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Background: Fast eating has been positively associated with visceral fat 
accumulation in normal-weight individuals according to body mass index 
(BMI). However, previous studies have not examined energy and nutrients, or 
adjusted for food intake. We examined the relationship between eating speed 
and visceral fat accumulation, using waist circumference as an index, in middle-
aged participants who were considered to be of standard weight according to 
BMI, with nutrient intake added as an adjustment factor.

Methods: We included 6,548 Japanese participants (3,875 men and 2,673 
women) aged 40–74  years with BMI 18.5–25.0  kg/m2 who were enrolled in 
the Yamagata Cohort Study. Participants were divided into “fast,” “normal,” and 
“slow” eaters according to self-reported eating speed. Nutrient and food intake 
were evaluated using a food frequency questionnaire, and the difference in 
intake by eating speed and sex was compared. Logistic regression analysis was 
used to examine the relationship between waist circumference obesity (men 
≥85  cm, women ≥90  cm, according to Japanese criteria) and eating speed, 
adjusted for nutrient intake and other lifestyle habits.

Results: In men, slow eaters had greater intakes of dietary protein, fat, 
polyunsaturated fatty acids (PUFA), omega-3 PUFA, total dietary fiber, soluble 
dietary fiber, insoluble dietary fiber, soybean products, fish, green and yellow 
vegetables, other vegetables, mushrooms, and seaweed in comparison with 
normal-speed eaters. In men, waist circumference obesity was significantly 
lower among slow eaters than in the group with normal eating speed. In 
women, waist circumference obesity was not significantly associated with 
eating speed and was not also associated with nutrient/food consumption 
except omega-6 PUFA.

Conclusion: Eating slowly was associated with healthy dietary habits. Our results 
could help prevent waist circumference obesity in men with a BMI between 
18.5 and 25.0  kg/m2. However, similar findings were not observed in women, 
suggesting a sex difference.
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1 Introduction

Abdominal obesity caused by visceral fat accumulation is a risk 
factor for metabolic and cardiovascular diseases and death from these 
diseases (1–3). Waist circumference (WC) has been used as a 
convenient indicator to estimate visceral fat accumulation. In Japan, 
WC shows a strong correlation with abdominal fat accumulation and 
risk factors of metabolic syndrome. Because WC is easy to measure, it 
is a commonly used screening tool for abdominal fat accumulation 
(4). Moreover, a Japanese case–control study showed that WC is 
associated with the risk of incident cardiovascular diseases (3).

“Normal-weight central obesity” has recently been defined as 
normal weight according to body mass index (BMI) but with 
abdominal fat accumulation. Normal-weight central obesity is a risk 
factor for metabolic and cardiovascular diseases, as well as related 
death (5–8). Therefore, prevention or improvement of visceral fat 
accumulation is important, regardless of BMI.

Cross-sectional and longitudinal studies have shown that fast 
eating is associated with higher body fat and BMI and with overweight 
or obesity (9–13). A systematic review and meta-analysis also showed 
that fast eating speed is positively associated with weight gain and BMI 
obesity risk (14). However, most previous studies have focused on 
obesity risk as identified using BMI. Regarding visceral fat 
accumulation, fast eating has recently been shown to be positively 
correlated with obesity risk in terms of visceral fat area size and WC 
(10, 15, 16); however, only one study has been conducted among 
people judged to have normal weight using BMI (15). Body fat 
accumulation is also related to the type and amount of energy, 
nutrients, and foods consumed. A previous study on the relationship 
between visceral fat accumulation and eating speed in normal-weight 
individuals considered the frequency of food group intake, but not the 
amount of energy, nutrients, or foods consumed (15).

The sex hormones estrogen and testosterone are involved in body 
fat distribution, with men having greater visceral fat accumulation 
(17). Lifestyle habits that lead to visceral fat accumulation, such as 
eating habits, physical activity, and smoking, also differ between men 
and women (5–8, 18). Therefore, to examine the relationship between 
visceral fat accumulation and eating speed, it is necessary to clarify the 
combined effect of several lifestyle habits for men and women.

Therefore, we examined the relationship between eating speed and 
WC-indexed visceral fat accumulation in men and women aged 
40–74 years who were considered to have normal weight according to 
BMI, additionally adjusted for dietary habits and physical activity level 
(expressed as metabolic equivalents, or METs).

2 Materials and methods

2.1 Study population

The Yamagata Cohort Study was a community-based prospective 
cohort study that was part of a molecular epidemiological study in 
Yamagata Prefecture, Japan (19). The participants in the present study 
were individuals aged 40–74 years who underwent community-based 
annual health checkups and resided in one of seven cities (Yamagata, 
Sakata, Kaminoyama, Sagae, Higashine, Tendo, and Yonezawa) in 
Yamagata Prefecture, Japan. From 2009 through 2015, a total of 20,996 
participants (8,568 men, 12,428 women) were enrolled. We excluded 

participants who did not provide information regarding their eating 
speed (n = 249), whose BMI was less than 18.5 or greater than 25 kg/
m2 (n = 6,743), who did not complete the food frequency questionnaire 
(FFQ) (n = 7,281), and those whose total energy intake was extremely 
high (>4,000 kcal/day) or low (<1,000 kcal/day) or whose protein-
derived energy ratio was more than 40% or whose fat-derived energy 
ratio was more than 60% (n = 175). Finally, 6,548 participants (3,875 
men, 2,673 women) were included.

