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Abstract
Objective: To investigate the relationship between nutrient intake and a straightfor-
ward Japanese nutritional goal of consuming a meal that includes staple, main and
side dishes (SMS meal) more than twice a day.
Design: This was a cross-sectional, observational study using the data from
de-identified records of the 2012 National Health and Nutrition Survey. Dietary
assessment was conducted using semi-weighed dietary records that were com-
pleted on one weekday.
Setting: A home-based setting in Japan.
Participants: 30 269 subjects (male n 14 284; female n 15 985) aged ≥6 years
(6–103 years, mean 50·4 (SD 22·3) years).
Results: As the frequency of SMSmeals increased, we found a higher intake of most
nutrients and each food group. Subjects who consumed SMS meals at least twice a
day were more likely to meet the Dietary Reference Intakes (DRI) for Japan com-
pared with subjects who consumed an SMS meal once a day or less. However, the
frequency of SMS meals did not necessarily ensure that DRI for Japan for saturated
fatty acid, vitamin A, vitamin B1, calcium, iron and salt were met.
Conclusions: Consuming SMS meals at least twice a day is a useful and straightfor-
ward nutrition goal to achieve adequate intake of some nutrients. However, it is
necessary to provide the public with more information on foodstuff choice to
ensure an adequate intake of all nutrients.
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International interest in the traditional Japanese diet has
grown, especially after the registration of UNESCO
Intangible Cultural Heritage in 2013(1). The Japanese diet
is also believed to have an impact on longevity among
the Japanese population. In Japan, several policies and rec-
ommendations relating to nutrition have been established.
The main dietary policies or recommendations in Japan
include the Dietary Reference Intakes (DRI) for Japan(2),
the Japanese Food Guide Spinning Top(3), the second term
of the National Health Promotion Movement in the 21st
century (Health Japan 21, 2013–2023)(4), and A Basic Act
for Shokuiku (food and nutrition education/promotion)(5).
Adherence to the Japanese Food Guide Spinning Top has
already been demonstrated to reduce mortality and meta-
bolic risk factors(6,7).

The main strategies of these policies and recommenda-
tions differ. The relationships between these policies/
recommendations and the concepts of nutrient-based,
foodstuff-based and dish-based recommendations are
shown in Fig. 1(8,9). DRI for Japan shows the recommended
nutrient intake and is usually used in various situations of
dietary education andmeal planning by dietitians and other
health professionals. Nutrient-based recommendations,
such as the DRI for Japan, are difficult to apply in daily life
by non-professionals because calculating the nutrient con-
tents of meals is complicated. The Japanese Food Guide
Spinning Top (2005) presents the recommended intake
from three dish groups (grains, vegetables and fish and
meat) and two additional food groups (fruit and dairy)
per day to facilitate the selection of adequate foods in
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daily life(3). In addition, Health Japan 21 (2013–23) has set
the dietary goal (DG) to increase the number of people
who consume meals that include staple, main and side
dishes (an SMS meal that includes SMS dishes in one meal)
more than twice a day, every day, from 68·1 % in 2011 to
80 % in 2022(4). Moreover, A Basic Act for Shokuiku (food
and nutrition education/promotion) set a similar goal to
increase the proportion of individuals who consume SMS
meals more than twice a day among all Japanese people,
especially those aged 20–39 years(5).

A complete SMSmeal includes SMS dishes and is the tra-
ditional and cultural concept of a single meal in Japan.
Adachi first mentioned this concept as a tool for nutrition
education with a dish-based recommendation(10). Adachi
suggested that a practical recommendation for a daily diet,
rather than a nutrients-based recommendation alone, was
needed to achieve a healthy diet. In this concept, SMS
dishes are defined based on their size andmain ingredients.
Following this work, the usefulness of this dish-based rec-
ommendation has been carefully studied(10,11).

However, more than 30 years have passed since the
concept of SMS meal as a dish-based recommendation

was first established. During this time, dietary intakes,
lifestyle and health status in Japan have changed
dramatically(12). Thus, the concept of SMS meal in relation
to nutrient intake needs to be explored again, especially
given that this dish-based concept is still used in many
recent nutritional policies.

In this study, we aimed to clarify the relationship
between (i) consuming an SMS meal and the intake of each
nutrient, and (ii) consuming an SMSmeal and agreement of
DRI for Japan, using data from the Japan National Health
and Nutrition Survey (JNHNS)(13). Using JNHNS data
enabled us to examine these relationships across broad
age groups representing the Japanese population.

Methods

Study design
De-identified records from the 2012 JNHNS were cross-
sectionally analysed. Secondary use of the data was permit-
ted by the Japanese Ministry of Health, Labour andWelfare.
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Fig. 1 A framework of food/nutrition education. The stratified framework of level of food intake, target behaviour, examples of leading
dietary standards, and their contents (nutrients, food groups and dishes) were categorised according to the level of food/nutrition education
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Study population
The original JNHNS survey included 32 228 subjects aged
1–103 years. In that survey, targeted households were
selected by a stratified single-stage cluster design across
all forty-seven prefectures in Japan. The household
response rate was 67 %. The individual response rate
was not officially reported, but has been estimated to be
around 60 %(14). The following subjects were excluded
from the current analysis: 1370 subjects aged ≤5 years,
368 subjects who were pregnant or lactating, and 221 sub-
jects with an energy intake ±3 SD for each sex and age
group. Children aged ≤5 years were excluded because
the Japanese Food Guide Spinning Top used to define
SMS dishes can only be applied to subjects aged≥6 years(3).

