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Abstract: Introduction: The aim of this study was to investigate the association between physical
fitness, physical activity, and sense of coherence (SOC) in Swedish adolescents (n = 2028 males,
n = 1287 females) aged 14 to 18 using a cross-sectional design. Methods: Using the Swedish Physical
power Mental harmony and Social capacity (FMS) student profile, participants performed physical
tests measuring their cardiovascular ability (CV) and muscular strength. Questionnaires were used
to measure physical activity levels (PA), the participation in organized physical training, sedentary
behavior (SB), screen time, and SOC value. Multiple linear regression analyses were used to analyze
the association between SOC and independent variables. Results: The regression analyses explained
a small, shared variance between SOC and the independent variables in boys (4.3%) and girls (3.3%).
SB showed a positive association with SOC both in girls (β = 0.114, p = 0.002) and boys (β = 0.109,
p = 0.013). Abdominal strength was positively associated, while VO2max was inversely associated,
with SOC (β = 0.113, p = 0.022; β = −0.109, p = 0.026, respectively) in boys. Girls had poorer fitness
than boys did across all age groups except at age 18. PA levels decreased from age 14 to 18 in girls
and boys, but without differences between sexes. Abdominal strength decreased from age 14 to 18
in girls and boys. In general, girls had lower SOC than boys across all age groups. Conclusions:
Poor sedentary behavior was significantly associated with weaker SOC for both genders, indicating
overall physical activity as the most important factor for stronger SOC. However, emotional support
in vulnerable environments may have a bigger impact than physical activity or sedentary behavior
on the SOC value for adolescents.

Keywords: physical; social capacity; sedentary behavior; screen time; psychological resilience;
muscular strength; aerobic capacity

1. Introduction

Adolescence is an intensive and sensitive period of physical and psychological changes
where social relationships and emotional and academic abilities are developed simultane-
ously [1,2]. It is often described as a period of “storm and stress” [3] due to the onset of
many stress-induced mental health problems (e.g., depression, anxiety, and post-traumatic
stress) that increase in childhood and peak in adolescence [4–7]. Mental health problems
play a big role in the global burden of disease and affect approximately 10–20% of children
and adolescents worldwide [7], while the number of adolescents with emotional and men-
tal problems has increased during the recent decade, particularly in central and northern
Europe [8]. One of the major concerns with adolescents’ mental health is that it affects the
mental state when they become adults [8,9]. Not surprisingly, the problem of mental health
of adolescents is among the most important issues in public health nowadays [10,11].
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While it is obviously hard to avoid daily stressful situations, developing the ability to
cope effectively with stressors is even more important. In the late eighties, Israeli American
sociologist Antonovsky developed the concept of a sense of coherence (SOC), trying to
explain why some people have better resistance to stress and stay healthy, while others
struggle with it and get sick [12]. In general, SOC is a scale that measures how people
use their generalized resistance resources (GRR) to deal with stress, as well as maintain
and improve their health. Individuals with more available GRR (e.g., personal experience,
self-esteem, money, social support, and intelligence) tend to do better coping with stressors
and everyday life challenges [13]. SOC assesses three components: meaningfulness, com-
prehensibility, and manageability of life. Meaningfulness is the motivational component
referring to an emotional connection and the worthiness of commitments and engagement
in life [14]. Manageability is a behavioral aspect that refers to an individual’s ability to
recognize and use available GRR to manage, control, and respond to challenges in life.
Comprehensibility is related to the cognitive ability of an individual to perceive and under-
stand the occurring context of both internal and external stimuli that might create stressful
and chaotic situations clearly and rationally [15,16].

Consequently, it is of great importance to know about factors associated with in-
creased SOC, mental and physical health, and reduced stress factors. For instance, physical
activity (PA) showed to have multiple positive effects on physical and mental health.
In this regard, increased PA levels showed improved SOC, and positively affected con-
centration, pleasurable engagement, subjective health perception, and life satisfaction in
adolescents [17–19]. Furthermore, PA positively contributed to improved self-esteem and
self-confidence [20], reduced anxiety, and increased well-being [21,22], while sedentary
behavior and insufficient PA were inversely associated with mental health in young peo-
ple [20,22,23]. Moreover, higher PA was associated with reduced risk of cardiovascular
disease and type 2 diabetes [24], lower obesity/overweight [25,26], and improved physical
fitness [25,27,28].

