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Objectives: This study aimed to (1) examine the cross-sectional association between problematic smartphone use (PSU) and blood pressure (BP) in children and adolescents and (2) determine whether the association between PSU and BP differs by the grade of students.

Methods: We recruited a total of 2,573 participants from 14 schools in Shanghai by a two-stage sampling method. We derived BP data from the participant's most recent medical examination data, including systolic blood pressure (SBP) and diastolic blood pressure (DBP). We measured PSU by a modified PSU Classification Scale. We also assessed demographic characteristics, body mass index, behavioral variables, and physiological characteristics.

Results: High school students had higher BP and PSU scores than primary and middle school students. PSU on the dimension of information collection was associated positively with both SBP and DBP among primary and middle school students, with the β (95% CI) values of 0.282 (0.018, 0.546) and 0.229 (0.031, 0.427). Meanwhile, the dimension of the relationship of social network was associated positively with SBP among primary and middle school students, with a β (95% CI) value of 0.390 (0.062, 0.717). PSU on the dimension of information collection was positively associated with the development of high BP, with a OR (95% CI) value of 1.072 (1.011, 1.137) among primary and middle school students.

Conclusions: PSU might be a potential correlate of high BP among school-age children and adolescents. The associations between PSU and BP differed by the grade of students as well as according to the four dimensions of PSU.
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Introduction

As a public health concern, the prevalence of elevated blood pressure (BP) among children and adolescents has been increasing worldwide (1). Data from China Health and Nutrition Surveys 1991–2015 have suggested upward trends for 6–18 years participants in both systolic blood pressure (SBP) and diastolic blood pressure (DBP) levels, with significant increases in SBP of 17.2 mmHg and DBP of 11.6 mmHg in the average follow-up year of 7.3 years (2). The prevalence of hypertension among Chinese children and adolescents increased from 6.2% in 1991 to 14.1% in 2015, in concert with the prevalence of the unhealthy lifestyle and obesity in children and adolescents (3, 4). Elevated BP in children and adolescents is associated with an increased risk of early development of coronary artery disease and left ventricular hypertrophy as well as target organ damage (5, 6). Additionally, evidence indicates that hypertension tracks from childhood to adulthood, and adolescent hypertension has been linked to an increased risk of chronic disease in adulthood (7, 8). Although the upward trend in adolescent BP has been attributed largely to the increasing prevalence of obesity, other potential correlates, such as problematic smartphone use (PSU) in the context of advanced information and communication technology, also have contributed to this trend (9, 10).

Since the 1990s, studies on Internet and mobile phone use have been attracting increasing attention (11, 12). Dependence on Internet use refers to surfing the Internet using personal computers, and dependence on mobile phone use refers to time making phone calls and sending short message (13). Given the popularity of smartphones and the development of mobile Internet access, PSU has been proposed as a kind of dependent behavior (14).

School-age children and adolescents might be more susceptible to the adverse effects of smart media than older age groups (15), because they are highly receptive to new forms of media, and have less self-control ability than adults for smartphone (16). Physical and psychological problems among adolescents reportedly may result from PSU, including poor sleep quality (14, 17) as well as personality and psychiatric problems (15, 18, 19). Existing evidence has suggested that PSU was associated with several correlates of elevated BP, including physical activity (20), sedentary behavior (21), obesity (22), and depression (23, 24). To the best of our knowledge, however, there is no study investigating the direct relationship between elevated BP and PSU among children and adolescents, simultaneously.

Furthermore, previous measurements on PSU mainly were based on diagnostic criteria of substance addiction, including tolerance, compulsivity, withdrawal, and severe interference with daily life (25–27), which may lead to the inconsistent results for health effects (28). Many researchers, however, have suggested that whether it is dependence on Internet or smartphone use, computers and smartphones themselves are only tools, whereas their functions and content are the keys to understanding this dependence (29–31). Therefore, it is necessary to conduct research on PSU according to the various dimensions of content, such as the relationship of social network and entertainment.

Based on the function and content of smartphone use, we aimed to (1) examine the association between PSU and BP in 2573 children and adolescents and (2) determine whether this association between PSU and BP differs by the grade of students.



Methods


Informed consent

We obtained written informed consent statements from participants and also explained the right to withdraw and autonomy of the responses. The Ethics Committee of School of Public Health of Fudan University, China, approved this study (IRB2018120723 and FWA0002399).



Questionnaire survey and physical measurement

We used a two-stage sampling method. First, we recruited a total of 14 schools in Shanghai based on the principle of voluntary participation and available medical examination data. School selection criteria include: (1) the principle of voluntary participation; (2) physical examination data available; (3) widely distributed in 15 districts of Shanghai, China; (4) half of the schools came from the suburbs and half from the city. Second, we randomly sampled at least two classes from each school with numbers of participants ranging from 100 to 250. Among the 14 schools, 5 were primary and middle schools, and 9 were high schools. The distribution of the participants in different grades and districts is shown in Supplementary Table 1. From December 14 to 27, 2017, 12 trained interviewers were responsible for collection and quality control of the self-administered questionnaires from each school in Shanghai. Teachers were enrolled to distribute the questionnaires. The detailed questionnaire design has been mentioned in previous study (32). All participants were asked to fill out a questionnaire regarding several variables, covering demographic information (e.g., age, sex, grade group), behavioral variables (indoor physical activity time, outdoor physical activity time, sedentary time, and screen time), and physiological characteristics (study pressure and well-being). Participants were required to wear light clothes and to stand straight on bare feet for height and weight measurements. We calculated body mass index (BMI) according to the weight divided by height squared (kg/m2). Of the 2625 students who were administered the survey, 2573 (98.0%) completed the survey for analysis.



