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Increasing numbers of females are performing in increasingly hot environments. This scoping review aimed to 1) collate evidence on the effects of environmental heat stress on aerobic exercise performance and work productivity in females specifically, and 2) explore sex differences in the existing literature. A systematic search across four databases (PubMed, MEDLINE, Web of Science and SPORTDiscus) was developed based on MeSH terms and keywords, with all permutations relating to ‘FEMALE’, ‘WOMAN’, ‘HEAT’ AND ‘PERFORMANCE’. Identified articles were screened against pre-defined inclusion criteria related to age (16–60 years), environmental heat stress (≥23°C), and physical activity duration (≥5 min). We identified 35,696 articles, of which 41 met the inclusion criteria. Of the included studies, 19 reported female-specific comparisons, two of which also investigated sex differences. Four studies investigated sex differences alone, while 18 studies included females within the participant cohort. Thirty-eight of the included studies assessed athletic performance and three studies examined occupational performance (i.e., work output/productivity) in females. Existing data on the effect of heat stress on performance was predominantly from pre-menopausal cohorts (mean age 29 years, range 20–46 years), with no studies investigating peri- or post-menopausal cohorts. We uncovered limited research investigating the effect of menstrual cycle phase (six studies) or hormonal contraceptive use (two studies) on performance in the heat. Thirteen included studies examined interventions pre or during performance test(s), with four studies showing their interventions attenuated heat stress performance impairments in female cohorts. We highlight notable gaps in the literature regarding female performance in the heat; specifically, the influence of peri-post menopause, heat stress interventions for females, and impacts on females in the occupational sector. We recommend that researchers undertaking exercise and thermal physiological research aim for gender balance where possible and adhere to guidelines when designing and reporting research that encompasses females. Addressing these research gaps would provide workers, athletes, and practitioners with a better understanding of how to protect females and enhance their physical performance in the heat, across different stages of life, amidst a changing climate.
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1 INTRODUCTION
Historically, it was perceived that strenuous physical activity compromised female health, in particular the female reproductive system (Gregg and Gregg, 2017). Women were also considered physically incapable of performing some military duties (Hemarajarajeswari and Gupta, 2021) and subsequently, were excluded from frontline combat roles. Such perceptions and barriers have delayed our understanding of the capability and capacity of females to perform strenuous activity. However, societal and governing authorities’ rules concerning female participation in endurance sport (e.g., long-distance running, marathons), the emergency services, and the military has evolved considerably over the past 30 years.
A major milestone for female inclusion in competitive sports occurred when females were first allowed to compete at the 1900 Paris Olympic Games, representing 2% of all competitors (Phulkar and Hardia, 20191). Another significant advancement came in 1972 when women were permitted to compete in the Boston Marathon. Since 2018, women have also been allowed to serve in all frontline military positions and now represent ∼12% of the UK and NATO armed forces (Kirk-Wade, 2024; NATO, 2020). These changes reflect broader societal shifts towards gender equality. Indeed, the 2024 Paris Olympics were the first Olympic Games to achieve equal representation of males and females across all sports. This was a historic achievement in athletic equality and showcases the exceptional performances of female athletes in recent years (IOC, 2024). Although the above milestones highlight advancements in female inclusion and participation in sports and the military, similar progress is needed in other sectors. For example, whilst women make up ∼43% of the global agricultural labour force (reaching as high as 80% in developing countries; (Raney et al., 2011; United Nations, 2015), significant gender inequalities persist in the access and control of resources (i.e., land, labour, information and technology; Sheahan and Barrett, 2014). This determines that women are disproportionally burdened by work-related heat stress in such settings, which contributes to productivity, income and health inequalities (Huyer, 2016; Sorensen et al., 2018). Thus, female participation in strenuous outdoor physical activity, which was traditionally male-dominated, has increased (Scheer, 2019). In other settings, females have long performed strenuous physical outdoor work/activity, with persistent gender inequalities increasing the risk/demand of such work (Patil and Babus, 2018).
Our climate is becoming increasingly challenging. Excessive heat stress exposure is an immediate impact of climate change, with days of extreme heat increasing in frequency and intensity alongside higher mean global temperatures (Romanello et al., 2022). For example, the 2020 Tokyo Olympic Games were the hottest recorded since 1952 (Yiou et al., 2023). Given the increasing acceptance of women’s proficiency in sports, military operations and other physically/thermally demanding occupations (Harvey, 2022), it is crucial to consider and address the effects of challenging environmental conditions on women’s performance capacity. Our current understanding of human thermoregulation and physical performance in the heat is largely based on data from predominately male cohorts (Hutchins et al., 2021). However, physiological, anatomical and endocrinal differences exist between males and females, meaning results may not be generalisable (Rich-Edwards et al., 2018). Females typically present with a smaller body size, higher surface area-to-mass ratio, higher relative fat content and lower aerobic fitness, all of which can affect heat storage (Havenith, 2001; Sharma and Kailashiya, 2016). Under high metabolic heat production rates, females also exhibit lower whole-body sudomotor activity compared to males (i.e., lower maximal sweat rate), even when heat production is matched (Gagnon and Kenny, 2011). Furthermore, the reproductive hormones oestrogen and progesterone vary across the menstrual cycle and from pre- to post-menopause, affecting thermoregulatory responses such as core body temperature (Tcore; Baker et al., 2020). Hence, in the context of human thermoregulation it is inappropriate to assume that females and males are analogues. Yet, how such biological sex differences affect performance under heat stress conditions remains poorly understood.
To advance research and practice for females in an increasingly warming world, a scoping review was conducted to map the available evidence regarding the effect of environmental heat stress on aerobic performance and work productivity in female-specific literature across the lifespan (i.e., females vs. females), with a secondary aim of examining sex differences in the literature (i.e., females vs. males).
2 METHODS
2.1 Protocol and registration
This review was conducted using the Preferred Framework for Scoping Reviews (Arksey and O'Malley, 2005; Peters et al., 2015) and complies with the PRISMA-ScR checklist (Tricco et al., 2018). The final protocol was registered prospectively with the Open Science Framework on 19 February 2021 https://osf.io/r56sz/.
2.2 Information sources
The electronic databases PubMed, MEDLINE, Web of Science and SPORTDiscus were searched for all available publications from their respective inception to November 2023. Searches were limited to articles written in English language, without date restriction. The search strategy was developed in consensus with a librarian based on MeSH terms and specific terms using keywords, with all permutations relating to ‘FEMALE’, ‘WOMAN’, ‘HEAT’ and ‘PERFORMANCE’. The complete search strategy for each database is provided in the Supplementary Table S1. A manual search was performed of the reference lists of identified studies, and any retrieved systematic and narrative reviews to further identify relevant studies that were not captured within the database searches. Duplicates were screened out using the Covidence™ systematic review software (Veritas Health Innovation, Melbourne, Australia), before commencing the screening of abstracts and full texts.
2.3 Eligibility criteria
The inclusion and exclusion criteria were developed using the Population, Intervention, Comparison/Control Group, Outcome (PICO) framework (Higgins and Green, 2011). The criteria included population (e.g., healthy females, aged 16–60 years), intervention/domain studied (e.g., sustained physical activity/work/exercise lasting ≥5 min in duration or intermittent bouts lasting >30 s or 30 m in a heat stress environment until exhaustion or the maximal amount of work/exercise completed in a fixed amount of time) and outcome measure (e.g., the time to completion, work output, distance/duration). Studies included a control condition or control group comparison [e.g., temperate conditions, menstrual cycle phase, pre vs. post heat acclimation (HA), sex differences]. For the population criteria, a lower age limit of 16 years was selected as the legal age for work. The upper age limit of 60 years was selected as significant age-related declines in aerobic endurance and physical activity are observed in adults over 60 years (Hall et al., 2017). Wet Bulb Globe Temperatures (WBGT) of [image: image] 23°C were considered a heat stress environment as this met the threshold for a high risk of heat-related illnesses according to the National Athletic Trainers’ Association (Binkley et al., 2002).
