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ABSTRACT 

The biopsychosocial model (BPSM) of challenge and threat provides a framework for understanding stress re-

sponses in motivated performance situations, including how stress relates to performance. In this model, experi-

ences of challenge—characterized by evaluations of personal coping resources matching or exceeding situational 

demands—elicit approach-oriented patterns of physiological responding and tend to facilitate performance, 

whereas threat—characterized by demands exceeding resources—elicit avoidance-oriented patterns of physiolog-

ical responding and tend to impair performance. Extant systematic reviews and meta-analyses support the idea that 

challenge facilitates performance relative to threat (Behnke and Kaczmarek, 2018; Hase et al., 2019c). The present 

systematic review and meta-analysis builds on this evidence base by examining whether conclusions replicate in 

recent research (post-2017), which is important given seismic cultural shifts tied to a worldwide pandemic, civil 

unrest, and skyrocketing mental health problems tied to stress. The analysis included 62 studies published between 

2017 and 2024 (total N = 7,418 participants). The meta-analytic findings indicate that individuals in a challenge 

state achieve better performance outcomes than those in a threat state across multiple domains (e.g., education, 

sport). While effect sizes were small, the risk of bias was generally low. These results reaffirm the utility of the 

BPSM and emphasize the importance of stress responses in influencing performance outcomes. These data also 

have the potential to inform future research on this topic by shedding light on expectable effect sizes and high-

lighting potential influences of publication bias and replicability issues.  

 

Keywords: Challenge-threat index, demand resource evaluations, motivated performance, biopsychosocial, cog-
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THE EFFECTS OF CHALLENGE AND 

THREAT STATES ON PERFOR-

MANCE OUTCOMES: AN UPDATED 

REVIEW AND META-ANALYSIS OF 

RECENT FINDINGS 

Psychophysiological stress responses are 

crucial for determining performance out-

comes across myriad high-pressure contexts, 

including athletics, education, and healthcare 

domains, to name a few (Hase et al., 2019c). 

Understanding the processes that undergird 

individual psychophysiological stress re-

sponses in such contexts can help prevent un-

derperformance and optimize outcomes (e.g., 
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mental and physical health; McLoughlin et 

al., 2024). The Biopsychosocial Model 

(BPSM) of Challenge and Threat (CAT) (e.g., 

Blascovich and Tomaka, 1996) integrated 

concepts from Lazarus and Folkman's (1984) 

appraisal theory of stress as well as Dienst-

bier’s (1989) theory of physiological tough-

ness to offer a comprehensive framework of 

stress responses in motivated performance sit-

uations, or situations that are goal-relevant, 

evaluative, and potentially stressful. The 

BPSM has been applied across a range of 

fields, including sports (Moore et al., 2012, 

2013a, b, 2015, 2018), education (Chalabaev 

et al., 2012; Jamieson et al., 2016; Schneider, 

2004), and medicine (Moore et al., 2014; Vine 

et al., 2013). Here, we aimed to summarize 

the current findings on the role of CAT states 

in the performance context, updating our pre-

vious systematic review (Hase et al., 2019c) 

and a meta-analysis (Behnke and Kaczmarek, 

2018). 

 

Biopsychosocial model of challenge and 

threat 

The BPSM presents the role of psycho-

physiological stress responses in motivated 

performance situations that require instru-

mental cognitive responses and often involve 

social evaluation (Blascovich and Mendes, 

2010). A fundamental principle is the concept 

that cognitive evaluations of situational de-

mands and personal coping resources operat-

ing in an integrated manner determine chal-

lenge- and threat-type stress responses in mo-

tivated performance contexts (Blascovich and 

Mendes, 2010; Jamieson, 2017; Mendes and 

Park, 2014). The BPSM conceptualizes “de-

mands” and “resources” as multidimensional 

constructs.  

Demand evaluations may include uncer-

tainty, danger, and effort, which can be inde-

pendent or intertwined. Similarly, resource 

evaluations encompass factors such as famil-

iarity, knowledge, skills, dispositional traits, 

and social support, which may also overlap. 

Importantly, resource and demand evalua-

tions can fluctuate independently (i.e., be on-

tologically distinct) or function as bipolar 

factors affecting both processes (Seery, 

2011). For instance, familiarity and uncer-

tainty evaluations can simultaneously influ-

ence perceptions of both resources and de-

mands (Blascovich, 2008; Seery, 2011). 

These evaluations determine whether an indi-

vidual experiences a challenge- or threat-type 

response in a performance situation. A chal-

lenge response occurs when coping resources 

are appraised as matching or exceeding situa-

tional demands, whereas a threat response 

emerges when demands are perceived to out-

weigh coping resources. 

While CAT states are often described as 

distinct, they are better understood as end-

points on a continuum of potential responses 

rather than as binary states (Seery, 2011). Ac-

cording to the BPSM, patterns of CAT cogni-

tive evaluations determine physiological re-

sponses to stressors in performance contexts 

(see Mendes and Park, 2014, for a review). 

These stress responses are derived from acti-

vation of the sympathetic-adrenal-medullary 

(SAM) and hypothalamic–pituitary–adrenal 

(HPA) axes. Both CAT states are accompa-

nied by SAM activation, leading to the syn-

thesis and secretion of catecholamines like 

epinephrine and norepinephrine, which in-

crease ventricular contractility (i.e., speeding 

up heart rate) and dilate blood vessels 

(Brownley et al., 2000). Both challenge- and 

threat-type stress responses are characterized 

by high sympathetic arousal. Thus, SAM-

dominated challenge-type physiological re-

sponses are characterized by increased car-

diac output – a volumetric measure of blood 

pumped by the heart across time – and de-

creased resistance in the peripheral vascula-

ture (termed total peripheral resistance; 

Blascovich, 2008). These changes allow for 

the effective delivery of oxygenated blood 

flow to the brain and peripheral sites (e.g., 

muscles). Challenge-type physiological re-

sponses also allow for a rapid onset and offset 

of stress responses: resources are mobilized 

rapidly for performance, and individuals re-

turn to homeostasis quickly after performance 

is completed (Seery, 2011). Threat-type re-

sponses, however, not only elicit SAM 
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activation but also activate the HPA axis, 

which produces a more prolonged stress re-

sponse due to the longer half-life of cortisol 

(the hormonal product of HPA activation). 

HPA activation tempers SAM effects and re-

sults in reduced (or little change in) cardiac 

output and increased resistance in the periph-

eral vasculature to concentrate blood in the 

core of the body in preparation for anticipated 

damage or defeat (Blascovich and Mendes, 

2010; Jamieson, 2017).  

More downstream, CAT responses have 

important consequences for decisions, behav-

ior, and performance (Blascovich, 2008; 

Seery, 2013). For instance, CAT states exhibit 

differential patterns of motivational orienta-

tion, much like other affective states (e.g., 

anxiety and avoidance or anger and approach; 

Blascovich, 2008). In performance situations, 

a challenge state is generally associated with 

approach motivation and a threat state with 

avoidance motivation (e.g., Behnke et al., 

2022; Jamieson and Mendes, 2016; Jamieson 

et al., 2014, 2022). Moreover, whereas a chal-

lenge state is typically associated with posi-

tive behavioral and performance outcomes 

(see Behnke and Kaczmarek, 2018; Hase et 

al., 2019c, for reviews), a threat state often 

impairs decision-making in the short-term 

and in the long-term is associated with accel-

erated “brain aging,” cognitive decline, 

poorer mental health (e.g., more symptoms of 

anxiety and depression) and cardiovascular 

disease (Jefferson et al., 2010; McLoughlin et 

al., 2024; Matthews et al., 1997; Yeager et al., 

2022). 

