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Abstract
Eating frequency has been associated with nutrient intake and diet quality. The aim of this study was to examine the association between daily
nutrient and food group intake and consumption of breakfast and/or snacks among young Japanese adults, as secondary analysis of the 2012
National Health and Nutrition Survey in Japan involved 1420men and 1659 women aged 20–39 years. Dietary intake data were collected using a
one-day semi-weighed household dietary record. Participants were classified into four groups based their breakfast and snack consumption,
defined as the consumption of any food or beverage that contained energy based on participant-defined eating occasions; both breakfast and
snack consumption (BþSþ), breakfast consumptionwithout snacking (BþS–), breakfast skipping and snack consumption (B–Sþ) and breakfast
skipping without snacking (B–S–). The proportion of breakfast skippers among men and women was 11·8 % and 6·6 %, whereas that of snack
consumers among men and women was 55·3 % and 68·2 %, respectively. Energy, Mg potassium (in both sexes), vitamin B2, Ca, (only men) and
folate and dietary fibre (only women) intakes were higher among breakfast and snack consumers than in the BþS– group. The nutrient intake
level of the BþS– group was similar to that of the B–Sþ group, whereas the B–S– group had lower energy (both sexes), Cu, dietary fibre and
potassium (only women) intakes than the BþS– group. Snack consumption could supplement nutrients that may not be adequately consumed
by three meals among young Japanese adults.
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Eating frequency, especially breakfast skipping and snack con-
sumption, has been reported to be associated with nutrient intake
and diet quality in epidemiological and experimental studies; how-
ever, the findings were not consistent(1–10). For example, eating fre-
quency is related to higher intake of carbohydrate, dietary fibre and
some vitamins andminerals among adults in USA and Australia(1,3).
In USA adults, higher eating frequency has also been associated
with better dietary quality, as indicated by the HEI-2010 score(2).
On the other hand, breakfast skipping is associatedwith a decrease
in the daily intake of energy, dietary fibre, vitamin B1, Ca and potas-
sium among Japanese and Koreans adults under 50 years old both
in epidemiological and interventional studies(4–6). However, a study
in the UK reported that daily energy intake of university students is
not affected with or without breakfast consumption(7).
Furthermore, studies reported inconsistent results on the associa-
tion between snack consumption and intake of nutrients and food

groups. For example, snack consumption was associated with a
higher consumption of nutrient-rich foods, such as fruit and milk,
and a lower intake of meat and added sugars in USA adults(9).
Snack consumption was not associated with macro- and micronu-
trient intake and by itself does not lead to poor diet quality among
female students aged 17–26 years in UK(10). However, snack con-
sumption was associated with a higher intake of daily energy and
confectionaries and a lowermicronutrient intake amongBritish and
Finland adults(8,11). Inconsistent results may be that studies have
focused only on the total number of eating frequency or on a spe-
cific meal (i.e. breakfast skipping or snack consumption).

The frequency of meal or snack consumption differs accord-
ing to age. Among the elderly in USA, the percentage of those
who skip breakfast or consume snacks is low(12). In contrast,
among young adults, the breakfast skipping rate was higher than
other age groups(13), and the proportion of snack consumers was
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also high(14). Energy intake from meals or snacks also differs by
age. Even among young adults who consume breakfast, the
energy intake from breakfast (approximately 15 % of the daily
energy intake) was less than that of the elderly (> 20 %)(15). In
addition, the energy intake from snacks (20 % of the daily energy
intake) among young adults aged 19–29 years(13) was approxi-
mately the same as that from breakfast among the elderly(15).
Breakfast skippers were also likely to consume snacks daily
among Japanese adults(16). These results suggest that assess-
ments of energy, nutrient and food group intake, especially in
young adults, should consider their situation regarding breakfast
and snack consumption, to identify targets for nutritional inter-
vention. Although one study has investigated the association
between specific meals, snack patterns (i.e. breakfast, dinner
and twice snack consumption; breakfast, lunch, dinner and
snack consumption and lunch, dinner and twice snack
consumption) and overall dietary intake among American
adults(1), no study has examined the association of breakfast
and snack consumption with daily nutrient or food group intake,
with a particular focus on young adults, who are more likely to
breakfast skippers and snack consumers(13,14).

Therefore, the current study aimed to evaluate the association
of breakfast and snack consumption with daily intake of
nutrients and food groups, applying breakfast consumers with-
out snack consumption as the reference group, among Japanese
young adults aged 20–39 years who participated in the 2012
National Health and Nutrition Survey (NHNS).

Methods

Data source and study population

The NHNS is a nationally representative cross-sectional annual
survey conducted by local public health centres under the super-
vision of the Ministry of Health, Labour, andWelfare. The present
studywas based ondata from the 2012NHNS conducted between
25 October and 7 December 2012. The reason for using the 2012
data in the present study is the larger sample size of 2012 and 2016
survey, but the survey was not conducted in several regions in
2016 due to the earthquake and Typhoon(17,18). The details of
the 2012 NHNS have been described elsewhere(17,19). Briefly,
the participants, who included households and their family mem-
bers (aged> 1 year as of 1 November 2012) in 475 areas, were
randomly selected by single-stage clusters from the general cen-
sus areas in the 2010 National Census(20). The 2012 NHNS con-
sisted of a physical examination, dietary survey and lifestyle
questionnaire. A total of 12 750 out of 24 555 eligible households
(51·9%) and 32 228 people participated in the dietary survey(17).
The current study included 5905 adults aged 20–39 years. We
excluded lactating or pregnant women who may have changed
their usual dietary habits (n 344)(21).Wealso excluded participants
with missing data required for analysis in the present study, such
as bodyheight and/or bodyweight, waist circumference, smoking
status, habitual alcohol consumption and daily step counts
(n 2707). Additionally, we excluded those who skipped lunch
and/or dinner (n 119). Thus, the final sample consisted of 3079
Japanese adults aged 20–39 years (1420 men and 1659 women)
(Fig. 1).

