
PLOS One | https://doi.org/10.1371/journal.pone.0342228  February 11, 2026 1 / 13

 

 OPEN ACCESS

Citation: Arimori H, Moriuchi A, Kobayashi M,  
Morimoto S, Nakamichi S, Kawakami A, et al. 
(2026) Lifestyle factors associated with pre-
metabolic syndrome in young adults: A cross-
sectional study of annual health examinations 
in university students. PLoS One 21(2): 
e0342228. https://doi.org/10.1371/journal.
pone.0342228

Editor: Neftali Eduardo Antonio-Villa, Instituto 
Nacional de Cardiologia Ignacio Chavez, 
MEXICO

Received: April 26, 2025

Accepted: January 19, 2026

Published: February 11, 2026

Peer Review History: PLOS recognizes the 
benefits of transparency in the peer review 
process; therefore, we enable the publication 
of all of the content of peer review and 
author responses alongside final, published 
articles. The editorial history of this article is 
available here: https://doi.org/10.1371/journal.
pone.0342228

Copyright: © 2026 Arimori et al. This is an 
open access article distributed under the terms 

RESEARCH ARTICLE

Lifestyle factors associated with pre-metabolic 
syndrome in young adults: A cross-sectional 
study of annual health examinations in university 
students

Haruka Arimori 1,2*, Akie Moriuchi 3, Masakazu Kobayashi4, Shimpei Morimoto5, 
Seiko Nakamichi 4, Atsushi Kawakami1, Norio Abiru1

1  Department of Endocrinology and Metabolism, Division of Advanced Preventive Medical Sciences, 
Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japan, 2  Department of 
Nursing Science, Faculty of Nursing and Nutrition, University of Nagasaki, Nishi-Sonogi District, Nagasaki 
Prefecture, Japan, 3  Department of Endocrinology and Metabolism, Nagasaki University Hospital, 
Nagasaki, Japan, 4  Health Center, Nagasaki University, Nagasaki, Japan, 5  Innovation Platform & Office 
for Precision Medicine, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan 

* jj20230362@ms.nagasaki-u.ac.jp

Abstract 

The recent global rise in obesity and metabolic syndrome (MetS) among young 

adults has become a public health concern. Moreover, lifestyle changes were widely 

reported as a result of preventive measures against the novel coronavirus disease 

2019. We conducted a cross-sectional study to investigate lifestyle factors associ-

ated with a pre-disease condition prior to MetS in young adults during/post-pandemic 

era. A survey was distributed to fourth-year students at Nagasaki University in 2023, 

and medical examination data were collected. Participants who met both high intra-

abdominal fat area (IAFA >71.1 cm²) and at least one of the Japanese diagnostic 

criteria for MetS were categorized as having pre-MetS. The pre-MetS group was 

compared with the control (non–pre-MetS) group to examine its characteristics using 

Fisher’s exact test and binomial logistic regression. A total of 856 students partici-

pated in this study; of them, 43 (5.0%) were classified as the pre-MetS group. Fish-

er’s exact test identified significant associations between pre-MetS and breakfast 

frequency of 2–3 times/week, dining out ≥4 times/week, no or infrequent part-time 

job, late bedtime, and longer gaming time. Multivariable logistic regression revealed 

that after mutual adjustment, pre-MetS remained associated with no or infrequent 

part-time job and longer gaming time. After further adjustment for age, sex, and body 

mass index, only no or infrequent part-time job and gaming time of ≥4 h/day were 

significantly associated with pre-MetS. These factors were associated with pre-MetS 

and might reflect early metabolic alterations; further prospective studies are needed 

in this regard.
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Introduction

The global rise in obesity among young people has recently become a public health 
concern [1]. Between 1990 and 2022, obesity rates increased significantly not only 
among adults but also among school-aged children and adolescents [2]. Metabolic 
syndrome (MetS) increases the risk of cardiovascular disease and type 2 diabetes, 
and its early detection and prevention are essential across all age groups, including 
young adults. Recent studies on the prevalence and associated factors of pre-MetS 
exist [3,4]; however, they are retrospective or limited to specific countries, making the 
findings insufficient. Therefore, further research on pre-MetS is warranted.