 

BPSM applications 

The application of the BPSM to different 

research settings has led to support for its con-

ceptualization of psychophysiological stress 

responses in motivated performance settings 

as well as the predictive utility of CAT re-

sponses for understanding performance out-

comes. Precisely, a systematic review (Hase 

et al., 2019c) and a meta-analysis (Behnke 

and Kaczmarek, 2018) both found a challenge 

state to generally result in better performance 

than a threat state. The reviewed studies took 

place in diverse performance contexts, includ-

ing sport, medicine, academia, and aviation 

(e.g., Blascovich et al., 2004; Moore et al., 

2013b, 2014; Seery et al., 2010; Vine et al., 

2015). They relied on various research de-

signs and included both CAT cognitive eval-

uations and cardiovascular responses. How-

ever, there were some inconsistencies in the 

reviewed research (e.g., the inclusion of stud-

ies until 2017 or 2018 and the differences be-

tween included studies), and the only meta-

analysis to date restricted its focus to CAT 

cardiovascular responses and did not synthe-

size results relating to cognitive CAT evalua-

tions and performance outcomes (Behnke and 

Kaczmarek, 2018). Moreover, societal 

changes tied to the COVID-19 pandemic and 

its aftermath warrant a new assessment of 

how psychophysiological stress responses 

map onto performance. Notably, stress pro-

cesses related to anxiety, burnout, and politi-

cal polarization have contributed to the grow-

ing “mental health pandemic” in the wake of 

COVID-19 (Daniali et al., 2023; Sacco, 

2023). Thus, we argue that a new meta-analy-

sis of both CAT cognitive evaluations and 

cardiovascular responses is much needed, es-

pecially given the numerous new studies that 

have been published since the last review by 

Hase and colleagues published in 2019c (e.g., 

Behnke et al., 2022, 2024; Jewiss et al., 2023, 

2024; Sharpe et al., 2024a). 

These new studies used established and 

novel approaches to examine CAT states from 

a BPSM perspective. For example, one study 

used an observational study to extend CAT 

research into the esports context, finding that 

CAT cognitive evaluations predicted goal ra-

tio in the soccer game FIFA 19 (Behnke et al., 

2022). Another study involved naturalistic 

observation of cardiovascular CAT responses 

in a pressurized performance context (i.e., 

competitive football or soccer match), which 

were then used to divide an elite-level sample 

into three cardiovascular reactivity groups: 

challenge, threat, and blunted reactivity 

(Dixon et al., 2020). The blunted reactivity 

group underperformed compared to the other 

two groups, which highlights the importance 



EXCLI Journal 2025;24:151-176 – ISSN 1611-2156 

Received: November 03, 2024, accepted: December 19, 2024, published: January 16, 2025 

 

 

 

154 

of examining boundary conditions in BPSM-

based CAT research (Hase et al., 2020). Fi-

nally, replication studies have been con-

ducted, with Jewiss et al. (2023) finding sim-

ilar benefits (i.e., of a challenge over a threat 

state) on cricket batting performance and Jew-

iss et al. (2024) failing to replicate the seminal 

findings of Blascovich et al. (2004) when con-

necting CAT states with season-long cricket 

batting performance.  

Beyond these observational studies, sev-

eral experiments have attempted to manipu-

late CAT states directly or indirectly and 

thereby improve performance. Indeed, in one 

study (McGreary et al., 2020), elite-level jun-

ior cricket batsmen were manipulated into a 

challenge or a threat state using established 

CAT instructions (from Moore et al., 2012). 

In the challenge group, all participants com-

pleted a subsequent cricket task successfully, 

whereas only one participant in the threat 

group completed the task successfully 

(McGreary et al., 2020). Another experiment 

tested a nutritional supplement-based manip-

ulation of CAT states using the catecholamine 

precursor l-tyrosine (Hase et al., 2019a). Alt-

hough acute l-tyrosine intake did not affect 

CAT states directly, it benefited individuals 

with relatively more threatened cardiovascu-

lar responses in maintaining optimal perfor-

mance. Another study, which was a preregis-

tered report, introduced a synergistic mindsets 

intervention inspired by past work (Yeager et 

al., 2022) to change esports players' CAT cog-

nitive evaluations and cardiovascular re-

sponses (Behnke et al., 2024). After two 

weeks of training and applying the interven-

tion, the authors did not find a relationship be-

tween CAT states and performance, which is 

notable due to the methodological strength of 

this study (i.e., among others, a relatively 

large sample size and preregistration).  

In addition to the ongoing research and 

application of the BPSM in various perfor-

mance contexts (e.g., education; Jamieson et 

al., 2021), the theoretical interest in under-

standing CAT states has spurred the develop-

ment of new models that build on the BPSM. 

For instance, Meijen et al. (2020) proposed a 

revised conceptual model that built on the the-

ory of challenge and threat states (TCTSA) by 

Jones et al. (2009) and addressed CAT states 

in athletes (e.g., proposing new physiological 

markers such as neuropeptide Y and oxyto-

cin). Similarly, Uphill et al. (2019) critically 

reviewed existing literature and suggested an 

alternative framework for understanding 

CAT states (e.g., that performers can be chal-

lenged, threatened, both, or neither in moti-

vated performance situations). Finally, Hase 

et al. (2020) proposed adding blunted cardio-

vascular reactivity to the model to represent 

deficient task engagement and, more gener-

ally, motivational disengagement due to 

threat states. While these new models offer 

valuable theoretical advancements, they do 

not directly provide additional insights into 

the specific cognitive and cardiovascular 

pathways examined in the present review and 

are, therefore, not considered in detail for this 

meta-analysis.  

Given the continued research interest in 

the BPSM to explain performance outcomes 

(e.g., Kelley et al., 2019), this meta-analytic 

review synthesizes the research published 

since 2017 to update the results following an 

uncertain time for society (e.g., due to 

COVID-19) and to build upon and scrutinize 

the conclusions of the previous reviews (i.e., 

Behnke and Kaczmarek, 2018; Hase et al., 

2019c). Specifically, it aims to clarify the re-

lationship between different CAT cognitive 

evaluations and cardiovascular responses and 

various performance outcomes across differ-

ent research designs (e.g., experimental to ob-

servational). The focal hypothesis is that a 

challenge state would be associated with bet-

ter performance outcomes than a threat state. 

We also performed exploratory analyses to 

test for potential moderators of the hypothe-

sized effect, as well as examine associations 

among different measures of CAT (cognitive 

and physiological) to better understand the 

coherence among the different measure mo-

dalities. In doing so, this novel review pro-

vided information about how methodological 

choices (e.g., measuring cardiovascular re-

sponses before vs. during performance or 
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manipulating vs. observing CAT states) affect 

the CAT-performance relationship. 

