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Summary

According to the World Health Organization (WHO), 4.3% of the global population exhibits 
symptoms of depression. In Poland, 1.5 million people suffer from this illness. Treatment of 
depression generates significant costs calculated in billions of zlotys. According to the Inter-
national Statistical Classification of Diseases and Health Problems, depression is characterized 
by: reduced mood, reduced psychomotor drive, loss of interest (axial symptoms), as well as 
low self-esteem, pessimistic attitude, weakness of concentration, sleep disorders, and loss of 
appetite (additional symptoms). The aim of this research was to review and evaluate studies 
on the impact of sport climbing as a complementary form of treatment on reducing depressive 
symptoms. This is the first literature review undertaking a collective assessment of studies 
on this subject. The appropriate studies were selected in a three-stage process. PubMed, Re-
searchGate and Google Scholar databases were searched. Finally, 4 studies were qualified for 
the review and then assessed using the QUADAS-2 tool developed by Bristol Medical School: 
Population Health Sciences. Analysis of the research gives grounds to consider introducing an 
additional form of treatment for depression in the form of boulder climbing. The evaluation 
according to the QUADAS – 2 questionnaire indicates a low possibility of making mistakes 
in all assessed works.
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Introduction

According to the World Health Organization, 350 million people around the world 
show symptoms of depression, and 4.3% of the global burden on all diseases is depres-
sive disorder. Major depression epidemiology is estimated at 8–12% [1]. Women get 
depression twice as often as men [2]. Currently, it is estimated that in Poland this illness 
affects about 1.5 million people [3]. In 2016, according to IMS Poland statistics, about 
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20 million packages of antidepressants were sold in our country [4]. In 2019, according 
to the data of the Social Insurance Institution, due to depressive episodes, doctors issued 
201,724 certificates for a total of 3,935,131 sick leaves days and 113,245 certificates 
associated with recurrent depressive disorders for 2,048,282 sick leaves days issued 
in total [5]. According to the report of the National Health Fund (NFZ) published in 
2019, the value of reimbursement of benefits due to depression in 2018 amounted to 
PLN 250 million. This sum was 14% higher compared to 2013 [6].

According to the International Statistical Classification of Diseases and Related 
Health Problems (ICD-10), depression is characterized by: lowered mood, lowered 
psychomotor drive, loss of interest – axial symptoms, and low self-esteem, pes-
simistic attitude, weakness of concentration, sleep disorders, and loss of appetite – 
additional symptoms [7]. Determining the specific area of   the brain responsible for 
depression causes many difficulties. Research suggests that the cause of the illness 
may be sought in several brain regions, including in the left dorsolateral and medial 
prefrontal cortex, amygdala, or in the limbic system [8, 9]. The latest publications 
(2017–2019) focus on the possible role of the cerebellum in depressive disorders 
[10–12], and imaging studies in patients with major depression state the presence 
of its noticeable changes [13, 14].

The cerebellum, which is the largest element of the posterior part of the brain, is 
located in the posterior part of the skull behind the fourth ventricle, pons and medulla 
oblongata. The cerebellum receives afferent information about any muscle move-
ment from the cerebral cortex as well as muscles, tendons and joints. It also provides 
information about the balance of the vestibular nuclei. Each cerebellar hemisphere 
controls the same side of the body, so if they are damaged, symptoms will appear 
ipsilateral [15].

In the last three decades, knowledge about the role of the cerebellum in emo-
tional processing has increased significantly [16]. According to the internal models 
of the cerebellum, in each of its functional unit (called microcomplex) there are 
connections between mossy fibers and granular cells and Purkinje cells. They pro-
vide a three-layer structure of the neural network [17]. The cerebellum consists of 
many microcomplexes, each of which is a unit of learning. In this model, Purkinje 
cells receive two different types of input information: strong signals from a single 
climbing fiber and weak signals from parallel granular cells. Climbing fiber serves 
as a ‘teaching signal’ and is induced by a change in the strength of the parallel fiber 
signals. Microcomplexes can be responsible for recognizing, transmitting and cod-
ing emotional information, and for regulating emotional states in relation to motor, 
cognitive and social behaviors [16, 18].