In general, physical fitness is defined as one’s capacity to perform daily activities
and exercises with optimal performance, and it is determined by several components
such as cardiorespiratory fitness, muscular strength and endurance, body composition and
flexibility [29,30]. It is considered a strong predictor of current and future health in children
and adolescents, modulating stress, fatigue, sedentary, and health risk behaviors [2,31].
Unfortunately, it is frequently reported that children and adolescents have an insufficient
level of physical fitness [25,32,33], mainly due to decreased PA [23]. What is more, physical
fitness and PA levels decline with progressing age. Specifically, a review study that included
prospective studies on children and adolescents aged 10–19 years reported an annual
decline of 7% in PA levels after age 13 [34].

Additionally, it was reported that the prevalence of PA and cardiovascular fitness level
is sex-dependent [25,35–37]. Evidently, girls are engaged in PA less than boys [35–37]. It
was reported that lower PA and physical fitness in girls were associated with their poorer
mental health compared to boys. In brief, among 566,829 examined adolescents, girls
showed a higher level of anxiety and lower level of satisfaction compared to boys, with
the differences being more exaggerated in gender equal countries, such as Sweden and
Finland [38]. However, relatively few studies have examined sex-dependent differences
in the association between PA, fitness level, and mental health, reporting inconsistent
results [39,40].

Collectively, it seems reasonable to assume that adolescents with a stronger SOC
would mobilize appropriate bodily resources, engaging in behaviors that promote health
(e.g., physical activity) and, thus, increase their fitness levels [14,41]. Therefore, the primary
aim of the study was to investigate the association between SOC, physical fitness, PA level,
screen time, and sedentary behavior separately in Swedish male and female adolescents,
according to the Physical power, Mental harmony, and Social capacity (FMS) student pro-
file [26]. A secondary aim was to examine differences between male and female adolescents
in PA, fitness level, and sedentary behavior across the age groups. We hypothesized that
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adolescents with a higher activity level, physical fitness, excessive screen time, and poorer
sedentary behavior display a stronger SOC.

2. Materials and Methods
2.1. Participants

Fourteen- to eighteen-year-old Swedish high-school students (2028 girls; 61% and
1287 boys; 39%) from 45 schools located in three urban regions in the middle and south of
Sweden, including communities with smaller (<50,000) and bigger (>50,000) population,
were invited and accepted to participate in the study. They were divided into several age
groups: girls (age 14, n = 40; age15, n = 239; age 16, n = 1312; age 17, n = 384; and age 18,
n = 53) and boys (age 14, n = 40; age 15, n = 137; age 16, n = 773; age 17, n = 260; age 18,
n = 77), respectively (Table 1). All participants included in this study met the requirements
for inclusion, which were being a Swedish school student, 14–18 years old, attending
a school using the FMS instrument, having a complete set of data, e.g., had undergone
all the physical tests and answered all the questionnaires included in the FMS instrument
during 2014–2020. The FMS profile is a tool designed by the Swedish Institute of Physical,
Mental, and Social capacity for adolescents aged 12–19 years old and includes a ques-
tionnaire (e.g., PA level and sedentary behavior), fitness tests (e.g., cardiovascular fitness,
muscular strength, and flexibility) and anthropometric measurements (e.g., body height
and mass) [26]. Parents/guardians and the participants were all informed about the fitness
test and the FMS questionnaire. A written consent was signed by the parents/guardians
and the students to participate in the study. The present investigation was conducted in
accordance with the Declaration of Helsinki for human studies and was approved for retro-
spective and prospective data by the Swedish Ethical Review Authority (Dnr 2019-05076).

Table 1. Differences between sexes across age groups comparing anthropometric data, fitness levels,
and sense of coherence.