 

METHOD 

Study selection 

We used the PRISMA2020 application to 

graphically summarize the study selection 

process in a PRISMA flowchart (Haddaway 

et al., 2022; Figure 1). After the initial litera-

ture search (conducted in March 2024), the 

primary study selection process included 

three steps, which followed the procedure of 

Hase et al. (2019c), that is: screening based on 

title, followed by abstract, and finally full 

text. Three independent assessors (AH, MN, 

and MB) conducted the literature search, 

compared their results, and resolved any dis-

crepancies by discussion (initial agreement in 

steps 1, 2, and 3 = 50.0 %, 56.8 %, and 

81.7 %, respectively). The included databases 

were: MedLine, PsycINFO (combined in one 

search), SPORTDiscus, and Web of Science 

(in separate searches). The search terms were 

(“challenge and threat” AND “perfor-

mance”). We then scanned the reference lists 

of the included articles for other articles that 

were potentially not picked up in the system-

atic search process. Furthermore, we included 

three studies (Moore et al., 2018; Sammy et 

al., 2017; Scheepers, 2017) from a previous 

systematic review (Hase et al., 2019c), as the 

previous meta-analysis (Behnke and Kaczma-

rek, 2018) did not include these studies. Fi-

nally, we conducted a forward search to eval-

uate studies that cited those already identified 

as relevant to this project, by using the “cited 

by” option in Google Scholar. We excluded 

studies that: (1) did not measure performance 

outcomes objectively; (2) did not measure 

CAT cognitive evaluations (i.e., demands and 

resources) and/or cardiovascular indexes (i.e., 

CO, TPR, CTI); and (3) did not provide the 

effect sizes for the associations between CAT 

states and performance outcomes. We did not 

pre-register this meta-analysis. 

 

Risk of bias analysis 

To assess methodological quality, we 

used the Risk of Bias Assessment Tool for 

Nonrandomized Studies (RoBANS 2; Kim et 

al., 2013) and the revised Cochrane tool for 

assessing risk of bias in randomized trials 

(Sterne et al., 2019). We used the RoBANS 2 

tool for the risk of bias assessment in obser-

vational studies that provided tests of associ-

ations between CAT states (cognitive evalua-

tions and/or cardiovascular responses) and 

performance outcomes. The RoBANS 2 tool 

provides a domain-specific assessment of six 

 

 

Figure 1: PRISMA flowchart
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risk of bias domains: participant selection, 

confounding variables, measurement of expo-

sure, blinding of outcome assessment, incom-

plete outcome data, and selective reporting. 

Possible ratings are low, unclear, or high risk 

of bias for each domain and the overall study 

assessment. 

The only exceptions were studies that ran-

domized participants into challenge versus 

threat groups, intentionally manipulated CAT 

states (e.g., with a set of instructions or nutri-

tional supplement), and subsequently con-

firmed the successful manipulation of CAT 

states with a check using established cogni-

tive or physiological CAT measures (e.g., 

Behnke et al., 2020). For these randomized 

studies, we used the revised Cochrane tool for 

assessing the risk of bias (ROB-2; Sterne et 

al., 2019). The ROB-2 comprises evaluations 

of bias in five distinct domains: bias due to 

issues with the randomization process, devia-

tions from intended interventions, missing 

outcome data, outcome measurement, and se-

lection of the reported result. Possible ratings 

are “low risk of bias”, “some concerns”, and 

“high risk of bias”. In both the ROBANS 2 

and the ROB-2 tool, the highest individual do-

main rating also produced the overall risk of 

bias rating. To visualize the results of the risk 

of bias assessments, we created traffic light 

plots using robvis R package (McGuinness 

and Higgins, 2021).  

Coding. Based on our previous reviews of 

the CAT literature (Behnke and Kaczmarek, 

2018; Hase et al., 2019c), the following po-

tential moderators were coded: (1) the timing 

of cardiovascular measures (before/during 

performance); (2) age of the sampled partici-

pants (sample mean in years); (3) gender of 

the sampled participants (percentage of fe-

males), (4) publication year, and (5) risk of 

bias.  

When coding for the correlations with 

performance outcomes, we multiplied the ef-

fects by -1 for the types of tasks where lower 

numbers indicated better performance (e.g., 

time, error); thus, for all correlations, the 

higher the positive correlation coefficient, the 

more strongly the CAT cognitive evaluations 

and cardiovascular responses correlated with 

better performance. Similarly, for the CAT 

cognitive evaluations, we multiplied the ef-

fects related to evaluated demands by -1; thus, 

for all CAT cognitive evaluations, the higher 

the positive correlation coefficient, the more 

strongly the challenge evaluations (i.e., per-

sonal coping resources match or exceed situ-

ational demands) correlated with better per-

formance. 

Effect size extraction. For the meta-anal-

ysis, we used the correlation coefficients be-

tween CAT cognitive evaluations and/or car-

diovascular responses and performance out-

comes as a measure of the effect size. For 

most studies, the authors reported the correla-

tion coefficients. For studies reporting other 

metrics (e.g., between-group differences), we 

sent requests to authors to provide the corre-

lation coefficients. Of the 47 authors we con-

tacted, 37 responded to our inquiry (79 %), 

and of these, 29 sent us the requested data 

(78 %). No authors denied us access to the re-

quested data. The list of authors who provided 

and did not provide the data is to be found in 

Supplementary data (“Data.xlsx file, “mails” 

sheet). 

 

Meta-analytic procedures 

We conducted meta-analyses using R (R 

Core Team, 2023) and the metafor package 

(Viechtbauer, 2010), adhering to established 

guidelines (Assink and Wibbelink, 2016; 

Viechtbauer, 2010). Given the anticipated 

high heterogeneity of effects (as in Behnke 

and Kaczmarek, 2018), we used a random-ef-

fects model. Random-effects models are rec-

ommended for meta-analyses because they 

facilitate the generalization of corrected effect 

sizes to the broader population (Field and Gil-

lett, 2010; Schmidt and Hunter, 2015). Addi-

tionally, simulation studies have shown that 

using separate three-level models for different 

outcome types is the most reliable method for 

obtaining accurate standard error estimates 

(Fernández-Castilla et al., 2021). Following 

prior research (e.g., Behnke et al., 2022; 

2023), we applied restricted maximum likeli-

hood estimation to compute pooled mean 
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effect sizes. Several of the included studies re-

ported multiple effect sizes. To address the 

dependency among these effect sizes, we used 

a three-level meta-analytic approach (Assink 

and Wibbelink, 2016; Viechtbauer, 2010). 

This method accounts for three distinct 

sources of variance: (1) between-study vari-

ance, which captures differences in effect 

sizes across studies (level three); (2) within-

study variance, arising from multiple effect 

sizes reported in the same study (e.g., using 

two cardiovascular measures; level two); and 

(3) sampling variance of the extracted effect 

sizes (level one) (Cheung, 2014; Van den 

Noortgate et al., 2013). 

Magnitude and consistency of the ef-

fects. We aimed to examine a pooled mean 

relationship between CAT cognitive evalua-

tions and/or cardiovascular responses and 

performance outcomes. We interpret the re-

sults considering two parameters, namely, re-

lationship magnitude (size of the mean effect 

sizes) and consistency (no/low heterogeneity 

vs. high heterogeneity). Heterogeneous effect 

sizes may indicate that: (a) the average rela-

tionship is not consistent for CAT states and 

performance outcomes; (b) the average rela-

tionship between CAT states and perfor-

mance outcomes is moderated by different 

types of characteristics (e.g., timing); or (c) 

the size of the effect reflects real, contextual 

changes in the relationship between CAT 

states and performance outcomes.  

We assessed the homogeneity of the cal-

culated mean effect sizes using I2-statistic. A 

rejection of the null hypothesis suggests the 

presence of methodological or population dif-

ferences that contribute to variability between 

studies. Additionally, the I2-statistic facili-

tates comparisons across meta-analyses (Hig-

gins et al., 2003). It measures the proportion 

of variance attributable to within-study ef-

fects (level two of the meta-analytic model) 

and between-study effects (level three). The 

total I2 value represents the overall variability, 

where 0 % indicates no dispersion and higher 

values signify varying degrees of heterogene-

ity: 0–40 % might be negligible, 30–60 % 

may indicate moderate heterogeneity, 50–

90 % may reflect substantial heterogeneity, 

and 75–100 % might represent considerable 

heterogeneity (Higgins et al., 2019). To test 

the significance of variance components at 

levels two and three, we conducted separate 

one-tailed log-likelihood ratio tests. These 

compared the deviance of the full model to re-

duced models that excluded one variance pa-

rameter. We then calculated the prediction in-

tervals for the mean correlations to address 

the heterogeneity of the pooled effect sizes 

(Borenstein et al., 2017; Higgins et al., 2009; 

Riley et al., 2011). The prediction intervals 

present where the true effect size in 95 % of 

all comparable populations would fall. We in-

tended to present the pooled effect sizes of the 

relationship between CAT states (cognitive 

evaluations and/or cardiovascular responses) 

and performance outcomes, as well as the pre-

diction intervals, as correlation coefficients. 