Climbing is becoming an increasingly popular form of spending free time [19]. 
According to the International Federation of Sport Climbing (IFSC), every day in the 
United States alone 1,000 people try climbing, while the number of people practicing 
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it regularly is estimated at 25 million [20]. In Brazil, in Rio De Janeiro, at the 129th 
plenary session of the International Olympic Committee (IOC), it was officially an-
nounced that climbing was accepted as the official discipline of the Olympic Games in 
Tokyo in 2020 [21]. Sub-disciplines of sport climbing, which are most often practiced, 
are lead climbing and bouldering [22, 23]. Bouldering is cultivated relatively low 
above the ground, and on artificial climbing objects the routes do not exceed 5 meters 
in height. For belaying, a thick mattress is used, which is spread over the entire width 
of the climbing wall. When climbing in natural rock formations, a portable mattress 
is a belay. In bouldering, the athlete usually has a maximum of 10 moves to perform. 
He implements them with the help of grips, the size of which varies depending on 
the difficulty of the climbing route [24]. The climber usually starts climbing from 
a sitting position, where both legs and arms will be on the designated starting grips. 
Participant climbs the climbing path in specially adapted shoes, and the hands are 
dried with magnesium (magnesium carbonate, MgCO3) to increase the ability to hold 
grips. Catching the last grip with both hands and static maintenance ends the climbing 
route [25, 26]. Climbing can take place both in a vertical and an inclined wall, even 
parallel to the ground.

Historically, the name of the abovementioned sub-discipline is derived from 
mountaineers who, on rainy days when they could not climb mountains, trained on 
erratic boulders, called with the English word ‘boulder’ [25, 27]. Lead climbing (rope 
climbing) takes place on high walls (>10 meters), the routes consist of many move-
ments, and the relative climbing time is longer compared to boulder routes [23, 27]. 
The size, shape and number of grips as well as the length of the route ultimately affect 
the valuation of its difficulties [28].

Climbing training is physical activity that not only affects the movement system 
but also stimulates the work of various structures and areas of the brain. Studies show 
that sport climbing affects the stimulation and enlargement of structures within the 
cerebellum [29, 30]. There are studies that confirm the therapeutic effects of climbing 
on mental problems such as ADHD, anxiety disorders and eating disorders [31, 32].

The aim of this study was to review and evaluate research on the impact of sport 
climbing as a complementary form to reducing depressive symptoms. This is the first 
literature review undertaking a collective assessment of studies on this subject.

Literature selection method

The relevant research was identified in a three-stage process by two independent 
persons. Data analysis began in December 2019 and ended in January 2020. In the first 
stage, PubMed, ResearchGate and Google Scholar databases were searched. The search 
was performed by entering key words separately and in combinations. Key words 
included terms such as depression, sport climbing, rope climbing, lead climbing, rock 
climbing, bouldering. At this stage, the publication titles were analyzed for thematic 
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compatibility. 103 works were qualified to the second stage. Publications whose full 
text was in a language other than Polish or English, conference summaries, letters to 
the editor, and case studies were excluded from the analysis. At this stage, abstracts 
were analyzed and 21 works qualified for the next stage. At the third stage, the entire 
articles were analyzed, eventually including 4 papers in the author’s review. In addi-
tion, bibliographic lists from selected works were analyzed in order to identify items 
that could be omitted. As a result of this analysis, no further publications have been 
included in this review.

Analysis of the evidential quality of the publication – QUADAS-2

QUADAS (Quality Assessment of Diagnostic Accuracy Studies) was developed in 
2003 in cooperation with Bristol Medical School: Population Health Sciences. It was 
created by a team of nine diagnostic experts who evaluated 55 studies on the impact 
of researchers’ bias on test quality. It was considered that the sources of bias in the 
assessment of research results were: clinical and demographic differentiation of the 
groups, prevalence and severity of the disease, partial verification error, clinical review 
error, and the variability of the observer or research instrument [33].

Initially, a list of 28 items was made, which was later reduced to 14 questions 
in the Likert scale format with three categories of answers. In 2011, a revised QUA-
DAS-2 scale was proposed, which measured the extent to which individual test criteria 
correspond to the purpose of the review. QUADAS-2 includes 7 of the original 14 
questions in the “bias and applicability” section and 3 questions in the “risk of use” 
category [34]. Answers to questions include the categories “low risk”, “high risk” or 
“unclear”. “Unclear” is used only when it is impossible to answer based on the data 
presented in the study. When in at least one question from the subsection (e.g., selection 
of patients) the answer was “high risk”, it should be assumed that the entire subsection 
has high risk of bias error [35].

