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Abstract

Objective: To characterise different meal types by examining the contribution of
specific meals to the total intakes and the nutritional quality of each meal.
Design: A cross-sectional analysis was conducted based on dietary data collected
using 4-d dietary record. Diet quality was assessed by the Healthy Eating Index-
2015 and Nutrient-Rich Food Index 9.3.

Setting: Japan.

Participants: Adults aged 20-81 years (12 639).

Results: Diet quality was, on average, highest for dinner, followed, in order, by
lunch, breakfast and snacks. Breakfast, lunch, dinner and snacks, on average,
accounted for 21 %, 32%, 40% and 11 % of total energy intake, respectively.
For many nutrients, the percentage contribution to total intake did not vary within
each meal, broadly in line with that for energy: 18-24 % for breakfast, 26-35 % for
lunch, 35-49 % for dinner and 4-15 % for snacks. However, intakes of many foods
largely depended on one meal type. The foods mainly eaten at dinner were pota-
toes, pulses, total vegetables, fish, meat and alcoholic beverages (52-70 %), in con-
trast to noodles (58 %) at lunch and bread (71 %) and dairy products (50 %) at
breakfast. The foods mainly eaten at snacks were confectioneries (79 %) and
sugar-sweetened beverages (52 %). Conversely, rice and eggs were more evenly
distributed across three main meals (19-41 % and 30-38 %, respectively), while
fruit and non-energetic beverages were more evenly distributed across all meal
types (17-30 % and 19-35 %, respectively).

Conclusions: These findings provide the background information on each meal
type in Japanese and may help inform the development of meal-based guidelines
and public health messages.
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Investigation of dietary intake is generally performed in internationally®* and specifically in the Japanese context.

terms of the daily intake of individual foods/food groups
and nutrients”. However, studying dietary intake at the
meal level (i.e. breakfast, lunch, dinner and snack) may
be more pertinent than overall dietary intake, given that
all foods are not always consumed proportionately at each
meal but rather when eating, people mainly choose to
combine foods in each of the meal types, resulting in
meal-specific food combinations®®. Unfortunately, data
on how different meal types differ in their contribution to
the total intake of foods and nutrients are limited, both

*Corresponding autbor: Email kenmrkm@m.u-tokyo.ac.jp

This kind of information would be helpful for formulating
meal-based dietary guidelines and public health messages
as well as for developing effective intervention strategies
for healthy eating.

Mainly because of their possible contribution to a low
prevalence of coronary artery disease and long life
expectancy'®'V much attention has focused on the char-
acteristics of Japanese dietary habits, which are somewhat
different from those in Western countries''?), Typically, the
Japanese diet includes a high consumption of refined
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grains, soyabean products, seaweeds, vegetables, fish and
green tea and a low consumption of whole grains, nuts,
processed meat and sugar-sweetened beverages319. At
the nutrient level, Japanese diets are high in Na®>1® but
low in saturated fats"7'® and added sugars!$1.
Furthermore, Japanese diets are high in dietary glycaemic
index and glycaemic load®” but low in dietary energy
density®V.

Japanese meal patterns typically consist of a staple food
(mainly rice), a main dish (mainly protein-rich foods) and a
side dish (mainly vegetables)??. Furthermore, the propor-
tion of daily energy intake (ED) consumed at breakfast,
lunch, dinner and snacks is, on average, 23, 30, 40 and
8 %, respectively, in Japan®?, while the ranges of corre-
sponding values are 9-20% (median 16%), 16-45%
(median 25%), 24-40% (median 32%) and 10-34%
(median 26 %), respectively, in the USA®? and ten
European countries participating in the European
Prospective Investigation into Cancer and Nutrition calibra-
tion study'®®. Additionally, recent analyses conducted in
the UK®??, the USA®?, Australia® and Japan® have
shown that the associations of frequency of meals (sum
of breakfast, lunch and dinner) and snacks with overall diet
quality differ among populations, warranting thorough
investigation on food and nutrient profiles of each meal
type within a specific population.

In the present cross-sectional study, we characterised
breakfast, lunch, dinner and snacks in the Japanese con-
text, by examining how each meal contributes to intakes
of foods and nutrients, as well as the nutritional quality
of each meal. We also examined the associations of overall
diet quality with food and nutrient intakes from each of the
different meal types.

Methods

Data source and analytic sample

The present cross-sectional analysis was based on two
independent data sets collected using the similar procedure
but at different time periods, that is in 2003 and 2013. As
details of both surveys have been provided else-

where1630-33)

, only a brief description is given here. The
2003 survey was conducted among apparently healthy
women and their cohabitating spouses in four geographi-
cally diverse areas in Japan: Osaka (urban), Okinawa
(urban island), Nagano (rural inland) and Tottori (rural
coastal)®'3?_ Qur recruitment strategy was such that each
10-year age category, namely 30-39, 40-49, 50-59 and
60-69 years, included eight women for each area (without
consideration of age of men), resulting in 256 participants.
The 2013 survey was conducted among apparently
healthy men and women aged 20-69 years working in
welfare facilities (and, in some occasions, their neighbours
and acquaintances in the over 60 years) in twenty study
areas consisting of twenty-three (out of forty-seven)
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prefectures'®3 In the recruitment process, each of the
areas included two men and two women from each of
the five 10-year age groups (20-29, 30-39, 40-49, 50-59
and 60-69years), resulting in 400 participants.
Participation of one individual per household was
permitted.

In total, 642 participants (72 250 in 2003 and 392 in 2013)
provided dietary data for the present analysis. In both sur-
veys, recruitment was conducted until the planned number
of participants in each of sex and age groups was enrolled.
Unfortunately, the number of potential participants invited
was not formally recorded, and thus, the participation rate
could not be calculated. After excluding three participants
with missing information on the variables of interest, the
present analysis was based on 639 individuals. None of
the sample was a dietitian, had an experience with dietary
counselling from a medical doctor or dietitian or had his-
tory of hospitalisation for diabetes education.