Publication bias. We conducted five pub-

lication bias analyses to determine whether 

null or weak results might have been system-

atically underrepresented in the literature 

(Schmidt and Hunter, 2015). Investigating 

potential bias in synthesized effect sizes is 

crucial, as studies reporting non-significant or 

negative findings are less likely to appear in 

peer-reviewed journals (Borenstein et al., 

2009). Our strategy included five comple-

mentary methods: (1) a visual inspection of 

the funnel plot, (2) a rank correlation test, (3) 

Egger's regression test (Egger et al., 1997), (4) 

the trim-and-fill analysis (Duval and 

Tweedie, 2000), and (5) a moderator test in 

which the publication year of studies was 

tested as a moderator of the overall effect. 

This approach aligns with similar strategies 

employed in previous research (e.g., Assink et 

al., 2018, 2019; Behnke et al., 2022, 2023). In 

our strategy, we used some standard methods 

for two-level meta-analysis because their 

counterparts for three-level meta-analyses 

have not yet been developed and tested (Fer-

nández-Castilla et al., 2020). 

First, we visually inspected a funnel plot 

in which effect sizes are plotted against their 

standard error around an estimated summary 

effect (Egger et al., 1997). In contrast to large 
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studies, studies using small samples tend to 

produce effect sizes of different magnitudes 

due to increased variability in their sampling 

errors. Thus, effect sizes from smaller studies 

are expected to scatter widely at the bottom of 

the funnel plot. In contrast, effect sizes from 

larger studies are expected to be more concen-

trated at the top of the plot. As null or weak 

results are likely to be systematically sup-

pressed from publication, an asymmetric dis-

tribution of effect sizes may be expected in 

the sense that effect sizes may be missing at 

the (bottom) left of the estimated summary ef-

fect in the funnel plot. In contrast, a symmet-

ric effect size distribution with effect sizes 

equally distributed to the left and right of a 

summary effect would suggest the absence of 

publication bias. Second and third, we applied 

an adapted version of Egger's regression test 

and Begg and Mazumdar's rank-order corre-

lation test (Assink et al., 2018, 2019). In the 

adapted Egger's test, we regressed effect sizes 

on their standard errors within a three-level 

meta-analytic framework, accounting for the 

dependency among effect sizes derived from 

the same primary studies. Unlike the classical 

Egger's test, this adaptation addresses effect 

size dependency. In Egger's regression test, a 

significant slope suggests the presence of 

publication bias, while in Begg and Ma-

zumdar's rank-order test, a significant rank as-

sociation indicates bias (Assink et al., 2018, 

2019). 

Fourth, we used the trim-and-fill method 

(Duval and Tweedie, 2000) to examine bias-

corrected effect sizes. This method addresses 

funnel plot asymmetry by imputing effect 

sizes from "missing" studies to restore sym-

metry in the plot. Fifth, we tested for a poten-

tial "decline effect" (Schooler, 2011) by ex-

amining whether effect sizes decreased over 

time. This was done by regressing the sum-

mary effect on the publication year of the pri-

mary studies. A tendency for effect sizes to 

diminish over time may reflect what Ioannidis 

(2005) described as the law of initial results. 

To extend the range of publication years in 

this analysis, we included data from previous 

meta-analyses (Behnke and Kaczmarek, 

2018). 

Moderator analyses. Finally, to examine 

potential moderators that may influence the 

relationship between CAT states and perfor-

mance outcomes, we ran five types of sepa-

rate moderator analyses. We tested whether 

the findings differ for different groups of 

studies: for example, studies that measured 

CAT cardiovascular responses before vs. dur-

ing performance and studies with low, un-

clear, or high risk of bias. Furthermore, we 

explored whether the age of the sampled par-

ticipants influenced the size of the effect sizes 

(sample mean in years), gender of the sam-

pled participants (percentage of females), and 

publication year. We examined whether the 

relationship between CAT states and perfor-

mance outcomes varied across (categories of) 

the factor by interpreting the results of an om-

nibus test. A significant F value in this test in-

dicates differences across (categories of) the 

factor, serving as a potential moderator. To 

control for Type I error due to multiple com-

parisons, such as testing five different moder-

ators within the same dataset—a common is-

sue in meta-analyses (Cafri et al., 2010)—we 

applied Bonferroni correction to adjust prob-

ability values (Abdi, 2007). Following our 

previous meta-analyses (Behnke et al., 2022; 

2023), we considered the mean effect of a 

moderator category only when at least three 

studies supported it.  

 

RESULTS 

Descriptive analyses  

We identified 72 records in the first search 

(PsycINFO and Medline), 23 records in the 

second search (Sportdiscus, 22 duplicates), 

and 78 in the third search (Web of Science, 51 

duplicates). Thus, 100 unique titles were eval-

uated in the first review step. Based on the in-

itial evaluation, we selected 95 titles for inclu-

sion in step 1 (50.0 % initial agreement be-

tween the three reviewers), 81 abstracts in 

step 2 (56.8 % agreement), and 43 full texts in 

step 3 (81.7 % agreement). We added three 

additional articles based on a reference list 

search, three studies from 2017, six sets of 
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unpublished results or published articles sent 

by contacted authors, and 12 reports identi-

fied by forward search. Thus, the final num-

ber of articles coded for the meta-analysis was 

67.  

After excluding papers that did not pre-

sent the data needed for meta-analysis, we in-

cluded 52 articles with 62 studies (Table 1), 

presenting 336 effect sizes obtained from 

7,418 participants (14,220 performances) 

with the mean ages ranging from 13.26 to 

72.00 years (M = 21.70 years, SD = 7.66; Fig-

ure 1). Sample sizes ranged from 10 to 499, 

with a mean sample size of 119.65 partici-

pants (SD = 111.34). More than half of the 

participants (51 %) were male. Most samples 

contained both genders, but eight samples 

were all-male (Behnke et al., 2020, 2022, 

2024; Dixon et al., 2020; Jewiss et al., 2023, 

2024; Sharpe et al., 2024b; Trotman et al., 

2018), and three samples were all-female 

(Petzel and Casad, 2022; Scheepers, 2017; 

Turner et al., 2021). The included studies 

were published between 2017 and 2024 (me-

dian publication year = 2022).  