Each publication qualified for the review was assessed in accordance with the 
QUADAS-2 tool – Table 1. The assessment was made by two independent authors.

Table 1. Evaluation process according to the QUADAS-2 tool [35]

Bias and Applicability Section Risk of bias

Subsection Support questions low unclear high

Patient Selection

1. Could the selection of patients have introduced bias? + ? -

2. Was a consecutive or random sample of patients 
enrolled? + ? -

3. Was a case-control design avoided? + ? -

4. Did the study avoid inappropriate exclusions? + ? -
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Index Test

5. Could the conduct or interpretation of the index test have 
introduced bias? + ? -

6. Were the index test results interpreted without knowledge 
of the results of the reference standard? + ? -

7. If a threshold was used, was it pre-specified? + ? -

 Reference 
Standard

8. Could the reference standard, its conduct, or its
9. interpretation have introduced bias? + ? -

10. Is the reference standard likely to correctly classify the 
target condition? + ? -

11. Were the reference standard results interpreted without 
knowledge of the results of the index test? + ? -

Flow and Timing

12. Could the patient flow have introduced bias? + ? -

13. Was there an appropriate interval between index test(s)
and reference standard?? + ? -

14. Did all patients receive the same reference standard? + ? -

15. Were all patients included in the analysis? + ? -

Applicability Section low unclear high

Patient Selection 1. Are there concerns that the included patients do not 
match the review question? + ? -

 Index Test 2. Are there concerns that the index test, its conduct,  
or interpretation differ from the review question? + ? -

Reference 
Standard

3. Are there concerns that the target condition as defined 
by the reference standard does not match the review 
question?

+ ? -

Characteristics of results shown in qualified works

The work of Schwarz et al. [36] aimed to investigate the short – and long-term 
effects of boulder climbing as a form of supportive treatment for 97 people diagnosed 
with depression. The study group consisted of 48 randomly selected, sexually mixed 
participants (mean age of women: 57.7 years, mean age of men: 42.3 years). The Beck 
Depression Inventory – Second Edition (BDI-II) was used to analyze the indicator of 
the presence and severity of depressive symptoms. Climbing sessions were conducted 
for 8 weeks, once a week for 3 hours. In the results of the study, the authors indicate 
a decrease in the results of the severity of depression on the BDI-II by 7.21, which 
was maintained for 12 months of the control measurement [36].
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In the work of Stelzer et al. [37], the aim of the study was to assess whether boulder 
climbing, as a complementary form of treatment, affects the severity of depressive 
symptoms and is independent of general physical activity. The study was conducted on 
a group of 27 people whose mean age was 45.44 years. The control group consisted of 
29 people with a mean age of 44.41 years. Both groups were gender balanced. BDI-II 
and the Symptom Checklist-90-R questionnaire (SCL-90-R) were used to analyze the 
indicator of the presence and severity of depressive symptoms. 8 sessions were used, 
once a week, and the duration of the training was 3 hours. After the intervention, the 
test results dropped even by 6.74 points on the SCL-90-R scale and by 8.26 points on 
the BDI-II compared to the results collected before the start of training. The authors 
note in the conclusions that this study provides evidence that short-term bouldering 
psychotherapy (BPT) can effectively reduce the symptoms of depression, even when 
using other therapeutic forms, including antidepressants. The level of general physical 
fitness did not affect the results [37].

Kleinstäuber et al. [38] studied the relationship between rock climbing and the acute 
effects of emotion regulation in patients with major depression. The study involved 
20 people in the study group and 20 in the control group, the mean age was 41 years, and 
the groups were sexually balanced. Criteria according to the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV) were used to analyze the level of depression, 
and the Patient Health Questionnaire-9 (PHQ-9) was also used in the study. Subjects 
climbed for 7 months, once a week for 2.5 hours. The authors note that the results of 
the questionnaires decreased after the climbing session. In the conclusions we can read 
that climbing is combined with effects that regulate emotions. These findings should 
be repeated using a random project, and future research should pay attention to the 
potential mechanisms of climbing in relation to emotion regulation [38].

