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Review question 

The effect of pre and per-cooling on intermittent-sprint exercise in the heat: a systematic 

review and meta-analysis. 

 

Searches 

A comprehensive literature search will be carried out (~April 2021) using the PubMed 

electronic database in a Boolean fashion where terms will operate as “AND” / “OR” or excluded 

by (“NOT”), also truncations or filtered searches (e.g. only Randomised Control Trials) will be 

used to yield a maximum outcome of relevant studies. The key search terms used (41) will be 

based upon the research question and reflect the below mentioned inclusion criteria, these 

terms include: 

pre cooling  

pre-cooling  

pre cooling AND intermittent exercise  

per cooling  

per-cooling 

per cooling AND intermittent exercise  

mid cooling 

mid-cooling  

mid cooling AND intermittent exercise  

cooling during AND exercise  

cooling AND intermittent exercise 

intermittent exercise AND heat 

intermittent sprint protocol AND heat  

intermittent exercise capacity AND heat 

repeated sprint performance AND heat 

repeated sprint ability AND heat 

practical pre-cooling 



practical per-cooling  

cooling AND intermittent exercise AND heat 

cooling jackets AND exercise 

vest cooling AND exercise  

neck cooling AND exercise  

forearm cooling AND exercise 

facial cooling AND exercise 

face cooling AND exercise 

head cooling AND exercise 

head and neck cooling AND exercise  

whole head cooling AND exercise 

hand cooling AND exercise 

upper body cooling AND exercise 

lower body cooling AND exercise 

whole body cooling AND exercise  

back cooling AND exercise 

torso cooling AND exercise 

ice slurry ingestion AND exercise 

menthol cooling AND exercise 

leg cooling AND exercise 

mixed-method cooling AND exercise 

mixed method cooling AND exercise 

combination cooling AND exercise 

optimal cooling strategies AND exercise  

Also, further searches via clinical websites and social media, and subsequent citation 

matching and searches of reference lists will be performed on included articles for appropriate 

references, to enable full screening of the associated topic. Prior to analysis a re-run of the 

above study searches will be carried out to ensure maximum outcome for the time period of 

the current review. 

Types of study to be included 

Inclusion criteria 

1. Human participation and English language peer-reviewed journals [language-

exclusive versions remain reliable and don’t differ in effect size (Moher et al., 2000)]. 



2. Cooling application either pre-, per-cooling or both with a control group in a randomised 

control crossover design (within-subject). 

3. Exercise performed in an ambient temperature of >25°C (Guy et al., 2015). There is 

evidence to suggest that cooling in temperate conditions may artificially reduce 

performance (Tyler et al., 2015), therefore a sufficient thermal stimulus should be 

evident. 

4. An intermittent-sprint or repeated sprint ability protocol, defined as a protocol 

consisting of a constant change in exercise intensity ‘stop and start in nature’, from 

maximal sprints to sub-maximal periods during a prolonged duration, ultimately taxing 

both the anaerobic and aerobic system simultaneously (Bishop and Girard, 2013). 

Excluded criteria 

1. Unpublished data source as well as review articles, cohort studies, case studies, 

hypothesis studies, editorials, animal studies, and unavailable abstracts or papers.  

2. The exercise protocol is fixed/continuous/graded, which typically defines an 

endurance-based sport. 

3. The experimental protocol used an inappropriate cooling intervention (e.g. post-

cooling) and/or exercise stimulus (e.g. plyometric or resistance training or maximal 

exercise tests).  

4. They involved: acclimatised, pathological, children (<18years) or the elderly 

(>65years), disabled population, and occupational population.   

5. Studies involving different intervention conditions (e.g. carbohydrate vs placebo, 

Clarke et al., 2011) as well as cooling. 

 

Condition and domain being studied 

Recent globalisation in sport (e.g. easy to travel) and the arising issue of climate change, has 

caused an exponential rise in sporting competition in hot and humid environments [e.g., Brazil 

2014 FIFA World Cup saw maximum temperatures of 32.5°C and 90% relative humidity] 

(Nassis et al., 2015; Racinais et al., 2015). Therefore, the combination of repeated sprint 

exercise with prolonged recovery also known as intermittent-sprint exercise (Girard et al., 

2015) and a thermal stimulus, increases the cardiovascular, neuromuscular, metabolic, and 

perceptual load of athletes, due to reaching higher skin, core and muscle temperatures 

(Periard et al., 2011; Aldous et al., 2016). Ultimately, it is well documented there is a ~7-26% 

decrement in intermittent-sprint exercise performance (high intensity distance covered) in the 

heat (30-43°C) compared to a temperate environment (18-21°C) (Mohr et al., 2012; Aldous et 

al., 2016). Consequently, cooling strategies either prior to (pre-cooling) and/or during (per-

cooling) could not only maintain performance for longer but, also reduce the risk of heat 

illnesses occurring (Gibson et al., 2020). Such as, it is essential to examine cooling strategies 

within intermittent-sprint exercise to provide governing bodies, for example FIFA, with an 

optimal cooling strategy for the next World Cup in Qatar (2022). 