In Japan, MetS is defined as a waist circumference (WC) of ≥85 cm in males and 
≥90 cm in females, corresponding to an intra-abdominal fat area (IAFA) of 100 cm²), 
combined with at least two of the following conditions: (1) high blood pressure (BP) 
[systolic blood pressure (SBP) ≥130 mmHg and/or diastolic blood pressure (DBP) 
≥85 mmHg], (2) dyslipidemia fasting triglycerides (TG) ≥150 mg/dL and/or high-
density lipoprotein cholesterol (HDL-c) <40 mg/dL), and (3) impaired fasting plasma 
glucose ≥110 mg/dL [5].

Our previous study found that 3.3% of male students at Nagasaki University had 
MetS. Participants were divided into four categories based on their IAFA; < 50 cm², 
50–74 cm², 75–99 cm², and ≥100 cm². The adjusted odds ratios (ORs) for having 
≥2 MetS components compared with the IAFA <50 cm² group were 4.80, 7.34, and 
37.56, indicating a dose-dependent positive association between higher IAFA and 
the presence of multiple MetS components [6]. Furthermore, a study investigating the 
relationship between IAFA and MetS component development in male university stu-
dents found a significant increase in BP in participants with IAFA ≥50 cm² [7]. These 
findings suggest that, in Japanese young adults, an IAFA of ≥50 cm²—even if <100 
cm²—may indicate pre-MetS.

A previous study from Korea reported that an IAFA of 71.1 cm² was the optimal 
cutoff associated with obesity-related metabolic abnormalities in adolescents aged 
between 16 and 18 years [8]. As this finding was derived from an East Asian popula-
tion, it may serve as a useful reference when identifying early metabolic alterations 
among young Japanese adults.

Since December 2019, lifestyle changes such as changes in dietary habits, sleep 
patterns, and low physical activity have been widely reported as a result of preventive 
measures against the novel coronavirus disease 2019 (COVID-19) [9]. In this regard, 
we conducted a survey of Nagasaki University students during the 2020–2021 aca-
demic year, which was marked by lifestyle restrictions due to the COVID-19 pan-
demic confinement. Several lifestyle factors were found to be significantly associated 
with self-reported weight gain of ≥3 kg during the period from before the mild lock-
down in Japan (October–December 2019) to the period in mild lockdown (October–
December 2020), including eating out frequency of ≥4 times/week and gaming time 
of ≥4 h/d among males, and time spent at home of ≥12 h/d among females [10]. With 
the advent of vaccines and therapeutic agents for COVID-19 [11,12], as well as the 
acquisition of herd immunity through previous infections, societies have transitioned 
from the pandemic to the post-COVID-19 era, resulting in additional lifestyle changes.
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In this study, we developed an original definition of the pre-MetS in young people based on objective health examina-
tion data collected from students during/after the COVID-19 era. We sought to identify individuals who met this definition 
and investigate novel factors associated with pre-MetS.

Materials and methods

Study design and participants

The study participants were recruited during their annual student health examination, which took place between April 
and June 2023. Eligibility criteria included the ability to understand Japanese and give informed consent, regardless of 
nationality.

This academic year, 1,441 fourth-year students were enrolled at Nagasaki University, with 1,423 undergoing the 
student health examination, during which the following data were collected: anthropometric measurements (height, body 
weight, WC, BP, laboratory analyses), and IAFA using the dual bioelectrical impedance analysis (BIA) instrument (Omron 
Dual scan HDS-2000; Omron, Kyoto, Japan). Blood was drawn from the antecubital vein, and plasma glucose, TG, and 
HDL-c levels were determined using standard laboratory methods. IAFA was measured using BIA, which is a practical and 
non-invasive technique for large-scale examinations [13], although it is less precise than CT and MRI. Indeed, validation 
studies have shown that BIA tends to underestimate IAFA compared with CT and may exhibit sex-related bias [14]. There-
fore, IAFA values should be interpreted with caution. A web-based questionnaire was administered through a custom-
designed web form that was accessible via smartphones to examine lifestyle-related factors among the participants. The 
response rate was 59.4% (n = 856; 481 males and 375 females; mean age: 21.8 ± 2.0 years) (Fig 1).

