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Abstract: Background/Objectives: Understanding food preferences is important for weight manage-
ment. However, methods for assessing food preferences are not well established, especially in Japan.
This study aimed to examine detailed food preferences and their associations with actual food intake
in non-obese and abdominal-obese subjects using a newly developed questionnaire tailored for the
Japanese population. Methods: We developed the Japan Food Preference Questionnaire (JFPQ) to
evaluate food preferences across four nutrient groups based on nutritional evidence: carbohydrate,
fat, protein, and dietary fiber. A total of 38 non-obese and 30 abdominal-obese participants completed
both the JFPQ and the Food Frequency Questionnaire (FFQ). Food preferences for each nutrient were
compared between the two groups, and correlations between food preferences (assessed by the JFPQ)
and food intake (assessed by the FFQ) were analyzed. Results: Compared with the non-obese group,
the abdominal-obese group showed significantly greater preferences for carbohydrates, fat, and pro-
tein, with no significant difference in dietary fiber after adjusting for age and sex. Furthermore, in the
abdominal-obese group, positive correlations were found between actual intake and preference for
high-fat and high-carbohydrate foods. Conclusions: Our findings from this pilot study demonstrated
that abdominal-obese individuals had greater preferences for fat and carbohydrates, which were
linked to actual fat and carbohydrate intake and possibly contributed to the development of obesity.
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1. Introduction

The prevalence of obesity and obesity-related disorders is rapidly becoming a global
health concern, particularly in East Asian countries, including Japan [1,2]. While weight
loss through energy intake restriction is an effective treatment for obesity [3–5], managing
the eating behavior of obese individuals is often challenging. Previous studies have
demonstrated that Japanese individuals with obesity or visceral fat accumulation exhibit
abnormalities in several eating behaviors, including food preference and content [6–8].

Among the multiple factors that influence food intake, food preferences are of primary
importance in determining the choice, quantity, and content of foods consumed, which can
contribute to body weight status as well as the development of chronic metabolic diseases,
such as diabetes mellitus [9]. It has been reported that obese individuals exhibit a high
preference for fat [10–16] and possibly sweet foods [10,12,14–17]. However, owing to the
lack of appropriate tools based on nutritional evidence, the differences in food preferences
for each nutrient between obese and non-obese individuals are not fully understood,
especially in Japanese individuals. Moreover, clarifying the relationship between food
preferences and actual food intake may help explain the underlying causes of obesity and
visceral fat accumulation.

When exploring the relationship between an individual’s food preferences and the
pathogenesis of obesity, it is crucial to recognize that food preferences are strongly in-
fluenced by the food culture, traditions, and eating habits of each country. Therefore,
survey methodologies that account for these cultural factors on a country-by-country basis
are needed. In particular, to appropriately assess the food preferences of the Japanese
population, it is necessary to employ a nutrition-based questionnaire tailored to their spe-
cific eating habits and dietary composition. However, such a method has not yet been
well established.

In this study, we developed a new food preference questionnaire based on detailed
nutritional characteristics consisting of food items ordinally eaten by Japanese people.
Using our questionnaire, the present study aimed to evaluate the differences in food
preferences between non-obese and abdominal-obese individuals and to examine the
relationships between these preferences and actual dietary intake.

2. Materials and Methods
2.1. Requirements

The present study enrolled non-obese and abdominal-obese individuals. The non-
obese group was recruited from physicians and nutritionists between the ages of 20 and
74 years who were willing to participate in the study. The criteria for being classified as non-
obese included a body mass index (BMI) less than 25 kg/m2; waist circumference less than
85 cm for men and 90 cm for women; and no medication for hypertension, dyslipidemia, or
diabetes mellitus. The abdominal-obese group was recruited from a previously described
feasibility pilot study of a lifestyle modification program [18], which included Japanese
company employees aged 20 to 74 years who met the criteria of BMI ≥25 kg/m2 or waist
circumference ≥85 cm for men and ≥90 cm for women, corresponding to a visceral fat
area of 100 cm2 [19,20], as indicated at the annual health check-up. Those on special diets,
such as protein restriction or elimination of allergic foods, those who were pregnant or
breastfeeding, and those with severe hypertension (systolic blood pressure ≥160 mmHg or
diastolic blood pressure ≥110 mmHg), severe hypertriglyceridemia (≥1000 mg/dL), and
exercise restrictions (e.g., those with heart failure and/or unstable angina) were excluded
from this study.

The current study was conducted in accordance with the Declaration of Helsinki
and was approved by the Institutional Ethics Review Board of Osaka University Hospital
(approval numbers 21387 and 21335). Written informed consent was obtained from all
participants included in this study.
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2.2. Development of the Japan Food Preference Questionnaire

To quantitatively assess food preference, the Japan Food Preference Questionnaire
(JFPQ) was newly developed according to the following procedures: (1) Foods that are
frequently discussed in nutrition counseling, such as weight loss guidance and blood
glucose management for diabetic patients, were selected as candidates for the JFPQ.
(2) The nutritional characteristics of the candidate foods were then investigated in de-
tail by referring to the energy and nutrient values listed for each food in the “Standard
Tables of Food Composition in Japan 2020 (8th Revised Edition)” [21] and “Tables of Car-
bohydrate Composition in Japan 2020 (8th Revised Edition)—Available Carbohydrates,
Polyols, Dietary Fiber, Organic Acids” [22]. (3) Candidate foods were classified into car-
bohydrate, fat, and protein groups by defining a carbohydrate-to-total energy ratio of
≥70% as the carbohydrate group, a fat-to-total energy ratio of ≥40% as the fat group, and a
protein-to-total energy ratio of ≥30% as the protein group. For the carbohydrate and fat
groups, each food was further divided into two subgroups: a sweet subgroup with more
than 10 g of total sugars, including monosaccharides (glucose, fructose, and galactose) and
disaccharides (sucrose, maltose, lactose, and trehalose), per 100 g of edible portion, and
a non-sweet subgroup with less than 10 g of total sugars. In addition, foods with a high
dietary fiber content (≥1 g per 100 g of edible portion) and low energy (<100 kcal per 100 g
of edible portion) were selected for the dietary fiber group. Fruits were included in both
the carbohydrate and dietary fiber groups because they met the criteria for both groups.
(4) In addition to the foods that were used to categorize each nutritional group, various
forms of food, such as ice cream/sherbet, pudding/jelly, and biscuits/cookies, were also
included in the questionnaire to assess the relationship between food preference and the
hardness of each food, especially in post-metabolic/bariatric surgery cases and in elderly
individuals. (5) Preference for each food item was rated on a visual analog scale (0: not at
all, 10: extremely), with a picture of the food displayed to allow for associations through
visualization. All responses took approximately 5 min to complete.

2.3. Assessment of Food Preference

Using the JFPQ developed as described above, we assessed the food preferences of
the non-obese and abdominal-obese groups. The total scores for each food component
were calculated for the carbohydrate, fat, protein, and dietary fiber groups. Because the
maximum score differed for each nutrient group, we calculated the percentage of the total
score to the full score for each nutrient group.

