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Background

Anxiety is prevalent among children and adolescents (termed youths), and leads to reduced quality of life, disability, loss of education and reduced life-span. Physical activity has shown promising effects on symptoms of anxiety in adult populations, and an increasing amount of research has also demonstrated some effect in youth. However, physical activity is not widely used in youth mental health care, and research is very limited.





Methods/design

This single arm, pre-post study explores the effect of a manualized physical activity-based 14-session intervention termed Confident, Active and Happy Youth. Participants are youth attending specialized mental health care (N=51, M age = 13.4, SD = 2.2). Changes in anxiety symptoms are examined using mixed models with residual maximum likelihood (REML). The potential effect of anxiety subtype differences, participant age, comorbidity, and time spent in out-patient care are explored.





Results

Youths did not report any effect on anxiety symptoms after participation in CAHY, however, their parents report a significant reduction in youth’s anxiety symptoms in general (b = -0.11, 95%, CI: -0.21 to -0.01) and specifically for social phobia (b = -0.19, 95% CI: -0.35 to -0.03). Age and comorbidity showed no significant effect on anxiety symptoms post treatment. Prior treatment time in youth mental health care demonstrated inconclusive results.





Conclusion

The study finds initial evidence of symptomatic change in a clinical population of youth’s receiving a physical activity-based intervention. Our research provides preliminary support for physical activity as a supplementary treatment method for mental health disorders among youths.





Clinical Trial Registration

clinicaltrials.gov, NCT05049759
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Introduction

Anxiety and depression are highly prevalent disorders among children and adolescents, and among the top five causes of overall disease burden among youth in Europe (1). These disorders typically develop before the age of 14 (2) and are associated with a range of short- and long-term consequences, including reduced quality of life, increased psychiatric and somatic comorbidity, disability, loss of education and eventually work, suicide and reduced life-span (3, 4). Rates of anxiety and depression in children and adolescents have increased following the Covid-19 pandemic (5) due to factors such as social isolation, (6), time away from school and decreased physical activity (7, 8). Not surprisingly, the current situation among children and adolescents is regarded as a major health crisis (9). To make matters worse, even when provided best available treatment for anxiety and depression is provided, youth post-treatment remission rates remain just slightly above chance e.g., 50% (10). Thus, development of new evidence-based approaches and/or supplementary interventions to help both mitigate the consequences of anxiety and depression in children and adolescents, improve recovery rates and prevent relapse is imperative (11, 12).

A viable and promising treatment avenue that may address the current critical situation is the use and integration of physical activity in the treatment of youth mental health disorders. In adult populations, physical activity is demonstrated to be efficacious for improving symptoms of anxiety and depression (13), and is in some cases even more beneficial in treating anxiety and depression than medication and standard psychotherapy alone (14). In terms of different types of anxiety disorders, panic disorder is the most frequently studied and has thus far demonstrated the most promising results when treated with physical activity interventions in combination with cognitive behavior therapy (13), although with varying results (13–15). Merom et al. (15), found reduction of anxiety symptoms after an intervention based on home- walking programs (moderate intensity) in addition to group cognitive behavior therapy on symptoms of social phobia. However, the same effect in participants diagnosed with panic disorder or generalized anxiety disorder was considered more uncertain.

In child and adolescent populations, there is substantially less research on the effect of physical activity than for adult populations in general, and to our knowledge no studies have examined variations in treatment response for different subtypes of anxiety. Most children experience universal fears at various stages of development (16). Separation fears for instance, are a normal part of an infant’s development as the child learns object permanence. If these fears are excessive and impinge on function, the child may develop a separation anxiety. Adolescents on the other hand typically are more concerned with social adjustment, and therefore social phobia is more prevalent at this age (17). More generally, several calls have been made for more research on the effect of physical activity on anxiety symptoms in children and adolescents (18, 19). A recent meta-analysis examined the effect of physical activity interventions on anxiety symptoms in adolescents and young adults (age < 25 years) and found a moderate effect on state anxiety (20), whereas meta-analyses on the effect of physical activity on depression have demonstrated small to moderate effects (21–23). Further, a recent study investigated the impact of physical exercise on anxiety and depression in adolescent inpatients and found that exercise had a moderate effect on depressive symptoms, although no effect on anxiety symptoms (24). Importantly, while current findings lend some support for the use of physical activity towards anxiety and depressive symptoms, the evidence is still limited and the general quality of studies is low (20, 21). Furthermore, apart from the study by Phillipot and colleagues, studies primarily investigated community samples even though physical activity may be particularly effective for clinical populations (20, 25). Physical activity-based interventions are per today not an integrated part of child and adolescent mental health care, even though physical activity is indicated as a key modifiable variable towards good mental health (25). Thus, there is a clear need for more research on the use of physical activity in the treatment of youth anxiety and depression, particularly within clinical populations.

