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Abstract
Objective: Although there is growing evidence suggesting that eating patterns are
important determinants of health status, comprehensive information on patterning
of eating behaviours is almost lacking. The aim of this cross-sectional study was to
describe eating patterns in Japan.
Design: Information on actual eating behaviours was collected using 2-d dietary
record in each season over a year (total 8 d). Eating occasions were defined as
any discrete intake occasion (with a discrete start clock time and name) except
for eating occasions consisting of water only, which were excluded.
Setting: Japan.
Participants: A nationwide sample of 4032 Japanese aged 1–79 years.
Results: The mean value of eating frequency of meals (i.e. breakfast, lunch and
dinner), snacks and total eating occasions was 2·94, 1·74 and 4·68 times/d,
respectively. The mean clock time for the start of breakfast, lunch and dinner
was 07.24, 12.29 and 19.15 h, respectively. The mean time spent consuming
breakfast, lunch, dinner and snacks was 19, 25, 34 and 27 min/d, respectively.
On average, variability (i.e. average of absolute difference from mean) of meal
frequency was small compared with that of snack frequency and total eating
frequency. Both mean variability of clock time for the start of eating (<1 h) and
mean variability of time spent on meals (<10 min/d) were also small.
Conversely, mean variability of time spent on snacks was large (>18 min/d).
Conclusion: The present findings serve as both a reference and an indication for
future research on patterning of eating behaviours.
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Efforts to overcome the limitations of evaluating the health
impact of consuming single nutrients and foods in isolation
have led to a gradual shift in nutrition research to dietary
patterns(1,2). While dietary patterns are generally examined
using the daily intake of individual foods(3–6), an increasing
number of studies now focus on dietary intake on an eating
occasion basis (i.e. breakfast, lunch, dinner and snacks) or
eating patterns(7–9). Evaluation of eating patterns instead of
overall dietary intakes or patterns might increase relevance
by accounting for physiological synergies and interactions
occurring during digestion and metabolism(10). Moreover,

eating pattern-based dietary advice would resonate better
with consumers if it reflects actual eating behaviours(9).

Because of the complex nature of eating patterns,
existing research has used a variety of variables in terms
of eating patterns, including eating frequency(11–17), timing
of eating(13,18–21) and variability of eating patterns(22–27),
with equivocal outcomes. This may be mainly due to a lack
of clear definitions of these variables. To develop more
consistent and clearer definitions of eating pattern varia-
bles, comprehensive reports on eating pattern variables
based on actual eating behaviour assessment (such as
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dietary record) are imperative. While there are several
papers in this regard based on large-scale observational
studies in free-living situations(11–14,18), these are limited
with regard to the number of dietary assessment days (usu-
ally only 1 or 2 d)(11–13,18) or assessed only a limited aspect
of eating patterns(11,14,18). In particular, we are unaware of
descriptive information on time spent on eating and vari-
ability of eating patterns in general populations despite
the potential health effects of eating rate(28,29) and regularity
of eating(22–26). Moreover, most of previous studies have
been conducted in adult populations, while information in
children is sparse. Investigation of this issue in children is
merited from a prevention perspective.

Therefore, the aim of the present study was to describe
eating patterns, namely eating frequency, clock time for the
start of eating, time spent on eating and variability of
eating patterns, in a nationwide sample of Japanese aged
1–79 years, based on information on actual eating
behaviors collected using 2-d dietary record in each season
over a year (total 8 d).

Methods

Study procedure and participants
This analysis was based on data from MINNADE (MINistry
of health, labour and welfare-sponsored NAtionwide study
on Dietary intake Evaluation) study. The ultimate purpose
of MINNADE study was to describe nationwide data on
dietary characteristics and eating behaviours in Japan.
The study consisted of two rounds of 1-year data collection
(first round: November 2016 to September 2017; second
round: October 2017 to September 2018). The target
population comprised apparently healthy Japanese aged
1–79 years living in private households in Japan. Initially,
thirty-two (of forty-seven) prefectures, which cover
>85 % of total population in Japan, were selected on the
basis of geographical diversity and feasibility of the survey,
particularly the recruitment of collaborators (research
dietitians). During sampling procedure, the proportion of
population number in each region in Japan was reflected
(i.e. Hokkaido 4 %, Tohoku 7 %, Kanto I 28 %, Kanto II
8 %, Hokuriku 4 %, Tokai 12 %, Kinki I 13 %, Kinki II 3 %,
Chugoku 6 %, Shikoku 3 %, Kita-kyushu 7 % and
Minami-kyushu 5 %(30)).

A total of 441 research dietitians agreed to support the
study and were responsible for recruitment of participants
from communities as well as data collection. Based on
feasibility and human and financial resources (assuming
5–6 persons per research dietitian), we decided to include
256 individuals (128 for each sex) for each of nine
age groups (i.e. 1–6, 7–13, 14–19, 20–29, 30–39, 40–49,
50–59, 60–69 and 70–79 years) during the first round of data
collection (n 2304 in total). Considering the difference in
dropout rate between age-sex groups observed during
the first round, the number of recruited participants in

the second round varied from 110 to 119 for each sex-
age group, with a total of 2051 individuals (4–5 persons
per research dietitian).

The key inclusion criterion for this study of community-
dwelling (free-living) individuals was their willingness to
complete a dietary record. Excluded from the study were
dietitians, individuals living with a dietitian, those working
together with a research dietitian, those who had experi-
enced dietary counselling from a doctor or dietitian, those
taking insulin treatment for diabetes, those taking dialysis
treatment, pregnant or lactating women (at the start of
study) and infants habitually drinking human milk.
We did not exclude overnight workers from this study
but asked not to conduct dietary record on overnight
working days as well as days before and after these days.
Participation of only 1 person per household was
permitted. Participants in this study were not randomly
selected. Consequently, a total of 4268 individuals aged
1–79 years participated in this study.

Dietary assessment
Dietary data were collected using 4 × 2-d (total 8 d)
weighed dietary records. After receiving written and verbal
instructions by a research dietitian, as well as an example of
a completed diary sheet, each participant was requested to
maintain a record of all items eaten or drunk, both in and
out of the home. This was done over 2 nonconsecutive
days once per season at an interval of around 3 months,
namely November for fall, February for winter, May for
spring and August for summer. The sets of two recording
days comprised 2 weekdays (Monday to Friday) for half
of participants and 1 weekday and 1 weekend day
(Saturday or Sunday as well as national holidays) for the
remaining participants. However, not all days of the week
were evenly represented. This allocation was maintained
throughout the study; thus, it was expected that half of par-
ticipants provide 8-weekday dietary data while the remain-
ing participants provide 4-weekday data and 4-weekend
day data. This strategy was adopted to obtain dietary data
with an approximate proportion of weekdays and week-
end days (3:1 compared with the actual ratio of 5:2) as a
whole, while not compromising feasibility and simplicity
for the conduct of the survey. The recording schedule for
each participant was arranged by the assigned research
dietitian.

Children aged ≥13 years (as well as adult participants)
were expected to be able to complete the record them-
selves, whereas for children aged <13 years, the parent/
guardian was asked to complete the record with input from
the child as appropriate. Irrespective of age, however, we
encouraged participants to get support from the main cook
(e.g. mother and wife) when necessary. Within a few days
after each recording day (usually the next day), the
research dietitian collected the recording diary, checked
the completeness of recording and recorded additional
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information if necessary. All the collected diaries were
checked by trained dietitians at the central office in
terms of coding, recorded weights and descriptions of
items consumed. Data on dietary intake were not available
in this study because the use of these data is not currently
permitted by the Ministry of Health, Labour and Welfare,
Japan.