 

Participants/population 

Male well-trained intermittent/team sport athletes (Aged 18-65 years) 

 

Intervention(s), exposure(s) 

Pre-cooling involves application prior to starting exercise (warm-ups or in the chnaging rooms), 

to reduce starting core and skin temperatures, implying a larger heat storage capacity which 

delays the onset of exercise-induced hyperthermia (Bongers et al., 2017; Aldous et al., 2019). 



Whereas, per-cooling (two types: whilst exercising or during a break) can be seen as 

complementary or a standalone strategy to pre-cooling, with the intention of reducing thermal 

strain further whilst at higher thermoregulatory demands (Bongers et al., 2017; Chalmers et 

al., 2019). Furthermore, cooling strategies seems to follow a dichotomous approach of either 

internal or external in nature (James et al., 2015). External cooling (e.g. ice vests, cold-water 

immersion, neck collars etc.) follow an ‘outside in’ approach focusing on reducing 

predominantly skin temperature, where internal cooling (e.g. ice-slurry ingestion, cold-water 

ingestion, L-menthol mouth rinse etc.) follow an ‘inside out’ philosophy of attenuating core 

temperature (James et al., 2015). Such as, it still remains unclear which pre-cooling strategy 

is the most effective for a varied amount of athletes in intermittent-sprint exercise competition 

because, the underlying mechanism of all cooling strategies are far from determined and there 

has been inadequacies during protocol comparison in the heat (Wegmann et al., 2012). 

 

Comparator(s)/control 

The effect on overall physical performance (full duration of exercise e.g. 0-90mins, no between 

half comparisons e.g. 0-45mins and 46-90mins), perceptual and physiological outcomes 

between a cooling strategy and a control (no-cooling) in similar hot environments, is required 

to analyse the effectiveness of cooling strategies on intermittent-sprint exercise performance. 

 

Main outcomes 

1. Changes in physical performance measures e.g. maximal (peak power output, 

maximal voluntary contraction, sprint speed/distance) and sub-maximal (mean power 

output, work done, total distance covered, high-intensity distance covered e.g. fast-run 

and sprint or ≥75% effort or ≥14.4km/h distances), low-intensity distances covered e.g. 

walk, jog and run, or <65% effort or <7km/h distances, voluntary activation) capabilities 

2. Altered physiological responses e.g. core temperature, skin temperature, estimated 

total body temperatures, heart rate, and sweat loss/rate. 

3. Changes in perceptual responses e.g. thermal sensation, thermal comfort (potentially 

splitting these into local and whole), and rating of perceived exertion. 

 

*measures of effect 

Studies will provide mean and standard deviation of outcomes (performance, physiological, 

and perceptual) throughout their intermittent-sprint exercise protocol as well as giving data on 

outcomes in the control trial. Therefore, effect sizes (hedge’s g) can be calculated to infer the 

effect of cooling startegies on intermittent-sprint exercise performance. In studies where mean 

and standard deviation are not reported in text, relevant data will be extracted from tables and 

figures (webplotdigitizer: Rohatgi et al., 2014). In the event that the data is not available, the 

corresponding authors will be contacted for absolute mean and standard deviations of 

included dependent variables for each intervention/condition (after analysis this data will be 

deleted). In the case of no response, either the variable will be eliminated or estimate 

standardised mean difference will be determined (e.g. 1st half + 2nd half mean ± standard 

deviation divide by 2), or in the worst case scenario the whole study will be eliminated (Tyler 

et al., 2015). 

Data extraction (selection and coding) 



The selected inclusion and exclusion criteria is necessary to filter the study search; a 

preliminary screening will first take place by a primary reviewer (JS) in the titles and abstracts, 

then a secondary reviewer will review 20% of these to establish reliability and validity (JA). 

Furthermore any studies to appear to meet the eligible inclusion criteria would then be 

reviewed in full text by the primary reviewer and again 20% checked by a secondary reviewer 

(JA). At this point the third reviewers (CT/RG) will establish reliability and distinguish any 

debated or missed inclusion and exclusion literature of the study search and if there is 

disagreement after final screening, a discussion is required for vote. Furthermore, a PRISMA 

flow diagram (2020) following a three-stage process (Identification, screening, and Inclusion) 

will represent the excluded reasons for articles removal and highlight the necessary articles 

need for appropriate validation and synthesis of concluding the research question (Page et 

al., 2020).   