On this backdrop, Haukeland University hospital has developed a trans-diagnostic physical- activity based supplemental treatment approach, targeting youth with anxiety and depressive symptoms, named Confident, Active and Happy Youth (CAHY). This treatment approach has undergone feasibility testing with results demonstrating that the approach is feasible (26). However, results from the trial demonstrate that the treatment leads to negligent changes on anxiety symptoms at post-treatment with the exception of parent-reported youth anxiety symptom reduction at 10-months follow-up (26). This warrants further examination.

Thus, in line with The British Medical Research Council Guidance (27) and towards the goal of conducting a definitive trial of the treatment, it is of particular interest to further explore both the effects of the physical activity treatment on anxiety symptoms and to explore if subgroups of anxiety respond differently to treatment, and whether age, psychiatric comorbidity and prior treatment time in a mental health clinic influences outcomes. This examination may tease out details regarding the need to either adjust the treatment to accommodate anxiety subgroups, and/or adjust participant inclusion criteria. Thus, the aim of the present study is to explore anxiety symptom changes following participation in a physical activity-based intervention among children and adolescents in treatment for mental illness in specialist health services.

Our study aims to answer the following research questions:

	1) Does participation in the CAHY treatment program lead to changes in anxiety symptoms in children and adolescents?

	2) Does age, comorbidity, and prior treatment time in Child and Adolescent Mental Health Services influence treatment symptom-change at post-treatment?



Given our previous findings (26), and lack of prior research on this topic, we did not state any a priori hypothesis regarding possible outcome.





Methods

Confident Active Happy Youth (CAHY) was evaluated using a single arm, pre-post study which took place from August 2020 to March 2022, including baseline and post-intervention assessment. The study is a secondary analysis based on a prior feasibility trial (26) yet extended in terms of time so as to include more participants than the main feasibility study, which included 19 participants. Given the exploratory nature of the study, resource and time constraints, a convenience sample was used. Nevertheless, this population was assessed large enough to address the study goals.





Participants

Inclusion criteria for participants were:

	∘ Age 8-17 years.

	∘ Symptoms of anxiety and/or depression assessed by the referring therapist.

	∘ Youth displaying reduced daily physical activity (less than 30 mins. per day and/or does not partake in physical leisure activities, and/or does not participate in physical education in school).



Exclusion criteria were:

	∘ Physical activity was not advised for medical reasons.

	∘ Severe learning disabilities and the youth was unable to understand the intervention instructions (e.g., severe learning disabilities).

	∘ Severe psychiatric disorders such as eating disorders and psychosis.

	∘ Severe challenging behavior or other needs making group participation challenging.






Participants and procedure

Youth were recruited from Child and Adolescent Mental Health Services (CAMHS), Department of Child and Adolescent Psychiatry, Haukeland University Hospital, Norway. Participants were referred from one of the seven outpatient clinics in CAMHS catchment area. CAMHS is the youths’ primary place of mental health treatment, including problem identification (why they are referred to CAMHS), diagnostic clarification and treatment. Thus, all clinical diagnoses a youth may qualify for, are assessed, and assigned by their attending clinical therapist and the responsibility for overall mental health follow-up rests with the clinician. Information about the intervention, inclusion and exclusion criteria was prior to the study distributed to all therapists in the outpatient clinics, and referring clinicians were encouraged to contact the CAHY team in case of any uncertainty regarding participant eligibility. Based on the CAMHS clinician’s clinical assessment of eligibility, a formal referral was sent to the CAHY team, whom then with the Principal Investigator (PI) assessed study eligibility. If assessed eligible, youth and their primary caregivers were sent an invitation to attend a pre-treatment assessment interview.

