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Associations among internet 
addiction, lifestyle behaviors, 
and dental caries among high 
school students in Southwest 
Japan
Masanori Iwasaki1*, Satoko Kakuta2 & Toshihiro Ansai2

Internet addiction (IA) negatively affects adolescents’ lifestyle behaviors. Inappropriate lifestyle 
behaviors could have negative effects on dental health. This cross-sectional study aimed to test 
whether IA was indirectly associated with dental caries through unhealthy lifestyle behaviors among 
high school students in southwest Japan. IA was characterized by a Young’s Internet Addiction Test 
score of ≥ 50, unhealthy lifestyle behaviors by a cumulative count of 8 different lifestyle behaviors 
(termed the unhealthy lifestyle behavior index [ULBI]), and dental caries by the number of decayed, 
missing, and filled permanent teeth (DMFT). Poisson regression and linear regression models were 
fitted to the relationship, with IA as the exposure, the ULBI as the mediator, and the DMFT as the 
outcome. The natural indirect effect (NIE) and the proportion mediated by the ULBI were estimated by 
performing a mediation analysis. Overall, 1562 high school students were included. IA was observed 
in 406 participants and was associated with a larger DMFT. The ULBI significantly mediated the 
association between IA and the DMFT (NIE: incidence rate ratio = 1.05, 95% confidence interval = 1.03–
1.07, proportion mediated = 64.3%). Dental caries was more common in our cohort of high school 
students with IA, which is partially explained by these students having unhealthy lifestyle behaviors.

Currently, the internet is an essential part of our daily lives. It is a useful tool allowing us to access unlimited 
information. However, there is a problem related to internet use. Excessive or poorly controlled preoccupa-
tions, urges or behaviors regarding internet use, termed internet addiction (IA)1, have been demonstrated to 
be associated with depression, aggressive behaviors, psychiatric symptoms, and interpersonal problems among 
 adolescents2–4. Furthermore, IA is considered a serious behavioral problem because of its adverse effect on several 
lifestyle-related factors. IA can result in physical inactivity, short sleep duration, and inappropriate dietary habits, 
such as irregular mealtimes and frequent consumption of soft drinks and  snacks5,6.

Dental caries is a common chronic disease in  adolescents7 and is associated with pain, decreased appetite, 
difficulty eating, malnutrition, poor school performance and attendance, poor quality of life, and future tooth 
 loss8–10. Dental caries is a result of bacterial activity in dental plaque. The acid produced by the oral bacterial 
fermentation of dietary carbohydrates in dental plaque causes tooth demineralization, resulting in tooth  decay11. 
Several lifestyle behaviors are considered risk factors for dental caries because they disrupt good oral hygiene 
and are associated with bacterial activity and plaque accumulation. Previous studies have demonstrated that 
less frequent toothbrushing, irregular meal frequency, and higher consumption of snacks and sweetened drinks 
are associated with dental  caries11–14.

Based on the evidence indicating that IA negatively affects lifestyle behaviors and that inappropriate lifestyle 
behaviors have adverse effects on dental caries, IA could be indirectly associated with dental caries through 
unhealthy lifestyle behaviors among adolescents. To date, there is a lack of knowledge on the dental health of 
adolescents with IA. We therefore conducted a cross-sectional study with the aim of examining the interrela-
tionships among IA, lifestyle behaviors, and dental caries in high school students in southwest Japan. Our null 
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hypothesis was that IA does not have an indirect association with dental caries via unhealthy lifestyle behaviors 
among this population.

Results
Study population. Of all 1706 students (722 10th grade, 554 11th grade, and 430 12th-grade students; 929 
male and 777 female), 1691 students had health checkup data at the school in the fiscal year 2019. Among those 
1691 students, 1635 students (96.7%) agreed to participate in our study. Of those students, 73 (21 who were 
diagnosed by physicians as having medical conditions or abnormalities requiring close examination and 52 who 
had incomplete data) were excluded, resulting in the study population being composed of 1562 students (676 
10th grade, 503 11th grade, and 383 12th-grade students; 850 male and 712 female).

