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Purpose: The aim of the current study was twofold: first, to determine the prevalence of anxiety-induced sleep disturbances among Argentine adolescents according to sex, and second, to identify the association between these sleep disturbances and lifestyle behaviors in this population.

Methods: This is a cross-sectional study with data from the Global School-based Student Health Survey (GSHS) in Argentina (2018). A total of 32,393 adolescents (aged 12–17 years; 53.4% girls) were included in the final analysis. Anxiety-induced sleep disturbances were assessed with the question “During the past 12 months, how often have you been so worried about something that you could not sleep at night?”

Results: The prevalence of anxiety-induced sleep disturbances was higher in girls (17.4%) than in boys (7.9%) (p < 0.001). In boys, results indicated that those who used marijuana (cannabis) (odds ratio [OR] = 1.46, 95% confidence interval [CI] 1.08–1.98), used amphetamine or methamphetamine (OR = 2.19, 95% CI 1.28–3.77), walked or biked to or from school (OR = 1.53, 95% CI 1.19–1.96), and spent 3 h or more in sedentary behaviors (OR = 1.35, 95% CI 1.05–1.74) were more likely to report anxiety-induced sleep disturbances. In girls, those who ate from a fast-food restaurant (OR = 1.24, 95% CI 1.05–1.47), consumed alcoholic beverages (OR = 1.45, 95% CI 1.19–1.75), smoked cigarettes (OR = 2.09, 95%CI 1.05–4.14), consumed any tobacco product (OR = 1.47, 95% CI 1.19–1.82), used amphetamine or methamphetamine (OR = 2.08, 95% CI 1.33–3.26), and those who spent 3 h or more in sedentary behaviors (OR = 1.32, 95% CI 1.11–1.57) were more likely to report frequent anxiety-induced sleep disturbances.

Conclusion: In conclusion, considerable sex differences were observed with respect to the prevalence of anxiety-related sleep disturbances and associated lifestyle aspects.
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INTRODUCTION

Anxiety is a leading cause of sleep disturbance in adolescents (Mullin and Simon, 2017), while sleep disturbance is associated with an increased risk of developing symptoms of anxiety (Armstrong et al., 2014; Mullin and Simon, 2017). Available data indicate that sleep disturbances are quite common in children with anxiety disorders (de Zambotti et al., 2018; Haugland et al., 2021). For instance, a recent study among Norwegian adolescents found that total anxiety symptoms were associated with several sleep variables (e.g., insomnia, short sleep duration, long sleep onset latency) among adolescents with and without a risk for depression, after adjusting for age and sex (Haugland et al., 2021). Both sleep problems and anxiety are commonly associated with other psychiatric disorders and are independent risk factors for substance use, cardiovascular diseases, and suicide in adolescence, suggesting that treatment of both in early adolescence may reduce the risk for adverse outcomes (de Zambotti et al., 2018). Difficulties falling asleep and awakenings during nights are often caused by anxiety disorders, and these disorders (anxiety and sleep) are bi-directionally associated, suggesting that each contributes to the development and is a consequence of one another (Alvaro et al., 2013). In this sense, Vancampfort et al. (2018) showed that the overall prevalence of anxiety-induced sleep disturbance, defined as being worried about something that keeps you awake at night, was 7.8% in their study involving 181,093 adolescents from 67 countries. Other authors have used a more comprehensive definition of anxiety-induced sleep disturbance, considering it as a condition of low sleep quality, lack of sleep or clinical insomnia as a consequence of loneliness (either social or emotional), worries, sleep disturbance, and disproportionate fear (Joyce-Beaulieu and Sulkowski, 2016; Ahinkorah et al., 2021b).

Adolescence is a major stage of risk for the development of anxiety symptoms and syndromes that can range from mild transient symptoms to complete anxiety disorders (Beesdo et al., 2009). Furthermore, adolescence is an age phase in which sleep is of critical importance (Owens and Weiss, 2017). Adequate sleep is another key factor in promoting healthy development in the young population, and the risk of health problems, such as mental disorders, is increased as a consequence of sleep deprivation and unstable sleep routines (Owens and Weiss, 2017; Schneider et al., 2018). Strikingly, although cognitive-behavioral treatments seem to be effective for anxiety and sleep disturbances in adolescents (Kendall and Peterman, 2015; de Zambotti et al., 2018), few prevention strategies are available (Cabral and Patel, 2020). From a public health perspective, knowing the potential risk factors associated with anxiety-induced sleep disturbances is crucial to developing interventions to prevent sleep disturbances in adolescents (Beesdo et al., 2009).

On the other hand, adolescence is also a critical phase for sex differences in sleep alterations. Whereas the prevalence of sleep problems is comparable between girls and boys during childhood (Fricke-Oerkermann et al., 2007; Zhang et al., 2009), these tend to be more common in girls during this age phase (Blank et al., 2015; Zhang et al., 2016). Additionally, some sex differences have been found regarding factors associated with sleep disturbances (Zhang et al., 2016).

Furthermore, lifestyle behaviors have been shown to affect sleep. For instance, Phillips et al. (1975) found in their experiment that dietary habits (e.g., type of foods and timing of consumption) influence sleep duration. On the other hand, a systematic review with meta-analysis performed by Córdova et al. (2018) showed an inverse cross-sectional relationship between sleep duration in children and unhealthy dietary habits, especially with higher consumption of energy-dense food (e.g., snacks, soda) and lower consumption of fruits and vegetables. In adolescents, a cross-sectional study performed in Italy showed that participants with shorter sleep duration were more likely to eat fewer vegetables and fruits and to eat away more often (Ferranti et al., 2016).

In addition, the relationship between sleep problems and movement-related behaviors has been studied. In a meta-analysis of cross-sectional studies, increased physical activity (PA) and reduced sedentary behavior were associated with greater psychosocial health in young people (Rodriguez-Ayllon et al., 2019). In youth, a systematic review and meta-analysis conducted by Lang et al. (2016) showed that adolescents with increased PA are more likely to have adequate sleep according to objective and subjective measures of both PA and sleep. Similarly, prolonged sedentary behavior has been cross-sectionally related to greater anxiety-induced sleep disturbances in the existing literature (Vancampfort et al., 2018; Werneck et al., 2020).

