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Background: Injuries are the major cause of disability and death during adolescence, representing a significant public health burden among youth. Body-related factors such as body composition and cardiovascular fitness (CVF) may affect adolescents’ vulnerability to injuries. As evidence is lacking, we aimed to explore the associations of medically attended injuries with adolescents’ physical activity (PA) and body-related factors, and whether these associations are modified by age, gender and family affluence.



Methods: We used data on 888 11- to 15-year-old adolescents (mean age = 13.5, 56% boys) from the Health Behaviour in School-aged Children study conducted in 2018 in Slovakia. We used binary logistic regression analysis to assess the association of medically attended injuries with adolescents’ PA and body-related factors (body composition, CVF), considering age, gender and family affluence.



Results: Adolescents were more likely to report medically attended injuries if they were physically very active (odds ratio/confidence interval OR/CI:2.76/1.83–4.15) or active (OR/CI:1.91/1.27–2.87) rather than inactive. Body-related factors were not associated with medically attended injuries among adolescents. Moreover, age, gender and family affluence did not modify the association of medically attended injuries with adolescents’ PA and body-related factors. The only exception was the modifying effect of gender: the association of medically attended injuries with being very active was stronger in boys (OR/CI: 3.04/1.32–6.99).



Conclusion: Very physically active adolescent boys are the most vulnerable group of adolescents in terms of injuries. PA promotion programmes should further consider gender-specific strategies aimed at preventing injuries.
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Introduction

Injuries are the major cause of disability and death during adolescence (1), representing a significant public health burden among the young population (2). According to the results of the Health Behavior in School-Aged Children (HBSC) study, between 2010 and 2018, there has been an alarming increase in the number of medically attended injuries among Slovak adolescents, i.e., injuries requiring treatment in a doctor's office or health clinic (3). Inchley et al. (1) reported that the prevalence of medically attended injuries among Slovak adolescents was 48.7%. Importantly, this prevalence was higher than the mean prevalence in the 45 countries and regions participating in the 2017/2018 HBSC study and also higher than the results of the 2009/2010 and 2013/2014 HBSC studies in Slovakia (4). As Davison et al. (5) noted, sports and recreational activities are the main cause of injury among adolescents. However, it is well known that physical activity (PA) has a great impact on health in childhood and adolescence (6) and can help improve cardiorespiratory and muscular fitness (7), as well as bone health (8). On the other hand, PA also has adverse effects, such as a risk of injuries, with some requiring medical attention (9, 10). Moreover, participation in organised sports in adolescence is an important risk factor for hospitalisation due to injures (11). This suggests that since injuries are the leading cause of disability and death among adolescents, injury prevention should be a public health priority with regard to adolescence.

Body-related factors, such as overweight/obesity or poor cardiovascular fitness (CVF, i.e., level of motor skills), may make adolescents more vulnerable to injuries. Richmond et al. (12) found that the risk of sports injury in obese adolescents was higher than in adolescents with normal weight. Conversely, Warsh et al. (13) and Ezzat et al. (14) did not find evidence of a modifying effect of body composition on injury risk among adolescents. Furthermore, Carter and Micheli (15) and Watson et al. (16) noted that well-developed CVF might protect youth from future injury. However, Martin-Diener et al. (17) found that Swiss children with high levels of motor skills had an increased retrospective injury risk compared to children with normal levels. Moseid et al. (18) found that rapid increases in training load resulted in more injuries. In addition, previous studies did not show a relationship between CVF and injury risk level among adolescents (19–21). In other words, it is unclear whether body-related factors affect the risk of injury among adolescents.

The impact of adolescents’ PA and body-related factors on medically attended injuries may further depend on age, gender and family affluence issues. Regarding age, Inchley et al. (1) noted that younger adolescents have the highest injury risk of all age groups and carry the highest health burden. Regarding gender, boys experienced more sports injuries than girls did (22). However, a study of Schneider et al. (23) did not find gender differences in injury risk. In addition, as noted by Elgar et al. (24), family affluence is a potential determinant of injury among adolescents. According to Simpson et al. (25), lower family affluence was associated with increased risk for hospitalised and fighting injury; higher family affluence was associated with increased risks for sport injury. However, to date little research has examined these interactions.