As presented in Table 1, 406 (26.0%) out of the 1562 study participants were classified as suffering from IA. 
Individual IAT items and the study participants’ responses to these items are summarized in Supplementary 
Table S1. The participants with IA had a larger number of decayed, missing, and filled permanent teeth (DMFT) 
(p < 0.01); had a larger unhealthy lifestyle behavior index (ULBI) (p < 0.01); were more likely to be in the 11th 
grade (p = 0.03); were more likely to be female (p = 0.01); and were less likely to use fluoride toothpaste (p = 0.02). 
IA was associated with all of the components of the ULBI (p < 0.05) except for interdental cleaning device use.

Crude associations of dental caries with IA, unhealthy lifestyle behaviors, and other fac-
tors. Table 2 shows the results of Poisson regression analyses. IA and the ULBI were associated with higher 
IRRs for the DMFT (IRR 1.12, 95% CI 1.03–1.21, p < 0.01 for IA and IRR 1.10, 95% CI 1.07–1.13, p < 0.01 for 
ULBI, respectively). Receiving tooth brushing instruction (IRR 1.38, 95% CI 1.28–1.48, p < 0.01) and regular 
dental visits (IRR 1.21, 95% CI 1.12–1.29, p < 0.01) were associated with a higher IRR for the DMFT. The experi-
ence of fluoride application was associated with a lower IRR for the DMFT (IRR 0.90, 95% CI 0.83–0.96, p < 0.01).

Table 1.  Characteristics of the study population according to the presence of internet addiction (N = 1562). 
IAT Young’s Internet Addiction Test, DMFT number of decayed, missing, and filled permanent teeth, IQR 
interquartile range, SD standard deviation, ULBI unhealthy lifestyle behavior index. Underlined text indicates 
data with significant adjusted standardized residuals. *Comparison between groups. † Presented as the mean 
(SD). ‡ Presented as the median (IQR). § Presented as n (%). ¶ Either a professional topical fluoride application 
or fluoride mouth rinse.

Internet addiction

Total No Yes p value*

N = 1562 N = 1156 N = 406

IAT  score† 41.9 (13.4) 35.6 (7.9) 59.8 (8.6) < 0.01

DMFT‡ 1 (0–3) 0 (0–3) 1 (0–3) 0.049

DT‡ 0 (0–0) 0 (0–0) 0 (0–0) 0.35

School grade§ 0.03

10th 676 (43.3%) 519 (44.9%) 157 (38.7%)

11th 503 (32.2%) 352 (30.4%) 151 (37.2%)

12th 383 (24.5%) 285 (24.7%) 98 (24.1%)

Sex§ 0.01

Male 850 (54.4%) 651 (56.3%) 199 (49.0%)

Female 712 (45.6%) 505 (43.7%) 207 (51.0%)

ULBI‡ 2 (1–3) 2 (1–3) 3 (2–4) < 0.01

Components of the ULBI§

Brushing teeth < 2 times/day 162 (10.4%) 106 (9.2%) 56 (13.8%) 0.01

Not brushing teeth before bed 447 (28.6%) 302 (26.1%) 145 (35.7%) < 0.01

Not using interdental cleaning devices 976 (62.5%) 710 (61.4%) 266 (65.5%) 0.14

Sleep duration < 6 h/day 358 (22.9%) 218 (18.9%) 140 (34.5%) < 0.01

One or more regular soft drinks per day 273 (17.5%) 185 (16.0%) 88 (21.7%) 0.01

One or more regular sweet snacks per day 321 (20.6%) 209 (18.1%) 112 (27.6%) < 0.01

Irregular dinner consumption 1057 (67.7%) 743 (64.3%) 314 (77.3%) < 0.01

Late-evening snacking ≥ 5 days per week 111 (7.1%) 73 (6.3%) 38 (9.4%) 0.04

Receiving professional tooth brushing  instruction§ 910 (58.3%) 662 (57.3%) 248 (61.1%) 0.18