This survey was conducted according to the guidelines laid
down in the Declaration of Helsinki, all participants gave
informed consent to the local government based on the
Health Promotion Act(22). Permission to use the 2012 NHNS data
was obtained from the Ministry of Health, Labour, and Welfare,
under Article 33 of the Statistics Act, and only anonymised infor-
mation was available for this study. In accordance with the
Ethical Guidelines of Epidemiological Research, our study was
exempted from the application of these guidelines as only ano-
nymised data were used.

Dietary assessment

Dietary intake data were collected using a one-day semi-
weighed household dietary record, excluding Sundays and pub-
lic holidays. Prior to completing the survey, trained fieldworkers
(mainly registered dieticians) provided an outline of the survey
and explained to the participants, especially the main record-
keepers (members who are usually responsible for preparing
meals), how to complete the dietary record. The main record-
keepers in the household were instructed to weigh all foods
and beverages consumed by the household members and the
amount of food waste and leftovers. When the main record-
keepers ate with the household members, then they recorded
their names and weights on recording forms. Additionally, the
main record-keepers recorded the approximate proportions of
food consumed by each household member when members
shared foods from the same dish to enable estimation of individ-
ual intake. If weighing was not possible because the meal was
consumed away from home, the portion size consumed, or
quantity of food, and details of any leftovers were estimated
by the main record-keepers. When individual household mem-
bers were not with the main record-keeper at the meal, the indi-
vidual reported the amount of food or beverage to the main
record-keeper. Participants, who were unable to report food
or beverage intake on the survey day, were regarded as non-
respondents.

Participants in the dietary survey in the 2012 National 
Health and Nutrition Survey, Japan (n 32,228)

Participants aged 20-39 years (n 5,905)

Participants aged ≥ 40 years (n 26,323)

Lactating or pregnant women (n 344)

Final analysis sample (n 3,079)

Participants with no information on the variables of 
interest (n 2,707)*:
body height or weight (n 1,779)
Waist circumference (n 2,203)
Smoking status (n 122)
Habitual drinking (n 113)
Daily step counts (n 729)
*Some participants without several variables.

Participants with lunch or dinner skipping (n 119)

Fig. 1. Flow chart of participant inclusion.
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Trained fieldworkers visited each household and checked for
missing information and errors. In accordance with the survey
manual of the NHNS(17), for the weights of foods and beverages
that were not measured, the trained fieldworkers converted
these estimates of portion sizes or quantity of foods into weights
of foods. Then, the trained fieldworkers coded each food item
according to the NHNS food number lists based on the 2010
Standard Tables of Food Composition in Japan(23) to calculate
the intake of energy and nutrients. The trained fieldworkers
inputted collected dietary intake data using software specifically
developed for the NHNS; then, the data were compiled by
trained investigators at the central office to create an overall
dietary data set(17).

Energy and nutrients were calculated based on the 2010 stan-
dard tables of food composition in Japan. Food items were clas-
sified into nineteen groups based on standard tables(23). The
percentage of daily energy intake using reported values for each
macronutrient was also calculated for protein, total fat (fat), SFA
and carbohydrates.

Additionally, inadequate intakeof eachnutrientwas determined
by comparing nutrient levels with the relevant dietary reference
value according to the Japanese dietary reference intakes,
2020(24), using a previously reported method(25–27). In the
Japanese dietary reference intakes, different types of dietary refer-
ence values were established according to their purpose. The esti-
mated average requirement is set to prevent insufficient intake of
nutrients, whereas the tentative dietary goal to prevent lifestyle-
related diseases is set to prevent non-communicable diseases.
Nutrient intake inadequacy was defined as follows: intake level
below estimated average requirement was considered inadequate
using the cut-point method for the following thirteen nutrients: vita-
min A (as retinol activity equivalents), vitamin B1, vitamin B2, niacin
(as niacin equivalent), vitamin B6, vitamin B12, folate, vitamin C, Ca,
Mg, Fe, Zn and Cu. Regarding Fe intake, we applied the value
< 9·3 mg/d as recommended by theWHO (probability of inad-
equacy as 50 % by assuming bioavailability of Fe as 15 %)(28)

for women aged 20–49 years according to the previous stud-
ies(26,29). For the following seven nutrients outside the range of
dietary goal values was considered inadequate; the dietary
goal values used were the percentage of protein energy intake
in (13–20 % energy), fat (20–30 % energy), SFA (≤ 7 % energy)
and carbohydrate (50–65 % energy) and the intake level for
total dietary fibre (men: ≥ 21 g/d, women: ≥ 18 g/d), Na (as
salt-equivalent, men: < 7·5 g/d; women: < 6·5 g/d) and potas-
sium (men: ≥ 3000 mg/d; women: ≥ 2600 mg/d). In the
present study, crude values were used instead of the density
values for all nutrients, except for macro nutrients, because it
is not appropriate to underestimate the influence of breakfast
and snack skipping although reporting errors could not be
taken into account.

The definition of meal and snack consumption was based on
the participant’s identification; if any foods or beverages that
contain energy and were listed in the meal (i.e., breakfast, lunch
and dinner) or snack section of the self-reported dietary record,
they were categorised as meals or snacks(4). Participants were
classified into four groups according to with or without breakfast
and snack consumption (both breakfast and snack consumption
(BþSþ), breakfast consumption without snacking (BþS–),

breakfast skipping and snack consumption (B–Sþ) and break-
fast skipping without snacking (B–S–)).

Other variables

Body height (to the nearest 0·1 cm) andweight (to the nearest 0·1
kg) weremeasured for approximately 90 % of the participants by
trained field workers according to standardised procedures. For
the remaining participants, height and weight were measured
either by other household members at home or self-reported.
BMI was calculated as weight (kg) divided by height (m)
squared. Additionally, participants wore a pedometer around
their waist and measured the number of steps on a single day
and then recorded the number in the dietary intake question-
naire. Information on smoking status (current smoker or not
(those who quit smoking or never smoked)) and alcohol drink-
ing habits during the preceding month (yes (drinking≥ 20 g of
pure alcohol at least three times a week) or not), occupation
(professional/manager, sales/service/clerical, security/transpor-
tation/labour and others including student, housekeeper and not
in paid employment) and living alone (yes or no) were collected
using a self-administered questionnaire.