2.4. Assessment of Eating Behaviors

Obesity-related eating behaviors were evaluated using the questionnaire from the Guideline
for Obesity issued by the Japan Society for the Study of Obesity (JASSO) [6–9,23,24]. This method
specifically identifies problems in the various eating behaviors of obese subjects. This question-
naire comprises 55 questions on seven major scales as follows: (1) Recognition for weight and
constitution (e.g., “Do you think it is easier for you to gain weight than others?”); (2) External
eating behavior (e.g., “If food smells and looks good, do you eat more than usual?”); (3) Emotional
eating behavior (e.g., “Do you have the desire to eat when you are irritated?”); (4) Sense of hunger
(e.g., “Do you become irritated when you feel hungry?”); (5) Eating style (e.g., “Do you eat
fast?”); (6) Food preference/content (e.g., “Do you often eat meat?”); (7) Regularity of eating habits
(e.g., “Is your dinner time too late at night?”). All items were rated on a scale from 1 (seldom) to
4 (very often). By scoring the responses to the questionnaire according to sex and constructing a dia-
gram to confirm their characteristics, we can objectively grasp issues related to eating behavior and
habits. Because the maximum score for some major scales, including “recognition of weight and
constitution”, “external eating behavior”, “sense of hunger”, and “food preference/content”,
differs between males and females, we calculated the percentage of the full score for each
eating behavior.
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2.5. Assessment of Dietary Intake

Dietary intake was assessed using a self-administered long-Food Frequency Ques-
tionnaire (FFQ) developed for Japanese individuals [25]. Food intake was calculated
by multiplying the frequency of consumption (never, 1–3 times/month, 1–2 times/week,
3–4 times/week, 5–6 times/week, once/day, 1–2 times/day, 4–6 times/day, and 7 times/day
or more) by the relative portion size (small, medium, and large). Participants were asked to
report their dietary intake over the previous year.

2.6. Statistical Analysis

All values are presented as the mean ± standard deviation (SD) and the number of
subjects (%). For comparative analysis between the non-obese and abdominal-obese groups,
Student’s t-test was used for continuous variables, and Fisher’s exact test was used for
categorical variables. Because there were significant differences in sex and age between the
non-obese and abdominal-obese groups, analysis of covariance (ANCOVA) was performed
to adjust for age and sex as covariates when comparing the eating behavior scores, food
preference scores, and dietary intake derived from the FFQ between the two groups.

Pearson’s correlation coefficients were used to examine the correlation between food
preference scores, as assessed by the JFPQ, and dietary intake, as assessed by the FFQ, for
each nutrient group. Logistic regression analysis was also used to examine the relation-
ship between food preference scores and the frequency or amount of food intake for each
food. For this purpose, the frequency of intake (never, 1–3 times/month, 1–2 times/week,
3–4 times/week, 5–6 times/week, 1 time/day, 1–2 times/day, 4–5 times/day, and
7 times/day or more) on the FFQ was placed on an ordinal scale from 1 to 9, and the
relative amounts (small, medium, and large) were placed on an ordinal scale from 1 to 3.

In all cases, two-tailed tests were used, and p values < 0.05 were considered statistically
significant. All analyses were performed using JMP Statistical Discovery Software 17.0
(SAS Institute, Cary, NC, USA).

3. Results
3.1. Nutritional Characteristics and Classification of the Foods in the JFPQ

Figure 1 shows the JFPQ developed in this study, which consists of 30 food items
consumed daily by Japanese people. The nutritional characteristics of the 25 foods in each
nutrient group are shown in Table 1, and detailed information on the foods used to calculate
the nutritional value of each item is presented in Table S1. The carbohydrate-to-total energy
ratio of the foods in the carbohydrate group ranged from 77.1% to 100.0%, with an average
of 90.2% for the sweet carbohydrate group and 84.2% for the non-sweet carbohydrate
group, meeting our criterion of over 70%. The fat-to-total energy ratio of foods in the fat
group ranged from 47.2% to 57.6%, with an average of 52.9% for the sweet fat group and
50.8% for the non-sweet fat group, above 40%. The protein content of the foods in the
protein group ranged from 31.9% to 58.6% of the protein-to-total energy ratio, which was
greater than 30%. The foods in the dietary fiber group ranged from 9 to 56 kcal of energy
and 1.4 to 4.1 g of dietary fiber per 100 g. For the sweet and non-sweet food subgroups, the
sweet carbohydrate group ranged from 12 to 90 g of sugar per 100 g of edible portion, and
the sweet fat group ranged from 20 to 55 g, both of which met our criteria of 10 g or more.
In contrast, the non-sweet carbohydrate group ranged from 0 g to 4 g, and the non-sweet
fat group ranged from 1 g to 7 g.
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Figure 1. The Japan Food Preference Questionnaire (JFPQ). A newly developed Japan Food Preference
Questionnaire (JFPQ) is presented. The JFPQ consists of questions that require participants to quantify
how much they would like to eat the food items using a visual analog scale (VAS) ranging from 0 to
10 (0: not at all, 10: extremely). In the questionnaire, images of the foods are displayed to help the
participants recognize the items.



Nutrients 2024, 16, 4252 6 of 16

Table 1. Classification and nutritional characteristics of foods in each nutritional group of the JFPQ.

Carbohydrate
Group Criteria Food kcal

/100 g %Carb %Fat %Pro Sugars
g/100 g

Sweet %Carb ≥ 70% 2. Japanese sweets 226 90.7 1.0 6.3 28
Sugars ≥ 10 g/100 g
edible portion 13. Sweet breads 269 78.4 11.9 8.3 24

16. Fruits 56 84.1 1.8 3.9 12
17. Soft drinks (juice) 46 97.6 1.0 1.3 10
28. Candy (drop,
lollipop) 385 100.0 0.0 0.0 90

Mean 196 90.2 3.1 4.0 33

Non-sweet %Carb ≥ 70% 4. Rice crackers 368 90.1 2.2 6.8 0
Sugars < 10 g/100 g
edible portion 5. White rice 156 91.6 1.2 5.1 0

7. Udon/soba noodles 60 77.1 3.8 11.1 1
19. Non-sweet breads 269 77.9 8.4 11.9 4

Mean 213 84.2 3.9 8.8 1

Fat
group Criteria Food kcal

/100 g %Carb %Fat %Pro Sugars
g/100 g

Sweet %Fat ≥ 40% 1. Cakes (Western
sweets) 356 34.7 57.6 7.2 20

Sugars ≥ 10 g/100 g
edible portion 20. Pastries 337 45.7 47.5 5.9 18

30. Sweet chocolates 541 38.3 56.2 3.7 49

Mean 411 39.6 53.8 5.6 29

Non-sweet %Fat ≥ 40% 3. Snacks 524 44.2 50.5 3.9 3
Sugars < 10 g/100 g
edible portion

6. High-fat ramen
noodles 209 42.4 45.1 11.1 2

8. High-fat
Western-style meal 129 35.4 49.5 11.4 3

9. Hamburgers 251 30.9 55.8 12.2 4
12. High-fat breads 354 45.1 47.2 6.7 7
14. Deep-fried foods 313 21.2 56.8 20.9 1

Mean 297 36.5 50.8 11.0 3

Protein
group Criteria Food kcal

/100 g %Carb %Fat %Pro

%Pro ≥ 30% 10. Fish 127 14.8 26.5 58.6
15. Meat 186 6.7 57.3 36.0
21. Soybean products 106 9.0 51.0 35.0
22. Eggs 133 9.5 58.7 31.9

