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Abstract

Background Several studies have suggested that psy-

chosocial variables can increase the risk of becoming

injured during sport participation.

Objectives The main objectives of these meta-analyses

were to examine (i) the effect sizes of relationships

between the psychosocial variables (suggested as injury

predictors in the model of stress and athletic injury) and

injury rates, and (ii) the effects of psychological interven-

tions aimed at reducing injury occurrence (prevention).

Methods Electronic databases as well as specific sport and

exercise psychology journals were searched. The literature

review resulted in 48 published studies containing 161

effect sizes for injury prediction and seven effect sizes for

injury prevention.

Results The results showed that stress responses (r = 0.27,

80 % CI [0.20, 0.33]) and history of stressors (r = 0.13,

80 % CI [0.11, 0.15]) had the strongest associations with

injury rates. Also, the results from the path analysis showed

that the stress response mediated the relationship between

history of stressors and injury rates. For injury prevention

studies, all studies included (N = 7) showed decreased

injury rates in the treatment groups compared to control

groups.

Conclusion The results support the model’s suggestion

that psychosocial variables, as well as psychologically,

based interventions, can influence injury risk among

athletes.

Key Points

High levels of negative life-event stress and strong

stress responsivity were the two variables in the

model of stress and athletic injury that had the

strongest associations with injury risk.

All psychosocially-based interventions included in

the review showed fewer injuries in the intervention

groups in comparison to the control groups.

Psychosocially-based interventions should be

considered when designing injury prevention

programs.

1 Introduction

Sport injuries are common phenomena that many athletes

experience every year. Data from elite soccer show that a

player, on average, sustains approximately two injuries per

year [1]. Sport injuries can have effects beyond sport par-

ticipation at the individual, team/club, and community

levels. In regards

to injury sequelae for athletes, researchers have found

that injuries are one of the most common reasons for ter-

mination from sport [2]. Moreover, injuries have also been
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associated with cognitive and emotional reactions (e.g.,

perceptions of pain, sense of loss, sadness, anger, fear,

grief), which in turn could influence athletes’ well-being

[3–5].

At team/club levels, injuries have been found to have

substantial effects. Ekstrand [6], for example, reported that

1-month’s participation time loss, due to injury for one

starting player in international elite football (soccer), was

estimated to equate to a financial loss of approximately

€500,000 for the club. In addition, research has shown that

injuries are associated with performance outcomes at team

level in elite football. For instance, Hägglund et al. [7]

found that higher injury rates, in European elite football,

were associated with poorer team performance (i.e., lower

rank at the end of season).

The treatment of sport injuries is also associated with

major costs to healthcare systems [8]. More specifically,

the Swedish Civil Contingencies Agency [9] estimated the

cost associated with treatment of sport injuries to be €300–
€400 million per year in Sweden. Given the high injury

rates that are associated with sport participation, together

with the (often) negative consequences at the individual,

team/club, and community levels, preventive strategies for

sport injuries should be highly valued. To develop pre-

ventive programs, it is important to first determine pre-

dictors of sport injuries. In the history of sport injury

prediction and prevention, physiological and biomechani-

cal perspectives have been dominant [10], but during the

last two decades the role of psychological factors in sport

injury prevention and prediction has been extensively

explored [11].

The first studies that focused on pre-injury psychologi-

cal factors were published more than three decades ago

[12, 13]. Most of the early studies targeted personality

traits [14] or life event stress [13–15] as predictor variables

for sport injury occurrence. One of the limitations of the

early studies was that they did not offer any theoretical

explanation for the mechanisms connecting the psycho-

logical variables and injury occurrence [16]. To provide a

theoretical framework to explain the relationship between

psychological variables and injury occurrence, the model

of stress and athletic injury was developed [17, 18]. This

theoretical model suggests that the injury risk an athlete is

exposed to may be influenced by the athlete’s stress

responses (physical/physiological or psychological/atten-

tional changes). In their explanation of the model, Williams

and Andersen [17] suggested decreases in neurocognitive

and perception processes (e.g., narrowing of peripheral

vision) and increases in reaction times because of being

distractible and not attending to task-relevant cues, as two

examples of ‘‘physiological/attentional changes’’ and ‘‘in-

creased distractibility’’ related to the stress response cate-

gory. For more information on these neurocognitive

deficits and injury, please see Wilkerson [19] and Swanik

et al. [20]. In the model the authors suggested that the stress

response will have a bidirectional relationship with the

athlete’s cognitive appraisals of potentially stressful situa-

tions (e.g., practice, game competition). Both the magni-

tude of the stress response and the athlete’s appraisals of

the situation may be influenced by the interplay between

various psychosocial factors, which are divided into three

broad categories: personality factors, history of stressors,

and coping resources. In the early version of the model

[18], the authors suggested that only the history-of-stres-

sors variable directly influences the stress response,

whereas personality and coping variables both could act

directly on, or moderate the effects of, the stress response.