Informed written consent was obtained from all parents and youth aged 16 or above in the pre-treatment assessment interview, whereas assent was obtained from youth who were 12 years old or more. All participants could withdraw their consent with no consequences for continued participation (28). In the pre-treatment assessment, demographic data were gathered and questionnaires were filled out including SCAS-C/P. Post-treatment, participants were invited to attend a post-treatment assessment interview. In this interview participants and parents filled out the SCAS anew.

The participants (N = 51) consisted of 29 girls and 22 boys. Mean age while in the treatment program was 13.4 (SD = 2.2), with an age-range between 9 to 17 years. Average prior treatment time in CAMHS was 21 months (SD = 16.8) varying between two months to almost eight years (95 months). Given that the this was a clinical sample, all participants suffered from one or more psychiatric disorders. Thus, 43% had only one psychiatric diagnosis whereas 48% had at least one comorbid mental disorder (M = 0.96, SD = 1.0). Approximately half of the sample (45%) was diagnosed with an anxiety disorder (F40.0-42.9 in ICD-10 diagnostic system), and most prevalent was social phobia which accounted for 22%. One in four patients was diagnosed with depression (F32.0-33.9 in ICD-10) and 45% percent was diagnosed with ADHD. Importantly, an anxiety or depressive disorder was not a prerequisite for eligibility (see inclusion criteria), however all participants qualified for anxiety symptoms (51%), depression symptoms (12%) or both anxiety and depressive symptoms (37%).





The intervention

CAHY was developed as a supplemental manualized trans-diagnostic treatment to existing interventions at the Child and Adolescent Psychiatric Mental Health Services (CAMHS) at Haukeland University Hospital with the goal of improving treatment outcome. CAHY is based on established evidence, concerning the effects of physical activity on mental health in youth specifically anxiety and depression, self-determination theory and inhibitory learning theory, combining these elements in a new approach (28). The intervention targets interrelated core symptoms of anxiety and depression in the form of reduced and/or low levels of physical activity, lack of confidence in one’s ability to tackle and cope with situations that incite distress and discomfort and lowered mood (28). The intervention aims to alleviate these core disorder features supplementing ongoing treatment, which translates to helping youth become more confident, active and happy, in short CAHY. The intervention is offered in age adjusted groups of a maximum of eight: a child group aged 8-12 years and adolescents group aged 13-17 years. Treatment sessions take place twice a week, are 50 minutes long, with the exception of the last session which is a three-hour long hike. The duration of the intervention is seven weeks. Sessions (with exception to the last session, which is outdoors) follow the same structure, and include a mix of primarily aerobic (e.g., running, jumping, traversing an obstacle course), resistance (e.g., squats, push-ups) and some relaxation exercises (e.g., yoga exercises). The physical activities are designed to stimulate some distress, fear and/or discomfort, which is coupled with psychoeducation regarding the bidirectional interplay between thoughts, feelings, actions and particularly the role of avoidance and alternative coping strategies. Thus, the physical activities also serve as an in-vivo exposure arena for the children and adolescents to learn new coping strategies.





Measures and materials

Background variables including age, comorbidity (defined as number of diagnosis), and prior treatment time in CAMHS were gathered at pre-treatment assessment. Participant’s mental health status (i.e., psychiatric diagnosis/diagnoses) and treatment time and treatment status was procured from the participant’s medical records in CAMHS.