Similarly, the consumption of psychoactive substances such as alcohol, tobacco, and illicit drugs (e.g., marijuana, amphetamines, etc.) has been reported to have a harmful influence on sleep quality among adolescents (Bartel et al., 2015). Indeed, the consumption of some substances has been associated with poor sleep duration and increased nocturnal arousal (Kotagal and Pianosi, 2006). Likewise, one study conducted among US adolescents showed an association of sleep problems with substance use or smoking (Zhang et al., 2017). In summary, substance use disorders can cause or aggravate sleep problems, which in turn can lead to addictions to these and other psychoactive substances, thus closing the vicious circle (Reid-Varley et al., 2020).

To date, the role of lifestyle factors associated with anxiety-induced sleep disturbance among adolescents has been little explored. Understanding this relationship could be helpful for adolescents to adopt lifestyle changes to reduce anxiety-induced sleep disturbance, which could result in improved mental health. Considering that both anxiety disorders and sleep problems at young ages increased considerably during the COVID-19 pandemic (Wang et al., 2022), the relationship between the two conditions has gained increased attention and requires the expansion of the available body of scientific evidence. In addition, considering the sex differences found in both the prevalence of sleep disturbance (Blank et al., 2015; Zhang et al., 2016) and its associated factors (Zhang et al., 2016), it seems of relevance to know the specific lifestyle factors differences between sexes, in order to promote more appropriate prevention and intervention programs.

Therefore, this study examined data from a nationally representative sample of Argentine adolescents to address two objectives: first, to determine the prevalence of anxiety-induced sleep disturbances and, second, to identify the association between these sleep disturbances and healthy lifestyle behaviors in this population. These objectives have been analyzed separately for boys and girls because the progression of pubertal maturation varies according to sex and may generate, for example, differences in the prevalence of insomnia symptoms (Zhang et al., 2016).



MATERIALS AND METHODS


Design and Sample

This is a cross-sectional study using data from the Global School-based Student Health Survey (GSHS) in Argentina (2018). The GSHS is a school-based survey that applies self-administered questionnaires to acquire information on people’s health behavior and protective factors associated with the leading causes of morbidity and mortality worldwide.

A two-stage cluster sampling strategy was designed to obtain representative data for all students in eight first-grade primary/polymodal schools and 12 fifth-grade polymodal schools in Argentina. First, schools with probability proportional to entry size were chosen. Second, classes were randomly selected, and all students in these classes were eligible to participate. Further information on the specific methodological methods used in the GSHS can be obtained from the World Health Organization (WHO) website1 and the Centers for Disease Control and Prevention (CDC) website.2 A total of 56,981 students participated in the Argentina GSHS. Of these students, 21,201 (37.2%) were excluded because of missing body mass index data. Additionally, 3,387 (5.9%) were excluded due to missing data for other variables of interest (i.e., self-reported sleep problems, physical activity, and substance use). Finally, a total of 32,393 (56.8%) students were included in the final analysis.



Procedures


Anxiety-Induced Sleep Disturbance

For anxiety-induced sleep disturbances (dependent variable), the following question was used: “During the past 12 months, how often have you been so worried about something that you could not sleep at night?” The response options were 1-never, 2-rarely, 3-sometimes, 4-most of the time, and 5-always. For further analysis, this variable was dichotomized into no anxiety-induced sleep disturbance (“never,” “rarely,” and “sometimes”) and anxiety-induced sleep disturbance (“most of time” and “always”). In the absence of a specific cut-off point to determine anxiety-induced sleep disturbance, this choice was based on the categorization made in previous studies (Vancampfort et al., 2018; Smith et al., 2020; Werneck et al., 2020; Ahinkorah et al., 2021a,b).



Lifestyle Behaviors

Table 1 describes the results of the measurement of lifestyle behaviors (independent variables) in the present study. Lifestyle behaviors were categorized into three groups: eating behaviors (fruit, vegetable, soft drink, and fast-food intake), movement-related behaviors (physical activity, sedentary behavior, and active commuting), and substance use behaviors (alcohol, cigarettes, any tobacco product, marijuana, and amphetamines/methamphetamines).


TABLE 1. Global School-based Health Survey questions included in the analysis of lifestyle correlates related to anxiety-induced sleep disturbance.
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Potential Covariates

Sex and age were self-reported. Height and weight were assessed with the following questions: “How tall are you without your shoes on?” and “How much do you weigh without your shoes on?” respectively. Body mass index (BMI) was computed by dividing the weight (kg)/height (m2) of the participants. BMI z-scores were determined following the World Health Organization (WHO) criteria (Onis et al., 2007). Perceived hunger (used as a proxy of socioeconomic status) was determined through the following question: “During the past 30 days, how often did you go hungry because there was not enough food in your home?” Responses varied from 1-never, 2-rarely, 3-sometimes, 4-most of the time, to 5-always. These covariates were selected according to scientific evidence on their potential confounding effect on the associations of interest (Rethorst et al., 2014; Vancampfort et al., 2018; Ahinkorah et al., 2021a).




Statistical Analysis

Data are shown as the mean and standard deviation for continuous variables and numbers and frequencies for categorical variables. Differences between continuous and categorical variables were examined by Student’s t-test and the chi-square test, respectively. An exploratory analysis was conducted to define the percentage of adolescents reporting anxiety-induced sleep disturbance. In preliminary analyses, a statistically significant interaction between all analyzed lifestyle factors and sex in relation to anxiety-induced sleep disturbances (p < 0.05 for all) was observed. Consequently, all the analyses were stratified by sex. Backward logistic regression analyses were performed to investigate the association between lifestyle factors (independent variable) and anxiety-induced sleep disturbances (dependent variable). First, binary logistic regression analyses were performed including all the lifestyle variables. Second, the lifestyle variable with the highest p-value was excluded from the model for each step of the backward logistic regression. Thus, exclusion of lifestyle variables from the model was stopped once all lifestyle variables had a p < 0.10. Third, variables included in the last step with p < 0.05 were considered significantly associated with anxiety-induced sleep disturbance. All analyses were adjusted by age, BMI z-score, and perceived hunger (as a proxy of socioeconomic status). We used the survey functions in STATA 16.1 (StataCorp, College Station, TX, United States) to perform all analyses and account for weighting for each observation. Statistical significance was represented by a p-value < 0.05.



