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Abstract

Although many online-based dietary surveys have been developed in recent years, systems that
easily survey the dietary balance based on the Japanese diet are insufficient. This study aimed to
evaluate the relationship between dietary balance scores from an online survey system based on
the Japanese Food Guide Spinning Top, and nutrient/food intake calculated using the weighing
method from dietary records (DRs), as well as to assess the system’s utility and applicability. An
online dietary balance survey and semi-weighted DR assessment with food photographs were
conducted in Japanese participants (n = 34). Registered dietitians entered the balance scores
into the system based on the participants’ food photographs, and the scores were calculated
using the system. Significant positive correlations (p< 0.001) were found between the online
dietary balance scores and nutrient/food intake from DRs; especially for ‘grain dishes’ and
carbohydrates (r = 0.704); ‘vegetable dishes’ and the vegetable dish group (sum of potatoes,
vegetables, mushrooms, and algae) (r = 0.774); ‘main dishes’ and protein (r = 0.661); ‘milk’ and
the milk and milk products group (r = 0.744); and ‘fruits’ and the fruits group (r = 0.748).
Bland–Altman analysis showed that the dietary balance scores obtained by this system tended
to underestimate the intake compared with the weighing method. Although there are
limitations to the accurate estimation of nutrient and food intake, the online dietary balance
scores obtained from the online dietary balance survey system were useful for understanding
the dietary balance in the Japanese diet.

Introduction

Public interest and concerns about foods and lifestyles that maintain and improve health have
increased lately. However, it is difficult for individuals to detect their dietary imbalances. An
accurate assessment of dietary intake is essential for identifying the relationship between health
and nutrition. Dietary survey methods include methodologies, such as the weighed record
method, 24-h dietary recalls, dietary history, and food frequency questionnaires (FFQs);
however, each method has specific advantages and disadvantages.(1) The weighing method can
measure the amount of food ingested quantitatively and qualitatively with high accuracy;
however, it places a heavy burden on the participant and requires manpower and time for data
processing. The 24-h recall relies on the participant’s memory and requires a long interview with
a skilled interviewer. In contrast, the FFQ is an easy method for collecting information and
understanding dietary habits; nevertheless, it has limitations, such as the inability to determine
the exact amount of food ingested. Thus, conventional dietary survey methods have strengths
and several shortcomings.

Significant progress has been made in information and communication technology (ICT)
worldwide. Various innovative tools incorporating ICT have also been developed for dietary
surveys. Emerging technologies used to address the challenges associated with dietary
assessment include food recording via mobile systems (applications),(2) 24-h dietary recall,(3,4)

and FFQs(5,6) via online tools (web-based), camera-based tools,(7) and wearable sensors.(8,9) The
use of ICT eliminates the need for an interviewer to be present, and participants can create
dietary records (DRs) at their own pace, thus saving time and costs. Furthermore, the
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standardisation of protocols for data collection is expected to
improve the quality, consistency, and completeness of data and
reduce the effort of interviewers and data entry personnel.(10) Some
tools have been used in national nutritional surveys conducted in
the United States(11–13) and Europe.(2,5,14) However, ICT in
nutritional epidemiology in Japan remains insufficient.

Recently, self-monitoring of diet using smartphones has
attracted attention. However, Japanese diet-tracking mobile
applications vary in their ability to assess dietary intake.(15)

Moreover, applications that allow users to self-record food intake
have exhibited suboptimal performance, particularly because of
foods missed during recording and inconsistencies in the
application’s food database.(16) Therefore, self-monitoring tech-
nologies must be further developed and evaluated.

In 2005, the Ministry of Health, Labour and Welfare and
Ministry of Agriculture, Forestry and Fisheries of Japan jointly
published the ‘Japanese Food Guide Spinning Top (Japanese Food
Guide ST)’(17–19) based on Dietary Guidelines for Japanese,(20)

which serves as a guide for achieving a healthy diet. In Japan, meals
consist of ‘dishes’ that combine multiple foods flavoured using
traditional seasonings.(21,22) The Japanese Food Guide ST expresses
the amount of food consumed daily in terms of ‘dishes’ rather than
‘nutrients’ or ‘food’ for each of the five dish categories that
characterise the Japanese diet: grain dishes, vegetable dishes, main
dishes, milk, and fruits. It is designed to improve significantly
unbalanced diets by presenting a quantitative reference for daily
diets in a simple and straightforward fashion.(23) Greater dietary
adherence to the Japanese Food Guide ST reduces the risk of
mortality and cardiovascular disease, especially cerebrovascular
disease, in Japanese adults.(24)

Despite their benefits, the Japanese Food Guide ST has not been
systematised online using ICT yet. Therefore, we developed an
ICT-based online system involving the Japanese Food Guide ST to
streamline the collection of dietary intake data and facilitate the
assessment of dietary balance. The aim of this study was to examine
the utility and applicability of the system by comparing the dietary
balance scores obtained from the system with nutrient and food
intake data calculated using the weighingmethod in the DR survey.
This system is expected to enable dietitians and other professionals
to simplify data collection for dietary balance assessment. In the
future, if the online dietary balance survey system is developed
enough to be applied at the individual level, it may be possible for
individuals to independently adopt habits that maintain and
improve their health.