Definition and creation of eating pattern
variables
The food diary sheet used was based on a typical Japanese
eating pattern, which comprises breakfast, lunch, dinner
and snacks, and these eating occasions were prescribed
in the diary. Thus, the eating event (eating occasion) name
used in the present analysis was based on this classification.
Multiple entries of eating events into a section of breakfast,
lunch or dinner were extremely rare in this study (only six
cases); in these cases, the first eating event was considered
the corresponding eating event (i.e. breakfast, lunch, or
dinner), and the following eating events were considered
snacks.

During the diet recording, participants were asked
to report the clock time when a food or beverage was
consumed (both start and finish times). Consequently, all
items reported in an eating event were given the same
clock time and event name in the food diary. Based on
these data, several eating pattern variables were created
mainly based on previous studies(11–13,26) as described
below. Unless otherwise indicated, the mean value over
8 d was used for each participant.

Eating frequency
In this study, eating occasions were defined as any separate
intake occasion (with a discrete start clock time and name)
except for eating occasions consisting of water only
(tap and mineral water), which were excluded(11). Thus,
eating frequency was defined as the total number of eating
occasions per day, which consist of foods only, drinks only
or foods and drinks combined. Based on participant-
identified name of eating occasions, eating frequency
variables for meals (breakfast, lunch and dinner com-
bined), snacks and all eating occasions were calculated
for each participant.

Clock time for the start of eating
Based on information on start clock time of eating
occasions, clock time for the start of eating breakfast, lunch,
dinner and the first and the last eating occasions were
created. For each individual, we calculated mean values
over data-available days for clock time for the start
of first and last eating occasions. We also calculated mean
values on consumption days with data needed for
clock time for the start of breakfast, lunch and dinner;
participants who reported no consumption of these meals
on any of 8 recording days had missing values on these
variables.

Time spent on eating
Time spent on eating (breakfast, lunch, dinner and all
snacks combined) was defined as time difference between
the finish and start time of eating occasions. For these
variables, we calculated mean values on consumption
days with data needed, and participants who reported
no consumption on any of 8 recording days had missing
values on these variables.

Time between eating occasions
Time between eating occasions was defined as time
between end of meal and start of next meal. For each
day, the mean value of time between eating occasions
was calculated, and then mean value over data-available
days was calculated for each participant.

Length of ingestion period
Length of ingestion periodwas defined as time between the
start clock time of the first eating occasion and the finish
clock time of the last eating occasion. For each participant,
we calculated mean value based on data-available days.

Variability of eating patterns
Variability in each eating pattern variable was calculated by
adding the absolute difference between the mean value
and that in each day divided by the number of days, with
a higher value indicating a larger variability in eating
patterns(26). For each individual, mean daily values over
8 dietary recording days were used for eating frequency
variables; mean values over data-available days for clock
time for the start of first and last eating occasions, time
between eating occasions, and length of ingestion period;
mean values on consumption days with data needed for
clock time for the start of breakfast, lunch and dinner
and time spent on eating breakfast, lunch, dinner, and
snacks. For variables based on breakfast, lunch, dinner
and snacks, only participants who reported consumption
of the corresponding eating episode on ≥ 4 d (with com-
plete information) were included.

Assessment of basic characteristics
Age at the time of start of the study was calculated based on
birth date. Anthropometric measurements were performed
by either family members or research dietitians using
standard procedures. Body height (nearest 0·1 cm) and
weight (nearest 0·1 kg) were measured, while the partici-
pants were barefoot and wearing light clothes only.
When measurement was not available (n 23), self-reported
(or parent-reported) height and weight were used. BMI
(kg/m2) was calculated by the commonly used formula,
namely weight (kg) divided by height squared (m2).
Information on annual household income was collected
using a question with possible sixteen categories, which
were subsequently aggregated into three categories
(< 4 million, ≥ 4 to < 7 million and ≥ 7 million Japanese
yen). Information on education level and employment
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status was also collected for adult participants (aged 20–79
years), who were grouped into three categories for the for-
mer (junior high school or high school, college or voca-
tional school and university or higher) and into four
categories for the latter (full-time job, part-time job, student
and unemployed).

Analytic sample
For analysis, we excluded from the initial sample of 4268
participants 111 participants with < 8-d dietary record data,
102 participants who had 8-d dietary data but whose
dietary assessment was conducted on 2 consecutive days
at least in 1 season and seven participants who had non-
consecutive 8-d dietary data but whose dietary assessment
was not conducted in appropriate months (i.e. October,
November and December for fall, January, February and
March for winter, April, May and June for spring and
July, August and September for summer). After further
excluding twelve participants who became pregnant
during data collection and four participants who lived in
a different region (which we recognised after the start of
data collection), the final analysis sample comprised
4032 participants (see online supplementary material,
Supplemental Figure S1). Further exclusion of participants
whose dietary assessment was not conducted in accor-
dance with the schedule assigned (n 324) did not alter
the findings of the study (data not shown); therefore, these
participants were retained in the analysis.

Statistical analysis
All statistical analyses were performed for adults (aged 20–79
years) and children (aged 1–19 years) separately, using SAS
statistical software (version 9.4, SAS Institute Inc.). Data are
presented as means and SD for continuous variables and as
the numbers and percentages of participants for categorical
variables. First, the number and proportion of participants
by number of reporting days of consumption of breakfast,
lunch, dinner and snacks were calculated. Then, distribution
of clock time for the start of eating breakfast, lunch, dinner
and snacks was described. Finally, descriptive statistics on
eating pattern variables was provided for the whole sample
as well as by sex and age group (20–39, 40–59 and 60–79
years for adults and 1–6, 7–13 and 14–19 years for children).
Differences in eating pattern variables between sex and
across age categorieswere examinedon the basis of indepen-
dent t test and ANOVA, respectively. All reportedP values are
two-tailed, and P values<0·05 were considered statistically
significant. When the overall P value from ANOVA was
<0·05, a Bonferroni’s post hoc test was performed.

Results

This analysis included 2681 adults aged 20–79 years (1325
men and 1356 women) and 1351 children aged 1–19 years
(680 boys and 671 girls) who completed nonconsecutive
8-d dietary record over a year (Table 1). A total of 16·3 %
of dietary record came from Monday, 15·6 % from

Table 1 Basic characteristics of study population

Adults (aged 20–79 years) Children (aged 1–19 years)

All (n 2681)
Male

(n 1325)
Female
(n 1356) All (n 1351)

Male
(n 680)

Female
(n 671)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Age (years) 49·7 16·9 49·6 17·1 49·7 16·8 9·9 5·4 9·8 5·4 9·9 5·5
Body height (cm) 162·7 9·0 169·3 6·3 156·2 6·0 133·6 28·7 135·7 30·7 131·4 26·4
Body weight (kg) 61·2 12·2 68·0 11·2 54·6 9·2 34·6 18·2 36·1 20·0 33·1 16·0
BMI (kg/m2) 23·0 3·6 23·7 3·4 22·4 3·6 17·7 3·4 17·7 3·6 17·7 3·3
Annual household income (%)*
<4 million Japanese yen 36·0 33·6 38·5 15·3 15·0 15·5
≥4 to < 7 million Japanese yen 34·0 35·8 32·2 39·7 41·5 37·8
≥7 million Japanese yen 30·0 30·6 29·3 45·1 43·5 46·7

Education level (%)†
Junior high school or high school 38·0 37·1 38·8 – – –
College or technical school 30·7 20·0 41·2 – – –
University or higher 31·3 42·8 20·0 – – –

Employment status (%)‡
Full-time job 66·6 72·8 60·6 – – –
Part-time job 12·6 8·5 16·7 – – –
Student 1·3 1·4 1·3 – – –
Unemployed 19·4 17·2 21·5 – – –