The predominantly studied type of perfor-

mance was math (n = 9 studies; 15 %), fol-

lowed by esports (8; 13 %), throwing (5; 

8 %), academic exams (5; 8 %), darts (4; 

6 %), problem-solving tasks (4; 6 %), soccer 

(3; 5 %), golf (3; 5 %), indoor cycling (2; 

3 %), presentation or speech performance (2; 

3 %), cricket (2; 3 %), memory task (2; 3 %), 

and communication task, cooperation com-

puter game, medical test, muscular endur-

ance, netball, pattern recognition task, psy-

chomotor vigilance task, running, shooting, 

tennis, Tetris, trampoline, and visual search 

task (all 1; < 2 %). The most frequent cardio-

vascular measure was Challenge Threat Index 

(CTI) (73 effect sizes; 36 %), followed by 

cardiac output (CO) (68 effect sizes; 34 %), 

and total peripheral resistance (TPR) (61 

effect sizes; 30 %). The most frequent CAT 

cognitive evaluation measure was different 

adaptations of the two-item cognitive ap-

praisal ratio (Tomaka et al., 1993) (n = 27 

studies; 60 %), followed by the four-item 

measure developed by Mendes et al. (2007) 

(4; 9 %), the two-item direct questions of 

challenge and threat (3; 7 %), the two-item 

appraisal measure developed by Skinner and 

Brewer (2002) (2; 4 %), the eight-item ver-

sion of the challenge and threat construal 

measure (McGregor and Elliot, 2002) (2; 

4 %), six affect adjectives (Folkman and Laz-

arus, 1985), Challenge-Threat Scale (Drach-

Zahavy and Erez, 2002), four items created by 

Putwain et al. (2015, 2016), a single item 

about being challenged-threatened (Thornton 

et al., 2021), a single item related to resources 

(Lee et al., 2019), and 11-item appraisal 

measure developed by Mendes et al. (2007), 

and the Stressor Appraisal Scale (Schneider, 

2008; all 1; 2 %).  

 

Risk of bias in individual studies 

We present risk of bias traffic light plots 

in Figure 2 and Figure 3. Most of the included 

studies (65.0 %) featured “low” study-level 

risk of bias ratings. Of the five direct-experi-

mental studies, five (100 %) received a low 

risk of bias rating. Of the 57 studies that re-

ported a correlational or indirect experimental 

result between CAT states and performance, 

34 (61.8 %) received a low, 20 (36.4 %) an 

unclear, and one (1.8 %) a high risk of bias 

rating. We did not assess two unpublished 

studies. An unclear or high risk of bias rating 

was often associated with deviations from the 

typical BPSM-based measurement of CAT 

states and missing outcome data exceeding 

20 %. The average initial interrater agreement 

across risk of bias domain ratings was 92.1 %. 
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Table 1: List of studies included in the meta-analysis 

ID
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1 Arthur et al., 2019 (Study 1) 19 38 21 % 23.62 Indoor cycling  0 1 1 1 0 1 

2 Arthur et al., 2019 (Study 2) 18 18 33 % 23.05 Indoor cycling  0 1 1 1 0 1 

3 Baumgartner and Schneider, 2023 95 95 48 % 31.80 Math 1 1 1 0 1 1 

4 Behnke et al., 2020 82 82 0 % 19.47 Esports 1 1 0 0 1 1 
5 Behnke et al., 2022 241 1205 0 % 23.63 Esports 1 1 0 0 1 1 

6 Behnke et al., 2024 300 2400 0 % 21.95 Esports 2 1 1 1 1 1 

7 Bosshard et al., 2023 221 221 68 % 24.43 Communication 1 1 1 1 1 - 

8 Brimmell et al., 2019 42 42 17 % 23.50 Soccer 0 1 1 1 1 1 

9 Cabral et al., 2024 80 80 43 % 22.63 Golf NA 0 0 0 1 1 

10 Carenzo et al., 2020 95 159 62 % 29.90 Medical test NA 0 0 0 1 1 

11 Conlon et al., 2022 67 134 59.7 % 20,17 Shooting  - 0 0 0 1 1 
12 Crowe et al., 2020 39 78 37 % 20.85 Visual search task 0 1 1 1 0 1 

13 Dixon et al., 2020 37 37 0 % 17.95 Soccer 0 0 0 1 0 1 

14 Gurera and Isaacowitz, 2022 (O) 47 47 47 % 72.00 Math 0 1 0 0 1 1 

15 Gurera and Isaacowitz, 2022 (Y) 73 73 53 % 21.00 Math 0 1 0 0 1 1 

16 Hangen et al., 2019 264 264 76 % 19.90 Math 0 1 1 1 0 1 

17 Hase et al., 2019a 49 192 33 % 22.50 Throwing, Memory 0 1 1 1 1 1 

18 Hase et al., 2019b 62 123 16 % 24.00 Dart 0 1 1 1 1 1 

19 Hase et al., in preparation a 46 92 61 % 15.89 Trampoline NA 0 0 0 1 1 
20 Hase et al., in preparation b 33 375 9 % 23.06 Math, Memory, Throwing 0 1 1 1 1 2 

21 Jamieson et al., 2021 478 441 60.3 % 24.16 Academic performance - 0 0 0 1 1 

22 Jamieson et al., 2022 339 339 62 % 24.94 Academic performance NA 0 0 0 1 2 

23 Jewiss et al., 2023 (Study 1) 45 38 0 % 25.00 Cricket  0 1 1 1 0 1 

24 Jewiss et al., 2023 (Study 2) 40 320 35 % 22.00 Cricket  0 1 1 1 0 1 

25 Jewiss et al., 2024 38 38 0 % 23.00 Cricket  0 1 1 1 0 1 

26 Journault et al., in preparation 308 909 59 % - Academic performance NA 0 0 0 1  - 

27 Khalaf et al., 2020 107 214 61 % 24.80 Math 1 1 1 1 1 2 

28 Laurin and Pellet, 2023 50 1400 - 20.80 Soccer NA 0 0 0 1 1 

29 Lee et al., 2019 499 499 52 % 14.20 Academic performance NA 0 0 0 1 2 

30 Malkoc et al., 2023 428 428 74 % 24.28 Academic performance NA 0 0 0 1 2 
31 Mansell, 2023 120 120 49 % 19.72 Golf putting - 0 0 0 1 2 

32 Marr et al., 2021 177 177 82 % 22.03 Memory - 0 0 0 1 2 

33 Miller et al., 2021a 120 120 39 % 22.22 Throwing 0 0 0 1 0 1 

34 Miller et al., 2021b (Study 1) 80 80 30 % 21.14 Throwing 0 0 0 1 0 1 

35 Miller et al., 2021b (Study 2) 120 120 50 % 22.62 Throwing 0 0 0 1 0 1 

36 Moe and Putwain, 2020  60 60 50 % 18.24 Math NA 0 0 0 1 2 

37 Moore et al., 2018 100 100 36 % 21.94 Dart 0 1 1 1 1 1 

38 Mosley et al., 2018 49 3675 57 % 24.10 Working memory task NA 0 0 0 1 1 
39 Mulvenna et al., 2023 324 324 66 % 45.40 Running NA 0 0 0 1 2 

40 O'Brien et al., 2020 58 58 33 % 28.00 Muscular Endurance 0 1 1 1 1 2 

41 Petzel and Casad, 2022 140 140 100 % 21.04 Math 1 1 1 1 0 2 

42 Sammy et al., 2017 54 54 39 % 21.72 Dart 0 1 1 1 1 1 

43 Scheepers, 2017 104 103 100 % 21.00 Pattern recognition task 1 0 0 1 0 1 

44 Scheepers and Keller, 2022 153 153 66 % 22,00 Tetris 1 1 1 1 1 1 

45 Schickel et al., 2023 123 123 69 % 23.00 Presentation  NA 0 0 0 1 3 

46 Sharpe et al., 2024a (Study 1) 28 28 11 % 22.01 Esports NA 0 0 0 1 1 

47 Sharpe et al., 2024a (Study 1) 33 33 12 % 21.58 Esports NA 0 0 0 1 1 
48 Sharpe et al., 2024a (Study 2) 57 57 33 % 19.56 Esports NA 0 0 0 1 1 

