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Abstract 1 

Aim: We aimed to clarify whether snacking habits decrease the risk of all-cause 2 

mortality in an older Japanese population. 3 

Methods: The study participants were 64- or 65-year-old community-dwelling residents 4 

recruited each survey year from 1996 through 2005. Data on the frequency of snacking 5 

and other lifestyle factors were obtained during the baseline survey using self-6 

administered questionnaires, and the participants were followed up annually until the 7 

end of 2017. A total of 2943 participants (1484 males and 1459 females) were eligible. 8 

All-cause mortality was compared among participants grouped by frequency of 9 

snacking (no snacking, 1–4 times/week, or everyday). 10 

Results: The number of deaths recorded over the study period of 43,204 person-years 11 

was 357 (24.1%) for males and 173 (11.9%) for females. The mean and standard 12 

deviation of follow-up period were 14.2 ± 4.9 years in males and 15.2 ± 4.5 years in 13 

females. Cox proportional hazard regression analyses showed that after adjusting for 14 

potential confounding factors, the hazard ratios for the females were 0.64 (95% 15 

confidence interval [CI], 0.43–0.94) in the group that had a habit of snacking 1–4 16 

times/week and 0.93 (95%CI, 0.63–1.36) in the group that had a habit of snacking 17 

everyday compared with that in the no snacking group. These associations were not 18 

observed among males. 19 

Conclusions: A moderate frequency of snacking slightly decreases the risk of all-cause 20 

mortality among females. Our findings may be useful for improving the nutrition 21 

statuses in older female adults. 22 

 23 
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Introduction 1 

Snacking is a common eating habit among adults worldwide. According to the 2 

results of the National Health and Nutrition Examination Surveys conducted in the 3 

United States in 2009–2014, 88% of the surveyed adults consumed at least one snack 4 

per day.1 According to the results of Japan’s National Health and Nutrition Survey in 5 

2007, 26.0% of the surveyed adults ate snacks everyday.2 Frequent snacking contributes 6 

to excessive energy intake 3, and is associated with obesity and high waist 7 

circumference among adults.4,5 In addition, nighttime snacking is a risk factor for 8 

chronic kidney disease among middle-aged or older men.6,7 Therefore, it may be 9 

important to pay attention to the snacking habits among adults to prevent the occurrence 10 

of chronic diseases and improve body weight. 11 

Conversely, snacking habits are useful for improving the nutrition statuses of 12 

older people.8 Older adults who consumed snacks frequently had a faster gait speed than 13 

those who consumed snacks less frequently9; and who consumed snacks three times or 14 

more per day tended to have a low risk of malnutrition.10 Thus, snacking may improve 15 

nutritional and physical conditions among older adults. However, previous findings had 16 

several limitations such as cross-sectional design6,9,10 or short-term follow-up7; 17 

furthermore, no study has clarified the effect of the frequency of snacking on mortality. 18 

Therefore, the longitudinal effect of snacking on the health statuses in older adults is 19 

unclear. Furthermore, although there is a gender difference in an effect of dietary factors 20 

on health condition among middle age and older adults; for example, a diet rich in 21 

whole grain and legumes decreases a risk of hypertension only in women,12 and 22 

abundant intake of vegetable and fruits is inversely associated with obesity especially 23 

among women,13 risks on frequency of snacking obtained by previous studies were not 24 
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stratified by gender.6,7,9,10 Moreover, only few studies have investigated the effect of 1 

frequency of snacking on health statuses among Japanese older adults.6,7 2 

This study aimed to investigate whether snacking can decrease the risk of all-3 

cause mortality in a population of community-dwelling young-old Japanese adults. In 4 

addition, since inadequate energy intake is known as an important risk factor for 5 

malnutrition and weight loss among older adults,11 we stratified participants according 6 

to levels of energy intake and repeated the analysis. 7 

 8 

Methods 9 

Study population 10 

The study population was extracted from the New Integrated Suburban Seniority 11 

Investigation (NISSIN) Project, an ongoing age-specific prospective cohort study 12 

established in 1996 in Nisshin City, Aichi Prefecture, central Japan. The study design, 13 

participants and other parameters were described in detail in elsewhere.14 In brief, the 14 

study participants were community-dwelling residents who were going to turn 65 years 15 

old in each survey year and recruited at the beginning of June from 1996 through 2005. 16 