Definition of pre-disease state of MetS

In this study, pre-MetS in young people was defined as the presence of elevated IAFA and at least one MetS component.
Regarding the IAFA, the cutoff IAFA value was set at 71.1 cm², which was reported to be associated with 

obesity-related diseases in young adults based on a previous report [8]. The participants’ median value was 34.8 
cm² (S1 Fig).

Regarding MetS components other than IAFA, the Japanese diagnostic criteria for MetS [5] apply only to fasting bio-
chemical test data; however, in this study, fasting data were available for only 50.8% (n = 435) of the participants. The cut-
offs for BP and fasting biochemical test data were adopted from the Japanese diagnostic criteria for MetS, and those for 
casual biochemical test data were determined with reference to the diagnostic cutoff values for dyslipidemia and diabetes 
[15,16].

Consequently, in this study, a new criterion was considered to assess pre-MetS, high IAFA (≥71.1 cm²), and at least 
one of the MetS components—high BP (SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg), dyslipidemia (fasting TG ≥ 150 mg/dL, 
non-fasting TG ≥ 175 mg/dL, and/or HDL-c < 40 mg/dL), or hyperglycemia (fasting plasma glucose ≥110 mg/dL or casual 
plasma glucose ≥200 mg/dL). In this group, the pre-MetS group, participants underwent further analysis (S2 Fig).

Although this definition is based on a combination of an externally validated IAFA cutoff and the Japanese diagnos-
tic criteria for MetS, it remains somewhat arbitrary and not universally recognized. Therefore, this operational definition 
should be regarded as exploratory rather than a validated diagnostic construct, serving instead as a practical approach to 
identify young individuals with early metabolic alterations related to MetS.

Questionnaire survey

Before conducting the survey, participants provided informed consent. Participants were then given a QR code that 
allowed them to easily access and complete the web-based questionnaire via Google Forms®. The survey was completed 
conveniently while waiting for the health exam. Notably, it took approximately 5 min to complete. The received data were 
analyzed with confidentiality in mind.
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The questionnaire, based on the Pittsburgh Sleep Quality Index [17] and the National Health and Nutrition Survey Min-
istry of Health, Labour and Welfare [18], contained nine sections with a total of 47 items listed as follows:

(1)	 Personal information (age and sex);

(2)	 Physical activity (staying at home (h/d), part-time job frequency (times/week), and social club activities frequency 
(times/week));

Fig 1.  Study flow chart. The pre-metabolic syndrome (pre-MetS) group included students who had IAFA ≥71.1 cm2 and at least one of the Japanese 
diagnostic criteria for MetS—high BP (SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg), dyslipidemia (fasting TG ≥ 150 mg/dL, non-fasting TG ≥ 175 mg/dL, 
and/or HDL-c < 40 mg/dL), or hyperglycemia (fasting plasma glucose ≥110 mg/dL or casual plasma glucose ≥200 mg/dL). The non–pre-MetS group 
included students other than those in the pre-MetS group).

https://doi.org/10.1371/journal.pone.0342228.g001

https://doi.org/10.1371/journal.pone.0342228.g001
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(3)	 Dietary patterns (breakfast (times/week) and dining out (times/week));

(4)	 Daily routine (bedtime, wake-up time, and sleep duration (h));

(5)	 Lifestyle (smoking, drinking (times/month), alcohol amount (units/time), gaming time (h/d), and internet surfing time 
(h/d));

(6)	 Ten-item internet gaming disorder test (IGDT-10, a score of 5 or more on the IGDT-10 was used as the cutoff) [19];

(7)	 Generalized Anxiety Disorder-7 (GAD-7) [20];

(8)	 6-item Kessler Psychological Distress Scale (K6) [21];

(9)	 Athens insomnia scale (AIS [22]).