Ethics

All GSHS surveys have been previously approved in each country by the corresponding national government agency and by an institutional ethics committee or board. The protocol was approved by an independent ethics committee in Argentina and by the Pan American Health Organization’s Ethics Review Committee. Survey administration was authorized by the Ministry of Education, provincial ministries, and school authorities. Responses were completely confidential and anonymous in unnamed answer sheets, which were collected at the end of class. Students were required to provide their verbal consent before completing the survey.




RESULTS

Table 2 shows the characteristics of the adolescents included in this study by sex. The mean ± standard deviation of age was slightly higher in boys (15.1 ± 1.3) than in girls (15.0 ± 1.3) (p = 0.012). The prevalence of excess weight (overweight/obesity) was higher in boys (43.3%) than in girls (31.2%) (p < 0.001). Finally, the prevalence of anxiety-induced sleep disturbances was higher in girls (17.4%) than in boys (7.9%) (p < 0.001).


TABLE 2. Characteristics of the study participants according to sex (N = 32,393).
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Figure 1 shows the prevalence of different lifestyle behaviors stratified by sex. Regarding movement-related behaviors, boys showed a higher prevalence of active commuting and being physically active (p < 0.001 for all), as well as less time spent in sedentary behaviors (p < 0.001). According to substance use behavior, the prevalence of consumption of alcohol and cigarettes was higher in girls (p < 0.001 for all). Conversely, the prevalence of amphetamine/methamphetamine use, marijuana (cannabis), and any tobacco product use were higher in boys than in girls (p < 0.001 for all). In the case of eating behavior, significant differences were only found for soft drink intake (p < 0.001), with a higher prevalence for boys.
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FIGURE 1. Prevalence of different lifestyle behaviors stratified by sex.


Finally, Table 3 depicts the lifestyle behaviors retained in the last step of the multivariate model. The backward logistic regression analysis included seven steps for boys and four for girls, in which the least statistically significant correlation was removed from the model at each step. In boys, the results indicated that those who consumed marijuana (cannabis) (odds ratio [OR] = 1.46, 95% confidence interval [CI] 1.08–1.98), consumed amphetamine or methamphetamine (OR = 2.19, 95% CI 1.28–3.77), walked or biked to or from school (OR = 1.53, 95% CI 1.19–1.96), and spent 3 h or more in sedentary behaviors (OR = 1.35, 95% CI 1.05–1.74) were more likely to report anxiety-induced sleep disturbance. In girls, those who ate at a fast-food restaurant (OR = 1.24, 95% CI 1.05–1.47), consumed alcoholic beverages (OR = 1.45, 95% CI 1.19–1.75), smoked cigarettes (OR = 2.09, 95% CI 1.05–4.14), consumed any tobacco products (OR = 1.47, 95% CI 1.19–1.82), consumed amphetamine or methamphetamine (OR = 2.08, 95% CI 1.33–3.26), and those who spent 3 h or more in sedentary behaviors (OR = 1.32, 95% CI 1.11–1.57) were more likely to report frequent anxiety-induced sleep disturbances.


TABLE 3. Final result of the univariate multilevel logistic regression analysis with anxiety-induced sleep disturbance as a dependent variable and potential lifestyle correlates as independent variables, among Argentine adolescents by sex.
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DISCUSSION

The current study aimed to evaluate the prevalence of anxiety-induced sleep disturbance and lifestyle behaviors linked to this condition in a nationally representative sample of Argentine adolescents. A marked sex difference was found in this cross-sectional study with respect to the prevalence of anxiety-related sleep disturbances, which was more than twice as high in girls as in boys. This finding agrees with previous studies that found that anxiety-related sleep disturbances are more prevalent among girls (Pengpid and Peltzer, 2020, 2022; Werneck et al., 2020). Regarding the causes of inadequate sleep in adolescents, internal biological processes have been identified, such as the normal change (delay) in circadian rhythm that occurs in relation to puberty and a development-based slowing of the “sleep drive” (Owens and Weiss, 2017). Thus, sex differences in sleep problems (e.g., anxiety-induced sleep disturbances) during adolescence are especially recognized, due to biological, behavioral, or social factors. Regarding biological factors, sexual maturation has been suggested as a factor that could influence sleep problems, since it is influenced by the changing the hormone milieu (Marsella and Sharkey, 2020). Similarly, the menstrual cycle could influence sleep, due to variations in sex steroid hormones (Baker et al., 2020). In relation to social factors, it has been suggested that girls may be more likely to have anxiety-induced sleep disturbances because they experience adverse life events (e.g., domestic violence) more frequently than boys, which could exacerbate the development of anxiety disorders (Biaggi et al., 2016). Supporting this notion, exposure to violence (e.g., intentional injury, physical attack, physical fight) has been positively associated with higher odds of anxiety-induced insomnia among adolescents (Smith et al., 2020). Finally, the coexistence of specific anxiety disorders with substance use in adolescence (especially in girls) has also been identified as a relevant social factor (Wu et al., 2010).