They were asked to attend a free comprehensive health examination and submit a 17 

detailed and completed self-administered questionnaire during the baseline survey. 18 

Among the eligible residents, 3073 (43.9%) individuals voluntary came to the medical 19 

check-up and provided consent to participate in the study. Of all the eligible 20 

participants, those who moved out of the city before the follow-up started (n=2), those 21 

who did not report data on snacking habits (n=17), and those who did not report 22 

information on dietary consumption (n=111) were excluded. Thus, a total of 2943 23 

participants (1484 males and 1459 females) were included.  24 
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This study was conducted according to the guidelines laid down in the 1 

Declaration of Helsinki and the study protocol was approved by the Ethics Committee 2 

of each research institutions; Hokkaido University Graduate School of Medicine (No. 3 

37, 2014), Aichi Medical University School of Medicine (No. 558, 2008), the National 4 

Centre for Geriatrics and Gerontology in Japan (No. 242, 2006), and Nagoya University 5 

Graduate School of Medicine (No. 162, 2002 and 2004). Informed consent was gained 6 

by an opt-out approach from 1996 to 2001 and individual written informed consent was 7 

obtained thereafter.14 8 

 9 

Data collection and measures 10 

In this study, we defined snacking as eating something between any of three 11 

main meals, i.e., breakfast, lunch and dinner, or at nighttime. Data on snacking were 12 

collected by asking participants to indicate the frequency of snacking (almost none, 1–2 13 

times/month, 1–2 times/week, 3–4 times/week, or everyday) using self-administered 14 

questionnaires. The socio-demographic factors included education (lower than high 15 

school, high school or above, or unknown), marital status (married, other, or unknown), 16 

current employment status (employed, unemployed, or unknown) and living 17 

arrangement (alone or with others). Data on lifestyle factors included walking hours (≥1 18 

hours, <1 hours/day, or unknown), alcohol consumption (never, 1–2 times/week, or ≥3 19 

times/week), smoking status (never smoked, former smoker, current smoker, or 20 

unknown), sleep duration and social participation. Information on sleep duration was 21 

obtained as a self-reported continuous variable and recorded in hours and minutes per 22 

day; the recorded results were then converted into three categorical ranges of values 23 

(<7h, 7–8h, >8h/day, or unknown). Social participation was assessed using 20 items that 24 
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focused on social, educational, and individual activities. Each item had three possible 1 

responses that were assigned the following scores: not participating (1), occasionally 2 

participating (2), and regularly participating (3),15 and the sum of the scores was 3 

calculated. The sex-specific median values of the total of the social participation scores 4 

were used to divide the participants into two categories (participating or not). Self-5 

reported history of diseases including gastric cancer, cardiovascular disease, 6 

cerebrovascular disease, hypertension, diabetes mellitus, and dyslipidemia were collated 7 

because these diseases may affect an individual’s eating habits. Height and body weight 8 

were measured using standard methods, and body mass index (BMI) was calculated 9 

using the following formula: weight (kg)/height (m)2. BMI values were categorized to 10 

three groups (<18.5, 18.5–24.9 and ≥25.0). 11 

Dietary intake during the past year was assessed using a validated food 12 

frequency questionnaire on the frequency of consumption of 90 modern Japanese food 13 

items.16 The participants reported their average intake and frequency of consumption of 14 

each food and the usual portion of rice they consumed. The average intake of each food 15 

item per day was calculated in grams by multiplying the frequency of consumption by 16 

the given portion size. Total daily energy intake was calculated based on the information 17 

on daily food intake and the Japanese food composition table.16 Because, recent study 18 

reported that consumption of confectioneries, beans, daily products, fruits, green/yellow 19 

vegetables and other vegetables were related to frequency of snacking among Japanese 20 

adults,17,18 we used data on consumption of these foods as confounding factors for the 21 

analysis. 22 

 23 

Outcomes 24 
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 The participants were followed annually from the year of the baseline survey to 1 

the end of 2017, until death of any cause or they moved out of the city. The deaths or 2 

relocation dates were confirmed by the resident registry consulted by the public health 3 

nurse of the city health center. 4 

 5 

Statistical analysis 6 

Frequency of snacking was categorized into three groups: no snacking (almost 7 

no snacking or 1–2 times/month), 1–4 times/week, and everyday. We described the 8 

distribution of demographic and lifestyle factors according to the frequency of snacking. 9 