Identification of lifestyle factors associated with pre-MetS

Categorical variables from the questionnaire, such as lifestyle factors, were divided into three to four categories. The 
healthiest category or the most participants was chosen as the reference group. For each categorical variable, the 
associations between lifestyle factors and pre-MetS were found by comparing the pre-MetS group with the non–pre-
MetS group.

Statistical analysis

We used R version 4.0.3, which was developed by the R Development Core Team [23] to conduct statistical analyses. 
Except for age, which was calculated as a mean value, all continuous variables were presented as mean ± standard devia-
tion (SD). In the IGDT-10 scoring, a score of 0 h of gaming time/d was considered 0 points.

The association between pre-MetS and lifestyle factors was quantified as the ORs and 95% confidence interval. The 
null hypotheses were rejected at the significance level of 0.05. The significant lifestyle factors identified in this study may 
represent novel factors associated with pre-MetS in young adults. As such, these findings are considered noteworthy and 
have been presented in the results section.

Ethical issues

The ethical review board of Nagasaki University approved the research (approval number: 20062604), which was con-
ducted following the principles of the Declaration of Helsinki. Before the survey, each participant signed an informed 
consent form.

Because university students are considered a vulnerable population, special ethical considerations were taken 
to protect them. Participation was entirely voluntary, and participants were reassured that refusal to participate or 
withdrawal at any time would not affect their academic performance or their relationship with academic advisors. 
The purpose and methods of the study as well as the anticipated burdens, potential risks and benefits, and intended 
use of the data were fully explained, and written informed consent was obtained from them after confirming their 
understanding.

Results

The pre-MetS group consisted of 43 students (5.0% of the participants), whereas the non–pre-MetS group had 813. 
The pre-MetS group was significantly older than the non–pre-MetS group with male predominance (90.7% vs. 54.4%, 
p < 0.001). The pre-MetS group had significantly greater height, body weight, body mass index (BMI), BP, WC, and IAFA 
than the non–pre-MetS group (p < 0.05), and no significant differences in K6, AIS, IGDT10, and GAD-7 scores were found 
between the two groups (Table 1).
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Fisher’s exact test analysis of lifestyle factors in the pre-MetS and non–pre-MetS groups revealed that the following were sig-
nificantly associated with pre-MetS: having breakfast of 2–3 times/week (OR 0.23, p = 0.030), dining out ≥4 times/week (OR 2.69, 
p = 0.044), part-time job frequency of 0 (OR 6.62, p < 0.001) and 1–2 (OR 3.87, p = 0.007) times/week, bedtime after 2 am (OR 
2.86, p = 0.011), and gaming time <2 (OR 4.45, p = 0.001), 2–4 (OR 6.82, p < 0.001), and ≥4 (OR 10.99, p < 0.001) h/d (Fig 2).

A binary logistic regression analysis of these five factors demonstrated significant associations with the results of the 
Fisher’s exact test. After adjusting for the other four lifestyle factors, pre-MetS was found to be associated with part-time 
job (frequency of 0 time/week and 1–2 times/week) and gaming time (<2, 2–4, and ≥4 h/d) (Table 2).

Furthermore, after adjusting for sex, age and BMI, pre-MetS was found to be associated with part-time job frequen-
cies of 0 and 1–2 times/week, and gaming time of ≥4 h/d. The associations between gaming time of <2 and 2–4 h/d with 
pre-MetS remained significant after adjusting for age and sex; however, these associations disappeared after additional 
adjustment for BMI (Table 3).

Discussion

Differences between this study and our previous findings

Unlike our previous pandemic-era survey [10], which relied on self-reported data and found that frequently eating out was 
associated with weight gain, the current study—based on objectively measured IAFA and biochemical parameters—did 

Table 1.  Characteristics of the survey participants.