Dietary assessment
Dietary data were collected using semi-weighed dietary
records that were completed on one weekday between
October and November 2012, as described elsewhere(15–17).
Briefly, dietary intake was recorded by a representative
householdmemberwhowas responsible for preparingmeals
and beverages consumed by all household members. This
representative person was asked to weigh each food before
and/or after preparation, and to record theweight of food that
was uneaten. When the household members shared foods or
dishes, the representative household member was asked to
record the approximate proportions of foods consumed by
eachhouseholdmember. If theweighingof foodwasdifficult,
she/hewas asked to record the portion size.When the house-
hold members ate out, he/she was asked to record their food
intake and portion size. In addition, the staff dietitians col-
lected information about the menus of child participants’
school lunches. The staff dietitian confirmed what food had
been eaten at outside the home with each household
member. However, if this was not possible, the staff dietitian
asked the representative person to confirm the dietary record
when itwas not completely recorded. Then, the staff dietitians
converted these portion sizes into an estimated weight, and
explained these procedures to the representative person.
The participants distinguished meals into breakfast, lunch
and dinner, and reported these on separate sheets. All drinks
and foods consumed that were not meals were categorised as
snacks. Macro- and micronutrients were calculated using the
Shokuji Shirabe(18), which is an exclusive software developed
for the JNHNS according to the 2010 Standard Tables of Food
Composition(19). Foods were grouped according to the
food classifications used in the JNHNS (cereals, potatoes,
sugar, beans, seeds, vegetables, fruits, mushrooms, seaweed,
fish, meat, eggs, dairy products, oils, sweets, drinks and
seasonings)(15).

Other assessments
Body height and body mass of approximately 90 % of the
participants were measured by trained fieldworkers using
standardised procedures. For the remaining participants,

height and mass were measured either by other household
members at home or were self-reported. BMI was calcu-
lated as body mass divided by height-squared.

In addition, the first page of the dietary assessment sheet
asked participants about their occupation status and exer-
cise habits. If participants exercised>2 d/week for>30 min
at a time, and had done so for >1 year, they were classified
as having an exercise habit, and answered questions about
the frequency, duration and intensity of their exercise.

Calculation of staple, main and side meal
frequency
To assess the consumption of an SMSmeal from the JNHNS
data, we used the definitions of SMS dishes of the Japanese
Food Guide Spinning Top(3), because it was difficult to
apply the basic concept of each dish developed by
Adachi(10) to dietary data from the JNHNS. One serving
of each dish was defined as follows: staple dish: 40 g of
carbohydrate from grain (including rice, bread and
noodles); main dish: 6 g of protein from meat, fish, eggs or
beans; side dish: 70 g of vegetables (including mushrooms,
potatoes and seaweed)(3). As with previous studies(20,21), if
a subject consumed at least half a serving of any of these
dishes, they were considered to have consumed that dish.
A complete SMS meal was defined as a meal that included
SMS dishes in a single meal. The number of servings was
calculated using twomethods. In the first method, the num-
ber of servings of each dish on the same plate was calcu-
lated, then the number of servings of each dish at one
meal was summed. This is the usual method to calculate
the number of servings when using the Japanese Food
Guide Spinning Top in nutritional education. In the second
method, all foods in a singlemeal were added together, and
the number of servings of each dish was calculated. We
found that the second method was easy to apply when
calculating the number of servings of each dish from the
dietary data, and used this method in the study. There were
a total of 30 269 meals recorded by all participants; 91·4 %
of these meals were similarly distinguished as an SMS meal
or not, according to these two methods.

The frequency of consuming SMS meals was classified
into ≤1, 2, ≥3 times per day. Meals were distinguished into
breakfast, lunch and dinner. In addition, drinks and foods
consumed at times outside of these meals were categorised
as snacks. A small proportion of participants (0·8 %) ate an
SMS meal as a snack; as a result, 0·1 % of participants
consumed SMS meals four times a day.

Statistical analyses
Data of subjects’ characteristics are expressed as mean and
SD for numerical data, and as numbers and percentages for
categorical data. Other numerical data, including energy,
nutrient intake and intake for each food group, are
expressed as adjusted mean and 95 % CI. Data were ana-
lysed using a linear mixed model, including nine regions
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in Japan (Hokkaido, Tohoku, Kanto, Hokuriku, Tokai,
Kinki, Chugoku, Shikoku and Kyushu) and age as random
effect variables. We divided participants into five age
groups, as follows: 6–11 (elementary school), 12–17 (junior
and senior high school), 18–40 (early adults), 41–64
(late adults) and ≥65 (elderly) years.

To assess the relationship between the frequency of SMS
meals and healthy nutrient intake, nutrient intakes were
compared with the upper and lower limits of a tentative
DG for preventing lifestyle-related diseases. In DRI for
Japan, DG was set as a percentage of energy intake (%E)
from protein, fat, carbohydrate, SFA and grams per day
of dietary fibre and salt. If the nutrient did not have a
DG, nutrient intake was compared with the estimated aver-
age requirement (EAR) and the tolerable upper intake level
(UL) of the DRI for Japan 2015(2). The DRI for Japan 2015
presents DG or EAR for a total of thirty-four nutrients.
Iodine, Se and Mo were excluded because of insufficient
information on these in food composition tables. We
applied 0·45 and 0·50 mg and 4·8 mg niacin equivalent
per 4184 kJ energy intake for the EAR of vitamin B1, vitamin
B2 and niacin according to EAR. The tolerable UL for vita-
min A, folate, Ca, Fe, Zn and Cu was used to assess excess
intake. Age groups in the DRI for Japan 2015 were 6–7, 8–9,
10–11, 12–14, 15–17, 18–29, 30–49, 50–69, and >70 years.
DG, EAR and UL for the age groups used in the present
study were calculated by the weighted mean of each sex
and age group. In this study, EAR of Fe for menstruating
women was used as EAR of Fe for all women aged
10–69 years.