2.2 Anthropometric assessment

During annual health checkups, body weight, height, and WC 
were measured by trained nurses at each of the health checkup sites. 
BMI was calculated as participants’ body weight (kg) divided by the 
square of height (m). We  defined WC obesity as abdominal fat 
accumulation, with a WC ≥85 cm for men and ≥ 90 cm for women, 
according to Japanese criteria (4).

2.3 Eating speed assessment

The Japanese health checkup questionnaire assesses eating speed 
using the question, “How fast is your speed of eating compared with 
other people?” Participants are asked to choose one of three responses 
for eating speed (slow, normal, and fast).

2.4 Dietary assessment

Dietary habits during the last year were assessed using the short 
version of a self-administered FFQ that has demonstrated validity and 
reproducibility (20–23). Daily consumption of staple foods (rice, 
bread, noodles including Japanese soba) was queried, with intake 
frequency divided into six categories (almost none, 1–3 times/month, 
1–2 times/week, 3–4 times/week, 5–6 times/week, and every day). The 
amount of food consumed per meal at breakfast, lunch, and dinner 
was also queried (measured in bowls for rice/noodles and slices/rolls 
for bread). The intake frequency of alcoholic beverages (sake, Japanese 
shōchū, shōchū highball, large bottle of beer (633 mL), medium-sized 
bottle of beer (500 mL), 350 mL of canned beer, 250 mL of canned 
beer, single whiskey, double whiskey, and wine) was queried according 
to six categories (almost none, 1–3 times/month, 1–2 times/week, 3–4 
times/week, 5–6 times/week, and every day) as well as the amount per 
day. For the other 43 food and beverage items, participants reported 
the frequency of food intake according to the following eight 
categories: almost never, 1–3 times per month, 1–2 times per week, 
3–4 times per week, 5–6 times per week, once per day, twice per day, 
and ≥ 3 times per day. Intake of total energy and nutrients and 19 food 
groups were computed using a program developed by the Department 
of Public Health, Nagoya City University School of Medicine. A 
validation study was performed by comparing the intake of total 
energy and 26 nutrients estimated using the FFQ and 3-day weighed 
dietary records. Deattenuated, log-transformed, and energy-adjusted 
correlation coefficients for intake of total energy and 26 nutrients 
ranged from 0.10 to 0.86. The validity of deattenuated, 
log-transformed, and energy-adjusted correlation coefficients for 
energy-producing nutrients was 0.42 for protein, 0.51 for fat, and 0.74 
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for carbohydrates in men and 0.30 for protein, 0.40 for fat, and 0.57 
for carbohydrates in women (21). Spearman’s within-class correlation 
coefficients for food group intakes for this short FFQ and the 3-day 
dietary records at 3-month intervals over four seasons (the gold 
standard for dietary surveys) were 0.51 for men and 0.47 for women, 
indicating that the validity estimates were good (23).

2.5 Evaluation of energy intake reporting

To identify any misreporting (under-reporting or over-reporting), 
we used the Goldberg and Black cutoff method (24). We calculated the 
ratio between reported energy intake (calculated from FFQ scores) 
and estimated basal metabolic rate obtained using the Ganpule 
formula (25). This ratio corresponded to physical activity level, as the 
participants in this study had a steady body weight. Daily physical 
activity was quantified using the Japan Public Health Center Physical 
Activity Questionnaire (26). Leisure time physical activity was 
quantified using the International Physical Activity Questionnaire 
(27) to quantify daily physical activity. The upper and lower cutoff of 
physical activity level for the 95% confidence limits were calculated for 
each participant. Those participants whose energy intake to basal 
metabolic rate ratio was below the lower physical activity level cutoff 
were considered under-reporters, whereas those whose energy intake 
to basal metabolic rate ratio was above the higher physical activity 
level cutoff were considered over-reporters.

2.6 Other assessment

To assess additional lifestyle habits, participants were asked about 
their breakfast and snack eating habits and their smoking habits. 
Women were also asked about their current menstrual status 
(menstruating, perimenopausal, or menopausal). Daily physical 
activity was calculated using the Japan Public Health Center Physical 
Activity Questionnaire and the International Physical Activity 
Questionnaire, and expressed in METs.

2.7 Statistical analysis

Using IBM SPSS ver. 29.0 (IBM Japan Inc., Tokyo, Japan), 
characteristics and lifestyle habits were compared between men and 
women and by eating speed for each sex. Before all statistical analyses, 
we adjusted nutrient intakes according to the energy density method. 
We tested the differences between eating speed and the prevalence of 
WC obesity and lifestyle habits (smoking, METs, breakfast intake, 
daytime and nighttime snack intake) and energy intake reporting 
using χ2 tests and residual analysis, and age, height, body weight, BMI, 
dietary energy, nutrient intake, and food group intake using t-tests or 
one-way analysis of variance after Tukey’s test.

To estimate the adjusted odds ratios (ORs) with 95% confidence 
intervals of WC obesity by eating speed, we used multivariable logistic 
regression with stratification by sex, adjusted for age, dietary nutrient 
consumption including alcohol intake, as well as smoking and METs 
as lifestyle habits. Probability values for statistical tests were two-tailed, 
and p < 0.05 or |Z| > 1.96 was regarded as statistically significant.

2.8 Ethical approval

This study was approved by the ethics committee of Yamagata 
University School of Medicine. The procedures were performed in 
accordance with the Declaration of Helsinki. All participants provided 
written informed consent prior to enrollment.