Therefore, the aim of this study was to explore the associations of medically attended injuries with adolescents’ PA and body-related factors, and whether these associations are modified by age, gender and family affluence.



Materials and methods


Sample and procedure

We used data on 888 adolescents (mean age = 13.5, 56% boys) from the Health Behaviour in School-aged Children (HBSC) study conducted in 2018 in Slovakia. The HBSC is an international school survey conducted in collaboration with the World Health Organization to study the health and health-related behaviour of 11-, 13- and 15-year-old school children in their social context (26). We used a three-step sampling to obtain a representative sample. In the first step, 140 larger and smaller elementary schools located in rural as well as in urban areas from all regions of Slovakia were asked to participate. These were randomly selected from a list of all eligible schools in Slovakia obtained from the Slovak Institute of Information and Prognosis for Education. The school response rate (RR) was 77.9%. In the second step, we obtained data from 8,405 adolescents from the fifth to ninth grades of elementary schools in Slovakia, which have as target group adolescents aged 11- to 15-years. Student RR in the selected schools was 60.1%. Students were randomly selected in the line with the methodology and protocol of HBSC study. In the third step, 10% of elementary schools were randomly selected from the total sample of the HBSC study for anthropometric measurements (body height, body weight, body composition), and student RR was 81.8%. After cleaning the database of questionnaire errors (unspecified gender, age, etc.), our study sample regarded 888 adolescents aged 11–15 years.

The study was approved by the Ethics Committee of the Medical Faculty at P. J. Safarik University in Kosice (16N/2017). Parents were informed about the study via the school administration and could opt out if they disagreed with their child's participation. Participation in the study was fully voluntary and anonymous, with no explicit incentives provided for participation.



Measures

Medically attended injuries were assessed by the single-item HBSC question asking: “During the past 12 months, how many times were you injured and had to be treated by a doctor or nurse?” with five possible answers ranging from “I was not injured in the past 12 months” to “4 times or more” (27). We dichotomised the answers into two categories—“no injuries” and “one or more injuries” (28).

We measured PA as a composite variable adolescents’ PA based on the combination of moderate-to-vigorous PA (MVPA) and engagement in organized sports. The combined PA index has been used in previous studies and has shown appropriate validity (29, 30). MVPA was measured by an item asking adolescents about the number of days over the past week that they were physically active for a total of at least 60 min per day (27). The engagement in organized sports regarded items dealing with team sports and individual sports, respectively, and was measured by asking adolescents: “In your leisure time, do you do any of these organized activities?” with response categories “yes” and “no” (27). The three categories of adolescents’ PA were: (1) inactive: adolescents who were active less than 5 days per week and were not engaged neither in team, nor in individual organised sports, (2) active: active 5–7 days per week or engaged in team or individual organised sports, and (3) very active: active 5–7 days per week and also engaged in team or individual organised sports.

We used body composition and cardiovascular fitness to measure body-related factors. Body composition was measured using body fat percentage (%) as determined by Bioimpedance Body Composition Analysis (BIA) with an InBody 230 device (Biospace Co., Ltd.). This marker has previously been used to measure body adiposity in children and adolescents in other studies (31, 32). Moreover, in a previous study by Karelis et al. (33) were indicated that the portable InBody 230 may be an acceptable device for measuring body fat percentage. The analysis was carried out according to the manufacturer's instructions (34). Adolescents were instructed prior to measurement to dress in a t-shirt and trousers or skirt. The starting weight was set to −0.5 kg, considering that we weighed the adolescents in their underwear. Boys and girls with a proportion of body fat of over 25% and 30% were considered to be overweight and obese, respectively (35, 36). We dichotomised body composition into two categories—“normal weight”, and—“overweight/obesity” (combination of overweight and obesity).

