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A B S T R A C T   

Evidence for the influence of lifestyle factors on nonalcoholic fatty liver disease (NAFLD) onset is limited because 
the association between lifestyle factors and NAFLD has been reported mostly in cross-sectional studies. Our 
purpose was to elucidate which lifestyle factors are associated with NAFLD onset by performing a longitudinal 
study. This was a longitudinal study of 1,713 Japanese participants who underwent multiple health checkups 
from June 2013 to the end of March 2018 and were not diagnosed with NAFLD at the first health checkup at 
Watari Hospital in Fukushima, Japan. Baseline characteristics, including lifestyle factors, were compared among 
participants with and without NAFLD. Cox proportional hazards models were used to identify the association 
between lifestyle factors and NAFLD onset. Among the 1,713 participants, 420 (24.5 %) developed NAFLD during 
the observation period (median 47 months). There were significant differences in body mass index and hep-
atobiliary enzyme levels between participants with and without NAFLD. In Cox proportional hazards models, 
eating between meals (hazard ratio (HR): 2.08, 95 % confidence interval (CI): 1.25–3.45, p < 0.01) and eating 
fast (HR: 1.59, 95 % CI: 1.26–2.00, p < 0.01) were risk factors for NAFLD onset in men and women, respectively. 
Moreover, fast walking was a protective factor against NAFLD onset in women (HR: 0.76, 95 % CI: 0.60–0.96, p 
= 0.02). These findings could help to identify patients at risk and prevent future NAFLD onset.   

1. Introduction 

Nonalcoholic fatty liver disease (NAFLD) is the leading cause of 
chronic liver disease worldwide (Younossi et al., 2016), and its preva-
lence is expected to continue to increase in the future (Estes et al., 2018). 
Obesity due to an unhealthy lifestyle is strongly associated with NAFLD 
(Zelber-Sagi et al., 2011). Therefore, various lifestyle modifications have 
been proposed as strategies for protection against or the improvement of 
NAFLD (Younossi et al., 2021) (Kamada et al., 2021). 

Bodyweight reduction by caloric restriction is an established treat-
ment for NAFLD (Younossi et al., 2021) (Kamada et al., 2021). More-
over, dietary habits such as fast eating or habitual eating before bedtime 
have been reported as factors associated with NAFLD(Lee et al., 2016; 
Nishi et al., 2016), (Cao et al., 2020). However, little is known about the 
causal relationship between dietary habits and NAFLD. 

The efficacy of exercise or physical activity on the resolution or 
prevention of NAFLD has also been established by numerous studies 
(Keating et al., 2012) (Choi et al., 2022) (Hashida et al., 2017). How-
ever, it is not clear which daily lifestyle factors are associated with 

NAFLD onset because longitudinal studies simultaneously evaluating 
exercise or physical activity and eating habits are lacking. 

The present study aimed to examine the association of lifestyle fac-
tors with NAFLD onset using health checkup data. 

2. Materials and methods 

2.1. Participants 

The participants in this study were Japanese men and women who 
underwent health check-ups more than twice between February 2013 
and March 2018 at Watari Hospital Health Center in Fukushima, Japan. 
NAFLD was diagnosed based on the Japanese NAFLD criteria (Tokushige 
et al., 2021). Participants with other liver diseases, such as alcoholic 
liver disease, viral disease, and drug-induced liver disease were 
excluded. Ultimately, 1,713 participants without NAFLD at the time of 
the first health checkup during the above period were eligible for 
analysis (Fig. 1). The study protocol was approved by the ethics com-
mittees of Watari Hospital and Fukushima Medical University and 
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conducted in accordance with the ethics guidelines in the Declaration of 
Helsinki. All participants provided written informed consent prior to 
study participation. 