Study designs included randomised control trials (RCTs), pseudo RCTs, cross sectional studies, crossover studies, case control studies and observational studies. Individual case studies, conference abstracts, unpublished research and study protocols were excluded. Studies reporting: pregnant females; animals; water-based interventions or resistance-based exercise protocols measuring one repetition maximum; or exercise confined to the upper-body were excluded. Further detail of the PICO, selection and inclusion processes are outlined in the Supplementary Table S2.
2.4 Screening of abstracts and full texts
Seven researchers (RG, DH, BS, RL, EH, NB, NC) independently screened the literature, by first analysing titles and abstracts for relevance and eligibility criteria using Covidence™. Retrieved records were classified as included (yes), excluded (no), or uncertain (maybe). All evidence was screened by two researchers and any discrepancies were resolved by discussion and consensus between reviewers (RG, BS, RL).
Full-text articles were sourced and screened by five independent reviewers (RG, DH, BS, RL, MB), according to the eligibility criteria. Studies that met the inclusion criteria were included in the review and data was subsequently charted. Studies that did not meet the inclusion criteria at this stage, were excluded and the reason for exclusion was reported (Figure 1).
[image: Figure 1]FIGURE 1 | The PRISMA-P flow diagram for the scoping review detailing the database searches, the number of abstracts screened, and the full texts retrieved, where k denotes number of records.
2.5 Data charting, level of evidence and quality assessment
Full texts that were deemed eligible for inclusion were charted independently by three reviewers (RG, BS and DH) using pre-tested data charting forms on Covidence™. All studies were charted in duplicate by two independent reviewers and were compared for consistency. If full texts could not be retrieved, or insufficient information was provided within a study, up to three attempts were made to contact the authors of articles which met the inclusion criteria.
2.6 Data items
Charted data included: study information, study characteristics, participant demographics, female characteristics, performance test, HA status, environmental conditions, details of interventions, performance outcomes, physiological outcomes and conclusions. The full data charting protocol can be found in the Supplementary File S1.
2.7 Critical appraisal of individual sources of evidence
The level and quality of evidence for each study was assessed in duplicate by independent reviewers (RG, BS, DH). Any disagreements were resolved through consensus with a fourth reviewer (RL). The level of evidence was deemed as High (level one; e.g., RCTs), Moderate (level two; e.g., cohort, case-control studies) or Low (level three; e.g., cross-sectional studies) using the criteria outlined in the Supplementary Table S3. To rate the quality of evidence for all studies we devised a modified 13 component tool based on the National Heart, Lung, and Blood Institute quality assessment tool for observational cohort and cross-sectional studies (Lung, 2014; Supplementary File S2). We independently rated each component as “Yes (2 points)”, “No (0 points)”, or “Partly (1 point)”. A study’s overall quality of evidence rating was deemed as High (26–39 points), Medium (12–25 points) or Low (0–13 points).
2.8 Synthesis of results
Where possible, results were charted as means of reported averages plus (range). Weighted means were calculated to account for differences in sample size between studies using the following formula: Σn*x̅/Σn, where Σ = the sum of, n = number of participants in each study and, x̅ = mean outcome (e.g., age, mass, height, [image: image]O2max, ambient temperature, humidity and WBGT).
A narrative analysis was used to summarise the findings of the review. Studies reporting more than one valid comparison (e.g., females, hot condition vs. hot condition, and females, hot condition vs. temperate condition) have been reported more than once within the results or discussion section. Where papers included more than one valid environmental condition, the trial with the most extreme environmental condition was included. Throughout the review k denotes the number of studies, and n refers to number of participants. In the review, male and female terms refer to the biological sex attributes. The terms women and men are used more generally to refer to gender (Torgrimson and Minson, 2005). For studies that defined menstrual cycle phases as ‘early-’, ‘mid-’ and ‘late-’ luteal and follicular phase, these terms are used in the current review. Where studies have used the more general terms of ‘follicular’ and ‘luteal’ phase, these terms are used. Menstrual cycle phases are defined as quasi-follicular and quasi-luteal for OCP users. In the current review, naturally menstruating females have been defined as females who have a regular menstrual cycle lasting 21–35 days and have not used hormonal contraceptives for the past 3 months.
3 RESULTS
3.1 Articles retrieved
A total of 35,696 citations were identified during the electronic database search (13,702 duplicates). A total of 21,994 articles were screened for title and abstract and 1,218 papers were eligible for full text screening (Figure 1). We contacted the authors of 71 papers for further data relating to our primary outcomes and seven authors responded with additional data. Overall, 41 studies were eligible for inclusion in this scoping review. A breakdown of the included aerobic performance-based studies and work performance studies are displayed in Figure 2. The main findings for all studies are summarised in Table 1 and a full overview of all performance data are reported in the Supplementary Table S4.
[image: Figure 2]FIGURE 2 | Schematic displaying an overview of all included studies, plus a breakdown of the athletic and occupational performance studies in the review.
TABLE 1 | Summary of performance outcomes and comparisons from all included studies (k=41).
[image: Table 1]3.2 Study characteristics
Studies were published from 1982 to 2023 with three published between 1982–1995, eight published between 1996–2010 and 30 published between 2011–2023. Nine were based in Asia, 11 in Oceania, 15 in North America, five in Europe and two in Africa. One of these compared race performance in Asia vs. Europe and hence was included twice. Of these studies, ten were RCTs, five were pseudo RCTs, one was a non-RCT, five were cohort studies, 14 were cross-sectional, one involved pre-post measures and five were case control studies.
3.3 Quality of the evidence
10 studies were level one evidence, 18 studies were level two evidence, and 13 studies were classed as level three evidence. Using the modified 13-component tool based on the National Heart, Lung, and Blood Institute quality assessment tool (Lung, 2014), 66% of studies were rated as moderate quality and 33% were regarded as low quality evidence. None of the studies were rated as high quality (Figure 3).
[image: Figure 3]FIGURE 3 | The level and quality of evidence for each included study (k=41).
3.4 Participant characteristics
A total of 1,006 participants were reported across all studies. A summary of participant characteristics is provided in Table 2, while the distribution of ages and proportion of female participants’ age distribution are presented in Figures 4A,B, respectively. A detailed table of participant characteristics for all studies are provided in the Supplementary Table S4.
TABLE 2 | Participant characteristics for all included studies, n represents number of participants. All other values are reported as weighted mean (range).
[image: Table 2][image: Figure 4]FIGURE 4 | (A) represents mean distribution of the total number of female and male participants across all included studies. (B) represents age distribution of female participants across studies, k represents number of studies.
Of the included studies, eight investigated females who were naturally menstruating, eight investigated females using hormonal contraception, five included a mixed cohort of naturally menstruating and hormonal contraceptive users. Twenty-two studies did not report this information (see Supplementary Table S5 for further details; note that two studies are counted twice as they included separate cohorts of naturally menstruating females and hormonal contraceptive users). Of the included studies, 14 controlled for menstrual cycle, two reported the phase but did not control for menstrual cycle, and 25 did not report this information.
Overall, 21 studies controlled for the level of HA exposure prior to the performance test, by either employing a specific HA programme before the study took place or by ensuring participants were unacclimated at the start of the study. Two did not control for HA status and 18 studies did not report or were unable to control for HA status prior to testing.
3.5 Environmental conditions
Across all studies, mean ambient temperature for performance tests in hot conditions was 32.7°C (range 25.3°C–45.0°C) and mean RH was 57.8% (range 20.0%–83.0%), with this equating to a mean WBGT of 27.5°C (range 23.0–38.1). Eight studies had a temperate control that had a mean ambient temperature of 20.9°C (range 20.0°C–34.9°C) and mean RH of 51.6% (range 18.0%–25.0%), equating to a mean WBGT of 16.7°C (range 14.8°C–20.3°C). Further details on the environmental characteristics for all studies are provided in Supplementary Table S6. The environmental conditions of 24 studies were artificially manipulated (e.g., in an indoor environmental/climate chamber or with fans) and 17 studies were performed outdoors in natural conditions.
