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Abstract: (1) Background: Japan allocates approximately 21.15 billion yen annually for specific health 

guidance targeting metabolic syndrome (MetS), yet the prevalence of this condition remains 

unchanged. This study involved identifying lifestyle factors inversely associated with MetS 

development through a comprehensive cohort study encompassing all adult generations (i.e., 

Japanese people aged ≥18 years with no preexisting MetS). (2) Methods: The primary outcome was 

the time to MetS onset. Stratified analyses were conducted by age group and sex, employing the Cox 

proportional hazards model. (3) Results: Among 52,516 included subjects, 5,482 (10.4%) developed 

MetS. Cox proportional hazards analysis revealed inverse associations of MetS development with 

walking for >1 hour/day (HR=0.72, 95% CI=0.64–0.81), skipping breakfast <3 days/week (HR=0.80, 

95% CI=0.70–0.91), and eating within two hours before bedtime <3 days/week (HR=0.85, 95% CI=0.75–

0.96). In the age-stratified analysis, walking for >1 hour/day was consistently inversely associated 

with MetS development in both sexes and all age groups, except those <39 years and those in their 

60s. (4) Conclusions: Further research utilizing nationwide data is imperative to validate the 

generalizability of these findings. 

Keywords: metabolic syndrome; MetS; lifestyle; walking; breakfast; body mass index; cohort studies; 

survival analysis 

 

1. Introduction 

Metabolic syndrome (MetS) has become a global health concern, with a prevalence ranging from 

12.5% to 31.4% according to various definitions [1]. Notably, in the United States, the prevalence 

increased to 34.7% (95% CI, 33.1–36.3) between 2011 and 2016, indicating an increasing trend [2]. The 

associations between MetS status and the risk of experiencing adverse health outcomes, including 

cardiovascular disease (CVD) and mortality, have been extensively investigated, revealing 

significantly elevated risks of CVD (RR: 2.35; 95% CI, 2.02–2.73), CVD mortality (RR: 2.40; 95% CI, 

1.87–3.08), and all-cause mortality (RR: 1.58; 95% CI, 1.39–1.78) in individuals with MetS compared 

with control participants [3]. 

Effective lifestyle modifications, such as aerobic exercise and dietary changes, have shown 

promise in mitigating MetS, as evidenced by various systematic reviews and meta-analyses of 

randomized controlled trials (RCTs) demonstrating improvements in biomarkers such as body mass 

index (BMI), insulin resistance, and visceral fat [4–7]. 

In Japan, significant efforts, backed by a budget of approximately 21.15 billion yen, have been 

invested in health guidance initiated by the Ministry of Health, Labour and Welfare (MHLW) to 
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combat MetS through lifestyle enhancements [8]. However, the effectiveness of these interventions 

has been questioned, particularly in terms of achieving clinically meaningful weight loss, as 

demonstrated by a study revealing no association between receiving specific health guidance and 

experiencing substantial weight loss in men [9]. Alarmingly, despite these initiatives, the number of 

people with MetS and potential MetS in Japan has continued to rise, with a slowing rate of decline 

observed from 2016 to 2020 [10]. This underscores the need for more effective health guidance 

strategies. 

While some cohort studies in Japan have explored the relationships between lifestyle factors and 

the risk of developing MetS in specific age groups, such as young and middle-aged individuals, no 

large-scale cohort studies encompassing all adult generations have been conducted. Moreover, the 

identification of lifestyle factors negatively associated with the risk of developing MetS remains 

contentious, with conflicting findings in existing research. For example, a study targeting middle-

aged adults associated weight gain and eating before bedtime with the risk of developing MetS [11], 

whereas another study focusing on young adults linked smoking and rapid eating to the 

development of MetS [12]. Thus, the aim of this study was to bridge these gaps by comprehensively 

investigating lifestyle factors negatively associated with the risk of developing MetS across all adult 

age groups through a large-scale cohort analysis. 

2. Materials and Methods 

2.1. Study Design 

A retrospective open cohort study was conducted. 