Chi-square test was used to compare difference of categorical variables between three 10 

groups, and one-way ANOVA was used for comparison of continuous variables. The 11 

Cox proportional hazard regression model was used to calculate the hazard ratios (HR) 12 

and 95% confidence intervals (CI) of all-cause mortality according to the frequency of 13 

snacking after adjusting for potential confounding factors. Confounding factors ranged 14 

from socio-demographic, lifestyle and dietary to history of disease (including 15 

medication situation), which may have affected snacking habit and/or mortality, 16 

according to the previous studies.4–10 The first model included survey years, BMI, 17 

education, marital status, living arrangement and current employment status. The 18 

second model included sleep duration, social participation, walking hours, drinking and 19 

smoking status in addition to the variables included in the first model. The third model 20 

included total daily energy intake, consumption of confectioneries, beans, daily 21 

products, fruits, green/yellow vegetables and other vegetables in addition to the 22 

variables included in the second model. The fourth model included gastric cancer, 23 

cardiovascular disease, cerebrovascular disease, hypertension, diabetes mellitus and 24 
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dyslipidemia in addition to the variables included in the third model. To examine the 1 

possibility of reverse causation, the fifth model included only the participants who 2 

survived longer than two years after baseline, and adjusted the variables included in the 3 

fourth model. A sensitivity analysis was also conducted to exclude those who had a 4 

history of the aforementioned diseases at baseline, since such diseases may have 5 

affected eating behavior as well as mortality. In addition, stratified analysis was 6 

conducted for risk estimation based on tertiles of total energy intake (low, medium or 7 

high distribution calculated based on sex). All analyses were performed using JMP Pro 8 

12.1.0 software (SAS Institute Inc. Cary, NC, USA), and statistical significance was set 9 

at p < 0.05. 10 

 11 

Results 12 

Overall, 357 (24.1%) males and 173 (11.9%) females died during the study 13 

period of 43,204 person-years. The mean ± standard deviation of the follow-up period 14 

was 14.2 ± 4.9 years in male and 15.2 ± 4.5 years in female participants. Table 1 shows 15 

the characteristics of the study participants according to frequency of snacking. Among 16 

males, those who had a habit of snacking everyday were more likely to consume low 17 

levels of alcohol, have a higher prevalence of being overweight (BMI≥25.0), have a 18 

history of gastric cancer, and consume more confectioneries and daily products than 19 

those who did not snack frequently. Among females, those who had a habit of snacking 20 

everyday were more likely to have a higher energy intake, consumption of 21 

confectioneries, prevalence of history of gastric cancer and have lower consumption of 22 

fruits, green/yellow vegetables and other vegetables than those who did not snack 23 

frequently. 24 
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Table 2 shows the HRs and 95% CIs for all-cause mortality stratified by sex. 1 

Among females, the HR was the lowest (0.63, 95%CI, 0.43–0.91) for the group of 2 

participants who had a habit of snacking 1–4 times/week, after adjustment for survey 3 

years, BMI, education, marital status, living arrangement, and current employment 4 

status. The group that had a habit of snacking everyday had a HR of 0.94 (95%CI, 0.66–5 

1.34); however, this association was not significant. After further adjustment for sleep 6 

duration, social participation, walking hours, frequency of drinking, smoking status, 7 

total energy intake, consumption of confectioneries, beans, daily products, fruits, 8 

green/yellow vegetables, other vegetables and history of disease, the pattern of the HRs 9 

was unchanged. Moreover, the fifth model, which was restricted to the participants who 10 

survived for longer than two years, also indicated similar pattern of the HRs. The 11 

analysis was repeated on the participants who had no history of diseases and the results 12 

were not altered (Table 3). These associations were not observed among males; namely, 13 

there was no association between snacking and all-cause mortality in these participants.  14 

Table 4 shows the HRs and 95%CIs for all-cause mortality according to tertiles 15 

of total daily energy intake. Among females, the participants in the medium tertile of 16 

total energy intake who had a habit of snacking 1–4 times/week had an HR of 0.50 17 

