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Abstract

The elderly population is increasing owing to a low fertility rate and an aging population. In
addition, life expectancy is increasing, and the advancement of medicine has increased the
importance of health to most people. Therefore, government and companies are developing
and supporting smart healthcare, which is a health-related product or industry, and providing
related services. Moreover, with the development of the Internet, many people are managing
their health through online searches. The most convenient way to achieve such management is
by consuming nutritional supplements or seasonal foods to prevent a nutrient deficiency.
However, before implementing such methods, knowing the nutrient status of the individual is
difficult, and even if a test method is developed, the cost of the test will be a burden. To solve
this problem, we developed a questionnaire related to nutrient classification twice, based upon
which an adaptive algorithm was designed. This algorithm was designed as a machine learning
based algorithm for nutrient classification and its accuracy was much better than the other
machine learning algorithm.
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1. Introduction

As interest in nutrition has grown based on information regarding various ingredients

and methods of intake, the consumption of healthy food has also significantly increased.
However, some people consume large amounts of saturated fats through fast food and do not
eat a sufficient amount of fruits and vegetables, which is far from a healthy diet, leading to an
increase in obesity and hypercholesterolemia [1, 2]. In addition, according to data released in
2015 and 2020 by the Korean Statistical Information Service (KOSIS), the population over the
age of 60 has increased by approximately 22.5% during the past 5 years, and the trend is
occurring nationwide [3]. As the population continues to age, interest in life expectancy,
disease prevention, and management-oriented health care is increasing. Based on these social
problems and phenomena, in this paper, an algorithm for nutrient recommendations based on
user guestionnaire data is proposed, where the results of the user’s nutrient deficiencies are
found through an algorithm and a nutritional diet is thereby recommended. This paper is about
thesis research results from a project titled “A medical interview-based personalized smart
food recommendation service platform.”

There are many studies [4-11], Korea health examination questionnaire [12], and
commercial products [13, 14] recommending nutritional diets for subjects based on
guestionnaires. However, owing to a difficulty in organizing research data and a security
concern regarding the handling of biometric information, some researches [4, 6-8] were
conducted on specific areas rather than on all regions, ages, and genders. For research data,
public data based on national surveys and data compiled through agreements are available [15].
This study recognizes this problem, and thus the subjects were asked to fill out a consent form
for personal information use to ensure the suitability as research data. Moreover, an electronic
consent form was prepared for the Macrogen saliva test [16], which is used as the reference
data. The recommended nutrient algorithm is based on data gathered through consent forms.

In addition, we previously analyzed [5, 9-11] for reference in the research progress in recent
papers on nutrients. It is a research method for classifying food groups through machine
learning using the food exchange system [5], and since our study also recommends nutrients
through questionnaires, the direction is similar and used as reference data. [9-11] are
references to examine the current status of nutrient-based Al researches. Through these papers,
based on questionnaire data, the development direction for the Al-based recommended
nutrient classification algorithm design was progressed.

The structure of this paper is as follows. In section 2, the questionnaire development is
divided into the design and verification stages, and in section 3, to verify the results of the
questionnaire, we introduce reference data and describe the nutrient recommendation
algorithm. Section 4 evaluates the similarities between the questionnaire and reference data
based on the results of the proposed algorithm, and evaluates the possibility of applying the
guestionnaire developed in this study. Section 5 provides some concluding remarks and
suggests future research directions.

2. Overview of Medical Examination

This section describes the development and verification process used for a medical
examination (M.E). The development progressed from version (v) 1.0 to the final version,
v2.4.
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2.1 Introduction to M.E

An overall introduction to the questionnaire is described in this subsection. Starting with the
design of the questionnaire, the process of selecting a suitable research subject for the
questionnaire, the data collection, and the reference data selection process, the selection of
detailed items for the questionnaire and finally the questionnaire verification methods are
described.

2.1.1 Questionnaire design

In the early stage of designing the questionnaire, we examined surveys conducted by many
different companies and their resulting recommended “customized nutrients” [13, 14]. For
each company, the questions are sequentially structured, and nutrient recommendations are
made possible through step-by-step inquiries. Through a direct examination of the
guestionnaires of other companies, the flow and gist of the questions were identified and
analyzed. The various symptoms, diseases, lifestyles, and health concerns are unique to each
individual. Most companies use methods in which the respondents answer questions through a
simple questionnaire and deficient or excess nutrients are easily determined based on the
answers [13, 14]. However, through the questionnaire, we found that the use of methods
developed by other companies is limited in terms of recommending a diet based on nutrient
recommendations founded on nutritional necessity. Rather than recommending nutrients that
an individual wants, to understand what nutrients the individual is deficient in, questions that
can help understand the general eating habits were added to our basic questionnaire.