3 Results

Table 1 shows participant characteristics. Of participants, 25.7% 
of men and 4.3% of women had WC obesity; the prevalence of WC 
obesity was higher in men. Regarding eating speed, fewer women 
(6.5%) than men (8.1%) were slow eaters. A smaller proportion of 
women than men missed breakfast, but a higher proportion of women 
were sometimes eaters. Regarding the intake of daytime and nighttime 
snacks, 40.6% of women ate these every day compared with 14.2% of 
men. In contrast, the percentage of men who did not eat such snacks 
was 37.3% compared with 11.3% of women, a significant difference. 
Regarding under- and over-reporting of energy intake, significantly 
fewer women over-reported their energy intake. Physical activity 
levels (in METs) were significantly lower for women than for men. 
Significantly more men were smokers and significantly more women 
were nonsmokers.

Table 2 shows the characteristics of participants according to self-
reported eating speed. In men, the fast-eating group had a significantly 
younger mean age and significantly greater height, weight, BMI, and 
WC than the group with normal eating speed. The group with slow 
eating speed had a significantly older mean age and significantly lower 
height, body weight, BMI, and WC than the group with normal eating 
speed. The proportion of men with a WC ≥85 cm was significantly 
lower among those with slow eating speed. In women, the fast-eating 
group had significantly higher body weight and BMI than the group 
with normal eating speed. The group with slow eating speed had 
significantly lower height and body weight than the group with 
normal eating speed. There were no differences in WC values and the 
proportion of women with a WC of ≥90 cm according to eating speed. 
In men, those who ate at a normal speed were lower percentage to not 
eat breakfast, while there was no such difference among women. 
Regarding snack intake, among men, a lower percentage of the fast 
eaters did not eat snacks, and a lower percentage of the slow eaters 
sometimes ate snacks. In contrast, among women, a higher percentage 
of the fast eaters ate snacks daily, whereas a higher percentage of the 
slow eaters did not eat snacks. Among men, fast eaters had significantly 
lower METs than normal eaters, but there was no significant difference 
in METs by eating speed for women. Misreporting of energy intake 
and smoking habits did not differ significantly according to eating 
speed for either sex.

Regarding menstrual status, 92 (14.7%) in the fast-eating group, 
269 (14.4%) in the normal-eating group, and 23 (13.3%) in the slow-
eating group were menstruating; 489 (78.1%) in the fast-eating group, 
1,453 (77.6%) in the normal-eating group, and 135 (77.6%) in the 
slow-eating group were menopausal; and 26 (4.2%) in the fast-eating 
group, 92 (4.4%) in the normal-eating group, and 6 (3.4%) in the slow-
eating group were perimenopausal. Nineteen fast eaters, 59 normal-
speed eaters, and 10 slow eaters did not respond (data not shown). 
Menstrual status was not significantly it associated with eating speed.
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Table 3 shows the dietary energy, nutrient, and food group intake 
according to sex. Only energy, carbohydrate, and alcohol intake were 
higher in men than in women. The intake of other nutrients was 
higher in women than in men. Men consumed more rice and alcoholic 
beverages than women, but the consumption of other foods was 
higher in women.

Table 4 shows the dietary energy and nutrient consumption of 
participants according to eating speed. There was no difference in 
energy intake according to eating speed between men and women. In 
men, fast eaters had greater intake of monounsaturated fatty acids 
than normal-speed eaters, and slow eaters had higher intakes of 
dietary protein, fat, polyunsaturated fatty acids (PUFA), omega-3 
PUFA, total dietary fiber, soluble dietary fiber, and insoluble dietary 

fiber than normal-speed eaters. In women, fast eaters had lower intake 
of omega-6 PUFA than normal-speed eaters.

Table  5 depicts food group consumption according to eating 
speed. In men, fast eaters consumed significantly more oils and coffee, 
and less milk, than normal-speed eaters. Slow eaters consumed 
significantly more soybean products, fish, green and yellow vegetables, 
other vegetables, mushrooms, and seaweed than the group with 
normal eating speed. In women, there was no difference in intake by 
food group according to eating speed.

Table  6 shows ORs and 95% confidence intervals for the 
association between eating speed and visceral fat accumulation. In 
men, the OR for WC obesity was significantly lower in all models 
among slow eaters than in the group with normal eating speed. 

TABLE 1 Characteristics of study participants according to sex.

Men Women

n = 3,875 n = 2,673 p-valuea

Age, years 65.6 ± 7.4 59.9 ± 8.8*

Height, cm 165.7 ± 6.2 155.0 ± 5.6*

Body weight, kg 61.5 ± 6.2 52.2 ± 5.1*

Body mass index, kg/m2 22.4 ± 1.6 21.7 ± 1.7*

Waist circumference, cm 81.6 ± 5.2 79.3 ± 6.2*

Men ≥85 cm, women ≥90 cm 995 (25.7%) 116 (4.3%) <0.001

Men <85 cm, women <90 cm 2,880 (74.3%) 2,557 (95.7%)

Eating speed

Fast 863 (22.3%) 626 (23.4%) 0.042

Normal 2,698 (69.6%) 1,873 (70.1%)

Slow 314 (8.1%)b 174 (6.5%)b

Breakfast intake

Every day 3,395 (87.6%) 2,320 (86.8%) 0.022

Sometimes 316 (8.2%)b 265 (9.9%)b

Never 151 (3.9%)b 79 (3.0%)b

Missing 13 (0.3%) 9 (0.3%)