The level of CVF was assessed by the Ruffier index (RI) calculated from the measured values of pulse frequency at rest before the Ruffier test (P0), after performing 30 squats for 45 s under the sound of a metronome (P1) and after 1 min of rest in sitting (P2). Based on Sartor et al. (37) we modified the Ruffier test in the method of measuring the pulse rate (we replaced the original palpation measurement with measurements using SUUNTO DUAL pulse rate monitors) and in the length of physical and mental rest before the test (from the original 30 to 3 min of sitting for time reasons). We substituted the measured values of the pulse frequency into the formula: RI = ((P0 + P1 + P2)-200)/10. In addition, we used the CVF categories (i.e., excellent, good, below average, very poor) from Moravec (38), who created such standards based on population testing. Based on Fardman et al. (39), we dichotomised the level of CVF into two categories—“sufficient” (included “excellent”, “good”, “average”, and “below average” levels), and—“insufficient” (included “very poor” level).

Demographic data (age, gender) were collected using the following HBSC questions: “Are you a boy or a girl?” and “What year and month were you born?” (27). We dichotomised age into two categories—“younger” (11- and 12-years-old), and—“older” (from 13- to 15-years-old).

Family affluence was measured using the Family Affluence Scale III (FAS-III), which represents adolescents’ relative socioeconomic status in their respective country and is considered the gold standard to assess cross-national as well as national comparisons in the HBSC study and its methodology (1). FAS-III consists of six questions: “Does your family own a car, van or truck?” (No/Yes, one/Yes, two or more), “Do you have your own bedroom for yourself?” (Yes/No), “How many computers does your family own?” (None/One/Two/More than two), “How many bathrooms (room with a bath/shower or both) are in your home?” (None/One/Two/More than two), “Does your family have a dishwasher at home?” (Yes/No), “How many times did you and your family travel out of your country for a holiday/vacation last year?” (Not at all/Once/Twice/More than twice). In addition, the sum score of the six items showed high test-retest reliability (r = 0.90) and consistency between child and parent report (r = 0.80) (27). We computed the sum score, which we converted to a final score ranging from 0 to 1. We then created tertile categories of low (0–0.333), medium (0.334–0.666) and high (0.667–1) socioeconomic position (40).



Statistical analyses

First, we described the sample using descriptive statistics. Next, we assessed the association of medically attended injuries (dependent variable) with adolescents’ PA, body composition and cardiovascular fitness (independent variables) using binary logistic regression leading to odds ratios (ORs) and 95% confidence intervals (CI), assessing crude associations (Model 1) and associations adjusted for age, gender and FAS (Model 2). Finally, we assessed whether age, gender and FAS modified the associations of medically attended injuries (dependent variable) with adolescents’ PA, body composition and cardiovascular fitness (independent variables) by adding two-way interactions with age, gender and FAS to the models. All analyses were performed using IBM SPSS Statistics 21 for Windows.




Results


Background characteristics

Of the respondents, 49.4% had medically attended injuries at least once or more per 12 months, 37.0% were physically very active, 22.7% were overweight or obese and 74.4% had a sufficient level of CVF. Of the respondents 61.1% were in the older age group (13–15 years old), 56.0% were boys and 44.2% had high family affluence (Table 1).


TABLE 1 Characteristics of the sample (N = 888, 11–15-years-old Slovak school-aged children, data collected in 2018).
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The association of medically attended injuries with adolescents’ PA and body-related factors

Results of binary logistic regression (Table 2, Model 1) showed that adolescents were more likely to report medically attended injuries if they were physically very active or active in comparison to adolescents who were inactive. Body composition was not associated with medically attended injuries among adolescents. Furthermore, age and gender were not associated with medically attended injuries. However, adolescents who had middle or high family affluence were more likely to report medically attended injuries. Repeating the analysis with the ridit of the FAS-score instead of a categorized FAS-score yielded similar findings for the various associations (not shown). Moreover, CVF was associated with medically attended injuries, i.e., adolescents were less likely to report medically attended injuries, if they had an insufficient level of CVF. However, this effect was not significant anymore when confounding effect of age, gender and FAS was included (Table 2, Model 2).