2.1.2 Questionnaire selection process for research subjects

During the research subject selection process, the respondents were grouped through
itemized questionnaires, and through additional questionnaire development, the groups were
subdivided into regions (Jeju Island and mainland residents) based on gender and age.
However, the classification of the subjects based on their characteristics was difficult, and
finding subjects from a wide range of groups was even more challenging; thus, the subjects
who could easily give feedback were selected. [3, 17-24].

2.1.3 Data collection and reference data selection process for questionnaire

The reference data used in this study are the personal direct to consumer (DTC) test data of
Macrogen’s MyGenome Story (MGDTC) [16]. MGDTC is a genome test conducted using
saliva and provides a total of 72 types of results. We used the nutrient portion of the results and
applied only six of the nutrient results for collaboration with other participating agencies, i.e.,
calcium, potassium, ferrous (iron), zinc, magnesium, and vitamin C. The DTC test results
classify the degree of deficiency for each nutrient into safe, normal, and deficient, and we
relabeled the categories as unnecessary, moderately recommended, and strongly
recommended, respectively. Macrogen was chosen as the reference because it is the premier
company in the country for genome testing, with numerous research papers [25-27] related to
genome testing available, and is uniquely able to coordinate genome test results with other
cooperating institutions.

2.1.4 Selection of detailed items for the questionnaire
The deficient nutrients were selected through v1.0 of this questionnaire and a sampling of
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the subjects. Reference (MGDTC) response results and questionnaire v1.0 were derived from
the target population, based upon which, questionnaire v2.0 was updated by reflecting the
symptoms and characteristics of nutrient deficiency through an expert data analysis. Although
v2.0 was designed for simple nutrient recommendations, we determined that it is difficult to
recommend a diet suitable for individuals by simply extracting the results of various nutrients.
Therefore, based on the information on their daily eating habits, the recommendations
regarding necessary nutrients for the respondents were generated daily. Each question on the
questionnaire was created based on the National Health Statistics [28] and 2020 Nutrient
Intake Standards for Koreans [1, 2] provided by the Ministry of Health and Welfare. After
completion of the questionnaire v2.1, we inquired about the appropriateness of the questions
and the validity of the nutrient recommendations by consulting an expert in the field of
nutrition at Jeju National University [29-32]. From the consultation results, we updated to
versions 2.2, 2.3, and 2.4. The questionnaire update was based on studying various references
[2, 17-24]. For example, the nutrients necessary for pregnant women were referred to through
the corrigendum [17] of the latest data from the Ministry of Health and Welfare. In the case of
the questionnaire developed in this study, since it is conducted for general people, through data
from the Ministry of Education and the Korea Centers for Disease Control and Prevention [18],
nutrients essential for adolescents were analyzed and referenced so that they could be included
in the questionnaire. For the recommendation of nutrients according to drug intake in the early
stage of the development of the questionnaire, the elderly nutrition section of the related book
[20] was referred. The final responses were from questionnaire v2.4.

2.1.5 Explanation of improving questionnaire version

This section summarizes the changes to the questionnaire used in this study. Table 1 shows
the direction in which each questionnaire progressed, and Table 2 lists the revised contents
corresponding to Table 1. A total of five modifications occurred from v2.0 to v2.1, i.e. two
changes and three additions. For example, through [1] and [2], we changed and added relevant
questions from the items related to the recommended nutrients desired by the existing users,
focusing on the changes in their usual eating habits. A total of 8 areas of interest, including
exercise, chronic disease, and stress, were subdivided into 15 categories and modified to be
more applicable to the classification of the recommended nutrients. In Table 1 and Table 2,
the part of the questionnaire that occurred while progressing from v1.0 to v2.0 was not filled in
because it was not applicable.

There were 10 modifications, 2 additions, 5 deletions, and 1 retention out of a total of 18
revisions in v2.2. Questionnaire v2.2 was carried out with the advice of a professor in the
Department of Food and Nutrition, Jeju National University. Among the items added in v2.1,
the question regarding eating habits, i.e., “the number of consumptions per week” was
changed based on a consultation, related studies, and books [19, 24]. For example, 1 or 2 times
a week was changed to 2 or more times a day, once a day, and 4-6 times a week. As an
additional example, based on [23] and an advisory opinion that there is a need to differentiate
according to an increase in the number of vegetarians in modern society, a vegetarian category
was also inserted. Because nutrients are also included in vegetables, a question related to
vegetable intake was added. Based on [22], in relation to the drinking intake question, the
standard value for the examples was changed.