Ten years later, however, the authors argued that an ath-

lete’s history of stressors could influence the development

of both an athlete’s traits and coping mechanisms, and

therefore they placed bidirectional arrows between the

three psychosocial categories [17]. Interventions for injury

prevention are also included in the model. More specifi-

cally, the authors suggested intervention approaches tar-

geted to influence/buffer the stress response through

psychosocial, physiological, and attentional pathways. This

buffering effect could, in turn, decrease an athlete’s risk of

becoming injured.

Since the model was developed, researchers within the

field have identified a number of limitations. One of the

major limitations addressed in previous literature is that the

model mainly focuses on cognitive stress responses [21].

Appaneal and Perna [21] suggested, in their biopsychoso-

cial model of stress and athletic injury and health (an

extension to the model of stress and athletic injury), that

behavioural mechanisms associated with the stress response

(e.g., impaired self-care, poor sleep quality) should be

addressed together with psychological, physiological, and

attentional mechanisms in injury prediction research. Also,

other psychological variables, not included in the model of

stress and athletic injury, have been found to be related to

increased injury risk. For example, poor visual and verbal

memory [20], high levels of psychophysiological fatigue

[22], as well as behaviors related to ignorance of stressors

and/or neglecting recovery [23] have all been found to

increase the risk of becoming injured.

Another highlighted limitation is that the model does not

include the roles of emotional or environmental factors

(outside of stress responses) in injury risk [24]. Other

models, such as the biopsychosocial sport injury risk pro-

file [5], have also, together with cognitive and behavioral

variables, included both emotions as well as environmental

factors within a theoretical framework.

Even though limitations of the model of stress and

athletic injury have been addressed and new, extended,

models have been developed, the Williams and Andersen
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[17] model is the most cited and researched. A search in an

electronic database (PubMed) covering psychology, med-

icine, and sport showed that this model of stress and ath-

letic injury had 99 citations just since 2014 (number of total

citations from publication to July 2015 was 746). In com-

parison the biopsychosocial sport injury risk model had 30

citations since 2014. Accordingly, and notwithstanding

mixed opinions on the model’s comprehensiveness, it far

outstrips any other model as a foundation for research, and

it seems warranted to perform meta-analyses on published

injury prevention and prediction studies that have explored

the relationships suggested by Williams and Andersen.

Our first objective was to conduct a systematic review

and meta-analysis of the results from all published studies

that examined the relationships between psychosocial

variables and injury rates suggested in Williams and

Andersen [17]. By using a meta-analytic procedure, it is

possible to collectively test a statistical synthesis of

research findings. The first step was to examine the effect

sizes of relations between the psychosocial correlates of

injury rates presented in the model. The second step was to

identify moderator variables that could explain variations

between studies within a specific psychosocial correlate.

More specifically, moderator analyses were conducted for

heterogeneous effect sizes.

Also, by using a path analysis model incorporating the

meta-analyzed correlation matrix, we evaluated how well

the prediction part of the Williams and Andersen’s [17]

model fit the data provided from empirical prediction

studies. Path analysis and meta-analysis procedures can

complement each other ‘‘because path analysis captures

interdependencies between several variables, whereas

meta-analysis can only examine the relation of two vari-

ables at a time’’ ([25] p. 330). Because the predictive part

of the Williams and Andersen [17] model suggests stress

responsivity to mediate the effects of personality, history of

stressors and coping, path analysis can be used to test these

suggested relationships.

In the second part of our analysis we meta-analyzed the

results of intervention studies that used psychosocially-

based programs (suggested implicitly or explicitly in the

model) to prevent sport injuries. Consistent with the pro-

cedures followed in the first part of our analysis, a second

step was to investigate potential moderator variables within

prevention research.

2 Methods

2.1 Literature Search

The electronic databases CINAHL, Web of Science,

PubMed, and PsycINFO were searched using combinations

of the keywords: ‘sports injury’, ‘athletic injury’, ‘psy-

chology’, ‘prediction’, ‘prevention’, and ‘intervention’

(March 2015). Boolean expressions and MeSH terms were

used as well as truncations adjusted to each database’s

guidelines. Also, the peer-reviewed journals ‘Journal of

Sport & Exercise Psychology’, ‘Journal of Sport Rehabil-

itation’, ‘Journal of Applied Sport Psychology’, ‘Scandi-

navian Journal of Medicine and Sport Science’ and

‘Psychology of Sport and Exercise’ were manually sear-

ched. Finally, previous published review articles [17, 18]

and book chapters [16] were manually searched.