Energy adjustment was conducted for vitamin A, vitamin
B6, vitamin B12, folate, vitamin C,minerals, dietary fibre, salt
and intake from each food group to avoid the effect of
underestimation caused by the dietary survey(22). Energy
adjustment was calculated as follows: energy-adjusted
nutrient or food intake was calculated as amount per day=
(reported intake of nutrient or food) × (estimated energy
requirement)/(reported energy intake)(23). The estimated
energy requirement for each subject was calculated as
the standard RMR shown inDRI for Japan 2015(2) multiplied
by the subject’s body mass and physical activity level.
Physical activity level was determined according to the
subjects’ occupations and exercise habits based on the
DRI for Japan(2).

Linear trends in energy-adjusted intakes, %E intake, and
per 4184 kJ intake of nutrient- and energy-adjusted food
intakes across the frequency of SMS meals were compared
using a generalised linear model after adjusting for age and
the nine regions in Japan, because these could be potential
confounding factors on the relationship between the
frequency of SMS meals and nutrient or food intake.

To calculate the proportion of subjects who consumed
less than theDG (lower limit) or EAR andmore than the DG
or UL, the distribution of usual intake in these subjects was
estimated using the best power method(24,25) because the
JNHNS only included a 1-d dietary survey. To use the best

power method, power transformations and ratios of within-
to between-individual variance were quoted from a pre-
vious study that reported dietary intake among the normal
Japanese population(25). Distribution estimation was con-
ducted using an exclusive software (HabitDist)(26). The pro-
portion of subjects who consumed less than the DG (lower
limit) or EAR and more than the DG or UL by the frequency
of SMS meals was compared using the χ2 test. All other
analyses were conducted using IBM SPSS (version 22·0)
for Windows (IBM). Two-sided P < 0·05 was considered
statistically significant.

Results

The proportion of subjects who ate an SMS meal ≥3 times
per day was highest among subjects aged ≥65 years, for
both male and female participants (Table 1), while the pro-
portion of subjects who ate ≤1 SMS meal per day was high-
est among male and female participants aged 18–40 years.
Approximately 90 % of subjects of both sex and all age
groups except for the 18–40 and 41–64 years groups ate
home-cooked breakfast and dinner, including meals eaten
at home and taken in a lunch box. Over 90 % of boys and
girls aged 6–11 years ate school lunches. Almost equivalent
numbers of 12- to 17-year-old boys and girls ate school
lunches and home-cooked meals, either eaten at home
or taken to school in a lunch box.

A trend analysis examined the relationship between the
frequency of SMS meals and nutrient intake (see online
supplementary material, Supplementary Table 1a and
1b). Energy intake was significantly higher with a higher
frequency of SMS meals, and this was true for all sex and
age groups (P < 0·01). Among the male participants, pro-
tein, dietary fibre, vitamin A, vitamin B6, folate, vitamin
C, Mg, Fe, Zn, Cu and salt intake were higher with a higher
frequency of SMS meals in all age groups. However, vita-
min B1, vitamin B2 and vitamin B12 intake was not related
to the frequency of SMSmeals in all age groups. Among the
female participants, the intakes of protein, dietary fibre,
folate, vitamin C, Ca, Mg, Fe, Zn and Cu were higher with
a higher frequency of SMS meals in all age groups.
However, vitamin B2 intake was not related to the
frequency of SMS meals in all age groups.

In male participants aged 6–11 years, the intakes of
potatoes, beans, vegetables, fish and meat were higher
with a higher frequency of SMS meals (see online supple-
mentary material, Supplementary Table 2a). In addition to
intakes from these food groups, male participants aged
12–17 consumed more mushrooms and seaweeds, but
not fish andmeat, as the frequency of SMSmeals increased.
In subjects aged 6–11, 12–17, 18–40, and 41–64 years,
sweet intake was lower with an increasing frequency of
SMS meals. Among men aged 18–40, 41–64 and ≥65 years,
intake from almost all food groups was higher as the fre-
quency of SMS meals increased, except for cereals, sugar,
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seeds, dairy products and oils in those aged 18–40 years;
sugar, seeds, fruits, dairy products and oils in those aged
41–64 years; and cereals, sugar, dairy products and oils
in those aged ≥65 years. In all female participants, sweet
intake was lower as the frequency of SMS meals increased

(see online supplementary material, Supplementary
Table 2b). Among 6- to 11-year-old girls, the intake of cer-
eals, sugar, fruits, meat, eggs and oils were not related to the
frequency of SMS meals. However, in 18- to 64-year-old
women only, the intake of sugar, seeds and oils was not

Table 1 Age, physical characteristics, frequency of SMS meals and type of each meal by age and sex group

6–11 years 12–17 years 18–40 years 41–64 years ≥65 years

Male participants
Number 916 976 3208 4942 4242
Age* (years) 8·6 1·7 14·5 1·7 30·8 6·7 53·9 7·3 74 6·5
Body weight* (kg) 28·6 7·9 52·8 11·5 68·2 12·3 68·0 10·4 61·9 9·3
Height* (cm) 130·0 11·3 163·1 9·8 171·2 5·9 168·5 6·0 162·4 6·3
BMI* (kg/m2) 16·7 2·4 19·7 3·0 23·2 3·9 23·9 3·2 23·5 3·0
Frequency of SMS
meals† (%)

Less than one time per day 206 22·5 220 22·5 1300 40·5 1700 34·4 1173 27·7

Two times per day 543 59·3 534 54·7 1462 45·6 2251 45·5 1785 42·1
Equal or more than three
times per day

167 18·2 222 22·7 446 13·9 991 20·1 1248 30·3

Breakfast‡ Home-cooked§ 837 91·4 873 89·4 2141 66·7 3910 79·1 3·935 92·8
Prepared food∥ 44 4·8 29 3·0 157 4·9 218 4·4 121 2·9
Eating out¶ 0 0·0 2 0·2 77 2·4 103 2·1 27 0·6
School lunch** 0 0·0 0 0·0 14 0·4 10 0·2 0 0·0
Others† 35 3·8 72 7·4 819 25·5 701 14·2 159 3·7