Daytime and nighttime snack intake

Every day 549 (14.2%)b 1,084 (40.6%)b <0.001

Sometimes 1,829 (47.2%) 1,262 (47.2%)

Never 1,444 (37.3%)b 301 (11.3%)b

Missing 53 (1.4%) 26 (1.0%)

Misreporting of energy intake

Under-reporting 1,391 (35.9%) 1,018 (38.1%) 0.008

Adequate reporting 2,421 (62.5%) 1,632 (61.1%)

Over-reporting 63 (1.6%)b 23 (0.9%)b

METs 40.1 ± 8.2 38.9 ± 7.2*

Smoking habits

Smoker 931 (24.0%)b 190 (7.1%)b <0.001

Non-smoker 1,226 (31.6%)b 2,217 (82.9%)b

Ex-smoker 1,717 (44.3%)b 230 (8.6%)b

Missing 1 (0.0%)b 36 (1.3%)b

Age, height, body weight, body mass index, waist circumference, and METS are shown as mean ± standard deviation. METs: metabolic equivalents.
aChi-square test; b|Z| > 1.96 (residual analysis); *p < 0.05 (t-test).
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In women, there was no significant association between eating speed 
and WC obesity.

4 Discussion

The purpose of the present study was to determine the relationship 
between eating speed and WC obesity in middle-aged men and 
women who are considered to be  of normal weight according to 
BMI. Our findings showed that eating slowly was associated with the 
prevention of WC obesity among male participants in our cohort.

We used self-reported eating speed in this study, but the findings 
closely agree with those generated from a study among young 
women in which the rates of exact and adjunct agreement for eating 
speed measures were 46 and 47%, respectively, indicating high levels 
of agreement between self-reported and friend-reported eating 
speed (9). A Dutch study examining the association between self-
reported eating speed and measured eating time also showed that 
measured eating times were substantially faster in the group with 
higher self-reported eating speeds (12). This suggests that although 
self-reported eating speed is based on subjective self-evaluation, it 
correlates well with evaluation by others and measured eating times. 

TABLE 2 Characteristics of study participants according to self-reported eating speed.

Men Women

Eating speed Fast Normal Slow Fast Normal Slow

n = 863 n = 2,698 n = 314 p-valuea n = 626 n = 1,873 n = 174
p-

valuea

Age, years 63.0 ± 8.1* 64.9 ± 7.3 66.3 ± 6.4* 59.5 ± 8.7 59.9 ± 8.8 60.9 ± 9.2

Height, cm 166.7 ± 6.1* 165.5 ± 6.2 164.9 ± 6.0 155.5 ± 5.4 155.0 ± 5.5 153.6 ± 6.2*

Body weight, kg 62.9 ± 6.2* 61.3 ± 6.1 59.6 ± 6.2* 52.9 ± 5.1* 52.1 ± 5.1 50.8 ± 4.9*

Body mass index, kg/m2 22.6 ± 1.6* 22.4 ± 1.6 21.9 ± 1.7* 21.9 ± 1.7* 21.7 ± 1.7 21.5 ± 1.6

Waist circumference, 

cm
82.2 ± 4.9* 81.6 ± 5.3 80.2 ± 5.5* 79.6 ± 6.3 79.2 ± 6.3 79.5 ± 5.9

Men ≥85 cm, women 

≥90 cm
243 (28.2%) 693 (25.7%) 59 (18.8%)b 0.005 29 (4.6%) 80 (4.3%) 7 (4.0%) 0.908

Men <85 cm, women 

<90 cm
620 (71.8%) 2,005 (74.3%) 255 (81.2%)b 597 (95.4%) 1,793 (95.7%) 167 (96.0%)

Breakfast intake

Every day 751 (87.0%) 2,372 (87.9%) 272 (86.6%) 0.042 523 (83.5%) 1,644 (87.8%) 153 (87.9%) 0.111

Sometimes 67 (7.8%) 227 (8.4%) 22 (7.0%) 77 (12.3%) 172 (9.2%) 16 (9.2%)

Never 44 (5.1%)b 90 (3.3%)b 17 (5.4%) 25 (4.0%) 49 (2.6%) 5 (2.9%)

Missing 1 (0.1%) 9 (0.3%) 3 (1.0%)b 1 (0.2%) 8 (0.4%) 0

Daytime and nighttime 

snack intake

Every day 136 (15.8%) 357 (13.2%)b 56 (17.8%) 0.009 298 (47.6%)b 722 (38.5%)b 64 (36.8%) <0.001

Sometimes 427 (49.5%) 1,276 (47.3%) 126 (40.1%)b 267 (42.7%)b 913 (48.7%)b 82 (47.1%)

Never 288 (33.4%)b 1,031 (38.2%) 125 (39.8%) 57 (9.1%) 216 (11.5%) 28 (16.1%)b

Missing 12 (1.4%) 34 (1.3%) 7 (2.2%) 4 (0.6%) 22 (1.2%) 0

Misreporting of energy intake

Under-reporting 318 (36.8%) 976 (36.2%) 97 (30.9%) 0.360 256 (40.9%) 705 (37.6%) 57 (32.8%) 0.177

Adequate reporting 532 (61.6%) 1,679 (62.2%) 210 (66.9%) 364 (58.1%) 1,151 (61.5%) 117 (67.2%)

Over-reporting 13 (1.55) 43 (1.6%) 7 (2.2%) 6 (1.0%) 17 (0.9%) 0

METs 39.6 ± 7.9* 40.3 ± 8.3 39.2 ± 8.2 39.1 ± 7.2 39.0 ± 7.3 38.2 ± 6.4

Smoking habit

Smoker 202 (23.4%) 653 (24.2%) 76 (24.2%) 0.479 44 (7.0%) 133 (7.1%) 13 (7.5%) 0.428