Mean 138 10.0 48.4 40.4

Dietary fiber
group Criteria Food kcal

/100 g
Dietary fiber

g/100 g

Dietary fiber ≥ 1
g/100 g edible portion 11. Vegetables 32 3.2

Energy < 100 kcal/100
g edible portion 16. Fruits 56 1.4

23. Seaweeds 9 2.8
24. Mushrooms 27 4.1

Mean 31 2.9

Carbohydrates refer to non-fiber carbohydrates that do not contain dietary fiber. %Carb: percentage of total
energy from non-fiber carbohydrates; %Fat: percentage of total energy from fat; %Pro: percentage of total energy
from protein. Sugars include glucose, fructose, galactose, sucrose, maltose, lactose, and trehalose. The data are
presented as means. Detailed information on the foods used to calculate the nutritional value of each item is
provided in Table S1. JFPQ, Japan Food Preference Questionnaire.
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3.2. Clinical Characteristics of the Participants in the Non-Obese and Abdominal-Obese Groups

Thirty-eight non-obese and 30 abdominal-obese subjects were enrolled in this study.
The clinical characteristics of the study participants are shown in Table 2. The mean age was
36.4 ± 8.7 years in the non-obese group and 45.9 ± 10.7 years in the abdominal-obese group,
which was significantly greater in the abdominal-obese group. There were significantly
more males in the abdominal-obese group. The mean BMI was 21.0 ± 2.0 kg/m2 in the
non-obese group and 27.1 ± 2.9 kg/m2 in the abdominal-obese group, and the mean
waist circumference was 72.8 ± 7.1 cm in the non-obese group and 96.0 ± 7.1 cm in the
abdominal-obese group, both of which were significantly greater in the abdominal-obese
group. Systolic blood pressure, diastolic blood pressure, and the number of subjects with
hypertension were also significantly higher in the abdominal-obese group.

Table 2. Clinical characteristics of the participants in the non-obese and abdominal-obese groups.

Non-Obese
(N = 38)

Abdominal-Obese
(N = 30) p Value

Age, year 36.4 ± 8.7 45.9 ± 10.7 <0.001

Sex (male/female) 19/19 24/6 0.013

Body weight, kg 56.9 ± 8.9 79.7 ± 11.3 <0.001

BMI, kg/cm2 21.0 ± 2.0 27.1 ± 2.9 <0.001

Waist circumference, cm 72.8 ± 7.1 96.0 ± 7.1 <0.001

Systolic blood pressure, mmHg 116.6 ± 11.9 134.3 ± 13.4 <0.001

Diastolic blood pressure, mmHg 70.8 ± 8.5 87.1 ± 8.9 <0.001

Hypertension, n (%) 1 (2.6) 10 (33.3) <0.001

Hyperlipidemia, n (%) 4 (10.5) 7 (23.3) 0.194

Diabetes, n (%) 0 (0.0) 3 (10.0) 0.081
The data are presented as the mean ± SD or number of subjects (percentage of total). p values were calculated using
Student’s t-test for continuous variables and Fisher’s exact test for categorical variables. BMI, body mass index.

3.3. Comparison of Eating Behavior and Food Preference Scores Between the Non-Obese and
Abdominal-Obese Groups

First, we compared the eating behavior of non-obese and abdominal-obese individuals
via the JASSO Eating Behavior Questionnaire. As shown in Table 3, the scores of the
abdominal-obese group were significantly higher than those of the non-obese group on all
seven major scales, including “food preference/content” represented by questions such as
“Do you like fatty foods?”, “Do you often eat meat?”, and “Do you often eat sweet breads?”.

Given the differences in eating behaviors between the abdominal-obese and non-obese
groups, the JFPQ was subsequently used to examine detailed food preferences in each
group. As shown in Table 4, food preferences for each nutrient group were assessed as a
percentage of the total score, and food preferences for each food were assessed as a score.
The results are also presented as a radar chart to objectively capture the strength and bias
of food preferences (Figure S1). The scores for the carbohydrate, fat, and protein groups
were significantly higher in the abdominal-obese group than in the non-obese group, and
this result did not change after adjusting for age and sex. Although the scores for the
dietary fiber group were also significantly higher in the abdominal-obese group than in
the non-obese group according to the univariate analysis, the significance disappeared
after adjustment for age and sex. Comparisons were also made for the scores for each food
comprising each nutrient group (Table 4). Even after adjusting for age and sex, preferences
for several foods were found to be significantly greater in the abdominal-obese group, in-
cluding Japanese sweets (p = 0.027), soft drinks (p = 0.029) (the sweet carbohydrate group),
udon/soba noodles (p = 0.030) (the non-sweet carbohydrate group), sweet chocolates
(p = 0. 007) (sweet fat group), snacks (p < 0.001), high-fat ramen noodles (p = 0.002), hamburg-
ers (p = 0.037), deep-fried foods (p = 0.003) (non-sweet fat group), fish
(p = 0.009), meat (p = 0.008), and eggs (p < 0.001) (protein group). In contrast, in the



Nutrients 2024, 16, 4252 8 of 16

dietary fiber group, no food intake was significantly different between the non-obese and
abdominal-obese groups.

Table 3. Comparison of eating behaviors between the non-obese and abdominal-obese groups.

Non-Obese
(N = 38)

Abdominal-
Obese

(N = 30)

Unadjusted Sex and
Age-Adjusted

p Value p Value

Recognition for weight and constitution
(%) 45.0 ± 11.0 56.3 ± 14.1 <0.001 <0.001

External eating behavior (%) 42.8 ± 13.5 59.5 ± 15.1 <0.001 <0.001

Emotional eating behavior (%) 37.2 ± 13.5 47.5 ± 17.6 0.008 0.005

Sense of hunger (%) 41.0 ± 14.6 55.1 ± 12.3 <0.001 <0.001

Eating style (%) 43.3 ± 16.6 55.2 ± 15.1 0.003 <0.001

Food preference/content (%) 44.3 ± 11.7 56.1 ± 11.8 <0.001 <0.001

Regularity of eating habits (%) 48.7 ± 11.7 60.9 ± 13.6 <0.001 <0.001

Total score (%) 43.7 ± 8.9 56.7 ± 10.7 <0.001 <0.001

The data are presented as the mean ± SD. p values were calculated using Student’s t-test. Multiple regression
analysis was performed using age and sex as covariates.

Table 4. Comparison of food preference scores as assessed by the JFPQ between the non-obese and
abdominal-obese groups.

Non-Obese
(N = 38)

Abdominal-
Obese

(N = 30)

Unadjusted Sex and
Age-Adjusted

p Value p Value

Carbohydrate group (%) 34.8 ± 15.5 50.5 ± 15.2 <0.001 0.007

Sweet (%) 28.2 ± 16.5 43.8 ± 17.6 <0.001 0.011

2. Japanese sweets 2.9 ± 2.8 5.3 ± 3.5 0.002 0.027
13. Sweet breads 2.4 ± 2.6 4.0 ± 2.5 0.014 0.174
16. Fruits 5.6 ± 3.0 6.5 ± 2.6 0.162 0.358
17. Soft drinks (juice) 2.1 ± 2.8 4.3 ± 3.0 0.003 0.029
28. Candy (drop, lollipop) 1.2 ± 1.6 1.8 ± 2.1 0.130 0.215

Non-sweet (%) 43.0 ± 18.5 58.9 ± 16.0 <0.001 0.023

4. Rice cracker 2.8 ± 2.6 4.6 ± 2.6 0.006 0.053
5. White rice 5.8 ± 2.8 7.5 ± 2.1 0.009 0.106
7. Udon/Soba noodles 5.0 ± 2.5 7.0 ± 2.5 0.002 0.030
19. Non-sweet breads 3.6 ± 3.1 4.5 ± 3.0 0.219 0.705