Diet recording group (%)
8 weekdays 45·4 45·0 45·8 47·5 46·9 48·0
4 weekdays and 4 weekend days 45·0 45·4 44·7 47·6 48·1 47·1
Other combinations 9·6 9·7 9·5 5·0 5·0 4·9

*n 2656 for adults and 1331 for children (because of missing information).
†Available for adults only (n 2664 because of missing information).
‡Available for adults only.
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Tuesday, 16·0 % from Wednesday, 15·0 % from Thursday,
13·9 % from Friday, 8·3 % from Saturday and 14·9% from
Sunday. The percentage of participants (adults and children
combined) who reported consumption of breakfast, lunch
and dinner on all the 8 dietary recording days was 88·1 %,
92·6 % and 95·9 %, respectively (see online supplementary
material, Supplemental Table S1). In total, 81·4% of partici-
pants reported consumption of all three main meals on
all 8 d, with additional 12·6% of participants reporting

consumption of two of three main meals on all 8 d as well
as that of the remaining meal on at least 4 d. In contrast,
the prevalence of no consumption of each of these meals
on all 8 d was very low (0·7 % for breakfast, 0·1 % for lunch
and 0·05% for dinner). For snacks, 54·9% of participants
reportedconsumption on all 8 d,with 4·1%of themreporting
no consumption on any of 8 d.

Figure 1 shows distribution of clock time for the start
of breakfast, lunch, dinner and snacks reported by adults

0

2000

4000

6000

8000

10000

12000

14000

(a)

(b)

0

1000

2000

3000

4000

5000

6000

7000

8000

Fig. 1 Distribution of clock time for the start of eating breakfast, lunch, dinner and snacks reported by 2681 Japanese adults
aged 20–79 years (a) and by 1351 Japanese children aged 1–19 years (b). The total number of breakfast, lunch, dinner and snacks
reported by adults in 8-d dietary record (with information on clock time) is 20 369, 20 982, 21 269 and 37 227, respectively. The
corresponding number in children is 10 576, 10 732, 10 753 and 18 960, respectively. Breakfast; lunch; dinner; snacks
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(a) and children (b) in 8-d dietary record. All three meals
had a clear peak in timing (07.00–07.59 for breakfast,
12.00–12.59 for lunch and 19.00–19.59 for dinner).
Within 3-h time slots with the central slot corresponding
with the peak (i.e. 06.00–08.59 for breakfast, 11.00–13.59
for lunch and 18.00–20.59 for dinner) was reported a very
large proportion of breakfast (85·1 % for adults and 90·1 %
for children), lunch (93·8 % for adults and 96·8 % for
children) and dinner (85·0 % for adults and 90·4 % for
children). For the timing of snacks, there were three peaks
in both adults and children (10.00–10.59, 15.00–15.59 and
20.00–20.59). Snacking after dinner was reported in 33 % of
all dietary recording days.

For the population overall (n 4032), the mean value (SD)
of eating frequency of meal, snacks and total eating occa-
sions was 2·94 (0·19), 1·74 (1·18) and 4·68 (1·20) times/d,
respectively. The mean (SD) clock time for the start of
breakfast, lunch and dinner was 07.24 (00.48), 12.29
(00.31) and 19.15 (00.51) h, respectively. The mean (SD)
time spent on breakfast, lunch, dinner and snacks was
19 (8), 25 (8), 34 (15) and 27 (34) min/d, respectively.

Tables 2 and 3 present descriptive data on eating pat-
tern variables for adults and children, respectively, by
sex and age group. Eating frequencies of meals, snacks
and all eating occasions were higher in female adults
(2·94, 1·85 and 4·79 times/d, respectively) than male adults
(2·90, 1·62, and 4·52 times/d, respectively; all P< 0·0001),
while eating frequencies of snacks and all eating occasions
were higher in male children (1·83 and 4·80 times/d,
respectively) than female children (1·68 and 4·65 times/d,
respectively; both P≤ 0·01). There was no sex difference
in clock time for the start of eating, except for earlier start
time for lunch in men (12.30 v. 12.34 h), earlier start time
for dinner in women (19.16 v. 19.22 h) and earlier start time
for the last eating occasion in girls (19.35 v. 19.46 h; all
P≤ 0·005). Longer time was spent on breakfast and lunch
in both female adults (20 v. 18 min/d and 25 v. 23 min/d,
respectively; both P< 0·0001) and female children
(21 v. 19 min/d and 27 v. 25 min/d, respectively; both
P≤ 0·0006). Female adults also spent shorter time for
dinner and snacks and had shorter time between eating
occasions (34 v. 36 min/d, 25 v. 32 min/d and 3·2 v.
3·6 h, respectively; all P≤ 0·0008). Female children also
spent longer time for dinner and had shorter length of
ingestion period (33 v. 31 min/d and 12·6 v. 12·8 h, respec-
tively; both P≤ 0·008). In terms of age, compared with
adults aged 20–39 years (and to a lesser extent with adults
aged 40–59 years), adults aged 60–79 years had higher eat-
ing frequencies of meals and snacks or all eating occasions,
earlier clock time for the start of all meals as well as the
first and last eating occasions, longer time spent on
meals but shorter time on snacks, shorter time between
eating occasions and shorter length of ingestion period.
Similar characteristics were shared by children aged
1–6 years (compared with those aged 7–13 years and
14–19 years).

Variability of eating patterns (calculated by adding the
absolute difference between the mean value and that in
each day divided by the number of days) is shown in
Supplemental Table 2 (for adults) and Supplemental
Table 3 (for children). On average, variability of meal fre-
quency was small compared with that of snack frequency
and total eating frequency. Both mean variability of clock
time for the start of eating (< 1 h) and mean variability of
time spent on meals (< 10 min/d) were also small.
Conversely, mean variability of time spent on snacks was
somewhat large (21·2 min/d for adults and 17·8 min/d for
children).

Compared with male adults, female adults showed
smaller variation in all eating pattern variables, except for
no difference in snack frequency, total eating frequency,
clock time for lunch and the last eating occasion and time
spent on breakfast, as well as larger variability of time spent
on lunch. For children, there was no sex difference, except
for smaller variability of snack frequency and total eating
frequency and larger variability of clock time for dinner
and time spent on breakfast and dinner in females. In terms
of age, adults aged 60–79 years had smaller variability of all
eating pattern variables than younger adult groups, except
for no difference in snack frequency. Smaller variability
of eating patterns was also observed in children aged
1–6 years (compared with older child groups), except for
no difference in variability of snack and total eating
frequency and larger variability of time spent for breakfast
and lunch.