Statistical analysis

All statistical analyses were stratified according to sex. The
differences in characteristics among the four groups based on
with or without breakfast and snack consumption were com-
pared using the χ2 test for categorical variables and ANOVA
for continuous variables. Differences in daily intake of energy,
nutrients and food groups based on with or without breakfast
and snack consumption were assessed using the Dunnett test
referenced to the BþS– group. The nutritional inadequacy of
each nutrient intake was represented as the proportion of partic-
ipants whose intake was below the estimated average require-
ment or outside the range of the dietary goal. Logistic
regression analysis was used to examine the difference in the
prevalence of meeting dietary reference intakes in the other
groups compared to the BþS– group. The confounding factors
consideredwere age group (20–29 and 30–39 years), occupation
(professional/manager, sales/service/clerical, security/transpor-
tation/labour and others), living alone (yes or no), current
smoker (yes or no), habitual alcohol drinking (yes or no) and
energy intake (except for the analysis of energy itself and
nutrients provided as % energy (protein, fat, saturated fatty acids
and carbohydrate)). These variables have been reported as fac-
tors that affect breakfast skipping or snack consumption(4,30,31).
All statistical analyses were performed using SAS statistical soft-
ware (version 9.4; SAS Institute Inc.). All reported P values were
two-tailed. P< 0·05 was considered statistically significant in the
χ2 and ANOVA, and P< 0·001 was considered statistically signifi-
cant in the Dunnett test to minimise of Type 1 error with refer-
ence to a previous study(32,33). This study was limited to
participants aged 20–39 years, and analyses were performed
according to sex. The proportion of participants who were in
the same group from the same household was approximately
2·5 % in the present study. Therefore, households were not
included as the clusters, although the NHNS is a household
survey.
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Results

The basic characteristics of the participants stratified by breakfast
and snack consumption are shown in Table 1. The proportions
of breakfast skippers in men and women were 11·8 % and 6·6 %,
respectively, whereas those for snack consumers were 55·3 %
and 68·2 %, respectively. Men in the B–S– group (mean age:
29·1 years, SD: 6·2) and women in the B–Sþ group (mean age:
27·9 years, SD: 5·7) were the youngest. The proportion of partic-
ipants within the normal BMI range was approximately 70 % in
both men and women. The proportion of underweight in men
was the highest in the B–S– group, whereas no significant differ-
ence in terms of BMI was observed in women. There was a sig-
nificant difference in terms of occupation among the four
groups, in both men and women. The proportion of men work-
ing in sales, services or clerical was the highest in the B–S–
group, whereas that in security, transportation or manual labour
was the highest in the other three groups. In all four groups,
women mostly worked in sales, services or clerical, especially
those in the B–S– group. Both men and women participants liv-
ing alone were more likely to be breakfast skippers, irrespective
of snack consumption. The number of daily steps in the B–S–
group was significantly the lowest among men but not among
women. The highest proportion of current smokers and habitual
alcohol drinkers among women were in the B–Sþ and B–S–
groups, respectively. However, waist circumference did not sig-
nificantly differ based on breakfast and snack consumption in
both sexes.

Table 2 shows the daily energy and nutrient intake based on
the dietary record stratified by breakfast and snack consumption.
Men who consumed both breakfast and snacks (BþSþ) had
higher intake of energy, vitamin B2, Ca, Mg and potassium but
lower intakes of protein (as % energy) and Zn than men who
consumed breakfast but not snacks (BþS–). On the other hand,
for only energy intake, the breakfast and snack skippers group
(B–S–) had lower energy intake than the BþS– group. Women
who consumed breakfast and snacks (BþSþ) had higher intakes
of energy, folate, Mg, dietary fibre and potassium but lower
intake of protein (as % energy) than women who are non-snack
consumers (BþS–). While women in the B–S– group had higher
saturated fatty acid intake (as % energy) and lower energy, Cu,
dietary fibre and potassium intake than those in BþS- group. No
difference was observed in the intake between breakfast skip-
pers with snack consumption (B–Sþ) and those in the BþS–
group among both men and women.

The multivariate-adjusted OR for nutritional inadequacy
based on with or without breakfast and snack consumption
are shown in Table 3. Among men who consumed breakfast,
those who also consumed snacks (BþSþ) were less likely to
have inadequate intake for vitamin B2, vitamin C, Ca, Mg and
potassium but a higher prevalence of inadequate intake of Zn
and saturated fatty acid than non-snack consumers (BþS–).
On the other hand, only the prevalence of inadequate folate
intake was higher in the B–S– group than in the BþS– group.
Among women, breakfast and snack consumers (BþSþ) were
more likely to have a lower prevalence of inadequate intake
of vitamins A, B2, B6 and C, folate, Mg, dietary fibre and potas-
sium than the BþS– group. A lower prevalence of inadequate

protein intake and a higher prevalence of inadequate niacin
intakewere observed in the B–Sþ group than in the BþS– group.
The B–S– group was more likely to have a higher prevalence of
inadequate folate and Cu intake than the BþS– group.

Food group intake based on breakfast and snack consump-
tion is shown in Table 4. Men in the BþSþ group had higher
intakes of grain, fruits, dairy products, confectionaries, tea,
coffee, cocoa and soft drinks than men in the BþS− group.
While women who consumed breakfast and snacks (BþSþ)
had higher intakes of fruits, confectionaries, tea, coffee, cocoa
and soft drinks than those consume breakfast but not snacks
(BþS–). Participants in the B–Sþ group had higher intakes of
confectionaries than those in the BþS– group among both
men and women. Additionally, food group intake did not sig-
nificantly differ between the BþS– and B–S– groups in both
men and women.