2.2. Lifestyle questionnaire 

All participants completed the ‘‘Specific health checkups’’ lifestyle 
questionnaire introduced by the Japanese Ministry of Health, Labour 
and Welfare (Supplemental table). We collected participants’ ordinary 
lifestyle data on the following factors: smoking status; alcohol intake; 
exercise; physical activity; walking speed; and dietary habits, such as 
eating speed, eating before bedtime, eating between meals and skipping 
breakfast. Each lifestyle factor was defined as follows: smoking status, 
current smoker; exercise, a habit of engaging in exercise with light 
sweating for longer than 30 min per session, two times per week, for 
over a year; physical activity, walking or engaging in any equivalent 
amount of physical activity for more than 1 h per day; fast walking, a 
walking speed faster than the speed of other individuals of the same age 
and sex; eating fast, a quicker eating speed than the speed of others; 
eating before bedtime, eating supper 2 h before bedtime more than three 
times per week; eating between meals, eating snacks or drinking sweet 
beverages between meals; and skipping breakfast, skipping breakfast 
more than three times per week. In this study, we evaluated lifestyle 
data at the time of the first health checkup during the study period; 
participants were not diagnosed with NAFLD at that time. 

2.3. Statistical analysis 

Participants with and without NAFLD were compared using the χ2 

test and Fisher’s exact test for categorical variables and the Mann- 
Whitney U test for continuous variables. Adjusted hazard ratios (HRs) 
and 95 % confidence intervals (95 % CIs) for incident NAFLD were 
calculated using Cox proportional hazards models. We adjusted for age, 
smoking (yes or no), exercise (yes or no), physical activity (yes or no), 
fast walking (yes or no), fast eating (yes or no), eating before bedtime 

(yes or no), eating between meals (yes or no), and skipping breakfast 
(yes or no). Then, Kaplan-Meier analysis was performed using the life-
style factors that were significant in Cox proportional hazard regression 
models. The statistical significance threshold was set at 5 %. Statistical 
analyses were performed using SPSS 29.0 for Windows (SPSS, Inc., 
Chicago, IL). 

3. Results 

3.1. Baseline characteristics of participants 

Among the1,713 participants, 420 (24.5 %) developed NAFLD (men 
26.1 %, women 23.9 %) during the median observation period of 47 
months (median: 44 months for men, 47 months for women). Table 1 
shows the baseline characteristics of the participants. In both sexes, 
compared to the participants without NAFLD, those with NAFLD had a 
higher body mass index. Moreover, in both sexes, the levels of alanine 
aminotransferase, gamma-glutamyl transpeptidase and triglycerides 
were significantly higher in participants with NAFLD than in partici-
pants without NALFD. The level of fasting plasma glucose was higher in 
the female participants with NAFLD than in those without NAFLD. 
Regarding lifestyle factors, the prevalence of eating between meals was 
significantly higher in male participants with NAFLD than in those 
without NAFLD. Among women, the prevalence of eating fast was 
significantly higher in participants with NAFLD than in participants 
without NAFLD. 

3.2. Lifestyle factors associated with NAFLD onset 

Table 2 shows the HRs and 95 % CIs of significant lifestyle factors 
influencing NAFLD onset. In men, eating between meals (HR = 2.08, 95 
% CI: 1.25–3.45) was significantly associated with NAFLD onset. In 
women, eating fast (HR = 1.59, 95 % CI: 1.26–2.00) was significantly 
associated with NAFLD onset. On the other hand, fast walking (HR =
0.76, 95 % CI: 0.60–0.96) was inversely associated with NAFLD onset in 

Fig. 1. Flow chart of participant selection for this study. This study evaluated Japanese adult participants who underwent multiple health checkups from June 2013 
to the end of March 2018 and were not diagnosed with NAFLD at the first health checkup at Watari Hospital in Fukushima, Japan. 
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women. The above three lifestyle factors were not significant after 
adjusting for BMI. Fig. 2 shows the details of NAFLD onset in partici-
pants with and without the above lifestyle factors. The effects of eating 
between meals and eating fast on NAFLD onset in men and women, 
respectively, were also confirmed by the Kaplan-Meier method (Fig. 1). 