Variables explanation of questionnaire

The variables that indoor and outdoor physical activity time were evaluated by asking the questions “How long did you do indoor/outdoor physical activity per day in the recent school term? (including running, swimming, playing ball games, et al.)”. The variables that sedentary time and screen time were evaluated by asking the questions “What was your average sedentary time per day? (including class hours at school, homework at home, watching TV or playing games while sitting, et al.)” and “How many hours did you use electronic devices every day? (including mobile phone, computer, tablets, and other electronic devices with access to the Internet)”. Regarding the study pressure generally by a single survey question inviting students to provide a subjective assessment of the pressure they felt to study. On a five-point scale, participants answered the question, “Would you say that your study pressure is very much, much, moderate, a little, or none?” We measured well-being according to the Chinese version of the World Health Organization's Five Well-Being Index (33), which has demonstrated excellent psychometric properties in a large representative sample (34). Participants were asked to rate their status over the past 2 weeks by answering five questions, such as “How often have you felt active and vigorous?” Each item was rated on a 5-point scale ranging from 0 (never) to 5 (all the time). According to the total scores <13 points or ?13 points, the participants were divided into “poor well-being” or “good well-being,” respectively.



Quality control

A number of quality-control measures were put in place to ensure the smooth running of the investigation. First, investigators can conduct this survey only after training for ensuring the quality of the investigation. Second, the investigators would answer any questions asked by participants to ensure that participants understood the content of the questionnaire, but did not interfere their responses. Third, the collected questionnaires were inputted and verified twice.



Blood pressure data

We derived and checked BP data from the participant's most recent medical examination data from March, 2017 to December, 2017. In all 14 schools, we entrusted the doctors of community hospital to measure BP according to the recommendations by the National High Blood Pressure Education Program Working Group in Children and Adolescents using an auscultation mercury sphygmomanometer with an appropriate cuff size for students (35). In brief, after at least 5 min of rest, the operators obtained BP on the right arm of the seated participants with the elbow at the level of the right atrium. We defined SBP as the onset of the first Korotkoff sound and defined DBP as the fifth Korotkoff sound. The measurements were repeated twice. We calculated the mean of SBP and DBP measurements for each participant. We defined normal BP, pre-high BP, high BP stage 1, and high BP stage 2 according to the latest international BP references by sex, age, and height in children and adolescents 6–17 years old (36). Based on sex, age, and height of children and adolescents in this reference, BP percentile values could be used to define the different BP groups. Normal BP group was defined as SBP/DBP <90th percentile; pre-high BP group was defined as SBP/DBP ≥90th percentile and <95th percentile; high BP stage 1 group was defined as SBP/DBP ≥95th percentile and <99th percentile plus 5 mmHg; high BP stage 2 group was defined as SBP/DBP ≥99th percentile plus 5 mmHg.



PSU measurement

On the basis of the previous study on the development of Smartphone Dependence Classification Scale (SDCS) for college students (37), we developed a revised scale according to the characteristics of urban adolescents in China. We investigated a convenient sample of 540 students from three schools in three grades. Results showed good reliability and validity. The Cronbach α of the whole scale was 0.828, and the Cronbach α for each subscale ranged from 0.600 to 0.800. The test–retest Intraclass Correlation Coefficient (ICC) of the whole scale was 0.736 (P < 0.01). The scale was composed of 15 items, which we categorized according to four dimensions: relationship of social network (four items), entertainment (five items), compulsive behavior (three items), and information collection (three items). The 15 Likert-scale items are presented in Supplementary Table 2. Each item ranged from 1 (strongly disagree) to 5 (strongly agree), in which a higher score indicated more serious PSU. We calculated the total score of each dimension, which we then included in the subsequent analysis as a continuous variable.



Statistical analysis

We classified participants into two groups according to the grade of students: primary and middle school students, and high school students. On the one hand, many schools in Shanghai, China, are nine-year schools, including primary schools and middle schools. To ensure the understand of questionnaire among primary school students and reduce the interference other than academic work among middle school students, we mainly selected primary school students in grades 5–6 and middle school students in grades 7–8 as the research subjects. These subjects had a narrow age range. On the other hand, the sample size is relatively small in primary and middle school students. The numbers of primary and middle school students are of 555 and 319 participants, respectively. While the number of high school students is 1,699 participants. Thus, we merged primary and middle school students into a group for reducing the result bias. Continuous variables were described as median (inter-quartile range, IQR), including age, BMI, screen time, and study pressure, and categorical variables were described as frequency (ratio), including gender, indoor physical activity time, outdoor physical activity time, sedentary time, and well-being. The Chi-squared tests, and Wilcoxon rank-sum test were used for the equilibrium test in BP, PSU, and potential correlates of high BP between these two groups. The correlation analysis was used to examine the associations between PSU and BP among students from different grades. PSU was used as independent variables, and BP as the dependent variable. The multiple linear regression was used to examine the associations between PSU and BP of different grades adjusted for gender, age, BMI, indoor physical activity time, outdoor physical activity time, sedentary time, screen time, study pressure, and well-being. The interactions between PSU and grades on DBP and SBP were also explored by the multiple linear regression. As the dependent variable in logistic regressions, the variable was dichotomized as BP abnormality (high BP stage 1 and high BP stage 2) and BP normality (normal BP and pre-high BP). We conducted the multivariable logistic regression to examine the associations between PSU and BP of different grades adjusted for gender, age, BMI, indoor physical activity time, outdoor physical activity time, sedentary time, screen time, study pressure, and well-being. For all analyses, two-sided P-values <0.05 indicated statistical significance. Statistical analysis was performed using the Statistical Package for Social Sciences 20.0.




Results


Participant characteristics and potential correlates of BP

Table 1 shows the differences in demographic characteristics, health behaviors, physiological characteristics, PSU, and BP between the two groups. We identified significant differences in the distribution of gender, age, and BMI. Regarding health behaviors, primary and middle school students spent more time on physical activities than high school students and spent less time on sedentary behavior and using electronic devices than high school students. In terms of physiological characteristics, primary and middle school students felt significantly less study pressure and demonstrated better well-being compared with high school students. Whether we used BP as a continuous variable or as a categorical variable, high school students had a higher BP than primary and middle school students, especially in male students. Supplementary Table 3 displays that the personal characteristics of study participants based on the categories of PSU. Compared with primary and middle school students, high school students reported higher scores of PSU in all dimensions.