(95%CI, 0.25–0.99) after full adjustment for all related variables. Similar HR patterns 18 

were observed in the lowest tertile of total energy intake, although no association was 19 

significant, and an interactive effect of frequency of snacking and total energy intake on 20 

all-cause mortality were not observed. Among males, tertiles of total daily energy intake 21 

in any case showed no significant association between snacking and all-cause mortality. 22 

 23 

Discussion 24 
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The present study compared the risk of all-cause mortality among community-1 

dwelling young-old adults grouped according to their snacking habits. We found that 2 

female participants who snacked 1–4 times/week showed an approximately 40% lower 3 

risk of all-cause mortality than those who had no snacking habits. This finding 4 

suggested slight but significant positive effect of moderate frequency of snacking on 5 

mortality among females. To the best of our knowledge, this is the first study to suggest 6 

the potential effect of moderate frequency of snacking on mortality among older female 7 

adults. 8 

Several studies suggested that energy intake via snacking contributed to 20–30% 9 

of the total energy intake in older adults.19,20 Older adults commonly have decreased 10 

appetites and declined digestive functions, which lead to a low dietary intake. 11 

Malnutrition increase the risk of hospitalization and mortality among community-12 

dwelling older adults.21-23 In the present study, female participants who had a habit of 13 

snacking had a tendency for higher total energy intake than those who had no habit of 14 

snacking. In addition, the results of the sensitivity analyses, which was restricted to 15 

participants who survived for longer than two years after baseline or which excluded 16 

participants with a history of diseases, were unchanged. Regardless of a history of 17 

diseases, moderate frequency of snacking may lower the risk of all-cause mortality 18 

among older female adults. 19 

However, decrement of the HR in the group that had a habit of snacking 20 

everyday was smaller than that in the group that had a habit of snacking 1–4 21 

times/week. Frequent snacking is related to good diet quality due to the increased intake 22 

of fruits, beans and dairy products 18,24 and abundant intake of protein, vitamins, and 23 

minerals.25,26 Conversely, frequent snacking is related to decreased intake of 24 
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vegetables.24 Female participants who had a habit of snacking 1–4 times/week had 1 

tendency to higher intake of beans, daily products, fruits and vegetable than those who 2 

had a habit of snacking everyday. A recent meta-analysis indicates a healthy dietary 3 

pattern is associated with lower all-cause mortality,27 and this association was also 4 

observed consistently in two cohort studies of the Japanese population.28,29 Therefore, 5 

moderate frequency of snacking may be associated with improved dietary quality 6 

compared to that of snacking everyday. Moreover, additional analysis stratified by total 7 

energy intake suggested that a combination of moderate total energy intake and 8 

frequency of snacking may decrease a risk of all-cause mortality. To improve and 9 

maintain health conditions in female older adults, it may be necessary to not only 10 

maintain moderate frequency of snacking but also to avoid inadequate total energy 11 

intake. 12 

In the present study, snacking 1–4 times/week decreased the risk of all-cause 13 

mortality in females but not in males. There may be a plausible reason for this sex-14 

related difference. Women have a tendency to choose healthy foods such as fruits and 15 

vegetables during snack time compared to men,30 which was consistent with the our 16 

findings; consumption of these foods may have contributed to their health. In addition, 17 

frequency of snacking was associated with lower alcohol consumption among the male 18 

participants, and drinking habit might have affected their food choice. Therefore, sex-19 

related differences in food choice during snack time may affect total energy and 20 

nutritional intake, and as a result, a habit of snacking may have a more positive effect on 21 

the nutritional conditions in young-old female adults. 22 

The present study has some notable strengths. Using an age-specific prospective 23 

cohort of young-old adults allowed us to eliminate the effect of age on the association 24 
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between frequency of snacking and all-cause mortality. Moreover, the sensitivity 1 

analyses, which was restricted to participants who survived for longer than two years 2 

after baseline or excluding participants with history of diseases, increased the validity of 3 

the findings. However, certain limitations to the study exist. Firstly, we only collected 4 

data on the frequency of snacking habits; information on specific foods and nutrients 5 

consumed during snack time were not obtained. Therefore, we could not clarify a direct 6 

relationship between the amount of foods and nutrients consumed through snacking and 7 

mortality. However, in multivariate analysis adjusted for intake of several foods related 8 

to snacking habit, the result was not altered, i.e., snacking 1–4 times/week was still 9 

related to decreased risk for mortality among female older adults. Secondly, whether the 10 

specific timing of snacking may have lowered the risk of mortality was not clear. 11 