Experimental methods

Study design and participants

Because the study design and participants have been described in
detail elsewhere,(25) only a brief description is provided in this
report. From October 2021 to December 2021, participants were
recruited online via an e-mail magazine operated by Healthcare
Systems Co., Ltd. Individuals who were informed and consented to
participate were enrolled as study participants if they were deemed
eligible for participation based on background research. The
inclusion criteria for participation in the study were as follows: (1)
Japanese nationals aged 20–80 years at the time of providing
informed consent and (2) those without serious cerebrovascular,
heart, liver, kidney, gastrointestinal, or infectious diseases. The
exclusion criteria were as follows: (1) pregnant or breastfeeding
women; (2) those requiring continuous treatment, medication, or

lifestyle guidance because of the disease; and (3) those involved in
other clinical trials. The requisite sample size for this study was
estimated using G * Power 3.1.9.6.(26) Based on an assumed
correlation coefficient of 0.5, a significance level of 5%, and a
power of 80%, the estimated sample size was 29 individuals.
Accordingly, 52 participants were enrolled in this study to
accommodate potential dropouts. Of these participants, those who
were retired, those whowere taking supplements that affect urinary
metabolites, and those who were unable to collect urine were
excluded, and finally, 34 participants were included in the final
analysis. The participants’ age, sex, height, and weight were
collected via a web-based questionnaire. Participants were asked to
self-report their height and weight, which were then used to
calculate the body mass index (BMI).

Ethical approval

This study was conducted according to the guidelines laid down in
the Declaration of Helsinki, and all procedures involving study
participants were approved by the Human Research Committees
of the National Institutes of Biomedical Innovation, Health and
Nutrition and other facilities (approval number: Ken-ei 168,
approval date: 2 December 2021). Written informed consent was
obtained from all participants before participating in this survey.

Dietary survey

In January 2022, data collection from theDRs and non-face-to-face
interviewswere conducted.Dietary intake datawere collected using
a semi-weighted household DR for 1 day, excluding Sundays and
public holidays. The survey was conducted based on the method
used in the National Health and Nutrition Survey (NHNS) in
Japan.(27) All participants recorded the weights of all the foods
consumed using a pre-prepared kitchen scale. If weighing was not
possible (e.g. meals were consumed on the go), portion sizes or
amounts of food consumed and details of the leftovers were
estimated. All meals consumed by the participants were also
photographed using smartphone cameras in addition to DR. The
participants took pictures of their meals according to a meal
photography manual developed to standardise food photography
and sent the pictures to the researchers by uploading them to the
LINE mobile application (LINE Co., Ltd., Tokyo, Japan) and
Google Cloud (Google LLC, CA,USA). To improve the data quality
of the DR, non-face-to-face interviews were conducted by six
dietitians and/or registered dietitians using the web-based meeting
system Zoom (Zoom Video Communications, Inc., San Jose, CA,
USA) based on the DRs and meal photographs. The main purpose
of the interview was to verify the accuracy and completeness of the
dietary information provided by the participants. FromFebruary to
March 2022, six trained dietitians and/or registered dietitians
converted the food portion sizes or quantities estimated and
recorded by participants into food weights according to a dietary
survey manual. These food weights were then coded according to
the food code table based on the Standard Tables of Food
Composition in Japan.(28) Using these data, the energy, nutrient,
and food intakes were calculated. Food group categorisation was
performed based on the NHNS classification.

Online dietary balance survey system using the Japanese
Food Guide ST

The Japanese Food Guide ST is based on the Dietary Guidelines for
Japanese published in 2000 and suggests the types and amounts of
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food that individuals should consume daily to promote health.(23)

The meals described in the guide comprise grain dishes (e.g. rice,
bread, and noodles), vegetable dishes (e.g. vegetables, mushrooms,
potatoes, and seaweed), main dishes (meat, fish, eggs, and
soybeans), milk (milk and dairy products), and fruit (fruits and
100% fruit juice) (Supplementary Figure 1). Rather than focusing
on the intake of specific nutrients, this approach emphasises a
balanced diet through the appropriate distribution of dishes,
focusing on themain ingredients of each dish. In the Japanese Food
Guide ST, the term ‘serving (SV)’ is used to indicate the quantity of
each dish. One SV is defined according to the weight of the main
ingredient or the main nutrient content of the main ingredient,
depending on the dish category. One SV of a grain dish contains
approximately 40 g of carbohydrates. The weight of the main
ingredient in one SV of each vegetable dish is approximately 70 g.
One SV of main dishes contains approximately 6 g of protein, and
one SV of milk provides approximately 100 mg of calcium. The
weight of the main ingredient in one fruit SV is approximately 100
g. The recommended SVs of food for each category and the
recommended total energy intake are specified according to sex,
age, and physical activity level. The recommended energy intake
from snacks and alcoholic beverages is< 200 kcal/day
(Supplementary Figure 1).(19,23,24) In the Japanese Food Guide
ST, dietary balance is defined as the number of SVs of grain dishes,
vegetable dishes, main dishes, milk, and fruit that must be
consumed. In other words, the goal is to consume nutrients and
energy in a balanced manner by consuming the appropriate
amounts of dishes and foods. For example, the basics for a balanced
diet are 5–7 SVs for grain dishes, 5–6 SVs for vegetable dishes, 3–5
SVs for main dishes, 2 SVs for milk, and 2 SVs for fruit. In our
online balance system, the same definition of dietary balance
is used.