Discussion

To our knowledge, this is the first comprehensive report
on patterning of eating behaviours under free-living
conditions, particularly time spent on eating and variability
of eating patterns. Eating frequency has been the most
widely investigated variable of eating behaviours in adults.
In the European Prospective Investigation into Cancer and
Nutrition (EPIC) study consisting of ten European coun-
tries, mean total eating frequency (using the definition of
eating occasion identical to that used in this study) varied
across countries (4·9 to 7·0 times/d), with a trend for
lower eating frequency in Mediterranean countries
(Greece, Spain, Italy and France) compared with central
European (Germany, the Netherlands and UK) and
Nordic (Denmark, Sweden and Norway) countries(11).
While the definition of eating occasions is inconsistent
across studies, mean total eating frequency in a national
representative adult population has also been reported
from the USA (5·0 times/d)(13), Australia (ranging from
4·9 to 5·9 times/d, depending on sex and age group)(12)

and the UK (7·8 times/d for men and 7·6 times/d for
women)(14). In contrast, mean total eating frequency in
the present Japanese adults (4·7 times/d), which was iden-
tical to that in a small previous Japanese study(31), was
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Table 2 Eating patterns of Japanese adults aged 20–79 years as assessed by eating frequency, clock time for the start of eating, time spent on eating, time between eating occasions and length of
ingestion period, by sex and age group*

All Male Female Age 20–39 years Age 40–59 years Age 60–79 years

n Mean SD n Mean SD n Mean SD P† n Mean SD n Mean SD n Mean SD P‡

Eating frequency (times/d)
Meals§ 2681 2·92 0·21 1325 2·90 0·25 1356 2·94 0·16 < 0·0001 878 2·85a 0·28 898 2·93b 0·21 905 2·98c 0·09 < 0·0001
Snacks 2681 1·74 1·24 1325 1·62 1·24 1356 1·85 1·23 < 0·0001 878 1·61a 1·31 898 1·81b 1·25 905 1·80b 1·15 0·0006
All eating occasions 2681 4·66 1·27 1325 4·52 1·28 1356 4·79 1·25 < 0·0001 878 4·45a 1·37 898 4·73b 1·27 905 4·78b 1·15 < 0·0001

Clock time for the start of eating (hh:mm)
Breakfast 2655 7:24 0:53 1304 7:23 0:55 1351 7:26 0:50 0·22 864 7:40a 0:57 886 7:16b 0:51 905 7:18b 0:46 < 0·0001
Lunch 2676 12:32 0:32 1320 12:30 0:33 1356 12:34 0:31 0·003 878 12:37a 0:37 894 12:34a 0:30 904 12:24b 0:28 < 0·0001
Dinner 2679 19:19 0:55 1323 19:22 0:59 1356 19:16 0:49 0·001 876 19:38a 0:54 898 19:31b 0:51 905 18:48c 0:45 < 0·0001
First eating occasion 2681 7:31 1:08 1325 7:33 1:14 1356 7:29 1:03 0·16 878 8:01a 1:21 898 7:19b 1:03 905 7:13b 0:50 < 0·0001
Last eating occasion 2681 19:57 1:16 1325 19:58 1:18 1356 19:56 1:13 0·52 878 20:17a 1:14 898 20:09a 1:13 905 19:25b 1:10 < 0·0001

Time spent on eating (min/d)
Breakfast 2655 19 9 1304 18 9 1351 20 8 < 0·0001 864 16a 7 886 18b 7 905 23c 9 < 0·0001
Lunch 2676 24 8 1320 23 8 1356 25 8 < 0·0001 878 23a 7 894 23a 8 904 26b 8 < 0·0001
Dinner 2679 35 17 1323 36 19 1356 34 15 0·0008 876 33a 15 898 36b 18 905 37b 17 < 0·0001
Snacks (total)|| 2541 29 38 1230 32 43 1311 25 32 < 0·0001 827 36a 45 855 29b 42 859 21c 22 < 0·0001

Time between eating occasions (h) 2681 3·4 1·2 1325 3·6 1·3 1356 3·2 1·0 < 0·0001 878 3·6a 1·2 898 3·4b 1·2 905 3·1c 1·0 < 0·0001
Length of ingestion period (h) 2681 13·0 1·5 1325 13·0 1·5 1356 13·0 1·4 0·58 878 12·8a 1·6 898 13·4b 1·4 905 12·8a 1·2 < 0·0001

*For each individual, mean daily values over 8 dietary recording dayswere used for eating frequency variables;mean values over data-available days for clock time for the start of first and last eating occasions, time between eating occasions and
length of ingestion period;mean values on consumption dayswith data needed for clock time for the start of breakfast, lunch and dinner and time spent on eating breakfast, lunch, dinner and snacks. For variables based on breakfast, lunch, dinner
and snacks, participants who reported no consumption on any of 8 recording days were excluded (n 26, 5, 2 and 139, respectively).
†Sex difference examined based on independent t test.
‡Age group difference examined based on ANOVA. When the overall P from ANOVA was < 0·05, a Bonferroni’s post hoc test was performed; values within each variable with unlike superscript letters are significantly different (P< 0·05).
§Including breakfast, lunch and dinner.
||One participant who reported consumption of snacks but provided no information on clock time was excluded.
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Table 3 Eating patterns of Japanese children aged 1–19 years as assessed by eating frequency, clock time for the start of eating, time spent on eating, time between eating occasions and length of
ingestion period, by sex and age group*

All Male Female Age 1–6 years Age 7–13 years Age 14–19 years

n Mean SD n Mean SD n Mean SD P† n Mean SD n Mean SD n Mean SD P‡

Eating frequency (times/d)
Meals§ 1351 2·97 0·11 680 2·97 0·11 671 2·97 0·11 0·71 448 2·99a 0·05 461 2·99a 0·05 442 2·92b 0·17 < 0·0001
Snacks 1351 1·76 1·03 680 1·83 1·04 671 1·68 1·02 0·008 448 2·19a 1·00 461 1·62b 0·93 442 1·47b 1·03 < 0·0001
All eating occasions 1351 4·73 1·05 680 4·80 1·06 671 4·65 1·04 0·01 448 5·18a 1·00 461 4·61b 0·9 442 4·39c 1·05 < 0·0001

Clock time for the start of eating (hh:mm)
Breakfast 1349 7:24 0:39 679 7:24 0:39 670 7:24 0:39 0·97 448 7:30a 0:33 461 7:13b 0:29 440 7:31a 0:50 < 0·0001
Lunch 1351 12:24 0:27 680 12:24 0:27 671 12:25 0:26 0·45 448 12:04a 0:22 461 12:29b 0:15 442 12:40c 0:27 < 0·0001
Dinner 1351 19:07 0:43 680 19:08 0:44 671 19:06 0:42 0·30 448 18:47a 0:32 461 19:10b 0:36 442 19:33c 0:47 < 0·0001
First eating occasion 1351 7:29 0:48 680 7:29 0:48 671 7:29 0:48 0·90 448 7:29a 0:34 461 7:14b 0:32 442 7:44c 1:07 < 0·0001
Last eating occasion 1351 19:41 1:10 680 19:46 1:14 671 19:35 1:06 0·005 448 19:18a 1:03 461 19:32b 0:58 442 20:13c 1:18 < 0·0001

Time spent on eating (min/d)
Breakfast 1349 20 7 679 19 7 670 21 8 0·0006 448 25a 7 461 19b 6 440 15c 5 < 0·0001
Lunch 1351 26 7 680 25 7 671 27 7 0·0004 448 31a 7 461 25b 6 442 22c 6 < 0·0001
Dinner 1351 32 9 680 31 9 671 33 9 0·0003 448 35a 8 461 31b 9 442 29c 9 < 0·0001
Snacks (total) 1326 23 24 669 24 24 657 22 24 0·15 447 18a 15 453 27b 27 426 24b 28 < 0·0001

Time between eating occasions (h) 1351 3·2 0·9 680 3·1 0·9 671 3·2 0·9 0·13 448 2·6a 0·6 461 3·3b 0·9 442 3·7c 1·0 < 0·0001
Length of ingestion period (h) 1351 12·7 1·1 680 12·8 1·1 671 12·6 1·1 0·008 448 12·3a 0·8 461 12·8b 0·8 442 13·0c 1·4 < 0·0001

*For each individual, mean daily values over 8 dietary recording dayswere used for eating frequency variables;mean values over data-available days for clock time for the start of first and last eating occasions, time between eating occasions and
length of ingestion period; mean values on consumption dayswith data needed for clock time for the start of breakfast, lunch and dinner and time spent on eating breakfast, lunch, dinner and snacks. For variables based on breakfast and snacks,
participants who reported no consumption on any of 8 recording days were excluded (n 2 and 25, respectively).
†Sex difference examined based on independent t test.
‡Age group difference examined based on ANOVA. When the overall P from ANOVA was < 0·05, a Bonferroni’s post hoc test was performed; values within each variable with unlike superscript letters are significantly different (P< 0·05).
§Including breakfast, lunch and dinner.
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consistently lower than that observed inWestern countries.
Given that daily meal frequency is generally close to three
times in many studies(11–13), this is clearly due to difference
in snack frequency, with a lower mean in Japanese
population (1·7 and 1·8 times/d in the present and
previous(31) studies, respectively) compared with Western
populations (ranging from 2·1 to 4·2 times/d, depending on
studies)(11–13).