All Pre-MetS group Non–pre-MetS group p-value a

N (male, %) 856 (481, 56.2) 43 (39, 90.7) 813 (442, 54.4) <0.001**

Age (25th–75th percentile) 21.8 (21–22) 22.6 (21–23) 21.8 (21–22) 0.040*

Height (SD), cm b 165.5 (±8.4) 169.0 (±7.6) 165.3 (±8.4) 0.003*

Body weight (SD), kg b 57.7 (±10.6) 78.2 (±12.2) 56.7 (±9.4) <0.001**

BMI (SD), kg/m² b 21.0 (±2.9) 27.4 (±3.9) 20.7 (±2.4) <0.001**

SBP (SD), mmHg b 120.5 (±11.5) 131.6 (±9.4) 119.9 (±11.3) <0.001**

DBP (SD), mmHg b 69.2 (±8.5) 78.8 (±9.2) 68.7 (±8.1) <0.001**

WC (SD), cm b 71.9 (±8.3) 90.9 (±8.7) 70.9 (±7.0) <0.001**

IAFA (SD), cm2 b 38.4 (±24.0) 100.0 (±25.7) 35.1 (±19.0) <0.001**

K6 (SD) b 2.2 (±3.6) 2.6 (±3.6) 2.2 (±3.6) 0.480

AIS (SD) b 3.4 (±2.8) 3.4 (±2.8) 3.4 (±2.8) 0.960

IGDT-10 (SD) c 1.3 (±2.2) 2.0 (±2.4) 1.3 (±2.2) 0.063

GAD-7 (SD) 2.8 (±3.7) 2.6 (±3.6) 2.8 (±3.7) 0.712

Plasma glucose (SD) 85.5 (±12.3) 85.7 (±13.7) 85.5 (±12.2) 0.937

TG (SD) 89.8 (±66.8) 178.0 (±129.7) 85.1 (±58.3) <0.001**

HDL-c (SD) 63.5 (±13.8) 49.1 (±9.2) 64.2 (±13.6) <0.001**

AIS, Athens insomnia scale; BMI, body weight (kg)/height (m²); DBP, diastolic blood pressure; SBP, systolic blood pressure; GAD-7, generalized anxiety 
disoder-7; HDL-c; high-density lipoprotein cholesterol; IAFA, intra-abdominal fat area; IGDT-10, Ten-item internet gaming disorder test; K6, 6-item Kes-
sler psychological distress scale; TG, triglycerides; WC, waist circumference.

Pre-MetS group (pre-metabolic syndrome group): students who had IAFA of ≥71.1 cm2 and at least one of the components for MetS — high BP 
(SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg), dyslipidemia (fasting TG ≥ 150 mg/dL, non-fasting TG ≥ 175 mg/dL, and/or HDL-c < 40 mg/dL), or hyperglyce-
mia (fasting plasma glucose ≥110 mg/dL or casual plasma glucose ≥200 mg/dL). The non–pre-MetS group included students who were other than those 
included in the pre-MetS group.
ap-value: p-value based on Fisher’s exact or Welch’s t-tests in the pre-MetS and non–pre-MetS groups. * p < 0.05, ** p < 0.001.
bAnthropometric factors (height, body weight, BMI, SBP, DBP, and WC), bioelectrical impedance analysis (IAFA with DUALSCAN), K6 and AIS scores, 
and biochemical test data were obtained from the physical examination data.
cIGDT-10: Students who reported their gaming time = 0 h/d were analyzed with 0 points for their score of IGDT-10.

https://doi.org/10.1371/journal.pone.0342228.t001

https://doi.org/10.1371/journal.pone.0342228.t001
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Fig 2.  Relationship between pre-MetS and each lifestyle factor. * p < 0.05; ** p < 0.01. † Non: non-drinker or non-smoker, Ex: ex-drinker or 
ex-smoker. § Occasion, occasional smoker. || Daily, daily smoker. OR, odds ratio. Pre-MetS group (pre-metabolic syndrome group): students who had 
an IAFA of ≥71.1 cm2 and at least one of the components for MetS — high BP (SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg), dyslipidemia (fasting TG ≥ 
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not find such association. These differences likely reflect not only the post-COVID transition period but also the shift from 
subjective, self-reported data to objective health examination data collected from fourth-year students.