In this study, we developed an online dietary balance survey
system for dietitians, based on the Japanese FoodGuide ST (Figure 1).

When a dietitian enters the meal details into the system while
looking at registered photographs, the system calculates the total
SVs for each dish category. This system is a tool for dietitians and
specialists to systematically collect and organise intake data based
on food groups and portion sizes. Therefore, it does not
independently evaluate the quality of the overall meal or calculate
a comprehensive nutrient balance score. Original and modified
dish categories (‘Grain dishes’; ‘Vegetable dishes’; ‘Main dishes’;
‘Milk’; ‘Fruits’; ‘Drinking water and unsweetened tea’; ‘Snacks,
confections, and sweetened drinks’; and ‘Alcoholic beverages’)
were established based on the Japanese Food Guide ST SV quick
reference table.(29) This table forms part of the Japanese Food
Guide ST and provides definitions and specific examples of the
standard serving size (SV) for dish categories. It is designed to help
users estimate standard serving sizes for different foods and
facilitate accurate dietary assessments. The SVs and intakes for
each dish category were calculated in the same manner as the
Japanese Food Guide ST described above and were defined as a
dietary balance score. The dietary balance score represents the total
daily SV for each dish category, as determined by the Japanese
Food Guide ST. The units for each dietary balance score were as
follows: SV for ‘Grain dishes’, ‘Vegetable dishes’, ‘Main dishes’,
‘Milk’, and ‘Fruits’; kcal for ‘Snacks, confections, and sweetened
drinks’ and ‘Alcoholic beverages’; and ml for ‘Drinking water and
unsweetened tea’. In this system, 178 dishes were registered based
on the SV quick reference table (Supplementary Figure 1).

Data entry into the online dietary balance survey system

FromNovember to December 2022, six dietitians and/or registered
dietitians entered the dietary data based on the meal photographs
entered by the participant in the online dietary balance survey
system. Although the dietitians and/or registered dietitians who
conducted non-face-to-face interviews also participated in data

Figure 1. The online dietary balance survey system based on the Japanese Food Guide Spinning Top we developed. On the webpage of this system, the dietitian can select the
photograph registered on the set date, which will lead to the editing screen. The dietitian can register the servings (SVs) and calories while referring to photographs of the food
consumed. The dietitian will then be prompted to select the ‘Category of the dish’ followed by the ‘Name of the dish’. If the dish is not listed, the dietitian can select a dish type that
is similar to the actual dish consumed and enter the name of the dish in the ‘Dish you actually ate’ column. When the dietitian selects the ‘Name of the dish’, the SV and standard
portion size are automatically displayed on the screen. The dietitian canmanually correct the SV if the portion size set as a standard differs from the actual intake value. Similarly,
the dietitian can adjust the calorie content of ‘Snacks, confections, and sweetened beverages’ and ‘Alcoholic beverages’. The balance scores were calculated using the system.
Images including identifiable branded food products are reproduced with permission.
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entry, they did not refer to the dietary survey records or notes taken
during the interviews; they only entered the data based on
information from the meal photographs. Thus, the potential for
observer bias was minimised. On the webpage of the online dietary
balance survey system, the dietitians could select the photograph of
the dishes consumed from the 1-day dietary survey mentioned
above, which led to the editing screen. The dietitians entered the
SVs and calories derived while referring to photographs. The
dietitian could select the ‘Category of the dish’ and then the ‘Name
of the dish’ from the edit screen to describe the dish while looking
at the photographs. If the dish was not listed, they were prompted
to select a dish type similar to that dish and enter the dish’s name in
the ‘Dish you actually ate’ column. When the dietitian selected the
‘Name of the dish’ from dish categories (‘Grain dishes’, ‘Vegetable
dishes’, ‘Main dishes’, ‘Milk’, and ‘Fruits’), the SV and standard
portion size were automatically displayed on the screen. The
dietitian could manually correct the SV if the amount consumed
was higher or lower than the standard portion. Similarly, the
dietitian could adjust the calorie content of ‘Snacks, confections,
and sweetened beverages’ and ‘Alcoholic beverages’. The amount
of ‘Drinking water’ and ‘Unsweetened tea’ was recorded in the
system by the dietitian. Through these operations, the system
displays the daily dietary balance scores for each dish category.

To ensure accurate estimation of portion sizes and catego-
risation of dishes, the dietitians referred to standardised portion
sizes and the official commentary and Q&A sections on
quantification of the SVs described in the Japanese Food Guide
ST published by theMinistry of Agriculture, Forestry and Fisheries
of Japan.(30,31) In addition, they considered the relative proportions
of the foods in the photographs and adjusted the SVs based on
generally accepted estimation guidelines. If a dish was not listed in
the predefined database, the dietitians selected the most similar
dish in terms of the main ingredients and portion size to ensure
consistency with the Japanese Food Guide ST.