Fat group (%) 37.9 ± 19.5 55.5 ± 16.9 <0.001 0.002

Sweet (%) 39.9 ± 29.9 56.0 ± 24.1 0.019 0.042

1. Cakes (Western sweets) 4.4 ± 3.4 6.2 ± 3.4 0.039 0.074
20. Pastries 3.5 ± 3.2 4.6 ± 2.5 0.151 0.414
30. Sweet chocolates 4.0 ± 3.3 6.0 ± 2.8 0.008 0.007

Non-sweet (%) 36.9 ± 18.5 55.3 ± 19.6 <0.001 0.001

3. Snacks 3.0 ± 2.9 5.7 ± 2.9 <0.001 <0.001
6. High-fat ramen noodles 4.1 ± 2.8 6.8 ± 2.8 <0.001 0.002
8. High-fat Western-style meal 4.4 ± 2.4 5.2 ± 2.7 0.254 0.662
9. Hamburgers 2.8 ± 2.8 4.5 ± 3.3 0.023 0.037
12. High-fat breads 3.4 ± 2.7 4.4 ± 2.9 0.125 0.278
14. Deep-fried foods 4.4 ± 2.5 6.6 ± 2.3 <0.001 0.003

Protein group (%) 51.8 ± 17.1 72.8 ± 11.7 <0.001 <0.001

10. Fish 5.3 ± 2.2 7.2 ± 2.3 0.001 0.009
15. Meat 5.6 ± 2.5 7.4 ± 2.5 0.003 0.008
21. Soybean products 4.9 ± 3.0 7.1 ± 2.2 0.002 0.053
22. Eggs 4.9 ± 2.3 7.4 ± 1.9 <0.001 <0.001

Dietary fiber group (%) 52.6 ± 21.5 64.6 ± 17.1 0.016 0.200

11. Vegetables 6.4 ± 2.3 7.3 ± 2.2 0.106 0.348
16. Fruits 5.6 ± 3.0 6.5 ± 2.6 0.162 0.358
23. Seaweeds 4.5 ± 2.5 6.3 ± 2.4 0.004 0.089
24. Mushrooms 4.6 ± 2.9 5.7 ± 2.7 0.112 0.729

The data are presented as the means ± SDs. Food preferences for each nutrient group are presented as percentages
of the total score to the full score, and the preferences for each food item are presented as scores. p values were
calculated using Student’s t-test. Multiple regression analysis was performed with age and sex as covariates.
JFPQ, Japan Food Preference Questionnaire.



Nutrients 2024, 16, 4252 9 of 16

3.4. Comparison of Dietary Intake of Total Energy and Macronutrients Between Non-Obese and
Abdominal-Obese Groups

The FFQ was then used to examine the dietary intake of total energy and macronutri-
ents in the non-obese and abdominal-obese groups. As shown in Table 5, the daily intakes
of total energy (p < 0.001), non-fiber carbohydrates (p < 0.001), fat (p < 0.001), protein
(p < 0.001), and dietary fiber (p < 0.001) were significantly greater in the abdominal-obese
group than in the non-obese group, even after adjusting for age and sex.

Table 5. Comparison of daily energy and macronutrient intake as assessed by the FFQ between the
non-obese and abdominal-obese groups.

Non-Obese
(N = 38)

Abdominal-
Obese

(N = 30)

Unadjusted Sex and Age-
Adjusted

p Value p Value

Energy, kcal/day 1824.5 ±
187.4

2187.3 ±
206.6 <0.001 <0.001

Non-fiber carbohydrate, g/day 242.6 ± 22.9 268.3 ± 35.3 <0.001 0.034

Fat, g/day 56.2 ± 4.8 64.7 ± 3.5 <0.001 <0.001

Protein, g/day 71.9 ± 6.1 86.5 ± 5.9 <0.001 <0.001

Dietary fiber, g/day 13.0 ± 1.1 18.7 ± 2.4 <0.001 <0.001
Daily energy and macronutrient intakes were assessed using the Food Frequency Questionnaire (FFQ). The data
are presented as the mean ± SD. p values were calculated using Student’s t-test. Multiple regression analysis was
performed with age and sex as covariates.

3.5. Correlations Between Food Preference Scores and Dietary Intake

Finally, we investigated whether food preferences are associated with actual food
intake. To this end, we examined the relationship between food preference scores, assessed
by the JFPQ, and dietary intake, assessed by the FFQ. Across all study participants, there
were significant positive correlations between food preference scores and intake for all
four nutrient groups: carbohydrates (p = 0.002), fat (p < 0.001), protein (p < 0.001), and
dietary fiber (p < 0.001) (Figure 2A,D,G,J). We then analyzed the relationship between food
preferences and intake separately in the non-obese and abdominal-obese groups. In the
non-obese group, a significant positive correlation was observed only for dietary fiber
(p = 0.013) (Figure 2B,E,H,K). In the abdominal-obese group, a significant positive correla-
tion was observed for fat (p = 0.024), and a trend toward a positive correlation was noted
for carbohydrates (p = 0.091), but not for protein or dietary fiber (Figure 2C,F,I,L).

Next, a detailed examination of individual foods was conducted for the carbohydrate
and fat groups, and positive correlations were observed between food preference and intake
in the abdominal-obese group. As shown in Table 6, six foods in the carbohydrate group
and five in the fat group were common to both the JFPQ and FFQ, allowing us to analyze
the relationship between food preference and the frequency or amount of actual intake of
these foods. For the six foods in the carbohydrate group, no correlation was found between
food preference scores and the frequency or amount of intake in the non-obese group.
In contrast, in the abdominal-obese group, there were significant positive correlations
between the food preference score and the intake of all six foods in the carbohydrate group,
regardless of whether they were sweet: Japanese sweets (p < 0.001 for frequency and
p = 0.024 for amount), fruits (p = 0.043 for amount), soft drinks (p = 0.008 for frequency),
rice crackers (p < 0.001 for frequency and p = 0.001 for amount), white rice (p < 0.001 for
amount), and udon/soba noodles (p = 0.025 for frequency). In the fat group, significant
positive correlations were found for three foods in the non-obese group: sweet chocolate
(p < 0.001 for frequency and p < 0.001 for amount), snacks (p < 0.001 for frequency and
p < 0.001 for amount), and high-fat ramen noodles (p = 0.046 for frequency). Moreover, in
the abdominal-obese group, positive correlations were observed for all five foods in the fat
group: cakes (p = 0.007 for frequency), sweet chocolates (p = 0.002 for frequency), snacks
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(p < 0.001 for frequency and p < 0.001 for amount), high-fat ramen noodles (p = 0.015 for
frequency and p < 0.001 for amount), and deep-fried foods (p = 0.046 for amount).

Figure 2. Correlations between food preference scores for each nutrient group, as assessed by the
JFPQ, and daily dietary intake, as assessed by the FFQ. Food preference scores were assessed using the
Japan Food Preference Questionnaire (JFPQ), and daily food intake (g/day) was assessed using the
Food Frequency Questionnaire (FFQ) for each nutrient group. Correlations between food preference
scores and dietary intake of carbohydrates (A–C), fat (D–F), protein (G–I), and dietary fiber (J–L)
in all participants (A,D,G,J) and in the non-obese (B,E,H,K) and abdominal-obese (C,F,I,L) groups.
p values were calculated using Pearson’s correlation coefficient.
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Table 6. Correlations between food preference scores assessed by the JFPQ and frequency or amount
of intake assessed by the FFQ.