Dietary assessment
Dietary data were collected by a four-non-consecutive day
weighed dietary record during the winter season (February
and March) in both surveys®%3®, Each recording period
comprised three week days (Monday to Friday) and one
weekend day (Saturday or Sunday) in the 2003 survey
and three working days and one non-working day in the
2013 survey. Each of the recording days was (non-
randomly) allocated within approximately 2 weeks by
research dietitians. In the latter survey, night shift-working
days and days before and after a night shift work were
avoided as recording days. Each participant was issued
recording sheets and a digital scale (KD-173; Tanita in
2003 and KD-812WH; Tanita in 2013). After receiving writ-
ten and verbal instructions by a research dietitian, as well as
an example of a completed diary sheet, each participant
was requested to document and weigh all items eaten or
drunk, both in and out of the home, on each of the record-
ing days. On occasions when weighing was problematic
(e.g. dining out), they were instructed to document as
much information as possible, including the brand name
of the food and the consumed portion size (based on typ-
ical household measures), as well as the details of leftovers.
The recording sheets for each survey day were submit-
ted directly to the research dietitian after the survey was
completed, who then reviewed the forms and, whenever
necessary, sought additional information or modification
of the record via telephone or in person. All the collected
records were then reviewed by research dietitians at each
local centre and again at the study centre. As requested in
the study protocol, portion sizes estimated using household
measures were converted into weights and individual food
items were coded based on the Standard Tables of Food
Composition in Japan®®. Estimates of intakes of fifteen
selected food groups were then calculated for each individ-
ual; grouping of foods was done based on similarities in
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nutrient profile or culinary use of the foods, as shown
elsewhere®. Estimated intakes of energy and selected
nutrients for each individual were calculated based on
the intakes of food items and their nutrient contents.
Added sugar intake, defined as sugars and syrups added
to food during processing or preparation, excluding
naturally occurring sugars in foods, was also calculated
based on a recently compiled comprehensive composition
database”.

Assessment of diet quality

As measures of diet quality, the Healthy Eating Index 2015
(HEI-2015)%°37  and Nutrient-Rich Food Index 9.3
(NRF9.3)3%41) were calculated. The HEI-2015 is a 100-
point scale to assess compliance with the 2015-2020
Dietary Guidelines for Americans“?, with a higher score
indicating a better quality of overall diet. The HEI-2015 con-
sists of nine adequacy components (total fruits, whole
fruits, total vegetables, greens and beans, whole grains,
dairy products, total protein foods, seafood and plant pro-
teins, and fatty acids as the ratio of the sum of PUFA and
MUFA to SFA) and four moderation components (refined
grains, Na, added sugars and saturated fats). We calculated
the HEI-2015 component and total scores based on energy-
adjusted values of overall dietary intake, namely amount
per 1000 kcal of energy or percentage of energy, except
for fatty acids®?.

The NRF9.3 is a composite measure of the nutrient den-
sity of the total diet, calculated as the sum of the percentage
of reference daily values for nine qualifying nutrients,
namely protein, dietary fibre, vitamin A, vitamin C, vitamin
D, Ca, Fe, K and Mg, minus the sum of the percentage of
reference daily values for three disqualifying nutrients,
namely added sugars, saturated fats and Na. Reference
daily values were determined for sex and age categories,
based on the Dietary Reference Intakes for Japanese,
2015“% except for added sugars, for which the conditional
recommendation advocated by the WHO (i.e. upper limit
of 5% of energy)“* was used because of the lack of a rec-
ommended value for added sugars in Japan, as well as their
low intake levels"". We calculated the NRF9.3 component
and total scores based on the overall daily intake of each
nutrient for each participant, which was adjusted for EI
by the density method and then normalised for the sex-
and age-specific Estimated Energy Requirement for a mod-
erate level of physical activity (from the Dietary Reference
Intakes for Japanese, 2015“%) and expressed as a percent-
age of the reference daily values®?. Higher NRF9.3 scores
indicated a better quality of the overall diet.

Rationale for the choice of these two diet quality mea-
sures primarily developed for Americans but not for
Japanese was as follows. First, in our recent systematic
review of Japanese studies which obtained dietary patterns
using principal component analysis, we found that those
food groups which contributed to dietary patterns termed
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healthy (fruits, vegetables, potatoes, mushrooms, sea-
weeds and pulses) are at least partly similar to those often
observed in Western countries (fruits, vegetables including
mushrooms, poultry, fish, low-fat dairy products, legumes
and whole grains)!?. Further, our recent analysis based on
the Japanese National Health and Nutrition Survey sup-
ports the efficacy of these measures in assessing the overall
diet quality of Japanese: a higher total score in the HEI-2015
and NRF9.3 was associated with favourable patterns of
overall diet, including higher intakes of dietary fibre and
key vitamins and minerals and lower intakes of saturated
fats, added sugars and Na®®,

Definition of each meal type

The food diary sheet used was based on a typical Japanese
eating pattern, comprising breakfast, lunch, dinner and
snacks, which were prescribed in the diary®?. During
the diet recording, participants were asked to report the
clock time when a food or beverage was consumed (both
start and finish times). In this study, eating occasions were
defined as any separate intake occasion with a discrete start
clock time and name, except for eating occasions consist-
ing of water only (tap and mineral water), which were
excluded®. Consequently, all items reported in an eating
occasion were given the same clock time and eating occa-
sion name in the food diary.