3.6 Performance measures
Across studies, various exercise modalities were utilised to assess performance. Five studies involved walking, 19 studies involved cycling, 13 studies involved running, two involved rowing, one involved work circuits and one involved plucking shoots. The type of performance assessment varied, with 29 using TT, nine using TTE, and two using [image: image]O2max tests. Productivity was measured in two studies, which involved plucking shoots or completing work circuits.
3.7 Female vs. female comparisons
3.7.1 Menstrual cycle phase
A higher basal Tcore was reported during the luteal phase (k = 6). Four of the six identified studies reported no effect of menstrual cycle phase on prolonged exercise performance in hot conditions. Note, one of these studies included a mixed sample of naturally menstruating and hormonal contraceptive users. Two studies observed a performance decrement in the luteal phase as compared to the follicular phase despite no difference in final Tcore between menstrual cycle phases (Table 3). Each study used calendar tracking to track menstrual cycle status, and five of six studies verified menstrual status with a resting blood sample to detect oestrogen and progesterone concentrations. Four of the six studies compared performance during the early-follicular phase (EF; day 3–6) to the mid-luteal phase (ML; day 19–25; Table 4).
TABLE 3 | Thermoregulatory (basal, final and delta core body temperature) and performance outcomes for included studies investigating the effects of menstrual cycle phase on performance in hot conditions (k=6).
[image: Table 3]TABLE 4 | Method and criteria for verifying menstrual cycle phase, and information on the menstrual cycle phase on the day of testing for all included studies investigating menstrual cycle effects on performance in hot conditions (k=6).
[image: Table 4]3.7.2 Hormonal contraceptives
Two studies investigated performance across the oral contraceptive pill (OCP) cycle in females using mono-phasic OCP. They found no difference in performance across the OCP cycle (Table 5).
TABLE 5 | Reporting of oral contraceptive pill (OCP) characteristics, OCP taking phase, basal core body temperature, skin temperature and performance outcome for all included studies investigating OCP cycle effects on performance in hot conditions (k=2).
[image: Table 5]3.7.3 Naturally menstruating females vs. hormonal contraceptive users
Three studies assessed the effects of heat stress on performance in naturally menstruating females as compared to hormonal contraceptive users taking monophasic or triphasic (Tenaglia et al., 1999), monophasic only (Lei et al., 2019) or triphasic only (Sims et al., 2007) OCPs. Two studies found no discernible differences in performance between naturally menstruating females (matched for height, mass and fitness characteristics) and OCP users (Sims et al., 2007; Lei et al., 2019). One study found performance was impaired during the ML phase compared to the EF phase for naturally menstruating females, but was not different between the quasi-ML and quasi-EF in OCP users (Tenaglia et al., 1999).
3.7.4 Work productivity
One study investigated work-rest ratios during moderate intensity exercise in uncompensable heat stress with a mixed sample of OCP users and naturally menstruating females and found no difference across the menstrual/OCP cycle (Tenaglia et al., 1999). Another study investigated repeated work circuits and included females in their participant cohort (Vincent et al., 2018). The third occupation-focused study observed work productivity in ‘slow’ (n = 3) vs. ‘fast’ (n = 3) female workers (Sen et al., 1983).
3.7.5 Environmental conditions
Four studies found that prolonged exercise performance was impaired in hot as compared to temperate conditions. One study found no effect of ambient temperature on performance and one study did not statistically analyse the data. Two studies reported that prolonged exercise performance was impaired in hot, wet conditions compared to hot, dry conditions (Table 6).
TABLE 6 | Environmental conditions, performance protocol, performance outcome and percentage change between environmental conditions for all studies investigating female performance in hot compared to temperate conditions (k= 6) or hot wet vs. hot dry conditions (k=2).
[image: Table 6]3.7.6 Interventions
Of the 41 studies, 13 included an intervention pre or during performance test(s). Nine studies specifically investigated the effect of an intervention on female performance in hot conditions (Table 7) and four studies included females as part of the participant cohort, but did not specifically compare female-specific data or sex differences (Hunter et al., 2006; Arngrïmsson et al., 2004a; Casa et al., 2010; Slater et al., 2005). Of the studies specifically investigating females, one study reported that pre-cooling had no effect on final Tcore or performance compared to control conditions (k = 2), despite a lower basal Tcore reported in one study. Consuming a carbohydrate beverage (k = 1) or caffeine (k = 1) had no effect on prolonged exercise performance in the heat compared to placebo. Long-term HA (9-days; k = 1), a pharmaceutical (Bupropion, k = 1), a high sodium beverage (k = 1) and menthol mouth rinse (k = 1) improved female performance in hot conditions compared to the control trial (P < 0.05). Pre-heating (k = 1) impaired female performance in hot conditions, relative to no pre-heating.
TABLE 7 | Type of intervention acute/chronic, performance test and performance outcome of all included studies investigating the effect of an intervention on female vs. female comparisons using hot vs. hot conditions (k=9).
[image: Table 7]3.8 Female vs. male
Six studies formally investigated the effect of biological sex on performance in hot conditions. Twelve studies reported male and female performance outcome data separately but did not statistically compare male vs. female performance in hot conditions. Only one study investigated sex differences in response to an intervention, specifically caffeine ingestion (Suvi et al., 2017), which had no effect on performance in either sex. Three studies compared performance under hot conditions between females and males (Armstrong et al., 2012; Hosokawa et al., 2016; Wright et al., 2002), two studies found no significant difference between sexes (Armstrong et al., 2012; Hosokawa et al., 2016) and one study found males were significantly faster than females (O’Neal et al., 2012). One study investigated the effect of hyperthermia on [image: image]O2max and TTE in males and females and found the reduction in [image: image]O2max and performance to be similar between the sexes (Arngrímsson et al., 2004b).
4 DISCUSSION
4.1 Main findings
To our knowledge, this is the first scoping review to map the available literature investigating the effects of environmental heat stress on aerobic performance and work productivity in females. Despite an extensive systematic review of the literature, only 41 studies met our inclusion criteria (i.e., included healthy adult females and examined performance during sustained physical activity/work/exercise in a hot (WBGT [image: image] 23°C) environment). Thus, there remains an alarmingly limited number of heat stress and performance-based studies with females included in their study cohort(s). Of these 41 studies, only 19 examined biological sex differences or female-specific performance in the heat. Most notably, there were very few (i.e., k = 3) occupational performance studies and no studies examining performance in peri- and post-menopausal females (i.e., aged > 40 years). Furthermore, few studies have investigated the effect of interventions on female performance in the heat. Consequently, this scoping review has identified some key areas for future research.
4.2 Study characteristics
A recent comprehensive systematic review by Hutchins et al. (2021) has highlighted the significant underrepresentation of females in exercise thermoregulation literature over the past decade, with females accounting for only 30% of total participants in 2019. The current systematic scoping review echoes this finding, as only 41 studies met the inclusion criteria. This highlights a serious dearth of literature including females, either as part of or forming an independent cohort, when examining physical performance in hot environments. It is noteworthy that 90% of the included studies for the current review were conducted after the year 2000, indicating a promising increase in the inclusion of female cohorts over the last ∼25 years. We recognise this is a step forward and an important move towards addressing gender inequity in the scientific evidence and guidance available to females performing in such contexts.
4.3 Performance: female vs. female
4.3.1 Environmental conditions
In hot conditions, marked performance decrements differences were reported across studies (ranging from no observed differences to 34%) when compared to temperate conditions. These discrepancies likely result from differences in the duration and intensity of performance protocols as well as the environmental conditions in which the experimental trials were conducted. Studies that reported the greatest reductions in performance (20%–34%) involved either an incremental [image: image]O2max test (Arngrímsson et al., 2004b) or a moderate exercise intensity TTE test (Ftaiti et al., 2010). Additionally, dry heat as compared to humid heat, was associated with significant performance impairments in females when WBGT was matched (Lei et al., 2019; Lei et al., 2017).
4.3.2 Menstrual cycle
Only two of the six included studies examining the effect of menstrual cycle phase reported that luteal-phase-related elevations in Tcore impaired aerobic performance (Tenaglia et al., 1999; Janse de Jonge et al., 2012). These studies were conducted under conditions of high humidity or uncompensable heat stress, where the evaporative capacity for heat loss was reduced. At present there is limited evidence to suggest naturally menstruating females should be advised to adjust their competition schedule based on their menstrual cycle.