In contrast, fewer studies have attempted to characterise
other potentially important features of eating patterns.
It appears that meal skipping is rare in Japan (86 %, 91 %
and 96 % of adults reporting consumption of breakfast,
lunch and dinner, respectively, over all 8 d of dietary
recording) compared with Western populations. In EPIC
study, the proportion of consumers on a diet recall day
ranged from 86·0 % to 99·8 % for breakfast, from 72·4 %
to 100 % for lunch and from 89·2 % to 100 % for dinner(11).
The corresponding value in US adults from NHANES
2009–2014 was 85 %, 79 % and 93 %, respectively(13).
With regard to timing of eating, the mean clock time for
the start of eating in US adults was 08.08 h for the first eating
occasion, 08.11 h for breakfast, 12.43 h for lunch 18.24 h for
dinner and 20.18 for the last eating occasion(13). Compared
with US population, our Japanese participants tended to
consume earlier meals at earlier time (mean: 07.31 h for
the first eating occasion, 07.25 h for breakfast and 12.32 h
for lunch) but later meals at later time (19.19 h for dinner
and 19.57 h for the last eating occasion). Consequently,
the length of eating period was longer in the present
Japanese (mean: 13.00 h) than the US adults (mean:
12.20 h)(13). Nevertheless, time between eating occasions
was longer in the present Japanese (mean: 3.40 h) than
the US adults (mean: 2.50 h)(13), mainly because of lower
eating (snack) frequency in the former.

In this study, snacking after dinner was observed in only
33 % of total dietary recording days, which is a little more
frequent compared with Mediterranean countries (21 %
to 33 %) but much less frequent than other Western
countries (49 % to 87 %)(11,13). In a small study based on
16-d dietary record, the Japanese eating pattern was, on
average, characterised by small snacks (11 % of total energy
intake), as well as relatively large three main meals
(percentage of total energy intake: 21 % for breakfast,
32 % for lunch and 40 % for dinner)(32). A similar eating
pattern (three main meals, with infrequent snacks particu-
larly at night) was also observed in a representative sample
of Taiwanese adults(33). It would be of interest to clarify if
this eating pattern is prevalent in East Asian countries with
similar social and cultural backgrounds.

For time spent on eating, we are unaware of any
previous studies which can be compared with the present
findings. In the present population, a longer time was spent
consuming later meals (mean: 19 min for breakfast, 24 min
for lunch and 35 min for dinner), which is consistent with a
previous observation in Japanese that a larger amount of
energy was consumed in later meals (mean: 23 %, 30 %

and 40 %, respectively)(34). We are also unaware of pre-
vious studies investigating variability of eating patterns.
In this population, it seemed that variability of eating pat-
terns related to meals was relatively small compared with
those for snacks.

Taken together, eating patterns of Japanese adults may
be characterised by a relatively stable nature of frequency,
timing and time spent with regard to meals (breakfast,
lunch and dinner) as well as snacks which are less fre-
quently consumed but exhibit greater variability in both
timing and time spent. It seems that these are somewhat
in common in eating patterns in Mediterranean regions
characterised by less eating frequency(12) and later con-
sumption of meals and snacks(18). As these characteristics
may be favourably associated with health outcomes
beyond food selection and nutrient composition(9), further
studies on the association of eating patterns with food and
nutrient intake, diet quality and health outcomes would
merit more exploration.

Eating patterns in children as well as association
between eating patterns and basic characteristics have
been poorly investigated. In this study, eating patterns in
children were on average comparable with those in adults,
which may be reasonable given that adults are generally
responsible for children’s diet. For the associations of
eating patterns with sex and age, the most consistent
finding was that older adults and younger children have
more stable and regular eating patterns with regard to
frequency, timing and time spent on eating compared with
younger adults and older children, respectively. This may
reflect busy lifestyle in younger adults and older children.
In any case, further studies on these topics are warranted.

The advantages of the present study include the use of
actual eating behaviour data based on food diary with a
large number of recording days (8 d) collected throughout
a year, use of a wide range of eating pattern variables
with clear definitions and a nationwide large sample.
However, there are also several limitations. First, although
the sampling was conducted so that regional difference in
population proportion is reflected, the present population
is not a nationally representative sample of general
Japanese but rather volunteers. Given the burden required
for dietary recording, it is conceivable that the participants
were more representative of the health conscious nature.
Nevertheless, distribution of annual household income in
the present population was similar to that in a national rep-
resentative sample (45·0 %, 26·9 % and 28·0 % for <4, ≥4 to
<7 and ≥7 million Japanese yen, respectively, in all house-
holds; 19·3 %, 36·2 % and 44·5 %, respectively, in house-
holds with a child/children)(35), although education level
in the present adult population was somewhat high com-
paredwith a national representative sample (54·6 % for jun-
ior high school or high school, 20·8 % for college or
vocational school and 24·6 % for university or higher)(36).
Further, mean (SD) values of body height, weight and
BMI in our adult participants were also similar to those in
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a national representative sample aged ≥ 20 years (men:
167·6 (7·0) cm, 67·0 (11·5) kg and 23·8 (3·4) kg/m2, respec-
tively; women: 154·1 (6·9) cm, 53·6 (9·4) kg and 22·6
(3·7) kg/m2, respectively)(37). Thus, there may be no strong
reason for considering that the present participants largely
differ from general Japanese population.

Second, while all the dietary data were derived from
dietary record, nature and extent of measurement error
of self-reported (parent-reported) information on eating
patterns are largely unknown. However, given that there
are no objective markers of eating patterns examined here,
we had no choice but relying on self-report on eating
patterns. In this regard, we believe that dietary record is
an optimal solution because we are able to collect a wide
range of information (e.g. time) based on actual eating
behaviours without relying on memory. Third, there is
currently no consensus about what constitutes an eating
occasion, a meal, a breakfast, a lunch, a dinner and a
snack(12,16,17). Although we used a widely used definition
of eating occasions(11) as well as meals and snacks(11–13)

to maximise comparability between studies, the present
findings should be interpreted with these caveats in mind,
and different results may be obtained if different definitions
were applied. Finally, by design, dietary recording was
conducted avoiding overnight working days (as well as
days before and after these days). For overnight workers,
dietary data might not fully represent their usual eating
patterns because of a lack of data on overnight working
days. Thus, further studies are needed to investigate eating
patterns in overnight workers.

In conclusion, we provided comprehensive pictures of a
range of eating pattern variables in a nationwide sample of
Japanese. The major findings are as follows: meal skipping
is quite rare in Japan; compared with Western populations,
Japanese have on average a lower eating frequency
(because of lower snack frequency); clock time for the start
of breakfast and lunch is relatively early while that for lunch
is relatively late; time spent on eating meals gradually
increases during the day; variability of eating patterns is
relatively small except for snacking and is smaller in older
adults and younger children comparedwith younger adults
and older children, respectively. The present findings serve
as both a reference and an indication for future research
on patterning of eating behaviours. The next step is to
investigate associations of a variety of eating pattern varia-
bles with food and nutrient intake, diet quality and health
outcomes.