2.2. Participants 

The inclusion criteria encompassed individuals aged 18 years or older who attended their initial 

medical checkup at St. Luke's International Hospital Clinic Preventive Medical Center in Japan 

between January 1, 2012, and December 31, 2022. Participants were included if they remained free 

from MetS at their first visit and underwent a subsequent medical checkup more than ten months 

apart within the specified target period. 

The exclusion criteria included individuals deemed at high risk for coronary artery disease, as 

determined by a Suita score of 56 points or more [13]; those actively taking medication for blood 

pressure (BP), blood sugar, or lipids; those undergoing artificial dialysis, and pregnant women. 

2.3. Data Collection 

Data collection involved extracting information from both the health checkup questionnaire and 

subsequent health checkup results conducted approximately one year later. The parameters utilized 

for assessing MetS included waist circumference (WC), BMI, systolic BP (SBP), diastolic BP (DBP), 

high-density lipoprotein (HDL) cholesterol, triglycerides (TGs), and fasting blood sugar (FBG). 

 Specifically, lifestyle factor data were obtained from the Health Checkup Questionnaire 

provided by the MHLW (refer to the Supplementary Material). Information such as age, sex, medical 

history, medication use, weight, height, BMI, blood liver function, blood renal function, and general 

blood parameters was collected from the medical examination results. 

2.4. Outcomes and Criteria 

The primary outcome of interest was the time to the development of MetS from the baseline 

date. MetS was defined according to specific criteria, including a WC of 85 cm or more for men and 

90 cm or more for women, plus meeting at least two of the following three criteria: elevated BP, 

abnormal lipid levels, and high blood sugar. These criteria included SBP ≥130 mmHg and/or DBP ≥85 

mmHg, TG ≥150 mg/dL and/or HDL cholesterol <40 mg/dL, and FBG ≥110 mg/dL [14]. 
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 Covariates included sex, age, height, weight, BMI, BP, blood sugar-related parameters, blood 

cell-related parameters, blood lipid-related parameters, liver function, uric acid (UA), renal function, 

and lifestyle factors (as listed in Table S1). The independent variables entered into the Cox 

proportional hazards model included those that demonstrated significance in the univariate analysis 

(Tables S2 and S3) and those previously associated with the risk of developing MetS in relevant 

studies. 

2.5. Statistical Analysis 

The characteristics of the subjects were divided into a MetS group and a non-MetS group and 

compared. The chi-square test was used to compare categorical data, and the t test was used to 

compare the means of continuous data. A Kaplan‒Meier curve was drawn for the time it took to 

develop MetS, and a log-rank test was conducted. Cox proportional hazards analysis was 

subsequently performed. Hazard ratios (HRs) and 95% CIs are shown. P values were two-tailed, and 

values <0.05 were considered to indicate statistical significance. Adjustments were made for 

confounding factors. The preconditions for proportional hazards were confirmed. The statistical 

software used was STATA SE-17 (64-bit, College Station, Texas, USA). 

2.6. Ethics Statement 

This study protocol underwent submission to the data provider hospitals, assuring the 

anonymization of the data, and subsequently received approval from the responsible personnel. The 

data handling processes were exclusively managed by the researcher and took place in a controlled 

environment, either at St. Luke’s International University graduate school or at the researcher's home. 

Stringent security measures, including password protection on personal computers, were 

implemented to safeguard the data. Ethical approval for this research was obtained from St. Luke’s 

Ethics Review Committee (approval code: 23-R041). 

3. Results 

3.1. Characteristics of the Participants 

The study included 52,516 subjects, with 5,482 (10.4%) developing MetS. Within this cohort, 4.2% 

of women and 18.6% of men developed MetS. The mean age was 52.1 years in the MetS group and 

52.2 years in the non-MetS group, with a mean BMI of 25.9 kg/m² in the MetS group and 21.7 kg/m² 

in the non-MetS group (Table 1). The median time to onset of MetS during the observation period 

was not available. 

Table 1. Characteristics of participants by MetS status. 