Each of the eating occasions was categorised into break-
fast, lunch, dinner or snacks based on the section in the
food diary in which it was recorded, except for the follow-
ing two situations. The first is multiple entries of eating
occasions (with different times) into a section of breakfast,
lunch or dinner (only 10 cases). For this, the first eating
occasion was considered the main meal (breakfast, lunch
or dinner) and the subsequent eating occasions were con-
sidered snacks. The second is >2 different types of eating
occasions recorded within the overlapping time period
(243 cases), in which case each of the overlapping eating
occasions was combined and counted as a single eating
occasion. Where a participant recorded a main meal
(breakfast, lunch or dinner) and a snack within the overlap-
ping period, we considered this eating occasion a meal,
unless the participant had already recorded that same meal
earlier in the day, in which case this eating occasion was
considered a snack. It should be noted that the definition
of each meal type used is generally consistent with the pre-
vious research®?,

Assessment of other variables

Body height was measured without shoes to the nearest
0-1 cm. Body weight was measured in light clothing to
the nearest 0-1kg. BMI (kg/m?) was calculated as body
weight (kg) divided by the square of body height (m),
based on which, weight status was grouped into three cat-
egories of underweight (<18-5), normal weight (>18-5 to
<25.0) and overweight (>25-0)49. Misreporting of EI
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Table 1 Descriptive statistics of total scores of the Healthy Eating Index-2015 (HEI-2015) and Nutrient-Rich Food Index 9.3 (NRF9.3) in 639
Japanese adults aged 20-81 years

Pearson correlation

Mean SD Minimum Q25 Median Q75 Maximum Total diet Breakfast Lunch Dinner Snacks

HEI-2015*

Total diet 521 74 221 471 51.3 56-9 77-2 1-00

Breakfast 45.0 12.5 0 379 45.2 532 93-4 0-60 1.00

Lunch 48.9 9.0 0 44.4 49.7 54.4 73-0 0-56 0-31 1.00

Dinner 53.0 8-0 18-8 477 53-0 58-3 76-6 0-65 0-33 017 1.00

Snacks 34.2 15.2 0 26-4 35-3 43.3 781 0-29 0-16 0-09 0-14 1.00
NRF9.3t

Total diet 667 106 142 611 679 743 884 1-00

Breakfast 556 225 -1264 478 599 700 870 0-51 1.00

Lunch 598 149 —-45 509 619 704 890 0-58 0-18 1.00

Dinner 665 110 51 604 683 742 882 0-70 0-24 0-25 1.00

Snacks 98 383 -1948 -28 123 351 799 0-34 0-16 0-15 0-17 1.00

Q25, 25th percentile; Q75, 75th percentile.
*A maximum score is 100. A higher score indicates a higher diet quality.
1A maximum score is 900. A higher score indicates a higher diet quality.

was evaluated on the basis of the ratio of EL:BMR
(Goldberg’s cut-off)“”. BMR was estimated according to
an equation specifically developed for Japanese on the
basis of body height and weight, age and sex“®4,
Assuming a physical activity level for a sedentary lifestyle
(i.e. 1-55) for all participants (because of a lack of an objec-
tive measure of physical activity), underreporting, plau-
sible reporting and overreporting were defined as having
ELBMR of <1-02, >1-02 to <2-35 and >2-35, respectively®”.

Statistical analysis

All statistical analyses were performed using SAS statistical
software (version 9.4; SAS Institute Inc.). All reported P val-
ues are two-tailed, and P values < 0-05 were considered
statistically significant. For all dietary variables, mean daily
values over 4 d were used in the analysis to minimise day-
to-day variations in dietary intake and a value of zero was
assigned for non-consumers. Descriptive statistics of diet
quality scores and intakes of energy, nutrients and food
groups for total diet and for each meal type are presented
as mean and standard deviations. Pearson correlation coef-
ficients among diet quality scores were calculated.
Differences in diet quality scores between sex, between
survey year and across categories of age (<40, 40-59
and >60 years), weight status and dietary reporting status
were examined on the basis of independent ¢ test or
ANOVA followed by a Bonferroni’s post bhoc test. For each
of the dietary variables (energy, nutrients and food groups),
the percentage contribution to total intake was calculated
for each meal type. Associations between overall diet qual-
ity (tertile category of total scores of HEI-2015 and NRF9.3
of total diet) and intakes of energy, nutrients and food
groups from each meal type were examined using the gen-
eral linear model, with adjustment for sex, age group,
weight status, dietary reporting status and survey year.
Analyses were repeated after stratified by age (by median),

sex or survey year, which provided the findings generally
similar to those observed in the entire sample (data not
shown). The present report, therefore, presents the results
for the entire sample. Power calculations were not per-
formed because this study is a secondary analysis of
existing data with an exploratory nature.

Results

The present analysis included 639 Japanese adults with a
mean age of 47-1 (sp 13-2) years and a mean BMI of 23-1
(sp 34) kg/m® The percentage of participants who
reported consumption of breakfast, lunch and dinner on
all four dietary recording days was high (88-0, 92-3 and
96-9 %, respectively; see online supplementary material,
Supplemental Table 1). In contrast, the prevalence of no
consumption of each of these meals on all 4 d was very
low (0-8 % for breakfast, 0-5 % for lunch and 0 % for dinner).
The percentage of participants who reported consumption
of at least one snack on all four dietary recording days was
59-9 %, while the prevalence of no snack consumption on
all 4 d was 7-2 %. Mean clock time for the start of breakfast
(n 634), lunch (1 636) and dinner (2 639) was 07.28 (sD
00.46), 12.32 (sp 00.32) and 19.25 (sp 00.56) hours, respec-
tively. The daily snack frequency ranged from 0 to 8, with a
mean of 1-8 (sp 1-3), while the daily total eating frequency
ranged from 1-5 to 11, with a mean of 47 (sp 1-3).