The work of Luttenberger et al. [28] has a dual purpose: firstly, developing guide-
lines for an eight-week psychotherapeutic program in the form of boulder climbing, 
and secondly, assessing the impact of boulder climbing on people with depression. 
22 people were qualified to the study group and 25 people to the control group. Mean 
age of the group was 44 years, the group gender balanced. BDI-II and SCL-90-R 
were used to analyze the indicator of presence and severity of depressive symptoms. 
Climbing sessions were conducted for 8 weeks, once a week for 3 hours. After eight 
weeks of intervention, the results showed a positive effect of bouldering on the severity 
of depressive symptoms. The authors point out that this was the first study providing 
evidence that bouldering could offer effective treatment for depression [28].

Collective Conclusions

All four studies note the positive effect of climbing on depression treatment. 
Three out of four studies highlight the effectiveness of bouldering therapy. All studies 
were carried out on a similar time scale: 3 hours training, once a week for 8 weeks. 
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According to the mean age, people over 40 but before 60 years of age participated in 
the study. Three of the four studies used the same BDI-II questionnaire. Three of the 
analyzed studies included study groups whose population was less than 30 people, 
which indicates the low statistical power of the analyzes. The authors of 3 qualified 
papers indicate that the selection of samples for the study was random.

The studies showed significant similarities in terms of the studied groups and the 
used methodology. The unanimity of the results as well as the author’s assessment 
according to the QUADAS-2 indicate the low possibility of bias in the evaluated 
publications – Table 2. It is suggested that climbing, and in particular subdiscipline in 
the form of bouldering, can be considered as complementary therapy in the treatment 
of depression.

Table 2. Characteristics of qualitative assessment using the QUADAS-2

Study
Bias and applicability section Applicability section

patient 
selection index test reference 

standard flow and time patient 
selection index test reference 

standard
[36] + + + + + + +
[37] + + + + + + +
[38] + + + + + + +
[28] + + + + + + +
“+” low risk

Discussion

This is the first literature review undertaking a collective assessment of climbing 
research as a complementary form of depression treatment. Evidence indicates the 
great effectiveness of sport climbing, and in particular its variation – bouldering, in 
the treatment of patients with depression. The mechanism of the influence of physical 
activity in the form of climbing on the reduction of depressive symptoms is complex 
and can be explained in different ways.

The effectiveness of depression therapy in the form of climbing can be explained 
by stimulation and changes in the cerebellum. This is indicated by the latest research 
on the role of the cerebellum in depressive disorders [10–12]. A review by Depping 
et al. notes features characterizing depression in the form of cerebellar neuroanatomic 
correlates that communicate with cortical networks supporting cognitive and autoref-
erential processing [11]. The work of Xu et al. notes that emotional memory and the 
severity of depressive symptoms are associated with structural changes in both the 
posterior and anterior regions of the gray matter in the cerebellum in patients with severe 
depressive disorders [10]. The discussed authors notice that changes in the cerebellum 
have been observed, among others, in the cerebellar vermis I–II, IV–V, VIII, and IX 
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[10]. Di Paola et al. showed in their study that climbers represent significantly larger 
volumes of the cerebellar vermis lobules I–V, with no significant difference in other 
cerebellar vermis lobules or hemispheres, compared to the control group. Cerebellar 
enlargement was associated with enlargement of the right medial-posterior parietal 
area [30]. There are reports in the literature that in addition to the motor function, the 
cerebellar vermis cooperates in the formation of emotional memory. This connection 
probably functions with the amygdala and is bi-directional [16]. Based on the above 
information, one can hypothetically explain the effectiveness of therapy for people 
with depression through the influence and stimulation of the cerebellum, its specific 
parts. Animal studies show that individuals whose environment requires learning new 
motor skills, as opposed to performing normal motor activity, show an increase in the 
size and number of synapses on Purkinje cells in the cerebellar cortex [39]. In turn, 
the decline in Purkinje cell function is associated with social and motor disorders [40].