Characteristics MetS No MetS p 

value 

Age, Mean (SD) 
 

52.1 (11.6) 52.2 (13.3) 0.614 

Sex, N (%) Women 1,230 (4.2%) 28,419 

(95.9%) 

<0.00

1  
Men 4,252 

(18.6%) 

18,615 

(81.4%) 

 

BMI, Mean (SD) 
 

25.9 (2.6) 21.7 (2.9) <0.00

1 

UA, Mean (SD) 
 

6.3 (1.3) 5.3(1.3) <0.00

1 

RBC, Mean (SD) 
 

4.80 (0.42) 4.49 (0.43) <0.00

1 
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Walk an hour a day, N (%) Yes 430 (3.1%) 13,556 

(96.9%) 

<0.00

1  
No 888 (5.1%) 16,491 

(94.9%) 

 

Dinner before sleeping, N (%) Yes 428 (6.0%) 6,762 

(94.1%) 

<0.00

1  
No 892 (3.7%) 23,284 

(96.3%) 

 

Skip breakfast, N (%) Yes 344 (5.8%) 6,052 

(94.6%) 

<0.00

1  
No 976 (3.9%) 23,997 

(96.1%) 

 

Walking speed, N (%) Fast 721 (3.8%) 18,078 

(96.2%) 

<0.00

1  
Slow 599 (4.8%) 11,964 

(95.2%) 

 

Eating speed, N (%) Fast 1,992 

(12.2%) 

14,350 

(87.8%) 

<0.00

1  
Somewhat fast 1,527 

(21.9%) 

5,433 

(78.1%) 

 

 
Normal 1,655 (6.9%) 22,226 

(93.1%) 

 

 
Slow 292 (5.6%) 4,926 

(94.4%) 

 

Frequency of eating out for dinner, N 

(%) 

5 days or 

more/week 

608 (21.6%) 2,210 

(78.4%) 

<0.00

1  
3-4 days/week 1,019 

(16.6%) 

5,118 

(83.4%) 

 

 
1-2 days/week 2,138 

(10.3%) 

18,365 

(89.6%) 

 

 
Almost none 1,700 

(7.41%) 

21,241 

(92.6%) 

 

Alcohol consumption frequency, N 

(%) 

Do Not 1,247 

(15.3%) 

6,909 

(84.7%) 

<0.00

1  
Hardly 562 (3.8%) 14,378 

(96.2%) 

 

 
Sometimes 530 (19.4%) 2,205 

(80.6%) 

 

 
Often 902 (5.02%) 17068 

(95.0%) 

 

  Habitually 2,240 

(25.7%) 

6470 (74.3%)   

Abbreviations: N, number; SD, standard deviation; BMI, body mass index; UA, serum uric acid; RBC, red blood 

cells in the blood. 

3.2. Factors Related to the Onset of MetS According to Kaplan‒Meier Curves 

Kaplan‒Meier curves revealed that men developed MetS significantly earlier than women did, 

as determined by the log-rank test (p<0.001) (Figure 1a). Similarly, individuals who walked less than 

one hour a day (Figure 1b), skipped breakfast three or more days a week (Figure 1c), and ate within 

two hours before bedtime three or more days a week (Figure 1d) demonstrated a significantly earlier 

onset of MetS (p<0.001). 
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(a) (b) 

  
(c) (d) 

Figure 1. Incidence of MetS by sex :(a) by walking an hour a day; (b) by eating breakfast; (c) and by eating before 

bed (d). Note. (b) Yes = People who walk for more than 1 hour a day. No = People who do not walk for more 

than 1 hour a day. (c) Yes = People who skip breakfast less than three days a week. No = People who skip 

breakfast three or more days a week. (d) Yes = People who eat before bedtime three or more days a week. No = 

People who eat before bedtime less than three days a week. 