Diet quality as assessed by the HEI-2015 and NRF9.3
was, on average, highest for dinner, followed, in order,
by lunch, breakfast and snacks (Table 1). As theoretically
expected, the quality of each meal type was positively cor-
related with that of the total diet (Pearson correlation: 0-29—
0-65 for HEI-2015 and 0-34—0-70 for NRF9.3). Nevertheless,
the correlation between the four meal types was relatively
weak (Pearson correlation: 0-09-0-33 for HEI-2015 and
0-15-0-25 for NRF9.3).
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Table 2 shows total scores of the HEI-2015 and NRF9.3
according to each category of basic characteristics.
Compared with men, women had a higher mean value
of HEI-2015 for breakfast and lunch but a lower mean value
of NRF9.3 for total diet. There was a positive association of
age with all diet quality variables, while there was no asso-
ciation for weight status. Participants identified as underre-
porters had lower diet quality scores than those identified
as plausible reporters, overreporters or both, except for
NRF9.3 for breakfast and snacks. Participants in the 2013
survey had lower diet quality scores than those in the
2003 survey, except for NRF9.3 for lunch.

Breakfast, lunch, dinner and snacks, on average,
accounted for 21, 32, 40 and 11 % of total EI, respectively
(Table 3). For nutrients, the percentage contribution to
total intake tended to be similar in magnitude to that for
EL: 18-24 % for breakfast, except for alcohol (4 %) and
Ca (29 %); 26-35% for lunch, except for alcohol (20 %);
35-49 % for dinner, except for added sugars (27 %) and
alcohol (70 %); and 4-15 % for snacks, except for added
sugars (37 %). Breakfast, lunch and dinner were relatively
similar in terms of percentage of energy from macronu-
trients, while characteristics of snacks included high intakes
of saturated fats and added sugars and low intakes of pro-
tein and total fat.

However, intakes of many food groups were largely de-
pendent on one meal type (Table 4). The foods mainly
eaten at dinner were potatoes, pulses, total vegetables, fish,
meat and alcoholic beverages (52-70 %), in contrast to noo-
dles (58 %) at lunch and bread (71 %) and dairy products
(50 %) at breakfast. The foods mainly eaten at snacks were
confectioneries (79 %) and sugar-sweetened beverages
(52%). Conversely, intakes of rice and eggs were more
evenly distributed across three main meals (19-41 % and
30-38 %, respectively). Additionally, intakes of fruit and
non-energetic beverages were more evenly distributed
across all meal types (17-30 % and 19-35 %, respectively).

EI from breakfast (but not lunch or dinner) was posi-
tively associated with overall diet quality as assessed by
total scores of HEI-2015 (Table 5) and NRF9.3 (data not
shown) of total diet. Conversely, associations with overall
diet quality were relatively consistent for intakes of
nutrients across three main meals. A higher overall diet
quality was associated with higher intakes of protein,
dietary fibre, K, Ca, Mg, Fe and vitamin C from all three
main meals. In terms of food groups, a higher overall diet
quality was associated with higher intakes of pulses, total
vegetables and fish from all three main meals (Table 6
for HEI-2015 and data not shown for NRF9.3).
Additionally, a higher overall diet quality was associated
with higher intakes of rice, eggs and dairy products from
breakfast, potatoes from lunch, and fruit from breakfast
and dinner and lower intakes of bread from breakfast
and lunch, confectioneries from lunch and sugar-
sweetened beverages from dinner. Associations between
intakes from snacks and overall diet quality were relatively
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weak in magnitude, notwithstanding an inverse association
between snack energy and the NRF9.3 score (data
not shown).

Discussion

In this study of Japanese adults, diet quality, which was
assessed by the HEI-2015 and NRF9.3, was highest for din-
ner, followed by lunch, breakfast and snacks. The order
was in line with the percentage contribution of each meal
type to total EI and intakes of many nutrients. However,
dinner was mainly characterised by the intake of potatoes,
pulses, total vegetables, fish, meat and alcoholic beverages;
lunch by noodles; breakfast by bread and dairy products;
and snacks by confectioneries and sugar-sweetened bever-
ages. Conversely, intakes of rice and eggs were more
evenly distributed across three main meals, while intakes
of fruit and non-energetic beverages were more evenly dis-
tributed across all four meal types. We further identified
dietary intake patterns within each meal type associated
with a higher quality of total diet. To our knowledge, this
is the first study to characterise different meal types in
Japanese adults, which would make an important contribu-
tion to the existing literature of meal intakes and pat-
terns®™,

In this study, the mean percentage contribution to total
EI was 21 % for breakfast, 32 % for lunch, 40 % for dinner
and 11 % for snacks. This is consistent with that observed
in the National Health and Nutrition Survey in Japan®®,
but is quite different from that in Western populations,
where, generally speaking, the percentage contribution
of breakfast is smaller and that of snacks is larger®*?>,
Thus, in relation to EI, the Japanese meal patterns may
be characterised by three main meals, accompanied by
small contribution from snacks in terms of both size and fre-
quency. It has been suggested that consuming a high pro-
portion of total EI at main meals (particularly lunch), as well
as a small contribution of snacks, is an additional positive
component of the Mediterranean diet, aside from the solely
nutritional considerations®>>?. Thus, these characteristics
we observed, in addition to the very low prevalence of
meal skipping and the well-structured meal timing, might
contribute to the health effect of Japanese diets, if any, in
addition to the amount and content of food and nutrient
intake. Further research on this topic is warranted.

We found that for many of the macro- and micronu-
trients, the percentage contribution to total intake did not
vary within each meal type and tended to be similar to that
for EI, implying that the nutrient density of each meal type
is similar in Japanese dietary habits. This is generally con-
sistent with findings from previous Western studies, at least
for macronutrients”’™®. However, in contrast to our find-
ings, evidence from several Western countries, including
Canada, Denmark, France, Spain, the UK and the
USA®Y suggests that for micronutrients, the percentage
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Table 2 Total scores of the Healthy Eating Index-2015 (HEI-2015) and Nutrient-Rich Food Index 9.3 (NRF9.3) according to each category of basic characteristics in 639 Japanese adults aged 20—

81 years
HEI-2015* NRF9.3t
Total diet Breakfast Lunch Dinner Snacks Total diet Breakfast Lunch Dinner Snacks
n Mean sb Mean sD Mean sb Mean sb Mean sD Mean SD Mean SD Mean sD Mean SD Mean SD