Age = 14 Age = 15 Age = 16 Age = 17 Age = 18

Variables Sex Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD F Test (p Value)

Body Mass (kg)
Girls 54.9 ± 5.4 *¥†‡# 61.5 ± 10.0 * 60.3 ± 9.3 * 61.2 ± 9.0 * 62.6 ± 12.3 * 4.67 (0.001)

Boys 63.2 ± 11.4 ¥†‡ 68.7 ± 12.8 ¥ 69.8 ± 11.9 71.2 ± 11.4 74.6 ± 13.2 6.07 (0.001)

Body Height (m)
Girls 1.64 ± 0.03 * 1.66 ± 0.06 * 1.66 ± 0.06 * 1.65 ± 0.06 * 1.64 ± 0.08 * 1.78 (0.13)

Boys 1.75 ± 0.08 1.78 ± 0.07 1.78 ± 0.07 1.79 ± 0.06 1.78 ± 0.07 1.23 (0.30)

BMI
Girls 20.0 ± 2.0 ¥†# 22.0 ± 3.3 * 21.7 ± 2.9 22.2 ± 3.0 22.9 ± 4.1 4.56 (0.00)

Boys 20.8 ± 3.6 21.7 ± 3.4 21.8 ± 3.2 22.2 ± 3.3 23.2 ± 3.5 2.88 (0.02)

Lower body strength
(seconds)

Girls 143.6 ± 103.4 113.8 ± 104.6 129.7 ± 89.2 *¥ 122.0 ± 81.1 * 121.9 ± 75.4 2.92 (0.02)

Boys 134.0 ± 83.1 132.7 ± 83.1 150.6 ± 102.5 ¥ 137.7 ± 82.1 102.3 ± 74.3 4.38 (0.00)

Upper body strength
(number of repetitions)

Girls 25.2 ± 13.3 * 25.7 ± 16.3 21.1 ± 14.0 25.4 ± 13.8 30.4 ± 19.1 * 1.78 (0.13)

Boys 42.2 ± 27.6 21.7 ± 21.7 23.4 ± 67.7 22.9 ± 19.4 22.9 ± 16.2 1.64 (0.16)

Sit-ups (number of
repetitions)

Girls 76.6 ± 49.0 ¥†‡# 52.9 ± 41.3 * 53.4 ± 31.3 * 52.6 ± 37.6 * 48.0 ± 26.9 4.61 (0.00)

Boys 74.3 ± 48.3 ¥ 67.5 ± 45.4 ¥ 65.8 ± 38.2 ¥ 66.1 ± 34.6 ¥ 48.6 ± 13.1 3.90 (0.00)

VO2max (mL/kg/min)
Girls 51.1 ± 5.3 *†‡# 39.3 ± 9.6 *† 41.1 ± 8.3 * 42.7 ± 8.0 * 44.4 ± 7.2 12.85 (0.00)

Boys 57.3 ± 8.9 ¥†‡# 50.7 ± 10.8 ‡ 46.6 ± 10.7 † 49.4 ± 10.9 48.6 ± 13.1 9.85 (0.001)

Sense of coherence
(SOC) (total value)

Girls 54.8 ± 6.6 55.6 ± 6.7 * 55.4 ± 6.6 * 55.6 ± 7.1 * 54.7 ± 7.1 0.38 (0.82)

Boys 56.9 ± 5.6 58.5 ± 7.3 ¥ 56.9 ± 6.2 57.1 ± 7.0 55.5 ± 7.5 2.77 (0.03)

Legend: * Indicates significant differences between boys and girls in the accompanying age group at p < 0.05.
¥ Indicates values significantly different from those obtained in 18-year-old adolescents at p < 0.05. † Indicates
values significantly different from those obtained in 17-year-old adolescents at p < 0.05. ‡ Indicates values
significantly different from those obtained in 16-year-old adolescents at p < 0.05. # Indicates values significantly
different from those obtained in 15-year-old adolescents at p < 0.05.



Int. J. Environ. Res. Public Health 2022, 19, 12841 4 of 13

Variables and Measurement

The variables in this study included independent variables (age, sex, BMI, upper-
and lower-body strength, abdominal strength, VO2max, everyday physical activity, orga-
nized physical training in a school/club setting, sedentary behavior, and screen time) and
a dependent variable (sense of coherence).