Discussion

To our knowledge, this is the first study to investigate daily
nutrient intake by focusing on breakfast and snack consumption
among young Japanese adults. We found that breakfast and
snack consumers (BþSþ) had higher levels of several vitamins
and minerals than those who consumed only three meals a day
(BþS–). Furthermore, the nutrient intake level of breakfast con-
sumers without snack consumption (BþS–) was similar to that of
breakfast skippers who consumed snacks (B–Sþ).

The proportion of breakfast skippers in the present study
(men; 11·8 % andwomen; 6·6 %)was similar to that of a previous
Japanese study (men; 10·6 % and women; 6·4 %)(34).
Additionally, the proportions of snack consumers in this study
(men; 55·3 % and women; 68·2 %) were lower than that of pre-
vious studies for USA adults (approximately 80–90 %)(1,9). This
difference may be attributed to the higher proportion of lunch
(approximately 25 %) and dinner (10 %) skippers in the USA(1)

than Japanese in this study (5 %). The characteristics of breakfast
skippers in this study were consistent with previous studies
which reported that breakfast skippers were younger, living
alone and smokers(30,34–37).

In the current study, breakfast and snack consumption was
positively associated with energy intake similar to a previous
study(3). The higher energy intake in BþSþ groups could be
explained by energy intake from confectionaries and soft drinks
because snack consumers hadmore intakes of these food groups
than non-snack consumers as previous studies, irrespective of
dietary survey methods such as 24-h dietary recall and dietary
record(11,13,38,39).

In contrast, the highest prevalence of underweight was
observed in men but not in women in the B–S– group as well
as a previous study which reported that eating frequency was
positively associated with BMI only in USA men(2).
Underreporting is more common among young Japanese
women(40), especially those who are overweight(41). In fact,
20 % of thewomen in the B–S– groupwere overweight, although
their energy intake was the lowest on the dietary record day.
In addition, differences in social desirability by gender, such
as underreporting of energy intake among women, have been
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reported(42). Thus, caution should be observed in interpreting
our results on women. The lower energy intake in the B–S–
group suggests that the lower energy intake due to missing
breakfast and snacks was not compensated for by lunch and din-
ner. However, because the results of this study were obtained
from a one-day dietary record, similar trends observed in studies
of habitual food intake need to be assessed.

The intake of folate, vitamin C, Ca, Fe, potassium and dietary
fibre among breakfast and snack consumers were higher than
those consuming three meals a day in USA adults(1).
Additionally, for young USA adults, snacks have been reported
to be contributed to the intake of vitamin B2, vitamin C, niacin,
Ca and Fe(43), whereas breakfast skipping has been reported to
be associated with inadequate intake of vitamin A, vitamin C
and Mg(44). These results from 24-h recall data are consistent
with our results from dietary record data. Moreover, regarding
the intake of food groups, the BþSþ group had higher intake of

fruits than the BþS- group. Fruits contain a large amount of vita-
mins and minerals(45), and their consumption was higher
among snack consumers(9). In addition, women with a higher
frequency of snack consumption were more likely to be health
conscious(38), and the frequency of snack consumption in
women was higher than that in men(46,47). These reports may
partly explain why the number of nutrients meeting adequate
intakewas higher amongwomen than amongmen in this study.
Moreover, among only men, Zn intake was lower and inad-
equate in the BþSþ group than the BþS– group. Zn content
varies from food to food, irrespective of food group(23). The sec-
ondary data for the NHNS did not have access to detailed food
records. Detailed food sources of Zn in breakfast and snacks
may need to be explored. Overall, snack consumption may
lead to higher nutritional intake.

On the other hand, the lower intake of Cu, dietary fibre and
potassium was observed among women in the B–S– group than

Table 1. Characteristics of study participants stratified by breakfast and snack consumption among 1420 Japanese men and 1659 Japanese women aged
20–39 years from the NHNS 2012 data

Breakfast consumers Breakfast skippers

Non-snack
consumers
(BþS–)

Snack
consumers
(BþSþ)

Snack
consumers
(B–Sþ)

Non-snack
consumers
(B–S–) P*

Men, n (%) 555 (39·1) 698 (49·2) 87 (6·1) 80 (5·6)
Age, years, mean (SD) 31·8 (5·6) 31·8 (5·6) 30·5 (5·5) 29·1 (6·2) <0·001
Body height, cm, mean (SD) 171·3 (5·9) 171·3 (5·9) 170·2 (5·9) 170·5 (6·2) 0·277
Body weight, kg, mean (SD) 69·0 (12·9) 68·8 (12·2) 68·4 (13·2) 66·5 (13·1) 0·418
Waist circumference, cm, mean (SD) 82·6 (9·8) 82·7 (10·1) 83·1 (11·5) 80·7 (11·1) 0·383
BMI category, n (%) 0·006
Underweight< 18·5) 25 (4·5) 30 (4·3) 4 (4·6) 12 (15·0)
Normal (18·5–25) 379 (68·3) 483 (69·2) 61 (70·1) 49 (61·3)
Overweight (≥ 25) 151 (27·2) 185 (26·5) 22 (25·3) 19 (23·8)

Occupation, n (%) 0·009
Professional/manager 148 (26·7) 162 (23·2) 16 (18·4) 15 (18·8)
Sales/service/clerical 157 (28·3) 215 (30·8) 24 (27·6) 31 (38·8)
Security/transportation/manual labour 193 (34·8) 244 (35·0) 29 (33·3) 18 (22·5)
Others 57 (10·3) 77 (11·0) 18 (20·7) 16 (20·0)