Food Preference Score
by JFPQ

Frequency or
Amount of Intake
by FFQ

Non-Obese
(N = 38)

Abdominal-
Obese

(N = 30)

p Value p Value

Carbohydrate/Sweet

2. Japanese sweets Frequency 0.539 <0.001

Amount 0.644 0.024

16. Fruits Amount 0.093 0.043

17. Soft drinks Frequency 0.253 0.008

Carbohydrate/Non-Sweet

4. Rice crackers
Frequency 0.115 <0.001

Amount 0.237 0.001

5. White rice
Frequency 0.125 0.058

Amount 0.063 <0.001

7. Udon/soba noodles
Frequency 0.183 0.025

Amount 0.771 0.067

Fat/sweet

1. Cakes (Western sweets)
Frequency 0.497 0.007

Amount 0.242 0.081

30. Sweet chocolates
Frequency <0.001 0.002

Amount <0.001 0.238

Fat/non-sweet

3. Snacks
Frequency <0.001 <0.001

Amount <0.001 <0.001

6. High-fat ramen noodles Frequency 0.046 0.015

Amount 0.069 <0.001

14. Deep-fried foods
Frequency
(Deep-fried pork) 0.737 0.638

Amount
(Deep-fried pork) 0.397 0.046

Food preference scores were assessed using the Japan Food Preference Questionnaire (JFPQ). The frequency and
amount of intake were assessed using the Food Frequency Questionnaire (FFQ). p values were calculated using
logistic regression analysis.

4. Discussion

We developed a nutrition-based food preference questionnaire consisting of food
items ordinally eaten by Japanese people, which can be used in clinical settings, including
nutritional counseling. Using this questionnaire, named the JFPQ, the present study
revealed that food preferences for carbohydrates, fat, and protein, but not for dietary fiber,
were significantly greater in the abdominal-obese subjects than in the non-obese subjects.
Furthermore, in the abdominal-obese subjects, preferences for carbohydrates and fat were
positively correlated with actual dietary intake.

The Leeds Food Preference Questionnaire (LFPQ) [26] has been widely used in various
studies worldwide [27,28] as a tool for assessing food preferences. The LFPQ allows the
assessment of food reward along two nutritional dimensions: fat (high or low) and taste
(sweet or savory/non-sweet). Although a Japanese version of the LFPQ (LFPQ-J) was
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recently developed [29], the nutritional criteria for each category remain relatively unclear,
and it cannot be used to comprehensively assess food preferences based on individual
nutrients. Therefore, to properly assess the food preferences of Japanese people, we
developed the JFPQ, which includes foods that Japanese people consume daily. Based
on a detailed nutritional assessment, the JFPQ categorizes each food into four groups:
carbohydrate, fat, protein, and dietary fiber, allowing the carbohydrate and fat groups to
be further evaluated as sweet and non-sweet subgroups. The JFPQ is expected to be used
in clinical settings, such as nutritional counseling for obese patients, as it is quick and easy
to complete, and the results can be converted into radar charts to visualize respondents’
food preferences for each nutrient (Figure S1).

Previous studies on food preferences in obese individuals have primarily focused on
preferences for high-fat and high-sugar foods. Several reports have described a greater
preference for fat among obese individuals [10–16]. However, findings regarding sweet
food preferences in obese individuals have been inconsistent. Some studies have re-
ported that obese individuals have a greater preference for sweet foods than non-obese
individuals [10,12,17], whereas others have reported no association [30,31] or even a lower
preference for sweet foods in obese individuals [11]. In the present study, we used the newly
developed JFPQ to comprehensively assess the differences in food preferences between
non-obese and abdominal-obese subjects across the four nutritional groups in more detail.
The results showed that the abdominal-obese subjects in this study had greater preferences
for carbohydrates, fat, and protein than non-obese individuals. However, after adjusting
for age and sex, no significant differences were observed in the preferences for dietary fiber.
In addition, the abdominal-obese subjects showed greater preferences for both sweet and
non-sweet carbohydrate- and fat-rich foods. These findings suggest that obese Japanese
individuals have a greater preference for all major energy-producing nutrients, regardless
of whether they are sweet or non-sweet.

Using the Eating Behavior Questionnaire, we previously reported significant differ-
ences in several eating behaviors, including “food preference/content”, “sense of hunger”,
“external eating behavior”, and “regularity of eating habits”, between type 2 diabetic
patients with and without visceral fat accumulation [8]. In the present study, we also con-
firmed that, compared with non-obese subjects, abdominal-obese subjects had significantly
higher scores in the “food preference/content” section of the Eating Behavior Questionnaire.
This section examines how often they literally consume various types of energy-dense
foods, such as noodles, fast food, pastries, fatty foods, meats, snacks, and sweet foods.
Thus, these findings suggest that obese individuals have a greater preference for major
energy-producing nutrients, particularly carbohydrates and fat, which is reflected in their
actual eating behaviors related to “food preference/content.”

We then examined the relationship between food preference scores assessed by the
JFPQ and actual food intake assessed by the FFQ. In non-obese subjects, a positive correla-
tion was found for the dietary fiber group, whereas in abdominal-obese subjects, positive
correlations were observed for the fat and carbohydrate groups. The non-obese group,
which primarily consisted of healthcare professionals with nutritional knowledge, possibly
consumed foods from the dietary fiber group according to their knowledge-based prefer-
ences, as these low-energy foods do not pose health concerns. In contrast, abdominal-obese
individuals appeared to consume foods from the carbohydrate and fat groups, regardless of
whether they were sweet or non-sweet, based on their cravings. This may have contributed
to the overeating of high-carbohydrate and/or high-fat foods, leading to subsequent weight
gain or visceral fat accumulation. Previous studies have reported a positive association
between preference and intake of high-fat foods in obese individuals [11,32]. Our study
supports this finding and further suggests that a high preference for carbohydrates is also
likely to lead to increased carbohydrate consumption in obese Japanese individuals.

With respect to individual foods common to the JFPQ and FFQ, positive correlations
between food preference and intake in the fat group were observed for sweet chocolates
and snacks, even in non-obese subjects. Nevertheless, positive correlations were observed
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for more items, such as cakes, high-fat ramen noodles, and deep-fried foods, in abdominal-
obese subjects. More interestingly, in the carbohydrate group, no correlation was observed
between preference and intake for either the sweet or non-sweet subgroups in non-obese
individuals. In contrast, abdominal-obese individuals showed positive correlations for
all foods in this group, including the sweet subgroup (Japanese sweets, fruits, and soft
drinks) and the non-sweet subgroup (white rice, udon/soba noodles, and rice crackers).
The positive correlation between food preference and intake of non-sweet carbohydrates
in obese Japanese individuals is noteworthy because, as a staple food, white rice, which
is a non-sweet carbohydrate source, accounts for a large proportion of the energy intake
in the Japanese population [33]. Furthermore, several previous studies have shown that
increased consumption of white rice is associated with an increased risk of incident diabetes
in Asian populations [34–36]. Taken together, the results of this study suggest that a strong
preference for carbohydrate-rich staple foods, such as white rice, in addition to several
high-fat foods, directly influences eating behavior in obese Japanese individuals, which
might contribute to the pathogenesis of obesity and the development of obesity-related
diseases, including diabetes.