V2.3 modified the weight-related items. A 5-kg change can have a relative effect depending
on the body weight of the subject, and thus it was corrected to 5% of body weight. In addition,
because “a person who does not drink” could not be drawn from the answers related to
drinking intake in v2.2, the above contents were changed into two contents related to drinking
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intake. Using this modified questionnaire, a questionnaire on the first-round feedback was
conducted.

V2.4 added dietary guidelines for the elderly according to their birth year based on evidence
from [21] and first-round feedback. This occurred because, although a classification according
to gender is important, the types of nutrient recommendations and target users according to
age differ.

Finally, Fig. 1 is part of the screen of the questionnaire web and app proposed in this study,
and the overall thesis research structure can be shown in appendix A.

2.1.6 Method for M.E verification

For the questionnaire verification, a machine learning method was used to calculate the
degree of agreement between the questionnaire results and the reference results according to
each questionnaire version. In questionnaire v1.0, among the different machine learning
methods, verification was applied using a multiclass support vector machine (SVM) [33].
Questionnaire v2.4 was verified through the random forest [34]. Verification is described in
greater detail in section 4.

Table 1. Status of the questionnaire version (Consultation: A = Used; N/A = Not used)

Questionnaire Questionnaire item modification type Consultation
version Addition Modification Deletion Retention  Total
20->21 2 2 0 0 4
21> 22 2 10 5 1 18 A
22->23 4 9 3 0 16
23>24 6 0 2 0 8 N/A

Table 2. Representative modifications according to the questionnaire version

Questionnaire Content change according to questionnaire version Consultatio
- — = — Reference
Version Before modification After modification n Reference
Recommendation of Change the user's eating habits
20> 21 nutrients that users want and add related questions [1, 2]
8 items of interest 15 items of interest [29]
None Vegetarian related guestion [23]
Alcohol (soju 1 bottle, beer Alcohol (soju 1 shot, beer 1
21222 1.5 bottles) glass) [22]
Times per week Subdivided into day and week [19, 24]
Alcohol-related .
293923 guestion-Drink more Do not drink [22] [30]
' ' Body weight change of 5 Body weight change of 5 % or N/A
kg or more more
23324 None Added dietary guidelines for [21] N/A

seniors by year of birth
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Fig. 1. Example image of questionnaire web and app used in this study

3. Proposed Method

3.1 Overview of proposed system

Fig. 2 is a schematic diagram of the overall system. The user performs a questionnaire, and
the result of the questionnaire is used as input data. The input data is divided into those
corresponding to 6 nutrients, and if a special condition is satisfied even if the same response
according to the nutrient, a weight is given to the input data. Feature vectors are obtained
through a machine learning model. Nutrient deficiency three scale values are calculated as
feature vectors. The calculated results are expressed as 0, 1 and 2, where 0 means unnecessary,
1 means moderately recommended, and 2 means strongly recommended. The accuracy of the
model is compared with the labeling data, Macrogen data, and the number of matches is
obtained.

Input data

Extract features from
machine learning method

Extract features from
machine learning method

A 4
Calculate matching
correction

l

Nutrient classification

Fig. 2. Experimental flow chart of algorithm proposed in this study
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3.2 Model for proposed method

The structure used in this study is based on random forest [34]. To obtain the performance
by the optimal model for each of the six nutrients, the model in scikit-learn [35], a library
provided by Python, was used, and to obtain the optimal performance and parameters were
found through HalvingGridSearchCV. According to HalvingGridSearchCV, the optimal
parameters for each of the six nutrients are not the same.

3.3 Implementation details of HalvingGridSearchCV

An additional explanation of HalvingGridSearchCV, which is a means to find the optimal
parameter from machine learning methods, will be given. Random forest, decision tree, and
SVM were used for the model using HalvingGridSearchCV, and logistic regression and
k-Nearest Neighbor (k-NN) were not included in HalvingGridSearchCV, so the experiment
was conducted with the randomly selected parameter values. Random forest parameter
changed the values of max_depth, min_sample_split, and n_estimators, SVM changed gamma,
C value, and kernel type, and in the case of decision tree, criterion, splitter, max_depth, and
max_features were changed. Values related to parameters are set to be provided to scikit-learn.