Considerable sex differences were also observed with respect to lifestyle aspects associated with anxiety-related sleep disturbance. According to eating behavior, anxiety-induced sleep disturbance was associated with eating fast food from a restaurant at least once (or more) per week in girls. In this regard, one study showed that adolescents who had a high intake of fast food were more than three times more likely to report anxiety-induced sleep disturbance (Khan et al., 2017). Similarly, the consumption of ultra-processed foods, such as those available in fast food restaurants, has been associated with elevated anxiety-induced sleep disturbance among Brazilian adolescents (Werneck et al., 2020). The absence of a significant association in boys could be explained because this eating behavior possibly has less influence on sleep problems compared to others more frequent in boys than in girls, such as active commuting and marijuana use. There are some reasons that might explain the association between anxiety-induced sleep disturbances and fast food. First, sleep problems could affect dietary choices, which have previously been associated with shorter sleep duration and might play a crucial role in mediating the relationship between sleep and adolescent health (Kruger et al., 2014). Second, fast food often contains high glycemic index carbohydrates. In this regard, some authors have advised that hyperglycemia following a high glycemic index diet and subsequent compensatory hyperinsulinemia may stimulate the release of autonomic counter-regulatory hormones (e.g., cortisol, adrenaline, growth hormone, glucagon), which could exert an impact on sleep disturbances (Gais et al., 2003; Gangwisch et al., 2020). Similarly, foods with a high glycemic index have been shown to enhance inflammatory immune responses (Kim et al., 2018) and cause alterations in the gut microbiome, which could also deeply influence sleep quality (Gérard and Vidal, 2019). Third, fast food also tends to contain more saturated fatty acids. Supporting this notion, a higher intake of saturated fats during the day has been linked to a shorter duration of slow-wave sleep (Grandner et al., 2010; St-Onge et al., 2016) and more arousal episodes at night (St-Onge et al., 2016). However, caution is required to interpret these results, since studies on the role of saturated fatty acids on sleep are relatively scarce (Zhao et al., 2020).

Furthermore, we found associations between anxiety-induced sleep disturbances and movement-related behaviors. Thus, our results showed that spending three or more hours in sedentary behaviors was likely related to anxiety-induced sleep disturbances in both sexes. In this regard, Vancampfort et al. (2018) provided strong multinational evidence on the relationship between anxiety-induced sleep disturbances and sedentary behaviors in adolescents. Possible reasons for these findings are that some sedentary behaviors, such as excessive media use and prolonged overnight exposure, may influence circadian rhythms and relocate sleep timing (Primack et al., 2009; Soundy et al., 2014). In addition, the literature has also suggested that inactivity could alter serum melatonin levels and lead to changes in nocturnal melatonin release (Vancampfort et al., 2018). Additionally, exposure to blue spectrum light through screens may also influence this relationship (LeBourgeois et al., 2017). Conversely, although physical activity has been found in the scientific literature to be associated with longer sleep durations (Lang et al., 2016), in this study, the association between physically active conditions and sleep disturbances was not statistically significant in either sex. This lack of association could be justified by the use of subjective measures applied to determine the level of physical activity in the GSHS surveys. Furthermore, these questions only ask about the number of days above 60 min of moderate-to-vigorous physical activity, an aspect that has been questioned in the new guidelines on physical activity in children and adolescents (Bull et al., 2020), which suggests that the counting of minutes of physical activity should be considered globally per week and not by isolated days.

In relation to substance use behavior, we found an association between some substances and anxiety-induced sleep disturbance in both sexes. An association with higher illicit substance use was found in girls (e.g., alcohol, cigarettes, any tobacco product) than in boys (e.g., marijuana), which is consistent with a previous study among US adolescents (Wu et al., 2010). However, the relatively lower prevalence of anxiety-induced sleep disturbance in boys than in girls could (at least partially) explain the lack of statistical significance. Adolescents are generally more vulnerable to tobacco, alcohol, and cannabis than adults (Spear, 2016). Our results are in agreement with the findings of Sivertsen et al. (2015) in their study of Norwegian adolescents, who found that all measured sleep indicators were associated with substance involvement. Similarly, one longitudinal study showed that trajectories of sleep health were linked to trajectories of cannabis and alcohol use during late adolescence and early adulthood (Troxel et al., 2021). Additionally, one study of adolescents from sub-Saharan Africa found that cannabis use was related to anxiety-induced sleep disturbances (Ahinkorah et al., 2021a). Regarding amphetamine or methamphetamine use, in adults, D-amphetamine caused a marked decrease in sleep drive and harmful effects on certain elements of recovery sleep (Waters et al., 2003). Likewise, amphetamine-type stimulants are the most potent agents that promote wakefulness by blocking dopamine reuptake and stimulating dopamine release (Wisor et al., 2001). Moreover, in another study it was observed that e-cigarette (as tobacco-related products) users were more predisposed to have shorter sleep durations than non-users of e-cigarette (Wiener et al., 2020). There are other reasons that could explain these results. First, many e-cigarettes have stimulants (e.g., nicotine) that are known to influence sleep (Wiener et al., 2020). For instance, nicotine influences the sleep-wake cycle through nicotine receptors, promoting wake time and decreasing total sleep time, as well as rapid eye movement sleep (Siqueira and Committee on Substance Use and Prevention, 2017). Second, concomitant changes in circadian rhythms and the reward function of the brain that is activated when engaging in risky behaviors could be an influential factor (Hasler et al., 2014). Furthermore, human circadian genetic variability is closely related to substance use (Blomeyer et al., 2013), and this association is likely to be bidirectional: adolescents with addiction problems often have altered circadian rhythms, and certain chronotypes have also been shown to increase the risk of substance abuse (Logan et al., 2014). Supporting this idea, circadian disruption and sleep problems have been associated with higher alcohol consumption (Hasler et al., 2015).

This study is not without limitations. First, because of the cross-sectional design, cause-and-effect relationships cannot be established from the present findings. Second, although previous studies have assessed anxiety-induced sleep disturbance by the same single-item question (Vancampfort et al., 2018; Werneck et al., 2020; Ahinkorah et al., 2021a), we cannot adequately determine the perseverance and specific type of anxiety-induced sleep disturbance reported by adolescents. This item did not provide in-depth data outcome data. However, it is complex to use more specific methodologies regarding psychological outcomes in national epidemiological studies. Future studies using validated questionnaires are required to acquire more detailed information about this outcome. Third, this study included self-reported information from adolescents, which may result in some bias. For instance, this fact may be especially relevant for the illicit substance use. However, to reduce this bias, information from GHSH did not include school or student identifiers in the public use data set (i.e., anonymous data). Furthermore, in this study height and weight were self-reported by adolescents which, in addition to the large loss of participants due to missing values or outliers, could also have introduced an information bias in the present findings (Gorber et al., 2007). Fourth, information about race/ethnicity was not assessed, which could influence the results obtained. Finally, it is important to note that the classification of behaviors and outcomes into only two categories, although it is a common procedure in epidemiological studies and facilitates comparison of the results with those of other authors, limits the possibility of analyzing the effect of different levels of adherence to certain lifestyle habits. In contrast, the present study has some strengths. For instance, this study included a large nationally representative sample of Argentine adolescents. This fact allowed us to obtain a high statistical power and to analyze the association between a large number of lifestyle variables and anxiety-induced sleep disturbances, stratified by sex. In this sense, although previous studies adjusted their analyses by sex (Haugland et al., 2021), our findings indicate that the study of factors associated with anxiety-induced sleep disturbances in adolescents requires separate analyses for boys and girls due to biological and behavioral differences between the sexes. Additionally, this study adds information to the scientific knowledge about the understudied relationship between lifestyle behaviors and anxiety-induced sleep disturbances among adolescents.