Studies were considered for inclusion in the two meta-

analyses if: they were prospective or experimental studies

including continuously monitored injury frequency during

the study period. Because the model of stress and athletic

injury is developed for traumatic injuries (i.e., the injury

has a sudden onset in association with a known trauma

[26]) only studies with such an injury definition were

included.1 An additional criterion was that the studies

presented statistical data (e.g., means and standard devia-

tions, t values, Pearson’s r effect sizes, exact p values,

Cohen’s f effect sizes, z values, sample sizes) necessary for

the calculation of zero-inflated Pearson’s r effect sizes. For

the intervention studies, an additional criterion was that the

intervention program was based on recognized psycho-

logical treatments (e.g., stress management, cognitive-be-

havioral therapy, mindfulness training). For studies that did

not report the necessary data, the corresponding authors

were contacted by e-mail and asked if they had the data

available. Some common reasons for exclusion were:

(i) authors did not provide sufficient information for the

calculation of effect sizes, and (ii) the study did not include

variables that are present in the model of stress and athletic

injury. The full process of the literature search is illustrated

in Fig. 1. For a summary of all studies included in the

meta-analyses, see Table 1 (for more specific information

about the prevention studies included in the meta-analyses

see Table 2).

2.2 Meta-Analytic Procedures

In our meta-analyses, we used the zero-inflated correlation

coefficients as effect size estimates. To calculate the

coefficients for the relationships between the variables

suggested in the model, all collected effect sizes were first

transformed to Fisher’s z correlations. Second, all Fisher’s

z correlations were, to correct for sampling errors, weigh-

ted for sample size. Third, the weighted Fisher’s z correla-

tions were then used to calculate the average Fisher’s

1 None of the studies in the meta-analyses had data that were

normalized for exposure time or included specific calculations for

specific types of injuries.
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z correlation for the relationship between the variables

suggested in the model. Fourth, the average Fisher’s

z correlation estimates, representing the effects between the

variables, were transformed into zero-inflated standardized

correlation coefficients. All effect sizes were corrected for

measurement error [27]. This correction procedure was

based on the reliabilities (i.e., coefficient alpha, test-retest

reliability) for the measures obtained from the study or

from prior published studies using the same instrument. For

instruments with no reported reliabilities we used, in line

with previous recommendations, rxy = 0.70 [28]. All the

calculations were performed using the Comprehensive

Meta-Analysis software [29].

To test for heterogeneity, the I2 statistic was used. The

I2 statistic describes the degree of inconsistency across

studies included in a meta-analysis [30]. The scale ranges

from 0 to 100 % where low numbers indicate small

inconsistencies between studies. In the present study,

moderator analyses were conducted when the I2 reached

50 % (moderate heterogeneity between effect sizes). Two

moderator analyses were performed. For the history of

stressors category in the prediction studies, the type of

stressor was treated as the moderator variable (total life

event stress [k = 18] vs. negative life event stress

[k = 21] vs. positive life event stress [k = 19] vs. hassles

[k = 6] vs. previous injuries [k = 8]) for the history of

stressors category.

The moderator tested in the prevention studies was

group of participants (at risk [k = 3] vs. normal [k = 4]).

In the studies that included at-risk populations, the partic-

ipants were enrolled in the study if they had high scores on

instruments aimed to measure stress and anxiety (scores

above the 66th percentile were considered as high), as well

as low scores on coping questionnaires (scores below the

33rd percentile were considered as low).

To address the potential response bias that could be

present within the literature (e.g., the file-drawer problem),

a fail-safe number (FSN) was calculated for each rela-

tionship tested in both the meta-analyses [31]. The FSN is

used to indicate how many additional studies with mean

null results should be needed to reduce the combined sta-

tistical significance to a specific alpha level (e.g., 0.05).

Records identified through database 
searching (n = 368)

Additional records identified through 
other sources (n = 16)

Records after duplicates removed 
(n = 324)

Records screened 
(n = 324)

Records excluded 
(n = 136)

Full-text articles assessed for 
eligibility (n = 188)

Full-text articles excluded 
(n = 140)

- Review articles or chapters 
(n = 38) 
- Irrelevant topics (n = 48)
- Retrospective or qualitative 
designs (n = 11)
- No presentation of number 
of injuries (n = 16)
- Psychological variables are 
not included in the model of 
stress and athletic injury 
(n = 19)
- Insufficient data for 
calculation of effect sizes
(n = 8)

Studies included in 
quantitative synthesis (meta-

analyses) (n = 48)

Fig. 1 Description of the

selection process for included

studies
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Table 1 Overview of the studies included in the meta-analysis