Sex

Male 318 51.7 7-3 44.0 121 482 92 53.0 83 335 16-3 678 104 563 230 597 151 667 111 93 438
Female 321 525 7-4 461 12.8 496 87 530 76 349 141 657 107 549 220 598 147 662 110 103 321
Pt 0-21 0-04 0-0497 0-96 0-23 0-01 0-46 0-92 0-62 0-75
Age group (years)

<40 205 48.22 6-5 40-42 12.2 46-32 9.3 49.72 7.5 30.72 14.5 6152 114 4742 259 5692 150 6222 117 5@ 410
40-59 279 52.5° 6.6 4520 11.2 48.9° 8.8 53.5° 7.7 35.2° 15.0 675° 92 558° 211 6002 143 671 103 130° 369
>60 155 56-6° 6.9 50.9° 12.7 52.4° 79 56.6° 7.4 37.0° 15.8 723° 84 661° 141 632° 152 709°¢ 92 163° 351
P§ <0-0001 <0-0001 <0-0001 <0-0001 0-0001 <0-0001 <0-0001 0-0003 <0-0001 <0-0001
Weight statusl|

Underweight 35 505 6-2 45.0 111 473 82 520 76 351 13.3 633 117 549 234 582 130 6272 111 79 344
Normal weight 445 521 72 450 12.8 48.8 9.0 529 7.9 339 151 671 101 552 233 599 150 6702 110 97 370
Overweight 159 52.5 79 452 12.0 495 9-3 536 82 349 16-0 664 116 569 198 598 152 6562 110 103 427
P§ 0-33 0-98 0-40 0-44 0-73 0-10 0-71 0-80 0-047 0-95
Dietary reporting statusq]

Underreporting 20 46-82 94 36-9¢ 164 4112 169 4822 9.6 24.7@ 15.5 6052 150 463 215 5032 236 5852 171 -992 529
Plausible reporting 604 52.2° 7.2 452° 12.3 49.1° 85 53.1° 7.9 34.5° 15.0 671° 102 560 225 601° 145 669° 106 1062 371
Overreporting 15 54.9° 7.9 47.5° 12.0 49.4° 9.9 55.7° 8.5 36.4% 19.0 6152 159 521 221 5892 156 5972 132 252 566
P8 0-002 0-01 0-0004 0-01 0-02 0-004 0-14 0-01 0-0002 0-047
Survey year

2003 250 536 69 47.0 11.9 499 85 549 81 357 14.9 689 96 586 225 601 147 684 97 136 326
2013 389 51.2 7-5 438 12.7 483 9.3 51.8 7.7 332 15.3 653 110 537 223 595 151 652 116 73 414
Pt <0-0001 0-001 0-03 <0-0001 0-04 <0-0001 0-006 0-62 0-0003 0-04

*A maximum score is 100. A higher score indicates a higher diet quality.
1A maximum score is 900. A higher score indicates a higher diet quality.

}Based on independent t test.

§Based on ANOVA. When the overall P from ANOVA was < 0-05, a Bonferroni’s post hoc test was performed; mean values within each variable with unlike superscript letters are significantly different (P < 0-05).
llUnderweight, normal weight and overweight were defined as participants having a BMI (in kg/m?) of <18.5, >18-5 to <25 and >25, respectively.
flUnderreporting, plausible reporting and overreporting were defined as participants having a ratio of reported energy intake:BMR of <1-02, >1-02 to <2-35 and >2-35, respectively.
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Table 3 Intakes of energy and nutrients from each meal and their percentage contribution to total intake in 639 Japanese adults aged 20-81 years*

Amount consumed

Contribution to total diet (%)l

Total diet Breakfastt Luncht Dinner Snacks§ Breakfast Lunch Dinner Snacks
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Energy (kJ/d) 8774 2028 1838 774 2737 746 3518 1211 962 840 211 8:0 316 7-3 40.-0 9-4 109 8-5
Nutrients
Protein (g/d) 744 18-3 156 7-8 228 71 33.0 114 4.9 4.6 21-0 9.3 311 8:6 44.2 10-2 6-6 5.7
Total fat (g/d) 64-6 19.2 13-3 77 193 77 27-0 11.8 7-2 8:0 207 10-4 305 109 41.5 12.3 109 10-8
SFA (g/d) 18.7 6-3 4.5 2.9 5.0 2:4 7-0 3.5 3.0 3-3 239 12.8 27-6 12.3 375 135 15.3 15.0
Carbohydrate (g/d) 278-0 68-5 634 27-6 93-8 26-6 975 332 325 257 228 8-3 341 75 351 8.9 11.5 8.3
Added sugars (g/d) 326 191 6-2 7-2 81 7-3 79 6-9 126 12.0 18.5 16-3 26-1 167 265 17.3 36-8 299
Alcohol (g/d) 114 199 0-1 0.7 05 2.5 91 17.3 2.3 10-0 4.0 137 195 30-3 69-7 359 10-3 32:6
Dietary fibre (g/d) 14.3 4.8 3.2 2.0 4.4 1.9 5.9 2.4 1.2 1.4 21.8 10-1 314 9.8 421 116 79 8-5
Na (mg/d) 4143 1157 843 511 1446 541 1794 697 150 188 20-2 11.0 35-3 10-1 43.3 11.2 3.7 4.6
K (mg/d) 2687 762 591 335 744 284 1123 398 304 257 21-6 9.3 28-1 8-8 42.4 109 11.3 8.6
Ca (mg/d) 533.5 193-3 161.3 1144 133-8 59-8 1865 885 69-9 711 28-8 14.5 26-3 107 36-0 13.0 13.2 11.9
Mg (mg/d) 295.5 88-7 65-3 37-0 80-5 29.7 127.7 532 30-0 28-1 219 9-6 27-9 8-5 434 114 10-2 81
Fe (mg/d) 84 2.3 1.8 11 2.5 0-8 3.6 14 0-8 07 20-7 10-5 30-6 89 42.9 11.5 91 7-6
Vitamin A (pg/d)q| 616-7 678-2 1166 2314 1835 261- 291.2 550-3 38-8 62-3 205 14.0 31.8 17.0 43.3 181 75 9.9
Vitamin D (mg/d) 7-9 55 15 2.4 2.2 2.3 41 41 0-2 0-4 199 199 30-4 24.7 487 25.7 4.0 7-8
Vitamin C (mg/d) 112.7 52:5 22.3 216 334 18-8 48.0 26-1 116 164 184 129 31.2 14.7 441 16-2 9.5 124
Percentage of energy
Protein 14.3 21 14.0 3.9 14.0 2.8 16-1 3.6 8.7 6-3 - - - - - - - -
Total fat 27-8 52 26-2 104 26-2 7-0 28-9 7-6 233 156 - - - - - - - -
SFA 81 21 91 4.8 6-8 2.7 7-5 2:6 10.0 77 - - - - - - - -
Carbohydrate 533 6-6 58-3 12.0 574 8.3 47-6 10-3 55.5 23-8 - - - - - - - -
Added sugars 6-2 3.2 6-2 8.3 4.9 3.9 3-8 2.9 21-8 17-8 - - - - - - - -
Alcohol 34 57 0-1 0-5 0-4 1.5 6-0 10 4.0 129 - - - - - - - -