4. Discussion 

This study investigated the associations between lifestyle factors and 
NAFLD onset using a longitudinal approach. We found that participants 
with suboptimal metabolic factors such as a higher BMI, lipidemia, 
glycemia and higher levels of hepatobiliary enzymes tended to develop 
NAFLD. Moreover, eating between meals in men and eating fast and a 
fast walking speed in women were independently associated with 
NAFLD onset. 

The association between NAFLD and eating fast has been previously 
reported; however, most of the associations were based on cross- 
sectional studies (Lee et al., 2016) (Cao et al., 2020) (Takahashi et al., 
2020) or evaluations at the time of NAFLD onset (Nishi et al., 2016). In 
this study, we found that eating fast was associated with future NAFLD 
onset in women independent of other lifestyle factors, including physical 
activity. Although the precise reason why fast eating causes NAFLD is 
unclear, NAFLD-associated factors such as appetite or GLP-1 kinetics are 
influenced by eating speed, including chewing(Kokkinos et al., 2010) 
(Sakata et al., 2003). 

A previous report showed that a lower frequency of daily food intake 
was associated with NAFLD (Trovato et al., 2016). However, total en-
ergy intake was not evaluated in this study; therefore, subjects with 
NAFLD may consume more energy than subjects without NAFLD. 
Another study reported that daily eating frequency was positively 
associated with total energy intake (Holmbäck et al., 2010). Moreover, a 
randomized controlled trial showed that a high meal frequency in-
creases intrahepatic triglyceride content (Koopman et al., 2014). These 
findings may reinforce the association between eating between meals 
and NAFLD onset in men in this study. The differences in the impacts of 

Table 1 
Baseline characteristics and lifestyle of Japanese adult participants who underwent multiple health checkups from June 2013 to the end of March 2018 and were not 
diagnosed with nonalcoholic fatty liver disease (NAFLD) at the first health checkup at Watari Hospital in Fukushima, Japan.   

Men (459) Women (1254)  

NAFLD-onset group Non-onset group p value NAFLD-onset group Non-onset group p value 

Participants 120 339  300 954  
Age (years) 64 (55–70) 68 (55–74)  0.01 64 (56–70) 64 (53–71)  0.71 
Body mass index (kg/m2) 23.2 (21.8–24.7) 21.9 (20.5–23.6)  <0.01 23.0 (21.4–24.6) 20.9 (19.3–22.7)  <0.01 
AST (U/L) 21 (18–25) 21 (18–25)  0.83 20 (18–24) 20 (18–23)  0.16 
ALT (U/L) 20 (16–28) 18 (15–22)  <0.01 17 (14–21) 15 (13–18)  <0.01 
γ-GTP (U/L) 24 (18–36) 22 (16–30)  0.02 17 (13–24) 15 (12–20)  <0.01 
Triglycerides (mg/dL) 93 (69–118) 80 (67–107)  <0.01 89 (67–115) 75 (56–97)  <0.01 
LDL-C (mg/dL) 122 (106–139) 114 (96–137)  0.12 126 (109–142) 122 (103–142)  0.08 
FPG (mg/dL) 95 (90–100) 93 (88–99)  0.18 92 (88–100) 91 (86–97)  <0.01 
Smoking (yes) N (%) 26 (21.7) 55 (16.2)  0.23 21 (7.0) 40 (4.2)  0.07 
Exercise (yes) N (%) 38 (31.7) 140 (41.3)  0.08 102 (34.0) 281 (29.5)  0.16 
Physical activity (yes) N (%) 52 (43.3) 151 (44.5)  0.90 106 (35.3) 357 (37.4)  0.56 
Fast walking (yes) N (%) 57 (45.7) 174 (51.3)  0.54 144 (48.0) 500 (52.4)  0.21 
Eating fast (yes) N (%) 52 (43.3) 133 (39.2)  0.50 149 (47.3) 342 (35.8)  <0.01 
Eating before bedtime (yes) N (%) 24 (20.0) 77 (22.7)  0.63 51 (17.0) 130 (13.6)  0.18 
Eating between meals (yes) N (%) 21 (17.5) 26 (7.7)  <0.01 45 (15.0) 131 (13.7)  0.65 
Skipping breakfast (yes) N (%) 15 (12.5) 24 (7.1)  0.10 20 (6.7) 54 (5.7)  0.61 