Use of fluoride  toothpaste§ 811 (51.9%) 621 (53.7%) 190 (46.8%) 0.02

Fluoride  application§¶ 970 (62.1%) 721 (62.4%) 249 (61.3%) 0.71

Regular dental  visits§ 675 (43.2%) 496 (42.9%) 179 (44.1%) 0.68

Overweight§ 139 (8.9%) 103 (8.9%) 36 (8.9%) 0.98
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Interrelationships among IA, unhealthy lifestyle behaviors, and dental caries. Table 3 shows 
the results of the mediation analysis. The null hypothesis that there were no associations among IA, unhealthy 
lifestyle behaviors, and dental caries was rejected. The ULBI significantly mediated the association between IA 
and the DMFT (NIE: IRR 1.05, 95% CI 1.03–1.07, p < 0.01, proportion mediated = 64.3%). The natural direct 
effect and total effect of IA on the DMFT were represented by IRRs of 1.03 (95% CI 0.95–1.12, p = 0.48) and 1.08 
(95% CI 0.9999–1.17, p = 0.05), respectively. When different cutoff points of the IAT were used to classify the stu-
dents with IA, the mediation of the ULBI remained significant (NIE: IRR 1.04, 95% CI 1.01–1.07, p < 0.01, pro-
portion mediated = 24.8%; Supplementary Table S2). These results are consistent with those of the main analysis 
presented in Table 3. In addition, IA was significantly indirectly associated with DT through the ULBI (NIE: IRR 
1.18, 95% CI 1.08–1.30, p < 0.01; Supplementary Table S3).

Discussion
In this cross-sectional study involving high school students in southwest Japan, we investigated the interrela-
tionships among IA, lifestyle behaviors, and dental caries. Our mediation analysis rejected the null hypothesis 
that there were no associations among IA, unhealthy lifestyle behaviors, and dental caries. IA indirectly affected 
dental caries through unhealthy lifestyle behavior.

In this study, we found that IA was associated with short sleep duration, frequent consumption of soft drinks 
and sweet snacks, irregular mealtimes, and late-evening snacking. These findings are in agreement with those 
from previous studies investigating IA and lifestyle  behaviors5,6. In addition, we found that the study partici-
pants with IA had poorer oral health behaviors, such as less frequent toothbrushing and not brushing teeth 
before bed. Previous studies reported that adolescents suffering from IA tend to restrict their eating habits to 
accommodate their heavy internet  use5,6. Similarly, those suffering from IA may dedicate less time to oral health 
behavior so that they can spend more time online. Tooth brushing has less priority and will be missed in that 
situation. Our study results indicate that IA is a barrier to maintaining good oral hygiene. Poor oral hygiene 
accelerates dental plaque accumulation and bacterial activity in dental  plaque11–13, which results in dental caries 

Table 2.  Poisson regression analysis for the crude associations of dental caries with internet addiction, the 
unhealthy lifestyle behavior index, and other factors (N = 1562). CI confidence interval, DMFT number of 
decayed, missing, and filled permanent teeth, IRR incidence rate ratio, ULBI unhealthy lifestyle behavior index. 
*Except for unhealthy lifestyle score, grade, and sex, IRRs and CIs of being positive are presented. † Either a 
professional topical fluoride application or fluoride mouth rinse.

Variables

Outcome = DMFT

IRR 95% CI p value*

Internet addiction 1.12 1.03–1.21 < 0.01

ULBI (per one-point increase) 1.10 1.07–1.13 < 0.01

School grade

10th Reference

11th 1.41 1.29–1.53 < 0.01

12th 1.71 1.56–1.86 < 0.01

Male (vs. female) 0.96 0.89–1.03 0.25

Receiving professional tooth brushing instruction 1.38 1.28–1.48 < 0.01

Use of fluoride toothpaste 0.95 0.89–1.02 0.18

Experience of fluoride  application† 0.90 0.83–0.96 < 0.01

Regular dental visits 1.21 1.12–1.29 < 0.01

Overweight 0.99 0.88–1.12 0.90

Table 3.  Mediation of the associations between internet addiction and dental caries by unhealthy lifestyle 
behaviors (N = 1562). CI confidence interval, DMFT number of decayed, missing, and filled permanent 
teeth, IAT Young’s Internet Addiction Test, IRR incidence rate ratio, ULBI unhealthy lifestyle behavior index. 
*Adjusted for grade, sex, receiving professional tooth brushing instruction, use of fluoride toothpaste, fluoride 
application, regular dental visits, and overweight.

Outcome = DMFT

Mediator = ULBI

Exposure = Internet Addiction (1 = present [IAT score ≥ 50], 0 = absent [IAT score < 50]) IRR* 95% CI p value

Natural direct effect 1.03 0.95–1.12 0.48

Natural indirect effect 1.05 1.03–1.07 < 0.01

Total effect 1.08 0.9999–1.17 0.05

Proportion mediated 64.3%
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development and progression. Overall, one potential reason for the higher prevalence of dental caries among 
the study participants who suffered from IA was the loss of dental plaque control, which was associated with 
unhealthy lifestyle behavior.

