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Background: This study describes the development of a multi-dimensional questionnaire for the personalized
recommendation of health functional foods.

Methods: The questionnaire was designed to include two parts: common and detailed. Each question was for-
mulated based on clinical evidence and physician-administered diagnostic tools provided by reputable sources
such as government agencies and medical institutions. The common questions were intended to assess over-
all health status. The detailed questions were organized into 28 categories based on the classification of health
functional foods’ health claims by the Ministry of Food and Drug Safety. Each question’s response was eval-
uated on a scale from 0 to 1. The final score of each category was calculated as the sum of the scores normal-
ized by the number of questions in each category. Two expert physicians in health functional food assessed the
content validity of the questionnaire, and the questionnaire was revised accordingly.

Results: A total of 31 common questions evaluated overall health conditions based on demographic in-
formation, medical history, allergies, prescription medicines, dietary habits, and lifestyle. A question that sur-
veys interest areas was also included to let the responders choose up to three categories for the detailed ques-
tion part. A total of 173 detailed questions assessed risk factors and symptoms relevant to each health claim.
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Conclusions: This questionnaire recommends health functional foods by measuring health risks and symp-
toms, following the classification of health functional foods by the Ministry of Food and Drug Safety. This ques-
tionnaire may serve as an evidence-based information collecting tool for a personalized health functional foods

recommendation system.
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Figure 1. Scheme for developing a questionnaire for recommending personalized health functional foods and ingredients.
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Table 1. Claims of health functional food based on body system classification

Body system" Subcategory® Claims of health functional foods™”

Nervous system . Memory and cognition May help improve memory and cognition which may decrease by aging.

. Sleep May help improve sleep quality.

1

2

3. Stress May promote relaxation of tension by stress.
4

5

. Fatigue May relieve fatigue by stress.
Sensory system . Teeth and oral cavity May provide the antimicrobial activity inside oral cavity and prevention of tooth
cavities.

6. Eyes May help maintain the density of macular pigments, improve dry eye syndrome,
and relieve eye fatigue.

7. Skin May help maintain healthy skin, prevent damages by the ultraviolet ray,
moisturize skin, improve skin condition due to immune hypersensitivity
reaction.

Digestive system and 8. Liver May help with liver health and prevent liver damage by alcohol.
metabolism 9. Stomach May help protect the mucous membrane of the stomach and promote biliary
secretion.

10. Intestine May help increase the number of beneficial bacteria, control harmful bacteria in
the intestine, and maintain healthy gastrointestinal bacteria population and
healthy bowel function.

11. Body fat May help reduce body fat.

12. Calcium absorption May help support the absorption of calcium.

Endocrine system 13. Blood glucose level May help maintain healthy postprandial glucose level.
May help maintain healthy fasting glucose level.

14. Menopause May help manage menopause symptoms.

15. Male menopause May help manage male menopause symptoms.

16. Premenstrual syndrome ~ May help improve premenstrual syndrome condition.

Cardiovascular system 17. Triglyceride May help maintain healthy triglyceride level.

18. Cholesterol May help maintain healthy blood cholesterol level.

19. Blood pressure May help maintain healthy blood pressure.

20. Blood circulation May help improve blood flow and maintain normal blood coagulation.

Immune system 21. Immunity May improve normal immune function and body defense against pathogens.

22.
23.

Anti-oxidant activity May help protect cells from free radicals by anti-oxidant activity.

May help maintain bone health, the structure and maintenance of connective
tissues, and healthy joint and cartilage.

Musculoskeletal system Bones and joints

24. Muscles May help improve endurance capacity and athletic ability while muscle training.
Male reproductive system  25. Prostate May help maintain prostate health.
Excretory system 26. Bladder May help improve bladder function.

27. Urinary tract May help control harmful bacteria in the urinary tract.

Respiratory system 28. Respiratory tract May help relieve allergic reactions in the respiratory tract, improve anti-oxidant

activity and respiration, and maintain the healthy structure of alveoli.

“The scope of health functional foods classification corresponds to a classification based on ‘Functional Contents of Health Functional Food’
(November 2019) issued by the Ministry of Food and Drug Safety.

