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Background: Climbing is a sport that demands high levels of both physical and 
mental effort, and athletes may encounter significant stress during performance. 
Mental toughness refers to an athlete’s capacity to cope with stress and maintain 
performance under challenging conditions. Mindfulness is the conscious aware-
ness and experiential engagement with the present moment. This study aimed to 
examine the relationship between mental toughness and stress levels in climbers, 
and to investigate the moderating role of mindfulness in this relationship.
Methods: The study included 150 active climbers (90 males, 60 females; mean 
age = 25.4 ± 4.7 years). Mental toughness was assessed using the Sports Mental 
Toughness Questionnaire (SMTQ) and the Mental Toughness Inventory (MTI), 
stress levels were measured via the Perceived Stress Scale (PSS-10), and mind-
fulness was evaluated using the Mindful Attention Awareness Scale (MAAS). 
Multiple regression and moderation analyses were conducted using SPSS and the 
PROCESS macro, with 5,000 bootstrap samples and 95% confidence intervals.
Results: Correlation analyses indicated significant negative relationships between 
SMTQ and MTI scores and PSS-10 scores, as well as between MAAS scores and 
PSS-10 scores (p < 0.001). Multiple regression analyses revealed that SMTQ 
(β = −0.33), MTI (β = −0.38), and MAAS (β = −0.29) significantly and negatively 
predicted stress levels (p < 0.001). Moderation analysis showed that higher levels 
of mindfulness strengthened the negative effect of mental toughness on stress 
(Interaction β = −0.18, p = 0.002).
Conclusion: These findings indicate that both mental toughness and mindfulness 
play a crucial role in stress management among climbers. In particular, mindfulness 
enhances the stress-reducing effects of mental toughness. The results provide practi-
cal implications for sport psychology interventions and climbing training programs.
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Introduction

Climbing is a sport that demands high levels of both physical and mental effort, precision, 
and concentration. Climbers often face unique psychological challenges due to the high-risk 
nature of the sport and the need for sustained focus on technically demanding routes 
(MacKenzie and Jones, 2020; Mellalieu et al., 2009). Such conditions can elevate perceived 
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stress, which may negatively impact performance, motivation, atten-
tion, and overall psychological well-being (Fletcher and Sarkar, 2012; 
Gucciardi and Gordon, 2011; Jones et al., 2007). Therefore, effective 
stress management is critical for climbers aiming to achieve consistent 
high-level performance (Hanton et al., 2005; Nicholls et al., 2009).

Mental toughness, defined as an athlete’s ability to maintain focus, 
cope effectively with stress, and sustain performance under pressure, 
has been identified as a key psychological resource for high-perfor-
mance athletes (Clough and Strycharczyk, 2012; Gucciardi et al., 
2017). In climbing, mental toughness enables athletes to manage fear, 
maintain concentration on complex sequences, and persevere through 
physically and mentally demanding climbs (Cowden, 2017; Filimon 
et al., 2021). Empirical evidence indicates that athletes with higher 
mental toughness experience lower levels of perceived stress and dem-
onstrate greater resilience in challenging competitive and training 
environments (Turkington et al., 2023a; Mojtahedi S. et al., 2021).

Mindfulness, characterized as non-judgmental awareness of the pres-
ent moment (Kabat-Zinn, 2003), has emerged as a valuable psychological 
skill in sport contexts. Mindfulness-based practices have been shown to 
improve emotional regulation, attentional focus, and cognitive flexibility, 
all of which support performance under pressure (Gardner and Moore, 
2007; Kaufman et al., 2009; Baltzell and Akhtar, 2014; Noetel et al., 2019). 
In climbing, mindfulness may help athletes maintain situational aware-
ness, manage fear of heights, and respond adaptively to unexpected chal-
lenges on the wall (Sappington and Longshore, 2015; Rogowska, 2024). 
Moreover, mindfulness can enhance the stress-buffering effects of mental 
toughness by enabling climbers to apply their resilience skills more effec-
tively when facing high-pressure situations (Sappington and Longshore, 
2015; Birrer et al., 2012).