References Type of

publication

Sport type Age group Sample size Participants receiving

treatment

Variables included in

analyses

Andersen and

Williams [68]

J Mixed Adolescents 196 N HoS, SR

Blackwell and

McCullagh [69]

J Football Adolescents 105 N HoS, NPers, C

Bond et al. [14] J Swimming Adults 33 N NPers

Brink et al. [70] J Soccer Adolescents 53 N HoS

Bum [71] T Mixed Adults 320 N HoS

Byrd [72] T Mixed Adolescents 113 N HoS, NPers, C

Coddington and

Troxell [12]

J Football Adolescents 114 N HoS

Cryan and Alles [13] J Football Adolescents 151 N HoS

Devantier [73] J Soccer Adults 87 N HoS, NPers, C

Edvardsson et al. [61] J Soccer Adolescents 27 Y I

Fields et al. [74] J Running Adults 40 N NPers

Galambos et al. [75] J Mixed Adolescents/

adults

845 N HoS

Gunnoe et al. [76] J Football Adolescents 331 N HoS

Hanson et al. [77] J Track and

field

Adolescents 181 N HoS, C

Hardy and Riehl [78] J Mixed Adolescents 86 N HoS

Ivarsson and Johnson

[79]

J Soccer Adults 48 N HoS

Ivarsson et al. [54] J Soccer Adolescents 41 Y I

Ivarsson et al. [66] J Soccer Adolescents 101 N HoS

Ivarsson et al. [80] J Soccer Adults 56 N NPers, HoS, C

Johnson et al. [56] J Soccer Adults 32 Y I

Johnson and Ivarsson

[81]

J Soccer Adolescents 108 N HoS, NPers, C

Keller et al. [82] J Tennis Adolescents 60 N NPers

Kerr and Goss [57] J Gymnastics Adolescents 24 Y I

Kerr and Minden [83] J Gymnastics Adolescents 41 N HoS; NPers

Kolt and Kirkby [84] J Gymnastics Adolescents 162 N NPers

Kontos [85] J Football Adolescents 260 N HoS

Krasnow et al. [86] J Dance Adolescents 65 N HoS

Lavallée and Flint [87] J Mixed Adults 55 N NPers

Lysens et al. [88] J Mixed Adolescents 99 N HoS

Maddison and

Prapavessis [58]

J Rugby Adults 470 (study 1), 48

(study 2)

N (study 1), Y (study

2)

HoS, NPers, C, I

Nigorikawa et al. [89] J Mixed Adolescents/

adults

2164 N NPers

Noh et al. [90] J Dance Adolescents 105 N HoS; NPers, C

Noh et al. [60] J Dance Adolescents 35 Y I

Osborn et al. [91] J Ice hockey Adults 18 N NPers

Passer and Seese [92] J Football Adolescents 104 N HoS

Patterson et al. [93] J Dance Adults 46 N HoS, C

Quarrie et al. [94] J Football Adults 258 N HoS

Rogers and Landers

[51]

J Football Adolescents 171 N HoS, C, SR

Steffen et al. [95] J Soccer Adolescents 1430 N HoS, NPers, C

Swanik et al. [20] Mixed Adults 160 N SR
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All results are reported using mean effect sizes as well

as p values. A result of p\ 0.05 was considered statisti-

cally significant. In line with the recommendations of

Cohen [32], we also reported 80 % confidence intervals

(CIs) around the mean effect sizes.

2.3 Path Analysis

In the second step for the injury prediction studies, we

wanted to test if stress responses mediated the relationship

between the three psychosocial variables/categories (i.e.,

personality, history of stressors, coping) and injury rates. A

meta-analytic path-analysis approach using the meta-ana-

lytic structural equation modelling (MASEM) framework

was applied. This framework is the only path analysis

approach available for meta-analyses where none of the

included studies provides effect estimates for all relation-

ships suggested within the model [33]. In the MASEM

framework, the researcher ‘‘treats the correlation matrix

from each study as sufficient statistics for a group in multi-

group SEM’’ ([27] p. 289).

The zero-inflated standard correlation coefficients were

inserted into a correlation matrix. In this matrix, one cell

consisted of zero identified studies (i.e., the path between

personality traits and the stress response). Also, in the cell

for the relationship between coping and stress response

only one effect size was identified. Because using just one

effect size to determine an average correlation (i.e., one

cell in the correlation matrix) will not be reliable [34] we

decided to consider this cell as empty as well. To deal with

this problem we followed the recommendations from

Landis [33]. More specifically, meta-analytic estimates

from another field of research that investigated the rela-

tionship between personality traits (i.e., trait anxiety) and

cognitive functions as well as between coping (i.e., active

coping) and psychological distress were, therefore, inclu-

ded in the correlation matrix [35, 36]. Also, to obtain a

more reliable estimate for the path between history of

stressors and the stress response, the effect sizes from

Williams et al. [37, 38] and Rogers et al. [39] found

amongst the studies that were identified in the first step of

the current literature review were added to the two effect

sizes already included (total number of effect sizes = 6).