*Cited from Health Functional Food Code that reflects the Ministry of Food and Drug Safety Notification (No. 2021-54, 29 June 2021); in case
of any divergence of interpretation of the Korean and English version thereof, the Korean version shall apply.
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Table 2. Sample items modifications obtained through an expert panel

Items before revision

Expert comments

Items after revision

Common question

Medical history
and allergy

Lifestyle

Detailed question

Memory and
cognition

Eyes

Fatigue

Bones and joints

[Question] Do you have any
hereditary conditions/diseases?

[Answer] None, blood glucose
control, blood pressure control,
weight control, cholesterol control,
atopic dermatitis treatment, eye
problems, hair loss, others

[Question] Do you drink 1 liters of
water a day?
[Answer] Yes or no

[Question] Do you have trouble
remembering what day and what
month it is?

[Answer] Yes or no

[Question] Do you have trouble
recognizing straight lines?
[Answer] Yes or no

[Question] Do you feel muscle pain?
[Answer] Yes or no

[Question] Select any medications you
are currently taking.

[Answer] None, corticosteroids,
thyroid drugs, anticonvulsants,
antacids, immunosuppressants, loop
diuretics, others

Include asthma, osteoporosis, and cancer into  [Answer] None, blood glucose

the list of conditions that require daily care.

control, blood pressure
control, weight control,
cholesterol control, atopic
dermatitis treatment, eye
problems, hair loss, asthma,
osteoporosis, cancer, others

Remove this question due to lack of scientific The question and answer were

evidence to support adequate daily water
requirements.

Adhere to the original question from the
source (Korean Industrial Health
Association; Evaluation of Cognitive
Function Difficulty) by including the
phrase, “Compared to the previous year”.

Remove the question that asks symptom
(vision changes) which need follow-up by a
medical professional.

Use words that will be easily understood by
substituting the word ‘pain’ with ‘fatigue’.

Remove ‘thyroid drugs, anticonvulsants,
antacids, immunosuppressants, loop
diuretics’ medications that does not affect
bone density.

removed.

[Question] Compare to the
previous year, do you have
trouble knowing what the
day is today?

The question and answer were
removed.

[Question] Do you feel muscle
fatigue?

[Answer] None,
corticosteroids,
anticonvulsants

Table 3. Types of items included in common questions

Category Question item (number of questions)

Demographics Sex (1), age (1), height and weight (1), women's life stages (1)

Disease and allergy Medical history (1), family health history (1), allergy (2)

Consumption history Prescription history (1), health functional food consumption history (1)

Dietary habits Dietary habits and behaviors (11)

Lifestyles Caffeine (1), alcohol consumption (2), smoking (1), UV exposure (1), sleep duration (1), exercise (2), stress (1)
Preference Health claims preference (1)
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Table 4. Types of items included in detailed questions

Body system®

Subcategory®

Types risk factors” (number of questions)

Types of symptoms* (number of questions)

Nervous system

Sensory system

Digestive system and
metabolism

Endocrine system

Cardiovascular
system

1. Memory and
cognition

2. Sleep

3. Stress

4. Fatigue

5. Teeth and oral

cavity

6. Eyes

7. Skin

8. Liver

9. Stomach
10. Intestine

11. Body fat

12. Calcium
absorption

13. Blood glucose
level

14. Menopause

15. Male
menopause

16. Premenstrual
syndrome

17. Triglyceride

18. Cholesterol®

19. Blood pressure®

Age (1), prescription history (1), sleep duration
(1), alcohol consumption (2), stress (1), fatigue
(1), depression (1)

Caffeine (1), sleep duration (1), alcohol
consumption (2)

Not applicable?

Stress (1), caffeine (1), smoking (1)

Medical history (3), family health history (1),
dietary habit (2), lifestyle (1), bruxism (1),
smoking (1)

Age (1), sex (1), medical history (2), family
health history (1), dietary habit (1), lifestyle
(1), smoking (1)

Age (1), UV exposure (1), family health history
©

Obesity (1), medical history (3), prescription
history (1), dietary habit (1), alcohol
consumption (2)

Age (1), stress (1), alcohol consumption (2)

Dietary habit (2), prescription history (1), stress
(1), alcohol consumption (2), smoking (1)

Dietary habit (5), insufficient exercise (1),
lifestyle (1), sleep duration (1), women's
life stages (1), family health history (1)