In total, 5/6 studies investigating the effect of the menstrual cycle on performance were conducted in accordance with current guidelines to determine menstrual cycle phase (i.e., reporting exact day of testing within phase, verified by resting blood samples to quantify oestrogen and progesterone levels; Janse de Jonge et al., 2019). Notably, 4/6 reported the concentration of oestrogen and progesterone at the time of testing. However, there were discrepancies in how these studies applied post-ovulatory progesterone criteria. This calls to attention the broader debate on the most appropriate progesterone threshold value for determining ovulation in pre-menopausal female participants (Landgren et al., 1980; Israel et al., 1972).
Given the potential physiological impacts of menstrual cycle phase on thermoregulation (e.g., on basal Tcore and thermo-sensitivity; Janse de Jonge et al., 2012; Kuwahara et al., 2005), it is concerning that almost half of the performance-focused studies in this review did not report participants’ menstrual cycle phase during testing. Experimental design may prevent or mitigate the need to control for menstrual cycle phase (i.e., observational field studies within occupational or athletic settings or repeat measure designs). Regardless, menstrual cycle data (or an attempt to collect) should be reported in all heat-related research. Calendar tracking offers a practical means of collecting menstrual cycle data and should be considered as a minimum requirement. For a comprehensive understanding of testing female participants across the menstrual cycle, we refer readers to the detailed guidelines provided by Janse de Jonge et al. (2019). Importantly, as the potential confounding influence of menstrual cycle phase on thermoregulatory-focused performance research can be accounted for (via study design or analytical approach), it is no longer a justifiable excuse to exclude females from participant cohorts (Mazure and Jones, 2015; Freeman et al., 2017; James et al., 2023; Meyer and Cobley, 2024).
4.3.3 Hormonal contraceptives
During the pill-taking phase of the OCP cycle, temperature thresholds for cutaneous vasodilatation, sweat onset and basal Tcore remain elevated compared to the non-pill taking phase (Martin and Buono, 1997; Tenaglia et al., 1999; Lei et al., 2019). Nonetheless, the current review did not uncover any evidence to suggest that these physiological changes discernibly affected performance in females taking monophasic or triphasic OCPs (Lei et al., 2019; Sims et al., 2007). This is likely because behavioural adjustments (i.e., self-pacing) mitigated these thermoregulatory physiological differences (Lei et al., 2019). Moreover, the magnitude of heat stress associated with the environmental conditions in these studies (i.e., higher humidity) was likely a more significant determinant of exercise performance than OCP cycle phase (Lei et al., 2019). Thus, based on the limited evidence to date, it appears performance in the heat does not change across the OCP cycle. However, it should be noted that when compared to naturally menstruating individuals, a female’s sudomotor response and thermo-sensitivity is attenuated with chronic OCP use (Lei et al., 2019). This could impose a greater thermoregulatory strain during the quasi-luteal phase and potentially alter subsequent performance (Tenaglia et al., 1999). Further research is needed on how OCP and other hormonal contraceptives affect performance in the heat.
Although ∼30% of studies reported including hormonal contraceptive users (k = 13/41) in their cohort, only three studies specifically investigated the effect of OCP use compared to other female cohorts or across the OCP month. Continued research into the potential impacts of hormonal contraceptives is necessary given their widespread use among elite athletes (Martin et al., 2018), military personnel (Enewold et al., 2010) and the general population (Pasvol et al., 2022). Moreover, only four studies reported the type of hormonal contraceptive used by participants and the pill taking day/phase that performance tests were conducted in. In keeping with the menstrual cycle phase considerations outlined above, hormonal contraceptive use should be reported in appropriate detail when characterising female participants. For further guidance see Elliott-Sale et al. (2021).
4.4 Age
Whilst females typically have a lower [image: image]O2max than males (Santisteban et al., 2022), the reduction with age is similar between sexes; declining by ∼1% per year after 30 years of age (Huggett et al., 2005). Given the increased cardiovascular strain during exercise in a hot environment (Arngrímsson et al., 2003), aerobic capacity (i.e., [image: image]O2max) remains a prerequisite for successful performance in hot conditions (Bassett and Howley, 2000).
In addition, during perimenopause and menopause the reproductive sex hormone oestrogen declines and levels fluctuate (Santoro, 2016). Subsequently, hormonal replacement therapy (HRT) is commonly prescribed to manage menopausal symptoms, with both menopause and HRT influencing body temperature regulation (Tankersley et al., 1992; Brooks et al., 1997). Only 28% of participants were aged 41–60 years. Furthermore, we did not identify any studies specifically investigating performance in groups of peri-menopausal, menopausal, or post-menopausal females (aged 40–60 years). More masters athletes (aged > 40 years) are participating in endurance and ultra-endurance events (>6 h), with a higher ratio of female-to-male athletes in such competitions (Knechtle et al., 2012; Lepers et al., 2013). There is also comprehensive evidence of an ageing workforce (Barakovic Husic et al., 2020). Therefore, peri- and post- menopausal females are increasingly at risk of exertional heat stress. Further research is needed to understand how menopause affects female aerobic capacity, performance and susceptibility to heat-related injuries and illness so that females can work and perform safely and optimally throughout their lifespan.
4.5 Work performance
Our current knowledge of physiological responses and work capacity in hot conditions relies heavily on data from males (Corbett et al., 2023). Males typically present with higher absolute and relative sweat rates, which increases their capacity for evaporative heat loss (Gagnon and Kenny, 2011). Furthermore, males typically present with a higher [image: image]O2max (Santisteban et al., 2022). Therefore, when undertaking an absolute workload, females are required to work at a higher relative intensity than their male counterparts (Havenith, 2001). Alongside these differences, political factors (i.e., inadequate policies and economic disparities), and cultural expectations (i.e., traditional roles and clothing choices) increase the susceptibility of females to occupational heat stress (Chauhan & Kumar, 2016; WHO, 2017). It is therefore concerning that only three studies identified by the current review included females within their cohorts or specifically investigated work performance/productivity in females (Sen et al., 1983; Vincent et al., 2018; Tenaglia et al., 1999). Furthermore, only one study was conducted in a developing country context (Sen et al., 1983), where workers are more vulnerable to the impacts of global warming and heat waves (Huyer, 2016; Sheahan and Barrett, 2014). No studies to date have investigated the effect of body armour or protective clothing on female performance.
4.6 Interventions
Sex differences in HA adaptations have been previously identified, with females requiring longer (i.e., 10-days rather than 5-days HA; Mee et al., 2015) or more intense (i.e., 2-h long vs. 60–90 min; Mee et al., 2018) HA stimuli to gain phenotypic HA adaptations. Our scoping review included only one HA study that showed in females nine, but not 4 days of HA improved time-trial performance in the heat (Kirby et al., 2019). Given the known physiological adaptations that occur with HA, it is also surprising that 18/41 included studies did not report participants’ HA status prior to testing. Reporting such characteristics should be considered fundamental to the interpretation of physical performance under heat stress.
Cooling intervention studies (Zimmermann et al., 2017; Hunter et al., 2006; Arngrïmsson et al., 2004a; Taylor et al., 2014) showed limited evidence that cooling improved female or male performance in hot conditions. However, in male cohorts ice slurry and ice vest interventions have been shown to improve performance in the heat (Ückert and Joch, 2007; Quod et al., 2008; Kay et al., 1999). Due to higher surface area-to-mass and lower lean body mass ratios, ice slurry and vest interventions may aid heat dissipation in females more than males (Havenith, 2001; Sharma and Kailashiya, 2016). Hence, more research tailored specifically to the female population is warranted.
Dehydration (>2% body mass loss) leads to a reduction in plasma volume, which increases cardiovascular and thermoregulatory strain and can subsequently impair aerobic performance (Cheuvront et al., 2010). Females have a lower total body water volume and whole blood volume than males (Ritz et al., 2008), and a lower proportion of their total body water is distributed in the extracellular compartment. Together these factors reduce the volume of fluid available for sweating during exercise. Thus, heat stress combined with dehydration could further exacerbate thermoregulatory sex differences. Yet only two studies in the current review examined the effect of dehydration, with females forming just part of the investigated cohort (as opposed to an independent cohort; Slater et al., 2005; Casa et al., 2010).