Living alone, n (%) 42 (7·6) 75 (10·7) 21 (24·1) 19 (23·8) <0·0001
Current smoker, n (%) 205 (36·9) 265 (38·0) 41 (47·1) 39 (48·8) 0·075
Habitual alcohol drinker, n (%) 164 (29·6) 177 (25·4) 15 (17·2) 19 (23·8) 0·064
Step counts, mean (SD) 8079 (4387) 8219 (4706) 7434 (4943) 6731 (4774) 0·029
Women, n (%) 489 (29·5) 1060 (63·9) 71 (4·3) 39 (2·4)
Age, years, mean (SD) 31·6 (5·8) 32·5 (5·3) 27·9 (5·7) 29·8 (6·5) <0·001
Body height, cm, mean (SD) 157·9 (5·8) 158·1 (5·2) 158·2 (5·3) 157·3 (6·9) 0·757
Body weight, kg, mean (SD) 53·2 (9·5) 53·1 (9·0) 52·8 (9·2) 54·3 (10·9) 0·869
Waist circumference, cm, mean (SD) 75·3 (9·9) 75·2 (9·4) 75·0 (9·9) 77·0 (11·6) 0·736
Body mass index category, n (%) 0·680
Underweight (< 18·5) 85 (17·4) 193 (18·2) 14 (19·7) 6 (15·4)
Normal (18·5–25) 344 (70·4) 745 (70·3) 51 (71·8) 25 (64·1)
Overweight (≥ 25) 60 (12·3) 122 (11·5) 6 (8·5) 8 (20·5)

Occupation 0·002
Professional/manager 90 (18·4) 187 (17·6) 12 (16·9) 5 (12·8)
Sales/service/clerical 227 (46·4) 426 (40·2) 33 (46·5) 24 (61·5)
Security/transpotation/manual labour 45 (9·2) 70 (6·6) 1 (1·4) 3 (7·7)
Others 127 (26·0) 377 (35·6) 25 (35·2) 7 (18·0)

Living alone, n (%) 21 (4·3) 69 (6·5) 7 (9·9) 5 (12·8) 0·049
Current smoker, n (%) 73 (14·9) 118 (11·1) 15 (21·1) 5 (12·8) 0·028
Habitual alcohol drinker, n (%) 56 (11·5) 94 (8·9) 3 (4·2) 8 (20·5) 0·017
Step counts, mean (SD) 6772 (3533) 6871 (3596) 7736 (5411) 6601 (3390) 0·212

* Means for continuous values were compared using the analysis of variance, and proportions for categorical values were compared using the χ2 test among the four groups.
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those in the BþS– group. Among USA and Korean adults, break-
fast skippers had lower intake of vitamin B1, niacin, folate, vita-
min C and Ca than breakfast consumers, irrespective of dietary
survey methods such as 24-h dietary recall and dietary rec-
ord(5,48). In addition, among Japanese adults, breakfast skippers
had lower intake of folate, vitamin C, Ca, Mg, potassium and Fe
than breakfast consumers(4). However, breakfast skippers in
these previous studies included both snack and non-snack con-
sumers, unlike the classification in this study, which could

explain the discrepancy in results. In young adults who skip
breakfast and snacks, especially women, need to be considered
in the future.

No differencewas found in nutrient intake between the BþS–
and B–Sþ groups. In contrast to the results of this study,
American adults aged≥ 20 years who skipped breakfast and
consumed at least two snacks per day had lower intake of
nutrients except for salt than those who consumed only three
meals per day(1). Although the frequency of snack consumption

Table 2. Daily energy and nutrient intake of study participants stratified by breakfast and snack consumption among 1420 Japanesemen and 1659 Japanese
women aged 20–39 years from the NHNS 2012 data
(mean values and standard eror)

Breakfast consumers Breakfast skippers

Non-snack
consumers (BþS–)

Snack consumers
(BþSþ)

Snack consumers
(B-Sþ)

Non-snack consumers
(B-S–)

Mean SE Mean SE Mean SE Mean SE

Men, n 555 698 87 80
Energy, kcal/d 2095 22 2372 24* 2128 65 1669 73*
Protein, % energy 14·4 0·1 13·7 0·1* 13·4 0·3 14·3 0·5
Fat, % energy 26·1 0·3 26·3 0·3 27·5 0·7 27·1 1·0
SFA, % energy 6·8 0·1 7·2 0·1 7·4 0·3 7·1 0·3
Carbohydrate, % energy 54·9 0·4 55·9 0·3 55·6 0·8 54·0 1·1
Vitamin A, μg RAE/d† 488 26 555 23 461 55 475 116
Vitamin B1, mg/d 0·9 0·02 1·1 0·04 1·0 0·07 0·7 0·04
Vitamin B2, mg/d 1·1 0·02 1·5 0·04* 1·1 0·09 0·8 0·06
Niacin, NEmg/d‡ 27·9 0·4 31·5 0·5 27·2 1·1 23·1 1·4
Vitamin B6, mg/d 1·1 0·03 1·5 0·08 1·3 0·16 0·9 0·05
Vitamin B12, μg/d 5·7 0·3 5·9 0·3 4·8 0·5 5·1 0·8
Folate, μg/d 260 5 295 5 231 11 191 16
Vitamin C, mg/d 67 2 92 4 70 7 50 5
Ca, mg/d 423 10 518 9* 398 23 313 25
Mg, mg/d 231 3 267 3* 217 8 177 10
Fe, mg/d 7·4 0·1 8·3 0·1 7·2 0·3 5·9 0·3
Zn, mg/d 9·1 0·1 9·0 0·1* 8·6 0·3 7·3 0·4
Cu, mg/d 1·2 0 1·3 0 1·1 0 1·0 0·1
Dietary fibre, g/d 13·2 0·2 14·8 0·2 13·2 0·6 10·3 0·7
Na (salt-equivalent), g/d 10·7 0·2 11·8 0·2 10·8 0·5 8·8 0·4
K, mg/d 2022 30 2415 30* 1907 73 1554 100
Women, n 489 1060 71 39
Energy, kcal/d 1575 20 1745 13* 1574 61 1253 78*
Protein, % energy 15·1 0·2 14·3 0·1* 14·1 0·4 15·4 0·7
Fat, % energy 27·6 0·3 28·2 0·2 28·9 0·9 30·8 1·6
SFA, % energy 7·4 0·1 7·9 0·1 8·3 0·4 9·5 0·8*
Carbohydrate, % energy 54·5 0·4 55·3 0·3 54·6 1·0 50·0 1·9*
Vitamin A, μg RAE/d† 442 25 503 14 404 39 265 30
Vitamin B1, mg/d 0·8 0·02 0·8 0·02 0·9 0·12 0·6 0·06
Vitamin B2, mg/d 1·0 0·03 1·1 0·02 1·1 0·11 0·8 0·07
Niacin, NEmg/d‡ 21·9 0·4 23·6 0·2 21·8 1·5 17·8 1·6
Vitamin B6, mg/d 1·0 0·06 1·1 0·03 1·1 0·16 0·7 0·06
Vitamin B12, μg/d 4·8 0·3 4·7 0·2 4·6 0·8 2·8 0·5
Folate, μg/d 227 5 259 3* 204 17 152 11
Vitamin C, mg/d 68 3 82 2 61 7 53 18
Ca, mg/d 384 9 455 6 375 29 312 35
Mg, mg/d 188 3 221 2* 183 12 144 13
Fe, mg/d 6·1 0·1 6·9 0·1 6·0 0·5 4·5 0·3
Zn, mg/d 7·3 0·1 7·1 0·1 6·8 0·4 5·3 0·3
Cu, mg/d 0·9 0 1·0 0 0·9 0 0·6 0*
Dietary fibre, g/d 11·5 0·2 13·4 0·2* 11·0 0·9 7·6 0·6*
Na (salt-equivalent), g/d 8·8 0·2 9·3 0·1 8·3 0·4 6·8 0·4
K, mg/d 1735 31 2056 21* 1674 94 1195 83*