Non-smoker 253 (29.3%) 878 (32.5%) 95 (30.3%) 513 (81.9%) 1,560 (83.3%) 144 (82.8%)

Ex-smoker 408 (47.3%) 1,166 (43.2%) 143 (45.5%) 64 (10.2%) 150 (8.0%) 16 (9.2%)

Missing 0 1 (0.04%) 0 5 (0.8%) 30 (1.6%) 1 (0.6%)

Age, height, weight body mass index, and waist circumference are shown as mean ± standard deviation. METs: metabolic equivalents.
aChi-square test; b|Z| > 1.96 (residual analysis); *p < 0.05 (Tukey’s honest significant difference test after one-way analysis of variance, comparison with normal group).
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Therefore, the self-reported eating speeds in the present study can 
be considered reliable.

According to the results of the 2015 Japan National Health and 
Nutrition Survey, which used a cutoff value of ≥85 cm for WC in men 
and ≥ 90 cm for WC in women to determine visceral fat accumulation, 
56.8% of men and 19.8% of women had visceral fat accumulation. Of 
these, 27.0% of men and 5.8% of women with a BMI of <25 kg/m2 had 
visceral fat accumulation. Using the same criteria, we  found that 
25.7% of men and 4.3% of women had WC obesity, which is similar 

to nationwide estimates for Japan. One factor associated with visceral 
fat accumulation is female hormones (17), but lifestyle habits such as 
exercise, smoking, and eating (28–31), as well as eating speed, also 
have an effect. Previous studies have also shown that lifestyle habits 
such as smoking and alcohol consumption differ between men and 
women (5–8, 18). In this study, we examined differences in lifestyle 
habits between men and women. We found that men were more likely 
than women to miss breakfast and smoke; to consume more rice and 
alcoholic beverages; to consume less meat, fish, soybean products, and 

TABLE 3 Intake of energy, nutrient, and food group volume, by eating speed in men and women.

Men Women

n = 3,875 n = 2,673 p-value*

Energy and nutrients

Energy, kcal 1,920 ± 393 1,532 ± 264 <0.001

Protein, %energy 11.8 ± 2.1 13.5 ± 2.0 <0.001

Fat, %energy 19.2 ± 5.4 26.2 ± 6.0 <0.001

Saturated fatty acids, %energy 5.2 ± 1.3 6.8 ± 1.5 <0.001

Monounsaturated fatty acids, %energy 7.4 ± 2.1 10.1 ± 2.4 <0.001

PUFA, %energy 6.3 ± 1.9 8.4 ± 2.1 <0.001

Omega-3 PUFA, %energy 1.09 ± 0.35 1.40 ± 0.36 <0.001

Omega-6 PUFA, %energy 5.17 ± 1.63 6.93 ± 1.87 <0.001

Carbohydrates, %energy 61.3 ± 9.5 57.3 ± 8.4 <0.001

Alcohol, %energy 7.8 ± 7.2 3.0 ± 4.8 <0.001

Total dietary fiber, g/1,000 kcal 5.9 ± 1.9 8.1 ± 2.3 <0.001

Soluble dietary fiber, g/1,000 kcal 1.1 ± 0.4 1.5 ± 0.4 <0.001

Insoluble dietary fiber, g/1,000 kcal 4.0 ± 1.3 5.7 ± 1.6 <0.001

Food group (g/1,000 kcal)

Rice 224.6 ± 68.7 176.3 ± 60.2 <0.001

Bread 13.1 ± 20.9 19.5 ± 20.8 <0.001

Noodles 37.2 ± 33.6 39.7 ± 29.8 0.002

Potatoes 7.3 ± 7.0 11.9 ± 9.3 <0.001

Confectionary 7.5 ± 8.9 12.5 ± 11.3 <0.001

Oils 6.7 ± 4.7 10.5 ± 6.0 <0.001

Soybean products 41.4 ± 23.9 49.6 ± 26.3 <0.001

Fish 29.7 ± 19.5 35.5 ± 18.5 <0.001

Meat 16.5 ± 11.1 24.3 ± 13.1 <0.001

Eggs 8.5 ± 8.4 11.7 ± 8.6 <0.001

Milk 55.5 ± 54.1 87.1 ± 69.0 <0.001

Green and yellow vegetables 33.5 ± 27.5 56.5 ± 37.7 <0.001

Other vegetables 29.5 ± 22.0 51.6 ± 31.7 <0.001

Fruits 22.2 ± 23.6 42.0 ± 38.0 <0.001

Mushrooms 3.1 ± 3.4 6.7 ± 5.8 <0.001

Seaweed 0.8 ± 0.9 1.2 ± 1.2 <0.001

Coffee 52.8 ± 54.4 95.2 ± 69.5 <0.001

Green tea 116.8 ± 118.8 167.9 ± 144.3 <0.001

Alcoholic beverages 129.2 ± 119.3 49.9 ± 79.3 <0.001

Data are shown as mean ± standard deviation.
*: t-test, comparison with all male and female participants.
PUFA, polyunsaturated fatty acids.
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vegetables as side dishes; and to bias their energy sources toward 
carbohydrates and alcohol. A similar trend was reported in the results 
of the Japan National Health and Nutrition Examination Survey, 
which showed that women in Japan have healthier diets with a greater 
variety of foods than men (18). However, we also found that women 
who ate quickly were more likely to eat a snack every day. As an index 
of physical activity, METs were higher in men and physical activity 
was more vigorous than in women; the fact that more men had 
accumulated visceral fat suggests that eating habits have a significant 
effect on visceral fat accumulation.