*Values are per capita intakes unless otherwise indicated.
tFor the calculation of percentage of energy, n 634 after excluding five non-breakfast consumers.
}For the calculation of percentage of energy, n 636 after excluding three non-lunch consumers.

§For the calculation of percentage of energy, n 593 after excluding forty-six non-snack consumers.
[IFor alcohol, n 615 because there were twenty-four participants whose total alcohol intake was zero.

YIRetinol activity equivalent.
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Table 4 Intakes of foods from each meal and their percentage contribution to total intake in 639 Japanese adults aged 20-81 years*

Amount consumed (g/d) Contribution to total diet (%)t
Total diet Breakfast Lunch Dinner Snacks Breakfast Lunch Dinner
Mean SD Mean sSD Mean SD Mean SD Mean SD nt Mean sSD Mean sSD Mean SD

Rice 327.5 143.2 66-9 701 1319 716 1337 736 1.5 93 638 194 193 412 231 414 179
Bread 381 334 28-2 299 7-4 16-0 1.8 6-9 2.0 74 503 707 408 211 38.2 57 191
Noodles 75-0 66-3 4.1 20-0 43-9 50-9 27-3 426 11 8.6 533 50 183 576 407 375 394
Potatoes 44.2 36-0 4.9 10-8 129 17-3 25.0 26-3 2.2 87 622 103 205 312 308 560 331
Pulses§ 67-0 52-6 16-1 269 141 195 34.2 34.6 4.0 139 630 229 273 226 242 518 312
Total vegetables 264-5 116:2 39.7 421 83-1 509 1425 745 31 131 639 139 127 321 164 54.8 176
Fruit 70-4 739 24.4 385 173 26-8 172 311 13-4 286 589 291 334 304 347 268 332
Fishll 757 47-6 8.0 14.3 22:6 20-3 45.3 34.8 1.0 55 634 94 157 334 304 584 273
Meat 84-0 50-5 6-7 11.7 276 22.5 50-2 36-6 1.0 4.3 636 75 1141 335 227 596 234
Eggs 395 22.5 136 15.3 14.2 14.0 11.5 12.8 1.0 31 632 325 322 376 311 295 279
Dairy products 1156 103.7 65-4 769 17-0 35-1 14.6 29-3 23-3 450 614 504 384 188 326 155 26.0
Confectioneries 38-8 33.7 4.7 12.0 5.8 14.3 4.7 11.5 28-3 318 552 115 258 136 260 126 266
Alcoholic beverages 146-3 2556 04 2:5 6-3 44.4 1180 222.0 280 1124 589 34 124 194 307 703 362
Sugar-sweetened beverages 33.2 72-6 5.6 25.7 6-3 25.0 8-0 42.5 155 451 243 184 356 212 397 182 362
Nonenergetic beverages 753-3 4806 1851 151.3 172.8 125.6 1392 122.1 2891 3597 634 252 197 255 177 194 162

*Values are per capita intakes unless otherwise indicated.
TNumber of consumers.

FCalculated based on consumers only.

§Including nuts.

Ilincluding shellfish.

‘I 30 TWEsRINN 3
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Table 5 Associations of intakes of energy and nutrients from breakfast, lunch and dinner with total scores of the Healthy Eating Index-2015 (HEI-2015) of total diet in 639 Japanese adults aged 20—