Based on the correlation matrix, a path analysis, using

Mplus 7.3 [40], was conducted to test injury prediction. In

line with previous recommendations, the harmonic mean of

the sample sizes for each effect size (i.e., the sample size in

each cell in the correlation matrix) included in the path

model was used as the sample size in the analysis [41].

Indirect effects (Sobel method) with 95 % CIs were cal-

culated in the path model [42]. The goodness-of-fit indices

used to evaluate the model in this study were: comparative

fit index (CFI), the root mean square error of approxima-

tion (RMSEA) with 90 % CIs, and the standardized root

mean squared residual (SRMR). Traditional cut-off criteria

(CFI [0.90, SRMR and RMSEA \0.08) were used to

indicate acceptable fit [43].

3 Results

3.1 Effect Sizes of Relations Between

the Psychosocial Correlates of Injury Rates

3.1.1 Prediction Studies

The zero-inflated standard correlation coefficients between

the psychosocial variables included in the model and injury

rates were entered in the first meta-analysis (for a summary

see Table 3). The results showed that the stress response

Table 1 continued

References Type of

publication

Sport type Age group Sample size Participants receiving

treatment

Variables included in

analyses

Tranaeus et al. [59] J Floorball Adults 401 Y I

Horst [96] T Football Adults 653 N HoS

Van Mechelen et al.

[97]

J Mixed Adults 182 N HoS

Vassos [98] T Mixed Adolescents 119 N HoS, NPers, C

Wadey et al. [99] J Mixed Adolescents 694 N HoS

Wadey et al. [100] J Mixed Adolescents 694 N HoS

Wilkerson [19] J Football Adolescents 76 N SR

Williams et al. [15] J Volleyball Adolescents 179 N HoS

J published in a peer reviewed journal, T master or doctoral thesis, Y studies where the participants received treatment, N studies where the

participants did not receive treatment, HoS history of stressors, NPers personality traits that may increase stress responses, C coping, SR stress

responses; I intervention, Adolescents mean age\20 y, Adults mean age[20 y
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(r = 0.27, 80 % CI [0.20, 0.37]) was the predictor that had

the strongest associations with injury rates. Moreover,

history of stressors (r = 0.13, 80 % CI [0.11, 0.15]) and

coping (r = -0.07, 80 % CI [-0.10, -0.03]) had weaker

relationships with injury rates. Finally, the association

between personality traits and injury rates was marginal

(r = 0.01, 80 % CI [-0.01, 0.03]).

3.1.2 Prevention Studies

For the second meta-analysis on intervention/prevention

studies, the result showed that the mean effect of the dif-

ference between the intervention and control conditions was

r = - 0.31, 80 % CI [-0.41, -0.19], corresponding to a

Cohen’s d effect size of -0.63, 80% CI [-0.88, -0.38]

(Table 3). The negative direction of the overall effect size

corresponded to an effective intervention (i.e., fewer injuries

in treatment conditions compared to control conditions).

3.2 Moderator Analyses for Heterogeneous Effect

Sizes

3.2.1 Prediction Analysis

The results indicated large heterogeneity between the

studies included in the history of stressors category

Table 2 Characteristics of the included prevention studies

Study Study design Population At-risk

screening

(yes/no)

Group size Outcome Intervention content Study length;

intervention

length;

sessions/time

Edvardsson

et al. [61]

Quasi-

experimental

High school

soccer

players

No Intervention:

n = 13

control:

n = 14

Number of

injuries,

time loss

due to

injuries

Self-regulation techniques

(thought stopping, somatic

relaxation, breathing) video

clips and stress management

9 weeks;

9 weeks; 7

sessions/

30–60 min

Ivarsson et al.

[54]

Matched on

previous

injuries, RCT

Junior elite

soccer

players

No Intervention:

n = 21

control:

n = 20

Number of

injuries,

time loss

due to

injuries

MAC program

Active control: sport

psychology skills

6 months;

7 weeks: 7

sessions;

45 min

Johnson et al.