CONCLUSION

Our results indicate a high prevalence of anxiety-related sleep disturbances, specifically among girls, and point to sex-specific lifestyle issues related to these disorders. Lifestyle behaviors, such as eating habits, movement-related behavior, and substance use, are associated with the prevalence of anxiety-induced sleep disturbances, which could affect adolescent health. Programs and strategies to encourage a healthy lifestyle throughout adolescence and that take into account sex specificity are necessary and should focus on actions considering the importance of the noted lifestyle behaviors in decreasing the prevalence of anxiety-induced sleep disturbances.



DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data can be found here: https://extranet.who.int/ncdsmicrodata/index.php/catalog/866.



ETHICS STATEMENT

All GSHS surveys have been previously approved in each country by the corresponding national government agency and by an institutional ethics committee or board. The protocol was approved by an independent ethics committee in Argentina and by the Pan American Health Organization’s Ethics Review Committee. Survey administration was authorized by the Ministry of Education, provincial ministries, and school authorities. Responses were completely confidential and anonymous in unnamed answer sheets, which were collected at the end of class. Students were required to provide their verbal consent before completing the survey. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

JL-G: conceptualization, methodology, software, validation, analysis, data curation, and writing—original draft preparation. AM and IC-R: supervision. AM, PT, EJ-L, AG, IS-D, and IC-R: writing—review and editing. All authors have read and agreed to the published version of the manuscript.



FUNDING

This research was funded by FEDER funds.



ACKNOWLEDGMENTS

This study uses data from the Global School-Based Student Health Survey (GSHS). GSHS was supported by the World Health Organization and the US Centers for Disease Control and Prevention. We would like to thank the Argentina survey coordinator and the Argentine students who participated in the GSHS data collection. JL-G was a Postdoctoral Fellow (Universidad de Castilla-La Mancha—ID 2021-UNIVERS-10414 CP18/0150). AM is supported by a Beatriz Galindo contract (BEAGAL18/00093) by the Spanish Ministry of Education, Culture and Sport.


FOOTNOTES

1
http://www.who.int/ncds/surveillance/gshs/en/

2
https://www.cdc.gov/gshs/index.htm


REFERENCES

Ahinkorah, B. O., Aboagye, R. G., Arthur-Holmes, F., Hagan, J. E., Okyere, J., Budu, E., et al. (2021a). A Multi-Country Analysis of Prevalence of Anxiety-Induced Sleep Disturbance and Its Associated Factors among In-School Adolescents in Sub-Saharan Africa Using the Global School-Based Health Survey. Healthcare 9:234. doi: 10.3390/healthcare9020234

Ahinkorah, B. O., Aboagye, R. G., Arthur-Holmes, F., Seidu, A.-A., Frimpong, J. B., Budu, E., et al. (2021b). Predictors of Anxiety-Induced Sleep Disturbance among in-School Adolescents in Ghana: evidence from the 2012 Global School-Based Health Survey. Behav. Sci. 11:20. doi: 10.3390/bs11020020

Alvaro, P. K., Roberts, R. M., and Harris, J. K. (2013). A Systematic Review Assessing Bidirectionality between Sleep Disturbances. Anxiety and Depression. Sleep 36, 1059–1068. doi: 10.5665/sleep.2810

Armstrong, J. M., Ruttle, P. L., Klein, M. H., Essex, M. J., and Benca, R. M. (2014). Associations of Child Insomnia, Sleep Movement, and Their Persistence With Mental Health Symptoms in Childhood and Adolescence. Sleep 37, 901–909. doi: 10.5665/sleep.3656

Baker, F. C., Yüksel, D., and de Zambotti, M. (2020). “Sex differences in sleep,” in Sleep Disorders in Women Current Clinical Neurology, eds H. Attarian and M. Viola-Saltzman (Berlin: Springer International Publishing), 55–64. doi: 10.1007/978-3-030-40842-8_6

Bartel, K. A., Gradisar, M., and Williamson, P. (2015). Protective and risk factors for adolescent sleep: a meta-analytic review. Sleep Med. Rev. 21, 72–85. doi: 10.1016/j.smrv.2014.08.002

Beesdo, K., Knappe, S., and Pine, D. S. (2009). Anxiety and Anxiety Disorders in Children and Adolescents: developmental Issues and Implications for DSM-V. Psychiatr. Clin. North Am. 32, 483–524. doi: 10.1016/j.psc.2009.06.002

Biaggi, A., Conroy, S., Pawlby, S., and Pariante, C. M. (2016). Identifying the women at risk of antenatal anxiety and depression: a systematic review. J. Affect. Disord. 191, 62–77. doi: 10.1016/j.jad.2015.11.014

Blank, M., Zhang, J., Lamers, F., Taylor, A. D., Hickie, I. B., and Merikangas, K. R. (2015). Health Correlates of Insomnia Symptoms and Comorbid Mental Disorders in a Nationally Representative Sample of US Adolescents. Sleep 38, 197–204. doi: 10.5665/sleep.4396

Blomeyer, D., Buchmann, A. F., Lascorz, J., Zimmermann, U. S., Esser, G., Desrivieres, S., et al. (2013). Association of PER2 Genotype and Stressful Life Events with Alcohol Drinking in Young Adults. PLoS One 8:e59136. doi: 10.1371/journal.pone.0059136