TABLE 1 Comparison of demographics characteristics, PSU, and potential correlates of blood pressure by grade of students [N (%)/Median (IQR)].
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Different associations between PSU and BP by the grade of students

We found that PSU was associated with BP in different grades of students by correlation analysis (Table 2). Among primary and middle school students, SBP was correlated positively with each dimension of PSU and total score of PSU (P < 0.05). Among high school students, however, SBP was correlated with PSU only on the entertainment dimension. Regarding DBP, except for the dimension of compulsive behavior, we identified significant positive correlations between DBP and the three other dimensions of PSU and total score of PSU among primary and middle school students (P < 0.05). In high school students, however, only the dimension of the relationship of social network was significantly associated with DBP.


TABLE 2 Differences of the associations between four separated dimensions of PSU and blood pressure by grade of students.

[image: Table 2]

Table 3 showed that the associations between PSU and BP by multiple linear regression analysis. After adjusting for gender, age, BMI, indoor physical activity time, outdoor physical activity time, sedentary time, screen time, study pressure, and well-being, the dimension of information collection was positively associated with SBP among the overall subjects, with a β (95% CI) value of 0.238 (0.044, 0.432); while the association was negative in the dimension of compulsive behavior. For the different grade groups, the dimension of information collection was associated positively with both SBP and DBP among primary and middle school students, with the β (95% CI) values of 0.282 (0.018, 0.546) and 0.229 (0.031, 0.427). Moreover, the dimension of the relationship of social network was associated positively with SBP among primary and middle school students, with a β (95% CI) value of 0.390 (0.062, 0.717). Among high school students, the dimension of compulsive behavior was negatively associated with SBP, with a β (95% CI) value of −0.509 (−0.850, −0.167). We further analyzed the interactions between PSU and grades on SBP and DBP (Supplementary Table 4). After adjusting for covariables, there was a negative interaction between the dimension of relationship of social network and grades on SBP and DBP, with β (95% CI) values of −0.344 (−0.679, −0.010) and −0.311 (−0.571, −0.052). Meanwhile, there was a negative interaction between total score of PSU and grades on DBP. with a β (95% CI) value of −0.117 (−0.205, −0.029).


TABLE 3 Associations between PSU and blood pressure by multiple linear regression analysis.

[image: Table 3]

Furthermore, we conducted multivariable logistic regression analysis to identify the associations between PSU and BP abnormality (Table 4). After adjusting for gender, age, BMI, indoor physical activity time, outdoor physical activity time, sedentary time, screen time, study pressure, and well-being, the dimension of information collection was positively associated with the development of high BP among the overall subjects, with a OR (95% CI) value of 1.057 (1.021, 1.095); while the association was negative in the dimension of compulsive behavior. For the different grade groups, the dimension of information collection was associated positively with the development of high BP, with a OR (95% CI) value of 1.072 (1.011, 1.137) among primary and middle school students. The dimension of compulsive behavior was associated negatively with the development of high BP, with a OR (95% CI) value of 0.915 (0.864, 0.969) among high school students.


TABLE 4 Associations between PSU and blood pressure abnormality by multivariable logistic regression analysis.
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Discussion

To the best of our knowledge, this study was the first to examine the direct relationship between PSU and BP among primary, middle and high school students, which provides novel evidence. We found that there were significantly associations between PSU and BP especially for primary and middle students. Meanwhile, the associations between PSU and BP were different in the different dimensions of PSU and the different grades of student. There were the negative interactions between PSU and grades on DBP and SBP. In the future, we must employ a cohort study to further examine the causal relationship between PSU and BP among children and adolescents. In addition, the mechanisms related to PSU and BP remain to be clarified in future studies.

The present study suggested that the prevalence of pre-hypertension and hypertension differed by age and gender, which is consistent with some other studies (36, 38). Compared with another study of Germany children and adolescents with an average age of 11.9 years (39), the present study data from primary and middle school students with an average age of 11.4 years showed a higher average SBP (110.0 mmHg/109.2 mmHg) but a lower average DBP (64.7 mmHg/66.6 mmHg) both in boys and girls. For high school students with an average age of 16.3 years in the present study, average SBP and DBP were 121.7 and 71.1 mmHg in boys and 114.0 and 70.7 mmHg in girls, respectively, which were higher than the results from the study of Germany children and adolescents (39), except for boys' average DBP. Regarding the prevalence of pre-hypertension and hypertension, among high school students with the average age of 16.3 years, we found pre-hypertension and hypertension in 25.3 and 30.6% of the boys and in 12.1 and 21.7% of the girls, respectively. The prevalence of pre-hypertension and hypertension was higher in this study compared with several other countries, including in South Africa, where the prevalence of pre-hypertension and hypertension in 13–17-year-old adolescents was 13.6 and 22.0% in boys and 11.7 and 20.9% in girls, respectively (40). The prevalence of hypertension was higher among boys and lower among girls compared with a study in Suzhou, China, where the prevalence of hypertension in 13–18-year-old adolescents was 25.5% in boys and 24.2% in girls (41). This was attributed to the different races and dietary habits (42). Goulding et al. (43) found that elevated BP was most prevalent among US non-Latino Black children than those among US non-Latino White children based on the National Health and Nutrition Examination Survey 2011–2018 data. Meanwhile, Overwyk et al. (44) included 12,249 youths aged 8–17 years, and showed that the dietary habit of high sodium was positively associated with the elevated blood pressure/hypertension.