49 Sharpe et al., 2024b (Study 1) 44 88 0 % 21.34 Esports - 0 0 0 1 1 

50 Sharpe et al., 2024b (Study 2) 10 20 20 % 20.40 Esports - 0 0 0 1 2 

51 Simms, 2022 34 102 32 % 22.71 Vigilance task 0 1 1 1 1 1 

52 Slater et al., 2018 83 83 30 % 20.78 Math 1 0 0 1 0 1 

53 Smith et al., 2022 36 36 53 % 20.24 Presentation  0 1 1 1 0 2 

54 Snijdewint and Scheepers, 2023 117 117 51 % 22.00 Cooperation comp. game 1 1 0 0 0 2 
55 Thornton et al., 2021 120 120 48 % 22.10 Tennis NA 0 0 0 1 1 

56 Trotman et al., 2018 78 78 0 % 20.00 Esports 1 1 1 1 1 2 

57 Turner et al., 2021 92 92 100 % 13.26 Netball NA 0 0 0 1 2 

58 van Gog et al., 2024 (Study 1) 131 131 76 % 23,81 Problem-solving tasks - 0 0 0 1 2 

59 van Gog et al., 2024 (Study 2) 122 122 52 % 22.89 Problem-solving tasks - 0 0 0 1 2 

60 van Gog et al., 2024 (Study 3) 167 167 50 % 27.28 Problem-solving tasks - 0 0 0 1 2 

61 van Gog et al., 2024 (Study 4) 211 211 59 % 27.29 Problem-solving tasks - 0 0 0 1 2 

62 Wood et al., 2018 35 35 37 % 26.00 Indoor cycling  0 1 1 1 1 1 

Notes. N = number of participants. N performance = number of CAT-performance data pairs for the CAT variable with the most 
observations. Gender = percentage of Female participants. Cardiovascular Interval: 0 = before the performance, 1 = during the 
performance, 2 = both before and during the performance. CO = Cardiac Output. TPR = Total Peripheral Resistance. CTI = 
(Cardiovascular) Challenge-Threat Index. Coding for CO, TPR, CTI, and Cognitive Evaluations: 0 = not reported, 1 = reported. 
Risk of Bias: 1 = low, 2 = medium/unclear, 3 = high. Gurera and Isaacowitz, 2022: O = Old, Y = Young. NA = not applicable. 
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Figure 2: Traffic light plot for the ROB-2 assess-
ment results. Note: Study ID relates to Table 1 
 
 

Relationship between CAT states and  

performance outcomes 

Overall, we found expected (positive or 

negative) correlations for the relationship be-

tween CAT cognitive evaluations and/or car-

diovascular responses and the performance 

outcomes (Table 2). However, the relation-

ship between CO reactivity and performance 

outcomes was not statistically significant. All 

mean effect sizes for the relationships should 

be interpreted as small. The distributions of 

effect sizes for the given measure are pre-

sented on Figure 4 and 5 (for more detailed 

figures, see Supplementary information, 

“CAT_Meta2024.html” file). 

Furthermore, as for heterogeneity in effect 

sizes in the models, we did not find significant 

within-study (level 2) or between-study (level 

3) variance. A breakdown of the total variance 

into the variance distributed at the three levels 

of the model revealed that almost all could be 

attributed to sampling variance. Thus, we re-

jected the null hypothesis of effect size homo-

geneity and found that the true effect size was 

heterogeneous and was likely to vary from ef-

fect size to effect size. This indicates that the 

effect sizes should not be treated as estimates 

of one common effect size, and thus, modera-

tor analyses are justified to search for varia-

bles that can explain the heterogeneity of the 

relationship between CAT states (cognitive 

evaluations and/or cardiovascular responses) 

and performance outcomes. 

 
Figure 3: Traffic light plot for the ROBANS as-
sessment results. Note: Study ID relates to Table1 
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Table 2: Summary of meta-analytic review of the association between challenge and threat cardio-
vascular responses and/or cognitive evaluations and performance outcomes 

 Pooled Effect Size Heterogeneity Publication bias 

 k r 95 % CI 95 % PI Q 

I2  

(Level 

1) 

I2  

(Level 

2) 

I2  

(Level 

3) 

Adapted 

Egger 

test 

Rank corre-

lation test 

CO 68 0.06 -0.00, 0.13 -0.25, 0.36 151.69*** 99.85 0.08 0.07 0.03 -0.05 

TPR 61 -0.10** -0.17, -0.03 -0.35, 0.17 117.86*** 99.88 0.12 0.00 1.39 -0.01 

CTI 73 0.10*** 0.04, 0.15 -0.24, 0.42 195.52*** 99.84 0.00 0.16 0.29 0.04 

Evalua-

tions 
121 0.16*** 0.12, 0.21 -0.13, 0.43 377.13*** 99.93 0.04 0.03 1.59 -0.16* 

Note. CO = Cardiac Output. TPR = Total Peripheral Resistance. CTI = (Cardiovascular) Challenge-Threat Index. *** p < .001,  
** p < .01, * p < .05. 

 

 

Publication bias 

We investigated outliers by calculating 

studentized residuals, which identify effect 

sizes that disproportionately contribute to the 

overall heterogeneity and the results. We 

identified two effect sizes for CO and TPR 

that stood out with particularly large values 

(both in Petzel and Casad, 2022), with all Zs 

> 3.00. We double-checked the effects and 

decided to keep them as they were clearly pre-

sented in the manuscript. 

As for the publication bias assessment re-

sults, we found mixed evidence that the dis-

tribution of effect sizes was asymmetrical. 

First, for CO, TPR, and CTI, the trim-and-fill 

analysis imputed "missing effects", for the 

non-multilevel models (Figure 6). The analy-

sis showed that our results might be underes-

timated due to the missing values and that the 

‘real’ mean effect sizes might be bigger. The 

results of the rank-order correlation test and 

adapted Egger's regression test did not sug-

gest an asymmetrical distribution of effects 

(except for CTI; see Table 2). Furthermore, 

we found no association between publication 

year and strength of CAT-performance rela-

tionship (for both CAT cardiovascular re-

sponses and cognitive evaluations), indicating 

that the magnitude of effect sizes did not de-

crease over time, meaning that more recent 

studies showed similar effect sizes. In sum, 

only two out of the five bias assessment meth-

ods applied suggested the presence of publi-

cation bias in the synthesized studies. There-

fore, the evidence for publication bias affect-

ing the results of this meta-analysis is rela-

tively limited.
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Figure 4: Forest plots for effect sizes for associations between cardiac output, total peripheral re-
sistance and performance outcomes. 
Note. CO = Cardiac Output. TPR = Total Peripheral Resistance. The square boxes represent effect sizes and sample sizes 
(the larger the box, the larger the sample size, contributed more to the total effect size) in each study. The lines represent 
95 % confidence intervals. The diamonds represent the pooled effect size and the 95 % confidence intervals. 
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Figure 5: Forest plot for effect sizes for associations between challenge threat index, cognitive 
evaluations, and performance outcomes 

Note. CTI = Challenge Threat Index. The square boxes represent effect sizes and sample sizes (the larger the box, the 
larger the sample size, contributed more to the total effect size) in each study. The lines represent 95 % confidence intervals. 
The diamond represents the pooled effect size and the 95 % confidence intervals. 
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Figure 6: Funnel plots for associations between challenge and threat cardiovascular responses and 
cognitive evaluations and performance outcomes 

Note. Black dots indicate studies included in the meta-analysis. White dots indicate studies “filled” based on the trim-and-fill 
method estimation. 

 

 

Moderator analyses 

The moderator analyses showed that un-

der most conditions, the relationship between 

CAT states (cognitive evaluations and/or car-

diovascular responses) and performance out-

comes was not affected by most moderators. 