3.3. Lifestyle Factors and Parameters Associated with the Development of MetS Using Cox Proportional 

Hazards Models 

The Cox proportional hazards model revealed that male sex had the strongest association with 

the risk of developing MetS (HR=2.37, p<0.001), followed by the red blood cell (RBC) count (HR=1.73, 

p<0.001) and BMI (HR=1.32, p<0.001) (Table 2). According to the Cox proportional hazards model, 

the lifestyle factor with the lowest hazard ratio was walking for an hour a day (HR=0.72, p<0.001) 

(Table 2). This was followed by skipping breakfast less than three times a week (HR=0.80, p=0.001) 

and eating dinner within two hours before going to bed less than three times a week (HR=0.85, 

p=0.009) (Table 2). Interestingly, walking for more than one hour a day (HR=0.72) was more 

negatively associated with the risk of developing MetS than having a low BMI (HR=0.76). The number 

of people who skipped breakfast three or more days a week was 6,396 out of 31,369, constituting 

20.4%. Notably, the rate of skipping breakfast increased with younger age: 35.9% for those under 39 

years old, 25.5% for those in their 40s, 18.8% for those in their 50s, and 10.2% for those in their 60s 

(data is not shown). 

Table 2. Multivariate analysis for the association with MetS incidence. 

 HR 95% CI P value 

  Lower Upper  

Men 2.37 2.03 2.77 <0.001 

BMI 1.32 1.30 1.33 <0.001 

UA 1.15 1.10 1.21 <0.001 

RBC 1.73 1.51 1.98 <0.001 
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Walk an hour a day 0.72 0.64 0.81 <0.001 

Do not eat a meal before 

sleeping 

0.85 0.75 0.96 0.009 

Do not skip breakfast 0.80 0.70 0.91 0.001 

Walk quickly 0.92 0.83 1.03 0.168 

Eat slowly 0.99 0.94 1.04 0.627 

Do not eat-out for dinner 1.02 0.96 1.09 0.496 

Alcohol consumption frequency 1.07 1.01 1.14 0.022 

Abbreviations: HR, hazard ratio; 95% CI95% CI, 95% confidence interval; BMI, body mass index; UA, serum uric 

acid; RBC, red blood cells in the blood. 

3.4. Stratified Analysis of Factors Related to the Onset of MetS 

In stratified analyses, age stratification revealed that male sex and BMI were associated with the 

risk of developing MetS in all generations (Tables 3–6). Additionally, walking for more than one hour 

a day was negatively associated with the risk of developing MetS in both sexes (Tables 7–8) and all 

age groups, except those under 39 years old and those in their 60s (Tables 3–6). 

Table 3. Stratified analysis for individuals under 39 years of age. 

 HR 95% CI P value 

  Lower Upper  

Men 5.92 3.17 11.06 <0.001 

BMI 1.35 1.30 1.40 <0.001 

UA 1.01 0.88 1.15 0.897 

RBC 1.57 0.99 2.47 0.053 

Walk an hour a day 1.08 0.78 1.49 0.633 

Do not eat a meal before 

sleeping 

0.85 0.62 1.16 0.313 

Do not skip breakfast 0.75 0.55 1.02 0.069 

Walk quickly 1.12 0.81 1.55 0.508 

Eat slowly 1.06 0.92 1.23 0.412 

Do not eat-out for dinner 0.97 0.82 1.15 0.765 

Alcohol consumption frequency 1.15 0.98 1.35 0.093 

Abbreviations: HR, hazard ratio; 95% CI95% CI, 95% confidence interval; BMI, body mass index; UA, serum uric 

acid; RBC, red blood cells in the blood. 

Table 4. Stratified analysis for individuals in their 40s. 

 HR 95% CI P value 

  Lower Upper  

Men 2.30 1.62 3.26 <0.001 

BMI 1.27 1.25 1.30 <0.001 

UA 1.19 1.09 1.30 <0.001 

RBC 1.78 1.33 2.38 <0.001 

Walk an hour a day 0.61 0.47 0.78 <0.001 

Do not eat a meal before 

sleeping 

0.86 0.69 1.07 0.169 

Do not skip breakfast 0.85 0.68 1.07 0.158 

Walk quickly 0.81 0.66 1.00 0.048 

Eat slowly 0.99 0.89 1.09 0.839 

Do not eat-out for dinner 1.12 0.99 1.27 0.075 

Alcohol consumption frequency 1.10 0.98 1.22 0.103 
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Abbreviations: HR, hazard ratio; 95% CI95% CI, 95% confidence interval; BMI, body mass index; UA, serum uric 

acid; RBC, red blood cells in the blood. 