The FMS profile includes anthropometric measurements, questionnaires (including
SOC questionnaire), and the fitness tests follow the standardized protocols [26]. Anthro-
pometrics included body mass and height measured by the school nurses. Body mass
index (BMI) was calculated for each student [body mass (kg)/body height squared (m2)].
Physical education (PE) teachers conducted the fitness tests during the PE sessions.

2.2. FMS Questionnaire

Four single-item questions from the FMS student profile questionnaire were used to
measure the prevalence of physical training, everyday PA, sedentary behavior style, and
screen time among the participants. (1) Physical training: How often (times a week) do
you train in a club, so that you become at least 30 min breathless (e.g., running, playing
ball sports, etc.)? (answers included: never, once a week, two times, three times, at least
four times). (2) Physical activity: How often (days a week) do you walk, exercise, cycle, or
exercise otherwise for at least 30 min in a row? (answers included: (<3 days, 3 days, 4 days,
5 days, >5 days). (3) Sedentary behavior: How many hours of your school and leisure time
do you sit still? (answers included: >11 h, 10–11 h, 8–9 h, 6–7 h, <6 h). (4) Screen time: How
much time (number of hours) do you spend in front of a screen (e.g., computer, television,
mobile phone) during your free time? (answers included: >4 h, 2–4 h, 1–2 h, 0.5–1 h, <0.5 h).
The self-reported questionnaires consisted of a Likert-type scale ranging from 1 to 5, and it
has previously been validated in large sample studies [26,42,43]. Sedentary behavior and
screen time were inversely coded with a higher score, meaning lower sedentary behavior
and less screen time.

2.3. Sense of Coherence Questionnaire

The present study used the shortened 13-item SOC questionnaire. Every question
option was ranked 1–7. The item response in the questionnaire was counted as 1 for the
lowest rank and 7 for the highest rank. Four questions were counted in a reverse score
setting in the 13-item questionnaire. An example of a reverse counted question is “Have
people you trust made you disappointed?”; ranking 1 means it “never happens”, and
ranking 7 means it “happens a lot.” A high total score in the questionnaire represents
a high value of SOC [44]. The dependent SOC variable in the data analysis consisted of the
total score of the questionnaire (ranged 13–91). The 13-item questionnaire has shown to be
a reliable [44–46] and valid [47] instrument, measuring how individuals manage stressful
situations and stay well [15].

2.4. Fitness Measurements

Muscular strength was assessed using the following tests: sit-ups (number of repeti-
tions), upper body strength (arm lift with 5 kg for females and 5 or 10 kg for males (number
of repetitions), and lower body strength (static wall squat, i.e., holding position “sitting
chair” for as long as possible, measured in seconds). All tests are described elsewhere in
more detail [26].

2.5. Cardiovascular Fitness

To test cardiovascular fitness, PE teachers could choose one of several maximal and
submaximal tests, depending on the available resources, equipment, and the pupils’ char-
acteristics (e.g., overall fitness level, familiarity with the tests, etc.). A Cooper test was most
frequently used. It estimates the participant’s maximal oxygen consumption based on the
distance covered in 12 min of running [48]. It has shown to be a valid and reliable test for
estimating VO2max [49]. Alternatives to the Cooper test were the 1-Mile Walk test [50],
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Step test [51], and Åstrand cycle ergometer test [51,52], all of which were considered valid
and reliable.

2.6. Statistical Analyses

The Shapiro–Wilk test was used to analyze the normality of the distribution for all
variables. Continuous variables were presented by mean and standard deviation (SD),
while one-way analysis of variance (ANOVA) with consecutive Bonferroni post hoc test
and the independent t-test were used to analyze the differences across the age groups and
differences between girls and boys, respectively. For ordinal variables, the Kruskal–Wallis
Test and Mann–Whitney Test were used. Standard multiple linear regression analyses
were used to analyze the association between the dependent variable (i.e., SOC value) and
the independent variables separately for girls and boys. Independent variables consisted
of ordinal (i.e., everyday physical activity, physical training, sedentary behavior, and
screen time) and continuous variables: anthropometry (i.e., BMI), physical fitness (i.e.,
VO2max, abdominal strength, upper body strength, and lower body strength), and age.
Before the calculation of multiple regression, the collinearity between the predictors was
checked. The variance inflation factor (VIF) for all predictors was below 2.5, showing
low multicollinearity. Therefore, all predictors were included in the multiple regression
calculations. Significance level was set at p < 0.05. Statistical analyses were performed
using IBM SPSS Statistics 27 (IBM, Armonk, New York, NY, USA).