Taken together, these findings suggest that both mental toughness 
and mindfulness are critical for effective stress management in climb-
ers. However, the interactive effects of these psychological constructs 
remain underexplored. Specifically, it is unclear whether mindfulness 
moderates the relationship between mental toughness and perceived 
stress in climbing contexts. Understanding this interaction is particu-
larly important for designing evidence-based interventions aimed at 
enhancing climbers’ psychological resilience and performance.

Based on this theoretical and empirical 
rationale, the following hypotheses were 
formulated

H1: higher levels of mental toughness are associated with lower 
perceived stress.

H2: higher levels of mindfulness are associated with lower per-
ceived stress.

H3: mindfulness moderates the relationship between mental 
toughness and perceived stress, such that the negative associa-
tion between mental toughness and stress becomes stronger at 
higher levels of mindfulness.

From a theoretical perspective, mindfulness is conceptualized 
as a regulatory (moderating) mechanism rather than a mediating 
variable in the relationship between mental toughness and perceived 
stress. While mental toughness represents a relatively stable psycho-
logical capacity that enables individuals to cope with pressure, 

mindfulness reflects a context-sensitive attentional and emotional 
regulation process that can influence how effectively these capacities 
are utilized under stress. According to the stress-buffering model, 
personal resources do not operate in isolation but interact with 
regulatory processes that shape stress perception. In this regard, 
mindfulness may alter the strength of the relationship between 
mental toughness and perceived stress by facilitating present-
moment awareness and reducing cognitive reactivity. Therefore, 
rather than transmitting the effect of mental toughness (as in media-
tion), mindfulness is expected to condition the effectiveness of 
mental toughness in stress regulation, justifying its role as a 
moderator.

Methods

Study design and participants

His study was conducted using a cross-sectional correlational 
design to examine the relationships among mental toughness, mind-
fulness, and perceived stress in climbers, as well as the moderating role 
of mindfulness on the mental toughness–stress relationship. Data 
were collected at a single point in time, and the analyses focused on 
associations between variables without inferring causal 
relationships.”

Participants were recruited using a convenience sampling method 
through climbing gyms and sports clubs. Data were collected via an 
online questionnaire distributed through social media platforms and 
direct contact with climbing communities. Participation was volun-
tary, and all participants provided informed consent prior to data 
collection.

A total of 150 sport climbers participated in the study. The 
sample size was determined using G*Power 3.1, assuming 80% 
power, α = 0.05, and a medium effect size (f2 = 0.15) for moderation 
analysis. The analysis indicated that a minimum of 107 participants 
was required; therefore, a sample of 150 participants was considered 
sufficient (Table 1). The mean age of participants was 25.4 ± 4.7 years 
(range: 18–35), with an average climbing experience of 
4.8 ± 2.9 years (range: 1–12) and weekly training duration of 
6.2 ± 2.1 h. The sample included 90 males (60%) and 60 
females (40%).

Inclusion criteria were:

	•	 Active participation in climbing.
	•	 Age between 18 and 35 years.
	•	 At least 1 year of regular climbing experience.

Exclusion criteria were:

	•	 Serious injury within the last 6 months.
	•	 Current psychiatric treatment.

For moderation and mediation analyses, 5,000 bootstrap samples 
were used. Bootstrap sampling was selected as it provides reliable con-
fidence intervals and non-parametric estimates even when data dis-
tribution assumptions are not met (Preacher and Hayes, 2008). The 
use of 5,000 bootstrap samples is a widely accepted standard to ensure 
robust estimates and sufficient statistical power.
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Measure

Four instruments were used to assess mental toughness, perceived 
stress, and mindfulness among climbers.

Mental toughness

Two scales were employed: the Sports Mental Toughness 
Questionnaire (SMTQ) and the Mental Toughness Inventory (MTI). 
The SMTQ (Sheard et al., 2009). Includes 14 items across three sub-
scales: confidence, control (emotional and life control), and constancy 
(stability under pressure), with Cronbach’s α  = 0.81. The MTI 
(Gucciardi et al., 2015) consists of 15 items measuring cognitive flex-
ibility, emotional control, and constancy, with reliability coefficients 
ranging from 0.82 to 0.94.