Statistical analyses

All statistical analyses were performed using the IBM SPSS
Statistics version 25 (IBM Corp., Armonk, NY, USA). Dietary data
are presented as the median (25th and 75th percentiles) and tested
for normality using the Shapiro–Wilk test. Correlation analyses
were performed to evaluate the association between dietary intake
and the online system. As the Japanese Food Guide ST is a dish-
based guideline, the SVs for each category represent approximate
nutrient intakes. Therefore, examining the relationships between
SV-based intake estimates and nutrient intakes derived from the
DR provides insight into how well the system reflects actual dietary
patterns. We calculated Spearman’s correlation coefficients to
evaluate the relationship between the dietary balance scores of each
dish category (‘Grain dishes’, ‘Vegetable dishes’, ‘Main dishes’,
‘Milk’, and ‘Fruits’) obtained from the system and the correspond-
ing nutrient or food group intakes estimated from DR. Nutrient
and food group intakes from the DR were calculated based on food
weights and standard food composition tables. For correlation
analyses, dietary balance scores were converted into the estimated
weights of nutrients or food components according to the
definitions in the Japanese Food Guide ST: 40 g of carbohydrate
per SV for grain dishes, 70 g of main ingredients for vegetable
dishes, 6 g of protein for main dishes, 100 mg of calcium for milk,
and 100 g of fruit for fruits. In the guide, the SV of vegetable dishes
is calculated from the weight of the vegetables, mushrooms, algae,
and potatoes consumed, and the SV of the main dish is calculated

from the weight of the protein sources consumed, such as meat,
seafood, eggs, soybeans, and soybean products. Accordingly, the
estimated intakes from the system were compared with the total
intake of these food groups calculated from the DR. For a properly
balanced diet, the balance score would be 5–7 for grain dishes, 5–6
for vegetable dishes, 3–5 for fish and meat dishes, 2 for milk/dairy
products, and 2 for fruits. Correlation coefficients were considered
based on the criteria proposed by Schober et al.(32) as follows:
negligible (0.00–0.10), weak (0.10–0.39), moderate (0.40–0.69),
strong (0.70–0.89), and very strong (0.90–1.00). In addition,
Bland–Altman plots(33,34) were used to assess the level of agreement
between intake estimates from the system and those obtained from
the DR. Comparisons were made using the following indicators:
carbohydrate intake (g) for grain dishes, vegetable dish group
intake (g) for vegetable dishes, protein intake (g) for main dishes,
calcium intake (mg) for milk, and fruit intake (g) for fruits.
Statistical tests were two-sided, and a significance level of< 5%was
considered statistically significant.

Results

Basic characteristics of the study participants and the online
dietary balance scores

Table 1 presents the basic characteristics of the participants. The
participant’s height and weight were self-reported. Body weight
and BMI were collected from 33 individuals because the weight of
one individual was not recorded. In general, the participants had
the average weight and height of a Japanese individual.(27) The
dietary balance scores obtained from the online dietary balance
survey system are listed in Table 1.

Associations between the online dietary balance scores and
nutrient intakes from DR

Table 2 shows the relationship between the dietary balance scores
derived from the Japanese Food Guide ST and nutrient intakes
from the DR. The scores of grain dishes were strongly positively
correlated with carbohydrate intake and the grain energy ratio,
which is the ratio of energy derived from cereals out of the total
energy intake (r = 0.855, p< 0.001). The scores of vegetable dishes
were significantly positively correlated with the intake of
potassium (r = 0.624, p< 0.001), folic acid (r = 0.693, p< 0.001),
and total dietary fibre (r = 0.607, p< 0.001). The scores of main
dishes were significantly and positively correlated with total
protein (r = 0.661, p< 0.001) and zinc (r = 0.643, p< 0.001) intake.
The score of milk was significantly and positively correlated with
calcium intake (r = 0.744, p< 0.001). The score of fruits was
positively correlated with cryptoxanthin intake (r = 0.492,
p< 0.01). Other correlations between scores and nutrient intakes
are shown in Table 2.

Associations between the online dietary balance scores and
food intakes from DR

Table 3 shows the relationship between the dietary balance scores
derived from the Japanese Food Guide ST and food intakes from
the DR. The dietary balance score of grain dishes was significantly
and positively correlated with cereal intake (r = 0.835, p< 0.001).
The scores of vegetable dishes showed a significant positive
correlation with the vegetable dish group intake (r = 0.774,
p< 0.001). The score of main dishes was significantly and
positively correlated with the main dish group intake (r = 0.608,
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p< 0.001) and was also positively correlated with meat intake
(r = 0.439, p< 0.01). The milk score was significantly and
positively correlated with milk and milk product intake
(r = 0.860, p< 0.001). The fruit score was significantly and
positively correlated with fruit intake (r = 0.748, p< 0.001).
Other correlations between dietary balance scores and food intake
are shown in Table 3.

Agreement between the online dietary balance scores and
nutrient or food intakes from DR

Figure 2 shows a Bland–Altman plot that assesses the agreement
between the food or nutrient intakes estimated by the SV–based
dietary balance score and that by the DR. The mean differences for
the grain, vegetable, main dish, milk, and fruit dishes were −111 g,
−94 g, −38 g, −446 mg, and −33 g, respectively. The limits of
agreement (mean difference ± 1.96 standard deviation of differ-
ence) were –200 to −22 g, −358 to 171 g, −73 to −3.4 g, −808 to
−83mg, and−175 to 108 g, respectively. In addition, the difference
between the dietary balance scores and values of the DR shown on
the Y axis was negatively biased. This suggests a fixed error in
which the value derived from the dietary balance scores was
underestimated (grain dish/vegetable dish/main dish/milk,
p< 0.001; fruits, p< 0.05). Furthermore, regression analysis was
performed to assess the proportional error between the dietary
balance scores and the DR value. A significant slope was observed
in dish categories, excluding main dish and fruits (grain dish,
p< 0.05; vegetable dish, p< 0.01; milk, p< 0.001). This indicates
that the difference between each estimate tends to increase as the
average intake increases.

