine the degree to which dietary
tryptophan changed to brain serotonin '°. Although Hiratsuka et al. reported in 2013 that
3-hydroxykynurenine, a metabolite of L-tryptophan, may be a good surrogate biomarker for
excess L-tryptophan ingestion, this metabolite of tryptophan does not reflect the amount of
tryptophan used in human brain ', Thus further studies on appropriate biomarkers of
tryptophan are needed to determine how much dietary tryptophan is used for brain serotonin
synthesis. Fifth, the student participants of this study were dietetic students, and may therefore
have been more nutritionally conscious than other young women. Although this study was
conducted immediately after enrollment in their schools (from April to May) in order to
reduce the effect of nutritional education in their school, they might not be representative of
the general Japanese young women. Lastly, because all of the participants of this study were
females, the effect of habitual tryptophan intake on depressive symptoms in males remains
unknown.

In conclusion, this Japanese cross-sectional study showed that a higher intake of
tryptophan was independently associated with a lower prevalence of depressive symptoms in
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female dietetic students and their mothers. Because of the cross-sectional nature of this study,

the drawing of any firm conclusions regarding the effects of dietary tryptophan on depressive

symptoms requires additional studies.
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Total participated (n = 5132)

N

Did not answered diet or lifestyle questionnaire (n = 199)

Answered in 2011 and living in eastern Japan (n = 45)

An institution with an extremely low response rate (n = 2)

Male students (n =277)

Vv

Answered questionnaire after May 20th (n = 85)

Many missing values in questionnaire (n = 7)

Extremely high or low energy intake (n = 48)

With medical history or under treatment of depression (n = 106)

With estrogen preparation use (n =24)

Aged > 21 (n=145)

y

Analytical participants (n = 4278)

Figure 4-1. Flow chart of student participants
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Total participated (n = 4236)

Did not answered diet or lifestyle questionnaire (n = 192)

Answered in 2011 and living in eastern Japan (n = 63)

An institution with an extremely low response rate (n = 2)

Many missing values in questionnaire (n = 4)

> Extremely high or low energy intake (n = 21)

With medical history or under treatment of depression (n = 226)

—>| With estrogen preparation use (n = 84)

N

Aged > 65 (n=10)

Analytical participants (n = 3655)

Figure 4-2. Flow chart of mother participants
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Table 4-1. Basic characteristics of 4278 Japanese female students categorized as not depressed or depressed.

Not Depressed ' Depressed t
Total (n = 4278) P
(n=2140) (n=2138)

CES-D score 166 + 83 102 + 3.5 23.1 + 6.5 <.0001
Age (years) 18.1 + 03 18.1 + 0.3 18.1 + 03 0.34
Body height (cm) 1578 + 53 1578 + 53 1577 + 53 0.49
Body weight (kg) 521 = 7.8 520 = 7.6 521 £ 79 0.83
Body mass index (kg/m?) 209 + 28 209 + 2.7 209 + 29 0.57
Physical activity (total metabolic equivalents-hours/d) 37.8 = 55 37.8 + 55 377 £ 55 0.58
Survey year [n (%)] 0.54

2011 2660 (62.2) 1321 (61.7) 1339 (62.6)

2012 1618 (37.8) 819 (38.3) 799 (37.4)
Residential block [n (%)] 0.37

Hokkaido and Tohoku 419  (9.8) 206 (9.6) 213 (10.0)

Kanto 1245 (29.1) 639 (29.9) 606 (28.3)

Hokuriku and Tokai 855 (20.0) 416 (19.4) 439 (20.5)

Kinki 514 (12.0) 244 (11.4) 270 (12.6)

Chugoku and Shikoku 597  (14.0) 292 (13.6) 305 (14.3)

Kyuushuu 648 (15.2) 343 (16.0) 305 (14.3)
Size of residential area [n (%)] 0.64

City with a population 2 1 million 821 (19.2) 400 (18.7) 421 (19.7)

City with a population < 1 million 3115 (72.8) 1564 (73.1) 1551 (72.5)

Town and village 342 (8.0) 176 (8.2) 166 (7.8)
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Table 4-1. (Continued)

Not Depressed t Depressed t
Total (n = 4278) Pt
(n=2140) (n=2138)

Current smoker [n (%)] 8 0.2) 1 0.1) 7 (0.3) 0.03
Alcohol drinker [n (%)] 278 (6.5) 137 (6.4) 141 (6.6) 0.80
History of chronic disease [n (%)] 533 (14.5) 248 (11.6) 285 (13.3) 0.08
Living alone [n (%)] 3249 (76.0) 1623 (75.8) 1626 (76.1) 0.87
Marital status [n (%)] 0.56