Anxiety was measured using Spence Children’s Anxiety Scale (SCAS) (29). Both the child version and parent version were used in order to enable a comparison between self- and external assessment. SCAS consist of six subscales including separation anxiety, social phobia, obsessive-compulsive disorder, panic/agoraphobia, generalized anxiety and fears of physical injury. The participant is asked to rate on a 4-point Likert scale: ‘never’, ‘sometimes’, ‘often’, or ‘always’ (scored 0-3) to indicate how often each of the items happens to them, and with a possible maximum score of 114. SCAS child-version (SCAS-C) consists of 45 items and SCAS parent-version (SCAS-P) consists of 39 items, of which 38 items in both versions are scored. We computed mean scores rather than sum scores for the total scales and subscales to allow for some missing responses and hence include as many participants as possible in our analysis. A minimum of 70% of the items within a subscale had to be completed. Cronbach’s alphas (α) are presented in Tables 1, 2.


Table 1 | Child reported Spence Children’s Anxiety Scale (SCAS-C) estimated total and subscale scores (means and standard errors).




Table 2 | Parent reported Spence Children’s Anxiety Scale (SCAS-P) estimated total and subscale scores (means and standard errors).







Statistical analyses

Mixed-effects models with residual maximum likelihood (REML) estimation were used to compare SCAS at pre- and post-measurement. We further used a small-sample adjustment for the hypothesis tests known as a Kenward-Roger approximation (30). Since mixed-effects models are fit with maximum likelihood, they do not require balanced data but instead use all available data on each participant. Under the assumption of missing at random (MAR), mixed models are expected to provide unbiased estimates (31, 32).

Separate mixed-effect models were run for total SCAS and the six anxiety domains as response variables. Differences between pre- and post-treatment scores were computed by including time as a fixed effect in the models. The effects of age, comorbidity, and time spent in out-patient care prior to participating in CAHY were explored by including interactions between time and the three variables in the models.

The mixed-effects models were conducted using STATA version 17.0 (33).






Results

The results from the mixed-effects models are summarized in Table 1 (child ratings) and 2 (parent ratings). None of the analyses involving child ratings revealed any statistically significant differences between pre- and post-treatment measurements of SCAS (see Table 2). There were main effects of age on total SCAS (b = 0.06, p = .03), Social phobia (b = 0.12, p <.01), obsessive compulsive disorder (b = 0.08, p = .04), Panic/agoraphobia (b = 0.11, p <.01), and Generalized anxiety (b = 0.10, p = .01). The positive regression coefficients imply that older participants reported higher levels of total SCAS and the four anxiety domains across the two measurement points.

The analyses that included interaction terms between measurement point and age, comorbidity, and time in treatment prior to starting CAHY revealed a statistically significant interaction between measurement point and time in treatment for fear of physical injury, b = 0.01, p <.01. This interaction is illustrated in Figure 1 and shows that participants who spent relatively few months in outpatient care prior to CAHY are estimated to reduce their scores from pre- to post-measurement. As the number of months in outpatient care increases, the difference between pre- and post-measurement scores moves towards zero and into positive numbers (i.e., increases in scores from pre- to post measurement). Importantly, the parameter estimates get less precise and the confidence intervals broadens as the duration in outpatient care increases.




Figure 1 | Association between prior treatment time in CAMHS and the subscale “fear of physical injury” on SCAS (child ratings).



For parent ratings, there was a statistically significant reduction in total SCAS from pre- to post-measurement, b = -0.11, 95% confidence interval: -0.21 to -0.01. Analyses of subscale response showed that only social phobia decreased significantly, b = -0.19, 95% confidence interval: -0.35 to -0.03.

The analyses that included interaction terms revealed a statistically significant interaction between measurement point and time in outpatient care for obsessive compulsive disorder, b = -0.01, p <.01. This interaction is illustrated in Figure 2 and shows that the reduction in OCD scores from pre- to post-measurement increases in relation to time spent in out-patient care prior to participation.




Figure 2 | Association between prior treatment time in CAMHS and the subscale “OCD symptoms” on SCAS (parents ratings).







Discussion

Treatment of anxiety disorders using physical activity is an under-used and under-researched area in child and adolescent mental health. The present study is one of very few studies that has examined the effect of a physical activity-based intervention targeting anxiety. To our knowledge, this is the first study to examine potential anxiety subgroup differential response, in a treatment seeking population of children and adolescents with mental health disorders. We found that while adolescents did not report any change on anxiety symptoms after participation in the treatment program, Confident, Active and Happy Youth (CAHY), their parents reported a significant reduction in anxiety symptoms in general and on the subscale assessing social phobia.