Perceived stress

The 10-item Perceived Stress Scale (PSS-10; (Cohen et al., 1983)) 
was used to assess participants’ perceived stress over the past month. 
Cronbach’s α in the present sample was 0.87.

Mindfulness

Mindfulness was measured using the Mindful Attention 
Awareness Scale (MAAS; (Brown and Ryan, 2003), a 15-item instru-
ment evaluating present-moment awareness in daily life. Cronbach’s 
α in the present study was 0.91.

Demographics

Participants’ age, gender, climbing experience, and weekly train-
ing hours were collected via a structured questionnaire. These vari-
ables were used to describe the sample and included as control 
variables in subsequent analyses.

Data analysis

Prior to statistical analyses, data were screened for outliers, 
missing values, and normality assumptions. Missing data were 
below 5% and were handled using mean imputation. Outliers were 
assessed via Mahalanobis distance, and two participants exceeding 
the threshold were removed. Normality was evaluated through 
skewness and kurtosis values, all within ±1.5, indicating approxi-
mate normal distribution.

Regression assumptions were also tested. Linearity was exam-
ined through scatterplots, homoscedasticity was assessed via 

residual plots, and independence of errors was confirmed using the 
Durbin–Watson statistic (DW = 1.89). No violations were detected.

Pearson correlation analyses were conducted to examine relation-
ships among study variables. Multicollinearity was assessed using 
Variance Inflation Factor (VIF) and tolerance values. All independent 
variables had VIF < 2 and tolerance >0.50, indicating no multicol-
linearity issues (Table 2).

Additionally, although mental toughness and mindfulness were 
moderately correlated, multicollinearity diagnostics (VIF < 2) indi-
cated that these constructs represent statistically distinct variables. 
This supports their conceptual differentiation and justifies their inclu-
sion in the same regression model.

Multiple linear regression analyses (enter method) were con-
ducted to test Hypotheses 1 and 2, with perceived stress (PSS-10) as 
the dependent variable, and mental toughness (SMTQ, MTI) and 
mindfulness (MAAS) as independent variables. Model significance 
was assessed via F-test, and the contribution of each predictor was 
evaluated using β coefficients, t-values, and 95% confidence intervals. 
Results indicated significant negative effects of SMTQ (β = −0.33, 
p < 0.001), MTI (β = −0.38, p < 0.001), and MAAS (β = −0.29, 
p < 0.001) on perceived stress, suggesting that higher mental tough-
ness and mindfulness are associated with lower perceived stress.

To test Hypothesis 3, a moderation analysis was conducted to 
examine whether mindfulness (MAAS) moderates the relationship 
between mental toughness (MTI) and perceived stress (PSS-10). The 
PROCESS Macro v4.2 (Model 1; (Hayes, 2018)) was used. All vari-
ables were mean-centered, and an interaction term (MTI × MAAS) 
was created to test whether the effect of mental toughness on per-
ceived stress depends on mindfulness levels. The interaction was sig-
nificant (β = −0.18, t = −3.11, p = 0.002, 95% CI [−0.29, −0.07]), 
indicating that higher mindfulness strengthens the negative associa-
tion between mental toughness and perceived stress.

All analyses were performed using IBM SPSS Statistics 29 and 
PROCESS Macro v4.2. Statistical significance was set at p < 0.05.

Results

Table 3 presents the descriptive statistics of the psychological 
scales administered to the participants. The mean SMTQ score was 
52.3 ± 7.8 (range: 34–70), the mean MTI score was 84.7 ± 12.1 (range: 
58–110), the mean PSS-10 score was 18.5 ± 5.6 (range: 7–31), and the 
mean MAAS score was 64.2 ± 8.4 (range: 45–82).