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., et al. (2020). World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 54, 1451–1462. doi: 10.1136/bjsports-2020-102955

Cabral, M. D., and Patel, D. R. (2020). “Risk Factors and Prevention Strategies for Anxiety Disorders in Childhood and Adolescence,” in Anxiety Disorders Advances in Experimental Medicine and Biology, ed. Y. K. Kim (Singapore: Springer Singapore), 543–559. doi: 10.1007/978-981-32-9705-0_27

Córdova, F. V., Barja, S., and Brockmann, P. E. (2018). Consequences of short sleep duration on the dietary intake in children: a systematic review and metanalysis. Sleep Med. Rev. 42, 68–84. doi: 10.1016/j.smrv.2018.05.006

de Zambotti, M., Goldstone, A., Colrain, I. M., and Baker, F. C. (2018). Insomnia disorder in adolescence: diagnosis, impact, and treatment. Sleep Med. Rev. 39, 12–24. doi: 10.1016/j.smrv.2017.06.009

Ferranti, R., Marventano, S., Castellano, S., Giogianni, G., Nolfo, F., Rametta, S., et al. (2016). Sleep quality and duration is related with diet and obesity in young adolescent living in Sicily. Sleep Sci. Sao Paulo Braz. 9, 117–122. doi: 10.1016/j.slsci.2016.04.003

Fricke-Oerkermann, L., Plück, J., Schredl, M., Heinz, K., Mitschke, A., Wiater, A., et al. (2007). Prevalence and Course of Sleep Problems in Childhood. Sleep 30, 1371–1377. doi: 10.1093/sleep/30.10.1371

Gais, S., Born, J., Peters, A., Schultes, B., Heindl, B., Fehm, H. L., et al. (2003). Hypoglycemia Counterregulation During Sleep. Sleep 26, 55–59. doi: 10.1093/sleep/26.1.55

Gangwisch, J. E., Hale, L., St-Onge, M.-P., Choi, L., LeBlanc, E. S., Malaspina, D., et al. (2020). High glycemic index and glycemic load diets as risk factors for insomnia: analyses from the Women’s Health Initiative. Am. J. Clin. Nutr. 111, 429–439. doi: 10.1093/ajcn/nqz275

Gérard, C., and Vidal, H. (2019). Impact of Gut Microbiota on Host Glycemic Control. Front. Endocrinol. 10:29. doi: 10.3389/fendo.2019.00029

Gorber, S. C., Tremblay, M., Moher, D., and Gorber, B. (2007). A comparison of direct vs. self-report measures for assessing height, weight and body mass index: a systematic review. Obes. Rev. 8, 307–326. doi: 10.1111/j.1467-789X.2007.00347.x

Grandner, M. A., Kripke, D. F., Naidoo, N., and Langer, R. D. (2010). Relationships among dietary nutrients and subjective sleep, objective sleep, and napping in women. Sleep Med. 11, 180–184. doi: 10.1016/j.sleep.2009.07.014

Hasler, B. P., Soehner, A. M., and Clark, D. B. (2014). Circadian rhythms and risk for substance use disorders in adolescence. Curr. Opin. Psychiatry 27, 460–466. doi: 10.1097/YCO.0000000000000107

Hasler, B. P., Soehner, A. M., and Clark, D. B. (2015). Sleep and circadian contributions to adolescent alcohol use disorder. Alcohol 49, 377–387. doi: 10.1016/j.alcohol.2014.06.010

Haugland, B. S. M., Hysing, M., Baste, V., Wergeland, G. J., Rapee, R. M., Hoffart, A., et al. (2021). Sleep Duration and Insomnia in Adolescents Seeking Treatment for Anxiety in Primary Health Care. Front. Psychol. 12:638879. doi: 10.3389/fpsyg.2021.638879

Joyce-Beaulieu, D., and Sulkowski, M. L. (2016). “The Diagnostic and Statistical Manual of Mental Disorders: Fifth Edition (DSM-5) Model of Impairment,” in Assessing Impairment, eds S. Goldstein and J. A. Naglieri (Boston, MA: Springer US), 167–189. doi: 10.1007/978-1-4899-7996-4_8

Kendall, P. C., and Peterman, J. S. (2015). CBT for Adolescents With Anxiety: mature Yet Still Developing. Am. J. Psychiatry 172, 519–530. doi: 10.1176/appi.ajp.2015.14081061

Khan, M. K. A., Faught, E. L., Chu, Y. L., Ekwaru, J. P., Storey, K. E., and Veugelers, P. J. (2017). Is it nutrients, food items, diet quality or eating behaviours that are responsible for the association of children’s diet with sleep? J. Sleep Res. 26, 468–476. doi: 10.1111/jsr.12466

Kim, Y., Chen, J., Wirth, M., Shivappa, N., and Hebert, J. (2018). Lower Dietary Inflammatory Index Scores Are Associated with Lower Glycemic Index Scores among College Students. Nutrients 10:182. doi: 10.3390/nu10020182

Kotagal, S., and Pianosi, P. (2006). Sleep disorders in children and adolescents. BMJ 332, 828–832. doi: 10.1136/bmj.332.7545.828

Kruger, A. K., Reither, E. N., Peppard, P. E., Krueger, P. M., and Hale, L. (2014). Do sleep-deprived adolescents make less-healthy food choices? Br. J. Nutr. 111, 1898–1904. doi: 10.1017/S0007114514000130

Lang, C., Kalak, N., Brand, S., Holsboer-Trachsler, E., Pühse, U., and Gerber, M. (2016). The relationship between physical activity and sleep from mid adolescence to early adulthood. A systematic review of methodological approaches and meta-analysis. Sleep Med. Rev. 28, 32–45. doi: 10.1016/j.smrv.2015.07.004

LeBourgeois, M. K., Hale, L., Chang, A.-M., Akacem, L. D., Montgomery-Downs, H. E., and Buxton, O. M. (2017). Digital Media and Sleep in Childhood and Adolescence. Pediatrics 140, S92–S96. doi: 10.1542/peds.2016-1758J

Logan, R. W., Williams, W. P., and McClung, C. A. (2014). Circadian rhythms and addiction: mechanistic insights and future directions. Behav. Neurosci. 128, 387–412. doi: 10.1037/a0036268

Marsella, J. L., and Sharkey, K. M. (2020). “Sex Differences in Sleep Disorders,” in Sleep Disorders in Women Current Clinical Neurology, eds H. Attarian and M. Viola-Saltzman (Berlin: Springer International Publishing), 65–81.