TABLE 2 Association of medically attended injuries with adolescents’ physical activity, body composition, cardiovascular fitness, and socio-demographic factors: odds ratios (OR) and 95% confidence intervals (95%-CI), resulting from binary logistic regression models, crude and adjusted for age, gender and family affluence.
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The modifying effect of age, gender and family affluence on association of medically attended injuries with adolescents’ PA and body-related factors

Age, gender and family affluence did not modify the association of medically attended injuries with adolescents’ PA and body-related factors (findings not shown in Table 2). The only exception was a modifying effect of gender on the association of medically attended injuries with adolescents’ PA. The association of medically attended injuries with being very active was stronger in boys (OR/CI: 3.04/1.32–6.99), see Figure 1.
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FIGURE 1
Moderation by gender of the association of medically attended injuries with adolescents’ physical activity. MVPA, moderate-to-vigorous physical activity; OLTA, organised leisure-time activities.





Discussion

This study explored the associations of medically attended injuries with adolescents’ PA and body-related factors in 888 Slovak adolescents from 11 to 15 years old. We found that adolescents were more likely to report medically attended injuries if they were physically very active or active rather than inactive and that this association was stronger among boys.

It is important to note that our composite variable for adolescents’ PA included engagement in organised sports. This aligns with the findings of Jespersen et al. (41) and Räisänen et al. (42) showing that injury prevalence was higher in sports club activities than in other leisure-time PA. In addition, Räisänen et al. (43) found that injuries were associated with higher frequency and intensity of PA, and these findings are also in line with our study. This indicates that very physically active adolescents can be classified as the most vulnerable group of adolescents in terms of injuries.

Unlike PA, body-related factors were not associated with medically attended injuries among adolescents. This aligns with the findings of Warsh et al. (13) and Ezzat et al. (14) showing no significant association of body composition with injury prevalence among adolescents. An explanation may regard the level of engagement in PA among adolescents; e.g., overweight or obese adolescents who lack the skill and confidence or have an insufficient CVF may not be able to cope with some sports situations. That may result in them deliberately avoiding situations that require physical effort, and thus they experience no injuries during PA because they have no PA (44). Therefore, body-related factors may have a protective effect on injury risk among adolescents. This evidently requires further study, as avoiding intensive PA is not desirable from the point of view of health promotion.

We found that gender modified the association of medically attended injuries with adolescents’ PA: the association of medically attended injuries with being very active was stronger in boys. Previous studies (22, 42, 43) have shown gender to be associated with injuries; e.g., boys had significantly more injuries than girls. An explanation might be the type of PA and way of practicing which boys and girls prefer; i.e., boys prefer more contact sports, behave more aggressively towards their opponents and take more risks (45). Moreover, boys might do sport more excessively than girls, so they may also be at higher risk of injury. The findings of Knowles et al. (46) and Schneider et al. (23) showed that after adjusting for the type and level of PA, gender differences in injury risk disappeared. In other words, gender and injuries are associated, and this may be due to the type of sports and the way of practicing that adolescents prefer.

In our study, the modifying effect of age and FAS on the association of medically attended injuries with adolescents’ PA and body-related factors was not significant. Räisänen et al. (43) reported that sport is one possible factor contributing to the differences in prevalence of injuries between age groups. In addition, Warsh et al. (13) found that adolescents reported a higher relative odds of being injured due to PA if they were in higher grades (9–10, i.e., 14–16 years), and had a middle or high family affluence. The ambiguity of research results in this area indicates that the putative contribution of these socio-demographic factors in relation to medically attended injuries among adolescents should further be studied.



Strengths and limitations

The major strengths of this study regard its large, nationally representative sample of adolescents and the comparability of our data with the international data within the HBSC study. Another potential strength is the use body composition and cardiovascular fitness, which represent objective measurements (using body fat percentage and the Ruffier index).

Some limitations should also be mentioned. First, adolescents’ PA and medically attended injuries were measured by self-report, making them prone to reporting bias. This is unlikely to explain the associations found, but may have added some measurement error. Another limitation was the cross-sectional design of this study, which hinders conclusive inferences about causality. Therefore, our findings need to be confirmed in longitudinal studies.



Implications

The results of this study can help inform intervention and prevention efforts to counteract the documented increase of injuries among adolescents. Our finding that adolescents with a higher level of PA were more likely to report medically attended injuries requires additional attention. In this case, for people involved in organised sports it is very relevant to be aware of this risk, to develop a culture of safety and to incorporate safety into the training of trainers and make adolescents aware of safety. Based on our findings about the moderating effect of gender, it seems that PA promotion programmes may further need to consider gender-specific strategies aimed at preventing injuries, e.g., when organizing sports teams for boys, injury prevention programmes should be provided to players-beginners, when they start playing in competitive divisions.