4. Experiments and Analysis

4.1 Experimental data analysis

This section introduces a detailed description of the reference data and the data used in this
experiment and describes a comparison and analysis of the results from the development of
questionnaire v1.0 to v2.4.

4.1.1 Processing of experimental data

The data from the final experimentation are composed of users who answered questionnaire
v2.4. This was achieved using questionnaire data from a total of 90 people, including 25 out of
30 users who had answered questionnaire v1.0, excluding 5 who had left the company; in
addition, the corresponding reference data, i.e., Macrogen test data, were also used. Table 3
divides the data used in the experiment into training and testing data and specifies the total
data.

Table 4 is a composition of experimental data in this study. Most of the questionnaires are
related to various nutrients rather than the case where the answer to one question is related to
one nutrient. For example, if you look at “All” part common to six nutrients, you can see that
vitamin takes up the most, and potassium has the least, with four. As such, Table 4 shows that
each of the six nutrients has a part in common with other nutrients, but can also have an
independent effect. According to The Eighth Korea Health Statistics 2020 [28], when Koreans
answered “not applicable” to a specific question about nutrients that are generally lacking in
Korea, additional intake of calcium, zinc, vitamin C reflected so that it can be done [31, 32].
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Table 3. Number of users who responded to the guestionnaire by version

Data M.E v1.0 M.E v2.4
M.Ev1.0 MGDTC M.E v2.4 MGDTC
Training data 24 24 63 63
Testing data 6 6 27 27
Total data 30 30 90 90
Table 4. Composition of experimental data
Nutrient Answer type Number of answer Total Total ratio (%)
All 8
. Only calcium 7
Calcium 28, 31, 32] 10 31 20.5
Not recommended 6
All 4
Potassium Sharing calcium 5 10 6.6
Only potassium 1
All 8
Sharing calcium 2
Only ferrous 2
Ferrous Sharing vitamin C 1 27 17.8
[28, 31, 32] 10
Not recommended 4
All 7
. Only magnesium 6
Magnesium Sharing calcium 7 21 13.9
Sharing potassium 1
All 7
Zinc Only zinc 5 16 10.6
Not recommended 4
All 21
Only vitamin C 12
Vitamin C Sharing ferrous 1 46 30.5
[28, 31, 32] 10
Not recommended 2

4.2 Experimental result analysis

The model developed in this study uses a model for each of the six nutrients. Considering
the model complexity and computing speed, it was better to divide the models that classify the
recommended nutrients according to a genetic test of the user rather than constructing a single
model. For example, in the case of the calcium model, the part corresponding to calcium
among the values for the individuals is input into the algorithm and compared with MGDTC,
the labeled data, and the accuracy is calculated. The resulting values for these examples are
shown in Table 5, and the results for Table 5 are shown in a confusion matrix [36] in Fig. 3.

In Table 5, it can be seen that potassium and vitamin C are lower than the others. According
to Table 4, the number of answers for potassium is 10, which is the smallest number among
the six nutrients. Also, comparing the results of MGDTC, which is the reference data, with the
user's questionnaire responses, it was confirmed that the responses for a total of 90 people and
the results of MGDTC were different. We think that the majority of people respond because
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they are insensitive to the effects of potassium compared to other nutrients. However, vitamin
C has a low performance, but shows the opposite pattern. Since vitamin C is the nutrient that
occupies the largest portion of the 151 data, it can be considered that there is an advantage in
classifying the recommended nutrients relatively. However, although the response sheet
shows the direction of 2, most of MGDTC’s results point to 1, and there is also 0, so it can be
judged that the classification accuracy is low.

In Fig. 3, it can be seen that the result of the confusion matrix of calcium, magnesium, and
zinc is overfitting to 1. It could be determined that the number of data of 0 and 2 was smaller
than that of 1, and that the similarity between the reference and input data of 0 and 2 was
lowered.