NE, niacin equivalent; RAE, retinol activity equivalent; SFA, saturated fatty acid.
* Indicates significant difference referenced to the BþS– groups by Dunnett test in the adjusted model with confounding variables of age, occupation (professional/manager, sales/
service/clerical, security/transportation/manual labour and others), living alone (yes or no), current smoker (yes or no), habitual alcohol drinker (yes or no) and energy intake (except
for the analysis on energy itself and nutrients provided as % energy (protein, fat, saturated fatty acid and carbohydrate)).

† Sum of retinol, β-carotene/12, α-carotene/24 and cryptoxanthin/24.
‡ Sum of niacin and protein/6000.
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Table 3. Multivariate-adjusted odds ratios for the presence of notmeeting estimated average requirement (EAR) and tentative dietary goal to prevent lifestyle-related diseases (DG) among 1420 Japanesemen
and 1659 Japanese women aged 20–39 years from the NHNS 2012 data
(Odd ratio (OR) and 95 % confidence intervals (CI))

Men Women

Breakfast consumers Breakfast skippers Breakfast consumers Breakfast skippers

Non-snack
consumers
(BþS–)

Snack
consumers
(BþSþ)

Snack
consumers
(B–Sþ)

Non-snack
consumers
(B–S–)

Non-snack
consumers
(BþS–)

Snack
consumers
(BþSþ)

Snack
consumers
(B–Sþ)

Non-snack
consumers
(B–S–)

EAR Vitamin A, μg RE/d,
n (%)

447 (80·5) 507 (72·6) 69 (79·3) 68 (85.0) 347 (71.0) 646 (60·9) 53 (74·7) 32 (82·1)

Adjusted OR (95% CI)* Reference 0·82 (0·62, 1·09) 0·95 (0·53, 1·72) 0·94 (0·47, 1·88) Reference 0·74 (0·58, 0·94) 1·36 (0·75, 2·49) 1·44 (0·60, 3·49)
Vitamin B1, mg/d, n (%) 437 (78·7) 495 (70·9) 69 (79·3) 72 (90.0) 370 (75·7) 741 (69·9) 49 (69.0) 30 (76·9)
Adjusted OR 95% CI)* Reference 0·99 (0·74, 1·32) 1·19 (0·65, 2·19) 1·47 (0·63, 3·42) Reference 1·01 (0·77, 1·32) 0·80 (0·43, 1·48) 0·52 (0·22, 1·24)
Vitamin B2, mg/d, n (%) 406 (73·2) 400 (57·3) 67 (77.0) 69 (86·3) 329 (67·3) 518 (48·9) 46 (64·8) 30 (76·9)
Adjusted OR (95% CI)* Reference 0·69 (0·53, 0·90) 1·45 (0·80, 2·60) 1·37 (0·66, 2·86) Reference 0·58 (0·45, 0·74) 0·97 (0·53, 1·76) 0·85 (0·36, 2·03)
Niacin, NE mg/d, n (%) 10 (1·8) 9 (1·3) 4 (4·6) 11 (13·8) 15 (3·1) 14 (1·3) 6 (8·5) 6 (15·4)
Adjusted OR (95% CI)* Reference 1·01 (0·36, 2·85) 1·84 (0·49, 6·97) 1·42 (0·47, 4·34) Reference 0·97 (0·41, 2·28) 3·64 (1·08, 12·3) 1·76 (0·50, 6·18)
Vitamin B6, mg/d, n (%) 306 (55·1) 304 (43·6) 54 (62·1) 67 (83·8) 335 (68·5) 586 (55·3) 49 (69.0) 34 (87·2)
Adjusted OR 95% CI)* Reference 0·93 (0·72, 1·21) 1·28 (0·74, 2·21) 1·85 (0·92, 3·75) Reference 0·73 (0·57, 0·95) 1·11 (0·60, 2·07) 1·96 (0·65, 5·90)
Vitamin B12, μg/d, n (%) 143 (25·8) 142 (20·3) 23 (26·4) 32 (40.0) 183 (37·4) 341 (32·2) 35 (49·3) 23 (59.0)
Adjusted OR (95% CI)* Reference 0·97 (0·73, 1·28) 0·99 (0·57, 1·70) 1·08 (0·64, 1·84) Reference 0·94 (0·74, 1·20) 1·59 (0·93, 2·71) 1·63 (0·81, 3·28)
Folate, μg/d, n (%) 179 (32·3) 172 (24·6) 36 (41·4) 53 (66·3) 235 (48·1) 315 (29·7) 40 (56·3) 31 (79·5)
Adjusted OR (95% CI)* Reference 0·93 (0·71, 1·21) 1·31 (0·78, 2·18) 2·04 (1·18, 3·53) Reference 0·56 (0·44, 0·71) 1·40 (0·80, 2·46) 2·84 (1·19, 6·80)
Vitamin C, mg/d, n (%) 420 (75·7) 435 (62·3) 64 (73·6) 71 (88·8) 379 (77·5) 673 (63·5) 57 (80·3) 36 (92·3)
Adjusted OR (95% CI)* Reference 0·65 (0·50, 0·84) 0·90 (0·52, 1·54) 1·81 (0·85, 3·86) Reference 0·56 (0·43, 0·72) 1·21 (0·64, 2·31) 2·63 (0·78, 8·86)
Ca, mg/d, n (%) 458 (82·5) 502 (71·9) 75 (86·2) 72 (90.0) 397 (81·2) 766 (72·3) 62 (87·3) 36 (92·3)
Adjusted OR (95% CI)* Reference 0·72 (0·54, 0·97) 1·50 (0·75, 2·97) 1·25 (0·55, 2·84) Reference 0·78 (0·59, 1·03) 1·85 (0·85, 4·02) 1·89 (0·54, 6·60)
Mg, mg/d, n (%) 468 (84·3) 486 (69·6) 76 (87·4) 73 (91·3) 388 (79·4) 676 (63·8) 56 (78·9) 36 (92·3)
Adjusted OR (95% CI)* Reference 0·65 (0·47, 0·90) 1·57 (0·73, 3·38) 0·97 (0·38, 2·48) Reference 0·58 (0·44, 0·78) 1·08 (0·53, 2·21) 1·90 (0·46, 7·83)
Fe, mg/d†, n (%) 238 (42·9) 222 (31·8) 39 (44·8) 53 (66·3) 450 (92.0) 917 (86·5) 65 (91·6) 39 (100)
Adjusted OR (95% CI)* Reference 1.00 (0·76, 1·30) 1·06 (0·61, 1·83) 1·04 (0·58, 1·89) Reference 0·78 (0·52, 1·16) 1·03 (0·39, 2·73) –
Zn, mg/d, n (%) 305 (55.0) 321 (46.0) 50 (57·5) 61 (76·3) 280 (57·3) 503 (47·5) 45 (63·4) 32 (82·1)
Adjusted OR (95% CI)* Reference 1·55 (1·15, 2·10) 1·30 (0·69, 2·46) 0·77 (0·37, 1·64) Reference 1·19 (0·90, 1·58) 1·70 (0·83, 3·48) 1·39 (0·46, 4·22)
Cu, mg/d, n (%) 30 (5·4) 22 (3·2) 6 (6·9) 24 (30.0) 59 (12·1) 76 (7·2) 15 (21·1) 19 (48·7)
Adjusted OR (95% CI)* Reference 0·96 (0·51, 1·82) 0·82 (0·29, 2·35) 2·04 (0·96, 4·35) Reference 1·14 (0·73, 1·78) 1·70 (0·76, 3·83) 3·18 (1·30, 7·75)