Lunch‡ Home-cooked§ 60 6·6 452 46·3 1529 47·7 2632 53·3 3264 76·5
Prepared food∥ 11 1·2 21 2·2 258 8·0 372 7·5 373 8·8
Eating out¶ 3 0·3 42 4·3 952 29·7 1342 27·2 453 10·7
School lunch** 842 91·9 457 46·8 320 10·0 444 9·0 41 1·0
Others† 0 0·0 4 0·4 149 4·6 152 3·1 129 3·0

Dinner‡ Home-cooked§ 888 96·9 922 94·5 2690 83·9 4363 88·3 3882 91·5
Prepared food∥ 15 1·6 25 2·6 195 6·1 282 5·7 249 5·9
Eating out¶ 12 1·3 23 2·4 245 7·6 239 4·8 98 2·3
School lunch** 0 0·0 2 0·2 44 1·4 23 0·5 1 0·0
Others† 1 0·1 4 0·4 34 1·1 35 0·7 12 0·3

Female participants
Number 939 843 3199 5721 5283
Age* (years) 8·6 1·7 14·3 1·7 31·0 6·7 53·7 7·2 75·1 7·4
Body weight* (kg) 28·3 8·0 47·8 8·4 53·0 9·1 54·6 9·1 51 10·7
Height* (cm) 130·4 11·7 155·8 6·2 157·9 5·4 155·6 5·6 148·9 6·3
BMI* (kg/m2) 16·3 2·3 19·7 2·8 22·2 3·9 23·1 3·5 23 3·5
Frequency of SMS
meals† (%)

Less than one time per day 232 24·7 214 25·4 1574 49·2 2331 40·7 1705 32·3

Two times per day 560 59·6 449 53·3 1257 39·3 2441 42·7 2263 42·8
Equal or more than
three times per day

147 15·7 180 21·4 368 11·5 949 16·6 1315 24·9

Breakfast‡ Home-cooked§ 864 92·0 749 88·8 2428 75·9 4959 86·7 4980 94·3
Prepared food∥ 38 4·0 29 3·4 173 5·4 194 3·4 113 2·1
Eating out¶ 0 0·0 3 0·4 20 0·6 20 0·3 12 0·2
School lunch** 0 0·0 0 0·0 4 0·1 2 0·0 5 0·1
Others*** 37 3·9 62 7·4 574 17·9 546 9·5 173 3·3

Lunch‡ Home-cooked§ 62 6·6 362 42·9 1887 59·0 3873 67·7 4271 80·8
Prepared food∥ 5 0·5 19 2·3 328 10·3 545 4·5 426 8·1
Eating out¶ 6 0·6 27 3·2 541 16·9 733 12·8 394 7·5
School lunch** 865 92·1 430 51·0 271 8·5 393 6·9 62 1·2
Others*** 1 0·1 5 0·6 172 5·4 177 3·1 130 2·5

Dinner‡ Home-cooked§ 903 92·2 799 94·8 2861 89·4 5334 93·2 4943 93·6
Prepared food∥ 19 2·0 21 2·5 137 4·3 193 3·4 247 4·7
Eating out¶ 16 1·7 18 2·1 151 4·7 131 2·3 65 1·2
School lunch** 0 0·0 0 0·0 10 0·3 14 0·2 5 0·1
Others*** 1 0·1 5 0·6 40 1·3 49 0·9 23 0·4

*Mean values and SD.
†An SMS meal is a meal that includes staple, main, and side dishes together in one meal.
‡Numbers and percentages.
§Home-cooked: Food cooked at home and either eaten at home or taken out in a lunch box.
∥Prepared food: Take-away or home-delivered food eaten at home.
¶Eating out: Food eaten outside the home either at a restaurant or as a take-away.
**School lunch: A school-prepared lunch or food bought at a company cafeteria.
***Others: Skipped meal, a supplement, or drink only, or unknown.
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related to the frequency of SMS meals, while in women
aged ≥65 years, sugar, fruits, seaweeds and seasonings
intakes were not related to the frequency of SMS meals
consumed.

The proportion of subjects with a nutrient intake less
than the DG (lower) or EAR was compared according to
the frequency of SMS meals consumed (Table 2a). For
almost all nutrients, the proportion of subjects who had
an intake that was less than the DG (lower) or EAR was
lower with an increase in the frequency of SMS meals.
Almost none of the participants consumed protein, carbo-
hydrate, vitamin B12 or Cu less than the lower limit of DG or
EAR. However, ≥50 % of participants who consumed SMS
meals more than twice a day still had an inadequate intake
of some nutrients, and this differed between sexes and age
groups. This included an inadequate intake of vitamin A in
men aged 18–40 and 41–64 years; vitamin B1 in men aged
12–17, 18–40, 41–64 and≥65 years andwomen aged 12–17
and 18–40 years; Ca in men aged 12–17, 18–40, 41–64 and
≥65 years and women aged 18–40 and 41–64 years; and Fe
in female participants <65 years.

Table 2b shows the proportion of subjects with a
nutrient intake that was more than the DG or UL. Only a
small number of subjects consumed excessive nutrients
than the reference values, and this included all nutrients
except for SFA and salt. In addition, only the proportion
of subjects with an excessive salt intake increased by an
increase in the frequency of SMS meals.

Discussion

In this study, we found that as the frequency of SMS meals
increased, the intake ofmost nutrients and food groups also
increased. In addition, with an increase in the frequency of
SMS meals, there was an increase in subjects who met the
DG or EAR for most nutrients. However, even in subjects
who consumed more than two SMS meals a day, it seemed
difficult to meet the DG or EAR for SFA, vitamin A, vitamin
B1, Ca, Fe and salt. In addition, excessive salt intake
increased as the frequency of SMS meals increased.