Values are expressed as the median (interquartile range) or number (percentage). AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GTP, gamma- 
glutamyl transpeptidase; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose. 
Smoking status: Current smoker. 
Exercise: A habit of engaging in exercise with light sweating for longer than 30 min per session, two times per week, for over a year. 
Physical activity: Walking or engaging in any equivalent amount of physical activity for more than 1 h per day. 
Fast walking: A faster walking speed than the speed of other individuals of the same age and sex. 
Eating fast: A quicker eating speed than that of other individuals. 
Eating before bedtime: Eating supper 2 h before bedtime more than three times per week. 
Eating between meals: Eating snacks or drinking sweet beverages between meals. 
Skipping breakfast: Skipping breakfast more than three times per week. 

Table 2 
Cox proportional hazards for nonalcoholic fatty liver disease onset at Watari 
Hospital in Fukushima, Japan, June 2013 - March 2018.   

Men (459) Women (1,254)  

Hazard ratio (95 
% CI) 

p 
value 

Hazard ratio (95 
% CI) 

p 
value 

Age (1-year 
increase) 

1.00 (0.98–1.01)  0.74 1.00 (0.99–1.01)  0.88 

Smoking (yes) 1.11 (0.70–1.11)  0.66 1.30 (0.82–2.09)  0.27 
Exercise (yes) 0.73 (0.47–1.12)  0.15 1.30 (0.99–1.69)  0.05 
Physical activity 

(yes) 
1.02 (0.69–1.51)  0.94 0.94 (0.73–1.22)  0.66 

Fast walking (yes) 0.87 (0.60–1.27)  0.47 0.76 (0.60–0.96)  0.02 
Eating fast (yes) 1.19 (0.82–1.73)  0.36 1.59 (1.26–2.00)  <0.01 
Eating before 

bedtime (yes) 
0.74 (0.46–1.19)  0.21 1.31 (0.95–1.79)  0.10 

Eating between 
meals (yes) 

2.08 (1.25–3.45)  <0.01 0.99 (0.70–1.38)  0.93 

Skipping breakfast 
(yes) 

1.30 (0.70–2.43)  0.41 1.27 (0.78–2.06)  0.34 

Estimated from Cox proportional hazard models adjusted for all variables. 
CI: confidence interval. 
Smoking status: Current smoker. 
Exercise: A habit of engaging in exercise with light sweating for longer than 30 
min per session, two times per week, for over a year. 
Physical activity: Walking or engaging in any equivalent amount of physical 
activity for more than 1 h per day. 
Fast walking: A faster walking speed than the speed of other individuals of the 
same age and sex. 
Eating fast: A quicker eating speed than that of other individuals. 
Eating before bedtime: Eating supper 2 h before bedtime more than three times 
per week. 
Eating between meals: Eating snacks or drinking sweet beverages between 
meals. 
Skipping breakfast: Skipping breakfast more than three times per week. 
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two eating habits, eating between meals and eating fast on NAFLD onset 
in men and women are unknown; however, the significantly higher 
proportions of participants with both eating habits who develop NAFLD 
may be a reason for the differences. 