We observed that receiving tooth brushing instruction and regular dental visits were associated with the 
prevalence and experience of dental caries in this study population, which was contrary to the assumption that 
appropriate oral health knowledge and skills would be obtained through tooth brushing instruction during dental 
visits. One potential explanation is that the students who were identified as having dental caries at any health 
checkup prior to the current study visited dental clinics and received tooth brushing instruction.

The IAT is the most frequently used diagnostic instrument for  IA15. An IAT cutoff of 40 was suggested to be 
too low to screen for possible IA in Japanese  adolescents15. An IAT of 50 was alternatively proposed as the cutoff 
 point15. In addition, the IAT of 50 has been used in previous studies conducted in other countries, including 
China, Italy, and  Turkey16–18. We therefore chose to use the IAT cutoff point of 50 in this study. When we used 
an IAT of 40 to classify a participant as having possible IA or no IA in the sensitivity analysis, we still observed 
that IA indirectly affected dental caries. However, the magnitude of the indirect effect through unhealthy lifestyle 
behavior was decreased, suggesting that the IAT cutoff point of 40 was not appropriate for differentiating the 
participants with and without IAT in this study.

The average IAT score of our cohort of high school students was 41.9 (standard deviation = 13.4), which is sim-
ilar to that of other surveys involving Japanese high school students (average = 45.2, standard deviation = 12.6)15. 
The mean DMFTs in the 10th-, 11th-, and 12th-grade students in this study were 1.51, 2.13, and 2.56, respec-
tively, which were similar to those reported by the Fukuoka Association of School Dentists (i.e., 1.56, 1.90, and 
2.21, respectively)19. However, it should be noted that this study was conducted in one high school in Fukuoka 
Prefecture, Japan. The prevalence of IA may depend on the social and cultural background where studies are 
carried out. In addition, there are inequalities in dental caries prevalence among prefectures in  Japan20. Overall, 
it is not clear whether the current findings can be applied to other areas in Japan and the broader population. 
Further studies are needed to test the generalizability of our results.

The main outcome, the DMFT, represents dental caries prevalence and experience in permanent dentition. 
Although the DMFT is an important index, it does not always reflect the current cariological situation and need 
for dental treatment. The DMFT might be reached before IA is established. We also test the interrelationships 
among IA, unhealthy lifestyle behaviors, and DT. DT represents the presence of untreated caries lesions in the 
dentition. We found that IA was indirectly associated with a larger DT thorough a larger ULBI. These findings 
support the results of the main analysis in which the DMFT was set as an outcome. However, it should be noted 
that this study had a cross-sectional design, limiting our ability to establish temporality. Future longitudinal 
studies assessing the effect of IA on dental caries incidence are necessary.

This study has several other limitations. First, the ULBI used in this study did not include all possible lifestyle 
factors. Although each factor has been studied in terms of its association with dental caries and/or  IA5,6,12,13,21, 
other factors, such as tooth brushing duration and  smoking5, are also possibly associated with disease risk. Sec-
ond, the IAT and ULBI were based on self-reports and therefore were subject to recall bias and misclassification. 
Finally, as with other mediation analyses, our mediation analyses relied on the counterfactual approach being 
based on the assumption that there is no unmeasured confounding of the exposure–mediator, mediator–outcome, 
and exposure–outcome relationships and that there is no exposure-induced mediator–outcome  confounding22. 
Even though our analyses were adjusted for the various potential confounding variables evaluated, there might 
have been unmeasured confounding factors, such as socioeconomic status.

Conclusion
Our study of high school students in southwest Japan demonstrated that dental caries was more common in 
students with IA, which is partially explained by the fact that these students had unhealthy lifestyle behaviors.

Methods
Study design, setting, and population. This study had a cross-sectional design. The study population 
was composed of a cohort of 10th–12th-grade students in one high school in Fukuoka Prefecture that is located 
in the southwest of Japan. On 11 April 2019, they participated in routine medical and dental health checkups 
at the school. In Japan, students undergo periodic health checkups, as mandated by the School Health and 
Safety Act. On the same day, a questionnaire regarding internet use and health behavior was administered. Data 
obtained from health checkups and questionnaires were used for the study.