In this study, the proportion of both male and female
subjects who consumed ≥2 SMS meals a day was lowest
among subjects aged 18–40 years. It is difficult to compare
this finding with previous ones because other studies had
primarily assessed the number of days per week in which
two or more SMS meals were consumed. In addition, the
definitions of SMS dishes were not comparable with other
studies. The Consciousness Survey for Shokuiku 2018 was
conducted among adult men and women, and the results
suggested that the proportion of subjects who ate ≥2
SMSmeals almost every day increased with age(27). We also
found that the proportion of subjects who ate≥2 SMSmeals
a day was higher among subjects aged ≥65 years than in
subjects aged 18–40 and 41–64 years. Similarly, Kakutani
et al.(28) reported that only about half of men and women

aged 18–24 years ate more than two SMS meals a day for
>3 d a week. While there is a lack of published data in chil-
dren, we assume that the high proportion of children who
consumed SMS meals is partly a result of the school lunch
system in Japan; our results suggest that >90 % of subjects
aged 6–11 years and nearly half of subjects aged
12–17 years ate school lunches. A study comparing nutrient
intake between school days and non-school days among
elementary and junior high school students concluded that
school lunches improved nutritional intakes(23).

Intakes of most nutrients were higher with a higher fre-
quency of SMS meals. In addition, a lower proportion of
participants consumed less than the lower limit of DG or
EAR in most nutrients for subjects who ate SMS meals at
least twice a day, compared with subjects who less
frequently ate SMS meals. Eating ≥2 SMS meals a day
may represent a way to increase nutrient intake in the pop-
ulation. However, our results also suggest that it is quite dif-
ficult to consume sufficient vitamin A, vitamin B1, Ca and Fe
simply by eating SMS meals. Koyama et al.’s(29) study
suggested that subjects with a higher frequency of SMS
meals increased their intake of energy, Na, K, Ca, Fe, vita-
min B1, vitamin B2 and vitamin C. In addition, subjects who
consumed SMSmeals<1·5 times per day were less likely to
meet the DRI for Ca, vitamin A, vitamin B1, vitamin B2 and
vitamin C. Okubo et al.(30) examined optimal food intake
patterns using a linear programming model. The authors
suggested that Fe, vitamin B1, retinol activity equivalent
and Mg made it difficult to analyse the optimal food intake
pattern. In addition, the ideal food intake pattern predicted
by the model was not that different to the actual intake,
except for the intake of fruits and vegetables for younger
age groups, and whole grains for all age groups. One pos-
sible reason for the difficulty in achieving an adequate
intake of some nutrients is that only some foods are rich
in vitamin A, vitamin B1, Ca and Fe. In addition, an SMS
meal as defined here does not include an intake of milk
and dairy products. Thus, it would be difficult to consume
sufficient milk and dairy products by only consuming SMS
meals. We therefore propose that more information relat-
ing to foodstuff choice in main and side dishes is needed
tomeet the DRI for these nutrients when dish-based recom-
mendations are used. In addition, the use of refined or
whole grains in a staple dish is also recommended.

We also found that high proportions of participants con-
sumed excessive salt, fat and SFA compared with those rec-
ommended in the DG. The proportion of participants who
consumed excessive fat and SFA decreased with the fre-
quency of SMS meals, but was still high among participants
aged 18–40 years who consumed SMS meals ≥3 times a
day. On the other hand, the proportion of excessive salt
intake increased with the frequency of SMS meals. This
excessive salt intake is partly caused by an increased use
of seasoning with an increase in the frequency of SMS
meals. Takimoto et al.(31) showed that the main salt source
in Japanese food is salt-containing seasoning and Chinese
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Table 2a Proportion of subjects who consumed less than the lower reference values by the frequency of meals including staple, main and side dishes by age group*

6–11 years 12–17 years 18–40 years 41–64 years ≥65 years

Ref· † Unit Ref· † ≤1 2 ≥3 P Ref· † ≤1 2 ≥3 P Ref· † ≤1 2 ≥3 P Ref· † ≤1 2 ≥3 P Ref· † ≤1 2 ≥3 P

Male participants (n) 206 543 167 220 534 222 1300 1462 446 1700 2451 991 1173 1785 1284
Protein DG %E 13 25·8 9·8 6·0 <0·001 13 29·1 19·9 16·3 0·002 13 36·8 26·7 15·3 <0·001 13 28·8 24·9 14·3 <0·001 13 27·0 14·7 7·4 <0·001
Fat DG %E 20 2·0 0·0 0·0 <0·001 20 4·6 1·2 0·0 <0·001 20 7·4 4·0 2·7 <0·001 20 15·7 11·3 11·5 <0·001 20 39·8 27·4 27·6 <0·001
Carbohydrate DG %E 50 10·7 10·9 4·2 0·031 50 11·9 9·4 7·7 <0·001 50 21·7 16·7 9·5 <0·001 50 32·9 19·3 13·1 <0·001 50 14·5 9·2 4·6 <0·001
Dietary fiber DG g 12 63·6 37·8 15·6 <0·001 18 87·8 76·1 46·4 <0·001 20 82·9 75·8 53·0 <0·001 20 75·9 70·1 46·3 <0·001 20 81·0 66·3 48·2 <0·001
Vitamin A EAR μg RAE 369 16·0 1·8 0·0 <0·001 599 59·1 34·1 18·0 <0·001 630 73·7 53·3 29·4 <0·001 616 72·9 54·9 28·0 <0·001 565 65·0 43·2 23·5 <0·001
Vitamin B1 EAR mg/4184 kJ 0·45 58·7 42·4 35·9 <0·001 0·45 60·9 59·9 54·1 0·253 0·45 54·9 57·4 50·9 0·076 0·45 61·3 63·3 56·0 <0·001 0·45 64·9 55·8 54·0 <0·001
Vitamin B2 EAR mg/4184 kJ 0·50 5·8 1·1 3·6 0·001 0·50 28·6 16·1 17·1 <0·001 0·50 36·5 43·2 25·8 <0·001 0·50 24·9 30·2 18·9 <0·001 0·50 19·1 12·0 7·9 <0·001
Niacin EAR mg NE/