Mullin, B. C., and Simon, S. L. (2017). Managing Insomnia Symptoms Among Adolescents With Anxiety Disorders. Evid. Based Pract. Child. Adolesc. Ment. Health 2, 123–138. doi: 10.1080/23794925.2017.1359704

Onis, M., Onyango, A. W., Borghi, E., Siyam, A., Nishida, C., and Siekmann, J. (2007). Development of a WHO growth reference for school-aged children and adolescents. Bull. World Health Organ. 85, 660–667. doi: 10.2471/BLT.07.043497

Owens, J. A., and Weiss, M. R. (2017). Insufficient sleep in adolescents: causes and consequences. Minerva Pediatr. 69, 326–336. doi: 10.23736/S0026-4946.17.04914-3

Pengpid, S., and Peltzer, K. (2020). Prevalence of Worry-Induced Sleep Disturbance and Associated Factors among a National Sample of In-School Adolescents in Lebanon. Behav. Sci. 10:148. doi: 10.3390/bs10100148

Pengpid, S., and Peltzer, K. (2022). Anxiety-induced sleep disturbances among in-school adolescents in the United Arab Emirates: prevalence and associated factors. Asian J. Soc. Health Behav. 5:18. doi: 10.4103/shb.shb_120_21

Phillips, F., Crisp, A. H., Mcguinness, B., Kalucy, E. C., Chen, C. N., Koval, J., et al. (1975). Isocaloric diet changes and electroencephalographic sleep. Lancet 306, 723–725. doi: 10.1016/S0140-6736(75)90718-7

Primack, B. A., Swanier, B., Georgiopoulos, A. M., Land, S. R., and Fine, M. J. (2009). Association Between Media Use in Adolescence and Depression in Young Adulthood: a Longitudinal Study. Arch. Gen. Psychiatry 66, 181-8. doi: 10.1001/archgenpsychiatry.2008.532

Reid-Varley, W.-B., Ponce Martinez, C., and Khurshid, K. A. (2020). Sleep disorders and disrupted sleep in addiction, withdrawal and abstinence with focus on alcohol and opioids. J. Neurol. Sci. 411:116713. doi: 10.1016/j.jns.2020.116713

Rethorst, C. D., Bernstein, I., and Trivedi, M. H. (2014). Inflammation, Obesity, and Metabolic Syndrome in Depression: analysis of the 2009-2010 National Health and Nutrition Examination Survey (NHANES). J. Clin. Psychiatry 75, e1428–e1432. doi: 10.4088/JCP.14m09009

Rodriguez-Ayllon, M., Cadenas-Sánchez, C., Estévez-López, F., Muñoz, N. E., Mora-Gonzalez, J., Migueles, J. H., et al. (2019). Role of Physical Activity and Sedentary Behavior in the Mental Health of Preschoolers, Children and Adolescents: a Systematic Review and Meta-Analysis. Sports Med. 49, 1383–1410. doi: 10.1007/s40279-019-01099-5

Schneider, N., Mutungi, G., and Cubero, J. (2018). Diet and nutrients in the modulation of infant sleep: a review of the literature. Nutr. Neurosci. 21, 151–161. doi: 10.1080/1028415X.2016.1258446

Siqueira and Committee on Substance Use and Prevention (2017). Nicotine and Tobacco as Substances of Abuse in Children and Adolescents. Pediatrics 139:e20163436. doi: 10.1542/peds.2016-3436

Sivertsen, B., Skogen, J. C., Jakobsen, R., and Hysing, M. (2015). Sleep and use of alcohol and drug in adolescence. Drug Alcohol Depend. 149, 180–186. doi: 10.1016/j.drugalcdep.2015.01.045

Smith, L., Jacob, L., Grabovac, I., López-Sánchez, G. F., Yang, L., Carvalho, A. F., et al. (2020). Violence and obesogenic behavior among adolescents aged 12–15 years from 62 countries: a global perspective. Prev. Med. 137:106123. doi: 10.1016/j.ypmed.2020.106123

Soundy, A., Roskell, C., Stubbs, B., and Vancampfort, D. (2014). Selection, Use and Psychometric Properties of Physical Activity Measures to Assess Individuals with Severe Mental Illness: a Narrative Synthesis. Arch. Psychiatr. Nurs. 28, 135–151. doi: 10.1016/j.apnu.2013.12.002

Spear, L. P. (2016). Consequences of adolescent use of alcohol and other drugs: studies using rodent models. Neurosci. Biobehav. Rev. 70, 228–243. doi: 10.1016/j.neubiorev.2016.07.026

St-Onge, M.-P., Roberts, A., Shechter, A., and Choudhury, A. R. (2016). Fiber and Saturated Fat Are Associated with Sleep Arousals and Slow Wave Sleep. J. Clin. Sleep Med. 12, 19–24. doi: 10.5664/jcsm.5384

Troxel, W. M., Rodriguez, A., Seelam, R., Tucker, J. S., Shih, R. A., Dong, L., et al. (2021). Longitudinal associations of sleep problems with alcohol and cannabis use from adolescence to emerging adulthood. Sleep 44:zsab102. doi: 10.1093/sleep/zsab102

Vancampfort, D., Stubbs, B., Firth, J., Hagemann, N., Myin-Germeys, I., and Rintala, A. (2018). Sedentary behaviour and sleep problems among 42,489 community-dwelling adults in six low- and middle-income countries. J. Sleep Res. 27:e12714. doi: 10.1111/jsr.12714

Wang, W., Guo, Y., Du, X., Li, W., Wu, R., Guo, L., et al. (2022). Associations Between Poor Sleep Quality, Anxiety Symptoms, and Depressive Symptoms Among Chinese Adolescents Before and During COVID-19: a Longitudinal Study. Front. Psychiatry 12:786640. doi: 10.3389/fpsyt.2021.786640