Another characteristic of obese individuals is under-reporting of 
dietary intake. In this study, energy intake reporting was evaluated 
using the Goldberg and Black method, and although there was a 
difference in the proportion of over-reporters between men and 
women, there was no difference in the proportion of over-reporters 
who correctly reported their energy intake. Therefore, the association 
between misreporting of energy intake and visceral fat accumulation 
was considered to be low.

Because lifestyle habits differ between men and women, the 
relationship between eating fast and visceral fat accumulation was 
examined separately for men and women. The results showed that 
male fast eaters were more likely to miss breakfast, and had lower 
percentages of not snacking and physical activity. Male fast eaters 
consumed significantly lower amounts of dairy products and more 
coffee and oils. It is possible that male fast eaters consumed snacks 
more frequently but in smaller amounts. It is also possible that they 
considered coffee a snack. As there was no difference in snack intake 
by food group between female slow, fast, and normal eaters, it is 

possible that women snacked more frequently but consumed less per 
meal. Smoking habits and misreporting of energy intake also did not 
differ according to eating speed for either sex. In women, there was no 
difference according to the presence or absence of menopause and 
eating speed, and little association between smoking, misreporting, 
and menopause.

Regarding nutrient intake, we  found no difference in the 
consumption of total dietary energy, carbohydrate energy ratio, and 
alcohol energy ratio according to eating speed. However, men in the 
slow-eating group had significantly higher intakes of dietary protein; 
fat energy; and total, soluble, and insoluble dietary fiber than men 
with a normal eating speed. Dietary fiber reduces gastric emptying 
and slows energy and nutrient absorption, leading to lower 
postprandial glucose and lipid levels (32, 33). Sources of dietary fiber 
include plant foods such as vegetables, fruits, mushrooms, and 
seaweed. Epidemiological studies have shown that high dietary fiber 
intake is associated with a lower risk of obesity and visceral fat 
accumulation (34, 35). Short-chain fatty acids are produced by 
fermentation of intestinal bacteria using soluble dietary fiber as a 
substrate. Prospective cohort studies and randomized controlled trials 
have shown that this short-chain fatty acid stimulation can improve 
metabolic parameters and reduce weight and body fat mass gain in 
obesity (34–37). Men with slow eating speeds had greater intake of 
soybean products than those with normal eating speeds. Soybean 
products is a source of isoflavones, and has properties that resemble 
female hormones. Korean studies have suggested that more habitual 
consumption of soy protein, isoflavones, and soybean-based foods 
lowers the risk of female abdominal obesity (38, 39). In this study, only 

TABLE 4 Intake of energy and nutrient volume by eating speed in men and women.

Men Women

Eating speed Fast Normal Slow Fast Normal Slow

n = 863 n = 2,698 n = 314 n = 626 n = 1,873 n = 174

Energy, kcal 1,909 ± 396 1,924 ± 394 1,918 ± 372 1,535 ± 292 1,532 ± 258 1,512 ± 222

Protein, %energy 11.7 ± 2.0 11.8 ± 2.1 12.3 ± 2.4* 13.4 ± 2.2 13.5 ± 1.9 13.5 ± 2.4

Fat, %energy 19.3 ± 5.7 19.0 ± 5.3 19.8 ± 5.9* 26.0 ± 6.3 26.2 ± 5.9 27.0 ± 6.3

Saturated fatty acids, 

%energy
5.1 ± 1.3 5.2 ± 1.3 5.3 ± 1.4 6.8 ± 1.5 6.8 ± 1.4 7.0 ± 1.7

Monounsaturated fatty 

acids, %energy
7.6 ± 2.3* 7.4 ± 2.0 7.6 ± 2.4 10.1 ± 2.5 10.1 ± 2.4 10.3 ± 2.5

PUFA, %energy 6.4 ± 2.1 6.3 ± 1.8 6.6 ± 2.1* 8.3 ± 2.2 8.4 ± 2.1 8.6 ± 2.3

Omega-3 PUFA, %energy 1.09 ± 0.36 1.08 ± 0.34 1.15 ± 0.40* 1.39 ± 0.36 1.40 ± 0.35 1.43 ± 0.38

Omega-6 PUFA, %energy 5.26 ± 1.76 5.12 ± 1.57 5.33 ± 1.77 6.77 ± 1.88* 6.97 ± 1.86 7.04 ± 1.96

Carbohydrates, %energy 60.9 ± 9.8 61.5 ± 9.2 60.6 ± 10.2 57.3 ± 8.5 57.3 ± 8.3 56.4 ± 8.5