Table 3 presents the results of the omnibus 

tests of the moderator analyses. After adjust-

ing for Bonferroni correction, the significant 

moderators were the study design for the rela-

tionship between CTI and performance out-

comes, and the risk of bias category for the 

relationship between TPR, CTI, and cognitive 

evaluations and performance outcomes. 

When CTI was measured before the perfor-

mance, the association with performance 

outcomes was weaker, r = .08, 95 % CI [.02, 

.14], than when measured during perfor-

mance, r = .16, 95 % CI [.03, .29]. Further-

more, when the risk of bias was low, the asso-

ciation between TPR and performance out-

comes was weaker, r = -.05, 95 % CI [-.12, 

.01], than when the Risk of Bias was unclear, 

r = -.25, 95 % CI [-.38, .13]. For CAT cogni-

tive evaluations, when the risk of bias was 

low, the association with performance out-

comes was stronger, r = .18, 95 % CI [.12, 

.24], than when the Risk of Bias was unclear, 

r = .14, 95 % CI [.05, .21].  Finally, the dif-

ference between groups of studies for CTI (r 

= .10, vs. r = .10) was not interpretable.  
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Table 3: Results of the moderator analyses for associations between challenge and threat cardio-
vascular responses and cognitive evaluations and performance outcomes 

  
Age Gender 

Measured Before or  

During Performance 
Publication Year Risk of Bias 

F df F df F df F df F df 

CO  1.18 1, 66 0.03 1, 66 2.07 2, 66 3.92 1, 84 1.54 2, 65 

TPR  0.08 1, 59 0.01 1, 59 4.00* 2, 59 1.60 1, 77 9.23*** 2, 58 

CTI  0.02 1, 71 0.33 1, 71 6.92** 2, 71 NA NA 5.31** 2, 70 

Evaluations  0.53 1, 117 0.00 1, 118 NA NA 1.51 1, 119 14.68*** 3, 117 

Note. CO = Cardiac Output. TPR = Total Peripheral Resistance. CTI = Challenge Threat Index. Results for Publication Year 
for CO, TPR, and CTI also include data from Behnke and Kaczmarek, 2018. NA = model did not converge. Bolded = significant 
after adjusting for Bonferroni correction. NA = not applicable as the models did not converge. *** p < .001, ** p < .01, * p < .05. 
 

Synthesis of evidence not included in the 

meta-analysis 

Some studies could not be included in the 

meta-analysis for different reasons, like a lack 

of reported effect sizes and/or data for the 

computation of effect sizes or authors’ nonre-

sponses to our data requests. Overall, we 

identified seven studies that could not be in-

cluded in the meta-analysis for these reasons. 

Of these studies, some still reported results 

relevant to a qualitative narrative review of 

the CAT-performance relationship. Indeed, 

two studies reported null results (Chadha et 

al., 2023; Dixon et al., 2020; study 2), alt-

hough Dixon and colleagues found a signifi-

cant association between cardiovascular CAT 

and performance when considering player-

based performance ratings. In an experi-

mental comparison of heat and moderate tem-

peratures in a cycling ergometer endurance 

test, Donnan et al. (2022) found that perfor-

mance declined more in the hot condition, 

such that it was lower in the second half of the 

task. Moreover, the hot condition featured 

cognitive CAT evaluations more consistent 

with a threat state. In an experimental study, 

McGreary et al. (2020) found that nine out of 

10 participants in a threat group did not suc-

cessfully complete a cricket task, whereas 10 

out of 10 participants in the challenge group 

successfully completed the task. Although the 

finding could not be included in the meta-

analysis results, a chi-squared test showed 

that successful performance was significantly 

more frequent in the challenge than threat 

group, X(1) = 12.93, p < .001. One study 

found that loss (vs. gain) framing led to in-

creased threat cognitive evaluations (meas-

ured separately from challenge cognitive 

evaluations, which were unaffected by the 

manipulation) and, in turn, to worse working 

memory performance (Chen and Qu, 2023). 

Interestingly, no study reported a significant 

association contrary to the BPSM’s predic-

tions (e.g., a threat state linked to better per-

formance outcomes than a challenge state). 

Finally, one article described a study protocol 

which had not yet led to collected data that 

could have been included in the meta-analysis 

(Guyon et al., 2020). 

 

DISCUSSION 

This systematic review and meta-analysis 

examined the relationship between CAT cog-

nitive evaluations and cardiovascular re-

sponses, as conceptualized by the BPSM 

(Blascovich, 2008; Seery, 2011), and perfor-

mance outcomes to compare the recent empir-

ical research with that reviewed by Behnke 

and Kaczmarek (2018) and Hase et al. 

(2019c). Consistent with the previous meta-

analysis (Behnke and Kaczmarek, 2018) and 

systematic review (Hase et al., 2019c), the 

present analysis established the superiority of 

a challenge state over a threat state on 
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performance outcomes when using CAT cog-

nitive evaluations (e.g., demand resource 

evaluation score) and cardiovascular re-

sponses (i.e., TPR and CTI). However, the 

meta-analytic effects for CO did not reach sta-

tistical significance. These results, by and 

large, support the predictions of the BPSM 

and provide a relatively reliable estimate of 

typical effect sizes in BPSM-based CAT re-

search (i.e., small but robust effects). 

Most of the included studies featured a 

low risk of bias. However, some studies were 

flagged as unclear or high risk owing to issues 

such as deviations from the CAT measures 

typically used in research using a BPSM-

based perspective (e.g., Schickel et al., 2023) 

or having more than 20 % missing CAT or 

performance outcome data in the relevant 

analyses (e.g., Hase et al., in prep. (b); Malkoc 

et al., 2023; Trotman et al., 2018). We there-

fore recommend that CAT researchers con-

duct more preregistered studies, publish the 

study protocols with pre-planned analyses, 

and publish the raw open-access data in ad-

vance to prevent publication bias and method-

ology-related replicability issues (see Behnke 

et al., 2024 for an example). However, it is 

worth mentioning that some of the recent 

studies have already implemented these rec-

ommendations; that is, they were preregis-

tered and involved open data sharing (Boss-

hard et al., 2023; Guyon et al., 2020; Yeager 

et al., 2022) or tried to replicate prior research 

(e.g., Jewiss et al., 2023; 2024). Furthermore, 

we recommend that researchers include cor-

relation tables in their manuscripts or supple-

mentary materials and raw data that would al-

low researchers to extract data for future 

meta-analyses. The raw data would help re-

searchers to run analyses using innovative ap-

proaches, including accounting for non-re-

sponders (i.e., a blunted cardiovascular re-

sponse; Hase et al., 2020) or using other car-

diovascular measures (e.g., stroke volume in-

stead of CO; Yeager et al., 2022).  

We also examined publication bias and 

moderator analysis results for meta-level bias. 

These analyses showed mixed results. Indeed, 

Egger’s test and Rank Correlation test did not, 

but the trim-and-fill method did suggest the 

occurrence of publication bias. Moreover, we 

did not find any association between publica-

tion year and reported effect size. Thus, the 

effect sizes did not decrease over time, and the 

data did not suggest any potential replication 

issues. Since the trim-and-fill method did not 

account for the multi-level structure of the 

data, the risk of publication bias appears rela-

tively small.  

We also tested whether some methodo-

logical choices influenced the size of the ef-

fects. For instance, we found that measuring 

the CAT cardiovascular responses before or 

during performance was a significant moder-

ator, but only for CTI. Unfortunately, there 

was a set of studies that included only CTI and 

did not provide data on CO and TPR sepa-

rately (Dixon et al., 2020; Miller et al., 2021a, 

2021b; Scheepers, 2017; Slater et al., 2018). 