Conclusion

Adolescents are more likely to report medically attended injuries if they have a higher PA. Body-related factors are not associated with medically attended injuries. Very physically active adolescent boys can be considered as the most vulnerable group of adolescents in terms of injuries.



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 the Medical Faculty at P. J. Safarik University in Kosice (16N/2017). Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



Author contributions

VK, JK and AM were involved in all phases of the study: its design, data collection, analysis and reporting. PB contributed to the data collection. VK, JK, AM, PB, AW, and SR drafted the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by the Slovak Research and Development Support Agency under Contract no. APVV-18-0070, and by the Scientific Grant Agency of the Ministry of Education, Science, Research and Sport of the Slovak Republic and the Slovak Academy of Sciences, Reg. No. 1/0427/17 and Reg. No. 1/0179/21.



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.



References

1. Inchley J, Currie D, Budisavljevic S, Torsheim T, Jåstad A, Cosma A, et al. Spotlight on adolescent health and well-being. Findings from the 2017/2018 health behaviour in school-aged children (HBSC) survey in Europe and Canada. International report. Volume 1. Key findings. Copenhagen: WHO Regional Office for Europe (2020).

2. Vafaei A, Pickett W, Alvarado BE. Relationships between community social capital and injury in Canadian adolescents: a multilevel analysis. Inj Prev. (2015) 21:389–96. doi: 10.1136/injuryprev-2015-041552

3. Madarasova Geckova A. Social determinants of school-aged children’s health. National report on health and health-related behaviour of 11, 13 and 15-year-old school-aged children based on a survey conducted in 2017/2018 as a part of the international project “Health Behaviour in School-Aged Children (HBSC)”. Bratislava: Public Health Authority of the Slovak Republic (2019).

4. Bakalár P, Rosičová K. Medically attended injuries among Slovak adolescents: relationships with socio-economic factors, physical fighting, and physical activity. Int J Environ Res Public Health. (2020) 17:6721. doi: 10.3390/ijerph17186721

5. Davison CM, Russell K, Piedt S, Pike I, Pickett W, the CIHR team in Child and Youth Injury Prevention. Injury among young Canadians: A national study of contextual determinants. Vancouver, BC: CIHR team in Child and Youth Injury Prevention (2013).

6. Lloyd RS, Cronin JB, Faigenbaum AD, Haff GG, Howard R, Kraemer WJ, et al. National strength and conditioning association position statement on long-term athletic development. J Strength Cond Res. (2016) 30:1491–509. doi: 10.1519/JSC.0000000000001387

7. Corte de Araujo AC, Roschel H, Picanço AR, do Prado DM, Villares SM, Lucia de Sa Pinto A, et al. Similar health benefits of endurance and high intensity interval training in obese children. PLoS One. (2012) 7:e42747. doi: 10.1371/journal.pone.0042747

8. Huang CJ, Zourdos MC, Jo E, Ormsbee M. Influence of physical activity and nutrition on obesity-related immune function. Sci World J. (2013) 2013:752071. doi: 10.1155/2013/752071

9. Finch CF, Mitchell R, Boufous S. Trends in hospitalised sport/leisure injuries in New South Wales, Australia (implications for the targetting of population-focussed preventive sports medicine efforts. J Sci Med Sport. (2011) 14:15–21. doi: 10.1016/j.jsams.2010.03.009

10. Pakzad-Vaezi K, Singhal A. Trends in paediatric sport- and recreation-related injuries: an injury surveillance study at the British Columbia children’s hospital (Vancouver, British Columbia) from 1992 to 2005. Paediatr Child Health. (2011) 16:217–21. doi: 10.1093/pch/16.4.217

11. Mattila VM, Parkkari J, Koivusilta L, Kannus P, Rimpelä A. Participation in sports clubs is a strong predictor of injury hospitalization: a prospective cohort study. Scand J Med Sci Sport. (2009) 19:267–73. doi: 10.1111/j.1600-0838.2008.00800.x