4.7 Performance: female vs. male
Although more studies are including mixed cohorts in their study design, we found a dearth of literature (k = 5) investigating sex differences and performance in hot conditions. Currently, thermoregulatory plus performance and exercise-based research is still predominantly male-focused (Hutchins et al., 2021; Meyer and Cobley, 2024). Considering the vast number of females engaging in physically demanding tasks in the heat, further exploration of potential sex differences will assist with tailoring female-specific recommendations.
4.8 Quality of the data
The sample size of females within studies was relatively small. The mean sample size for female vs. female comparisons was n = 10 (range: 4–162) and for female vs. male comparisons the mean sample size was n = 13 (range: 5–88). Twenty-eight studies did not provide a power calculation or justify their sample sizes and therefore, these may have been underpowered. The aim of this review was to scope the evidence. Several considerations should be made with regards to the limited sample sizes, level of available evidence and limited number of studies that met the inclusion criteria.
4.9 Future directions
Of the included studies, female participants on average had an excellent-to-superior fitness level ([image: image]O2max: mean 48.9, range: 35.0–60.0 mL/kg/min; Dourado et al., 2021). Cardiorespiratory fitness significantly enhances an individual’s heat tolerance and performance capacity in uncompensable heat (McLellan, 2001). As such, further investigation is warranted to determine the influence of training status and/or cardiorespiratory fitness on heat tolerance and performance in the heat within female cohorts. This could be particularly relevant for female workers required to wear protective clothing.
There is an urgent need for comprehensive data on occupational heat strain in females and its cumulative effect on productivity and female’s livelihoods. In low- and middle-income countries where females make up a significant proportion of the workforce (both within formal and informal sectors; United Nations, 2015), such information is imperative for understanding the impact of occupational heat stress. Further research is needed to support evidence-based policy changes, as well as inform work-place intervention or education-based programmes (Lucas et al., 2022; Razzak et al., 2022).
This review identified a dearth of research investigating strategies to mitigate the negative effects of heat strain in females. Future research should focus on the feasibility of large-scale interventions to mitigate the burden of heat stress for both male and female personnel/athletes. Given that HA is the most potent stimulus for phenotypic adaptations to improve heat tolerance and performance in the heat, further research is warranted to optimise HA in female cohorts. Furthermore, understanding the HA decay profile in females (and if there are sex differences) would provide valuable insights regarding the optimal timing of HA protocols for females prior to competition, military operations or seasonal agricultural work. Whilst acknowledging the challenges of conducting traditional HA protocols (i.e., 10 consecutive HA days) in females and standardising menstrual cycle phase in pre-to-post HA testing, menstrual cycle phase/hormonal contraceptive use should still be tracked and reported in female participants to aid data interpretation. It is also worth noting that emerging HA approaches (Mee et al., 2018; Kirby et al., 2021) show promise for females aiming to acclimate before performing in the heat. For further insights, we recommend consulting a comprehensive review by Kelly et al. (2023), which provides a framework for designing and executing heat adaptation strategies specifically tailored to the needs of females.
Hormonal variations across the menstrual cycle influence fluid regulation (Stachenfeld and Keefe, 2002; Giersch et al., 2020). Females also typically have lower sweat rates and electrolyte losses than males (Armstrong et al., 2016). Thus, current rehydration guidelines, which are largely based on data from males, may exceed the requirements for females (Speedy et al., 2001). Again, further research in this area is needed.
Pregnant females were excluded from the current study due to the unique demands/risks heat stress poses for pregnant females. There is increasing recognition that pregnant females (along with their foetus) may be more vulnerable to the effects of excessive/exertional heat stress (Samuels et al., 2022). The American College of Obstetricians and Gynecologists advises pregnant women avoid exertional heat stress (ACOG, 2015). Furthermore, females that are/possibly pregnant are often excluded from heat stress experimental studies due to the perceived risks. How such risks should be managed in occupational settings is unclear/evolving. Therefore, to avoid underserving this complex and important topic, pregnancy was considered beyond the scope of the current study’s research question.
5 CONCLUSION
The increasing number of females performing physically challenging occupations and sports amid rising global temperatures highlights a clear need to understand the potential impacts of heat stress on female performance and work productivity. Despite an increase in the proportion of females participating in performance-related thermoregulatory studies over the last 20 years, females remain largely under-represented in this research area, with alarming gaps in our knowledge of how females are affected during key life-stages (i.e., during menopause) or in the occupational sector. Prioritising the inclusion of females in participant samples should remain a key focus for researchers. Additionally, considering key female participant characteristics (e.g., menstrual cycle/hormonal contraception phase; hormonal contraceptive duration of use and type; menstrual cycle irregularities, etc.) during study design, execution and reporting is essential if performance-based physiological research is to be conducted and interpreted appropriately. Such steps will also aid the development of female-specific research questions. Finally, there is a need to provide female workers and athletes with sound and relevant evidence-based recommendations. This will promote an inclusive environment that not only embraces female participation in physically demanding activities but also supports their health and success in these demanding roles amidst an ever-changing climate.
AUTHOR CONTRIBUTIONS
RG: Conceptualization, Methodology, Investigation, Writing – original draft, Writing – review and editing. BS: Investigation, Methodology, Writing – review and editing. DH: Investigation, Writing – review and editing. SL: Conceptualization, Writing – review and editing. RL: Conceptualization, Methodology, Investigation, Writing – review and editing.
FUNDING
The author(s) declare that no financial support was received for the research and/or publication of this article.
ACKNOWLEDGMENTS
We thank Ashley P. Akerman for his contributions to the design of the study and contributions to the search strategies. We thank Ellon Hart, Melissa Brown, Niamh Callaghan and Noah Burke for their contributions to the screening of abstracts.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphys.2025.1507398/full#supplementary-material
REFERENCES
 ACOG (2015). ACOG Committee Opinion No. 650: physical activity and exercise during pregnancy and the postpartum period. Obstet. Gynecol . 
 Arksey H., O'Malley L. (2005). Scoping studies: towards a methodological framework. Int. J. Soc. Res. Methodol. 8, 19–32. doi:10.1080/1364557032000119616
 Armstrong L. E., Casa D. J., Emmanuel H., Ganio M. S., Klau J. F. Lee E. C., et al. (2012). Nutritional, physiological, and perceptual responses during a summer ultraendurance cycling event. J. Strength and Cond. Res. 26, 307–318. doi:10.1519/JSC.0b013e318240f677
 Armstrong L. E., Johnson E. C., Mckenzie A. L., Ellis L. A., Williamson K. H. (2016). Endurance cyclist fluid intake, hydration status, thirst, and thermal sensations: gender differences. Int. J. sport Nutr. Exerc. metabolism 26, 161–167. doi:10.1123/ijsnem.2015-0188
 Arngrímsson S. Á., Petitt D. S., Borrani F., Skinner K. A., Cureton K. J. (2004b). Hyperthermia and maximal oxygen uptake in men and women. Eur. J. Appl. physiology 92, 524–532. doi:10.1007/s00421-004-1053-1
 Arngrïmsson S. Á., Petitt D. S., Stueck M. G., Jorgensen D. K., Cureton K. J. (2004a). Cooling vest worn during active warm-up improves 5-km run performance in the heat. J. Appl. physiology 96, 1867–1874. doi:10.1152/japplphysiol.00979.2003
 Arngrímsson S. R. A., Stewart D. J., Borrani F., Skinner K. A., Cureton K. J. (2003). Relation of heart rate to percentV o 2 peak during submaximal exercise in the heat. J. Appl. Physiology 94, 1162–1168. doi:10.1152/japplphysiol.00508.2002
 Baker F. C., Siboza F., Fuller A. (2020). Temperature regulation in women: effects of the menstrual cycle. Temperature 7, 226–262. doi:10.1080/23328940.2020.1735927
 Barakovic Husic J., Melero F. J., Barakovic S., Lameski P., Zdravevski E. Maresova P., et al. (2020). Aging at work: a review of recent trends and future directions. Int. J. Environ. Res. public health 17, 7659. doi:10.3390/ijerph17207659
 Bassett D. R., Howley E. T. (2000). Limiting factors for maximum oxygen uptake and determinants of endurance performance. Med. Sci. sports Exerc. 32, 70–84. doi:10.1097/00005768-200001000-00012
 Beal H., Corbett J., Davis D., Barwood M. J. (2022). Marathon performance and pacing in the doha 2019 women's IAAF world championships: extreme heat, suboptimal pacing, and high failure rates. Int. J. sports physiology Perform. 17, 1119–1125. doi:10.1123/ijspp.2022-0020