In this study, we used measurements on PSU primarily on functions and content of smartphone use rather than diagnostic criteria of substance addiction. Moreover, the revised PSU we developed did not have any grading criteria. Therefore, it was difficult to compare these results with previous studies (25–27). We did find, however, some distribution characteristics of PSU to be continuous variables. First, boys and girls had different distributions of types of PSU: except for the dimension of the relationship of social network, boys reported higher scores than girls in the other three dimensions. A study in China found similar results: girls had significantly higher scores on social network app dependence than boys (45). Another study in India revealed that boys were more likely to report mobile phone dependence than girls (46). Second, after standardization, the dimension of entertainment had the highest score among all four dimensions. A study among Chinese medical university students found that students with PSU used cell phones most frequently for music, whereas students without PSU used cell phones most frequently for social interaction (47). Last, the scores for PSU across all dimensions increased with the grade. A study in Italy, however, showed that the proportion of students who reported problematic cell phone use increased with the grade in girls but not in boys (48).

Regardless of whether we analyzed BP as a continuous variable or a categorical variable, our results from the correlation analyses showed that the relationship between PSU and BP was more significant in primary and middle school students than in high school students. On the one hand, this finding may indicate that the increased self-control ability of adolescents with increasing age may reduce the impact of PSU (15). On the other hand, parents and teachers play an important role in restricting smartphone use when adolescents enter the high school stage from the middle school stage. The majority of them considered that smartphone will delay the adolescents' study especially when high school students face severe academic competition, as with the notoriously difficult college entrance examinations (49), so that attenuated the association between PSU and BP among high school students. Moreover, compared with primary and middle school students, high school students had less exercise time, more sedentary time, and worse mental health as a result of the higher requirements for study (50, 51), which could weaken the relationship between PSU and BP. So far, the majority of literature only use screen time to explore the association between the use of electronic devices and adolescents' health (32, 52). However, increasing researchers argued that researchers should not only focus on screen time when exploring the health impact of the use of electronic devices for adolescents (53, 54). Huang et al. explored the associations of smartphone use with adolescents' social relationships in a large dataset, and found that their association relied on the various types of content during smartphone use (55). In this study, we also focused on the different dimensions of smartphone use to determine the association with BP. Thus, future studies are urgent to comprehensively assess the effect of smartphone use for health impact of adolescents, including screen time, screen type, content, and size.

Another interesting finding is that the correlation between the four dimensions of PSU and BP differed by the grade of students. After adjusting for other potential correlates, the dimensions of the relationship of social network and information collection were correlated positively with SBP and the development of high BP in primary and middle school students. The dimension of information collection and BP might have a positive association because higher scores for information collection might be associated positively with anger expression and distressed personality type, which have proven correlations with SBP (56, 57). For high school students, however, the dimension of compulsive behavior was found to be correlated negatively with SBP and the development of high BP. The dimension of compulsive behavior and BP might have a negative association because the scores for the dimension of compulsive behavior were relatively low among high school students, accounting for just 4.76 out of 15 points. The definition for this type of compulsive behavior was the traditional meaning of obsessive-compulsive disorder. According to the dimensions of PSU on compulsive behavior, students who reported higher scores of PSU on the dimension of compulsive behavior could have extroverted personalities. Previous studies have suggested that adolescents with extroverted personalities were less likely to have high BP compared with those who had introverted personalities (58, 59). Moreover, the association between personality characteristics and BP might be more significant in high school students than in primary and middle school students as a result of different pressure to study.

In general, our findings suggested that some dimensions of PSU might be associated with high BP among children and adolescents. Furthermore, the relationship may be related not only to the type of PSU but also to the grade of the student. The results were similar with the study of Zou et al. conducted in junior school students (60). They found the significantly positive association of smartphone addiction with hypertension, and there was an increasing trend with the increase of student grade (60). Not all PSU behaviors are associated positively with high BP. Some PSU behaviors, such as checking for and replying to message updates as soon as possible, might be associated negatively with high BP in the case of students with relatively low scores on PSU. However, the mechanisms related to PSU and BP remains to be clarified in future studies. Regarding the grade of students, some differences were revealed between PSU and BP according to the grade of students in both unadjusted and adjusted models. Especially for students from primary and middle schools who might be susceptible to the adverse effects of smart media (15), PSU on the dimensions of the relationship of social network and information collection might be related to high BP. Especially in the context of the global COVID-19 outbreak, the reduction in time spent outdoors may exacerbate PSU. Therefore, more targeted interventions on PSU need to be developed based on the student's grade and characteristics. For example, avoiding excessive information contact, including news and information from social apps, may reduce the risk of high BP, whereas it might be not bad for high school students to demonstrate some compulsive behaviors on PSU, such as checking for and replying to message updates in social apps. Moreover, considering the associations between PSU and several correlates of high BP (20–23), the strategies to prevent PSU should be considered in conjunction with prevention strategies for other risk factors of high BP, such as physical inactivity and sedentary behaviors.

This study has some limitations. First, the direction of causality could not be addressed because of the cross-sectional study design. It is unable to generalize the results to other regions because the overall subjects were from Shanghai, China. Second, the schools failed to be completely selected randomly even though some measures were taken to avoid bias, which may influence the results of this study. PSU has not been used widely, so it is difficult to compare these results with existing studies. Third, although we found some valuable results, powerful explanations were insufficient to explain the causes of the potential relationship between PSU and high BP based on the cross-sectional study. Meanwhile, we failed to distinguish the characteristics of the different screen devices in the questionnaire survey, such as screen time, screen type, content, and size, which would have different influences on children's health. Last, data were acquired from 2017, which may be unable to reflect the present status due to the rapid development of electronic technology.



Conclusion

PSU might be a potential correlate of high BP among school-age children and adolescents. The association between PSU and BP differed by the grade of students as well as by the dimension of PSU. When considering other risk factors for high BP, it is necessary to develop targeted interventions on PSU based on the grade of students and other student characteristics.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of School of Public Health of Fudan University, China, approved this study (IRB2018120723 and FWA0002399). Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



Author contributions

SL and YJ designed the research, wrote the paper, and had primary responsibility for the final content. YL provided the data. SL performed the statistical analyses. YJ, GH, and BC reviewed and edited the manuscript. All authors have read and agreed to the published version of the manuscript.