Acknowledgements

Acknowledgement: The authors would like to thank the
research dietitians who conducted the data collection:
Tamotsu Noshiro, Ikuko Kato, Yoshie Awa, Erika
Takayama, Mari Sakurai, Mihoko Yanase, Masae Kato,

Mihoko Furukawa, Yuna Nodera, Kazue Fukushi,
Miwako Onodera, Yoshie Sato, Megumi Yoshida,
Masako Shimooka, Kaori Takahashi and Fuki Kudo
(Hokkaido); Yumiko Sato, Yutaka Shojiguchi, Kazunori
Kimoto, Saori Kikuchi, Megumi Maeta, Mayumi
Sugawara, Shinogu Muraoka, Kanako Takahashi, Noriko
Suzuki, Yoko Fujihira and Megumi Onodera (Iwate);
Yukiko Takahashi, Kaoru Honda, Chie Yamada, Miki
Sato, Katsue Watanabe, Akemi Konno and Reina Kato
(Miyagi); Akiko Sato, Hiromi Kawaguchi, Miyuki Awano,
Chigusa Miyake, Ayako Konno, Ayumi Goto, Shizuko
Taira, Yuka Takeda, Akiko Matsunaga, Nao Konta, Yumi
Miura, Satoshi Numazawa, Chiemi Ito, Sachie Yokosawa,
Manami Endo and Hiromi Seki (Yamagata); Yoko
Tsukada, Tomoko Oga, Satoko Fujita, Hitomi Sonobe,
Hanayo Kadoi, Toshie Nakayama, Hiromi Takasawa,
Yoko Ichikawa, Yuko Takano, Junko Hanzawa, Kiyomi
Seki, Emi Kamoshita, Yuri Kawakami and Hisako
Watahiki (Ibaraki); Reiko Ishii, Yoshiyuki Tatsuki,
Daisuke Mogi, Akiko Nakamura, Suguru Yagi, Yumiko
Furushima, Noriko Ogiwara, Kiyomi Kimura, Kinue
Takahashi, Kikue Tomaru, Kana Tsukagoshi, Fumiko
Fujiu, Kyoko Maehara and Yuki Kobayashi (Gunma);
Kaoru Goto, Yuka Inaba, Michiko Koresawa, Tomoko
Tsuchida, Naoko Sakakibara, Fumika Shimoyama, Akiko
Kato, Miki Hori, Rika Kurosaki, Hiroko Yamada, Hitomi
Sasaki, Keiko Arai, Yuka Arai, Manami Honda, Akiko
Utsumi, Asako Hamada, Keiko Sekine, Akiko Yamada,
Mami Ono, Satoko Maruyama, Emiko Kajiwara, Taeko
Takahashi, Hitomi Kawata, Satoru Arai, Ryoko Hirose,
Madoka Ono and Mihoko Ainai (Saitama); Masako
Shinohara, Noriko Nakamura, Mitsuko Ito, Yuka Takahara,
Minako Fukuda, Masae Ito, Yayoi Sueyoshi, Hiroko
Shigeno, Tomohiro Murakami, Masako Kametani, Kyoko
Wada, Mika Ueda, Jun Kouno, Hiroyo Yamaguchi,
Mariko Oya, Junko Suegane, Yumiko Asai, Miyuki Ono,
Mitsuko Uekusa, Chieko Sunada, Yumi Tanada, Mariko
Shibata, Emi Tsukii, Kae Terayama, Hiroko Iwasaki,
Keiko Yokoyama, Haruna Kayano, Kazuyo Shimota,
Keiko Ifuku and Keiko Honma (Chiba); Yoshiko Saito,
Megumi Suzuki, Eiko Kobayashi, Yoshiko Katayama,
Sonoko Yamaguchi, Tomoko Kita, Naoko Yuasa, Hitomi
Okahashi, Shinobu Matsui, Yurina Arai, Sanae Togo,
Eiko Horiguchi, Juri Sato, Takehiro Komatsu, Yumi
Matsuura, Junko Higashi, Ayaka Nakashita, Takako
Sakanashi, Yoko Kono, Naomi Nakazawa and Yukiko
Shibata (Tokyo); Machiko Tanaka, Ikue Sahara, Yasue
Watanabe, Kanako Yoshijima, Yuko Harashima, Yoshiko
Iba, Haruko Irisawa, Junko Inose, Reiko Okui, Taeko
Endo, Mayuko Sakitsu, Ikuko Endo, Haruko Terada,
Chiaki Nishikawa, Ai Yasudomi, Suzuyo Takeda, Kaori
Shimizu, Mari Ikeda, Yuko Okamoto, Keiko Yamada,
Fumiko Nemoto, Shinobu Katayama, Yuki Takakuwa,
Michiru Goukon, Megumi Koike, Masae Kamiya,
Takako Okada, Yayoi Hayashi, Etsuko Abe, Akiko
Hamamoto, Kumiko Ono, Kazumi Takagi, Sachiko Ito,

1524 K Murakami et al.

https://doi.org/10.1017/S1368980021000975 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980021000975


Yuki Kumagai, Noriko Ozaki, Haruka Sato, Hisae
Takahashi, Masuko Komazaki, Akiko Nako, Tatehiro
Inamoto and KimiyoMatsumoto (Kanagawa); Masako Koike,
Reiko Kunimatsu, Keiko Kuribayashi, Hiroko Adachi, Yuri
Shikama, Yurika Seida, Ryouko Ito, Satoko Kimura, Yoko
Sato, Michiyo Nakamura, Hisako Kaneko, Hatsuyo Ikarashi,
Mamiko Karo, Keiko Hirayama, Ikumi Torigoe and Fumiko
Gumizawa (Niigata); Natsuko Mizuguchi, Aki Sakai, Hisako
Noguchi, Chie Tanabe, Yokako Osaki, Ikiko Kawasaki,
Nobuko Yoshii, Yumiko Nishihara, Izumi Takahara, Mika
Minato, Yuuki Okamoto, Yukiyo Sakai, Shitomi Nakamura,
Kanako Kobayashi, Emi Hano and Megumi Emori
(Toyama); Kazumi Horiguchi, Michiyo Kubota, Naoya
Mochizuki, Miyuki Yokokoji, Kazuko Koizumi, Megumi
Ariizumi, Hozumi Kakishima, Mayumi Kawakubo, Chisato
Nakajima, Yasuko Ishii, Yukie Shiogami, Yukiko Uchida,
Ikuko Kayanuma and Kikuyo Moriya (Yamanashi);
Noriko Sumi, Noriko Takahashi, Kuniko Watanabe, Yoko
Ido, Akiko Adachi and Manami Tauchi (Gifu); Naoya
Terada, Chisato Suwa, Toshihiro Tamori, Natsuko Osakabe,
Toshiyuki Serizawa, Akiko Seki, Izumi Mochizuki, Nagako
Matsui, Eiko Watanabe, Kyoko Yui, Yuki Murakami,
Tomomi Iwasaki and Tomoko Sugiyama (Shizuoka); Keiko
Kawasumi, Masako Tanaka, Kayoko Ishida, Megumi
Yamatani, Shihoko Yama, Miyuki Otono, Mie Kojima,
Tamaki Kobayashi, Hiroe Komaki, Miki Yanagida, Yumiko
Fukaya, Syoko Sawaki, Tomomi Ota, Yasuko Kito, Mei
Tobinaga, Takashi Yasue, Kuniko Hatamoto, Toru Ono,
Takako Minami, Akemi Kumazawa, Masami Kato, Miyuki
Kondo, Kyoko Shimizu, Sayoko Tanaka and Shizue
Masuda (Aichi); Hiromi Ashida, Shintaro Hinaga, Yoshiko
Shoji, Ryusuke Yamaguchi, Hiroka Morita, and Atsuko
Nakabayashi (Mie); Erika Shioi, Sawa Mizukawa, Miwako
Ohashi, Eriko Taniguchi, Yuri Mitsushima, Mariko Teraya,
Kazuko Ogawa, Yoko Minami, Megumi Ito, Yasuhiro
Morimoto, Shizuka Kurokawa and Manami Hayashi
(Kyoto); Yumiko Noutomi, Yoshiko Iwamoto, Junko
Ikukawa, Shinobu Fujiwara, Tami Irei, Keiko Takata,
Yasuka Tabuchi, Naoko Murayama, Kaori Maruyama,
Hiromi Tashiro, Miki Tanaka, Miho Nomura, Shizuyo
Umezawa,Minori Shintani, IkuyoMaruishi, Atsuko Toyokawa,
Rumi Kitada, Yuka Takashima, Eriko Nakatani, Wakana
Tsujimoto, Yumi Koori, Emi Iwamoto and Masumi Yamada
(Osaka); Atsuko Konishi, Yoshiko Nakamori, Yumi
Ikawa, Junko Shimizu, Mie Atsumi, Atsuko Fukuzaki, Akemi
Yamamoto, Yasuko Inoue, Miyuki Nakahara, Reiko Fujii,
Yumi Tanaka, Rika Miyachi, Mari Matsuyama, Ayana Honda,
Tomoka Nakata, Miho Inagaki, Mikiyo Ueno, Mami
Kamei, Kiyomi Kawachi, Yasuyo Hasegawa and Masayo
Fukumoto (Hyogo); Sachiyo Otani, Tomomi Sugimoto,
Kanako Mizoguchi, Tomomi Shimada, Shima Takahashi,
Yoshiko Okuno, Takahide Kijima, Masayo Ueda, Yuko
Sakamoto, Hitoshi Matsuda, Yumie Shimizu, Rie Hataguchi,
Junko Nohara, Yuko Sakakitani, Hatsuki Matsumoto,
Sakiko Tanaka, Moe Yoshikawa, and Rena Yuki (Nara);
Yurika Adachi, Akiko Notsu, Keiko Uzuki, Atsuko Umeda,