12. Richmond SA, Kang J, Emery CA. Is body mass index a risk factor for sport injury in adolescents? J Sci Med Sport. (2013) 16:401–5. doi: 10.1016/j.jsams.2012.11.898

13. Warsh J, Pickett W, Janssen I. Are overweight and obese youth at increased risk for physical activity injuries? Obes Facts. (2010) 3:225–30. doi: 10.1159/000319322

14. Ezzat AM, Schneeberg A, Koehoorn M, Emery CA. Association between body composition and sport injury in Canadian adolescents. Physiother Can. (2016) 68:275–81. doi: 10.3138/ptc.2015-59

15. Carter CW, Micheli LJ. Training the child athlete: physical fitness, health and injury. Br J Sports Med. (2011) 45:880–5. doi: 10.1136/bjsports-2011-090201

16. Watson A, Brickson S, Brooks MA, Dunn W. Preseason aerobic fitness predicts in-season injury and illness in female youth athletes. Orthop J Sports Med. (2017) 5:2325967117726976. doi: 10.1177/2325967117726976

17. Martin-Diener E, Wanner M, Kriemler S, Martin BW. Associations of objectively assessed levels of physical activity, aerobic fitness and motor coordination with injury risk in school children aged 7-9 years: a cross-sectional study. BMJ Open. (2013) 3:e003086. doi: 10.1136/bmjopen-2013-003086

18. Moseid CH, Myklebust G, Slaastuen MK, Bar-Yaacov JB, Kristiansen AH, Fagerland MW, et al. The association between physical fitness level and number and severity of injury and illness in youth elite athletes. Scand J Med Sci Sports. (2019) 29:1736–48. doi: 10.1111/sms.13498

19. Emery CA, Meeuwisse WH, Hartmann SE. Evaluation of risk factors for injury in adolescent soccer: implementation and validation of an injury surveillance system. Am J Sports Med. (2005) 33:1882–91. doi: 10.1177/0363546505279576

20. Newton F, McCall A, Ryan D, Blackburne C, der Fünten K, Meyer T, et al. Functional movement screen (FMS) score does not predict injury in English premier league youth academy football players. Sci Med Football. (2017) 1:102–6. doi: 10.1080/24733938.2017.1283436

21. Chalmers S, Debenedictis TA, Zacharia A, Townsley S, Gleeson C, Lynagh M, et al. Asymmetry during functional movement screening and injury risk in junior football players: a replication study. Scand J Med Sci Sports. (2018) 28:1281–7. doi: 10.1111/sms.13021

22. Tang D, Cai W, Yang W, Gao Y, Li L. Gender-specific risk factors of physical activity-related injuries among middle school students in southern China. Int J Environ Res Public Health. (2019) 16:2359. doi: 10.3390/ijerph16132359

23. Schneider S, Yamamoto S, Weidmann C, Brühmann B. Sports injuries among adolescents: incidence, causes and consequences. J Paediatr Child Health. (2012) 48:E183–9. doi: 10.1111/j.1440-1754.2012.02578.x

24. Elgar FJ, Trites SJ, Boyce W. Social capital reduces socio-economic differences in child health: evidence from the Canadian health behaviour in school-aged children study. Can J Public Health. (2010) 101:S23–7. doi: 10.1007/BF03403978

25. Simpson K, Janssen I, Craig WM, Pickett W. Multilevel analysis of associations between socioeconomic status and injury among Canadian adolescents. J Epidemiol Community Health. (2005) 59:1072–7. doi: 10.1136/jech.2005

26. Roberts C, Currie C, Samdal O, Currie D, Smith R, Maes L. Measuring the health and health behaviours of adolescents through cross-national survey research: recent developments in the health behaviour in school-aged children (HBSC) study. J Public Health. (2007) 15:179–86. doi: 10.1007/s10389-007-0100-x

27. Inchley J, Currie D, Cosma A, Samdal O. Health behaviour in school-aged children (HBSC) study protocol: background, methodology and mandatory items for the 2017/18 survey. St Andrews: CAHRU (2018).