Married 112 (2.6) 53 (2.5) 59 (2.8)

Widow or divorced 0 (0.0) 0 (0.0) 0 (0.0)

Single 4166 (97.4) 2087 (97.5) 2079 (97.2)
Perceived health status [n (%)] <.0001

Very good 921 (21.5) 626 (29.3) 295 (13.8)

Good 3007 (70.3) 1436 (67.1) 1571 (73.5)

Regular 330 (7.7) 76 (3.6) 254 (11.9)

Bad 20 (0.5) 2 (0.1) 18 (0.8)
Levels of stress [n (%)] <.0001

Very low 180 4.2) 156 (7.3) 24 (1.1)

Low 387 9.1 297 (13.9) 90 (4.2)

Normal 2534 (59.2) 1455 (68.0) 1079 (50.5)

High 1064 (24.9) 224 (10.5) 840 (39.3)

Very high 113 (2.6) 8 (0.4) 105 (4.9)
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Table 4-1. (Continued)

Not Depressed t Depressed |
Total (n = 4278) Pt

(n=2140) (n=2138)
Energy intake (kcal/day) 1712 + 505 1689 + 473 1735 + 533 0.003
Protein intake (g/day) * 56.0 + 10.2 56.5 + 9.5 554 + 10.8 0.0003
Tryptophan intake (mg/day) * 662 + 122 669 + 115 654 + 129 <.0001
Folate intake (ug/day) 3 250 £ &9 257 + 87 244 £+ 90 <.0001
Marine-origin fatty acid intake (g/day) * 0.44 + 0.32 045 + 0.31 043 + 032 0.10

Abbreviation: CES-D = Center for Epidemiologic Studies Depression Scale.

All values are mean + SD for continuous variables and n (%) for categorical variables.

¥ Depressed participants were defined as having a Center for Epidemiologic Studies Depression score

>

16.

* Means for continuous values were compared by Student's t test and proportions for categorical values were compared by the chi-square test.

¥ Dietary variables were energy-adjusted by the residual method.
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Table 4-2. Basic characteristics of 3655 students' mothers categorized as not depressed or depressed.

Not Depressed ' Depressed ' .
Total (n = 3655) P
(n=2689) (n=966)

CES-D score 122 + 6.7 91 + 39 21.0 £ 5.0 <.0001
Age (years) 478 + 4.1 479 £ 4.0 475 £+ 42 0.02
Body height (cm) 1572 + 5.1 1573 + 5.1 1572 += 5.1 0.56
Body weight (kg) 543 £ 79 544 + 8.0 541 + 7.7 0.36
Body mass index (kg/m?) 220 £ 3.0 220 £ 3.0 219 + 3.1 0.61
Physical activity (total metabolic equivalents-hours/d) 408 £ 5.5 409 £ 55 403 + 5.7 0.001
Survey year [n (%)] 0.62

2011 2227  (60.9) 1632 (60.7) 595  (61.6)

2012 1428  (39.1) 1057 (39.3) 371 (38.4)
Residential block [n (%)] 0.26

Hokkaido and Tohoku 364 (10.0) 270 (10.0) 94 9.7)

Kanto 1031 (28.2) 774 (28.8) 257  (26.6)

Hokuriku and Tokai 806 (22.1) 575 (21.4) 231 (23.9)

Kinki 483 (13.2) 362 (13.5) 121 (12.5)

Chugoku and Shikoku 499  (13.7) 353 (13.1) 146  (15.1)

Kyuushuu 472 (12.9) 355 (13.2) 117  (12.1)
Size of residential area [n (%)] 0.37

City with a population 2 1 million 558 (15.3) 424 (15.8) 134 (13.9)

City with a population < 1 million 2722 (74.5) 1991 (74.0) 731 (75.7)

Town and village 375  (10.3) 274 (10.2) 101 (10.5)
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Table 4-2. (Continued)

Not Depressed ' Depressed t
Total (n = 3655) pP*
(n=2689) (n =966)

Current smoker [n (%)] 272 (7.4) 174 (6.5) 98  (10.1) 0.0002
Alcohol drinker [n (%)] 1811  (49.6) 1322 (49.2) 489  (50.6) 0.44
History of chronic disease [n (%)] 1255  (34.3) 909  (33.8) 346 (35.8) 0.26
Living alone [n (%)] 3619 (99.0) 2665  (99.1) 954  (98.8) 0.35
Marital status [n (%)] 0.002

Married 3350  (91.7) 2493  (92.7) 857  (88.7)