Waters, W. F., Magill, R. A., Bray, G. A., Volaufova, J., Smith, S. R., Lieberman, H. R., et al. (2003). A Comparison of Tyrosine against Placebo, Phentermine, Caffeine, and d -Amphetamine During Sleep Deprivation. Nutr. Neurosci. 6, 221–235. doi: 10.1080/1028415031000120543

Werneck, A. O., Vancampfort, D., Oyeyemi, A. L., Stubbs, B., and Silva, D. R. (2020). Joint association of ultra-processed food and sedentary behavior with anxiety-induced sleep disturbance among Brazilian adolescents. J. Affect. Disord. 266, 135–142. doi: 10.1016/j.jad.2020.01.104

Wiener, R. C., Waters, C., Bhandari, R., Trickett Shockey, A. K., and Alshaarawy, O. (2020). The Association of Sleep Duration and the Use of Electronic Cigarettes, NHANES, 2015-2016. Sleep Disord. 2020:8010923. doi: 10.1155/2020/8010923

Wisor, J. P., Nishino, S., Sora, I., Uhl, G. H., Mignot, E., and Edgar, D. M. (2001). Dopaminergic Role in Stimulant-Induced Wakefulness. J. Neurosci. 21, 1787–1794. doi: 10.1523/JNEUROSCI.21-05-01787.2001

Wu, P., Goodwin, R. D., Fuller, C., Liu, X., Comer, J. S., Cohen, P., et al. (2010). The Relationship Between Anxiety Disorders and Substance Use Among Adolescents in the Community: specificity and Gender Differences. J. Youth Adolesc. 39, 177–188. doi: 10.1007/s10964-008-9385-5

Zhang, J., Chan, N. Y., Lam, S. P., Li, S. X., Liu, Y., Chan, J. W. Y., et al. (2016). Emergence of Sex Differences in Insomnia Symptoms in Adolescents: a Large-Scale School-Based Study. Sleep 39, 1563–1570. doi: 10.5665/sleep.6022

Zhang, J., Li, A. M., Kong, A. P. S., Lai, K. Y. C., Tang, N. L. S., and Wing, Y. K. (2009). A community-based study of insomnia in Hong Kong Chinese children: prevalence, risk factors and familial aggregation. Sleep Med. 10, 1040–1046. doi: 10.1016/j.sleep.2009.01.008

Zhang, J., Paksarian, D., Lamers, F., Hickie, I. B., He, J., and Merikangas, K. R. (2017). Sleep Patterns and Mental Health Correlates in US Adolescents. J. Pediatr. 182, 137–143. doi: 10.1016/j.jpeds.2016.11.007

Zhao, M., Tuo, H., Wang, S., and Zhao, L. (2020). The Effects of Dietary Nutrition on Sleep and Sleep Disorders. Mediators Inflamm. 2020:3142874. doi: 10.1155/2020/3142874


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.

Copyright © 2022 López-Gil, Cavero-Redondo, Tárraga López, Jiménez-López, González, Sequí-Domínguez and Mesas. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Anxiety-Induced Sleep Disturbance and Associated Lifestyle Behaviors According to Sex in Argentine Adolescents



		INTRODUCTION



		MATERIALS AND METHODS



		Design and Sample



		Procedures



		Anxiety-Induced Sleep Disturbance



		Lifestyle Behaviors



		Potential Covariates







		Statistical Analysis



		Ethics







		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		FOOTNOTES



		REFERENCES

















OPS/images/fnbeh-16-860241-t001.jpg
Variable

Eating behavior
Fruit intake

Vegetable intake

Soft drink intake

Fast-food intake

Question

During the past 7 days,
how many times did you
eat fruit?

During the past 7 days,
how many times did you
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watching television, playing
computer games, talking
with friends, or doing other
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surfing the Internet?
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use

During the past 30 days, on
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have at least one drink

containing alcohol?
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Active commuting
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Drugs
Alcohol consumption
>1 day per month
0 days per month
Smoke cigarettes
>1 day per month
0 days per month
Any tobacco product use
>1 day per month
0 days per month
Marijuana use
>1 time per month 1.46
0 times per month 1
Amphetamine or methamphetamine use
>1 time per month 2.19
0 times per month 1

Data indicated as odds ratio and 95% confident intervals. Adjusted by age, body mass index (z-score), and perceived hunger.
a] ogistic regression models with backward stepwise variable selection method (statistical criterion p > 0.20).
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Variables Boys (n = 15,095)  Girls (n = 17,298)

M (SD)/n (%) n (%) P

Age (years) 15.1 (1.3 15.0(1.9) 0.012
Age group

12 30(0.2) 26 (0.2) 0.003

13 2,292 (156.2) 2,855 (16.5)

14 3,260 (21.6) 3,601 (20.8)

15 3,345 (22.2) 3,974 (23.0)

16 3,569 (23.6) 3,987 (23.0)

17 2,699 (17.2) 2,855 (16.5)

Height (m) 1.69 (0.10) 1.60 (0.07) <0.001
Weight (kg) 64.1(15.9) 56.8 (13.3) <0.001
BMI (z-score) 0.62 (1.19) 0.45 (1.07) <0.001

Overweight/Obesity? 6,543 (43.3) 5,404 (31.2) <0.001
Perceived hungry

Never 10,567 (70.0) 11,849 (68.5) <0.001
Anxiety-induced sleep disturbance

Never 5,469 (36.4) 3,357 (19.5) <0.001

Rarely 4,833 (32.1) 5,121 (29.7)

Sometimes 3,547 (23.6) 5,746 (29.2)

Most of the time 890 (5.9) 2,227 (12.9)

Always 306 (2.0) 778 (4.5)

Most of the time/AlwaysP 1,196 (7.9) 3,005 (17.4) <0.001

8Prevalence of excess of weight according to the World Health Organization
criteria (Onis et al., 2007). PAnxiety-induced sleep disturbance defined as the sum
of adolescents who reported that they could not sleep “most of the time” and
“always.” BMI, Body mass index.
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