Alcohol, %energy 8.2 ± 7.5 7.7 ± 7.0 7.4 ± 7.4 3.3 ± 5.1 2.9 ± 4.6 3.0 ± 5.2

Total dietary fiber, g/1,000 

kcal
5.9 ± 1.8 5.9 ± 1.9 6.3 ± 2.3* 8.0 ± 2.2 8.1 ± 2.3 8.3 ± 2.4

Soluble dietary fiber, 

g/1,000 kcal
1.1 ± 0.4 1.1 ± 0.4 1.2 ± 0.4* 1.5 ± 0.4 1.5 ± 0.4 1.5 ± 0.5

Insoluble dietary fiber, 

g/1,000 kcal
4.0 ± 1.3 4.0 ± 1.3 4.3 ± 1.6* 5.6 ± 1.6 5.7 ± 1.6 5.8 ± 1.8

Data are shown as mean ± standard deviation.
*p < 0.05 (Tukey’s honest significant difference test after one-way analysis of variance, comparison with normal group).
PUFA, polyunsaturated fatty acids.
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men showed a significant difference in soybean products intake owing 
to differences in eating speed. As in previous studies, this suggests that 
greater soybean products intake may be associated with a lower risk 
of WC obesity. Regarding fat intake, slow eaters had significantly 

higher intakes of PUFA and omega-3 PUFA than normal-speed eaters. 
Omega-3 PUFA are abundant in fish, and slower eaters in this study 
had greater intake of fish than those with normal eating speeds. 
Omega-3 PUFA increase energy metabolism, increase the activity and 

TABLE 5 Consumption of dietary food groups (g/1,000 kcal) by eating speed in men and women.

Men Women

Eating speed Fast Normal Slow Fast Normal Slow

n = 863 n = 2,698 n = 314 n = 626 n = 1,873 n = 174

Rice 221.8 ± 70.0 225.7 ± 68.4 222.0 ± 67.3 174.5 ± 62.9 177.1 ± 59.5 174.4 ± 57.3

Bread 13.2 ± 20.7 13.0 ± 21.1 14.0 ± 20.5 19.2 ± 20.8 19.7 ± 20.9 18.6 ± 19.9

Noodles 38.5 ± 35.4 36.9 ± 32.9 35.7 ± 34.6 40.5 ± 31.8 39.6 ± 29.4 37.4 ± 26.2

Potatoes 7.0 ± 6.8 7.3 ± 7.0 8.2 ± 7.6 11.6 ± 8.8 11.9 ± 9.3 12.4 ± 10.5

Confectionary 7.9 ± 10.0 7.3 ± 8.1 7.8 ± 11.2 13.3 ± 13.3 12.2 ± 10.5 12.5 ± 11.8

Oils 7.1 ± 5.2* 6.6 ± 4.5 7.0 ± 5.5 10.4 ± 6.2 10.5 ± 5.9 11.3 ± 6.2

Soybean products 40.3 ± 23.6 41.2 ± 23.6 46.0 ± 26.6* 48.3 ± 26.3 50.0 ± 26.6 50.1 ± 24.2

Fish 28.6 ± 19.0 29.6 ± 19.2 33.6 ± 22.9* 35.0 ± 19.3 35.7 ± 18.0 35.9 ± 20.6

Meat 16.7 ± 10.7 16.4 ± 11.3 17.0 ± 11.0 24.4 ± 14.4 24.2 ± 12.5 24.1 ± 14.5

Eggs 8.5 ± 8.0 8.4 ± 8.4 9.1 ± 9.6 11.1 ± 8.2 11.8 ± 8.6 12.3 ± 9.5

Milk 50.7 ± 51.7* 56.2 ± 54.6 63.5 ± 55.2 81.7 ± 73.0 87.7 ± 67.2 99.4 ± 71.4

Green and yellow 

vegetables
32.8 ± 26.1 33.2 ± 27.4 38.3 ± 31.6* 54.8 ± 36.6 56.8 ± 37.8 60.1 ± 40.1

Other vegetables 29.4 ± 22.3 29.1 ± 21.5 32.7 ± 25.4* 50.4 ± 32.3 51.8 ± 31.1 53.9 ± 35.0

Fruits 21.4 ± 23.1 22.3 ± 23.0 24.1 ± 29.0 40.6 ± 37.7 42.1 ± 38.0 45.7 ± 38.1

Mushrooms 3.1 ± 3.5 3.1 ± 3.3 3.6 ± 4.1* 6.5 ± 5.6 6.8 ± 5.8 6.9 ± 5.9

Seaweed 0.8 ± 0.9 0.7 ± 0.9 0.9 ± 1.1* 1.1 ± 1.2 1.2 ± 1.2 1.1 ± 0.9

Coffee 58.7 ± 58.3* 50.7 ± 52.8 54.9 ± 55.4 98.1 ± 72.4 95.2 ± 68.3 83.8 ± 71.4

Green tea 114.9 ± 121.0 117.5 ± 117.4 115.9 ± 124.9 161.0 ± 146.9 170.3 ± 143.2 167.6 ± 147.2

Alcoholic beverages 135.8 ± 124.8 127.8 ± 117.0 122.9 ± 119.3 54.7 ± 84.8 48.2 ± 76.8 50.6 ± 85.8

Data are shown as mean ± standard deviation.
*p < 0.05 (Tukey’s honest significant difference test after one-way analysis of variance, comparison with normal group).

TABLE 6 Multivariable analysis of visceral fat accumulation by eating speed.