Widow or divorced 301 (8.2) 194 (7.2) 107  (11.1)

Single 4  (0.1) 2 (0.1) 2 (0.2)
Work status [n (%)] 0.59

Working (full time) 1314 (36.0) 961  (35.7) 353 (36.5)

Working (part time) 1645 (45.0) 1225  (45.6) 420 (43.5)

Without work, not answered 696  (19.0) 503  (18.7) 193 (19.9)
Perceived health status [n (%)] <.0001

Very good 584  (16.0) 517 (19.2) 67 (6.9

Good 2791  (76.4) 2042 (75.9) 749 (77.5)

Regular 270 (7.4) 126 (4.7) 144  (14.9)

Bad 10  (0.3) 4  (0.2) 6  (0.6)
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Table 4-2. (Continued)

Not Depressed ' Depressed ' '
Total (n = 3655) Pl
(n =2689) (n=966)
Levels of stress [n (%)] <.0001
Very low 124 (34 122 (4.5) 2 (0.2)
Low 219 (6.0) 203 (7.6) 16 (1.7)
Normal 2090 (57.2) 1710  (63.6) 380  (39.3)
High 1028  (28.1) 587  (21.8) 441  (45.7)
Very high 194  (5.3) 67 (2.5 127  (13.2)
Energy intake (kcal/day) 1832 + 484 1821 + 472 1861 =+ 517 0.03
Protein intake (g/day) * 629 =+ 9.6 633 = 94 618 + 99 <.0001
Tryptophan intake (mg/day) * 736 = 116 741 + 115 722 = 117 <.0001
Folate intake (ug/day) * 286 + 88 290 + 88 275 + 87 <.0001
Marine-origin fatty acid intake (g/day) ® 0.59 + 0.36 0.59 + 0.34 0.58 = 0.40 0.33

Abbreviation: CES-D = Center for Epidemiologic Studies Depression Scale.

All values are mean + SD for continuous variables and n (%) for categorical variables.

" Depressed participants were defined as having a Center for Epidemiologic Studies Depression score > 16.

* Means for continuous values were compared by Student's t test and proportions for categorical values were compared by the chi-square test.

¥ Dietary variables were energy-adjusted by the residual method.
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Table 4-3. Multivariate adjusted odds ratios (OR) and 95% confidence intervals (CI) for categorization as depressed compared to not depressed by quintile of dietary

variables among 4278 Japanese female students (depressed subjects defined as CES-D score > 16)

Q1 (Lowest) Q2 Q3 Q4 Q5 (Highest)
P for trend
(n=855) (n =856) (n =856) (n=856) (n = 855)
Tryptophan (mg/day) ' < 580 580-631 631-680 680-744 > 744
n of depressed/not depressed : 495/360 433/423 415/441 401/455 394/461
Crude OR (95% CI) 1.00 (ref) 0.74 (0.62-0.90) 0.68 (0.57-0.83) 0.64 (0.53-0.78) 0.62 (0.51-0.75) <.0001
Multivariate adjusted OR (95% CI) * 1.00 (ref) 0.86 (0.70-1.08) 0.77 (0.62-0.96) 0.76 (0.60-0.95) 0.64 (0.50-0.83) 0.0006
Protein (g/day) <493 49.3-53.4 53.4-57.4 57.4-62.8 > 62.8
n of depressed/not depressed * 498/357 410/446 424/432 403/453 403/452
Crude OR (95% CI) 1.00 (ref) 0.66 (0.54-0.80) 0.70 (0.58-0.85) 0.64 (0.53-0.77) 0.64 (0.53-0.77) <.0001
Multivariate adjusted OR (95% CI) * 1.00 (ref) 0.76 (0.61-0.95) 0.82 (0.66-1.03) 0.71 (0.56-0.90) 0.68 (0.52-0.88) 0.0047

" Dietary variables were energy-adjusted by the residual method.

: Depressed participants were defined as having a Center for Epidemiologic Studies Depression score >

: Adjusted for age (years, continuous), physical activity level (total metabolic equivalents-hours/day: METs, continuous), current smoking (yes or no), living alone

(yes or no), perceived health status (very good, good, regular, bad), levels of stress (very high, high, normal, low, very low), history of chronic disease (yes or no),

marine-origin fatty acid intake (g/day, continuous), folate intake (ng/day), continuous), energy intake (kcal/day, continuous).
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Table 4-4. Multivariate adjusted odds ratios (OR) and 95% confidence intervals (CI) for categorization as depressed compared to not depressed by quintile of dietary

variables among 3655 Japanese students' mothers. (depressed subjects defined as CES-D score > 16)