In terms of this positive change in parent reported anxiety symptoms, there are very few comparable studies. In the meta-analyses by Carter et al. (20), examining the effect of physical activity on anxiety, only a minority of studies included clinical populations (n = 4) and of these studies all included young adults (age < 25 years). However, allowing some difference in age for the sake of comparability, Carter et al. (20), found a moderate improvement in anxiety symptom reduction in the clinical studies, compared to a time and attention controlled group. The recent study by Phillippot et al. (24) included a clinical population of adolescents, in which they did not find a reduction of anxiety following treatment. Our results would seem to place themselves between the findings by Philipott et al. (24) and Carter et al. (20), indicating that a physical activity based intervention is viable and may contribute to positive symptom change. None of the studies included in the meta-analyses by Carter et al. (20), or the study by Philippot et al. (24) analyzed potential anxiety subgroups. Research including adult populations is also limited and more studies are needed in to order to investigate the role of physical activity in diverse anxiety disorders (13, 14). Preliminary findings indicate that physical activity could be effective in the treatment of panic disorder, generalized anxiety disorder, post-traumatic stress disorder (14) as well as social phobia (15).

Interestingly symptom change was found for the SCAS subscale social anxiety, but not for other SCAS subscales. CAHY is a group-based intervention, which has an explicit goal of exposing children and adolescents to some distress in terms of being physically active, cooperating with others and experiencing bodily sensations (feared stimulus) in front of others. This necessarily exposes the youth to some degree of social exposure training, and most likely more than an exposure to fears relating to an occupational compulsive disorder (OCD) or a separation anxiety. Thus, the intervention is likely more targeted to the underlying fears in social anxiety, rather than the core fears in OCD (i.e. fear of contamination) or a generalized anxiety (i.e. fear of worry). However, in terms of bodily sensations such as sweating, rapid heartbeats and breathlessness, these are common symptoms in panic attacks, which we would assume would also be experienced by the participants during CAHY sessions, thus some positive symptom change in this subgroup could be expected. However, no significant change was identified. In a systematic review, Frederiksen and colleagues (13) argue that physical exercise in combination with CBT so far has shown some positive results on symptom reduction in panic disorder. In our sample, only three participants were diagnosed with panic disorder (F41.0 in ICD-10), assuming only a few adolescents received treatment directed at this in CAMHS in addition to CAHY, which may explain lack of effect in this sub-group.

Our results indicated that youth and parent rated symptom changes from pre- to post-intervention were different. Several reasons may explain this difference. Both fear and avoidance behavior are core characteristics of anxiety disorders. While parents observe a reduction in avoidance behavior, youths may still exhibit great discomfort during social situations, which can explain the difference in parent and child reports. Also, questionnaires were filled out a short time after the last session in CAHY. This might also impact outcome on youth-reports, as it is suspected that youth are less aware of any change in their behavior at this time (rather than later). Thus, the lack of child-reported effect on anxiety symptoms may be explained by this lack of child awareness of own symptoms, and that awareness of change may take more time to occur (34). It can also be speculated whether exposure therapy of this type will increase symptoms for a period of time, before eventually decreasing as seen in other studies of anxiety treatment, examining long-term outcomes (35). Youth with social phobia often become “experts” in how they can avoid uncomfortable situations. During their time in CAHY, they are exposed to situations where they have to challenge themselves and their discomfort and interact with other youths and adults. These types of activities will increase their experience of social phobia, and many will exhibit physiological reactions. As a result, it can be expected that the youth reporting about their social phobia shortly after completing CAHY, will be less aware of any improvements.

Our analyses revealed no interaction between measurement point and age nor comorbidity. In regards to mental health comorbidity, our findings are in line with other studies examining the effect of comorbidity on treatment outcome, which found only minimal influence of comorbidity on anxiety outcome (36), although other studies have found Attention Deficit Hyperactive Disorder (ADHD) to have a more particular negative effect on anxiety change (37).