 Binkley H. M., Beckett J., Casa D. J., Kleiner D. M., Plummer P. E. (2002). National Athletic Trainers' Association position statement: exertional heat illnesses. J. Athl. Train. 37, 329–343. doi:10.4085/1062-6050-50.9.07
 Brooks E., Morgan A., Pierzga J., Wladkowski S., O’Gorman J. Derr J., et al. (1997). Chronic hormone replacement therapy alters thermoregulatory and vasomotor function in postmenopausal women. J. Appl. Physiology 83, 477–484. doi:10.1152/jappl.1997.83.2.477
 Casa D. J., Stearns R. L., Lopez R. M., Ganio M. S., Mcdermott B. P. Walker Yeargin S., et al. (2010). Influence of hydration on physiological function and performance during trail running in the heat. J. Athl. Train. 45, 147–156. doi:10.4085/1062-6050-45.2.147
 Chauhan N., Kumar H. (2016). Gender responsive climate change strategies for sustainable development. Productivity 57. 
 Cheuvront S. N., Kenefick R. W., Montain S. J., Sawka M. N. (2010). Mechanisms of aerobic performance impairment with heat stress and dehydration. J. Appl. physiology 109, 1989–1995. doi:10.1152/japplphysiol.00367.2010
 Corbett J., Wright J., Tipton M. J. (2023). Sex differences in response to exercise heat stress in the context of the military environment. BMJ Mil. Health 169, 94–101. doi:10.1136/jramc-2019-001253
 Cordery P., Peirce N., Maughan R., Watson P. (2017). Dopamine/noradrenaline reuptake inhibition in women improves endurance exercise performance in the heat. Scand. J. Med. and Sci. sports 27, 1221–1230. doi:10.1111/sms.12753
 Dourado V., Nishiaka R., Simões M., Lauria V., Tanni S. Godoy I., et al. (2021). Classification of cardiorespiratory fitness using the six-minute walk test in adults: comparison with cardiopulmonary exercise testing. Pulmonology 27, 500–508. doi:10.1016/j.pulmoe.2021.03.006
 Elliott-Sale K. J., Minahan C. L., De Jonge X. A. J., Ackerman K. E., Sipilä S. Constantini N. W., et al. (2021). Methodological considerations for studies in sport and exercise science with women as participants: a working guide for standards of practice for research on women. Sports Med. 51, 843–861. doi:10.1007/s40279-021-01435-8
 Enewold L., Brinton L. A., Mcglynn K. A., Zahm S. H., Potter J. F., Zhu K. (2010). Oral contraceptive use among women in the military and the general US population. J. Women’s Health 19, 839–845. doi:10.1089/jwh.2009.1706
 Freeman A., Stanko P., Berkowitz L. N., Parnell N., Zuppe A. Bale T. L., et al. (2017). Inclusion of sex and gender in biomedical research: survey of clinical research proposed at the University of Pennsylvania. Biol. sex Differ. 8, 22–28. doi:10.1186/s13293-017-0139-5
 Ftaiti F., Kacem A., Jaidane N., Tabka Z., Dogui M. (2010). Changes in EEG activity before and after exhaustive exercise in sedentary women in neutral and hot environments. Appl. Ergon. 41, 806–811. doi:10.1016/j.apergo.2010.01.008
 Gagnon D., Kenny G. P. (2011). Sex modulates whole-body sudomotor thermosensitivity during exercise. J. physiology 589, 6205–6217. doi:10.1113/jphysiol.2011.219220
 Gavel E. H., Logan-Sprenger H. M., Good J., Jacobs I., Thomas S. G. (2021). Menthol mouth rinsing and cycling performance in females under heat stress. Int. J. sports physiology Perform. 16, 1014–1020. doi:10.1123/ijspp.2020-0414
 Giersch G. E., Charkoudian N., Stearns R. L., Casa D. J. (2020). Fluid balance and hydration considerations for women: review and future directions. Sports Med. 50, 253–261. doi:10.1007/s40279-019-01206-6
 Gregg E. A., Gregg V. H. (2017). Women in sport: historical perspectives. Clin. sports Med. 36, 603–610. doi:10.1016/j.csm.2017.05.001
 Hall K. S., Cohen H. J., Pieper C. F., Fillenbaum G. G., Kraus W. E. Huffman K. M., et al. (2017). Physical performance across the adult life span: correlates with age and physical activity. Journals Gerontology Ser. A Biomed. Sci. Med. Sci. 72, 572–578. doi:10.1093/gerona/glw120
 Harvey J. (2022). Inclusion of women into ground close combat roles: an organisational change perspective. BMJ Mil. Health 169, 3–8. doi:10.1136/military-2022-002247
 Hashimoto H., Ishijima T., Hayashida H., Suzuki K., Higuchi M. (2014). Menstrual cycle phase and carbohydrate ingestion alter immune response following endurance exercise and high intensity time trial performance test under hot conditions. J. Int. Soc. Sports Nutr. 11, 39. doi:10.1186/1550-2783-11-39
 Havenith G. (2001). Human surface to mass ratio and body core temperature in exercise heat stress—a concept revisited. J. Therm. Biol. 26, 387–393. doi:10.1016/s0306-4565(01)00049-3
 Hemarajarajeswari J., Gupta P. K. (2021). Gender variance and deployment of women in combat: an overview. Int. J. Appl. 11, 53–60. doi:10.5923/j.ijap.20211102.02
 Higgins J. P. T., Thomas J., Chandler J., Cumpston M., Li T. Page M. J., et al. (2011). Cochrane handbook for systematic reviews of interventions. 2nd Edn. Chichester, United Kingdom: John Wiley and Sons. Version 5.1.0. 
 Hosokawa Y., Adams W. M., Stearns R. L., Casa D. J. (2016). Comparison of gastrointestinal and rectal temperatures during recovery after a warm-weather road race. J. Athl. Train. 51, 382–388. doi:10.4085/1062-6050-51.7.02
 Huggett D. L., Connelly D. M., Overend T. J. (2005). Maximal aerobic capacity testing of older adults: a critical review. Journals Gerontology Ser. A Biol. Sci. Med. Sci. 60, 57–66. doi:10.1093/gerona/60.1.57
 Hunter I., Hopkins J. T., Casa D. J. (2006). Warming up with an ice vest: core body temperature before and after cross-country racing. J. Athl. Train. 41, 371–374.
 Hutchins K. P., Borg D. N., Bach A. J., Bon J. J., Minett G. M., Stewart I. B. (2021). Female (under) representation in exercise thermoregulation research. Sports Medicine-Open 7, 43–49. doi:10.1186/s40798-021-00334-6
 Huyer S. (2016). Closing the gender gap in agriculture. Gend. Technol. Dev. 20, 105–116. doi:10.1177/0971852416643872
 IOC (2024). Women in the olympic movement. Available online at: https://olympics.com/ioc/news/genderequalolympics-celebrating-full-gender-parity-on-the-field-of-play-at-paris-2024 (Accessed August 05, 2024). 
 Israel R., Mishell D. R., Stone S. C., Thorneycroft I. H., Moyer D. L. (1972). Single luteal phase serum progesterone assay as an indicator of ovulation. Am. J. obstetrics Gynecol. 112, 1043–1046. doi:10.1016/0002-9378(72)90178-0
 James J. J., Klevenow E. A., Atkinson M. A., Vosters E. E., Bueckers E. P. Quinn M. E., et al. (2023). Underrepresentation of women in exercise science and physiology research is associated with authorship gender. J. Appl. physiology 135, 932–942. doi:10.1152/japplphysiol.00377.2023
 Janse De Jonge X., Thompson M. W., Chuter V. H., Silk L. N., Thom J. M. (2012). Exercise performance over the menstrual cycle in temperate and hot, humid conditions. Med. Sci. sports Exerc. 44, 2190–2198. doi:10.1249/MSS.0b013e3182656f13
 Janse De Jonge X., Thompson M. W., Han A. (2019). Methodological recommendations for menstrual cycle research in sports and exercise. Med. Sci. sports Exerc. 51, 2610–2617. doi:10.1249/MSS.0000000000002073
 Kay D., Taaffe D., Marino F. (1999). Whole-body pre-cooling and heat storage during self-paced cycling performance in warm humid conditions. J. sports Sci. 17, 937–944. doi:10.1080/026404199365326
 Kelly M. K., Bowe S. J., Jardine W. T., Condo D., Guy J. H. Snow R. J., et al. (2023). Heat adaptation for females: a systematic review and meta-analysis of physiological adaptations and exercise performance in the heat. Sports Med. 53, 1395–1421. doi:10.1007/s40279-023-01831-2
 Kirby N. V., Lucas S. J., Lucas R. A. (2019). Nine-but not four-days heat acclimation improves self-paced endurance performance in females. Front. physiology 10, 539. doi:10.3389/fphys.2019.00539
 Kirby N. V., Lucas S. J. E., Armstrong O. J., Weaver S. R., Lucas R. A. I. (2021). Intermittent post-exercise sauna bathing improves markers of exercise capacity in hot and temperate conditions in trained middle-distance runners. Eur. J. Appl. Physiology 121, 621–635. doi:10.1007/s00421-020-04541-z
 Kirk-Wade E. (2024). UK defence personnel statistics. Available online at: https://researchbriefings.files.parliament.uk/documents/CBP-7930/CBP-7930.pdf (Accessed August 28, 2024). 
 Knechtle B., Rüst C. A., Rosemann T., Lepers R. (2012). Age-related changes in 100-km ultra-marathon running performance. Age 34, 1033–1045. doi:10.1007/s11357-011-9290-9
 Kuwahara T., Inoue Y., Abe M., Sato Y., Kondo N. (2005). Effects of menstrual cycle and physical training on heat loss responses during dynamic exercise at moderate intensity in a temperate environment. Am. J. Physiology-Regulatory, Integr. Comp. Physiology 288, R1347–R1353. doi:10.1152/ajpregu.00547.2004
 Landgren B.-M., Unden A.-L., Diczfalusy E. (1980). Hormonal profile of the cycle in 68 normally menstruating women. Eur. J. Endocrinol. 94, 89–98. doi:10.1530/acta.0.0940089
 Lei T. H., Cotter J. D., Schlader Z. J., Stannard S. R., Perry B. G. Barnes M. J., et al. (2019). On exercise thermoregulation in females: interaction of endogenous and exogenous ovarian hormones. J. physiology 597, 71–88. doi:10.1113/JP276233
 Lei T. H., Stannard S. R., Perry B. G., Schlader Z. J., Cotter J. D., Mündel T. (2017). Influence of menstrual phase and arid vs. humid heat stress on autonomic and behavioural thermoregulation during exercise in trained but unacclimated women. J. physiology 595, 2823–2837. doi:10.1113/JP273176
 Lepers R., Rüst C. A., Stapley P. J., Knechtle B. (2013). Relative improvements in endurance performance with age: evidence from 25 years of Hawaii Ironman racing. Age 35, 953–962. doi:10.1007/s11357-012-9392-z
 Lucas R. A. I., Skinner B. D., Arias-Monge E., Jakobsson K., Wesseling C. Weiss I., et al. (2022). Targeting workload to ameliorate risk of heat stress in industrial sugarcane workers. Scand. J. WORK Environ. and HEALTH 49, 43–52. doi:10.5271/sjweh.4057
 Lung N. (2014)). Quality assessment tool for observational cohort and cross-sectional studies. Bethesda, MD: National Institutes of Health, Department of Health and Human Services. 