The inclusion criteria were as follows: at least 15 years of age, able to read and understand Japanese, and had 
periodic health checkup records at school. The exclusion criteria were as follows: those who were diagnosed by 
physicians as having medical conditions or abnormalities requiring close examination or who had incomplete 
data. This study was designed as a part of a student welfare effort. No sample size calculation was performed 
prior to the study. All the students who met the criteria for inclusion were invited to participate in our study.

This study was conducted in full accordance with the ethics principles of the Declaration of Helsinki and 
was approved by the Ethics Committee of Kyushu Dental University (approval number: 18–63, approval date: 
26 March 2019). Written informed assent from all participants and informed consent from all their guardians 
were obtained.

Measure of IA. Data on the level of IA were obtained via a self-administered questionnaire. The Japanese 
version of Young’s Internet Addiction Test (IAT)23–25 was used to assess the level of IA. The IAT consists of 20 
items regarding internet overuse (Supplementary Table S1). Each item is rated on a 5-point Likert scale ranging 
from 1 (rarely) to 5 (always). The total score ranges from 20 to 100. According to previous  studies15–18, a cutoff 
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point of 50 was used to classify a participant as suffering from IA. The reliability and validity of the Japanese 
version of the IAT have been  demonstrated23,24. The internal consistency obtained in the study population was 
demonstrated to be acceptable (Cronbach’s α = 0.91).

Measure of lifestyle behavior. Eight different lifestyle behaviors (tooth brushing frequency, tooth brush-
ing before bed, interdental cleaning device use, sleep duration, soft drink consumption, sweet snack consump-
tion, meal regularity in the evening, and late-evening snacking), based on a priori knowledge and the assump-
tion of factors related to dental caries and  IA5,6,12–14,21, were assessed via a self-administered questionnaire. For 
each lifestyle behavior, a score of 1 was assigned if the behavior was considered unhealthy; otherwise, a score of 
0 was assigned. The ULBI was generated by adding the individual points for each of the eight factors and hence 
ranged from 0 (most healthy) to 8 (least healthy). Specifications for each of the 8 lifestyle behaviors are sum-
marized in Table 4.

Examination of dental health. Twelve dentists who were blinded to the questionnaire responses were 
involved in dental health checkups at school. The dentists and students sat facing each other in a knee-to-knee 
position during the checkup. The status of all erupted permanent teeth was assessed using a graduated mouth 
mirror (Clear-Mouth Mirrors, FEED, Yokohama, Japan) under sufficient artificial illumination. Tooth status 
was categorized as sound, decayed, filled, or missing. In accordance with the protocol proposed by the Japan 
Association of School  Dentists26, teeth with obvious caries lesions detected on visual clinical examination were 
categorized as decayed teeth. Then, the number of decayed teeth (DT) and DMFT were determined. Dental 
radiography was not performed.

All examiners received 1 h of instruction from the author (M.I.) at Kyushu Dental University regarding the 
appropriate tooth status assessment method (dentist and student position during assessment and diagnostic 
 criteria26). Then the pre-study calibration was conducted by examining volunteer patients. All the examiners 
obtained intraclass correlation coefficients of ≥ 0.92 for DMFT and intra-examiner kappa values of ≥ 0.87 for DT.

Data collection for covariates. Data on receiving professional tooth brushing instruction (yes or no), 
use of fluoride toothpaste (yes or no/do not know), fluoride application (either professional topical fluoride 
application or fluoride mouth rinse) (yes or no/do not know), and regular dental visits (yes or no) were obtained 
through the self-administered questionnaire. Regular dental visits were confirmed if the participants answered 
yes to the question, “Do you have regular dental checkups at least once a year?” Data on school grade, sex, physi-
cian diagnosis of heart disease, the results of chest X-ray examination and urine examination, and body mass 
index (BMI) were obtained from the health checkup records. Overweight was defined as a BMI ≥ 25 kg/m2.

Statistical analyses. First, the study population characteristics were described according to the presence of 
IA. The Shapiro–Wilk test was used to determine whether the continuous variables were normally distributed. 
Student’s t test, the Wilcoxon rank-sum test, and the chi-squared test were used, as appropriate. If the overall test 
for the variables with ≥ 3 categories was significant, post hoc comparisons were performed.