Table 5. Stratified analysis for individuals in their 50s. 

 HR 95% CI P value 

  Lower Upper  

Men 2.35 1.85 2.99 <0.001 

BMI 1.33 1.30 1.36 <0.001 

UA 1.11 1.03 1.21 0.010 

RBC 1.55 1.23 1.95 <0.001 

Walk an hour a day 0.71 0.59 0.86 <0.001 

Do not eat a meal before 

sleeping 

0.88 0.73 1.07 0.211 

Do not skip breakfast 0.83 0.66 1.03 0.096 

Walk quickly 1.05 0.87 1.27 0.604 

Eat slowly 1.05 0.97 1.15 0.217 

Do not eat-out for dinner 1.06 0.95 1.19 0.261 

Alcohol consumption frequency 1.10 0.99 1.21 0.067 

Abbreviations: HR, hazard ratio; 95% CI95% CI, 95% confidence interval; BMI, body mass index; UA, serum uric 

acid; RBC, red blood cells in the blood. 

Table 6. Stratified analysis for individuals in their 60s. 

 HR 95% CI P value 

  Lower Upper  

Men 2.44 1.68 3.52 <0.001 

BMI 1.45 1.39 1.52 <0.001 

UA 1.14 1.00 1.29 0.045 

RBC 1.12 0.76 1.66 0.572 

Walk an hour a day 0.82 0.61 1.10 0.187 

Do not eat a meal before 

sleeping 

0.91 0.63 1.30 0.595 

Do not skip breakfast 1.08 0.68 1.72 0.730 

Walk quickly 0.91 0.67 1.22 0.518 

Eat slowly 0.81 0.71 0.93 0.003 

Do not eat-out for dinner 0.89 0.73 1.08 0.225 

Alcohol consumption frequency 0.87 0.74 1.02 0.081 

Abbreviations: HR, hazard ratio; 95% CI95% CI, 95% confidence interval; BMI, body mass index; UA, serum uric 

acid; RBC, red blood cells in the blood. 

Table 7. Stratified analysis of women. 

 HR 95% CI P value 

  Lower Upper  

BMI 1.47 1.43 1.50 <0.001 

UA 1.31 1.17 1.46 <0.001 

RBC 1.72 1.25 2.37 0.001 

Walk an hour a day 0.56 0.44 0.72 <0.001 

Do not eat a meal before 

sleeping 

0.88 0.68 1.15 0.354 

Do not skip breakfast 0.88 0.66 1.17 0.364 

Walk quickly 0.96 0.76 1.22 0.744 

Eat slowly 0.95 0.86 1.05 0.320 
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Do not eat-out for dinner 0.99 0.84 1.16 0.879 

Alcohol consumption frequency 1.04 0.92 1.17 0.530 

Abbreviations: HR, hazard ratio; 95% CI95% CI, 95% confidence interval; BMI, body mass index; UA, serum uric 

acid; RBC, red blood cells in the blood. 

Table 8. Stratified analysis of men. 

 HR 95% CI P value 

  Lower Upper  

BMI 1.26 1.24 1.28 <0.001 

UA 1.11 1.05 1.17 <0.001 

RBC 1.73 1.49 2.02 <0.001 

Walk an hour a day 0.72 0.63 0.83 <0.001 

Do not eat a meal before 

sleeping 

0.84 0.73 0.96 0.009 

Do not skip breakfast 0.73 0.63 0.85 <0.001 

Walk quickly 0.97 0.85 1.11 0.657 

Eat slowly 0.98 0.92 1.04 0.437 

Do not eat-out for dinner 1.02 0.95 1.10 0.576 

Alcohol consumption frequency 1.07 1.00 1.15 0.051 

Abbreviations: HR, hazard ratio; 95% CI95% CI, 95% confidence interval; BMI, body mass index; UA, serum uric 

acid; RBC, red blood cells in the blood. 