Gaming time

In this study, longer gaming time was associated with pre-MetS. Although IGDT-10 scores did not differ between groups, prolonged 
gaming—even below the threshold of clinical gaming disorder—may lead to increased sedentary time, reduced energy expendi-
ture, and a higher risk of obesity [24,25]. The adverse health effects of sedentary behavior might be independent of the benefits 
of physical activity [26–28], and prolonged sedentary time might be associated with obesity and MetS that cannot be offset by 
increased activity [29]. Moreover, increased screen time and sedentary behavior have been linked to unhealthy eating patterns that 
may contribute to obesity and MetS [27,28,30–33]. Problematic gaming may also affect physical health through sleep-related and 
other psychiatric disorders [34–40], while sleep deprivation and circadian rhythm disruption themselves have been associated with 
obesity and liver disease [41,42]. However, these mechanisms remain speculative, and it is possible that gaming time in this study 
serves as an associated factor of pre-MetS through sedentary behavior rather than as a direct causal factor.

Frequency of part-time job

Previous studies have found that part-time jobs are associated with increased physical activity among male high school 
students in the USA [43] and Canada [44]. In this study, pre-MetS was associated with either infrequent or no part-time 
job. One possible explanation is lower daily activity or higher sedentary time; however, this interpretation is hypothetical 
and requires validation with objective activity measures.

Dietary habits

In this study, breakfast frequency and dining out were associated with pre-MetS in univariate analyses, but not after multi-
variable adjustment. This attenuation likely reflects confounding or mediation by other lifestyle factors such as BMI, gam-
ing time, and part-time job frequency. Although dietary variables were not independently significant, irregular breakfast 
consumption and frequent dining out have been consistently linked to obesity and MetS in prior studies [45,46]. There-
fore, dietary habits remain important behavioral factors for metabolic health, even if their effects were not independently 
observed in this young cohort.

Comparisons with other populations and study implications

Similar associations between physical inactivity, sedentary behavior, unhealthy dietary habits, and early metabolic alterations 
have been reported in university populations from Western, Middle Eastern, and African regions [47–50]. Compared with these 
international findings, our study highlights distinctive lifestyle features of Japanese students—particularly prolonged gaming time 
and limited part-time work—which may reflect underlying patterns of low physical activity and extended sedentary time. Although 
novelty is modest, this study provides updated, population-specific data on intra-abdominal fat and lifestyle factors among Japa-
nese young adults, contributing contextually relevant evidence to the global understanding of early metabolic health.

Limitations

This study has several critical limitations. First, the operational definition of pre-MetS (IAFA ≥71.1 cm² plus ≥1 MetS com-
ponent) was based on an exploratory analysis rather than on an established or validated diagnostic criterion. Therefore, 

150 mg/dL, non-fasting TG ≥ 175 mg/dL, and/or HDL-c < 40 mg/dL), or hyperglycemia (fasting plasma glucose ≥ 110 mg/dL or casual plasma glucose ≥ 
200 mg/dL). The non-pre-MetS group comprised students who were not included in the pre-MetS group. Error bars indicate 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0342228.g002

https://doi.org/10.1371/journal.pone.0342228.g002
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Table 2.  Binary logistic regression analysis of the five lifestyle factors that showed significant differences in the Fisher’s exact test associ-
ated with pre-MetS.