Another explanation may be the effect of dopamine on the limbic system. It is 
part of the cerebral cortex and subcortical structures. The main function of the limbic 
system is managing impulse and emotional behavior and processes related to cognition, 
including spatial memory, learning and motivation [41]. The above system includes: 
cortical centers, amygdala, forebrain centers, and brainstem centers. The last of these 
centers are involved in the functioning of the reward system. Ventral tegmental area, 
located in the brainstem, gives dopaminergic projections to all structures of the limbic 
system and receives feedback from them [42]. This field contains dopaminergic D1 
(D1-like) receptors that induce an increase in dopaminergic neuron activity and a large 
number of receptors from the D2 (D2-like) subfamily which are associated with a de-
crease in dopaminergic neuron activity [43]. Dopamine is produced in dopaminergic 
neurons of the substantia nigra, in the ventral tegmental area and the hypothalamus. 
Dopamine system dysfunction is associated with many diseases and disorders of the 
nervous system, such as Parkinson’s disease, schizophrenia, autism or attention deficit 
hyperactivity disorder [44]. Clinical studies show dopaminergic system deficits in 
depression [45], which may be associated with the fact that the processing of negative 
emotional stimuli may be greater when dopamine transmission is low [46]. It is sug-
gested that the activity of dopaminergic neurons is a response to learning, meaning the 
possibility of making a mistake in anticipation of reward [47]. The switch hypothesis 
defined by Redgrave et al. indicates that the dopamine reaction appears as a response 
to significant and unexpected situations, e.g., unexpected sensory stimulation or new 
stimuli [48]. Confirmation of the concept of the effect of learning on dopamine stimula-
tion was observed in a laboratory study in rats [49]. The result obtained in this review 
may be related to the learning of many movement patterns needed for climbing, e.g., 
how to catch individual grips of different size and shape, how to put fingers on them, 
or how to position limbs to make a move. Climbing involves gradation of difficulty of 
climbing routes, which allows learning new forms of movement [24, 50]. The study 
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of Baláš et al. indicates that after climbing training there is a significant increase in 
dopamine and noradrenaline levels [51]. It is worth noting that other sports will also 
involve learning new motor functions [52], and this learning may be associated with 
dopamine activity. The view on stimulating dopamine reactions by learning new mo-
tor functions may explain the results of this review. However, this requires further 
research, because no work has analyzed the impact of climbing training.

Another explanation for the success of climbing in treating depressive disorders 
may be the impact of this activity on the human psyche. First of all, climbing is as-
sociated with strong emotions such as feelings of pride, fear and trust. In addition, this 
sport requires very high body control and concentration [28]. Considering the above 
aspects, Steimer and Weissert suggest that climbing seems to be a very useful means 
of preventing mental health disorders. According to the cited authors, climbing can 
lead to a balanced mood [53]. This can be explained by the insights of Buechter and 
Fechtelpeter, according to which sport climbing provides the opportunity to feel suc-
cess, increase self-confidence and self-esteem, enabling the participant to set a clear 
goal and, by achieving it, arouse the feeling that he has mastered a difficult challenge 
[54]. The above studies highlight the aspect of emotional regulation, which has also 
been noticed in studies qualified for the review of Kleinstäuber et al. [38]. Emotional 
regulation is important in maintaining the effects of depression treatment [55]. This 
is also noticeable in the work of Schwarz et al. who note the persistence of the effects 
of a decrease in the severity of depression after 12 months [36].