Thus, we were unable to determine whether 

this methodological choice systematically in-

fluenced the strength of the association be-

tween CAT cardiovascular responses and per-

formance outcomes or whether the additional 

studies including only CTI in their analyses 

drove this effect. Overall, the findings for CO 

and TPR are in line with a recent study, where 

researchers used multiverse analysis to exam-

ine the consistency of the effects when using 

different statistical and methodological ap-

proaches (Behnke et al., 2024). Furthermore, 

similarly to the previous meta-analysis 

(Behnke and Kaczmarek, 2018), age, gender, 

and publication year did not impact the size of 

the effects. Regarding publication year, the 

presence of the COVID-19 pandemic in the 

reviewed period makes the interpretation of 

publication year analyses more complicated 

when compared with previous meta-analyses 

(e.g., Behnke and Kaczmarek, 2018). We had 

hoped to test if the results of studies con-

ducted before and after COVID-19 differed 

but were unable to code exact data collection 

dates for 91 % of studies. Thus, we recom-

mend adding detailed study metadata (e.g., 

date and year of collection) in future studies 

to better enable comparisons like this in future 

meta-analyses. 
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Our failed attempts to explain the hetero-

geneity of the mean effects with our modera-

tor analyses suggest that there might be other 

factors influencing the strength of the associ-

ation between CAT states and performance 

outcomes. To differentiate their impact on ef-

fect sizes and thereby elucidate the mecha-

nisms of the CAT-performance relationship, 

future research could include attentional, 

emotional, and behavioral processes in the 

study of the CAT-performance relationship 

(Jones et al., 2009; Vine et al., 2016). Indeed, 

some of the studies included in this review 

and meta-analysis set out to test possible 

mechanisms underlying the CAT-perfor-

mance relationship. For instance, Brimmell et 

al. (2019) found that experienced soccer play-

ers who exhibited a challenge state displayed 

superior attentional control (e.g., longer quiet 

eye durations) to players who exhibited a 

threat state. Moreover, Wood and colleagues 

(2018) found that participants in a challenge 

state reported more positive affect, lower per-

ceived exertion, and less self-focused atten-

tion (e.g., on movements) during a pressur-

ized Wingate test compared to participants in 

a threat state. As the exact processes behind 

the small but robust effects of CAT on perfor-

mance outcomes remain unclear, far more re-

search on how challenge states improve per-

formance more than threat states is required 

to extend the findings of this review and meta-

analysis.  

Our review has several practical implica-

tions, suggesting that people are less likely to 

succeed when they perceive their coping re-

sources as insufficient to meet situational de-

mands. The findings indicate that having 

strong confidence in one's coping resources 

before a motivated performance situation 

(e.g., exam, sporting competition) is linked to 

better outcomes, underscoring the importance 

of fostering a positive mindset about one's 

coping resources during training and pre-

competition phases as part of comprehensive 

psychological preparation. Previous studies 

have shown that it is possible to promote chal-

lenge states through various strategies, such 

as encouraging task-focused instructions 

(Moore et al., 2012), providing performance-

related feedback (Behnke et al., 2020), using 

self-talk (Hase et al., 2019b), reappraising 

arousal (Sammy et al., 2017), applying im-

agery techniques (Williams et al., 2010), or 

engaging in pressure training (Kent et al., 

2022). More recently, efforts have been made 

to develop interventions (e.g., arousal reap-

praisal; synergistic mindset) specifically de-

signed to help individuals adopt more chal-

lenge-like mindsets (Behnke et al., 2024; 

Sharpe et al., 2024a; Yeager et al., 2022). We 

encourage researchers and practitioners to test 

existing interventions further and develop 

new ones (e.g., if-then planning; Bieleke et 

al., 2021), and for a systematic review and 

meta-analysis to summarize and synthesize 

the research conducted to date on interven-

tions designed to foster a challenge (vs. 

threat) state, highlighting which strategies are 

most effective. 

 

Strengths and limitations  

The key strengths of the present system-

atic review and meta-analysis include the up-

date and quantitative synthesis of relevant 

BPSM-based CAT research results since 

2017. Specifically, the application of a meta-

analysis, as well as the inclusion of both CAT 

cognitive evaluations and cardiovascular re-

sponses, provide advances from the previous 

work by Behnke and Kaczmarek (2018) and 

Hase et al. (2019c).  

The current meta-analysis is also limited 

in some ways. For example, some relevant re-

search results could not be synthesized in the 

meta-analysis because the publications did 

not report the necessary statistics, or the au-

thors did not respond to our inquiries. Alt-

hough this is not unheard of in meta-analyti-

cal research (e.g., Behnke and Kaczmarek, 

2018; Behnke et al., 2022, 2023), the absence 

of these findings naturally implies room for 

improvement in the present paper’s results. 

The absence of this data introduces a potential 

risk of bias in our findings, as the studies for 

which data could not be obtained may differ 

systematically from those included in the 

analysis (Page et al., 2022). To address this 
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limitation in future reviews and meta-anal-

yses, we recommend openly sharing the code 

and data from the analysis. This approach 

would enhance transparency and allow for 

more comprehensive and unbiased synthesis 

of the evidence. Next, we observed some im-

provement in the range of participants' age 

from previous meta-analyses (e.g., Gurera 

and Isaacowitz, 2022; Mulvenna et al., 2023; 

Turner et al., 2021), still most studies have 

been conducted with samples of young adults, 

limiting the generalizability of our findings 

beyond this age group. To better understand 

the robustness of the BPSM across different 

stages of life, more research is needed, as car-

diovascular efficiency varies with age (Mitch-

ell et al., 2004). As a result, there is little 

knowledge about whether the physiological 

benefits associated with a challenge state also 

translate into improved outcomes in older 

adults.  

Finally, the scope of the present review 

was restricted to a BPSM-based view of CAT 

states. Some research focusing on separate 

and independent CAT subjective measures 

may therefore not have been included (e.g., 

work underpinned by the theory of Lazarus 

and Folkman, 1984). Thus, it remains for fu-

ture research to synthesize the findings from 

studies that conceptualize CAT in distinct 

ways and for this work to consider outcomes 

that are not solely performance-related (e.g., 

health, well-being). Indeed, research suggests 

that threat states, when frequently experi-

enced, may be linked with poorer health and 

well-being (e.g., Brown et al., 2021; 

McLoughlin et al., 2024; Yeager et al., 2022).  

 

CONCLUSION 

Given the results of this systematic review 

and meta-analysis, we conclude that the pub-

lished literature largely supports the predic-

tions of the BPSM, with a challenge state as-

sociated with superior performance outcomes 

than a threat state. However, we also conclude 

that the field would benefit from more empir-

ical research to test the robustness of the ob-

served effects, especially for the separate 

components of CAT cardiovascular response, 

where the aggregate effects did not reach sta-

tistical significance (e.g., for CO reactivity), 

despite being in the expected direction and the 

single cardiovascular CAT index reaching 

significance. We also conclude that the meth-

odological quality of the studies was gener-

ally high, and the risk of publication bias was 

relatively small. We encourage researchers to 

continue investigating the predictions of the 

BPSM using robust methods that effectively 

address these publication bias and replicabil-

ity issues, for example, using pre-registered 

studies with pre-defined analysis plans and 

open-access data. Given that three reviews 

now support the performance benefits of a 

challenge state relative to a threat state, fur-

ther research is needed to explore the possible 

underlying mechanisms driving these effects 

(e.g., attentional, behavioral, emotional, 

physiological). Future work also needs to 

identify optimal intervention strategies for 

fostering a challenge state and, in turn, im-

proving performance. 
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