Table 4 displays the correlation matrix of the psychological scales. 
SMTQ and MTI were positively and strongly correlated (r = 0.64, 
p < 0.001). Perceived stress (PSS-10) was negatively correlated with 

TABLE 1  Participant characteristics.

Characteristic n (%) Mean SD Description

Total participants 150 100% Active sport climbers

Male 90 60% Gender distribution

Female 60 40% Gender distribution

Age (years) 25.4 4.7 Mean ± SD (min–max: 18–35)

Climbing experience (years) 4.8 2.9 Mean ± SD (min–max: 1–12)

Weekly training duration (hours) 6.2 2.1 Average training hours

https://doi.org/10.3389/fpsyg.2026.1799925
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Alp et al.� 10.3389/fpsyg.2026.1799925

Frontiers in Psychology 04 frontiersin.org

both SMTQ (r = −0.46, p < 0.001) and MTI (r = −0.52, p < 0.001). 
Mindfulness (MAAS) was positively correlated with SMTQ (r = 0.37, 
p < 0.001) and MTI (r = 0.42, p < 0.001), and negatively correlated 
with PSS-10 (r = −0.41, p < 0.001) (see Table 5).

This table presents the results of multiple regression analyses test-
ing Hypotheses 1 and 2, as well as the moderation analysis for 
Hypothesis 3. Standardized regression coefficients (β), t-values, p-val-
ues, and 95% confidence intervals (CI) are reported for each predictor. 
R2 and F statistics indicate the proportion of variance explained by the 
model and overall model significance, respectively. The interaction 
term (MTI × MAAS) represents the moderating effect of mindfulness 
(MAAS) on the relationship between mental toughness (MTI) and 
perceived stress (PSS-10). Higher mindfulness strengthened the nega-
tive association between mental toughness and stress.

Figure 1 shows that climbers with higher mindfulness scores 
(green line) exhibit a stronger reduction in perceived stress as mental 
toughness increases, while climbers with lower mindfulness scores 
(orange line) show a weaker reduction.

Discussion

The present study examined the associations between mental 
toughness (SMTQ, MTI), mindfulness (MAAS), and perceived stress 
(PSS-10), as well as whether mindfulness moderates the relationship 
between mental toughness and perceived stress. Findings revealed 
that all predictors—mental toughness indices and mindfulness—were 
significantly and negatively associated with perceived stress, and that 
mindfulness strengthened the negative effect of mental toughness on 
stress. These findings may provide theoretical and practical insights 
into how resilience mechanisms interact in stress regulation.

Main findings and theoretical implications

Consistent with previous evidence, individuals with higher mental 
toughness reported lower perceived stress (Turkington et al., 2023b; 
Mojtahedi A. et al., 2021). Mental toughness enables composure, con-
fidence, and cognitive control under pressure, allowing stressors to be 
perceived as manageable rather than threatening (Clough et al., 2016; 
Cowden and Meyer-Weitz, 2022). This aligns with resilience models 
emphasizing that personal hardiness buffers against psychological 
strain (Wister et al., 2022).

Similarly, mindfulness was negatively associated with perceived 
stress, in line with meta-analyses confirming that mindfulness-based 
interventions reliably reduce stress and enhance well-being (Pan et al., 
2024; Sadooghiasl et al., 2022). Mindfulness fosters present-moment 
awareness and attentional control, reducing maladaptive cognitive 
reactivity (Keng et al., 2011; Creswell, 2017). Trait mindfulness also 

promotes emotional stability and adaptive coping across populations 
(Duggan et al., 2024; Chen, 2021).

Moderating effect of mindfulness

The moderation analysis revealed a significant interaction 
between mental toughness and mindfulness (β = −0.18, p = 0.002). 
Figure 1 shows that climbers with higher mindfulness scores experi-
ence a stronger stress-reducing effect of mental toughness, while those 
with lower mindfulness scores show a weaker effect. This suggests that 
the combination of high mental toughness and high mindfulness is 
most beneficial for stress reduction. This supports dual-component 
resilience models, which emphasize the balance between stability 
(toughness) and flexibility (mindfulness) (Birrer et al., 2012; Wister et 
al., 2022). Mindfulness may enhance adaptive components of mental 
toughness—such as control, confidence, and perseverance—by foster-
ing present-moment awareness and emotional regulation.