DG Protein, % energy, n (%) 21 (3·8) 14 (2.0) 1 (1·2) 4 (5.0) 191 (39·1) 398 (37·6) 36 (50·7) 11 (28·2)
Adjusted OR (95% CI)* Reference 1·22 (0·97, 1·53) 0·91 (0·58, 1·43) 1·12 (0·69, 1·81) Reference 0·92 (0·73, 1·15) 0·55 (0·34, 0·91) 1·65 (0·80, 3·40)
Fat, % energy, n (%) 265 (47·8) 312 (44·7) 37 (42·5) 38 (47·5) 251 (51·3) 560 (52·8) 40 (56·3) 20 (51·3)
Adjusted OR (95% CI)* Reference 0·88 (0·71, 1·11) 1·07 (0·68, 1·69) 0·88 (0·55, 1·40) Reference 1·07 (0·86, 1·33) 0·88 (0·54, 1·44) 1·11 (0·58, 2·12)
SFA, % energy, n (%) 231 (41·6) 339 (48·6) 44 (50·6) 36 (45.0) 240 (49·1) 633 (59·7) 46 (64·8) 25 (64·1)
Adjusted OR (95% CI)* Reference 1·32 (1·05, 1·66) 0·92 (0·58, 1·44) 1·20 (0·75, 1·94) Reference 1·56 (1·25, 1·94) 0·91 (0·54, 1·51) 0·89 (0·45, 1·74)
Carbohydrate, % energy,

n (%)
211 (38.0) 246 (35·2) 25 (28·7) 29 (36·3) 195 (39·9) 382 (36.0) 26 (36·6) 18 (46·2)

Adjusted OR (95% CI)* Reference 0·91 (0·72, 1·15) 1·24 (0·76, 2·04) 0·89 (0·55, 1·45) Reference 0·87 (0·69, 1·08) 0·96 (0·58, 1·59) 0·70 (0·37, 1·34)
Dietary fibre, g/d, n (%) 503 (90·6) 615 (88·1) 81 (93·1) 77 (96·3) 450 (92.0) 882 (83·2) 63 (88·7) 38 (97·4)
Adjusted OR (95% CI)* Reference 1·18 (0·79, 1·75) 1·63 (0·63, 4·17) 1·68 (0·43, 6·63) Reference 0·55 (0·37, 0·81) 0·68 (0·29, 1·60) 2.00 (0·24, 16·3)
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per day was not examined in this study, the B–Sþ group
included those who snack at least once a day, whereas the
previous study did not include those who consumed snacks
only once(1). This may partly explain the difference in the
results. Thus, whether snack content changes according to the
timing and frequency of snacks should be considered in future
studies.