4184 kJ
4·8 21·4 7·4 3·6 <0·001 4·8 10·9 8·4 4·5 0·044 4·8 3·6 1·4 0·4 <0·001 4·8 1·5 0·4 0·2 <0·001 4·8 2·6 0·3 0·2 <0·001

Vitamin B6 EAR mg 0·8 36·4 7·7 1·2 <0·001 1·2 42·7 22·1 4·5 <0·001 1·2 18·4 5·2 0·9 <0·001 1·2 14·2 4·5 1·6 <0·001 1·2 29·2 10·7 5·4 <0·001
Vitamin B12 EAR μg 1·2 0·0 0·0 0·0 – 2·0 0·0 0·0 0·0 – 2·0 0·4 0·0 0·0 0·031 2·0 0·4 0·0 0·0 <0·001 2·0 1·1 0·0 0·1 <0·001
Folate EAR μg 124 2·4 0·2 0·0 0·002 200 15·5 4·9 1·4 <0·001 200 5·4 2·3 0·0 <0·001 200 3·7 0·8 0·0 <0·001 200 4·5 1·3 0·0 <0·001
Vitamin C EAR mg 52 53·4 26·2 10·8 <0·001 82 66·8 48·7 23·4 <0·001 85 61·4 46·2 19·1 <0·001 85 44·4 30·5 11·3 <0·001 85 29·4 15·5 6·3 <0·001
Ca EAR mg 551 31·6 18·2 13·8 <0·001 752 70·9 63·3 55·4 0·003 590 58·8 59·8 47·3 <0·001 584 53·7 53·9 39·9 <0·001 600 64·9 53·8 44·9 <0·001
Mg EAR mg 144 6·8 0·4 0·0 <0·001 274 60·9 49·6 27·9 <0·001 298 54·7 46·2 25·8 <0·001 296 37·0 34·7 17·7 <0·001 276 48·4 33·9 20·7 <0·001
Fe EAR mg 6 69·4 41·6 20·4 <0·001 8 46·4 30·3 14·9 <0·001 6 0·9 0·3 0·0 0·022 6 1·1 0·2 0·1 <0·001 6 3·9 1·0 0·0 <0·001
Zn EAR mg 5 1·5 0·0 0·0 0·006 8 1·8 0·2 0·0 0·008 8 2·6 0·3 0·0 <0·001 8 4·8 1·2 0·1 <0·001 8 29·0 13·9 5·9 <0·001
Cu EAR mg 0·4 0·0 0·0 0·0 – 0·7 0·0 0·0 0·0 – 0·7 0·2 0·0 0·0 0·125 0·7 0·2 0·0 0·0 0·048 0·7 0·2 0·0 0·0 0·073

Female participants (n) 232 560 147 214 449 180 1574 1257 368 2331 2441 949 1705 2263 1315
Protein DG %E 13 26·8 9·2 5·5 <0·001 13 25·3 8·5 6·7 <0·001 13 26·5 14·5 5·5 <0·001 13 21·0 9·5 4·5 <0·001 13 20·2 8·5 2·2 <0·001
Fat DG %E 20 0 0·2 0·7 0·361 20 1·0 0·0 0·6 0·148 20 2·1 0·8 0·6 0·005 20 6·3 2·6 2·2 <0·001 20 25·9 15·3 14·0 <0·001
Carbohydrate DG %E 50 13·4 10·6 6·9 0·130 50 20·1 14·7 7·8 0·003 50 22·3 15·6 12·8 <0·001 50 16·4 10·4 7·2 <0·001 50 4·0 2·3 2·2 0·002
Dietary fiber DG g 12 70·3 48·1 15·0 <0·001 16 76·7 56·0 35·0 <0·001 18 85·2 80·3 65·5 <0·001 18 70·5 61·7 44·0 <0·001 17 60·2 47·7 31·2 <0·001
Vitamin A EAR μgRAE 351 5·6 0·5 1·4 <0·001 500 6·1 0·5 7·2 <0·001 480 44·6 27·8 10·6 <0·001 500 48·7 28·4 18·1 <0·001 472 38·5 25·2 11·9 <0·001
Vitamin B1 EAR mg/4184 kJ 0·45 65·1 47·7 36·1 <0·001 0·45 55·1 51·2 51·1 0·607 0·45 45·2 50·0 48·1 0·015 0·45 47·6 46·8 40·7 0·001 0·45 50·7 44·5 30·1 <0·001
Vitamin B2 EAR mg/4184 kJ 0·50 16·8 2·5 6·8 <0·001 0·50 24·8 15·4 12·8 0·002 0·50 25·9 28·5 16·3 <0·001 0·50 23·1 17·0 12·4 <0·001 0·50 15·8 11·8 6·5 <0·001
Niacin EAR mg NE/

4184 kJ
4·8 19·4 10·0 2·7 <0·001 4·8 11·7 6·0 3·9 0·005 4·8 2·8 0·6 0·3 <0·001 4·8 0·7 0·4 0·0 0·027 4·8 1·2 0·2 0·1 <0·001