Practical implications

These findings highlight the value of integrated interventions 
combining toughness training with mindfulness-based components. 
Mindfulness-based cognitive approaches (MBCT) or short MBSR 
modules can complement toughness-focused programs by fostering 
emotional flexibility alongside cognitive control (Pan et al., 2024; 
Oguntuase et al., 2022). Digital or mobile-based mindfulness pro-
grams may further enhance accessibility and adherence (Tanaka et al., 
2023). Such integrated programs can benefit athletes, educators, and 
health professionals by strengthening stress tolerance (Rogowska, 
2024; Chen, 2021).

TABLE 2  Multicollinearity analysis of independent variables.

Variable Tolerance VIF

SMTQ 0.72 1.38

MTI 0.69 1.45

MAAS 0.75 1.33

TABLE 3  Descriptive statistics.

Scale N mean SD Min Max

SMTQ 150 52.3 7.8 34 70

MTI 150 84.7 12.1 58 110

PSS-10 150 18.5 5.6 7 31

MAAS 150 64.2 8.4 45 82

TABLE 4  Correlation matrix.

Variable 1. 2. 3. 4.

1. SMTQ –

p

n

2. MTI 0.64 –

p 0.001

n 150

3. PSS-10 −0.46 −0.52 –

p 0.001 0.001

n 150 150

4. MAAS 0.37 0.42 −0.41 –

p 0.001 0.001 0.001

n 150 150 150
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Limitations and future directions

This study used a cross-sectional design, which limits causal infer-
ences between mental toughness, mindfulness, and perceived stress. 
Although the sample of 150 climbers provides initial insights, caution 
is needed when generalizing to other populations, sports, age groups, 
or cultural contexts. Future research should employ longitudinal or 
experimental designs to clarify causal relationships and examine 
whether the observed moderation effect holds across different sports 
disciplines, age ranges, and cultural backgrounds. Additionally, explor-
ing these dynamics in non-athlete populations could broaden the 
applicability of the findings.

An alternative explanation worth considering is whether 
mindfulness could function as a mediator rather than a moderator. 
Although the present study focused on moderation based on theo-
retical grounds, future research could compare alternative models 
(e.g., mediation vs. moderation) using longitudinal or experimen-
tal designs to further clarify the underlying mechanisms.

Conclusion

In summary, both mental toughness and mindfulness indepen-
dently and are associated with lower perceived stress, with 

mindfulness enhancing the protective effect of mental toughness. 
These findings provide a theoretical foundation for designing evi-
dence-based stress management programs that cultivate both stability 
and flexibility, promoting optimal psychological well-being in aca-
demic, clinical, and sport settings.
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because they contain identifiable participant information. Requests to 
access the datasets should be directed to Reha Bozgüney (reha.boz-
guny@gmail.com).

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of the Institute of Health Sciences, Suleyman Demirel 
University. The study was conducted in accordance with the Declaration 
of Helsinki and institutional regulations. Written informed consent was 
obtained directly from all participants prior to participation.

TABLE 5  Multiple regression analysis (H1, H2 and H3).

Dependent 
variable

Independent 
variable

Moderator β t p 95% CI R2 F (df)

PSS-10 SMTQ – −0.33 −5.12 <0.001 [−0.44, 

−0.22]

0.45 39.77 (3,146)

MTI – −0.38 −5.89 <0.001 [−0.50, 

−0.26]

0.45 39.77 (3,146)

MAAS – −0.29 −4.75 <0.001 [−0.40, 

−0.17]

0.45 39.77 (3,146)

PSS-10 MTI MAAS −0.18 −3.11 0.002 [−0.29, 

−0.07]

0.48 45.12 (3,146)

FIGURE 1

Moderating effect of mindfulness: higher mindfulness strengthens the negative association between mental toughness and perceived stress.
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