 Martin D., Sale C., Cooper S. B., Elliott-Sale K. J. (2018). Period prevalence and perceived side effects of hormonal contraceptive use and the menstrual cycle in elite athletes. Int. J. sports physiology Perform. 13, 926–932. doi:10.1123/ijspp.2017-0330
 Martin J., Buono M. (1997). Oral contraceptives elevate core temperature and heart rate duringexercise in the heat. Clin. Physiol. 17, 401–408. doi:10.1046/j.1365-2281.1997.04444.x
 Mazure C. M., Jones D. P. (2015). Twenty years and still counting: including women as participants and studying sex and gender in biomedical research. BMC women's health 15, 94–16. doi:10.1186/s12905-015-0251-9
 Mclellan T. M. (2001). The importance of aerobic fitness in determining tolerance to uncompensable heat stress. Comp. Biochem. Physiology Part A Mol. and Integr. Physiology 128, 691–700. doi:10.1016/s1095-6433(01)00275-6
 Mee J. A., Gibson O. R., Doust J., Maxwell N. S. (2015). A comparison of males and females' temporal patterning to short-and long-term heat acclimation. Scand. J. Med. and Sci. sports 25, 250–258. doi:10.1111/sms.12417
 Mee J. A., Peters S., Doust J. H., Maxwell N. S. (2018). Sauna exposure immediately prior to short-term heat acclimation accelerates phenotypic adaptation in females. J. Sci. Med. sport 21, 190–195. doi:10.1016/j.jsams.2017.06.024
 Meyer T., Cobley S. (2024). Addressing female underrepresentation in sport and exercise-related research: JSAMS policy for submitted studies (and subsequent considerations). J. Sci. Med. Sport 27, 435–436. doi:10.1016/j.jsams.2024.05.018
 NATO (2020). Summary of national reports. Summ. Natl. Rep. NATO Memb. Partn. nations NATO Comm. Gend. perspective . Available online at: https://www.nato.int/nato_static_fl2014/assets/pdf/2023/6/pdf/2020-summary-national-reports.pdf (Accessed August 01, 2024). 
 O’Neal E. K., Davis B. A., Thigpen L. K., Caufield C. R., Horton A. D., Mcintosh J. R. (2012). Runners greatly underestimate sweat losses before and after a 1-hr summer run. Int. J. Sport Nutr. Exerc. Metabolism 22, 353–362. doi:10.1123/ijsnem.22.5.353
 Pasvol T. J., Macgregor E. A., Rait G., Horsfall L. (2022). Time trends in contraceptive prescribing in UK primary care 2000–2018: a repeated cross-sectional study. BMJ Sex. and reproductive health 48, 193–198. doi:10.1136/bmjsrh-2021-201260
 Patil B., Babus V. S. (2018). Role of women in agriculture. Int. J. Appl. Res. 4, 109–114. 
 Peters M. D., Godfrey C. M., Khalil H., Mcinerney P., Parker D., Soares C. B. (2015). Guidance for conducting systematic scoping reviews. JBI Evid. Implement. 13, 141–146. doi:10.1097/XEB.0000000000000050
 Phulkar A., Hardia A. (2019). Women advancement and empowerment in Olympics: a case study. Int. J. Phys. Educ. Sports Health 6 (2), 08–11. 
 Quod M. J., Martin D. T., Laursen P. B., Gardner A. S., Halson S. L. Marino F. E., et al. (2008). Practical precooling: effect on cycling time trial performance in warm conditions. J. sports Sci. 26, 1477–1487. doi:10.1080/02640410802298268
 Raney T., Anríquez G., Croppenstedt A., Gerosa S., Lowder S. K. Matuschke I., et al. (2011). The role of women in agriculture. Available online at: https://ageconsearch.umn.edu/record/289018/?v=pdf.
 Razzak J. A., Agrawal P., Chand Z., Quraishy S., Ghaffar A., Hyder A. A. (2022). Impact of community education on heat-related health outcomes and heat literacy among low-income communities in Karachi, Pakistan: a randomised controlled trial. BMJ Glob. Health 7, e006845. doi:10.1136/bmjgh-2021-006845
 Rich-Edwards J. W., Kaiser U. B., Chen G. L., Manson J. E., Goldstein J. M. (2018). Sex and gender differences research design for basic, clinical, and population studies: essentials for investigators. Endocr. Rev. 39, 424–439. doi:10.1210/er.2017-00246
 Ritz P., Berrut G., Tack I., Arnaud M., Tichet J. (2008). Influence of gender and body composition on hydration and body water spaces. Clin. Nutr. 27, 740–746. doi:10.1016/j.clnu.2008.07.010
 Romanello M., Di Napoli C., Drummond P., Green C., Kennard H. Lampard P., et al. (2022). The 2022 report of the Lancet countdown on health and climate change: health at the mercy of fossil fuels. Lancet 400 (10363), 1619–1654. doi:10.1016/S0140-6736(22)01540-9
 Samuels L., Nakstad B., Roos N., Bonell A., Chersich M. Havenith G., et al. (2022). Physiological mechanisms of the impact of heat during pregnancy and the clinical implications: review of the evidence from an expert group meeting. Int. J. Biometeorology 66, 1505–1513. doi:10.1007/s00484-022-02301-6
 Santisteban K. J., Lovering A. T., Halliwill J. R., Minson C. T. (2022). Sex differences in VO2max and the impact on endurance-exercise performance. Int. J. Environ. Res. public health 19, 4946. doi:10.3390/ijerph19094946
 Santoro N. (2016). Perimenopause: from research to practice. J. women's health 25, 332–339. doi:10.1089/jwh.2015.5556
 Scheer V. (2019). Participation trends of ultra endurance events. Sports Med. Arthrosc. Rev. 27, 3–7. doi:10.1097/JSA.0000000000000198
 Sen R., Ganguli A., Ray G., De A., Chakrabarti D. (1983). Tea-leaf plucking—workloads and environmental studies. Ergonomics 26, 887–893. doi:10.1080/00140138308963416
 Sharma H. B., Kailashiya J. (2016). Gender difference in aerobic capacity and the contribution by body composition and haemoglobin concentration: a study in young Indian national hockey players. J. Clin. diagnostic Res. JCDR 10, CC09–CC13. doi:10.7860/JCDR/2016/20873.8831
 Sheahan M., Barrett C. B. (2014). Understanding the agricultural input landscape in sub-Saharan Africa. Recent plot, Househ. community-level Evid . 
 Sims S. T., Rehrer N. J., Bell M. L., Cotter J. D. (2007). Preexercise sodium loading aids fluid balance and endurance for women exercising in the heat. J. Appl. Physiology 103, 534–541. doi:10.1152/japplphysiol.01203.2006
 Slater G. J., Rice A. J., Sharpe K., Tanner R., Jenkins D. Gore C. J., et al. (2005). Impact of acute weight loss and/or thermal stress on rowing ergometer performance. Med. and Sci. Sports and Exerc. 37, 1387–1394. doi:10.1249/01.mss.0000174900.13358.7e
 Sorensen C., Saunik S., Sehgal M., Tewary A., Govindan M. Lemery J., et al. (2018). Climate change and women's health: impacts and opportunities in India. GeoHealth 2, 283–297. doi:10.1029/2018GH000163
 Speedy D. B., Noakes T. D., Schneider C. (2001). Exercise-associated hyponatremia: a review. Emerg. Med. 13, 17–27. doi:10.1046/j.1442-2026.2001.00173.x
 Stachenfeld N. S., Keefe D. L. (2002). Estrogen effects on osmotic regulation of AVP and fluid balance. Am. J. Physiology-Endocrinology Metabolism 283, E711–E721. doi:10.1152/ajpendo.00192.2002
 Suvi S., Timpmann S., Tamm M., Aedma M., Kreegipuu K., Ööpik V. (2017). Effects of caffeine on endurance capacity and psychological state in young females and males exercising in the heat. Appl. physiology, Nutr. metabolism 42, 68–76. doi:10.1139/apnm-2016-0206
 Tankersley C., Nicholas W., Deaver D. R., Mikita D., Kenney W. (1992). Estrogen replacement in middle-aged women: thermoregulatory responses to exercise in the heat. J. Appl. Physiology 73, 1238–1245. doi:10.1152/jappl.1992.73.4.1238
 Taylor L., Mauger A. R., Watkins S. L., Fitch N., Brewer J. Maxwell N. S., et al. (2014). Precooling does not improve 2,000-m rowing performance of females in hot, humid conditions. J. Strength and Cond. Res. 28, 3416–3424. doi:10.1519/JSC.0000000000000558
 Tenaglia S. A., Mclellan T. M., Klentrou P. P. (1999). Influence of menstrual cycle and oral contraceptives on tolerance to uncompensable heat stress. Eur. J. Appl. physiology Occup. physiology 80, 76–83. doi:10.1007/s004210050561
 Torgrimson B. N., Minson C. T. (2005). Sex and gender: what is the difference? American Physiological Society. 
 Tricco A. C., Lillie E., Zarin W., O'Brien K. K., Colquhoun H. Levac D., et al. (2018). PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann. Intern. Med. 169, 467–473. doi:10.7326/M18-0850
 Ückert S., Joch W. (2007). Effects of warm-up and precooling on endurance performance in the heat. Br. J. sports Med. 41, 380–384. doi:10.1136/bjsm.2006.032292
 UNITED NATIONS (2015). The world’s women 2015. New York: United Nations, Department of Economic and Social Affairs, Statistics Division. 
 Vincent G. E., Ferguson S., Larsen B., Ridgers N. D., Snow R., Aisbett B. (2018). Adding sleep restriction to the equation: impact on wildland firefighters’ work performance and physiology in hot conditions. Int. Archives Occup. Environ. Health 91, 601–611. doi:10.1007/s00420-018-1304-9
 WHO (2017). Priorities: health impacts of climate and environmental change. Available online at: http://www.who.int/dg/priorities/en/ (Accessed August 5, 2024). 
 Wright A., Marino F. E., Kay D., Micalos P., Fanning C. Cannon J., et al. (2002). Influence of lean body mass on performance differences of male and female distance runners in warm, humid environments. Am. J. Phys. Anthropol. 118, 285–291. doi:10.1002/ajpa.10057
 Yiou P., Cadiou C., Faranda D., Jézéquel A., Malhomme N. Miloshevich G., et al. (2023). Ensembles of climate simulations to anticipate worst case heatwaves during the Paris 2024 Olympics. npj Clim. Atmos. Sci. 6, 188. doi:10.1038/s41612-023-00500-5
 Zheng H., Badenhorst C. E., Lei T.-H., Liao Y.-H., Che Muhamed A. M. Fujii N., et al. (2021). Menstrual phase and ambient temperature do not influence iron regulation in the acute exercise period. Am. J. Physiology-Regulatory, Integr. Comp. Physiology 320, R780–R790. doi:10.1152/ajpregu.00014.2021
 Zimmermann M., Landers G. J., Wallman K. E. (2017). Crushed ice ingestion does not improve female cycling time trial performance in the heat. Int. J. sport Nutr. Exerc. metabolism 27, 67–75. doi:10.1123/ijsnem.2016-0028
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Gilworth, Skinner, Hodgkiss, Lucas and Lucas. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/inline_7.gif