Next, Poisson regression analyses were performed to assess the crude associations of dental caries, expressed 
as the DMFT, with IA, the ULBI, and other factors among the study participants.

Table 4.  Unhealthy lifestyle behavior index construction.

Components Survey questions Possible answer choices Score allocation

Tooth brushing frequency How many times a day do you brush your teeth?
2 times/≥ 3 times per day 0

0 times/1 time per day 1

Tooth brushing before bed How many days a week do you fall asleep at night without 
brushing your teeth?

0 days 0

1–2 days/3–4 days/5–6 days/7 days per week 1

Interdental cleaning device use Do you use an interdental cleaning device?
Always/sometimes 0

Do not use 1

Sleep duration During the past month, how many hours of actual sleep did 
you get at night?

≥ 6 h 0

< 6 h 1

Soft drink consumption How often do you drink sugar-sweetened soft drinks?
< 1 time/1–2 times/3–4 times/5–6 times per week 0

1 time/2–3 times/4–6 times/7–9 times/ ≥ 10 times per day 1

Sweet snack consumption How often do you eat sweet snacks?
< 1 time/1–2 times/3–4 times/5–6 times per week 0

1 time/2–3 times/4–6 times/7–9 times/ ≥ 10 times per day 1

Meal regularity in the evening Do you eat dinner every day?
Eat at a regular time every day 0

No set time, but eat every day/Skip a dinner sometimes/Skip a 
dinner often/Do not eat 1

Late-evening snacking How many days a week do you have late-evening snacks?
0 days/1–2 days/3–4 days per week 0

5–6 days/7 days per week 1
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Finally, mediation analysis with a two-way decomposition approach was employed, while setting IA as the 
exposure, the DMFT as the outcome, and the ULBI as the mediator. A Poisson regression model was specified 
to be fitted for the outcome variable and a linear regression model to be fitted for the mediator variable. Our null 
hypothesis was that either or both of the IA-ULBI and ULBI-DMFT associations was zero. The total effect was 
separated into the natural direct effect, which is the effect of the exposure not explained by the mediator, and 
the natural indirect effect (NIE), which is the effect of the exposure explained by the mediator and the interac-
tion between the exposure and the mediator. The presence of an exposure-mediator interaction was allowed. 
The estimates are presented as incidence rate ratios (IRRs) with 95% confidence intervals (CIs). The CIs were 
derived by bootstrapping based on 1000 replications. School grade, sex, overweight, receiving tooth brushing 
instruction, use of fluoride toothpaste, fluoride application, and regular dental visits were considered covariates.

To differentiate “no IA” and “possible IA or IA,” other studies have used an IAT score of 40 as the  cutoff3,4. 
Therefore, a sensitivity analysis was performed in which a dichotomized IA variable with an IAT cutoff point of 
40 was set as the exposure instead of the IA variable with an IAT cutoff point of 50. In addition, another sensitivity 
analysis was performed in which the DT was set as the outcome instead of the DMFT.

All analyses were performed with statistical software (STATA version 17.0; Stata, College Station, TX, US). 
The level of significance (two-tailed) was set at 0.05.

Data availability
The data are not publicly available due to ethical and legal restrictions imposed by the Ethics Committee of 
Kyushu Dental University (the data contain potentially identifying or sensitive patient information). Data may 
be made available from the corresponding author upon request.
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References
 1. Shaw, M. & Black, D. W. Internet addiction: Definition, assessment, epidemiology and clinical management. CNS Drugs 22, 

353–365. https:// doi. org/ 10. 2165/ 00023 210- 20082 2050- 00001 (2008).
 2. Ko, C. H., Yen, J. Y., Liu, S. C., Huang, C. F. & Yen, C. F. The associations between aggressive behaviors and internet addiction and 

online activities in adolescents. J. Adolesc. Health 44, 598–605. https:// doi. org/ 10. 1016/j. jadoh ealth. 2008. 11. 011 (2009).
 3. Kawabe, K., Horiuchi, F., Ochi, M., Oka, Y. & Ueno, S. Internet addiction: Prevalence and relation with mental states in adolescents. 