Our analyses indicated a significant effect of treatment time in CAMHS prior to starting CAHY on fear of physical injury (child scores) and OCD symptoms (parent scores). These findings were inverse, meaning the longer time in prior treatment in CAMHS was associated with an increase in fear of physical injury, whereas prior time in CAMHS was (assessed by parents) related to a decrease in OCD symptoms at post-treatment. These contradictory findings are difficult to explain and might reflect coincidences/bias due to the number of parameters estimated in the statistical models.

Exposure therapy is considered the first choice of treatment for anxiety disorders in youth (38, 39). However, as exposure treatment requires youth to engage in feared situations, some patients will be reluctant to attempt this treatment method. Physical activity is assumed to affect anxiety through exposure towards an avoided object and/or situation, as physical activity itself induces bodily sensations and reactions that otherwise might be interpreted as symptoms of anxiety and/or be negatively appraised. Exposure to such sensations and reactions in this setting is thus assumed to be associated with non-threatening experiences, and add to positive experiences with both the activity and peers, leading to normalization of such experiences and a more appropriate interpretation of these (40). Treatment based on physical activity might be less anxiety-provoking and thus lower the threshold for participation. CAHY as a supplement to therapy, might contribute to increasing the likelihood of compliance to other treatment methods.

With respect to future research, it would be interesting to examine the activity level of youths who participate in CAHY after treatment completion, and whether their overall activity level improves due to social cognition. Research finds that exercise enjoyment facilitates higher levels of physical activity among youths (41, 42). The activities in CAHY, including the last session, which is a group hike, are intended to be fun and enjoyable. Thus, it would be interesting to assess for improvements in social cognition among the participants.





Strengths and limitations

The present study has several limitations and strengths. Our study included a clinical sample with a wide range of diverse diagnoses, offering a range of possible confounding variables. CAHY is a supplemental treatment program to treatment as usual in CAMHS, and we did not control for participant’s possible ongoing treatment and what type of treatment this might be during their participation in CAHY. This limits our ability to assess the effects of the intervention itself, versus any effects the youth had from ongoing treatment in CAMHS during and the intervention and the follow-up period. A future study should include a control group. However, inclusion of a clinical sample also adds knowledge of this type of intervention in a population group that is scarcely researched. Furthermore, the inclusion of participants using broad inclusion criteria and few exclusion criteria, adds external validity to the study. In keeping with our aim for this particular study (focusing on anxiety symptom change), we did not examine changes in other possible outcome variables, such as depressive or ADHD symptoms. These research questions are important to investigate in future work.

The study used a convenience sample, which limits the generalizability of the findings and the power of the findings. However, given the novelty of our study we assessed that our results are not only of interest towards a definitive trial, but other researchers working within the field. The fact the no studies, to our knowledge, within child and adolescent psychiatry has investigated potential sub-group treatment differences is a large gap in this research field, which is already limited.

Furthermore, the study was conducted during the COVID-19 pandemic. The pandemic itself and its associated restrictions may have affected interventions, as well as research outcomes during this period. Norway did enforce restrictions on society, beginning in the spring of 2020. However, restrictions were also fewer during the fall of 2020, data collection for this study started. Restrictions for children and adolescence were fewer, and less intrusive than for adults as the Norwegian Government abided by enforcing school, after-school activities and health care treatment as usual.

Our study incrementally adds support and research regarding the feasibility of incorporating physical activity in ordinary clinical practice and adding this tool to the therapist’s anxiety treatment toolbox, as an addition to “treatment as usual” in CAMHS. There are very few studies on this topic, and much more research is needed on the effects of physical activity among children and adolescents. Importantly, child developmental stages affect fear, and anxiety expressions, and studies on the effect of a physical activity program should also take into account these important differences between children. As indicated by our findings, physical activity is both feasible but also has differential effects on anxiety types.





Conclusion

This study provides preliminary support to the use of interventions of physical activity in addition to treatment as usual in treating anxiety disorders in children and adolescents. Our findings support further work on this subject, which may be an important step towards meeting the increasing numbers of children and adolescents with mental health problems.
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