The result obtained in this review may be related not only to the specific sport 
discipline in question but to physical activity itself. According to a meta-analysis con-
ducted by Josefsson et al., intensive physical exercises in the treatment of depression 
have moderate to high efficacy. The discussed author notes that physical activity may 
be recommended in people with mild to moderate depression [56]. A meta-analysis 
conducted by Silveira et al. notes that physical exercise, especially aerobic training, 
improves response to treatment. However, the effectiveness of exercise in the treatment 
of depression was affected by age and severity of symptoms. The work of Silveira et 
al. describes that elderly patients and patients with mild depressive symptoms showed 
a better response to physical exercise therapy [57]. Although the effectiveness of physi-
cal activity in reducing depressive symptoms is well known [56–58], the mechanisms 
underlying its foundations are still the subject of research [58]. Sport affects changes in 
brain neurobiology, which may explain its positive effect in patients with depression. 
Slight to moderate physical activity reduces the concentration of proinflammatory 
cytokines [59]. The importance of these molecules in the process of depression is as-
sociated with their effect on the neurotransmitter system, especially on the metabolism 
of monoamines (e.g., serotonin, dopamine and noradrenaline). These neurotransmitters 
are involved in the regulation of mood in depressive behavior [58, 60, 61]. Cytokines 
are also involved in the endocrine system because they affect the level and release of: 
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cortisol, corticoliberin and adrenocorticotropic hormone, which occur in increased 
amounts in depression [62]. The discovery of irisin (Ir) in Purkinje cells in the rodent 
cerebellum has increased interest in the function of this myokine in the central nerv-
ous system. It has been shown to be a fragment of the extracellular protein FNDC5 
(also referred to as PeP and FRCP2), and that it improves systemic metabolism by 
increasing energy consumption [63]. Studies link an increase in the level of Ir with 
physical activity [63–65]. The work of Wang and Pan shows that irisin plays a key 
role in antidepressant action by regulating energy metabolism in the prefrontal cortex 
of the brain [66]. The Wang and Pan research is consistent with the work by Tu et 
al. which combines low levels of Ir in the blood with the development of depression 
[67]. Craft and Perna note that exercise has a positive effect on depression due to the 
increased release of β-endorphins after exercise. Endorphins are associated with good 
mood and general well-being [58].

It is also worth noting that the studies qualified for the review showed similar 
intensity and duration of climbing sessions (8-week cycle, once a week, for 3 hours). 
A series of exercises of the same intensity was observed in the works of Rawson et 
al. and Cecchini-Estrada et al. examining the impact of physical activity on changes 
related to depression [68, 69]. These two papers note the effectiveness of sports cycle 
and training in reducing depressive symptoms. Rawson et al. explain their results by 
the fact that an organized exercise program is an effective form of therapy aimed at 
improving the symptoms of depression and anxiety [68]. Craft and Perna note that the 
mechanisms underlying the antidepressant effects of exercise can be associated with 
the frequency of activity [58].

In most of the works included in the literature review, the authors note that another 
advantage of including climbing in supportive treatment of depression is its relative 
safety. Although climbing is often referred to as extreme sport and is considered 
dangerous in the public opinion, statistics suggest that the risk of an accident on an 
artificial wall is 0.02–1.66 injury per 1,000 hours of climbing [26, 70]. In comparison, 
in running the injury index is from 2.5 to 33 injuries per 1,000 hours of running [71].

It is worth noting, however, that bouldering, as a therapy supporting the treat-
ment of depressive disorders, may also carry risks. Any desire to start climbing with 
depression should be consulted with a psychiatrist and a doctor specializing in sports 
medicine. Contraindications for climbing are, for example, suicidal thoughts, psychosis, 
cardiovascular problems, fear of heights, and frequent dizziness [28, 72]. A person 
who wants to start training in sport climbing must be aware that the most common 
injuries are related to fingers, shoulder girdle and elbows [73].

Another aspect to consider when undertaking sports training is the possibility of 
experiencing traumatic brain injury (TBI). A large number of patients after TBI suf-
fer from cognitive, anxiety and depressive disorders. Persistence of these symptoms 
may suggest that brain injury has permanently affected neurotransmission [74]. It is 
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estimated that every year in the United States TBI affects 1.7 to 3.8 million people; 
approximately 10% of cases are caused by sport and recreation [75]. There is no cur-
rent literature on the subject of TBI in climbers who practice bouldering on artificial 
climbing walls. However, it cannot be excluded that this type of injury does not occur 
in this sub-discipline.

Recapitulation

The evaluation according to the QUADAS-2 indicates a low possibility of bias 
in all evaluated studies. In Poland, depression generates significant healthcare costs, 
which are estimated in millions, and indirect costs in billions of zlotys a year [3]. There 
is therefore a need to reduce the cost of treating the illness in question. The results of 
previous studies provide the basis for considering the introduction of additional forms 
of depression treatment based on physical activity in the form of boulder climbing. 
However, it is important to use this method carefully because of the different physical 
and mental condition of depressed patients. A small number of papers on this topic, in 
particular in relation to the Polish population, suggests the need for further research. 
Both future scientific works and the therapy of depression using boulder climbing 
should be conducted after taking into account the opinions of specialists in the field 
of psychiatry and sports medicine. Patients included in the boulder training program 
should be informed about its contraindications and about the type and location of the 
most common injuries.
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