Discussion

In this study, we examined the utility and applicability of an online
dietary balance survey system developed based on the Japanese
Food Guide ST. To achieve a balanced Japanese diet, the
combination of dishes consumed and each dish’s weight (volume)
are important. Since Japanese meals consist of multiple dishes,
eating an appropriate combination of grain dishes (which are
sources of carbohydrates), vegetable dishes, and main dishes
(which are mainly sources of protein), along with milk/dairy
products and fruit, in appropriate amounts contributes to a
balanced diet. The dietary balance scores for each dish category
obtained from the system showed significant correlation between
the foods that defined each dish category and the intake of
nutrients, which are the major components of that food (Tables 2
and 3). This result is consistent with the definition used in the
Japanese Food Guide ST and reflects the idea of assessing dietary
balance based on the consumption of each dish category, rather
than individual nutrient intakes. In addition, trends in errors in
nutrient and food intakes estimated from online dietary balance
were clarified. To the best of our knowledge, this study is the first to
incorporate the balance scores derived from concept from a
Japanese dietary guide into an online system and verify them via
comparison with data from DRs.

Regarding the online dietary balance score based on the
Japanese Food Guide ST, the score of grain dishes is calculated as
the total intake of rice, bread, and noodles.(23) Therefore, the
dietary balance scores derived from grain dishes were strongly
and positively correlated with carbohydrate intake (r = 0.704,
p< 0.001) and cereal intake (r = 0.835, p < 0.001). In Japan, the
carbohydrate energy ratio is 51.2%, which is higher than the
energy intake from dietary proteins (14.5%) and fats (34.3%) and
is one of the characteristics of the Japanese diet.(27) The fact that
our system was able to confirm the validity of the balance score
from grain dishes is particularly important in evaluating
Japanese diets.

The main ingredients of vegetable dishes in the online dietary
balance score are vegetables, mushrooms, potatoes, and seaweed,
defined as sources of vitamins, minerals, and dietary fibre.(23) The
dietary balance scores of vegetable dishes were moderately
correlated with vegetable intake (r = 0.558, p< 0.001) and mush-
room intake (r = 0.481, p< 0.01), whereas it was strongly
correlated with vegetable dish group intake (total weight of
potatoes + vegetables + mushrooms + algae) (r = 0.774, p< 0.001).
However, the scores of vegetable dishes were not correlated with
the intake of potatoes and algae. As the Japanese diet is composed
of various foods,(35) the correlation between the scores of vegetable
dishes and individual food groups, such as potatoes and algae, was
thought to be low. The scores of vegetable dishes were significantly
correlated with vitamin (vitamins E, B1, and C), mineral
(potassium, calcium, and magnesium), and dietary fibre intakes.
The results showed that this system might be useful for predicting
the intake of vitamins, minerals, and dietary fibre from meals.

Fish, meat, eggs, and soybeans that are the main ingredients in
main dishes in the online dietary balance score are defined as
sources of protein.(23) The dietary balance scores of main dishes
were significantly correlated with meat intake (r = 0.439, p< 0.01),
main dish group intake (total weight of pulses + fish, molluscs, and
crustaceans + meat + eggs) (r = 0.608, p< 0.001), and intake of
nutrients, such as total protein (r = 0.661, p< 0.001), phosphorus
(r = 0.492, p< 0.01), iron (r = 0.534, p< 0.01), zinc (r = 0.643,
p< 0.001), vitamin B2 (r = 0.488, p< 0.01), niacin (r = 0.475,

Table 1. Basic characteristics of the study population and the online dietary
balance scores

Median
(25th, 75th percentile)

n 34

Female/male 30/4

Age (years) 49.5 (39.8, 52.5)

Height (cm) 160 (154.0, 165.6)

Body weight (kg)* 51.0 (47.8, 57.3)

Body mass index (BMI) (kg/m2)*† 20.5 (19.5, 21.4)

The online dietary balance scores

Grain dish (SV) 2.5 (2.0, 4.5)

Vegetable dish (SV) 5.0 (3.0, 6.0)

Main dish (SV) 5.5 (3.4, 7.5)

Milk (SV) 1.0 (0.0, 2.0)

Fruits (SV) 0.0 (0.0, 1.1)

Drinking water and unsweetened
tea (mL)

764.0 (522.5, 1227.5)

Snacks, confections, and
sweetened drinks (kcal)

227.5 (72.8, 495.0)

Alcoholic beverage (kcal) 0.0 (0.0, 140.0)

SV: serving.
* One person’s body weight was not recorded, so body weight and body mass index were
collected from 33 people.
† Calculated using self-reported height and body weight values.
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p< 0.01), vitamin B6 (r = 0.573, p< 0.001), and cholesterol
(r = 0.574, p< 0.001). The reason for the low correlation with
the intake of pulses and of fish, molluscs, and crustaceans, in
addition to the same reasons as for the vegetable dishes, could be
that more of the participants in this study selected meat over fish

and seafood as their main dishes. Bland–Altman analysis of the
main dishes showed relatively high agreement with the data from
the DR, as the limits of agreement were narrower than those of
other dish categories. Furthermore, no proportional error was
observed because the slope of the regression line was not