Vitamin B6 EAR mg 0·8 44·0 17·3 4·8 <0·001 1·1 40·7 25·6 16·7 <0·001 1·0 28·7 18·1 4·3 0·027 1·0 19·8 9·2 3·8 <0·001 1·0 24·9 14·5 5·8 <0·001
Vitamin B12 EAR μg 1·5 0·0 0·0 0·0 – 2·0 0·0 0·0 0·0 – 2·0 0·9 0·1 0·0 0·003 2·0 0·7 0·2 0·1 0·009 2·0 0·9 0·1 0·0 <0·001
Folate EAR μg 124 4·7 0·0 0·0 <0·001 199 15·0 2·9 1·7 <0·001 200 15·6 7·8 0·8 <0·001 200 5·5 1·7 0·6 <0·001 200 4·9 1·9 0·2 <0·001
Vitamin C EAR mg 52 44·0 25·5 10·2 <0·001 82 55·6 49·4 39·4 0·006 85 56·6 48·8 26·9 <0·001 85 35·6 25·5 12·9 <0·001 85 22·0 15·0 7·3 <0·001
Ca EAR mg 554 47·8 24·3 23·8 <0·001 632 57·9 37·4 28·9 <0·001 550 66·1 65·3 59·0 0·035 550 54·2 50·3 42·6 <0·001 522 52·3 43·1 33·9 <0·001
Mg EAR mg 144 12·9 2·1 0·7 <0·001 249 56·5 36·3 21·7 <0·001 236 50·1 44·2 23·4 <0·001 240 27·3 24·3 13·7 <0·001 220 28·0 17·4 9·3 <0·001
Fe EAR mg 8 96·6 93·0 78·9 <0·001 9 83·2 76·2 56·1 <0·001 9 80·5 76·4 56·5 <0·001 9 70·8 60·6 42·4 <0·001 7 30·4 18·8 6·9 <0·001
Zn EAR mg 5 0·9 0·0 0·0 0·047 7 1·9 0·0 0·0 0·003 6 2·5 0·2 0·0 <0·001 6 2·3 0·3 0·1 <0·001 6 8·9 2·8 0·7 <0·001
Cu EAR mg 0·4 0·0 0·0 0·0 – 0·6 0·00 0·0 0·0 – 0·6 0·2 0·0 0·0 0·212 0·6 0·0 0·0 0·0 – 0·6 0·1 0·0 0·0 0·123

DG, dietary goal; EAR, estimated average requirement; %E, proportion of energy from each nutrient; RAE, retinol equivalent; NE, niacin equivalent.
*The proportion of subjects who consumed less than the DG or EAR was estimated using the best power method.
†Reference values (Ref.) were calculated as the weighted mean values of subjects, including each sex and age group. The P-value was estimated using the χ2 test. ≤1, 2 and≥3 indicate the frequency of SMSmeals per day. An SMSmeal was defined as a
combination of staple, main and side dishes.
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Table 2b Proportion of subjects who consumed more than the upper reference values by the frequency of meals including staple, main and side dishes by age group*

6–11 years 12–17 years 18–40 years 41–64 years ≥65 years

Ref. Unit Ref. ≤1 2 ≥3 P Ref. ≤1 2 ≥3 P Ref. ≤1 2 ≥3 P Ref. ≤1 2 ≥3 P Ref. ≤1 2 ≥3 P

Male participants (n) 206 543 167 220 534 222 1300 1462 446 1700 2451 991 1173 1785 1284
Protein DG %E 20 0·0 0·2 0·0 0·709 20 0·5 0·2 0·5 0·758 20 0·9 0·1 0·3 0·011 20 1·2 0·3 0·5 0·001 20 0·8 0·4 0·7 0·352
Fat DG %E 30 35·5 39·5 19·8 <0·001 30 32·3 31·1 24·8 0·057 30 21·9 21·5 17·1 <0·001 30 11·8 8·8 5·9 <0·001 30 2·7 2·4 1·7 0·220
SFA DG %E 7 51·4 51·8 44·2 0·037 7 33·5 30·2 19·8 <0·001 7 17·4 16·3 11·1 <0·001
Carbohydrate DG %E 65 3·4 0·4 0 <0·001 65 6·9 1·7 0·5 <0·001 65 4·8 2·5 2·1 0·002 65 3·8 3·0 1·4 0·002 65 17·4 10·4 10·2 <0·001
Vitamin A UL μg RAE 1208 0·0 0·4 0·0 0·502 2344 0·0 0·0 0·0 – 2700 0·1 0·3 0·0 0·323 2700 0·2 0·2 0·4 0·458 2700 0·2 0·1 0·1 0·796
Ca UL mg 2500 0·0 0·0 0·0 – 2500 0·0 0·0 0·0 – 2500 0·0 0·0 0·0 –
Fe UL mg 33 0·0 0·0 0·0 – 50 0·0 0·0 0·0 – 53 0·0 0·0 0·0 – 52 0·0 0·0 0·0 – 50 0·0 0·0 0·0 –

Zn UL mg 43 0·0 0·0 0·0 – 45 0·0 0·0 0·0 – 41 0·0 0·0 0·0 –
Cu UL mg 10 0·0 0·0 0·0 – 10 0·0 0·0 0·0 – 10 0·0 0·0 0·0 –
Salt DG g 6 83·5 97·3 99·5 <0·001 8 96·0 96·7 98·7 0·209 8 99·4 99·8 99·8 0·214 8 99·2 99·5 99·9 0·041 8 94·9 98·3 99·0 <0·001

Female participants (n) 232 560 147 214 449 180 1574 1257 368 2331 2441 949 1705 2263 1315
Protein DG %E 20 0·0 0·4 0·0 0·508 20 0·5 0·0 0·0 0·230 20 1·7 0·6 0·6 0·014 20 1·2 0·7 1·0 0·193 20 1·6 1·0 1·9 0·074
Fat DG %E 30 35 41·1 29·9 0·027 30 51·9 42·4 26·7 <0·001 30 38·9 32·7 22·9 <0·001 30 21·5 17·9 12·0 <0·001 30 4·0 3·0 2·1 0·013
SFA DG %E 7 72·5 71·6 57·7 <0·001 7 54·8 54·9 36·8 <0·001 7 23·6 20·8 14·0 <0·001
Carbohydrate DG %E 65 1·3 0·2 0·0 0·062 65 1·5 0·3 0·6 0·181 65 3·5 1·3 0·9 <0·001 65 6·6 3·1 1·7 <0·001 65 26·6 15·5 10·3 <0·001
Vitamin A UL μgRAE 1208 0·5 0·4 0·0 0·746 2326 0·0 0·0 0·0 0·212 2700 0·2 0·0 0·0 0·212 2700 0·2 0·1 0·0 0·211 2700 0·2 0·1 0·0 0·294
Ca UL mg 2500 0·0 0·0 0·0 – 2500 0·0 0·0 0·0 – 2500 0·0 0·0 0·0 –