Regular physical activity and exercise are recommended treatments 
for NAFLD (Kamada et al., 2021; Younossi et al., 2021). In this study, 
only fast walking was associated with NAFLD onset in women; physical 
activity and exercise were not associated. There are several explanations 
for this. First, the amounts of exercise and physical activity could not be 
evaluated in this study using a simple lifestyle questionnaire; thus, the 
participants’ exercise intensity may not have been sufficient for the 
prevention of NAFLD onset. Second, participants at a risk for metabolic 
disease, including NAFLD, may have started exercise or physical activity 
to prevent NAFLD onset at the time of the questionnaire. In fact, the 
median levels of blood glucose in the participants with regular exercise 
habits were higher than those in the participants without exercise habits 
(92.5 vs. 91.0 mg/dL, p = 0.04). Third, fast walking is categorized as 
moderate-intensity exercise (Ainsworth et al., 2000). Walking speed was 
correlated with participation in high-intensity physical activity, a higher 
exercise frequency and total walking volume (Centers for Disease Con-
trol and Prevention, 2000) (Stamatakis et al., 2018). Interestingly, a 
previous review suggested that resistance exercise was more effective in 
female NAFLD patients than in male NAFLD patients (Hashida et al., 
2017). Moreover, a previous large Japanese cohort study reported that 
fast walking is a protective factor against new-onset diabetes mellitus 
(Iwasaki et al., 2021). Accordingly, these findings are appropriate to 
explain the association between fast walking and NAFLD onset in 
women. Although we could not confirm the association between fast 

walking and NAFLD onset by Kaplan-Meier analysis, this result could be 
attributed to the small sample size for each event. 

There are several limitations in this study. First, the lifestyle ques-
tionnaire in this study was simple and self-reported; thus, quantities of 
exercise and food intake were uncertain, and walking pace was subjec-
tive. Evaluation of these quantities is needed to clarify the mechanism of 
the effects of lifestyle factors on NAFLD onset. Second, we evaluated 
lifestyle factors at baseline in this study. Therefore, lifestyle factors may 
have changed at the time of NAFLD onset. Analysis of lifestyle changes 
up to NAFLD onset may help to clarify the significant impact of lifestyle 
factors on NAFLD onset. However, the lifestyle evaluations used in this 
study are useful for predicting future NAFLD onset. Third, this study was 
based on the results of a single center, and the observation period was 
relatively short. Therefore, our findings need to be validated by large- 
scale and long-term studies in the future. Fourth, we did not identify 
lifestyle factors that significantly increased the risk of NAFLD onset after 
adjusting BMI. This could be due to the strong association between 
NAFLD and obesity (Semmler et al., 2021) (Fan et al., 2017). On the 
other hand, genetic predispositions (Salari et al., 2021) and gut micro-
biota (Gudan et al., 2022) also affect NAFLD; therefore, lifestyle eval-
uations including various risk factors for NAFLD are essential for 
developing personalized lifestyle interventions to prevent NAFLD onset. 
Fifth, we focused only on NAFLD onset in this study. The evaluation of 
the association of NAFLD with metabolic comorbidities such as diabetes, 
hypertension, and dyslipidemia is an important task which should be 
performed in more large-scale cohort analyses. 

Fig. 2. (A). Kaplan-Meier analysis of NAFLD onset in Japanese men according to eating between meals during 44 months of follow up at Watari Hospital in 
Fukushima, Japan, June 2013 - March 2018. (B). Kaplan-Meier analysis of NAFLD onset in Japanese women according to eating fast during 47 months of follow up at 
Watari Hospital in Fukushima, Japan, June 2013 - March 2018. (C). Kaplan-Meier analysis of NAFLD onset in Japanese women according to fast walking during 47 
months of follow up at Watari Hospital in Fukushima, Japan, June 2013 - March 2018. 
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5. Conclusion 

In conclusion, eating between meals and eating fast were risk factors 
for NAFLD onset in men and women, respectively. On the other hand, 
fast walking was a protective factor against NAFLD onset in women. 
Lifestyle modifications considering these three lifestyle factors may help 
to prevent future NAFLD onset. 
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