Table 2. Association between the online dietary balance scores derived and nutrient intakes from the DR (n = 34)

Correlation†

DR Weight calculated from the online dietary balance scores (g)‡

Nutrients Mean SD Grain dishes Vegetable dishes Main dishes Milk Fruits

Energy (kcal) 1942 552 0.480** − 0.033 0.385* 0.144 − 0.259

Total protein (g) 70.6 21.1 0.100 0.079 0.661*** 0.127 − 0.007

Total fat (g) 74.1 30.0 0.275 0.196 0.286 0.318 − 0.086

Carbohydrate (g) 231.0 68.9 0.704*** − 0.131 0.354* − 0.050 − 0.153

Sodium (mg) 3410 1230 0.072 0.122 0.211 0.308 0.139

Potassium (mg) 2655 851 − 0.193 0.624*** 0.418* 0.327 0.133

Calcium (mg) 569 261 − 0.057 0.506** 0.190 0.744*** 0.126

Magnesium (mg) 289 98 − 0.124 0.500** 0.252 0.309 0.200

Phosphorus (mg) 1057 352 − 0.062 0.415* 0.492** 0.402* 0.030

Iron (mg) 9.0 3.3 − 0.140 0.372* 0.534** − 0.018 0.113

Zinc (mg) 8.8 3.6 0.142 0.222 0.643*** − 0.060 − 0.076

Copper (mg) 1.22 0.42 0.142 0.229 0.388* − 0.053 − 0.013

Vitamin A (μgRE) 579 427 − 0.074 0.316 0.007 0.107 − 0.129

Retinol (μg) 200 203 0.258 0.204 0.244 0.404* − 0.117

Cryptoxanthin (μg) 291 501 0.148 0.263 − 0.041 0.199 0.492**

β-carotene equivalent (μg) 3624 2981 − 0.197 0.417* − 0.026 0.060 − 0.099

Vitamin D (μg) 4.9 6.5 − 0.009 0.097 0.087 0.069 0.089

Vitamin E (mg) 8.3 3.8 0.024 0.521** 0.215 0.106 0.022

Vitamin K (μg) 267 143 0.023 0.331 0.311 − 0.052 0.067

Vitamin B1 (mg) 0.94 0.36 − 0.075 0.468** 0.418* 0.164 0.103

Vitamin B2 (mg) 1.25 0.42 0.055 0.306 0.488** 0.362* − 0.161

Niacin (mgNE) 31.2 9.1 0.026 0.113 0.475** 0.057 − 0.100

Vitamin B6 (mg) 1.27 0.45 − 0.144 0.421* 0.573*** 0.102 0.101

Vitamin B12 (μg) 5.2 4.4 0.050 0.179 0.343* 0.045 0.079

Folic acid (μg) 351 163 − 0.164 0.693*** 0.263 0.042 0.171

Vitamin C (mg) 100 58 − 0.257 0.504** 0.113 0.002 0.244

Saturated fatty acid (g) 22.83 10.54 0.324 0.091 0.176 0.306 − 0.138

Monounsaturated fatty acid (g) 27.26 14.44 0.330 0.190 0.319 0.221 0.020

Polyunsaturated fatty acid (g) 15.34 8.28 0.142 0.377* 0.160 0.174 0.166

Cholesterol (mg) 349 171 0.268 0.163 0.574*** 0.137 − 0.058

Total dietary fibre (g) 19.9 7.1 − 0.131 0.607*** 0.390* 0.037 0.233

Energy from grain (kcal) 563 266 0.855*** − 0.404* 0.103 − 0.283 − 0.141

DR, dietary record; SD, standard deviation.
† The values indicate Spearman’s correlation coefficients betweenweight estimates derived from the online dietary balance scores and food intakes obtained from the DR. * p< 0.05, ** p< 0.01,
*** p< 0.001.
‡Weight calculated from the dietary balance scores (g) were converted from the dietary balance scores obtained using the online dietary balance survey system. Conversion was based on the
definitions in the Japanese Food Guide Spinning Top andwas calculated according to themajor nutrient or food content per serving for each category: grain dishes were converted using 40 g of
carbohydrate, vegetable dishes using 70 g of the weight of the main ingredient, main dishes using 6 g of protein, milk using 100 mg of calcium, and fruit using 100 g of the weight of the main
ingredient.
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significant. These results indicate that the intakes implied by the
online dietary balance score of the main dish have relatively high
validity among the five dish categories.

According to the Bland–Altman analysis of milk, the mean
difference between the dietary balance scores of milk and calcium
intake described in the DR was large. Additionally, the wide limit
of agreement (mean difference ± 1.96 standard deviation) was
considered to indicate poor agreement. The mean difference was
also strongly and negatively biased, indicating that intake
estimates from the scores were significantly underestimated.
However, this is natural because foods other than milk and dairy
products can serve as sources of calcium. Spearman’s correlation
analysis showed that the dietary balance scores of milk were
significantly correlated with calcium and milk/dairy product
intake described in the DR. Thus, the dietary balance scores of
milk and dairy products can be considered appropriate for the
assessment of dietary balance if it was used while taking into
account the underestimation of intake.