Although a habit of eating snacks other than the three standard meals of the day may be 12 

associated with reduced mortality among female older adults, we could not recommend 13 

a suitable timing for snacking based on the results of this study. Thirdly, the 14 

questionnaire used in this study was self-reported and the reliability and reproducibility 15 

were not examined before; thus, a probability of over or under reporting on the 16 

frequency of snacking is unclear. Finally, the relatively small sample size and limited 17 

number of deaths might have affected the statistical power of the subgroup analysis of 18 

total energy intake. 19 

In conclusion, moderate frequency of snacking slightly decreases the risk of all-20 

cause mortality among female young-old adults. Energy intake outside regular meals 21 

may have a positive effect on health and improve the nutrition statuses in female older 22 

adults. 23 

 24 
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Alone 21 2.4 10 2.9 3 1.2 45 8.6 31 6.1 30 7.1
With others 861 97.6 334 97.1 255 98.8 479 91.4 479 93.9 395 92.9

Employed 510 57.8 186 54.1 133 51.6 139 26.5 126 24.7 119 28.0
Unemployed 363 41.2 155 45.1 120 46.5 380 72.5 384 75.3 304 71.5

<7 395 44.8 176 51.2 126 48.8 304 58.0 311 61.0 267 62.8
7–8 363 41.2 133 38.7 99 38.4 187 35.7 177 34.7 142 33.4
>8 122 13.8 34 9.9 32 12.4 32 6.1 21 4.1 16 3.8

Participating 462 53.4 167 50.3 122 49.4 247 49.3 256 53.4 210 51.8
Not participating 404 46.7 165 49.7 125 50.6 254 50.7 223 46.6 195 48.1

≥1 times/day 428 48.6 144 42.0 135 52.7 334 63.7 340 66.7 290 68.2
<1 times/day 452 51.4 199 58.0 121 47.3 190 36.3 170 33.3 135 31.8

≥3 times/week 584 66.2 177 51.5 116 44.9 66 12.6 61 12.0 37 8.7
1–2 times/week 36 4.1 14 4.1 10 3.8 23 4.4 16 3.1 25 5.9
None 262 29.7 153 44.5 132 51.1 435 83.0 433 84.9 363 85.4

Table 1. Characteristics of the 2,943 participants grouped according to frequency of snacking habits

Everyday

(n = 882) (n = 344) (n = 258) (n = 524) (n = 510) (n = 425)

Males (n = 1,484) Females (n = 1,459)

Variable
No snacking habit

Body mass index

Education (years)

Marital status

Living arrangement

Current employment status

Sleep duration (hours/night)

Social participation

Walking hours

Alcohol consumption

0.327

0.104

0.870

0.248

0.293

0.173

0.488

p ‡No snacking habit 1–4 times/week

0.824

0.424

p ‡

0.001

0.760

0.950

0.353

0.268

0.396

0.430

0.403

<0.001

1–4 times/week Everyday



Current smoker 293 33.2 111 32.3 63 24.4 26 5.0 14 2.7 14 3.3
Former smoker 418 47.4 168 48.8 136 52.7 32 6.1 28 5.4 14 3.3
Never smoked 170 19.3 65 18.9 59 22.9 466 88.9 468 91.7 397 93.4

8 0.9 3 0.9 8 3.1 0.017 0 0.0 2 0.3 5 1.2 0.031
42 4.8 17 4.9 13 5.0 0.980 15 2.9 9 1.8 10 2.4 0.504
48 5.4 17 4.9 13 5.0 0.926 22 4.2 18 3.5 12 2.8 0.524

History of hypertension 219 24.8 106 30.8 60 23.3 0.055 115 22.0 124 24.3 91 21.4 0.515
Medication for hypertension 180 20.4 87 25.3 53 20.5 0.159 98 18.7 96 18.8 74 17.4 0.832