Psychiatry Clin. Neurosci. 70, 405–412. https:// doi. org/ 10. 1111/ pcn. 12402 (2016).
 4. Tateno, M. et al. Internet addiction, smartphone addiction, and hikikomori trait in Japanese young adult: Social isolation and 

social network. Front. Psychiatry 10, 455. https:// doi. org/ 10. 3389/ fpsyt. 2019. 00455 (2019).
 5. Kim, Y. et al. The effects of internet addiction on the lifestyle and dietary behavior of Korean adolescents. Nutr. Res. Pract. 4, 51–57. 

https:// doi. org/ 10. 4162/ nrp. 2010.4. 1. 51 (2010).
 6. Ying, C. Y. et al. Association of internet addiction with adolescents’ lifestyle: A national school-based survey. Int. J. Environ. Res. 

Public Health 18, 168. https:// doi. org/ 10. 3390/ ijerp h1801 0168 (2020).
 7. Wen, P. Y. F., Chen, M. X., Zhong, Y. J., Dong, Q. Q. & Wong, H. M. Global burden and inequality of dental caries, 1990 to 2019. 

J. Dent. Res. 101, 392–399. https:// doi. org/ 10. 1177/ 00220 34521 10562 47 (2022).
 8. Alkarimi, H. A. et al. Impact of treating dental caries on schoolchildren’s anthropometric, dental, satisfaction and appetite outcomes: 

A randomized controlled trial. BMC Public Health 12, 706. https:// doi. org/ 10. 1186/ 1471- 2458- 12- 706 (2012).
 9. Feldens, C. A. et al. Clarifying the impact of untreated and treated dental caries on oral health-related quality of life among ado-

lescents. Caries Res. 50, 414–421. https:// doi. org/ 10. 1159/ 00044 7095 (2016).
 10. Rebelo, M. A. B., Vieira, J. M. R., Pereira, J. V., Quadros, L. N. & Vettore, M. V. Does oral health influence school performance and 

school attendance? A systematic review and meta-analysis. Int. J. Paediatr. Dent. https:// doi. org/ 10. 1111/ ipd. 12441 (2018).
 11. Holt, R., Roberts, G. & Scully, C. ABC of oral health. Dental damage, sequelae, and prevention. BMJ 320, 1717–1719. https:// doi. 

org/ 10. 1136/ bmj. 320. 7251. 1717 (2000).
 12. Alqaderi, H., Tavares, M., Al-Mulla, F., Al-Ozairi, E. & Goodson, J. M. Late bedtime and dental caries incidence in Kuwaiti children: 

A longitudinal multilevel analysis. Community Dent. Oral Epidemiol. 48, 181–187. https:// doi. org/ 10. 1111/ cdoe. 12523 (2020).
 13. Kitsaras, G., Goodwin, M., Kelly, M. P. & Pretty, I. A. Bedtime oral hygiene behaviours, dietary habits and children’s dental health. 

Children (Basel) 8, 416. https:// doi. org/ 10. 3390/ child ren80 50416 (2021).
 14. Lin, P. Y., Lee, Y. C., Hsu, L. Y., Chang, H. J. & Chi, L. Y. Association between sugary drinks consumption and dental caries inci-

dence among Taiwanese schoolchildren with mixed dentition. Community Dent. Oral Epidemiol. https:// doi. org/ 10. 1111/ cdoe. 
12683 (2021).

 15. Tateno, M. et al. Prevalence rate of internet addiction among Japanese college students: Two cross-sectional studies and recon-
sideration of cut-off points of young’s internet addiction test in Japan. Psychiatry Clin. Neurosci. 72, 723–730. https:// doi. org/ 10. 
1111/ pcn. 12686 (2018).

 16. Milani, L., Osualdella, D. & Di Blasio, P. Quality of interpersonal relationships and problematic internet use in adolescence. 
Cyberpsychol. Behav. 12, 681–684. https:// doi. org/ 10. 1089/ cpb. 2009. 0071 (2009).

 17. Ni, X., Yan, H., Chen, S. & Liu, Z. Factors influencing internet addiction in a sample of freshmen university students in China. 
Cyberpsychol. Behav. 12, 327–330. https:// doi. org/ 10. 1089/ cpb. 2008. 0321 (2009).

 18. Kaya, F., Delen, E. & Young, K. S. Psychometric properties of the internet addiction test in Turkish. J. Behav. Addict. 5, 130–134. 
https:// doi. org/ 10. 1556/ 2006.4. 2015. 042 (2016).