[56]

RCT Soccer

players at

high

competitive

level

Yes Intervention:

n = 16

control:

n = 16

Number of

injuries

Relaxation, stress

management, goal setting,

attribution, self-confidence,

critical incidence diary

19 weeks;

19 weeks; 6

sessions/

45–90 min

Kerr and

Goss [57]

Matched on

sex, age, and

previous

performance,

RCT

Gymnasts at

high level

No Intervention:

n = 12

control:

n = 12

Number of

injuries,

time loss

due to

injuries

Stress management program

(e.g., cognitive thought

stopping, relaxation,

imagery)

8 months;

8 months; 16

sessions/

60 min

Maddison and

Prapavessis

[58]

RCT Elite rugby

players

Yes Intervention:

n = 24

control:

n = 24

Number of

injuries,

time loss

due to

injuries

Cognitive behavioral stress

management

A rugby season;

4 weeks; 6

sessions/

90–120 min

Noh et al.

[60]

Quasi

experimental

Female ballet

dancers

Yes Intervention

group 1:

n = 12

Intervention

group 2:

n = 11

control:

n = 12

Number of

injuries

Autogenic training, broad-

based coping skills

48 weeks;

12 weeks; 3/

week

Intervention

group 1:

25 min

Intervention

group 2:

40 min

Tranaeus

et al. [59]

Cluster (team)

RCT

Elite floorball

players

No Intervention:

n = 193

control:

n = 208

Number of

injuries

Stress management,

relaxation, emotion control

1 year;

3 months; 6

sessions/

60 min

RCT randomized controlled trial, MAC mindfulness acceptance commitment
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(I2 = 86 %). Moderate heterogeneity was found between

studies in the coping (I2 = 62 %) as well as in the inter-

vention (I2 = 68 %) categories, whereas small hetero-

geneity was found between personality (I2 = 35 %) as well

as stress response (I2 = 0 %) studies.

In terms of the moderator analyses for the prediction

studies, we found that negative life event stress (r = 0.23,

80 % CI [0.17, 0.29]), hassles (r = 0.25, 80 % CI [0.14,

0.36]), as well as previous injuries (r = 0.18, 80 % CI

[0.13, 0.22]) had larger associations with injury occurrence

compared to total life event stress (r = 0.16, 80 % CI

[0.08, 0.24]) and positive life event stress (r = 0.03, 80 %

CI [-0.01, 0.06]).

3.2.2 Prevention Analysis

The moderator analysis for injury prevention showed that

intervention studies including at-risk samples (Cohen’s

d = -0.88, 80 % CI [-1.31, -0.44]) were more effective

in decreasing injury rates in comparison to the studies

using normal samples (Cohen’s d = -0.45, 80 % CI

[-0.72, -0.18]). Nevertheless, the magnitudes of the effect

sizes indicated that the intervention programs were effec-

tive both for at-risk as well as normal samples.

3.3 Evaluation of the Prediction Part of the Model:

A Path Analysis

The model indicated acceptable fit v2 (3) = 28.18,

p\ 0.001, CFI = 0.93, RMSEA = 0.06 (90 % CI [0.04,

0.09]), SRMR = 0.03. The model explained 7.3 % of the

variance in injury occurrence and 7.0 % of the variance in

stress responses. All paths were statistically significant

(p\ 0.05) with effects ranging from 0.08 to 0.27. All

effect estimates for the different paths are provided in

Fig. 2.

The unstandardized indirect effects between the psy-

chological variables and injury frequency showed that all

three variables had statistically significant indirect effects

on injury frequency through stress responses: history of

stressors (unstandardized estimate = 0.04, 95 % CI [0.03,

0.06], p\ 0.001), personality traits (unstandardized esti-

mate = 0.04, 95 % CI [0.03, 0.05], p\ 0.001), and coping

(unstandardized estimate = -0.04, 95 % CI [-0.06,

-0.03], p\ 0.001).

4 Discussion

4.1 Effect Sizes of Relations Between

the Psychosocial Factors and Injury Rates

4.1.1 Prediction Studies

The result from the meta-analysis of injury prediction

variables showed that the history of stressors, as well as the

stress response variables, had the strongest relationships

with injury rates. One explanation for the two stress vari-

ables having the strongest relationships with injury is that

prolonged stress can generate changes in the functions of

the brain’s neurological networks [44–46]. More specifi-

cally, the communication between the left and right cere-

bral hemispheres may decrease when a person is exposed

to stressors for extended periods. This change in network

activation and communication could lead to decreased

information flow between the brain functions that process

affect and cognition [47]. A diminished communication

between these two networks might increase the risk of poor

decision-making during, for example, the stress of com-

petition, and decreased ability in making decisions has

been related to increased injury risk [48].