Hiroko Nishio, Chikako Takeshita and Sayuri Omoso
(Tottori); Hiromi Watanabe, Nami Sakane, Nao Hino, Sakiko
Sonoyama, Yukiko Katagiri, Kaori Nagami, Tsunemi
Moriyama and Yoshiko Kirihara (Shimane); Sachiko Terao,
Akemi Inoue, Mieko Imanaka, Noriyuki Kubota, Sachiko
Sugii, Yuri Fujiwara and Tomoko Miyake (Okayama);
Youko Fujii, Hiroko Tamura, Kimie Tanaka, Izumi Hase,
Etsuko Kimura, Akiko Hamada, Tomoko Kawai, Masako
Ogusu, and Emi Isomichi (Hiroshima); Kyoko Ueda, Atsuko
Nakanishi, Tomoko Ishida, Nobuko Morishita, Hitomi
Nakata, and Takako Yagi (Yamaguchi); Yuriko Doihara,
Toyoko Kitadai, Hideyo Yamada, Mariko Nakamura,
Nanako Honda, Eri Ikeuchi, Kayo Hashimoto, Azusa Onishi
and Manami Iwase (Tokushima); Machiko Ueda, Ayano
Kamei, Reiko Motoie, Yoko Moriki, Nobumi Yoshida and
Kiyoko Kubo (Ehime); Kyoko Kaku, Emi Ibushi, Miho
Otsuka, Kiyoko Katayama, Hisami Kumagai, Chizuru
Shibata, Miki Hamachi, Yuko Hayashida, Akiko Matsuzaki,
Mika Yoshioka, Yoshie Yanase, Yoshiko Yahagi and
Tomomi Ota (Fukuoka); Junko Kiyota, Hiromi Ide, Takako
Fukushima, Shiho Tominaga, Satsuki Miyama, Yoko
Okamura, Kayoko Kurahara, Tomomi Nagamori, Chika
Shino, Akiko Taira, Yuki Kuwajima and Miyuki Matsushita
(Kumamoto); Miki Hamada, Kiyomi Aso, Toshie Eto, Mitsue
Kodama, Miyoko Sato, Mutsuko Shuto, Yuko Soga, Taeko
Nagami, Machiko Hirayama, Mika Moribe, Junko
Yamamoto, Hideko Yoshioka, Yuko Kawano, Rika
Matsuoka and Satomi Sato (Oita); and Hisami Yamauchi,
Satomi Moromi, Satoko Tomari, Kaoru Miyara, Chikako
Murahama, Yukiko Furugen, Kana Awano, Hiromi Arakaki,
Suzumi Uema, Yasuko Tomori, Nariko Mori, Ayako Iho,
Michiru Hokama, Yasue Higa and Chigusa Chibana
(Okinawa). The authors would also like to thank the research
team staff at the survey centre (University of Tokyo): Tomoko
Doi, Hitomi Fujihashi, AkikoHara, Nana Kimoto, NanakoKoe,
Eri Kudo, FumieMaeda, Keika Mine, Akemi Nakahara, Hiroko
Onodera, Hiroko Sato, Chifumi Shimomura, Ryoko Tajima and
Fusako Tanaka. Financial support: This work was supported
by a grant (no. 20KA1009) from the Ministry of Health, Labour
andWelfare, Japan. TheMinistryofHealth, Labour andWelfare
had no role in the design, analysis or writing of this article.
Conflict of Interest: There are no conflicts of interest.
Authorship: K.M. contributed to the concept and design of
the survey and data collection and management, formulated
the research, analysed and interpreted the data, prepared the
first draft of the manuscript and had primary responsibility
for the final content; M.B.E.L. contributed to the formulation
of the research and provided critical input into the final draft
of the manuscript; S.M. managed the study-field establishment
and recruitment andcontributed todata collection; S.S. directed
the survey and assisted in the writing of the manuscript. All
authors read and approved the final manuscript. Ethics
of human subject participation: The study protocol was con-
ductedaccording to the guidelines laiddown in theDeclaration
of Helsinki, and all procedures involving human subjects were
approved by the Ethics Committee of the University of Tokyo

Eating patterns in Japan 1525

https://doi.org/10.1017/S1368980021000975 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980021000975


Faculty of Medicine (no. 11397). Written informed consent
was obtained from each participant and also from a parent
or guardian for participants aged <18 years.

Supplementary material

For supplementary material/s referred to in this article,
please visit https://doi.org/10.1017/S1368980021000975

References

1. Kant AK (2004) Dietary patterns and health outcomes. J Am
Diet Assoc 104, 615–635.

2. Hu FB (2002) Dietary pattern analysis: a new direction in
nutritional epidemiology. Curr Opin Lipidol 13, 3–9.

3. Newby PK & Tucker KL (2004) Empirically derived eating
patterns using factor or cluster analysis: a review. Nutr Rev
62, 177–203.

4. Ax E, Warensjo Lemming E, Becker W et al. (2016) Dietary
patterns in Swedish adults; results from a national dietary
survey. Br J Nutr 115, 95–104.

5. Gazan R, Bechaux C, Crepet A et al. (2016) Dietary patterns
in the French adult population: a study from the second
French national cross-sectional dietary survey (INCA2)
(2006–2007). Br J Nutr 116, 300–315.

6. Hearty AP & Gibney MJ (2009) Comparison of cluster and
principal component analysis techniques to derive dietary
patterns in Irish adults. Br J Nutr 101, 598–608.