History of diabetes mellitus 90 10.2 43 12.5 24 9.3 0.383 34 6.5 24 4.7 14 3.3 0.075
Medication for diabetes mellitus 59 6.7 32 9.3 14 5.4 0.145 18 3.4 15 2.9 11 2.6 0.744

History of dyslipidemia 76 8.6 39 11.3 27 10.5 0.300 90 17.2 90 17.7 67 15.8 0.734
 Medication for dyslipidemia 41 4.7 26 7.6 19 7.4 0.076 57 10.9 58 11.4 40 9.4 0.608

1,900 602 1,930 649 1,892 644 0.701 1,834 664 1,894 613 2,077 733 <0.001
Confectioneries (g/1,000kcal) 4.8 5.3 7.9 6.5 10.0 9.0 <0.001 8.5 8.9 9.6 7.2 14.3 10.1 <0.001

39.3 25.2 37.6 20.4 38.0 18.7 0.452 46.5 26.8 47.2 27.6 43.9 24.1 0.137
87.0 78.3 74.2 59.0 94.0 79.2 0.003 114.4 83.9 115.6 75.3 105.5 74.2 0.107
82.1 62.9 83.2 54.3 89.0 55.0 0.259 131.0 77.8 138.0 74.9 124.2 66.4 0.017
53.5 47.4 54.1 47.1 56.0 44.2 0.760 74.8 52.8 74.8 50.2 64.0 44.4 0.001
58.4 28.5 58.9 26.0 61.3 29.3 0.337 74.2 32.5 74.5 31.0 68.0 30.3 0.002

‡Chi square test was used to compare difference of categorical variables, one-way ANOVA was used for comparison of continuous variables.

Green/Yellow vegetables (g/1,000kcal)†

Other vegetables (g/1,000kcal)†

†Data are presented as mean and SD.

Smoking status

History of gastric cancer
History of cardiovascular disease

Total energy intake (kcal/day)†

Dairy products (g/1,000kcal)†

Fruits (g/1,000kcal)†

0.086

SD, standard deviation.

0.214

History of cerebrovascular disease

Beans (g/1,000kcal)†



Trend p

HR† 95% CI‡ HR† 95% CI‡ HR† 95% CI‡

Males (n = 1,484)
 Cases/person-years

 Model 1 1.00 Reference 1.03 0.80–1.32 0.93 0.69–1.24 0.831

 Model 2 1.00 Reference 0.98 0.75–1.28 0.99 0.73–1.34 0.987

 Model 3 1.00 Reference 1.00 0.76–1.32 1.04 0.76–1.42 0.966

 Model 4 1.00 Reference 1.01 0.77–1.32 1.07 0.77–1.45 0.923

 Cases/person-years

 Model 4 1.00 Reference 0.94 0.71–1.24 1.08 0.78–1.48 0.755

Females (n = 1,459)
 Cases/person-year

 Model 1 1.00 Reference 0.63 0.43–0.91 0.94 0.66–1.34 0.038

 Model 2 1.00 Reference 0.62 0.43–0.91 0.97 0.67–1.39 0.038

 Model 3 1.00 Reference 0.62 0.42–0.91 0.93 0.63–1.36 0.044

 Model 4 1.00 Reference 0.64 0.43–0.94 0.93 0.63–1.36 0.064

 Cases/person-years

 Model 5 1.00 Reference 0.65 0.43–0.95 0.89 0.60–1.33 0.089

‡ CI,  confidence interval

209/12514 62/3662

Model 2: Adjusted for the variables included in the Model 1, in addition to sleep duration, social
participation, walking hours, alcohol consumption, and smoking status.

73/7928 46/7880 54/6323

HR estimated with Cox hazard regression and 95% CI.

Model 1: Adjusted for survey years, body mass index, education, marital status, living
arrangement, and current employment status.

70/7921 45/7872
Females who survived longer than two years (n = 1,425)

50/6306

†HR, hazard ratio

86/4896

Model 3: Adjusted for the variables included in the Model 2, in addition to intake of total
energy, confectioneries, beans, daily products, fruits, green/yellow vegetables, and other
vegetables.

Table 2. Associations between snacking habits and all-cause mortality among the participants

No snacking habit 1–4 times/week Everyday

204/12494 79/4884 61/3657
Males who survived longer than two years (n = 1,448)



Model 5: Participants who survived longer than two years after baseline, in addition to
adjustment for the variables included in the Model 4.