Concerning the result from the moderator analysis for the

history of stressors variables, the result showed that it was

the stress associated with negative events (i.e., negative life

event stress, hassles, previous injuries) that had the stron-

gest associations with injury rates in comparison to more

positively valenced events (i.e., total life event stress, pos-

itive life event stress). One explanation for this result is that

negative (or threatening) information is processed more

thoroughly and has more severe and long-lasting effects on

Table 3 Results of meta-analyses and homogeneity tests for injury prediction and prevention studies

Variable k n Effect size (r) 80 % CI FSN I2 (%)

Prediction

Personality 44 5166 0.01 -0.01, 0.03 0 35

History of stressors 72 8465 0.13 0.11, 0.15 4556 86

Coping 41 2991 -0.07 -0.10, -0.03 99 62

Stress response 4 603 0.27 0.20, 0.33 28 0

Prevention 7 608 -0.31a -0.41, -0.19 48 68

k number of effect sizes, n total number of participants, CI confidence interval, FSN fail-safe number
a corresponding Cohen’s d = - 0.63, 80 % CI [-0.88, -0.38] and number needed to treat = 4.3
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behaviors than positive information has [49]. One plausible

mechanism for the relationship between these long-lasting

negative effects and an increase in injury risk may, for

example, be the strong emotional distress responses asso-

ciated with these effects [50]. Increased emotional reac-

tivity is related to decreased activity in the parts of the brain

where attention is processed [47]. This decrease in atten-

tional capacity might increase the risk for injuries [51].

In the path analysis, the stress response was found to be

a statistically significant mediator for the relationships

between psychological variables (i.e., history of stressors,

personality) and injury rates. This result should be viewed

with caution because of the small number of studies that

have investigated the path between stress response and

injury rates (number of effect sizes = 4), but these results

are in line with the model’s suggestion that the stress

response mediates the relationship between psychosocial

variables and injury occurrence [17]. One explanation is

that both personality traits and experiences of stressful

events will have effects on the magnitude of the stress

response through changed neural activation [47]. Between

coping and the stress response, also, a statistically signifi-

cant indirect effect was found. One potential explanation

for this result is that, as previous research has suggested,

adequate coping strategies will facilitate a person’s deci-

sion-making processes [52]. The ability to make quick and

adequate decisions during both training and competition is

related to decreased injury risk [48].

4.1.2 Prevention Studies

Concerning preventive interventions based on psychologi-

cal training programs, the result from the meta-analysis

showed an average main effect of -0.63 (Cohen’s d)

indicating that psychological interventions appear effective

in preventing sport injuries, especially those that target at-

risk populations. Of the studies included in the meta-

analysis, all interventions resulted in fewer injuries in the

treatment groups in comparison to the control groups

(Cohen’s ds ranged between -0.10 and -1.21). Almost all

interventions have, to some extent, focused on stress

management techniques that target the stress process.

Decreased stress levels are related to reduced amygdala

activation [53], which is associated with improved atten-

tion and decision-making capacities, and this down-regu-

lation may then help lower injury risk [54]. We would

speculate that changes in the brain’s functions as well as

decreases in neural activation could be the mechanism

(e.g., increased capacity to pay attention to relevant cues in

the environment, down-regulation of sympathetic activa-

tion) behind many of the successful psychologically-based

preventive interventions that have been performed within

the field of sport injury prevention research. More specif-

ically, the model explicitly states that interventions aimed

at physiology (e.g., relaxation) and attention (e.g., mind-

fulness training) should be beneficial in reducing the stress

response and injury risk. The example of mindfulness

training, even though not specifically mentioned in the

original Williams and Andersen model, directly addresses

the stress response and the physiological and attentional

changes that may lead to injury. Mindfulness has at its core

paying attention (with intention) to what is happening right

here in the present moment and to acknowledging current

states (e.g., anxiety) but not becoming fused with those

states, which usually leads to those amygdala/sympathetic

activations to become down-regulated [54, 55].

Fig. 2 Path diagram of the

model of stress and athletic

injury using meta-analysed

correlations
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One interesting aspect concerning these intervention

studies is that they have used different intervention pro-

grams, such as psychological skills training [56–60], cog-

nitive-behavioral therapy [61], and mindfulness [54], all

showing similar results. One potential explanation is that

all of the interventions across the studies are, in some way,

directed at down-regulating stress-related brain activations

that interfere with functioning on a variety of levels (e.g.,

attention, decision making, and neurocognitive reaction

time). The interventions may look somewhat different, but

their targets, in many cases, seem similar. Another poten-

tial explanation for the effectiveness of the intervention

studies can be that the information provided during the

intervention sessions, together with the hands-on exercises,

might have influenced the athlete’s motivation to engage in

injury preventive behaviors as well as modify their atti-

tudes and beliefs about behaviors and actions related to

injury prevention. More specifically, information about the

potential benefits of engaging in preventive behaviors

together with reflections and exercises may increase the

likelihood of practicing the exercises (e.g., mindfulness

training) [62], and, subsequently, help reduce the risk of

becoming injured.