3. Results

Descriptive statistics (mean ± SD) and differences across age and sex groups in
anthropometric, physical fitness, and SOC variables are presented in Table 1. Differences in
physical training frequency, PA level, sedentary behavior, and screen time across age and
sex groups are presented in Table 2.

Table 2. Kruskal–Wallis and Mann–Whitney Tests comparing differences in PA between sexes and
age groups. Mean value is presented for age and gender.

Age Groups

Variables 14 15 16 17 18 p-Value

Physical training (PT) Girls 4.05 3.40 * 3.70 * 3.75 3.41 0.179
Boys 3.89 3.92 3.92 3.81 3.47 0.550

Everyday physical activity (PA) Girls 3.48 3.03 2.86 3.03 3.02 0.004
Boys 3.56 3.05 2.96 3.10 2.92 0.005

Sedentary behavior (SB) Girls 3.19 2.87 2.78 * 2.84 3.02 0.114
Boys 2.94 2.95 2.95 2.94 2.98 0.963

Screen time (ST)
Girls 2.05 * 1.73 1.65 1.80 2.05 0.519
Boys 1.39 1.70 1.74 1.76 1.84 0.760

Legend: Data are presented at 1–5 point scale, with higher scores indicating a higher level of PT and PA, and
lower level of SB and ST; p-value of Kruskal–Wallis test indicates significant differences between the age groups;
* Indicates significant differences between boys and girls in accompanied age group at p < 0.05.

3.1. Anthropometrics

Boys were significantly taller (p < 0.005) and heavier (p < 0.005) than girls across all
age groups (14–18 years old). Body mass increased across all age groups in boys (f = 6.07,
p = 0.001). In contrast, there were significant differences between age groups (f = 4.67,
p = 0.001) in girls but without significant increase across the groups. There were no
differences in body height across age groups, either in boys or in girls (f = 1.23, p = 0.30,
f = 1.78, p = 0.13, respectively). BMI showed no significant differences across age and gender
groups. However, girls had significantly higher BMI in ages 16, 17, and 18 compared with
age 14.
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3.2. Physical Fitness

Boys had higher VO2max than girls across all age groups. There was a difference in
both girls (f = 12.85, p = 0.00) and boys (f = 9.85, p = 0.001) in each age group, with a tendency
to decrease with age from 57.3 ± 8.9 mL/kg/min at age 14 to 48.6 ± 13.1 mL/kg/min at
age 18 in boys and from 51.1 ± 5.3 mL/kg/min at age 14 to 44.4 ± 7.2 mL/kg/min at
age 18 in girls.

Lower-body strength was higher in boys than girls in age groups 16 and 17, with
a tendency to decrease with age in both groups (f = 2.92, p = 0.02; f = 4.38, p = 0.00,
respectively). On the other hand, upper-body strength was better in boys at age 14, but
poorer at age 18. Boys had higher abdominal strength (i.e., sit-ups) than girls in all age
groups except at age 14. Moreover, it declined with age, both in girls and boys (f = 4.61,
p = 0.00; f = 3.90, p = 0.00, respectively).

3.3. Sense of Coherence

Boys had a stronger SOC than girls in age groups 15, 16, and 17. There were no
differences in the SOC level between age groups in girls (f = 0.38, p = 0.82). On the other
hand, boys in age group 15 had stronger SOC than those from age group 18.