 19. Fukuoka Association of School Dentists. Oral health statistics. https:// www. fk- gakusi. jp/ image/ touke ihouk oku-h- r1. pdf (2019).
 20. Matsuyama, Y. et al. School-based fluoride mouth-rinse program dissemination associated with decreasing dental caries inequali-

ties between Japanese prefectures: An ecological study. J. Epidemiol. 26, 563–571. https:// doi. org/ 10. 2188/ jea. JE201 50255 (2016).
 21. Levine, R. S., Nugent, Z. J., Rudolf, M. C. & Sahota, P. Dietary patterns, toothbrushing habits and caries experience of schoolchildren 

in West Yorkshire, England. Community Dent. Health 24, 82–87 (2007).
 22. VanderWeele, T. J. Explanation in Causal Inference: Methods for Mediation and Interaction (Oxford University Press, 2015).
 23. Osada, H. Internet addiction in Japanese college students: Is Japanese version of internet addiction test (JIAT) useful as a screening 

tool?. Senshu Univ. Hum. Sci. Psychol. 3, 71–80. https:// doi. org/ 10. 34360/ 00005 228 (2013).
 24. Mak, K. K. et al. Epidemiology of internet behaviors and addiction among adolescents in six Asian countries. Cyberpsychol. Behav. 

Soc. Netw. 17, 720–728. https:// doi. org/ 10. 1089/ cyber. 2014. 0139 (2014).
 25. Young, K. S. Caught in the Net: How to Recognize the Signs of Internet Addiction: And a Winning Strategy for Recovery (Wiley, 2015).
 26. Japan Association of School Dentists. Activity Guidelines for School Dentists 2015 (Japan Association of School Dentists, 2015).

https://doi.org/10.2165/00023210-200822050-00001
https://doi.org/10.1016/j.jadohealth.2008.11.011
https://doi.org/10.1111/pcn.12402
https://doi.org/10.3389/fpsyt.2019.00455
https://doi.org/10.4162/nrp.2010.4.1.51
https://doi.org/10.3390/ijerph18010168
https://doi.org/10.1177/00220345211056247
https://doi.org/10.1186/1471-2458-12-706
https://doi.org/10.1159/000447095
https://doi.org/10.1111/ipd.12441
https://doi.org/10.1136/bmj.320.7251.1717
https://doi.org/10.1136/bmj.320.7251.1717
https://doi.org/10.1111/cdoe.12523
https://doi.org/10.3390/children8050416
https://doi.org/10.1111/cdoe.12683
https://doi.org/10.1111/cdoe.12683
https://doi.org/10.1111/pcn.12686
https://doi.org/10.1111/pcn.12686
https://doi.org/10.1089/cpb.2009.0071
https://doi.org/10.1089/cpb.2008.0321
https://doi.org/10.1556/2006.4.2015.042
https://www.fk-gakusi.jp/image/toukeihoukoku-h-r1.pdf
https://doi.org/10.2188/jea.JE20150255
https://doi.org/10.34360/00005228
https://doi.org/10.1089/cyber.2014.0139


7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:17342  | https://doi.org/10.1038/s41598-022-22364-0

www.nature.com/scientificreports/

Acknowledgements
This work was supported by JSPS KAKENHI (Grant Nos. 18K09919 and 22K10331).

Author contributions
M.I. participated in the conceptualization and design of the study, performed the survey, collected the data, 
performed the analysis and interpretation of the data, and prepared the manuscript. S.K. and T.A. participated 
in study coordination, collected the data, and performed data interpretation. All authors critically revised the 
manuscript and provided final approval for the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 22364-0.

Correspondence and requests for materials should be addressed to M.I.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-22364-0
https://doi.org/10.1038/s41598-022-22364-0
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Associations among internet addiction, lifestyle behaviors, and dental caries among high school students in Southwest Japan
	Results
	Study population. 
	Crude associations of dental caries with IA, unhealthy lifestyle behaviors, and other factors. 
	Interrelationships among IA, unhealthy lifestyle behaviors, and dental caries. 

	Discussion
	Conclusion
	Methods
	Study design, setting, and population. 
	Measure of IA. 
	Measure of lifestyle behavior. 
	Examination of dental health. 
	Data collection for covariates. 
	Statistical analyses. 

	References
	Acknowledgements