Age (1), exercise (1), alcohol consumption (2),
smoking (1), UV exposure (1), stress (1),
women's life stages (1)

Obesity (1), insufficient exercise (1), stress (1),
dietary habit (3)
Age (1)

Age (1)

Stress (1)

Age (1), obesity (1), prescription history (1),
dietary habit (2), alcohol consumption (2),
stress (1)

Obesity (1), medical history (4), family health
history (1), dietary habit (2), insufficient
exercise (1), alcohol consumption (2), smoking
(1), stress (1)

Age (1), obesity (1), dietary habit (1),
insufficient exercise (1), alcohol consumption
(2), smoking (1), stress (1)

Memory loss (2), reduced language ability (2),
reduced spatial ability (1), reduced
mathematical ability (1)

Sleep apnea (5)

Stress (5), difficulty concentrating (1),
depression (1), anxiousness (1), insomnia (1)

Fatigue (6), sleep disorder (1), pain (1)
Oral discomfort (4)

Eye fatigue and dry eye (4)

Reduced skin elasticity (2), reduced skin
repair (1), medical history (1), itchiness (2)

Appetite changes (1), pain (1), fatigue (3)

Indigestion (7), bowel disorder (1),
postprandial somnolence (1)

Indigestion (3), bowel disorders (2)

Obesity (1)

Medical history (1)

Not applicable

Hot flushes (1), tingling (1), insomnia (1),
mood changes (1), depression (1), fatigue (1),
headache (1), joint stiffness and pain (1),
palpitation (1), itchiness (1)

Low sex drive (1), lack of energy (2), weight
gain (1), depression (1), irritability (1),
erectile dysfunction (1), muscle loss (1),
postprandial somnolence (1), reduced
productivity (1)

Breast pain (1), lower abdominal pain (1),
headache (1), edema (1), anxiety (1),
depression (1), difficulty concentrating (1),
appetite changes (1), sleep disorder (1)

Not applicable

Not applicable

Not applicable’
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Table 4. Continued

Body system®

Subcategory®

Types risk factors” (number of questions)

Types of symptoms* (number of questions)

Immune system

Musculoskeletal
system

Male reproductive
system

Excretory system

Respiratory system

20. Blood
. . d
circulation

21. Immunity

22. Anti-oxidant
activity
23. Bones and

joints

24. Muscles

25. Prostate

26. Bladder

27. Urinary tract

28. Respiratory
tract

Age (1), obesity (1), medical history (3), dietary
habit (3), insufficient exercise (1), smoking (1),
stress (1)

Dietary habit (1), alcohol consumption (2),
smoking (1), stress (1)

Age (1), dietary habit (1), alcohol consumption
(2), smoking (1), stress (1)

Age (1), obesity (1), prescription history (1),
dietary habit (1), caffeine (1), insufficient
exercise (1), alcohol consumption (2), smoking
(1), women's life stages (1)

Age (1), obesity (1), dietary habit (1),
insufficient exercise (1), alcohol consumption
(2), smoking (1), stress (1)

Age (1), dietary habit (1)

Age (1)

Sex (1)

Medical history (1), smoking (1)

Not applicable®

Susceptibility to infection (1), fatigue (1)
Reduced skin elasticity (1)

Joint pain (1), joint stiffness (2), reduced
physical ability (1)

Reduced muscle endurance (1), muscle fatigue
(1), abnormal posture (1)

Intermittency (1), straining (1), frequent
urination (1), weak flow of urine (1),
frequent night-time urination (1), post-void
residual urine (1), sudden urge to urinate (1)

Intermittency (1), frequent urination (1),
frequent night-time urination (1), sudden
urge to urinate (1), urine dribbling (1)

Pain (1), frequent urination (1), frequent
night-time urination (1), sudden urge to
urinate (1)

Cough (1), mucus (1), trouble with breathing
(2), chest pain (1), wheezing (1)

“The scope of health functional foods classification corresponds to a classification based on “Functional Contents of Health Functional Food’
(as of November 2019) issued by the Ministry of Food and Drug Safety.
PRisk factors that may undermine the health of individuals.

‘Physical, psychological, and behavioral symptoms that may arise as a result of abnormal body functioning.
4Subcategories that only include either risk factors or symptoms for detailed questions.
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