This study had some limitations. First, the participants were
randomly selected from nationally representative households
in Japan; however, only 51·9 % of the sampled households par-
ticipated, and the individual-level response rate was unknown.
This might have introduced some bias in the estimation of aver-
age intake in Japanese adults. Second, a dietary intake derived
from a one-day weighed dietary record is unlikely to represent
the usual intake. Therefore, caution is needed for interpreting
our results, especially those regarding nutrient inadequacy.
Incidentally, it is noted that the one-day household-based dietary
record method used in NHNS has been compared with individ-
ual dietary records of Japanese participants, and the correlation
coefficients of the intake of total energy andmacronutrients were
high (0·89–0·91)(49). Thus, this method may be valid for estimat-
ing individual intake. Third, we only analysed those who con-
sumed three meals a day because this study aimed to assess
nutrient intake and nutrition adequacy based on the difference
in breakfast and snack consumption. This might have introduced
some bias regarding nutrient intake. Fourth, meal frequency and
snack frequency have been linked to education and income(2).
However, we did not investigate the education and income lev-
els of the participants; thus, we could not consider these relation-
ships. Therefore, their influence on the results could not be
determined. Fifth, we did not examine the timing and frequency
of snack consumption. Snack timing and frequency have been
positively associated with the intake of fruit and dairy products
and negatively associated with the fish intake(2,50). Sixth, a large
number of participants (n 1373) were excluded from the present
analysis because of missing information on their height and
weight. The proportion of individuals with missing value was
higher among breakfast skippers; however, there were no
differences in macronutrient intakes between excluded persons
and participants in this study (data not shown). Therefore, the
exclusion of people with missing values from the analysis would
not have a significant impact on the results of this study. Lastly,
the number of people varied in each group, and the number of
participants was small, especially thewomen in the B–S– groups,
although the required sample size was B–S– (n 34) and BþS–
(n 458) that was estimated using G × Power 3 with effect size
0·5, power 0·8 and allocation ratio n2/n1 12·5(51). Further study
may need to be conducted in target population with a large
sample size where the statistical power of the B–S–group is
sufficient.

This cross-sectional study showed that breakfast and snack
consumption is related to nutrient intake among Japanese adults.
In young Japanese adults whose energy intake is within an
appropriate range, snack consumption could supplement
nutrients that may not be adequately consumed by three meals.
Overall, Japanese adults are likely to consume nutrient-rich
snacks, and further investigation on the nutrients and consump-
tion of snacks is warranted.T
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Fruits, g/d 37·3 3·6 70·1 5·4 * 40·2 10·2 23·8 7·7
Mushrooms, g/d 16·2 1·4 18·5 1·3 16·6 3·3 16·9 3·4
Seaweeds, g/d 8·2 0·7 10·2 0·7 5·9 1·9 10·3 2·9
Fish and shellfishes, g/d 67·6 3·1 69·6 2·9 61·8 7·1 58·3 13·0
Meat and poultry, g/d 133·4 4·0 129·7 3·4 135·3 9·8 118·8 9·6
Eggs, g/d 39·8 1·6 40·6 1·4 25·0 3·3 27·3 4·3
Dairy products, g/d 65·0 5·7 106·4 5·7 * 48·3 8·2 34·9 11·4
Fats and oils, g/d 13·8 0·5 14·4 0·5 14·7 1·4 10·8 1·1
Confectionaries, g/d 8·3 1·4 31·4 2·0 * 44·0 6·8 * 2·2 1·6
Tea (Green tea, black tea and Chinese tea), g/d 184·9 12·2 262·7 13·2 * 304·2 43·9 161·8 27·4
Coffee and cocoa, g/d 90·7 6·2 232·6 9·5 * 111·1 17·0 34·0 10·2
Soft drink, g/d 137·7 10·8 218·1 12·6 * 211·8 34·3 150·8 36·6
Seasonings, g/d 106·8 4·5 117·7 4·3 116·1 12·8 84·0 8·7
Women, n 489 1060 71 39
Grains, g/d 395·1 6·7 389·6 4·6 * 334·7 16·0 279·3 17·4
Potatoes, g/d 48·1 2·6 50·5 1·9 39·7 6·3 27·7 6·7
Sugars, g/d 5·4 0·4 6·5 0·2 7·4 1·3 2·4 0·7
Pulses, g/d 49·0 3·2 51·4 2·1 37·6 7·7 22·3 7·6
Sesame and nuts, g/d 1·1 0·2 1·7 0·2 1·2 0·7 0·6 0·3
Vegetables, g/d 241·0 7·2 256·6 4·4 204·6 16·0 137·8 14·5
Fruits, g/d 47·7 4·2 81·9 3·2 * 47·5 8·8 66·7 30·7
Mushrooms, g/d 14·0 1·1 15·7 0·7 19·6 4·5 13·3 3·7
Seaweeds, g/d 6·5 0·7 10·9 0·8 4·0 1·4 5·3 2·1
Fish and shellfishes, g/d 56·6 2·9 52·5 1·7 47·8 7·1 34·0 8·5
Meat and poultry, g/d 89·0 3·1 86·7 1·8 89·1 9·6 91·2 11·7
Eggs, g/d 33·2 1·5 33·5 1·0 29·8 4·0 28·2 5·9
Dairy products, g/d 77·2 5·1 104·6 3·7 96·5 15·6 66·7 27·2
Fats and oils, g/d 10·8 0·4 10·9 0·3 10·1 0·9 8·2 1·1
Confectionaries, g/d 13·3 1·8 39·1 1·6 * 50·1 7·5 * 12·7 6·0
Tea (Green tea, black tea and Chinese tea), g/d 179·2 11·5 279·3 10·7 * 281·6 39·6 194·9 51·3
Coffee and cocoa, g/d 86·2 6·8 170·9 6·7 * 112·8 22·9 61·0 20·1
Soft drink, g/d 111·7 9·5 164·4 8·2 * 162·2 33·1 61·4 22·0
Seasonings, g/d 82·3 4·0 82·3 2·5 72·3 8·3 51·7 7·8

* Indicates significant difference referenced to the BþS− groups by Dunnett test in the adjusted model with confounding variables of age, occupation (professional/manager, sales/
service/clerical, security/transportation/manual labour and others), living alone (yes or no), current smoker (yes or no), habitual alcohol drinker (yes or no) and energy intake (except
for the analysis on energy itself and nutrients provided as % energy (protein, fat, saturated fatty acid and carbohydrate)).
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