28. Ng K, Sigmundová D, Sigmund E, Pavelka J, Hamřík Z, Molcho M, et al. Trends in medically attended injuries in Czech adolescents. Cent Eur J Public Health. (2017) 25:S60–63. doi: 10.21101/cejph.a5097

29. Kleszczewska D, Szkutnik AM, Siedlecka J, Mazur J. Physical activity, sedentary behaviours and duration of sleep as factors affecting the well-being of young people against the background of environmental moderators. Int J Environ Res Public Health. (2019) 16:915. doi: 10.3390/ijerph16060915

30. Karchynskaya V, Kopcakova J, Madarasova Geckova A, de Winter AF, Reijneveld SA. Does it fit better? Measures of physical activity among adolescents in relation to health indicators. Eur J Public Health. (2022). doi: 10.1093/eurpub/ckac138

31. Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, Somers VK, Erwin PJ, et al. Diagnostic performance of body mass index to identify obesity as defined by body adiposity: a systematic review and meta-analysis. Int J Obes. (2010) 34:791–9. doi: 10.1038/ijo.2010.5

32. Javed A, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, et al. Diagnostic performance of body mass index to identify obesity as defined by body adiposity in children and adolescents: a systematic review and meta-analysis. Pediatr Obes. (2015) 10:234–44. doi: 10.1111/ijpo.242

33. Karelis AD, Chamberland G, Aubertin-Leheudre M, Duval C. Validation of a portable bioelectrical impedance analyzer for the assessment of body composition. Appl Physiol Nutr Metab. (2013) 38:27–32. doi: 10.1139/apnm-2012-0129

34. InBody 230 user’s manual. Available at: https://inbodyusa.zendesk.com/hc/en-us (Accessed February 21, 2022).

35. Sweeting H. Measurement and definitions of obesity in childhood and adolescence: a field guide for the uninitiated. Nutr J. (2007) 6:32. doi: 10.1186/1475-2891-6-32

36. Costa-Urrutia P, Vizuet-Gámez A, Ramirez-Alcántara M. Obesity measured as percent body fat, relationship with body mass index, and percentile curves for Mexican pediatric population. PLoS One. (2019) 14:e0212792. doi: 10.1371/journal.pone.0212792

37. Sartor F, Bonato M, Papini G, Bosio A, Mohammed RA, Bonomi AG, et al. A 45-second self-test for cardiorespiratory fitness: heart rate-based estimation in healthy individuals. PLoS One. (2016) 11:e0168154. doi: 10.1371/journal.pone.0168154

38. Moravec R. Telesný, funkčný rozvoj a pohybová výkonnosť 7–18 ročnej mládeže v ČSFR (Physical, functional development and movement performance of 7-18 year old youth in the CSFR). Bratislava: Slovak Ministry of Education (1990).

39. Fardman A, Banschick GD, Rabia R, Percik R, Segev S, Klempfner R, et al. Cardiorespiratory fitness is an independent predictor of cardiovascular morbidity and mortality and improves accuracy of prediction models. Can J Cardiol. (2021) 37:241–50. doi: 10.1016/j.cjca.2020.05.017

40. Currie C, Molcho M, Boyce W, Holstein B, Torsheim T, Richter M. Researching health inequalities in adolescents: the development of the health behaviour in school-aged children (HBSC) family affluence scale. Soc Sci Med. (2008) 66:1429–36. doi: 10.1016/j.socscimed.2007.11.024

41. Jespersen E, Rexen CT, Franz C, Møller NC, Froberg K, Wedderkopp N. Musculoskeletal extremity injuries in a cohort of schoolchildren aged 6-12: a 2.5-year prospective study. Scand J Med Sci Sport. (2015) 25:251–8. doi: 10.1111/sms.12177

42. Räisänen AM, Kokko S, Pasanen K, Leppänen M, Rimpelä A, Villberg J, et al. Prevalence of adolescent physical activity-related injuries in sports, leisure time, and school: the national physical activity behaviour study for children and adolescents. BMC Musculoskelet Disord. (2018) 19:58. doi: 10.1186/s12891-018-1969-y