4. Discussion 

4.1. Key Findings 

In this study, we analyzed data from 52,516 subjects, of whom 5,482 (10.4%) developed MetS. 

The Cox proportional hazards model revealed that male sex presented the strongest association with 

the risk of developing MetS, followed by a high red blood cell (RBC) count, high BMI, high UA, and 

frequent alcohol consumption. The lifestyle factors with the strongest negative associations with the 

risk of developing MetS included walking for more than one hour a day, skipping breakfast less than 

three days a week, and eating within two hours before going to bed less than three days a week. 

 Age-stratified analysis revealed that male sex and BMI were consistently associated with the 

risk of developing MetS across all generations. Notably, the RBC count was strongly associated with 

the risk of developing MetS in all age groups and sexes, except those under 39 years of age and those 

in their 60s. Smoking and sleep apnea syndrome, which are known to influence red blood cell 

parameters [15,16], may contribute to the observed associations. 

 Lifestyle factors that were negatively associated with the risk of developing MetS varied by age 

group and sex. For example, walking for more than one hour a day was negatively associated with 

the risk of developing MetS in people in their 40s and 50 s, while eating within two hours before 

going to bed less than three days a week was negatively associated with the risk of developing MetS 

in people in their 40s and eating slowly in people in their 60s. 

 Sex-stratified analysis revealed that walking for more than one hour daily was negatively 

associated with the risk of developing MetS in both men and women, whereas skipping breakfast 

less than three days a week was negatively associated with the risk of developing MetS only in men. 

This suggests the importance of tailoring health guidance on the basis of both age- and sex-specific 

factors. 

4.2. Social Implications 

 In Japan, where specific health guidance consumes a significant portion of the national budget, 

the findings underscore the need for effective and targeted interventions. While current evaluation 
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indicators include weight, WC, and behavioral changes [17], future indicators related to metabolism, 

such as muscle mass, may provide additional insights. 

4.3. Strengths and Limitations of the Study 

 Consistent with the findings of previous studies [18,19], our findings reaffirm the higher 

prevalence of MetS among men in Japan. The positive associations of greater BMI and alcohol 

consumption and the negative association of light exercise with the risk of developing MetS observed 

in the present study align with the findings of previous studies [12,19–21]. However, our study 

diverges from prior research by highlighting the unique negative associations of walking for more 

than an hour a day and not skipping breakfast with the risk of developing MetS. These lifestyle 

factors, which are relatively easy to incorporate into daily life, hold promise for preventing MetS with 

potential long-term adherence. Although the energy intake of Japanese people is decreasing [22], the 

incidence of MetS is increasing [10]. A scoping review of observational studies examining the 

relationship between high protein intake at breakfast and increased muscle mass revealed that 

approximately 58.8% of the 11 studies showed participants had increased muscle mass [22]. Eating 

protein at breakfast is also associated with more significant muscle mass gain than eating protein at 

other meals [23]. This means that to reduce MetS it may be essential not only to reduce body weight 

and WC but also to increase basal metabolism by increasing muscle mass through the consumption 

of protein at breakfast and engaging in an appropriate walking routine. This suggests the need to add 

outcomes that measure metabolism, such as muscle mass, to health guidance that uses only current 

weight and WC as outcomes. 

 Despite its strengths, this study has several limitations. Self-reported lifestyle factors may 

introduce bias, and data from a single center may limit generalizability. The lower MetS incidence 

rate in our study compared with the national average raises concerns about potential 

underestimation of new-onset MetS. Further research with more extensive data is necessary to 

increase the applicability of these findings to national health guidance. 

5. Conclusions 

These findings suggest that certain lifestyle factors may serve as preventive measures against 

MetS, including engaging in a daily one-hour walk, regular breakfast consumption, and refraining 

from eating before bedtime. To further advance our understanding and refine these observations, 

future research endeavors should focus on collecting more extensive and diverse data. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org, Table S1: Characteristics of all participants by MetS status; Table S2: Hazard ratios 

for univariate analysis; Table S3: Hazard ratios for univariate analysis by criteria category. 
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