7. Kerver JM, Yang EJ, Obayashi S et al. (2006) Meal and snack
patterns are associated with dietary intake of energy and
nutrients in US adults. J Am Diet Assoc 106, 46–53.

8. Myhre JB, Loken EB, Wandel M et al. (2015) Meal types as
sources for intakes of fruits, vegetables, fish andwhole grains
amongNorwegian adults. Public Health Nutr 18, 2011–2021.

9. Leech RM, Worsley A, Timperio A et al. (2015) Under-
standing meal patterns: definitions, methodology and impact
on nutrient intake and diet quality. Nutr Res Rev 28, 1–21.

10. Jacobs DR & Steffen LM (2003) Nutrients, foods, and dietary
patterns as exposures in research: a framework for food
synergy. Am J Clin Nutr 78, 508S–513S.

11. Huseinovic E, Winkvist A, Slimani N et al. (2016) Meal
patterns across ten European countries – results from the
European Prospective Investigation into Cancer and
Nutrition (EPIC) calibration study. Public Health Nutr 19,
2769–2780.

12. Leech RM, Worsley A, Timperio A et al. (2015)
Characterizing eating patterns: a comparison of eating
occasion definitions. Am J Clin Nutr 102, 1229–1237.

13. Kant AK (2018) Eating patterns of US adults: meals, snacks,
and time of eating. Physiol Behav 193, 270–278.

14. Murakami K & Livingstone MB (2014) Eating frequency
in relation to body mass index and waist circumference in
British adults. Int J Obes 38, 1200–1206.

15. Canuto R, da Silva Garcez A, Kac G et al. (2017) Eating
frequency and weight and body composition: a systematic
review of observational studies. Public Health Nutr 20,
2079–2095.

16. Murakami K & Livingstone MB (2016) Associations between
meal and snack frequency and overweight and abdominal
obesity in US children and adolescents from National
Health and Nutrition Examination Survey (NHANES)
2003–2012. Br J Nutr 115, 1819–1829.

17. Murakami K & Livingstone MB (2015) Eating frequency is
positively associated with overweight and central obesity
in US adults. J Nutr 145, 2715–2724.

18. Huseinovic E, Winkvist A, Freisling H et al. (2019) Timing of
eating across ten European countries – results from the
European Prospective Investigation into Cancer and
Nutrition (EPIC) calibration study. Public Health Nutr 22,
324–335.

19. Garaulet M & Gomez-Abellan P (2014) Timing of food
intake and obesity: a novel association. Physiol Behav
134, 44–50.

20. Marinac CR, Sears DD, Natarajan L et al. (2015) Frequency
and circadian timing of eating may influence biomarkers of
inflammation and insulin resistance associated with breast
cancer risk. PLoS One 10, e0136240.

21. Almoosawi S, Vingeliene S, Karagounis LG et al. (2016)
Chrono-nutrition: a review of current evidence from
observational studies on global trends in time-of-day of
energy intake, its association with obesity. Proc Nutr Soc
75, 487–500.

22. Farshchi HR, Taylor MA&Macdonald IA (2004) Regular meal
frequency creates more appropriate insulin sensitivity and
lipid profiles compared with irregular meal frequency in
healthy lean women. Eur J Clin Nutr 58, 1071–1077.

23. Farshchi HR, Taylor MA & Macdonald IA (2004) Decreased
thermic effect of food after an irregular compared with a
regular meal pattern in healthy lean women. Int J Obes
Relat Metab Disord 28, 653–660.

24. Farshchi HR, Taylor MA & Macdonald IA (2005) Beneficial
metabolic effects of regular meal frequency on dietary
thermogenesis, insulin sensitivity, and fasting lipid profiles
in healthy obese women. Am J Clin Nutr 81, 16–24.

25. Sierra-Johnson J, Unden AL, Linestrand M et al. (2008) Eating
meals irregularly: a novel environmental risk factor for the
metabolic syndrome. Obesity 16, 1302–1307.

26. Murakami K & Livingstone MB (2015) Variability in eating
frequency in relation to adiposity measures and blood
lipid profiles in British children and adolescents: findings
from the National Diet and Nutrition Survey. Int J Obes 39,
608–613.

27. Shin A, Lim SY, Sung J et al. (2009) Dietary intake, eating
habits, and metabolic syndrome in Korean men. J Am Diet
Assoc 109, 633–640.

28. Robinson E, Almiron-Roig E, Rutters F et al. (2014)
A systematic review and meta-analysis examining the effect
of eating rate on energy intake and hunger. Am J Clin Nutr
100, 123–151.

29. Ohkuma T, Hirakawa Y, Nakamura U et al. (2015)
Association between eating rate and obesity: a systematic
review and meta-analysis. Int J Obes 39, 1589–1596.

30. Statistics Bureau & Ministry of Internal Affairs and
Communications (2015) Population and Households of
Japan 2015. https://www.stat.go.jp/english/data/kokusei/
2015/poj/mokuji.html (accessed July 2020).

31. Murakami K, Shinozaki N, Livingstone MBE et al.
(2020) Meal and snack frequency in relation to diet
quality in Japanese adults: a cross-sectional study using
different definitions of meals and snacks. Br J Nutr 124,
1219–1228.

32. Murakami K, Shinozaki N, Livingstone MBE et al. (2020)
Characterisation of breakfast, lunch, dinner, snacks in the
Japanese context: an exploratory cross-sectional analysis.
Public Health Nutr. Published online: 10 November 2020.
doi: 10.1017/S1368980020004310.

33. Chau CA, Pan WH & Chen HJ (2017) Employment status
and temporal patterns of energy intake: nutrition and
Health Survey in Taiwan, 2005–2008. Public Health Nutr
20, 3295–3303.

34. Murakami K, Livingstone MBE & Sasaki S (2019) Meal-
specific dietary patterns and their contribution to overall
dietary patterns in the Japanese context: findings from the
2012 National Health and Nutrition Survey, Japan.
Nutrition 59, 108–115.

1526 K Murakami et al.

https://doi.org/10.1017/S1368980021000975 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980021000975
https://www.stat.go.jp/english/data/kokusei/2015/poj/mokuji.html
https://www.stat.go.jp/english/data/kokusei/2015/poj/mokuji.html
https://doi.org/10.1017/S1368980020004310
https://doi.org/10.1017/S1368980021000975


35. Ministry of Health, Labour and Welfare (2017) Compre-
hensive Survey of Living Conditions 2017. https://www.
mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa17/dl/10.pdf
(accessed July 2020).

36. Statistics Bureau & Ministry of Internal Affairs and
Communications, Japan (2018) Employment Status Survey,

2017. https://www.stat.go.jp/data/shugyou/2017/index2.html
(accessed February 2021).

37. Ministry of Health, Labour and Welfare (2018) National
Health and Nutrition Survey 2017. https://www.mhlw.go.
jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/
h29-houkoku.html (accessed July 2020).

Eating patterns in Japan 1527

https://doi.org/10.1017/S1368980021000975 Published online by Cambridge University Press

https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa17/dl/10.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa17/dl/10.pdf
https://www.stat.go.jp/data/shugyou/2017/index2.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/h29-houkoku.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/h29-houkoku.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/h29-houkoku.html
https://doi.org/10.1017/S1368980021000975

	Eating patterns in a nationwide sample of Japanese aged 1-79 years from MINNADE study: eating frequency, clock time for eating, time spent on eating and variability of eating patterns
	Methods
	Study procedure and participants
	Dietary assessment
	Definition and creation of eating pattern variables
	Eating frequency
	Clock time for the start of eating
	Time spent on eating
	Time between eating occasions
	Length of ingestion period
	Variability of eating patterns

	Assessment of basic characteristics
	Analytic sample
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Supplementary material
	References