Funding

The work was supported by the Shanghai Municipal Health Commission (Grant Numbers: GWV-10.2-YQ23 and GWV-10.1-XK14), and the USyd-Fudan Partnership Collaboration Awards. The funders had no role in study design, data collection and analysis, decision to publish, and preparation of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2022.904509/full#supplementary-material



References

 1. Ingelfinger JR. Clinical practice. The child or adolescent with elevated blood pressure. N Engl J Med. (2014) 370:2316–25. doi: 10.1056/NEJMcp1001120

 2. Ji Y, Zhao X, Feng Y, Qu Y, Liu Y, Wu S, et al. Body mass index trajectory from childhood to puberty and high blood pressure: the China Health and Nutrition Survey. BMJ Open. (2021) 11:e055099. doi: 10.1136/bmjopen-2021-055099

 3. National Center for Cardiovascular Diseases. China Cardiovascular Disease Report 2015. Encyclopedia of China Publishing House: Beijing, China (2016). p. 13–24. 

 4. Ye X, Yi Q, Shao J, Zhang Y, Zha M, Yang Q, et al. Trends in prevalence of hypertension and hypertension phenotypes among Chinese children and adolescents over two decades (1991962015). Front Cardiovasc Med. (2021) 8:627741. doi: 10.3389/fcvm.2021.627741

 5. Erlingsdottir A, Indridason OS, Thorvaldsson O, Edvardsson VO. Blood pressure in children and target-organ damage later in life. Pediatr Nephrol. (2010) 25:323–8. doi: 10.1007/s00467-009-1350-3

 6. Kollias A, Dafni M, Poulidakis E, Ntineri A, Stergiou GS. Out-of-office blood pressure and target organ damage in children and adolescents: a systematic review and meta-analysis. J Hypertens. (2014) 32:2315–31. doi: 10.1097/HJH.0000000000000384

 7. Lauer RM, Clarke WR. Childhood risk factors for high adult blood pressure: the Muscatine Study. Pediatrics. (1989) 84:633–41. doi: 10.1542/peds.84.4.633

 8. Chen X, Wang Y. Tracking of blood pressure from childhood to adulthood: a systematic review and meta-regression analysis. Circulation. (2008) 117:3171–80. doi: 10.1161/CIRCULATIONAHA.107.730366

 9. Muntner P, He J, Cutler JA, Wildman RP, Whelton PK. Trends in blood pressure among children and adolescents. JAMA. (2004) 291:2107–13. doi: 10.1001/jama.291.17.2107

 10. Ma Z, Wang J, Li J, Jia Y. The association between obesity and problematic smartphone use among school-age children and adolescents: a cross-sectional study in Shanghai. BMC Public Health. (2021) 21:2067. doi: 10.1186/s12889-021-12124-6

 11. Goldberg I,. Internet Addiction Disorder. (1995). Available online at: http://www.cog.brown.edu/broehure/people/duchon/humor/internet.addiction.html 

 12. Griffiths M. Psychology of computer use: XLIII. Some comments on ‘addictive use of the Internet' by Young. Psychol Rep. (1997) 80:81–2. doi: 10.2466/pr0.1997.80.1.81

 13. Park WK. Mobile Phone Addiction. Mobile Communications: Re-negotiation of the Social Sphere. (2005). London: Springer. p. 253–72. 

 14. Li Jiang, Hu Dandan, Ji Jianlin, Fu Hua. Development of mobile internet addiction and a discussion on the concept. Chin J Behav Med Brain Sci. (2015) 24:1138–40. doi: 10.3760/cma.j.issn.1674-6554.2015.12.022 

 15. De-Sola GJ, Rodriguez DFF, Rubio G. Cell-phone addiction: a review. Front Psychiatry. (2016) 7:175. doi: 10.3389/fpsyt.2016.00175

 16. Song Y, Oh S, Kim E, Na E, Jung H, Park S. Media user patterns of adolescents in a multimedia environment: an assessment of gender and income differences. J Commun Res. (2007) 46:33–65. doi: 10.22174/jcr.2009.46.2.33 

 17. Lee JE, Jang SI, Ju YJ, Kim W, Lee HJ, Park EC. Relationship between mobile phone addiction and the incidence of poor and short sleep among korean adolescents: a longitudinal study of the Korean children and youth panel survey. J Korean Med Sci. (2017) 32:1166–72. doi: 10.3346/jkms.2017.32.7.1166

 18. Thomee S. Mobile phone use and mental health. a review of the research that takes a psychological perspective on exposure. Int J Environ Res Public Health. (2018) 15. doi: 10.3390/ijerph15122692

 19. Babadi-Akashe Z, Zamani BE, Abedini Y, Akbari H, Hedayati N. The relationship between mental health and addiction to mobile phones among university students of Shahrekord, Iran. Addict Health. (2014) 6:93–9. doi: 10.1016/0165-022X(93)90026-K

 20. Kim SE, Kim JW, Jee YS. Relationship between smartphone addiction and physical activity in Chinese international students in Korea. J Behav Addict. (2015) 4:200–5. doi: 10.1556/2006.4.2015.028

 21. Tammelin T, Ekelund U, Remes J, Nayha S. Physical activity and sedentary behaviors among Finnish youth. Med Sci Sports Exerc. (2007) 39:1067–74. doi: 10.1249/mss.0b13e318058a603

 22. Kautiainen S, Koivusilta L, Lintonen T, Virtanen SM, Rimpela A. Use of information and communication technology and prevalence of overweight and obesity among adolescents. Int J Obes (Lond). (2005) 29:925–33. doi: 10.1038/sj.ijo.0802994

 23. Tonioni F, D'Alessandris L, Lai C, Martinelli D, Corvino S, Vasale M, et al. Internet addiction: hours spent online, behaviors and psychological symptoms. Gen Hosp Psychiatry. (2012) 34:80–7. doi: 10.1016/j.genhosppsych.2011.09.013