QI (Lowest) Q2 Q3 Q4 Q5 (Highest)
P for trend
(n=1731) (n="731) (n="731) (n=731) (n=1731)
Tryptophan (mg/day) ' < 653 653-709 709-756 756-821 > 821
n of depressed/not depressed : 226/505 205/526 198/533 169/562 168/563
Crude OR (95% CI) 1.00 (ref) 0.87 (0.70-1.09) 0.83 (0.66-1.04) 0.67 (0.53-0.85) 0.67 (0.53-0.84) <.0001
Multivariate adjusted OR (95% CI) * 1.00 (ref) 0.93 (0.72-1.19) 1.01 (0.78-1.32) 0.77 (0.58-1.01) 0.73 (0.54-0.996) 0.02
Protein (g/day) <122 56.4-60.7 60.7-64.5 64.5-69.6 > 69.7
n of depressed/not depressed * 229/502 200/531 193/538 186/545 158/573
Crude OR (95% CI) 1.00 (ref) 0.83 (0.66-1.04) 0.79 (0.63-0.99) 0.75 (0.60-0.94) 0.60 (0.48-0.77) <.0001
Multivariate adjusted OR (95% CI) * 1.00 (ref) 0.85 (0.66-1.10) 0.93 (0.71-1.20) 0.85 (0.65-1.12) 0.65 (0.47-0.89) 0.03

" Dietary variables were energy-adjusted by the residual method.

: Depressed participants were defined as having a Center for Epidemiologic Studies Depression score >

¥ Adjusted for age (years, continuous), body mass index (kg/m”, continuous), physical activity level (total metabolic equivalents-hours/day: METs, continuous),

current smoking (yes or no), alcohol drinking (yes or no), living alone (yes or no), perceived health status (very good, good, regular, bad), levels of stress (very high,

high, normal, low, very low), history of chronic disease (yes or no), marital status (married, widow or divorced, single), work status (working (full time), working

(part time), without work or not answered), marine-origin fatty acid intake (g/day, continuous), folate intake (ug/day, continuous), energy intake (kcal/day,

continuous).
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Table 4-5. Multivariate adjusted odds ratios (OR) and 95% confidence intervals (CI) for categorization as depressed compared to not depressed by quintile of

dietary variables among 4278 Japanese female students (depressed subjects defined as CES-D score > 19)

Q1 (Lowest) Q2 Q3 Q4 Q5 (Highest) P for
(n=855) (n=2856) (n=2856) (n=2856) (n=855) trend
Tryptophan (mg/day) ' < 580 580-631 631-680 680-744 > 744
n of depressed/not depressed * 365/490 318/538 299/557 280/576 273/582
Crude OR (95% CI) 1.00 (ref) 0.79 (0.65-0.96) 0.72 (0.59-0.88) 0.65 (0.54-0.80) 0.63 (0.52-0.77) <.0001
Multivariate adjusted OR (95% CI) * 1.00 (ref) 0.94 (0.75-1.17) 0.83 (0.66-1.04) 0.78 (0.62-0.99) 0.67 (0.51-0.87) 0.0014
Protein (g/day) * <493 49.3-53.4 53.4--57.4 57.4-62.8 > 62.8
n of depressed/not depressed * 367/488 311/545 294/562 283/573 280/575
Crude OR (95% CI) 1.00 (ref) 0.76 (0.63-0.92) 0.70 (0.57-0.85) 0.66 (0.54-0.80) 0.65 (0.53-0.79) <.0001
Multivariate adjusted OR (95% CI) * 1.00 (ref) 0.91 (0.73-1.14) 0.81 (0.64-1.02) 0.74 (0.58-0.94) 0.70 (0.53-0.91) 0.0026

" Dietary variables were energy-adjusted by the residual method.

" Depressed subjects were defined as having a Center for Epidemiologic Studies Depression score > 19.

¥ Adjusted for age (years, continuous), physical activity level (total metabolic equivalents-hours/day: METs, continuous), current smoking (yes or no), living

alone (yes or no), perceived health status (very good, good, regular, bad), levels of stress (very high, high, normal, low, very low), history of chronic disease

(yes or no), marine-origin fatty acid intake (% energy, continuous), folate intake (mg/1000kcal, continuous), energy intake (kcal/d, continuous).
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Table 4-6. Multivariate adjusted odds ratios (OR) and 95% confidence intervals (CI) for categorization as depressed compared to not depressed by quintile of

dietary variables among 3655 Japanese students' mothers (depressed subjects defined as CES-D score > 19)