Lifestyle Factors Category Units Odds Ratio (95% Confidence Interval) p-value

# Breakfast frequency and dining out frequency

Breakfast frequency 2–3 times/week 0.23 (0.04–0.82) 0.051

Dining out frequency ≥4 times/week 2.80 (1.05–7.08) 0.033*

# Breakfast frequency and part-time job frequency

Breakfast frequency 2–3 times/week 0.24 (0.04–0.85) 0.058

Part-time job frequency 0 days/week 6.32 (2.49–19.37) 3.2 × 10 − 4**

1–2 days/week 3.74 (1.44–11.57) 0.011*

# Breakfast frequency and bedtime

Breakfast frequency 2–3 times/week 0.25 (0.04–0.92) 0.073

Bedtime After 2 Am 3.28 (1.39–8.07) 0.007*

# Breakfast frequency and gaming time

Breakfast frequency 2–3 times/week 0.24 (0.04–0.87) 0.061

Gaming time <2 h/day 4.69 (1.87–14.24) 0.002*

2–4 h/day 7.93 (2.75–26.17) 2.3 × 10 − 4**

≥4 h/day 14.18 (3.93–53.51) 4.7 × 10 − 5**

# Dining out frequency and part-time job frequency

Dining out frequency ≥4 times/week 3.45 (1.28–8.86) 0.011*

Part-time job frequency 0 days/week 7.39 (2.87–22.86) 1.0 × 10 − 4**

1–2 days/week 3.99 (1.53–12.37) 0.008*

# Dining out frequency and bedtime

Dining out frequency ≥4 times/week 2.23 (0.83–5.67) 0.097

Bedtime After 2 Am 2.55 (1.12–6.05) 0.028*

# Dining out frequency and gaming time

Dining out frequency ≥4 times/week 2.08 (0.78–5.25) 0.127

Gaming time <2 h/day 4.36 (1.75–13.20) 0.004*

2–4 h/day 6.43 (2.27–20.87) 7.6 × 10 − 4**

≥4 h/day 10.01 (2.85–36.62) 2.9 × 10 − 4**

# Part-time job frequency and bedtime

Part-time job frequency 0 days/week 7.28 (2.84–22.45) 1.2 × 10 − 4**

1–2 days/week 4.10 (1.57–12.71) 0.007*

Bedtime After 2 Am 3.47 (1.53–8.23) 0.003*

# Part-time job frequency and gaming time

Part-time job frequency 0 days/week 6.73 (2.63–20.71) 2.2 × 10 − 4**

1–2 days/week 4.41 (1.69–13.70) 0.005*

Gaming time <2 h/day 4.76 (1.90–14.45) 0.002*

2–4 h/day 7.39 (2.60–24.09) 3.2 × 10 − 4**

≥4 h/day 10.85 (3.08–39.93) 1.9 × 10 − 4**

# Bedtime and gaming time

Bedtime After 2 Am 2.19 (0.96–5.19) 0.065

Gaming time <2 h/day 4.42 (1.75–13.51) 0.004*

2–4 h/day 6.31 (2.19–20.83) 0.001*

≥4 h/day 9.88 (2.75–37.14) 4.1 × 10 − 4**

* p < 0.05; ** p < 0.001. We conducted binary logistic regression analysis of these five factors that showed significant differences in the Fisher’s exact 
test associated with dual overlapping components. These factors included breakfast frequency of 2–3 times/week (reference: < 1 time/week), dining out 
frequency of ≥4 times/week (reference: < 1 time/week), part-time job frequency of 0 days/week and 1–2 days/week (reference: 3–4 days/week), bedtime 
after 2 am (reference: 11:00 pm–12:30 am), and gaming time of <2 h/d, 2–4 h/d, and ≥4 h (reference: 0 h/d).

https://doi.org/10.1371/journal.pone.0342228.t002
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its definition should be interpreted with caution and recognized as a potential limitation. Second, the relatively small 
number of participants in the pre-MetS group (n = 43) limited the statistical power to strengthen observed associations. 
In addition, the small sample size restricted adjustments for potential unmeasured confounders; thus, a larger sample 
would confirm these findings. Third, the sample was drawn from a single cohort of fourth-year students at one Japanese 
university, with a 59.4% response rate, which may have introduced self-selection and institutional bias. Although partici-
pants’ BMI and BP were comparable to national student data [51], generalizability remains limited to this homogeneous, 
academically specific population. Fourth, lifestyle variables such as physical activity, gaming time, alcohol use, and sleep 
were self-reported and not validated by objective measures (e.g., actigraphy, dietary records), which may have introduced 
recall and social desirability biases. Fifth, IAFA was assessed using BIA, which can be influenced by hydration and techni-
cal factors. While practical for large-scale screening, BIA is less precise than gold-standard imaging methods such as CT 
or MRI, and the resulting IAFA estimates should be interpreted with caution. Sixth, the observed association between the 
absence of a part-time job and pre-MetS is speculative and likely reflects lower physical activity, although objective activity 
data were not collected. Seventh, other potential confounders—such as family history, physical activity intensity, and 
socioeconomic status—were not considered, possibly limiting interpretability. Finally, the cross-sectional design precludes 
causal inference. Overall, given these multiple limitations, the findings should be interpreted cautiously, and future studies 
with larger and more diverse samples and objective assessments are needed to confirm and extend these results.