 24. Zhang HX, Jiang WQ, Lin ZG, Du YS, Vance A. Comparison of psychological symptoms and serum levels of neurotransmitters in Shanghai adolescents with and without internet addiction disorder: a case-control study. PLoS ONE. (2013) 8:e63089. doi: 10.1371/journal.pone.0063089

 25. Saliceti F. Internet Addiction Disorder (IAD), In Uzunboylu H (editor). Procedia Soc Behav Sci. 2015:1372–6. doi: 10.1016/j.sbspro.2015.04.292 

 26. Chang MK, Law SPM. Factor structure for young's internet addiction test: a confirmatory study. Comput Hum Beh. (2008) 24:2597–619. doi: 10.1016/j.chb.2008.03.001 

 27. Bianchi A, Phillips JG. Psychological predictors of problem mobile phone use. Cyberpsychol Behav. (2005) 8:39–51. doi: 10.1089/cpb.2005.8.39

 28. Elhai JD, Dvorak RD, Levine JC, Hall BJ. Problematic smartphone use: a conceptual overview and systematic review of relations with anxiety and depression psychopathology. J Affect Disord. (2017) 207:251–9. doi: 10.1016/j.jad.2016.08.030

 29. Lopez-Fernandez O, Honrubia-Serrano L, Freixa-Blanxart M, Gibson W. Prevalence of problematic mobile phone use in British adolescents. Cyberpsychol Behav Soc Netw. (2014) 17:91–8. doi: 10.1089/cyber.2012.0260

 30. Lopez-Fernandez O, Honrubia-Serrano ML, Freixa-Blanxart M. Adapting the mobile phone problem use scale for adolescents: the English version. Pers Individual Diff. (2014) 60:S24. doi: 10.1016/j.paid.2013.07.024 

 31. Lopez-Fernandez O, Luisa Honrubia-Serrano M, Freixa-Blanxart M. Spanish adaptation of the “Mobile Phone Problem Use Scale” for adolescent population. Adicciones. (2012)24:123–30. doi: 10.20882/adicciones.104

 32. Liu S, Lan Y, Chen B, He G, Jia Y. Smartphone use time and total screen time among students aged 10-19 and the effects on academic stress: a large longitudinal cohort study in Shanghai, China. Front Public Health. (2022) 10:869218. doi: 10.3389/fpubh.2022.869218

 33. WHO Collaborating Centre in Mental Health. Chinese version of the WHO Five Well-Being Index. Available online at: http://www.who-5.org (accessed on August 12, 2013). 

 34. Henkel V, Mergl R, Kohnen R, Maier W, Moller HJ, Hegerl U. Identifying depression in primary care: a comparison of different methods in a prospective cohort study. BMJ. (2003) 326:200–1. doi: 10.1136/bmj.326.7382.200

 35. The The fourth report on the diagnosis evaluation and and treatment of high blood pressure in children and adolescents. Pediatrics. (2004) 114:555–76. doi: 10.1542/peds.114.2.S2.555 

 36. Xi B, Zong X, Kelishadi R, Hong YM, Khadilkar A, Steffen LM, et al. Establishing international blood pressure references among nonoverweight children and adolescents aged 6 to 17 years. Circulation. (2016) 133:398–408. doi: 10.1161/CIRCULATIONAHA.115.017936

 37. Hu DD, Xu Y, Ding JE, Li J. Development of mobile phone internet addiction scale for college students. Chin J Health Educ. (2017) 33:505–8. doi: 10.16168/j.cnki.issn.1002-9982.2017.06.006 

 38. Yu D, Xu X, Gao X, Fang H, Ju L, Guo H, et al. Status of blood pressure and prevalence of hypertension among 6–17 years old children and adolescents in 2010-2012 in China. J Hygiene Res. (2018) 47:1–6. doi: 10.19813/j.cnki.weishengyanjiu.2018.01.001 

 39. Schwandt P, Scholze JE, Bertsch T, Liepold E, Haas GM. Blood pressure percentiles in 22,051 German children and adolescents: the PEP Family Heart Study. Am J Hypertens. (2015) 28:672–9. doi: 10.1093/ajh/hpu208

 40. Nkeh-Chungag BN, Sekokotla AM, Sewani-Rusike C, Namugowa A, Iputo JE. Prevalence of hypertension and pre-hypertension in 13-17 year old adolescents living in Mthatha - South Africa: a cross-sectional study. Cent Eur J Public Health. (2015) 23:59–64. doi: 10.21101/cejph.a3922

 41. Yan W, Li X, Zhang Y, Niu D, Mu K, Ye Y, et al. Reevaluate secular trends of body size measurements and prevalence of hypertension among Chinese children and adolescents in past two decades. J Hypertens. (2016) 34:2337–43. doi: 10.1097/HJH.0000000000001114

 42. Robinson AT, Wenner MM, Charkoudian N. Differential influences of dietary sodium on blood pressure regulation based on race and sex. Auton Neurosci. (2021) 236:102873. doi: 10.1016/j.autneu.2021.102873

 43. Goulding M, Goldberg R, Lemon SC. Differences in blood pressure levels among children by sociodemographic status. Prev Chronic Dis. (2021) 18:E88. doi: 10.5888/pcd18.210058

 44. Overwyk KJ, Zhao L, Zhang Z, Wiltz JL, Dunford EK, Cogswell ME. Trends in blood pressure and usual dietary sodium intake among children and adolescents, national health and nutrition examination survey 2003 to 2016. Hypertension. (2019) 74:260–6. doi: 10.1161/HYPERTENSIONAHA.118.12844

 45. Ding J, Liu W, Wang X, Lan Y, Hu D, Xu Y, et al. Development Of A Smartphone Overuse Classification Scale. Addict Res Theor. (2018). doi: 10.1037/t72205-000 

 46. Nikhita CS, Jadhav PR, Ajinkya SA. Prevalence of mobile phone dependence in secondary school adolescents. J Clin Diag Res. (2015) 9:C6–9. doi: 10.7860/JCDR/2015/14396.6803

 47. Yang L, Wang S, Wang P. A survey on mobile phone dependence among medical college students based on propensity-score-matching. Chin J Health Stat. (2018) 35:535–7. 