Q1 (Lowest) Q2 Q3 Q4 Q5 (Highest) P for
(n=731) (n=731) (n=731) (n=731) (n=731) trend
Tryptophan (mg/day) < 653 653-709 709-756 756-821 > 821
n of depressed/not depressed * 158/573 127/604 105/626 97/634 94/637
Crude OR (95% CI) 1.00 (ref) 0.76 (0.59-0.99) 0.61 (0.46-0.80) 0.56 (0.42-0.73) 0.54 (0.41-0.71) <.0001
Multivariate adjusted OR (95% CI) * 1.00 (ref) 0.84 (0.62-1.13) 0.79 (0.58-1.08) 0.70 (0.50-0.97) 0.69 (0.48-1.01) 0.0256
Protein (g/day) * <122 56.4-60.7 60.7-64.5 64.5-69.6 > 69.7
n of depressed/not depressed * 158/573 125/606 110/621 97/634 91/640
Crude OR (95% CI) 1.00 (ref) 0.75 (0.58-0.97) 0.64 (0.49-0.84) 0.56 (0.42-0.73) 0.52 (0.39-0.68) <.0001
Multivariate adjusted OR (95% CI) * 1.00 (ref) 0.82 (0.61-1.11) 0.82 (0.60-1.12) 0.71 (0.51-0.99) 0.69 (0.47-1.00) 0.0365

" Dietary variables were energy-adjusted by the residual method.

" Depressed subjects were defined as having a Center for Epidemiologic Studies Depression score > 19.

¥ Adjusted for age (years, continuous), body mass index (kg/m?, continuous), physical activity level (total metabolic equivalents-hours/day: METs,

continuous), current smoking (yes or no), alcohol drinking (yes or no), living alone (yes or no), perceived health status (very good, good, regular, bad), levels

of stress (very high, high, normal, low, very low), history of chronic disease (yes or no), marital status (married, widow or divorced, single), work status

working (full time), working (part time), without work or not answered), marine-origin fatty acid intake (% energy, continuous), folate intake (mg/1000kcal,
g g g y gy g

continuous), energy intake (kcal/d, continuous).
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CONCLUSION

Although many previous studies have examined the relationships between amino acid

intake and human’s health status, most of these studies were intervention study, and the

number of observational studies conducted in free-living setting was limited (see Chapter 1).

To conduct the observational studies on dietary amino acid intake, a valid estimation method

for dietary amino acid is crucial. Therefore, the author developed amino acid database on

foods routinely consumed in Japan. Estimation of dietary amino acid intake was enabled by

this database and the DHQ, and dietary amino acid intake estimated by this method was

validated using 16-day DR as reference. Then, the author examined the association between

dietary tryptophan intake and the onset of depressive symptoms among young and

middle-aged Japanese women, which is considered one of health outcomes related to dietary

amino acid intake.

The author reported the following findings in this thesis:

1) Amino acid database of food items commonly consumed among Japanese population

was developed. The amino acid values of each food were imputed using published

analytical data, similar foods’ data, and calculated data. Among 1471 foods selected for

substitution, appropriate substitution methods were found for 1100 (74.8%) foods.

Although no reliable data could be found for 371 foods, consumption of most of these
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foods among Japanese population was low, and the influence of these missing values

seemed to be relatively small. Therefore, this amino acid database was considered to

have sufficient usability for epidemiological studies (corresponding to Aim 1).

2) The validity of dietary amino acid intake estimated by the DHQ was examined using

dietary amino acid intake estimated by 16-day DR as reference. Although significant

differences of mean amino acid intake between the DHQ and the DR were observed, the

correlation coefficients between the DR and the DHQ were satisfactory regarding

energy-adjusted and % protein values. Thus the DHQ was considered to have acceptable

validity to estimate amino acid intake for epidemiological studies (corresponding to Aim

2)

3) The association between dietary amino acid intake and depressive symptoms was

examined among young and middle-aged Japanese women. Lower dietary tryptophan

was significantly associated with depressive symptoms in both of young and

middle-aged women, and was assumed to be one of the independent risk factors of

depressive symptoms (corresponding to Aim 3).

The estimation method of dietary amino acid has established, and the usability of this

method was examined in this thesis. Using this method, epidemiological studies on the

association between dietary amino acid and health outcome will be able to conduct easily. In

addition, this method is also useful for intervention studies, in order to examine the
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feasibility of the planned intervention, to detect subjects who are suitable to assign to the

studies.

Epidemiological studies on dietary amino acids have a potential for providing

effective preventive strategy. Further observational studies are required to clarify the

feasibility of this estimation method and the influence of dietary amino acid intake on human

health in a more representative sample of the Japanese population.
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