81 years”
Breakfastt Luncht Dinner
T1 (n213) T2 (n213) T3 (n213) T1 (n213) T2 (n213) T3 (n213) T1 (n213) T2 (n213) T3 (n213)
Mean s Mean S Mean SE  Pioryenda Mean S Mean SE Mean SE  Pioryena Mean s Mean S Mean SE P yrend
Energy (kJ/d) 1745 52 1857 50 1913 52 0-03 2714 46 2803 44 2695 47 0-80 3404 68 3640 65 3511 69 0-28
Nutrients
Protein (g/d) 139 05 156 05 1744 05 <0-0001 217 05 232 04 234 05 0-01 312 07 337 07 340 0.7 0-008
Total fat (g/d) 135 05 130 05 134 05 087 196 05 194 05 188 05 032 265 08 279 08 266 08 093
SFA (g/d) 4.8 02 4.3 02 4.3 02 007 54 02 51 02 4.6 02 0-001 72 02 74 02 64 02 004
Carbohydrate (g/d) 589 1.9 649 1.8 66-4 1.9 0-006 927 17 968 16 919 1.7 079 985 2.0 1007 1.9 932 2.0 0-09
Added sugars (g/d) 66 05 56 05 63 05 063 89 05 80 05 744 05 0-051 78 05 85 05 74 05 061
Alcohol (g/d) 0.0 0.0 01 00 01 00 056 03 02 05 02 06 02 040 59 141 96 11 117 141 0-0006
Dietary fibre (g/d) 26 01 31 01 39 01 <0-0001 39 01 4.3 01 4.9 0-1 <0-0001 50 02 6-0 02 67 02 <0-0001
Na (mg/d) 778 34 872 33 879 35 0-047 1457 37 1479 35 1402 37 0-32 1817 47 1834 45 1730 47 0-22
K (mg/d) 462 20 555 19 756 20 <0-0001 668 19 756 19 809 20 <0-0001 994 26 1140 25 1234 26 <0-0001
Ca (mg/d) 1312 77 1493 74 2034 7.7 <0-0001 121.2 4.1 1336 4.0 1467 42 <0-0001 1626 6:-0 1941 58 2029 6-1 <0-0001
Mg (mg/d) 52.8 23 62-1 2.2 811 2.3 <0-0001 724 20 800 19 892 2.0 <0-0001 1121 35 1312 34 1399 35 <0-0001
Fe (mg/d) 14 01 1.7 01 2.2 01 <0-0001 2.3 01 25 01 2.7 01 <0-0001 33 01 36 01 3.8 01 <0-0001
Vitamin A (ng/d)§ 799 165 1239 158 1458 166 0-007 1586 185 1899 17.8 2018 187 0-11 251.5 3944 2999 378 3222 397 023
Vitamin D (mg/d) 1.3 02 1.5 02 1.8 02 004 1.9 02 23 02 23 02 016 36 03 42 03 46 03 002
Vitamin C (mg/d) 146 14 207 1.3 316 1.4 <0-0001 274 1.3 327 1.2 40-3 1.3 <0-0001 406 1-8 471 1.7 56-3 1.8 <0-0001
Percentage of energy
Protein 131 03 140 0-3 15-0 0-3 <0-0001 134 02 139 02 146 02 <0-0001 156 02 160 02 166 02 0-009
Total fat 278 07 255 07 252 07 002 26-8 05 256 05 261 05 038 294 05 289 05 284 05 018
SFA 103 03 87 03 83 0-3 <0-0001 74 02 67 02 64 02 0-0004 79 02 76 02 69 02 0-0001
Carbohydrate 57.0 09 591 0-8 588 09 0-16 569 06 57.8 06 574 06 057 48- 0.7 476 07 465 07 0-04
Added sugars 73 06 54 06 59 06 011 53 03 46 03 46 03 007 39 02 38 02 37 02 060
Alcohol 0.0 0.0 01 00 01 00 052 03 01 04 01 05 01 0-36 4.4 07 60 06 75 07 0-002
T, tertile.

*Examined using the general linear model, with adjustment for sex, age group, weight status, dietary reporting status and survey year. Median values (ranges) of total scores of the HEI-2015 of total diet for the first, second and third tertile
categories were 45.7 (22-1-48-3), 51-3 (48-4-55-1) and 59-3 (55-2-77-2), respectively. A higher score indicates a higher diet quality.
tFor variables expressed as percentage of energy, n 634 after excluding five non-breakfast consumers.

}For variables expressed as percentage of energy, n 636 after excluding three non-lunch consumers.

§Retinol activity equivalent.
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Table 6 Associations of intakes of foods from breakfast, lunch and dinner with total scores of the Healthy Eating Index-2015 (HEI-2015) of total diet in 639 Japanese adults aged 20—81 years*

Breakfast (g/d)

Lunch (g/d)

Dinner (g/d)

T1(n213) T2(n213) T3 (n213) T1(n213) T2(n213) T3 (n213) T1(n213) T2(n213) T3 (n213)

Mean s Mean s Mean SE  Pioryens Mean S Mean S Mean SE  Pogryens Mean s Mean s Mean SE Pioryend
Rice 562 49 741 47 704 49 0048 1286 47 1420 45 1251 47 064 1429 49 1413 47 1170 49  0-0004
Bread 352 21 290 20 204 21 <0-0001 98 11 74 141 50 11 0-0048 22 05 21 05 11 05 011
Noodles 63 14 47 14 12 1.4 001 465 3.6 403 35 450 37 077 328 29 236 28 256 30 009
Potatoes 32 07 4.8 07 67 08 0-002 111 12 128 12 148 12 0.04 227 19 250 18 272 19 OMN
Pulsest 99 18 142 18 242 1.8 <0-0001 116 14 137 13 171 1.4  0.007 288 24 353 24 385 25 0007
Total vegetables 277 26 392 25 522 27 <0.0001 729 36 831 34 932 36 00001 1205 51 1473 4.9 1597 52 <0-0001
Fruit 100 25 220 24 413 26 <00001 101 1.8 157 1.7 262 1.8 <0-0001 75 20 139 20 302 21 <0-0001
Fisht 52 1.0 74 09 114 1.0 <0-.0001 176 14 241 13 259 1.4 <0-0001 393 24 465 23 502 24 0002
Meat 70 08 75 08 55 08 019 286 15 275 1.5 268 1.5 042 502 24 516 23 488 25 070
Eggs 113 11 146 10 150 11 002 151 1.0 1441 1.0 136 1.0 032 116 09 120 09 109 09 060
Dairy products 537 54 595 52 830 54 000038 141 25 184 24 184 25 024 136 21 144 2.0 159 21 047
Confectioneries 53 09 4.8 08 40 09 030 81 1.0 49 1.0 44 1.0 0-01 44 08 58 08 40 08 075
Alcoholic beverages 02 02 07 02 04 02 044 37 32 67 3-0 85 32 031 838 149 1299 14.3 1401 150  0.-01
Sugar-sweetened beverages 76 18 53 18 40 19 019 73 18 80 1.7 35 18 0-16 133 30 77 29 29 3.0 002
Nonenergetic beverages 2000 107 1736 10-3 1819 108 0-25 1759 9.0 1614 86 1812 9.0 0-71 1545 8.6 1306 83 1324 87 0-08

T, tertile.