Conclusion

In this study, longer gaming time and infrequent or lack of a part-time job were significantly associated with pre-MetS 
(IAFA >71.1 cm² and at least one of the MetS components) among university students. These lifestyle factors may be 
associated with an early pre-disease metabolic state related to MetS in young adults and warrant further investiga-
tion through prospective studies to clarify possible causal relationships and inform early preventive strategies. From a 
public health perspective, the present findings suggest the importance of developing campus-level health promotion 
initiatives—such as programs that raise awareness of sedentary behavior and support balanced daily routines among 
university students. Although these findings do not imply causality, they may provide useful insights for designing early 
preventive approaches targeting young adults.

Supporting information

S1 Fig. Histogram of Intra-abdominal fat area of participants. 
(TIF)

Table 3.  Association of part-time job frequency and gaming time with pre-MetS, adjusted for sex, age, and BMI.

Lifestyle Factors Category Units Odds Ratio (95% Confidence Interval) p-value

Part-time job frequency (adjusting for sex, age, and BMI) 0 days/week 3.92 (1.13–15.46) 0.038*

1–2 days/week 4.88 (1.52–18.76) 0.012*

Gaming time (adjusted for sex, age, and BMI) <2 h/day 1.11 (0.32–4.42) 0.876

2–4 h/day 1.64 (0.41–7.26) 0.493

≥4 h/day 5.65 (1.04–31.69) 0.043*

Gaming time (adjusted for sex and age) <2 h/day 3.26 (1.26–10.30) 0.024*

2–4 h/day 4.16 (1.41–14.18) 0.013*

4 h/day 6.51 (1.80–24.86) 0.004*

* p < 0.05; ** p < 0.001. Multivariable analysis was conducted for the following factors: part-time job frequency of 0 days/week and 1–2 days/week (refer-
ence: 3–4 days/week); gaming time of <2 h/day, 2–4 h/day, and ≥4 h/day (reference: 0 h/day); age; sex; and BMI.

https://doi.org/10.1371/journal.pone.0342228.t003

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0342228.s001
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S2 Fig. Venn diagram of IAFA and blood pressure, blood glucose, and lipids in 856 participants. IAFA (intra-abdominal 
fat area), participants with IAFA ≧71.1 cm2. Blood pressure, participants with SBP ≧ 130 mmHg and/or DBP ≧ 85 mmHg. Lipid, 
participants with fasting TG > 150 mg/dL, non-fasting TG ≥ 175 mg/dL, and/or HDL-c < 40 mg/dL. *Includes participants with 
hyperglycemia (fasting plasma glucose ≥110 mg/dL or casual plasma glucose ≥200 mg/dL). The number following the asterisk 
indicates the number of participants with hyperglycemia. For example, N = 856 (*3) indicates that out of 856 participants, 3 had 
hyperglycemia. The area enclosed by red dotted lines indicates the pre-MetS group: participants with high IAFA (71.1 cm2) and 
at least one MetS component (i) SBP ≧ 130 mmHg and/or DBP ≧ 85 mmHg, (ii) fasting TG > 150 mg/dL, non-fasting TG ≥ 175 
mg/dL, and/or HDL-c < 40 mg/dL, and/or (iii) fasting plasma glucose ≥110 mg/dL or casual plasma glucose ≥200 mg/dL).
(TIF)
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