3.4. Physical Training, Everyday PA, Sedentary Behavior, and Screen Time

Boys had a significantly higher prevalence of physical training in age group 15
(Z = −3.115, N1 = 226, N2 = 126, p = 0.002) and 16 (Z = −4.488, N1 = 1289, N2 = 759,
p ≤ 0.001), compared to girls. Specifically, 47.7% of boys and 32.7% of girls reported that
they trained in sports at a moderate to high-intensity level at least 4 times per week. There
was not significant difference between boys and girls in everyday PA. a Significant differ-
ence across age groups was found in everyday PA for both girls χ2 (4, N = 1973) = 15.427,
p = 0.004 and boys χ2 (4, N = 1245) = 14.914, p = 0.005. Prevalence of PA decreased from
age group 14 compared to age group 18 for both sexes. Girls had a significantly poorer
sedentary behavior compared to boys in age group 16 (Z = −3.335, N1 = 880, N2 = 572,
p ≤ 0.001), and boys spent significantly more screen time than girls in age group 14
(Z = −3.147, N1 = 40, N2 = 40, p = 0.002). There were no significant differences in sedentary
behavior and screen time across age groups in any of the sexes.

3.5. Factors Associated with a Sense of Coherence

The multiple regression analyses showed a significant association of the independent
variables with SOC both in girls (p = 0.003) and boys (p = 0.005) (Table 3). However,
the used predictors explained only 3.3% (R2 = 0.033) variability of SOC in girls and 4.3%
(R2 = 0.043) in boys. Sedentary behavior showed a significant positive association with
SOC both in girls (β = 0.114, p = 0.002) and boys (β = 0.109, p = 0.013), meaning the better
sedentary behavior, the stronger SOC. Abdominal strength was positively associated, while
VO2max was inversely associated with SOC (β = 0.113, p = 0.022; β = −0.109, p = 0.026,
respectively), in boys. There were no other significant associations between independent
variables and SOC.

Table 3. Factors associated with sense of coherence, separately for girls (n = 797) and boys (n = 587)
(multiple linear regression analyses).

Independent Variables
Girls Boys

β p Value β p Value

Age −0.033 0.357 −0.037 0.371
BMI −0.006 0.864 0.005 0.913

Lower body strength 0.022 0.611 0.002 0.975
Upper body strength 0.041 0.307 0.046 0.321

Sit-ups 0.046 0.266 0.113 0.022 *
VO2max −0.047 0.226 −0.109 0.026 *
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Table 3. Cont.

Independent Variables
Girls Boys

β p Value β p Value

Physical training 0.016 0.698 0.021 0.650
Everyday physical activity −0.002 0.953 −0.029 0.517

Sedentary behavior 0.114 0.002 * 0.109 0.013 *
Screen time 0.053 0.156 0.078 0.079

Total R2 0.033 0.043
Anova F = 2.67; p = 0.003 F = 2.56; p = 0.005

Legend: β = a standardized beta coefficient; R2 = the coefficient of determination. * Indicates a significant
association with the criterion variable (sense of coherence).

4. Discussion

The main finding in the present study was that adolescents with less sedentary behav-
ior had stronger SOC. Moreover, abdominal strength showed positive association, while
VO2max had a negative association with SOC in boys. They also had a higher value of SOC
and VO2max across all age groups compared to girls. Differences between girls and boys in
everyday physical activity, sedentary lifestyle, and screen time were small. However, there
was a significantly higher prevalence of physical training frequency for boys compared to
girls in age groups 15–16.

4.1. Determinants of Sense of Coherence (SOC)

The hypothesis that adolescents with a higher PA level, physical fitness, and poorer
sedentary behavior would display a stronger SOC irrespective of gender was partially
supported. The present study showed less sedentary behavior being associated with
a stronger SOC in adolescents, irrespective of the sex and age. This is consistent with
a recent study showing a weak SOC being associated with insufficient PA [53]. Moreover,
the finding is in line with several studies showing higher sedentary behavior being associ-
ated with worse mental health [20,22,54,55]. Furthermore, Iannotti et al. (2009) suggest the
sedentary behavior and mental health may be affected by time spent watching television,
which, in turn, reduces social interaction, personal problem-solving situations, and does
not activate and challenge one’s cognitive and physical capacities [56]. It seems that screen
time and usage of social media increase not only sedentary time but also lead to social pres-
sure and body dissatisfaction among adolescents [57,58]. However, the social media and
screen time can provide some sort of social connection and interaction among adolescents,
which could explain the non-significant association between screen time and SOC in the
present study.