When interventions to prevent overeating and obesity are considered, it is important to
objectively understand an individual’s food preferences. Previous studies, including ours,
have reported that obese patients who were treated with glucagon-like peptide-1 (GLP-1)
receptor agonists [7,23] or those who underwent metabolic/bariatric surgery [24] showed
improvements in eating behaviors, as measured by the Eating Behavior Questionnaire,
which was associated with weight loss. These findings indicate that this questionnaire is
a useful tool for monitoring the effectiveness of weight loss interventions. Similarly, we
believe that the JFPQ can be used to evaluate the effects of interventions on obesity and
metabolic disorders by assessing changes in food preferences. For example, a low-energy
diet intervention has been reported to reduce preferences for high-carbohydrate and high-
fat diets in overweight and obese individuals [37]. Additionally, weight loss programs
for Japanese obese individuals significantly improved fat taste thresholds [38], suggest-
ing that weight loss interventions may alter food preferences. Consequently, changes
in food preferences may serve as indicators of the effectiveness of therapeutic interven-
tions for obesity. Monitoring food preferences over time with the JFPQ may then help
identify effective strategies for each individual case. Future longitudinal studies with
larger sample sizes are necessary to examine changes in food preferences following vari-
ous weight loss interventions, such as dietary restrictions, anti-obesity medications, and
metabolic/bariatric surgery.

There were several limitations in this study. First, each questionnaire was based on
self-assessment, and the possibility of underestimation or overestimation cannot be ruled
out. Second, the non-obese group comprised healthcare professionals, potentially limiting
the generalizability of the results to the broader population. Third, because previous studies
reported sex differences in food preferences [13–15], the lower number of women in the
abdominal-obese group may have influenced the results. Fourth, the reproducibility and
repeatability of the JFPQ were not fully evaluated, although these steps are essential to
further establish the utility of the JFPQ. Further research on food preferences, as assessed
by the JFPQ in a larger general population, is needed to validate the present findings.

5. Conclusions

In summary, Japanese abdominal-obese individuals presented greater food prefer-
ences, particularly for fat- and carbohydrate-rich foods, which might be associated with
increases in actual intake. This finding from our pilot study highlights the importance of
considering food preferences in the pathogenesis of obesity. The JFPQ can help identify
foods that trigger overeating based on an individual’s food preferences and may have
potential clinical applications in a tailored approach to weight loss interventions.
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Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/nu16234252/s1, Figure S1: Visualization of food preferences by
each nutrient group in the non-obese and abdominal-obese groups via radar charts. Table S1: Foods
used to calculate the nutritional value of each item in the JFPQ.

Author Contributions: Conceptualization, Y.F. and H.N. (Hitoshi Nishizawa); methodology, N.N.,
Y.F., C.T. and H.N. (Hitoshi Nishizawa); formal analysis, N.N.; investigation, N.N., C.T., S.T., M.Y.,
T.H. and Y.K.; data curation, N.N.; resources, M.Y.B.; writing—original draft preparation, N.N., Y.F.
and Y.O.; writing—review and editing, H.N. (Hirofumi Nagao), S.F., M.Y.B., J.K., N.M., H.N. (Hitoshi
Nishizawa) and I.S.; visualization, N.N. and C.T.; supervision, H.N. (Hitoshi Nishizawa); project
administration, I.S.; funding acquisition, Y.F., C.T., M.Y.B. and H.N. (Hitoshi Nishizawa). All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported in part by the Lotte Foundation, a Lotte Research Promotion
Grant (to Y.F. and M.Y.B.), and Grants-in-Aid for Scientific Research (C) no. 23K08006 (to H.N.),
Grants for medical staff from Japan Association for Diabetes Education and Care no. 2023-MED-003
(to C.T), the Japan Diabetes Society, a junior scientist development grant (to M.Y.B.), and the G-7
Scholarship Foundation, a research and development grant (to M.Y.B.). This study also received
funding from Cancerscan Inc. (Tokyo, Japan) and Kubara Honke Group Co., Ltd. (Fukuoka, Japan).
The funding agencies had no role in the study design, data collection, analysis, decision to publish, or
preparation of the manuscript.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Human Ethics Committee of Osaka University (no. 21387, approval
date is 18 March 2022 and no. 21335, approval date is 21 January 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available from the corresponding
author upon reasonable request due to the privacy of research participants.

Acknowledgments: We thank all members of the Adiposcience Laboratory at the Department of
Metabolic Medicine, Graduate School of Medicine, Osaka University, for their helpful discussions
and suggestions. We also thank all members of the Division of Nutritional Management, Osaka
University Hospital, for data acquisition. We thank Sarasa Kato, and Harutoshi Ozawa, (Department
of Metabolic Medicine, Graduate School of Medicine, Osaka University, Osaka, Japan) for their
support in managing the data for the abdominal-obese group, and Susumu Kashine, (Osaka Habikino
Medical Center, Osaka, Japan) for his special contribution to the development of the JFPQ.

Conflicts of Interest: M.Y.B. is a member of the Department of Lifestyle Medicine, a sponsored course
endowed by Kubara Honke Group Co., Ltd. The funders had no role in the design of the study; in
the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision
to publish the results. All other authors declare no conflicts of interest.

References
1. Miyazawa, I.; Kadota, A.; Miura, K.; Okamoto, M.; Nakamura, T.; Ikai, T.; Maegawa, H.; Ohnishi, A. Twelve-year trends of

increasing overweight and obesity in patients with diabetes: The Shiga Diabetes Clinical Survey. Endocr. J. 2018, 65, 527–536.
[CrossRef] [PubMed]

2. Jaacks, L.M.; Vandevijvere, S.; Pan, A.; McGowan, C.J.; Wallace, C.; Imamura, F.; Mozaffarian, D.; Swinburn, B.; Ezzati, M. The
obesity transition: Stages of the global epidemic. Lancet Diabetes Endocrinol. 2019, 7, 231–240. [CrossRef] [PubMed]

3. Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M. Diabetes Prevention
Program Research Group. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N. Engl. J. Med.
2002, 346, 393–403. [CrossRef] [PubMed]

4. Foster, G.D.; Wyatt, H.R.; Hill, J.O.; McGuckin, B.G.; Brill, C.; Mohammed, B.S.; Szapary, P.O.; Rader, D.J.; Edman, J.S.; Klein, S.
A randomized trial of a low-carbohydrate diet for obesity. N. Engl. J. Med. 2003, 348, 2082–2090. [CrossRef]

5. Sacks, F.M.; Bray, G.A.; Carey, V.J.; Smith, S.R.; Ryan, D.H.; Anton, S.D.; McManus, K.; Champagne, C.M.; Bishop, L.M.; Laranjo,
N.; et al. Comparison of weight-loss diets with different compositions of fat, protein, and carbohydrates. N. Engl. J. Med. 2009,
360, 859–873. [CrossRef]