The results from the moderator analysis of interventions

with at-risk participants appeared to show more effective

prevention of sport injuries than other studies where at-risk

participants were not identified or selected. This result is

expected because it is more likely that participants in these

studies will be helped more by taking part in the inter-

vention than participants not at risk because they have

experienced high stress levels (often in combination with

limited coping strategies and high anxiety levels). The

differences in the magnitudes of the stress responses

between the participants in the control groups and inter-

vention groups might therefore be even larger than the

differences between groups in studies where the partici-

pants were not screened for risk. That said, the mean effect

sizes for the studies that have included normal samples

indicate that psychologically-based training programs also

have the potential to decrease the risk of becoming injured

in normal populations. We therefore conclude that it could

be beneficial to include psychologically-based intervention

programs for injury prevention whether the athletes are at-

risk or not.

4.2 Limitations

First, some of the meta-analyzed effect sizes were based on

a smaller number of studies than others. This issue is

especially important to consider when interpreting results

involving the stress response variable and its relation to

injury (number of effect sizes = 4). The results for this

path should, therefore, be interpreted with caution. Second,

we included an effect estimate from a meta-analysis per-

formed outside the sport context, and that might have

influenced the results. Nevertheless, we have followed the

recommendations for MASEM [33], and this procedure

allowed us to more fully examine the hypothesized model

than has been done in individual studies. Third, because no

studies have investigated the path between interventions

and stress responses, this relationship was not investigated

in the path model. The full model of stress and athletic

injury was, therefore, not tested, and this limitation restricts

us from drawing conclusions about the overall robustness

of the model.

5 Conclusions

Even though stress seems to be an important construct to

consider when discussing injury risk factors, the effect

estimates, especially in the prediction studies, were rather

small. One reason for this finding is that most of the studies

included in the meta-analyses have investigated self-re-

ported psychological constructs (neither behaviors nor

decision making). Because it is likely that it is actual

behaviors that will also be closely related to injury risk

[21], we would suggest that behaviors will also mediate the

relationships between cognitive constructs and injury risk.

That behavior is important to consider in the relationship

between risk factors that predispose athletes for injury risk

and actual injury outcomes has been suggested in, for

example, the comprehensive model for injury causation

[63]. To integrate the findings from our study with the

comprehensive model for injury causation we suggest that

personality factors (such as anxiety) can be included as

internal factors that might predispose an athlete for injury

risk. Concerning life event stress and especially the mag-

nitude of the stress response (e.g., neurocognitive pro-

cesses), these variables, in relation to the findings from the

meta-analysis, seems to make athletes more or less sus-

ceptible to incurring injuries. In the comprehensive model

of injury causation, the authors suggest that behaviors will

mediate the relationships between the various internal as

well as external risk factors and injury. Because behaviors

are one class of variables suggested to be closely related to

injury risk [21, 63], future studies should include behav-

ioral variables in their research designs.

Also, most of the studies included in the prediction

meta-analysis used only one time point to measure the

psychosocial variables, and future studies should use

repeated-measures designs to determine the potential

impact varying psychological states or stress levels could

have on injury risk [64] (examples of studies that have used

this design are: Fawkner et al. [65]; Ivarsson et al. [66]).

When applying repeated-measures designs, it is also
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important to use analyses that take within-person changes

into consideration. Most studies have used analyses that

compare scores for injured athletes with scores for non-

injured participants. Such between-person analyses will not

be able to grasp whether the within-person changes in

psychological states are related to injury risk. To detect

within-person changes, researchers are recommended to

use, for example, latent growth curve analysis in combi-

nation with a Cox proportional hazards model for survival

data (for information about this analysis see Wang et al.

[67]).

For other potential methodological limitations in rela-

tion to intervention studies, one of the major deficiencies is

that none of the included interventions have measured

potential mechanisms for the links between the interven-

tion programs and injury rates. Therefore, we can only

speculate about what the relationships between the inter-

ventions and the lowered injury rates actually are. Research

into mechanisms (most likely neurobiological or behav-

ioral) that explain how interventions lower injury risk

needs to become a focus in future research. Also, the

specific focus on the model of stress and athletic injury

does not exclude the need for other similar explanatory

models. For instance, future research should measure other

biopsychosocial sport injury risk variables as complements

to those suggested in the model of stress and athletic injury.

Given that stress seems to be the biopsychosocial con-

struct that has the strongest relationship with injury

occurrence, psychosocially-based interventions should

include programs targeting stress management skills.

Including psychological training programs into other types

injury prevention programs (e.g., biomechanical, strength

training) within sports has the potential to reduce the risk of

sport injuries and may have positive outcomes for athletes,

clubs, and communities.
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