 48. Gallimberti L, Buja A, Chindamo S, Terraneo A, Marini E, Rabensteiner A, et al. Problematic cell phone use for text messaging and substance abuse in early adolescence (11- to 13-year-olds). Eur J Pediatr. (2016) 175:355–64. doi: 10.1007/s00431-015-2645-y

 49. Ye L, Posada A, Liu Y. A review on the relationship between Chinese adolescents' stress and academic achievement. New Dir Child Adolesc Dev. (2019) 2019:81–95. doi: 10.1002/cad.20265

 50. Zhu Z, Tang Y, Zhuang J, Liu Y, Wu X, Cai Y, et al. Physical activity, screen viewing time, and overweight/obesity among Chinese children and adolescents: an update from the 2017 physical activity and fitness in China-the youth study. BMC Public Health. (2019) 19:197. doi: 10.1186/s12889-019-6515-9

 51. Fan YL. Mental health status of primary and middle school students in Shanxi Province. Theor Pract Educ. (2012) 32:44–7. 

 52. Enthoven CA, Polling JR, Verzijden T, Tideman JWL, Al-Jaffar N, Jansen PW, et al. Smartphone use associated with refractive error in teenagers: the myopia app study. Ophthalmology. (2021) 128:1681–8. doi: 10.1016/j.ophtha.2021.06.016

 53. Odgers CL, Jensen MR. Annual research review: adolescent mental health in the digital age: facts, fears, and future directions. J Child Psychol Psychiatry Allied Discip. (2020) 61:336–48. doi: 10.1111/jcpp.13190

 54. Reeves B, Robinson T, Ram N. Time for the human screenome project. Nature. (2020) 577:314–7. doi: 10.1038/d41586-020-00032-5

 55. Huang S, Lai X, Zhao X, Dai X, Yao Y, Zhang C, et al. Beyond screen time: exploring the associations between types of smartphone use content and adolescents' social relationships. Int J Environ Res Public Health. (2022) 19:8940. doi: 10.3390/ijerph19158940

 56. Schum JL, Jorgensen RS, Verhaeghen P, Sauro M, Thibodeau R. Trait anger, anger expression, and ambulatory blood pressure: a meta-analytic review. J Behav Med. (2003) 26:395–415. doi: 10.1023/A:1025767900757

 57. Li YD, Lin TK, Tu YR, Chen CW, Lin CL, Lin MN, et al. Blood pressure reactivity and recovery to anger recall in hypertensive patients with type D personality. Acta Cardiol Sin. (2018) 34:417–23. doi: 10.6515/ACS.201809_34(5).20180330A

 58. Zhao Shuying, Dong Jianmin, Hu Pingcheng, Yang Mingde. Study on the relationship between children's personality and blood pressure. Pract Prevent Med. (1994) 53–4. 

 59. Deng H. Research progress on psychosocial factors and hypertension in children and adolescents. J Nurs Train. (2009) 24:150–2. doi: 10.16821/j.cnki.hsjx.2009.02.026 

 60. Zou Y, Xia N, Zou Y, Chen Z, Wen Y. Smartphone addiction may be associated with adolescent hypertension: a cross-sectional study among junior school students in China. BMC Pediatr. (2019) 19:310. doi: 10.1186/s12887-019-1699-9





OPS/images/fpubh-10-904509-t003.jpg
Grade group

Overall subjects

Primary and

Middle school

students

High school

Students

Dimension of PSU

Relationship of social network
Entertainment

Compulsive behavior
Information collection

Total score of PSU
Relationship of social network
Entertainment

Compulsive behavior
Information collection

“Total score of PSU
Relationship of social network
Entertainment

Compulsive behavior
Information collection

Total score of PSU

Systolic blood pressure

B (95% CI)

0.181 (~0.003, 0.365)
~0.036 (~0.161, 0.088)
—0.516 (~0.802, —0.229)
0.238 (0.044, 0.432)
~0.003 (~0.059, 0.052)
0,390 (0.062, 0.717)
~0.138 (~0.333, 0.057)
~0.504 (-1.136,0.128)
0.282 (0018, 0.546)
0.047 (~0.048,0.142)
0.169 (—0.053, 0.391)
~0.056 (0215, 0.103)
~0.509 (~0.850, ~0.167)
0.192 (~0.074, 0.458)
—0.030 (—0.099, 0.038)

P

0053
0569
<0.001
0016
0905
0020
0.166
0118
0.036
0331
0.136
0.487
0.004
0157
0387

Diastolic blood pressure

B (95% CI)

~0.104 (~0.247, 0.038)
0.033 (~0.063,0.130)
~0.077 (~0.300,0.145)
0.137(~0.014,0287)
~0.002 (~0.045, 0.041)
0,054 (~0.192,0.300)
0.064 (~0.082,0211)
~0.328 (~0.803,0.147)
0229 (0.031,0.427)
0.063 (~0.008, 0.134)
—0.117 (~0.293, 0.060)
—0.024 (~0.150,0.102)
0,011 (~0.260,0.283)
0.057 (~0.154,0.269)
—0.030 (—0.084, 0.025)

P

0.152
0.500
0496
0075
0921
0.666
0389
0.175
0.023
0.083
0.194
0.708
0.934
0595
0.286

PSU, problematic smartphone use. The models were adjusted for gender, age, BM, indoor physical activity time, outdoor physical actvity time, sedentary time, screen time, study pressure;

and wel






OPS/images/fpubh-10-904509-t004.jpg
Dimension of PSU Model A

OR (95% CI)
Relationship of social network 1026 (0.993, 1.06)
Entertainment 0.984 (0.962, 1.006)
Compulsive behavior 0915 (0.870, 0.963)
Information collection 1.057 (1.021, 1.095)
Total score of PSU 0.997 (0.987, 1.006)