*Examined using the general linear model, with adjustment for sex, age group, weight status, dietary reporting status and survey year. Median values (ranges) of total scores of the HEI-2015 of total diet for the first, second and third tertile
categories were 45.7 (22-1-48-3), 51-3 (48-4-55-1) and 59-3 (55-2-77-2), respectively. A higher score indicates a higher diet quality.

tIncluding nuts.
}Including shellfish.

(028
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contribution to total intake did vary, especially at breakfast.
The exact reason is unknown, but this might be due to
differences in the degree of dependence on one meal type
for key foods, particularly plant-based foods. For example,
a study in Norwegian adults showed that dinner accounted
for 69 % (of daily intake) of vegetables (and 72 % of fish),
breakfast accounted for 44 % of whole grains and snacks
accounted for 51% of fruits®. Similar findings were
observed from a national representative sample of
Australian adults for non-starchy and starchy vegetables
(62 and 81 % from dinner, respectively) and fruits (55 %
from snacks)®. In contrast, intakes of major plant-based
foods were more evenly distributed among three main
meals in this study: the contribution of breakfast, lunch
and dinner was, respectively, 14, 32 and 55 % for total veg-
etables; 29, 30 and 27 % for fruit (as well as 17 % from
snacks) and 19, 41 and 41 % for rice (the major grain food).
In any case, this kind of background information should be
accumulated from various countries so that more effective
country-specific meal-based dietary guidelines and public
health messages could be developed.

We found that favourable dietary intake patterns associ-
ated with a higher diet quality of total diet were relatively
consistent across three main meal types. That is, there was a
positive association of overall diet quality with intakes of
key nutrients and food groups to encourage from each
main meal. However, one clear exception to note was rice.
A higher intake of rice from breakfast was positively asso-
ciated with a higher overall diet quality, but such a positive
association was not observed for lunch or dinner. This may
be because there are multiple options for staple foods (rice
or bread) in breakfast in Japan®>3" and thus, the associa-
tion with overall diet quality may be assessed mainly as a
comparison of a choice of rice or bread within breakfast.
For support on this, bread intake at breakfast was inversely
associated with overall diet quality. On the other hand,
because rice is more exclusively selected as a staple food
for lunch and dinner®?3?, the association with overall diet
quality may be assessed mainly as a comparison of other
foods accompanied by rice within lunch and dinner.
These observations, as well as relatively weak correlations
of diet quality among meal types, highlight the complex
nature of meals as food combinations, which, in turn, sug-
gests the importance of accumulating evidence at the
meal level.

The strength of this study is the use of detailed dietary
information obtained from a 4-d weighed dietary record.
However, there are also several limitations. First, although
sampling was conducted to consider regional differences in
dietary habits, the present population is not a nationally
representative sample of general Japanese, but rather vol-
unteers, of whom some lived in the same household. In
particular, our participants may be biased towards greater
health consciousness. We unfortunately do not know how
the present population is comparable with the general
Japanese population in terms of, for example, educational
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level and employment because of a lack of information.
Nevertheless, the mean values of the HEI-2015in the
present population were comparable with those reported
from the 2012 Japanese National Health and Nutrition
Survey (51-3 (sp 9-0) for men and 52:9 (sp 9-2) for women,;
information not available for NRF9.3)"®, Further research
in a more representative sample is needed.

Second, all self-reported dietary assessment methods
are subject to both random and systematic errors®?, and
the nature and extent of the measurement error of self-
reported information on dietary intake from each meal type
are largely unknown®?. The present results should there-
fore be interpreted with caution in this respect.
Nevertheless, the use of the Goldberg’s cut-off (based on
EI:BMR) identified only a few underreporters and overre-
porters (3-1 and 2-3 %, respectively), suggesting overall sat-
isfactory reporting accuracy of dietary intake. To minimise
the influence of measurement error in dietary variables, we
mainly relied on the percentage contribution to total intake
for interpreting our data, as well as the use of energy-
adjusted values for diet quality measures®?.

Third, because the dietary data used here were collected
during the winter season (February and March), any sea-
sonal variation in dietary intake was not considered.
Given that several previous studies have observed seasonal
differences in intakes of at least some nutrients and food
groups in Japanese adults®*>%, this might have produced
some bias in assessing average dietary intake over the year.
Additionally, while two independent data collected in 2003
and 2013 were combined for the main analysis after con-
firming that separate analyses produced similar results, this
10-year difference might be potentially significant when it
comes to diet. Given that a trend analysis based on National
Health and Nutrition Survey 2003-2015"% showed signifi-
cant albeit small differences in food group intakes during
this period, the present results should be interpreted
cautiously.

Fourth, diet quality was assessed by the HEI-2015 and
NRF9.3 in this Japanese study, even though both scores
were primarily developed for Americans. Thus, these mea-
sures are not optimal for assessing the overall quality of
Japanese diet, but rather the best available™®, as men-
tioned above. Finally, in view of the multiple analyses
for the associations between overall diet quality and intakes
from each meal type, it is possible that some of the signifi-
cant findings in the present study occurred by chance.

In conclusion, in this study of Japanese adults, dinner
was highest in terms of not only diet quality but also per-
centage contribution to total EI, followed by lunch, break-
fast and snacks. For many nutrients, the percentage
contribution to total intake did not vary across each meal
type and was broadly in line with that for EI. For foods,
on the other hand, intakes largely depended on one meal
type, except for several foods, including rice, eggs, fruit and
non-energetic beverages, which were more commonly
consumed at various meal types. This study also provided
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a picture of dietary intake patterns within each meal type
associated with a higher quality of total diet. These findings
provide the key information on each meal type in the
Japanese diet and will help inform the development of
meal-based guidelines and public health messages.
Future research is needed to examine whether the present
findings are similarly observed in a more representative
sample of Japanese as well as in other Asian populations.
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