6. Inoue, K.; Maeda, N.; Kashine, S.; Fujishima, Y.; Kozawa, J.; Hiuge-Shimizu, A.; Okita, K.; Imagawa, A.; Funahashi, T.; Shimomura,
I. Short-term effects of liraglutide on visceral fat adiposity, appetite, and food preference: A pilot study of obese Japanese patients
with type 2 diabetes. Cardiovasc. Diabetol. 2011, 10, 109. [CrossRef]

https://www.mdpi.com/article/10.3390/nu16234252/s1
https://www.mdpi.com/article/10.3390/nu16234252/s1
https://doi.org/10.1507/endocrj.EJ17-0415
https://www.ncbi.nlm.nih.gov/pubmed/29526989
https://doi.org/10.1016/S2213-8587(19)30026-9
https://www.ncbi.nlm.nih.gov/pubmed/30704950
https://doi.org/10.1056/NEJMoa012512
https://www.ncbi.nlm.nih.gov/pubmed/11832527
https://doi.org/10.1056/NEJMoa022207
https://doi.org/10.1056/NEJMoa0804748
https://doi.org/10.1186/1475-2840-10-109


Nutrients 2024, 16, 4252 15 of 16

7. Fujishima, Y.; Maeda, N.; Inoue, K.; Kashine, S.; Nishizawa, H.; Hirata, A.; Kozawa, J.; Yasuda, T.; Okita, K.; Imagawa, A.; et al.
Efficacy of liraglutide, a glucagon-like peptide-1 (GLP-1) analogue, on body weight, eating behavior, and glycemic control, in
Japanese obese type 2 diabetes. Cardiovasc. Diabetol. 2012, 11, 107. [CrossRef]

8. Fukuda, S.; Hirata, A.; Nishizawa, H.; Nagao, H.; Kashine, S.; Kimura, T.; Inoue, K.; Fujishima, Y.; Yamaoka, M.; Kozawa, J.; et al.
Systemic arteriosclerosis and eating behavior in Japanese type 2 diabetic patients with visceral fat accumulation. Cardiovasc.
Diabetol. 2015, 14, 8. [CrossRef]

9. Drewnowski, A. Taste preferences and food intake. Annu. Rev. Nutr. 1997, 17, 237–253. [CrossRef]
10. Lampuré, A.; Deglaire, A.; Schlich, P.; Castetbon, K.; Péneau, S.; Hercberg, S.; Méjean, C. Liking for fat is associated with

sociodemographic, psychological, lifestyle and health characteristics. Br. J. Nutr. 2014, 112, 1353–1363. [CrossRef]
11. Lampuré, A.; Castetbon, K.; Deglaire, A.; Schlich, P.; Péneau, S.; Hercberg, S.; Méjean, C. Associations between liking for fat,

sweet or salt and obesity risk in French adults: A prospective cohort study. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 74. [CrossRef]
[PubMed]

12. Bartoshuk, L.M.; Duffy, V.B.; Hayes, J.E.; Moskowitz, H.R.; Snyder, D.J. Psychophysics of sweet and fat perception in obesity:
Problems, solutions and new perspectives. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2006, 361, 1137–1148. [CrossRef] [PubMed]

13. Nakamura, K.; Shimai, S.; Kikuchi, S.; Tanaka, M. Correlation between a liking for fat-rich foods and body fatness in adult
Japanese: A gender difference. Appetite 2001, 36, 1–7. [CrossRef] [PubMed]

14. Drewnowski, A.; Kurth, C.; Holden-Wiltse, J.; Saari, J. Food preferences in human obesity: Carbohydrates versus fats. Appetite
1992, 18, 207–221. [CrossRef]

15. Macdiarmid, J.I.; Vail, A.; Cade, J.E.; Blundell, J.E. The sugar-fat relationship revisited: Differences in consumption between men
and women of varying BMI. Int. J. Obes. Relat. Metab. Disord. 1998, 22, 1053–1061. [CrossRef]

16. Spinelli, S.; Monteleone, E. Food Preferences and Obesity. Endocrinol. Metab. 2021, 36, 209–219. [CrossRef]
17. Sartor, F.; Donaldson, L.F.; Markland, D.A.; Loveday, H.; Jackson, M.J.; Kubis, H.P. Taste perception and implicit attitude toward

sweet related to body mass index and soft drink supplementation. Appetite 2011, 57, 237–246. [CrossRef]
18. Baden, M.Y.; Kato, S.; Niki, A.; Hara, T.; Ozawa, H.; Ishibashi, C.; Hosokawa, Y.; Fujita, Y.; Fujishima, Y.; Nishizawa, H.; et al.

Feasibility pilot study of a Japanese teaching kitchen program. Front. Public Health 2023, 11, 1258434, Erratum in Front. Public
Health 2024, 12, 1425324. [CrossRef]

19. Hiuge-Shimizu, A.; Kishida, K.; Funahashi, T.; Ishizaka, Y.; Oka, R.; Okada, M.; Suzuki, S.; Takaya, N.; Nakagawa, T.; Fukui, T.;
et al. Absolute value of visceral fat area measured on computed tomography scans and obesity-related cardiovascular risk factors
in large-scale Japanese general population (the VACATION-J study). Ann. Med. 2012, 44, 82–92. [CrossRef]

20. Examination Committee of Criteria for ‘Obesity Disease’ in Japan; Japan Society for the Study of Obesity. New criteria for ‘obesity
disease’ in Japan. Circ. J. 2002, 66, 987–992. [CrossRef]

21. Ministry of Education, Culture, Sports, Science and Technology, Japan. Standard Tables of Food Composition in Japan—
2020—(Eighth Revised Edition). Available online: https://www.mext.go.jp/content/20201225-mxt_kagsei-mext_01110_011.pdf
(accessed on 15 August 2024).

22. Ministry of Education, Culture, Sports, Science and Technology, Japan. Standard Tables of Food Composition in Japan—
2020—(Eighth Revised Edition)—Available Carbohydrates, Polyols, Dietary Fiber and Organic Acids. Available online: https:
//www.mext.go.jp/content/20201225-mxt_kagsei-mext_01110_041.pdf (accessed on 15 August 2024).

23. Masaki, T.; Ozeki, Y.; Yoshida, Y.; Okamoto, M.; Miyamoto, S.; Gotoh, K.; Shibata, H. Glucagon-Like Peptide-1 Receptor Agonist
Semaglutide Improves Eating Behavior and Glycemic Control in Japanese Obese Type 2 Diabetic Patients. Metabolites 2022, 12,
147. [CrossRef] [PubMed]

24. Kimura, Y.; Fujishima, Y.; Nishizawa, H.; Saito, T.; Miyazaki, Y.; Shirahase, K.; Tokuzawa, C.; Nagai, N.; Fukuda, S.; Maeda, K.;
et al. Changes in Eating Behaviors and Their Associations with Weight Loss in Japanese Patients Who Underwent Laparoscopic
Sleeve Gastrectomy. Nutrients 2023, 15, 353. [CrossRef] [PubMed]

25. Ishihara, J.; Inoue, M.; Kobayashi, M.; Tanaka, S.; Yamamoto, S.; Iso, H.; Tsugane, S. JPHC FFQ Validation Study Group. Impact of
the revision of a nutrient database on the validity of a self-administered food frequency questionnaire (FFQ). J. Epidemiol. 2006, 16,
107–116. [CrossRef] [PubMed]

26. Oustric, P.; Thivel, D.; Dalton, M.; Beaulieu, K.; Gibbons, C.; Hopkins, M.; Blundell, J.; Finlayson, G. Measuring food preference
and reward: Application and cross-cultural adaptation of the Leeds Food Preference Questionnaire in human experimental
research. Food Qual. Prefer. 2020, 80, 103824. [CrossRef]