The following data will be extracted (PICOS): author’s name, participant characteristics 

(anthropometrics and training status), sample size, study design, environmental conditions 

(ambient temperature and relative humidity), exercise protocol (type of 

exercise/duration/intensity), cooling intervention (type, time of application, and duration of 

cooling), other (where cooling took place, fluid intake, scales/equipment used, warm-up), 

physical performance, physiological and perceptual outcomes (as highlighted in the main 

outcome section). 

Risk of bias (quality) assessment 

The risk of bias assessment for the included studies will be evaluated using the 6-point 

Cochrane Risk of Bias Tool (Higgins et al., 2011) which has been an appropriate way to 

appraise clinical randomised trials and will be present in a ‘summary of findings’ table (Tyler 

et al., 2016; Hohenauer et al., 2018). Two authors will independently assess risk of bias (JS 

and JA only 20% for consistency). RG/CT will be used for any other discrepancies during this 

process. 

1. Random sequence generation. 

2. Allocation concealment. 

3. Blinding of participants and personnel. 

4. Blinding of outcome assessment. 

5. Incomplete outcome data. 

6. Selective outcome reporting. 

7. Other bias. 

Scored as either high, low or unclear risk of bias for each domain listed. 

Higgins et al. (2011) suggested that quality scales (PEDro and Jaded scale) are inconsistent 

and unpredictable when assigning weights to different items, therefore, this system will enable 

the quality of evidence to be considered via the removal of high risk studies.    

In addition during data analysis, a funnel plot (sample size vs effect size: performance 

measure) will inform the reader of potential publication bias (Begg and Mazumdar, 1994), and 

further weighted-mean estimates of the effect size using standard error (SEg) calculation will 

account for sample size differences of each study (Borenstein et al., 2009). 

Strategy for data synthesis 



The statistical quantitative analysis will be orgnised using Excel (Microsoft Excel, Microsoft 

office 365, Microsoft) and then data will be transferred to Review Manager software (Revman 

5.4; Cochrane Collaboration, Oxford, UK) for analysis. The random effect meta-analysis will 

determine effect size’s (Hedge’s g) for standardised mean differences (SMD) of each study’s 

cooling strategy/strategies before and/or during (3 groups) on the main outcomes (as 

highlighted in the main outcome section) during all time points of the intermittent-sprint 

exercise (no between-half comparisions) protocol in the heat compared to the control 

condition. Studies that assess numerous cooling conditions to the identical control trial, will be 

included more than once. Also, if studies reported only standard error, standard deviations will 

be computed by multiplying standard error by the square root of the sample size; on the rare 

occasion units differ these will be converted to improve heterogeneity of the data spread (e.g. 

metres to kilometres). 

Following this, weighted-mean effect sizes will be computed via standard error (SEg) 

calculations which corrects the small sample bias of Hedge’s g (Borenstein et al., 2009) and 

95% confidence intervals (CI) upper and lower (Z-score) will be calculated to enable the 

creation of forest plots and the overall outcome for the analysised condition (a minus sign will 

infer a performance impairment). Hedge’s g effect size will be classified according to these 

thresholds: g <0.2 (trivial effect), g between 0.21 and 0.49 (small effect), g between 0.50 and 

0.79 (moderate effect), and g >0.79 (large effect) (Cohen 1992). Then, heterogeneity of 

included studies will be evaluated through a Cochran Q-test via computing degrees of freedom 

(df) and an exact P value and a Higgins I2 statistic (variation of study rather than chance), and 

between-study variance using X2. An I2 statistic of 30-60% represents moderate heterogeneity, 

0-40% potentially means the interpretation is not important whereas, 50-90% possibly 

represents substantial heterogeneity (>75%) (P = 0.1). A P value of < 0.05 is the threshold of 

significance.   

Analysis of subgroups 

If possible, secondary analysis will be performed on the included studies according to their 

type of cooling strategy and split into another three subgroups: (a) external cooling (e.g. cold 

water immersion, ice vest, neck collar etc.), (b) internal cooling (e.g. ice slurry, cold water 

ingestion etc.) or (c) a mixed-method cooling approach. Also, a tertiary analysis will be 

completed on the included studies according to their population (male vs female) and their 

place of exercise protocol (field-based vs lab-based). 

Ethics and Dissemination  

The study is approved (waiting), by the institute of sport and physical activity research 

(ISPAR) and the study outcomes will be disseminated through relevant peer-reviewed 

journal and conferences associated to the topic of environmental ergonomics.  
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