PSU, problematic smartphone use. The model A for oveallstudents;the model B for primary

P

0.121
0.153
0.001
0.001
0482

Model B

OR (95% CI)

1.051 (0.976, 1.132)
0.968 (0.925, 1.013)
0.914 (0.790, 1.058)
1.072 (1011, 1.137)
1.005 (0.983, 1.026)

Model C

OR (95% CI)

1.028 (0.990, 1.067)
0.985 (0.959, 1.012)
0915 (0.864, 0.969)
1.044 (0.999, 1.091)
0.994 (0.983, 1.005)

P

0153
0.269
0.002
0.056
0282

The model A, B,and C





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The associations between problematic smartphone use and blood pressure among 2,573 aged 9–17 years students in Shanghai, China



		Introduction



		Methods



		Informed consent



		Questionnaire survey and physical measurement



		Variables explanation of questionnaire



		Quality control



		Blood pressure data



		PSU measurement



		Statistical analysis







		Results



		Participant characteristics and potential correlates of BP



		Different associations between PSU and BP by the grade of students







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The associations between
problematic smartphone use
and blood pressure among
2,573 aged 9-17 years students
in Shanghai, China





OPS/images/fpubh-10-904509-t001.jpg
Variables Overall Primary and High school P-value

middle school students
students
Gender Male 1,221 (485) 448 (52.8) 773 (46.2) 0.002
Female 1,299 (51.5) 400 (47.2) 899 (53.8)
Age 160 (13.0,17.0) 110 (10.0, 13.0) 160 (160, 17.0) <0.001
BMI 203 (18.1,23.0) 18.3(16.5,21.0) 210(19.1,23.7) <0.001
Indoor physical activity time (min/d) T<10 406 (15.9) 78(9.1) 328 (194) <0.001
10=T <30 1,197 (47.0) 350 (40.9) 847 (50.1)
30<T<60 622 (24.4) 261 (30.5) 361 (213)
60<T <9 162 (6.4) 92(10.8) 70(4.1)
T>90 160 (6.3) 74 (8.7) 86(5.1)
Outdoor physical activity time (min/d) T<10 72(28) 29(33) 4325) <0001
10<T <30 524 (20.4) 108 (12.4) 416 (24.5)
30<T<60 1,139 (44.4) 333 (383) 806 (47.5)
60<T <90 555 (21.6) 264 (30.3) 291(172)
T 276 (10.8) 136 (15.6) 140 (8.3)
Sedentary time (h) 165 (6.4) 105 (12.1) 60(3.5) <0.001
25T<4 361 (14.1) 206 (23.7) 155 (9.1)
4ST<6 539 (21.0) 268 (30.8) 271 (16.0)
6<T<8 544 (212) 139 (16.0) 405 (23.9)
T>8 954 (37.2) 151 (17.4) 803 (47.4)
Screen time (h) 20(1.0,3.0) 10(05,3.0) 20(1.0,3.5) <0.001
Study pressure 3.0(3.0,4.0) 3.0(20,3.0) 30(30,4.0) <0.001
Well-being Poor 750 (294) 174 (20.2) 687 (38.1) <0.001
Good 1,805 (70.6) 687 (79.8) 1,118 (61.9)
PSU on relationship of social network (out of 20 points) 8.0(50,11.0) 5.0(4.0,80) 9.0(7.0,12.0) <0.001
PSU on entertainment (out of 25 points) 120 (7.0,16.0) 80(50,13.0) 13.0(90,17.0) <0.001
PSU on compulsive behavior (out of 15 points) 30(3.0,5.0) 30(3.0,35) 40(3.0,60) <0.001
PSU on information collection (out of 15 points) 50(3.0,7.0) 5.0(3.0,7.0) 50(30,7.0) <0.001
Total score of PSU 30.0(220,37.0) 230 (18.0,31.0) 320(26.0,40.0) <0.001
Boys DBP 117.0(1080,127.0)  110.0(100.0,1180) 1200 (1130, 130.0) <0001
SBP 68.0 (62.0,75.0) 64.0 (60.0,70.0) 70.0(63.0,78.0) <0.001
Girls DBP 1110(1040,1200)  108.0(100.0,1160)  112.5(105.0, 120.0) <0001
sBP 70.0 (63.0,74.0) 66.0(60.0,70.0) 70.0(64.0,76.0) <0.001
Stage of Hypertension among boys Normal BP 652 (53.4) 311(694) 341 (442) <0.001
Pre-high BP 247 (202) 52(11.6) 195 (25.3)
High BP (Stage 1) 271(222) 76 (17.0) 195 (25.3)
High BP (Stage 2) 50 (4.1) 9(20) 41(5.3)
Stage of Hypertension among girls Normal BP 874 (67.6) 279 (703) 595 (66.5) 0.126
Pre-high BP 147 (11.4) 39(98) 108 (12.1)
High BP (Stage 1) 225 (17.4) 71(17.9) 154(17.2)
High BP (Stage 2) 46(3.7) 8(20) 38(42)

IQR, inter-quartile range; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; BE, blood pressure; PS

of this study.

, problematic smartphone use. There were some






OPS/images/fpubh-10-904509-t002.jpg
Dimension of PSU

Relationship of social network
Entertainment

Compulsive behavior
Information collection

Total score of PSU

PSU, problematic smartphon

Systolic blood pressure

Primary and middle
school students
Pearson P

coefficient
0192 <0.001
0112 0.001
0.090 0.008
0.088 0010
0.166 <0.001

High school
students

Pearson
coefficient

—0013
0.052

—~0032
0.026
0.023

P

0589
0032
0.183
0281
0342

Diastolic blood pressure

Primary and middle
school students
Pearson 13

coefficient
0113 0.001
0.103 0.003
0.042 0223
0.103 0.002
0.136 <0.001

High school
students

Pearson
coefficient

—0.056
—0.031
~0.031
0.002
~0.040

0.023
0201
0209
0.939
0.106









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