Contrary to our expectations, the dietary balance scores of fruit
converted to fruit weight did not show a significant correlation
with vitamin C and potassium intakes; however, a strong
correlation was found with fruit intake (r = 0.748, p< 0.001).
Notably, 19 of the 34 study participants did not eat fruit. Fruit
intakemay be difficult to assess using dietary data from a single day
as it may be influenced by seasonal and regional factors.
Nevertheless, bananas (r = 0.567, p< 0.001), citrus fruits
(r = 0.504, p< 0.01), apples (r = 0.512, p< 0.01), fresh fruits
(r = 0.461, p< 0.01), and strawberries (r = 0.356, p< 0.05) were
significantly correlated with the fruit score (data not shown).

The online dietary balance score is an approximate value
estimated using the number of nutrients and food groups that serve
as standards for each dish category. This score is designed to assess
the overall balance based on dish categories, rather than to provide
a precise estimate of nutrient or food intake. Therefore, this value is
not perfectly consistent with the total dietary nutrient intake
described in the DR. In this study, Bland–Altman analysis showed

Table 3. Associations between the food/nutrient weights calculated from online dietary balance scores and food intakes from the DR (n = 34)

Correlation†

DR Weight calculated from the online dietary balance scores (g)‡

Categories Mean SD Grain dishes Vegetable dishes Main dishes Milk Fruits

Vegetable dish§

Potatoes, vegetables, mushrooms, algae (g) 406.5 220.1 − 0.236 0.774*** 0.066 0.294 − 0.011

Main dish§

Pulses, fish, molluscs and crustaceans, meat, eggs (g) 288.1 146.2 − 0.101 0.214 0.608*** 0.080 − 0.054

Food group

Cereals (g) 275.2 142.7 0.835*** − 0.357* 0.082 − 0.292 − 0.148

Potatoes (g) 57.6 73.7 − 0.031 0.326 0.223 − 0.052 0.022

Sugar/sweeteners (g) 9.1 8.9 0.352* 0.225 0.343* − 0.001 − 0.097

Pulses (g) 96.9 98.7 − 0.228 0.315 0.323 0.199 − 0.001

Nuts and seeds (g) 6.0 9.0 0.219 0.087 0.047 0.089 0.184

Vegetables (g) 321.9 200.3 − 0.206 0.558*** − 0.054 0.341* 0.137

Fruits (g) 90.6 102.4 0.171 0.054 0.161 0.128 0.748***

Mushrooms (g) 18.2 30.4 − 0.273 0.481** 0.118 0.294 − 0.137

Algae (g) 8.8 19.4 0.332 0.025 0.169 0.074 0.185

Fish, molluscs, and crustaceans (g) 52.6 52.9 − 0.022 0.111 0.184 0.096 0.137

Meat (g) 96.7 87.4 0.041 0.069 0.439** 0.013 − 0.001

Eggs (g) 41.9 37.6 0.112 0.256 0.361* − 0.019 0.132

Milk and milk products (g) 124.5 119.8 0.041 0.476** 0.158 0.860*** 0.006

Fats and oils (g) 17.7 19.6 0.457** 0.175 0.162 0.318 0.056

Confectionaries (g) 47.8 63.2 0.128 − 0.143 0.001 0.235 − 0.254

Beverages (g) 1361.8 517.7 0.006 − 0.126 0.069 − 0.203 0.025

Seasonings and spices (g) 52.0 41.6 0.086 0.002 − 0.007 0.024 0.324

SD, standard deviation; SV, serving.
† The values indicate Spearman’s correlation coefficients betweenweight estimates derived from the online dietary balance scores and food intakes obtained from the DR. * p< 0.05, ** p< 0.01,
*** p< 0.001.
‡Weight calculated from the dietary balance scores (g) were converted from the dietary balance scores obtained using the online dietary balance survey system. Conversion was based on the
definitions in the Japanese Food Guide Spinning Top andwas calculated according to themajor nutrient or food content per serving for each category: grain dishes were converted using 40 g of
carbohydrate, vegetable dishes using 70 g of the weight of the main ingredient, main dishes using 6 g of protein, milk using 100 mg of calcium, and fruit using 100 g of the weight of the main
ingredient.
§ These categories are presented as the total intake of themain ingredient food group, based on the definitions in the Japanese FoodGuide Spinning Top. Themain ingredients of Vegetable dish
are Potatoes, Vegetables, Mushrooms, and Algae, whereas the main ingredients in the Main dish are Pulses, Fish, Molluscs and crustaceans, Meat, and Eggs.