Unexpectedly, there were no significant associations between SOC and physical train-
ing (PT) and everyday PA, which is in line with some previous studies [13,19], but opposing
to others that showed a positive association between PA and mental health [59,60]. The
use of a single item (e.g., question) to assess adolescent PA and PT might be a possible
explanation for the lack of association between PA, PT, and SOC.

Furthermore, BMI was not significantly associated with SOC. The present findings
support previous studies which have suggested that BMI and mental health are not as-
sociated with adolescents younger than 20 years [61], or when controlling for fitness
variables [62,63].

The only strength variable positively associated with SOC was boys’ abdominal
strength that was tested in the same way across all age groups and both sexes. The
result is in line to previous research where strength is positively associated with mental
health outcomes, such as self-esteem and self-perceptions [64], physical self-perception [65],
perceived health status and life satisfaction [66], and lower depression [67]. However, in
the current study there were no observed association between strength of other muscle
groups (e.g., upper- and lower-body) and SOC. Possible explanation can be that boys aged
14–16 had the option of choosing either a 5 kg or a 10 kg dumbbell, compared to boys
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aged 17–18 who had to use the 10 kg dumbbell, which in turn could equalize their number
of repetitions and in turn reduce the power of the regression analysis to detect potential
association to SOC.

Interestingly, the present study showed an inverse association between SOC and
cardiovascular (CV) fitness (i.e., VO2max) only in boys. It seems that increased CV fitness
might be a product of external stressors (e.g., high training volume and pressure), which,
in turn, could reduce the coping capacity to deal with everyday stress [68]. The observed
association only in boys might be connected to a higher prevalence of physical training
at age 15–18, compared to girls in the present study. Specifically, sports participation on
a high-level puts many demands and stress on the participants. A recently published
study demonstrated that more than 50% of the athlete students frequently reported study-
related stress as a predictor of general well-being and general risk of depression, while
21% showed impaired well-being [68]. In line with that, Demirel (2016) suggested reasons
such as physical or somatic stress associated with vigorous exercise programs (e.g., overuse
injuries) and fear of occupational careers as possible factors associated with stress for
athletic students [69].

In the present study, 47% of male adolescents reported that they trained in sports at
a moderate to high-intensity level at least 4 times per week, revealing their active sports
participation. In accordance with that, Mayer and Thiel (2014) reported a slight, but
significantly lower SOC score in elite athletes than in the general population, indicating
a high demanding sports participation as a risk factor that might weaken SOC [70]. In
brief, the social context of sports participation is considered to be an extremely demanding
environment that includes constant competitive pressure to perform at a high level which
might increase injury risk, absence from the participation and competition, cause over-
training syndrome, and reduce psychological resilience to stress, which all together may
lead to a decreased overall health and SOC [70,71].

4.2. Differences between Age and Sex in SOC

Generally, boys had a stronger SOC in every age group compared to girls. This
is in accordance with previous studies showing boys having a stronger SOC [72–74].
The difference was significant at ages 15, 16, and 17, which is congruent with previous
research by Moksnes et al. (2012) where boys had a significantly higher value at ages 15–16,
compared to within age groups 13–14 and 17–18 [72]. The differences between the sexes in
SOC in the present study might be explained by differently perceived stress in boys and
girls. In brief, boys have usually reported higher levels of performance stress [73,75] and
higher levels of achievement and self-relevant stressors [76], while girls intend to blame
themselves in relationship problems [77] and are more affected by social relationship [78].
On the other hand, the SOC value showed small variability across age groups in both sexes,
which is contrary to Antonovsky’s (1987) thesis, indicating that SOC was developing by
age [12]. A possible explanation may be that adolescents between 14–18 are in the same
school stage (i.e., high school) where social, emotional, and academic demands are similar
across the grades.