27. Guyot, E.; Nazare, J.A.; Oustric, P.; Robert, M.; Disse, E.; Dougkas, A.; Iceta, S. Food Reward after Bariatric Surgery and Weight
Loss Outcomes: An Exploratory Study. Nutrients 2022, 14, 449. [CrossRef]

28. Blundell, J.; Finlayson, G.; Axelsen, M.; Flint, A.; Gibbons, C.; Kvist, T.; Hjerpsted, J.B. Effects of once-weekly semaglutide on
appetite, energy intake, control of eating, food preference and body weight in subjects with obesity. Diabetes Obes. Metab. 2017, 19,
1242–1251. [CrossRef]

29. Hiratsu, A.; Thivel, D.; Beaulieu, K.; Finlayson, G.; Nagayama, C.; Kamemoto, K.; Siripiyavatana, S.; Tataka, Y.; Yamada, Y.;
Miyashita, M. Development of the Leeds food preference questionnaire in Japanese: Sensitivity and reproducibility of liking and
wanting for food in fasted and fed states. Food Qual. Prefer. 2022, 102, 104677. [CrossRef]

30. Wooley, O.W.; Wooley, S.C.; Dunham, R.B. Calories and sweet taste: Effects on sucrose preference in the obese and nonobese.
Physiol. Behav. 1972, 9, 765–768. [CrossRef]

https://doi.org/10.1186/1475-2840-11-107
https://doi.org/10.1186/s12933-015-0174-7
https://doi.org/10.1146/annurev.nutr.17.1.237
https://doi.org/10.1017/S0007114514002050
https://doi.org/10.1186/s12966-016-0406-6
https://www.ncbi.nlm.nih.gov/pubmed/27378200
https://doi.org/10.1098/rstb.2006.1853
https://www.ncbi.nlm.nih.gov/pubmed/16815797
https://doi.org/10.1006/appe.2000.0377
https://www.ncbi.nlm.nih.gov/pubmed/11161340
https://doi.org/10.1016/0195-6663(92)90198-F
https://doi.org/10.1038/sj.ijo.0800724
https://doi.org/10.3803/EnM.2021.105
https://doi.org/10.1016/j.appet.2011.05.107
https://doi.org/10.3389/fpubh.2023.1258434
https://doi.org/10.3109/07853890.2010.526138
https://doi.org/10.1253/circj.66.987
https://www.mext.go.jp/content/20201225-mxt_kagsei-mext_01110_011.pdf
https://www.mext.go.jp/content/20201225-mxt_kagsei-mext_01110_041.pdf
https://www.mext.go.jp/content/20201225-mxt_kagsei-mext_01110_041.pdf
https://doi.org/10.3390/metabo12020147
https://www.ncbi.nlm.nih.gov/pubmed/35208221
https://doi.org/10.3390/nu15020353
https://www.ncbi.nlm.nih.gov/pubmed/36678222
https://doi.org/10.2188/jea.16.107
https://www.ncbi.nlm.nih.gov/pubmed/16710079
https://doi.org/10.1016/j.foodqual.2019.103824
https://doi.org/10.3390/nu14030449
https://doi.org/10.1111/dom.12932
https://doi.org/10.1016/j.foodqual.2022.104677
https://doi.org/10.1016/0031-9384(72)90048-0


Nutrients 2024, 16, 4252 16 of 16

31. Cox, D.N.; van Galen, M.; Hedderley, D.; Perry, L.; Moore, P.B.; Mela, D.J. Sensory and hedonic judgments of common foods by
lean consumers and consumers with obesity. Obes. Res. 1998, 6, 438–447. [CrossRef]

32. Chmurzynska, A.; Mlodzik-Czyzewska, M.A.; Malinowska, A.M.; Radziejewska, A.; Mikołajczyk-Stecyna, J.; Bulczak, E.; Wiebe,
D.J. Greater self-reported preference for fat taste and lower fat restraint are associated with more frequent intake of high-fat food.
Appetite 2021, 159, 105053. [CrossRef]

33. Ministry of Health, Labour and Welfare. The National Health and Nutrition Survey in Japan. 2019. Available online: https://www.
mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-houkoku_00002.html (accessed on 15 August 2024).

34. Bhavadharini, B.; Mohan, V.; Dehghan, M.; Rangarajan, S.; Swaminathan, S.; Rosengren, A.; Wielgosz, A.; Avezum, A.; Lopez-
Jaramillo, P.; Lanas, F.; et al. White Rice Intake and Incident Diabetes: A Study of 132,373 Participants in 21 Countries. Diabetes
Care 2020, 43, 2643–2650. [CrossRef] [PubMed]

35. Ren, G.; Qi, J.; Zou, Y. Association between intake of white rice and incident type 2 diabetes—An updated meta-analysis. Diabetes
Res. Clin. Pract. 2021, 172, 108651. [CrossRef] [PubMed]

36. Yu, J.; Balaji, B.; Tinajero, M.; Jarvis, S.; Khan, T.; Vasudevan, S.; Ranawana, V.; Poobalan, A.; Bhupathiraju, S.; Sun, Q.; et al. White
rice, brown rice and the risk of type 2 diabetes: A systematic review and meta-analysis. BMJ Open 2022, 12, e065426. [CrossRef]
[PubMed]

37. Andriessen, C.; Christensen, P.; Nielsen, L.V.; Ritz, C.; Astrup, A.; Larsen, T.M.; Martinez, J.A.; Saris, W.H.M.; van Baak, M.A.;
Papadaki, A.; et al. Weight loss decreases self-reported appetite and alters food preferences in overweight and obese adults:
Observational data from the DiOGenes study. Appetite 2018, 125, 314–322. [CrossRef]

38. Tanaka, A.; Mochizuki, T.; Ishibashi, T.; Akamizu, T.; Matsuoka, T.A.; Nishi, M. Reduced Fat Taste Sensitivity in Obese Japanese
Patients and Its Recovery after a Short-Term Weight Loss Program. J. Nutr. Sci. Vitaminol. 2022, 68, 504–512. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/j.1550-8528.1998.tb00376.x
https://doi.org/10.1016/j.appet.2020.105053
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-houkoku_00002.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-houkoku_00002.html
https://doi.org/10.2337/dc19-2335
https://www.ncbi.nlm.nih.gov/pubmed/32873587
https://doi.org/10.1016/j.diabres.2021.108651
https://www.ncbi.nlm.nih.gov/pubmed/33422584
https://doi.org/10.1136/bmjopen-2022-065426
https://www.ncbi.nlm.nih.gov/pubmed/36167362
https://doi.org/10.1016/j.appet.2018.02.016
https://doi.org/10.3177/jnsv.68.504

	Introduction 
	Materials and Methods 
	Requirements 
	Development of the Japan Food Preference Questionnaire 
	Assessment of Food Preference 
	Assessment of Eating Behaviors 
	Assessment of Dietary Intake 
	Statistical Analysis 

	Results 
	Nutritional Characteristics and Classification of the Foods in the JFPQ 
	Clinical Characteristics of the Participants in the Non-Obese and Abdominal-Obese Groups 
	Comparison of Eating Behavior and Food Preference Scores Between the Non-Obese and Abdominal-Obese Groups 
	Comparison of Dietary Intake of Total Energy and Macronutrients Between Non-Obese and Abdominal-Obese Groups 
	Correlations Between Food Preference Scores and Dietary Intake 

	Discussion 
	Conclusions 
	References