Journal of Nutritional Science 7



(a)  Grain dish (b)  Vegetable dish

(c)  Main dish

(e)  Fruits

(d)  Milk

Figure 2. The values on the X-axis represent the mean of intake estimated by online dietary balance scores from each dish category and each food group intake from the dietary
record (DR), and the values on the Y-axis represents the difference in intake estimated from each method (the intake estimated from the online dietary balance score minus the
intake estimated from the DR). The foods and nutrients used for each index were based on the food category definitions in the Japanese Food Guide ST as follows. (a) Grain dish,
carbohydrates; (b) Vegetable dishes, vegetable dish group (potatoes, vegetables, mushrooms, and algae); (c) Main dishes, protein; (d) Milk, milk and milk products; and (e) Fruits,
fruit intakes. SD, standard deviation. The solid line represents zero bias; the dotted line represents themean bias of difference in the estimated intakes; the broken line represents
mean ± 1.96 SD (limits of agreement). The p value indicates the significance of the regression line.
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that the nutrient and food intakes estimated from the online
dietary balance scores were underestimated compared with the DR
estimates in all dish categories, and the difference increased with
increasing average intake. This may be due to differences in the
methods used to calculate the dietary balance score and the DR-
based calculation: the dietary balance score is based on predefined
portion values representing standard portion sizes, whereas the
DR-based nutrient intakes are calculated from weighed food
records. Therefore, given the differences in the definition and
calculation method of the balance score and the calculation
method of nutrients and food groups from the DR, this difference
is considered reasonable. It is important to note that the dietary
balance assessment system is not intended to provide precise
nutrient or food intakes but rather to assess the balance of food
categories in the entire meal. The high correlation coefficients
observed between system-derived and DR-derived values indicate
that the system reliably reflects the overall dietary balance even
when absolute intakes differ. Thus, the system demonstrates
acceptable utility for assessing dietary balance.

Dietary surveys determining the exact amounts of nutrients and
foods consumed are associated with high costs and various
difficulties.(1) The new online nutrition survey system described in
our study, which was based on the Japanese Food Guide ST,
significantly reduced the burden on the participants. The
participants simply took a picture of each meal with their
smartphones and uploaded it to the cloud system. There was no
need to weigh food with a kitchen scale, record the weights with
pen and paper, or conduct lengthy interviews. However, the
researcher followed the procedure recommended by the Japanese
Food Guide ST and entered the balance scores into the system
based on the photographs taken by the participants. The only
materials required for input were the system and photographs
imported into the system, and the person in charge of the input
could work anytime and anywhere. This system has the potential to
simplify data collection by reducing various problems associated
with dietary survey data collection, such as simplifying the
procedures for participants and researchers, standardising data
entry tasks, and reducing the risk of human error.

This study has some limitations. Firstly, the findings are
primarily applicable to Japanese female adults as most of the
participants were women; thus, the generalisability of the results
was limited. Although underestimation of dietary intake is usually
more prevalent amongwomen, overreporting was observed among
women in the 2012 National Health and Nutrition Survey of
Japanese adults.(36) Several factors have been demonstrated to
influence the accuracy of reporting, including obesity, diet, sex,
socioeconomic status, and study setting.(37) Furthermore, the
median BMI of the participants was low, suggesting that the
system’s capacity to assess dietary intake in overweight/obese
individuals was not evaluated thoroughly.

Secondly, the information obtained from the meal photographs
had to be entered into the system by a registered dietitian. Because
it requires some knowledge and experience to infer the weight of
food from its image, the validity of this method may be reduced if
performed by a layperson. Recently, several DRs have been
developed using ICT images. There are two main types of dietary
surveys that use image analysis: those conducted by trained
evaluators and those that automatically analyse images. The
estimation of portion size by direct visual inspection of digital
photographs by trained evaluators has been evaluated in studies
conducted in the United States(38–40) and Italy.(41) A Danish study
showed that this method is effective and feasible if a standardised

filming protocol is followed and analysed by trained personnel.(42)

Moreover, the present study followed a similar process, with a
skilled dietitian responsible for evaluating the images. In nutri-
tional research, identifying food types and estimating their weights
from photographs are critical processes and skills required by
evaluators.(25) Despite the exploration of ICT-based tools for
photograph-based dietary assessment in several studies, food
image analysis technology is currently insufficient, and techno-
logical evaluation of dietary intake has not yet been realised.(43) The
method of data collection and the accuracy of the tool employed
may influence the assessment of dietary intake through a method
that utilises a portable digital assistant to estimate dietary intake
from photographs.(44) According to Stumbo, identifying foods
from photos and estimating their proportions requires stand-
ardised photography and additional information.(45) These find-
ings indicate that, in order to utilise photograph-based meal
assessment tools within the public health domain, it is imperative
to enhance the accuracy of these tools and standardise them.

Lastly, the representation of dietary balance outcomes in this
system is not demonstrated in the panel illustration
(Supplementary Figure 1). Currently, this system aggregates input
data and calculates dietary balance scores, but the evaluation itself
is based on the evaluation criteria of the Japanese Food Guide ST
and is not performed automatically by the system. However, it is
anticipated that the system will be developed into a tool for
assessing dietary balance using illustrated data by incorporating
the characteristic panel diagrams of the Japanese Food Guide ST.
The dish-based approach is intuitive for both meal preparers and
consumers, as it focuses on actual dishes rather than individual
ingredients.(23) The system is anticipated to simplify the input, data
collection, and assessment of dietary balance and serve as a self-
monitoring tool to promote healthy eating behaviours among
individuals.

Conclusions

This study examined the applicability and utility of an online
dietary balance survey system developed by the authors based on
the Japanese Food Guide ST. Although this system was not
designed for precise estimation of nutrient and food intake, the
online dietary balance scores obtained from the online dietary
balance survey system were considered useful for understanding
the dietary balance in the Japanese diet. This ICT-based system can
streamline the complex data collection and input involved in
dietary surveys, facilitating dietary balance assessments. If it
enables users to easily identify dietary imbalances, they may adopt
healthier eating habits independently.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/jns.2025.10031
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