4.3. Differences between Age and Sexes in Physical Activity and Fitness Level

Expectedly, boys were taller and heavier across all age groups compared to girls. BMI
showed a tendency of increasing with age. There was no difference in BMI between sexes,
except in age 15, with girls having higher values. This small difference between the sexes
can be explained by a low power of BMI to evaluate body composition (i.e., body fat
and muscle mass). Thus, a higher BMI in girls might be a product of higher adiposity
mass, while in boys it might be a result of bigger muscle mass, which is reasonable to
assume when results showed higher activity level and participation rate in organized sport
activities in boys than in girls. Moreover, girls had lower levels of everyday PA at age 14–17
compared to boys, which is in line with previous studies [23,79]. There were no significant
differences in sedentary behavior and screen time across the age groups in either of the
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sexes. In general, the PA level decreased with age for both sexes, which is in line with
previous studies [25].

4.4. Physical Fitness

Fitness results showed that boys had a higher cardiovascular capacity (i.e., VO2max)
in all age groups compared to girls, which is in line with previous studies [25,80,81].
A higher PA level, cardiac size and function, as well as greater muscle mass and mechanical
efficiency (e.g., larger levers) may explain the male superiority in aerobic capacity compared
to female adolescents [25,82]. Additionally, boys were significantly stronger in the lower
body at age 16–17, and in abdominal strength at age 15–17 compared to girls, which might
explain the higher results in the cardiovascular tests too. Interestingly, the 14-year-old
adolescents in the present study showed significantly higher values of VO2max compared
to other groups. A possible explanation is that they were significantly lighter than older
adolescents, which may have positively affected their relative VO2max. In addition, both
girls and boys of this age showed to be the strongest in the abdominal and lower body tests.
Moreover, they showed to have the highest everyday PA, which, in turn, could contribute
to increased VO2max [37,83]. Results in the upper body strength were inconsistent between
the sexes. However, a bias in the present study might be that boys aged 14–16 had the
option of choosing either a 5 kg or a 10 kg dumbbell, compared to boys aged 17–18 who
had to use the 10 kg dumbbell.

4.5. Strengths and Limitations

The strength of the present study was a relatively large sample size, representing the
urban population of students aged 14–18 years from the middle and south of Sweden.
However, the study has several limitations, which must be acknowledged. First, the
cross-sectional character of the study design does not allow for the establishment of firm
causal links between the variables, but only describes the relationship between them.
Consequently, a longitudinal follow-up research design would be more appropriate to
reveal variables that affect SOC. Second, the levels of PA, sedentary behavior and screen
time were assessed by a subjective measure, including only a single question per studied
measure, which could reduce the validity of the assessed construct. Third, the study did
not include some potentially confounding variables (e.g., school factors, interpersonal
relationships, nutritional behavior, health issues, substance use, etc.) that could affect the
SOC strength. Fourth, the fact that boys aged 14–16 had the option of choosing either
a 5 kg or a 10 kg dumbbell, compared to boys aged 17–18 who had to use the 10 kg
dumbbell, could affect the strength score (e.g., number of repetitions), which, in turn, could
reduce the power of the measure to discriminate between the age groups. Additionally, the
number of 16 year old girls is quite high to other age-groups and the boys, which in turn
could affect the analyses. Moreover, even though the used cardiovascular fitness tests were
previously validated to estimate VO2max, the fact that the students could choose one of
3 different tests could affect the accuracy of the data.

5. Conclusions

In conclusion, even though the amount of explained variance in the regression model
was low, the study revealed that adolescents with less sedentary behavior, irrespective of
sex and age, had a stronger SOC and thus might have a better ability to cope with everyday
stress. The results emphasize the importance of positive PA behavior in the development
of a stronger SOC in adolescents. Furthermore, the findings indicate a stronger SOC and
higher PA level in boys, which might affect the development of health-related strategies that
target boys and girls separately. The strategies should also take into account the fact that
PA consistently reduced with age. Interestingly, increased VO2max was associated with
a weaker SOC in boys. This might be related to the reported increased training frequency,
which in turn could lead to increased mental and physical burden and thus weakened
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SOC. This implies a need for well-designed training plans and emotional support for the
participants in sport clubs that could potentially be socially vulnerable environments.
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