43. Räisänen AM, Parkkari J, Karhola L, Rimpelä A. Adolescent physical activity-related injuries in sports club, school sports and other leisure time physical activities. Cogent Med. (2016) 3:1260786. doi: 10.1080/2331205X.2016.1260786

44. Bovet P, Auguste R, Burdette H. Strong inverse association between physical fitness and overweight in adolescents: a large school-based survey. Int J Behav Nutr Phys Act. (2007) 4:24. doi: 10.1186/1479-5868-4-24

45. Powell JW, Dompier TP. Analysis of injury rates and treatment patterns for time-loss and non-time-loss injuries among collegiate student-athletes. J Athl Train. (2004) 39:56–70. PMCID: PMC385263

46. Knowles SB, Marshall SW, Bowling JM, Loomis D, Millikan R, Yang J, et al. A prospective study of injury incidence among North Carolina high school athletes. Am J Epidemiol. (2006) 164:1209–21. doi: 10.1093/aje/kwj337



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Are adolescents’ physical activity and body-related factors associated with medically attended injuries?

		Introduction



		Materials and methods



		Sample and procedure



		Measures



		Statistical analyses











		Results



		Background characteristics



		The association of medically attended injuries with adolescents’ PA and body-related factors



		The modifying effect of age, gender and family affluence on association of medically attended injuries with adolescents’ PA and body-related factors











		Discussion



		Strengths and limitations



		Implications



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Are adolescents’ physical activity and
body-related factors associated with
medically attended injuries?





OPS/images/fped-10-901011-t001.jpg
Characteristic N (%)

Medically attended injuries
No injuries 417 (506)
1 or more injuries 407 (494

Adolescents’ physical activity (PA)

Very active (5-7 days MVPA and OLTA) 318 (37.0)

Active (5-7 days MVPA or OLTA) 311 (362)

Inactive (less than 5 days MVPA and no OLTA) 230 (268)
Body composition

Normal weight 686 (77.3)

Overweight and obesity 202 (227)
Cardiovascular fitness (CVF)

Sufficient 661 (74.4)

Insufficient 227 (25.6)
Age

Younger (11-12 years old) 345 (389)

Older (13-15 years old) 543 (61.1)
Gender

Boys 497 (56.0)

Girls 391 (44.0)

Family affluence

Low 174 (25.)
Middle 204 (30.1)
High 300 (442)

MVPA, moderate-to-vigorous physical activity; OLTA, organized leisure-time
activities; numbers of missing cases per variables: medically attended injuries,
64; adolescents’ PA, 29; body composition, 0;: CVF, 0: age, 0: gender, O
family affluence, 210.
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Model 1 (crude) Model 2 (adjusted)
OR (95% CI) OR (95% CI)

Adolescents’ physical activity (PA)

Very active (5-7 days 270 (1.88-3.87)"* 276 (1.83-4.15)"*
MVPA and OLTA)

Active (5-7 days MVPA 206 (1.44-2.95)** 191 (127-287)*
or OLTA)

Tnactive (less than 5 days 1 (Ref) 1 (Ref)

MVPA and no OLTA)

Body composition

Overweight/obesity 0.74 (053-1.03) 072 (0.50-1.04)

Normal weight 1 (Ref) 1 (Ref)
Cardiovascular fitness (CVF)

Insufficient 072 (0.52-098)" 077 (0.54-1.10)

Sufficient 1 (Ref) 1 (Ref)
Age

Younger (11-12 years old) 101 (0.76-134)

Older (1315 years old) 1 (Ref)
Gender

Boys 130 (099-1.71)

Girls 1 (Ref)

Family affluence

High 179 ( 61
Middle 158 (1.05-2.38)*
Low 1 (Ref)

MVPA, moderate-to-vigorous physical activity; OLTA, organised leisure-time
activities; Ref., reference category.

“p<0.05.

“*p<0.01

«x%p < 0.001









OPS/images/fped-10-901011-g001.jpg
"% > 0 Injuries per 12 months

60.0%

40.0%"

20.0%
0.0%

Inactive (MVPA <5 days +no  Active (MVPA 5-7 days or  Very active MVPA 5-7 days
OLTA) OLTA) and OLTA)

Adolescents' PA

gender

[HBoys
Hoairls





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





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