Table 5. Results for six nutrients by proposed method

Method Accuracy Total average
Calcium 0.852
Potassium 0.519
Ferrous 0.704
Magnesium 0.852 0.723
Zinc 0.778
Vitamin C 0.63

Calcium(0.852) Potassium(0.519) Ferrous(0.704)

Ture label

Ture label
Ture label

1 1 2 1
Predicted label Predicted label Predicted label

(A) (B) (©)
Magnesium(0.852) Zinc(0.778) Vitamin C(0.63)

1
Ture hibel
1

hbel

Ture label

Ture

1 2 2 1
Predicted label Predicted label Predicted label

(D) (E) (F
Fig. 3. Confusion matrix of the results from (A) calcium, (B) potassium, (C) ferrous, (D) magnesium,
(E) zinc, and (F) vitamin C
4.2.1 Comparison among the proposed method and other machine learning
approaches

Next, the results of the method proposed in this study and other existing machine learning
approaches were compared and analyzed. Although the original nutrient analysis method uses
a statistical analysis model from the “Statistical Package for Social Sciences” (SPSS) [37],
because commercialization is essential for this study, we chose to implement other machine
learning methods. Table 6 summarizes and compares the results between the method
proposed in this study and the existing machine learning approaches. From the table, one can
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check the classification accuracy for each of the six deficient nutrients and the overall average
classification accuracy. For comparison, logistic regression (LR) [38], SVM [33], k-NN [39]
and decision tree (DT) [40] were used. Fig. 4 shows the results of the classification of the six
nutrients in Table 6 as a confusion matrix. Fig. 5 displays the results for Table 6 in a graph
form, which indicates the superiority of the proposed approach over the other methods.

In Table 6, it can be seen that the results of the random forest method and decision tree
proposed in this study are very similar. The reason is that the random forest model is similar to
the decision tree, but in the case of a decision tree, there is one tree, whereas in the random
forest, there is more than one. This is the reason why the random forest, which compensates
for the shortcomings of the decision tree according to [41], was used as the model proposed in
this study. Fig. 4 shows the results of Table 6 as a confusion matrix.

Table 6. Comparison of results between proposed method and other machine learning method

Method Accuracy
SVM [32] 0.644
LR [38] 0.568
k-NN [39] 0.605
DT [40] 0.659
Proposed [33] 0.723
SVM(0.644) LR(0.568) DT(0.659)
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£ w B k
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1
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-04
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(D) B
Fig. 4. Confusion matrix for total average accuracy results by using proposed method and other
machine learning method. (A) SVM, (B) logistic regression (LR), (C) decision tree (DT), (D) k-NN, and
(E) proposed
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5. Conclusions

This paper is about of a thesis research result titled “A medical interview-based
personalized smart food recommendation service platform.” During approximately 2 years,
the above questionnaire evolved from v1.0 to v2.4. The questionnaire items were revised
based on numerous studies on nutrient recommendations [2, 17-24] and consultations [29-32].
To verify whether the degree of nutrient deficiency was properly classified, a total of 90 users
were recruited for the final questionnaire. To classify the degree of nutrient deficiency,
Macrogen’s saliva test was used as reference data, and among the machine learning methods,
the random forest-based model was used to design the algorithm applied to classification.
Furthermore, to evaluate the performance of the model utilized in this study, decision tree,
logistic regression, SVM, and k-NN methods were compared. From the performance
comparison, it was confirmed that the proposed method in this study achieved better results. In
addition, it was confirmed that the recall value of 1, which is moderately recommended among
the three recommended methods, was almost close to 1. Through this, there will be an
advantage in that the user can receive the recommended nutrients among the six nutrients
through the our questionnaire. However, in the case of potassium or zinc, the unnecessary
value of 0 is incorrectly judged as the strongly recommended value of 2. In conclusion, if the
service equipped with the algorithm of this study is implemented, the our questionnaire
response data will be accumulated, and if the algorithm is developed through them, this
problem will be reduced. In addition, the questionnaire in this study was designed to be able to
recommend nutrients according to alcohol intake based on [42]. Therefore, one of the
characteristics is that it can affect the six nutrients recommended to the user according to the
response of the related question items.

However, there are some limitations to this study. First, although some public data exist,
they could not be used because the nature of the public data of the Ministry of Health and
Welfare differs from the data used in this study, and data from other studies could not be
applied because they contained specific personal information. Second, the reference data were
limited. It was difficult to conduct other reference tests to prove the validity of the
questionnaire results. This makes it difficult to find other test methods that can analyze the
content and nutrient deficiencies, and it was therefore difficult to complete the task by the
deadline and re-test a total of 90 people. As a result, two of the limitations can be considered as
shortcomings of this study. To compensate for these shortcomings, various references and
consultations were used.

Consequently, the platform service is the final product of the thesis research. Through this
service, various users can check the nutritional information that is lacking through the
questionnaire. It also provides a recommended diet for deficient nutrients. In the future, it is
hoped that various services in a developed form will come out through what is mentioned in
the research papers [43, 44] related to this study. we intend to conduct research on
recommended nutrients for a specific age or a specific race like the study in [45].
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