Model 4: Adjusted for the variables in Model 3, in addition to history of gastric cancer,
cardiovascular disease, cerebrovascular disease, History of hypertension, diabetes mellitus, and
dyslipidemia.



HR† 95% CI‡ HR† 95% CI‡ HR† 95% CI‡

Males (n = 836)
 Cases/person-years

 Model 1 1.00 Reference 0.89 0.62–1.27 0.87 0.59–1.29 0.695

 Model 2 1.00 Reference 0.79 0.54–1.15 1.00 0.66–1.52 0.440

 Model 3 1.00 Reference 0.82 0.56–1.22 1.08 0.70–1.66 0.520

 Cases/person-years

 Model 4 1.00 Reference 0.78 0.52–1.17 1.07 0.69–1.67 0.401

Females (n = 878)
 Cases/person-years

 Model 1 1.00 Reference 0.55 0.34–0.91 0.91 0.58–1.44 0.059

 Model 2 1.00 Reference 0.58 0.35–0.96 0.94 0.58–1.50 0.091

 Model 3 1.00 Reference 0.55 0.33–0.92 0.82 0.50–1.34 0.075

 Cases/person-years

 Model 4 1.00 Reference 0.55 0.32–0.92 0.77 0.46–1.29 0.078

Model 2: Adjusted for the variables included in the Model 1, in addition to sleep duration,
social participation, walking hours, alcohol consumption, and smoking status.

Model 3: Adjusted for the variables included in the Model 2, in addition to intake of total
energy, confectioneries, beans, daily products, fruits, green/yellow vegetables, and other
vegetables.

Model 4: Participants who survived longer than two years after baseline, in addition to
adjustment for the variables included in the Model 2.

124/7213 40/2570 34/2095

Males who survived longer than two years (n = 817)
119/7197 37/2566 33/2093

Females who survived longer than two years (n = 854 )

Table 3. Associations between snacking habits and all-cause mortality for participants with no
history of diseases.

No snacking  habit 1–4 times/week Everyday
Trend p

44/4587 24/4680 33/3992

HR estimated with Cox hazard regression and 95% CI.

Model 1: Adjusted for survey years, body mass index, education, marital status, living
arrangement, and current employment status.

23/4576 30/397942/4581

†HR, hazard ratio
‡CI, confidence interval



HR† 95% CI‡ HR† 95% CI‡ HR† 95% CI‡

Males (n = 1,484)
Total energy intake (kcal)
 Low (<1598)
 Cases/person-years

1.00 Reference 0.84 0.49–1.38 1.10 0.61–1.92 0.674

 Medium (1598–2068)
 Cases/person-years

1.00 Reference 0.92 0.54–1.52 1.29 0.69–2.33 0.597

 High (>2068)
 Cases/person-years

1.00 Reference 0.95 0.60–1.50 0.66 0.36–1.15 0.360

Females (n = 1,459)
Total energy intake (kcal)
 Low (<1614)
 Cases/person-years

1.00 Reference 0.77 0.37–1.52 0.74 0.34–1.51 0.635

 Medium (1614–2046)
 Cases/person-years

1.00 Reference 0.50 0.25–0.99 0.64 0.30–1.31 0.131

 High (>2046)
 Cases/person-years

1.00 Reference 0.78 0.33–1.83 1.55 0.74–3.42 0.173

77/3909 33/1744 18/1358

62/3968 28/1721 22/1279

70/4636 25/1431 22/1025

Trend p

Table 4. Associations between snacking habits and all-cause mortality according to tertiles of total
energy intake.

No snacking habit 1–4 times/week Everyday

32/2968 16/2617 14/1759

28/2879 16/2691 14/1782

Adjusted for survey years, body mass index, education, marital status, living arrangement, current
employment status, sleep duration, social participation, walking hours, alcohol consumption, smoking
status, intake of total energy, confectioneries, beans, daily products, fruits, green/yellow vegetables,
other vegetables, history of gastric cancer, cardiovascular disease, cerebrovascular disease,
hypertension, diabetes mellitus, and dyslipidemia.

HR estimated with Cox hazard regression and 95% CI.

13/2081 14/2572 26/2783

†HR, hazard ratio
‡CI, confidence interval
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