Fe UL mg 33 0·0 0·0 0·0 – 45 0·0 0·0 0·0 – 40 0·0 0·0 0·0 – 40 0·0 0·0 0·0 – 40 0·0 0·0 0·0 –
Zn UL mg 35 0·0 0·0 0·0 – 35 0·0 0·0 0·0 – 35 0·0 0·0 0·0 –
Cu UL mg 10 0·0 0·0 0·0 – 10 0·0 0·0 0·0 – 10 0·0 0·0 0·0 –
Salt DG g 6 85·4 91·8 98·0 <0·001 7 95·8 99·6 100 <0·001 7 96·6 98·3 99·0 0·002 7 97·4 99·0 99·7 <0·001 7 94·8 97·0 98·2 <0·001

RAE, retinol equivalent; NE, niacin equivalent; DG, dietary goal; RDA, reference dietary intake; %E, proportion of energy from each nutrient.
*The proportion of subjects who consumedmore than theUL (upper limit of DG)was estimated using the best powermethod. Reference values (Ref.) were calculated asweightedmean values of subjects, including each sex and age group.≤1, 2 and≥3
represent the frequency of SMS meals per day. An SMS meal was defined as a combination of staple, main and side dishes.
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noodles. Okubo et al.(30) also suggested that salt and SFA
intake were the limiting factors to make an optimal food
intake pattern. Their model suggested that the intake of
reduced-fat dairy products should be increased, and that
of full-fat dairy products and salt-containing seasoning
should be reduced from the current food intake pattern
to meet the DRI for Japan.

Dish-based recommendations could have a positive
impact on dietary intake. However, the relationship
between nutrient- and dish-based recommendations
depends on the dietary pattern of the time. Thus, the evalu-
ation of these educational tools should be ongoing. A sim-
ilar simple tool for recommending a combination of food
intake patterns is MyPlate, which was developed in 2011
in the USA. MyPlate is a foodstuffs-based concept rather
than dish-based one, and includes a recommended daily
intake of grain, protein, vegetables and fruits on one plate,
in addition to dairy products. While one review evaluating
the use of MyPlate over 8 years found a lack of evidence to
support its efficacy(32), another study that examined its
efficacy in enforcing healthy eating habits suggested that
the awareness of MyPlate increased the Healthy Eating
Index(33). Although MyPlate includes five food groups, it
only recommends checking whether each food group is
represented in one meal, without showing its quantity.
One intervention study used MyPlate, but they only
reported an improvement of the knowledge of DG rather
than any actual changes in nutrient intake or health(34).

A most serious limitation of the present study is that the
dietary survey in JNHNS was only completed on one day,
from which we calculated the frequency of SMS meal
intake. Thus, we could not assess the habitual frequency
of SMS meal consumption and the associated nutrient
intake. Nonetheless, our study provides an indication of
such an association. In addition, to calculate the proportion
of subjects who did not meet the DG, EAR or UL, we used
the best power method to estimate the habitual distribution
of nutrient intakes. Second, dietary surveys are known to
underestimate food intakes(22). In this study, we applied
energy adjustment for nutrients intake and intakes of each
food group based on the estimated energy requirement. To
calculate the estimated energy requirement, physical activ-
ity level was categorised according to the subjects’ occupa-
tions and exercise habits; however, this may still result in
some errors in the estimation of subjects who did not meet
the DG, EAR or UL. It is also possible that the use of energy
adjustment resulted in an over-adjustment, especially for
subjects who did not eat an SMS meal often. However,
although the subjects with a higher frequency of SMSmeals
consumed more energy, the energy-adjusted intake of
nutrients and food was still higher among those subjects
compared with subjects who consumed an SMS meal less
often. Third, the distribution of Fe requirement is known to
be skewed, especially for menstruating women(35).
However, we could not estimate the population distribu-
tion of intake from a one-day dietary survey and skewed

requirement distribution simultaneously. We used the
same statistical method to estimate the proportion of sub-
jects who did not meet the DG with other nutrients, which
could have caused errors in estimating the subjects who did
not meet Fe requirements. Fourth, the definition of an SMS
meal did not follow the basic concept of SMS dishes pro-
posed by Adachi(10). In the present study, we used food-
stuff- and nutrient-based definitions of the Japanese Food
Guide Spinning Top to analyse the dietary survey data from
JNHNS(3). Fifth, we only used age and region as covariates.
Given the limited data in JNHNS, we could not examine
other variables that may have affected the relationship
between the frequency of SMS meals and nutrient intake.
Sixth, this study obtained data from the JNHNS database,
and so we could not control the dietary assessment
method. In this survey, the staff dietitian met the represen-
tative person in each household, and verified information
about foods eaten outside the home with each individual
household member. However, if this was not possible,
the representative person asked their household members
about details of foods eaten outside the home and con-
firmed these with the dietitian. To increase the accuracy
of dietary survey outside of the home, the staff dietitian col-
lected the school lunch menus of all child participants.

In conclusion, the consumption of SMS meals at least
twice a day is associated with a higher nutrient intake
and a higher proportion of participants meeting the DRI
across all age groups. Thus, the consumption of SMS meals
at least twice a day could be a useful and straightforward
nutrition goal in daily life. However, more information
on foodstuff choice in main and side dishes is needed to
meet the DRI for vitamin A, vitamin B1, vitamin B2, Ca
and Fe, and to avoid an excessive intake of SFA and salt.
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