Men Women

Eating speed Fast Normal Slow Fast Normal Slow

n = 863 n = 2,698 n = 314 n = 626 n = 1,873 n = 174

Model 1 1.17 1 0.65 1.13 1 0.85

(0.98, 1.39) (reference) (0.49, 0.88)* (0.73, 1.76) (reference) (0.38, 1.88)

Model 2 1.15 1 0.64 1.11 1 0.83

(0.97, 1.37) (reference) (0.47, 0.86)* (0.71, 1.74) (reference) (0.37, 1.85)

Model 3 1.12 1 0.61 1.16 1 0.82

(0.94, 1.34) (reference) (0.46, 0.83)* (0.74, 1.81) (reference) (0.37, 1.84)

Logistic regression analysis. Data are odds ratios (95% confidence intervals). *p < 0.05.
Model 1: Adjusted for age.
Model 2: Adjusted for age, dietary energy intake (kcal), dietary protein intake (%energy), dietary fat intake (%energy), dietary alcohol intake (%energy), dietary total fiber intake (g/1,000 kcal), 
breakfast eating habits, and daytime and nighttime snack eating habits.
Model 3: Adjusted for age, dietary energy intake (kcal), dietary protein intake (%energy), dietary fat intake (%energy), dietary alcohol intake (%energy), dietary total fiber intake (g/1,000 kcal), 
breakfast eating habits, daytime and nighttime snack eating habits, smoking habits, and metabolic equivalents.

https://doi.org/10.3389/fnut.2024.1341240
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Yaguchi et al. 10.3389/fnut.2024.1341240

Frontiers in Nutrition 09 frontiersin.org

gene expression of fatty acid oxidation-related enzymes, and have 
lipolytic effects in adipocytes (40). It has been shown that WCs are 
smaller than the reference values for metabolic syndrome in 
individuals with a dietary pattern that includes a high intake of 
vegetables and fruits, as well as fish (30, 31). Therefore, the 
accumulation of visceral fat is not solely owing to the intake of fish and 
omega-3 fatty acids but may have a synergistic effect on the 
combination of other foods. Our study also showed that in slow eaters, 
following a healthy diet was effective in reducing obesity, suggesting 
that a combination of diet and nutritional intake may help prevent 
WC obesity.

Even after adjusting for the intake of these nutrients and METs, 
the slow-eating group of men had a significantly lower risk of WC 
obesity than the group with normal eating speed. The slow-eating 
group ate a high-fiber diet that included high-fiber vegetables, fruits, 
mushrooms, and seaweed, which are foods that require a lot of 
chewing before they can be swallowed (41). It has been reported that 
a higher number of chews is associated with greater diet-induced 
thermogenesis and greater energy expenditure. Even when eating 
the same food, slow eaters chew more before swallowing a bite and 
chew more in total before finishing their meal (42, 43). Therefore, 
the reason why slow eating showed a negative correlation with the 
risk of WC obesity in this study may be because slow eaters not only 
choose foods that take longer to chew but they also spend more time 
chewing before swallowing, which leads to greater energy 
expenditure and helps to reduce visceral fat accumulation. This is 
probably because these people choose foods that not only take 
longer to chew but also take longer to swallow. Therefore, it is 
considered that a combination of slow eating and increasing the 
number of chews suppress WC obesity.

In women, there was no association between eating speed and 
dietary content or WC obesity. Previous studies have shown that 
women who are fast eaters have the same low fiber intake as men, but 
these studies have included both obese and thin people (41). However, 
we found that women’s fiber intake did not differ by eating speed, and 
that women also consumed a greater variety of foods, had healthier 
eating habits with higher fiber intake, and consumed less alcohol than 
men. Regardless of eating speed, the fact that men have unhealthier 
eating habits than women may itself contribute to the risk of WC 
obesity. Thus, the reason women did not show an association between 
eating speed and WC obesity may be that the effect of eating habits, 
which vary widely between men and women, was stronger than that 
of eating speed. Moreover, it is possible that no association was found 
between fast eating and diet or WC obesity in women because our 
study was limited to participants with normal BMI.

The slow-eating group of men included significantly fewer 
participants with a WC of ≥85 cm than the normal group, but there 
was no significant association in women. Previous studies on eating 
speed and obesity showed that faster eating speeds are associated 
with a greater proportion of both men and women judged to 
be obese, whether according to WC, BMI, or body fat rate (9–16). In 
this study, we  used WC as a measure of obesity, and found an 
association between eating speed and WC obesity only in men. This 
may be because previous studies have included individuals with a 
BMI of ≥25 kg/m2, whereas the present study included individuals 
with a BMI between 18.5 and 25.0 kg/m2. However, a previous study 
of Japanese normal body weight female college students showed that 
eating faster is associated with substantially higher body fat 

percentages (13). We  used a cutoff value of ≥85 cm for men 
and ≥ 90 cm for women based on the metabolic syndrome criteria 
for Japanese individuals (4). However, some Japanese reports suggest 
that the WC cutoff value for metabolic syndrome is 85 cm for 
Japanese men and 80 cm for women, based on visceral fat volume or 
visceral fat area (44, 45). Thus, the different associations between 
eating speed and WC obesity in men and women may be owing to 
the WC criteria used.

There are several study limitations. First, because this was a cross-
sectional study, we cannot prove that eating speed affects WC obesity. 
Second, because the cohort participants in this study were residents of 
Yamagata, a rural area of Japan, it is unknown whether the results 
would be similar for people living in another region. Third, because 
an FFQ was used to assess dietary intake, it was not possible to identify 
food intake status not captured in the FFQ. Therefore, the present 
results should be interpreted carefully.

In conclusion, the findings of this study suggest that eating slowly 
is associated with healthy dietary habits and can prevent the 
accumulation of visceral fat in men with a BMI between 18.5 and 
25.0 kg/m2, but not in women, suggesting a sex difference. It is possible 
that women have healthier eating habits and consume a greater variety 
of foods than men, regardless of eating speed, which may have 
contributed to the lack of association between eating speed and 
visceral fat accumulation.
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