OPS/images/inline_5.gif





OPS/images/inline_9.gif





OPS/images/inline_8.gif





OPS/images/inline_27.gif





OPS/images/inline_26.gif





OPS/images/inline_4.gif





OPS/images/inline_3.gif







OPS/images/inline_24.gif






OPS/images/inline_23.gif






OPS/images/inline_25.gif





OPS/images/logo.jpg
¥ frontiers | Frontiers in Physiology





OPS/images/inline_20.gif





OPS/images/inline_2.gif





OPS/images/inline_22.gif





OPS/images/inline_21.gif





OPS/images/inline_17.gif





OPS/images/inline_19.gif
Type of Intervention Acute/chronic  Performance test  Basal Toqre (°C) Final Teore (°C)

intervention

Zimmermann 2017 30-min pre-cooling with Acute 800KJ cycling TT Lower afier pre-cooling Ns
ice vs. water vs. water (P<0.05)
Cooling
Taylor 2014 20-min pre-cooling (cold Acite 2,000-m rowing TT NS
shower or rest)
Arngrimsson 2014b Pre-heating 20-min exercise induced Acte VO st Basal T and final T,,,, elevated after pre-heating vs. no
pre-heating vs. no pre-heating (P<0.05)

pre-heating \

Gavel etal. (2021) Menthol mouth rinse vs. Acute 30 km cycling TT Ns

placebo

|

Hashimoto 2014 Carbohydrate vs. placebo Acute 90-min cycling (50% NS

Nutiton beverage VOyy.) followed by TT

Suvi 2017 Caffeine vs. placebo Acte Walk to exhaustion NS

Sims 2007 High sodium vs.low Acte Cyeling 70% VO, until Delta T,y greater in the low sodium group vs. high T
sodium beverage exhaustion sodium group
+
(
Cordery etal. (2017) Pharmaceutical Bupropion vs. placebo Acute 60-min cycling at 60% NS Elevated in bupropium vs. | B
VOyy followed by a placebo (P<0.05) 4
30-min TT
Kirby 2019 HA 9- days HA Chronic 15-min cycling TT NS

Abbreviations: T,,..; Core body temperature; T, time tr
intervention and control (P > 0.05).

HA, Heat acclimation; WBGT, Wet Bulb Globe Temperature; PO, power output; ) kilojoule; VO, maximal oxygen consumption at peak; min, minutes; s, seconds. NS, ne





OPS/images/inline_18.gif





OPS/images/inline_14.gif





OPS/images/inline_13.gif





OPS/images/inline_16.gif
Environmental conditions

Temperature (°C)

Humidity (%)

WBGT (°C)

Performance test

Performance

) 30 “Time, Hot: 90 Mean PO, Hot: 133 16 W P
Taylor 2014 2000mTT we
Temp: 22 3 16 Time, Temp: 85203 min | Mean PO, Temp: 141 £5 W I
Hot: 32 o 8 “Time, females “Time, males
Holp st 4614 Holp rsricin1033 £7.8
s112s s
Hoty st rsriaont 4579 [ —TY
1015 60 Pe
Slter 2005 1200mTT [
Temp:21 2 15 Time, females “Time, males
TemPrag et 4572 TemPras e 4003
1935 745
Temp o 4537 | TemPg s ot 3982
1005 745
Hot: 32 B 2 Work, Hot: 272+ k] Mean PO, Hot: 151 £33 W
20-min fxed intensity
Zhengetal. 2021 i
eng tal. (2021) Temp: 20 75 16 followed by 30-min TT Work, Temp: 280 £57 k| Mean PO, Temp: 156 +32 .
W
Hot: 32 ) 8 o “Time, Hot: Luteal 63,6 £10.4 min vs. Follcular 667 £8.1 min T
60-min fxed intensity
Janse de Jonge 2012 T,
Temp: 20 s 15 “Time, Temps Luteal 71.9 £4.2 min vs. Folicular 72.8 £3.0 min s
Hot:35 59 30 “Time, Hot: 46.4 £10 min
) 60% maximal aerobic T
Fuaii 2010
pover TTE ]
Temp: 22 53 18 ‘Time, Temp: 70.4 £14 min
Hot 45 50 3 Time, females Time, males T
Hot:9.1 £18 min Hot:8.77 +1.31 min 1
Amgrimsson 2014b TTE and VO, ¥
Temp: 24 50 2 Time, females Time, males f
Temp: 126 £1.5 min Temp: 13.15 £1.41 min
Pace, Hot: 148 £ 1.0 km/h .
Beal et al. (2022) — Marathon running race - — - —
56 16 Pace, Temp: 15.5 £ 10 kn/h
Hot: 34 a2 7 Work output, Hotp,,: 263+ 39 k) P
Lei 2017 30-min eycling TT N
Hot:29 5 z Work output, Hotyyg: 248 40 K}
Hot34 a 7 Work output, Hotp,y: 273 £29 k] P
7
@
Lei 2019 cyeling TT
Hot29 81 z ‘Work output, Hotyypg: 258 £28 k] P
B

Abbreviations: Temp, temperate; WBGT, Wet Bulb Globe Temperature; PO, power output, W, Watts; VO, maximal oxygen consumption; T, time trial; TTE, time to exhaustion; min, minutes; , seconds; OCP,oral contracepive pll

Atherwise





OPS/images/inline_15.gif





OPS/images/inline_10.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Mapping the evidence on the impact of heat stress on exercise and work performance in females: a scoping review		1 Introduction

		2 Methods		2.1 Protocol and registration

		2.2 Information sources

		2.3 Eligibility criteria

		2.4 Screening of abstracts and full texts

		2.5 Data charting, level of evidence and quality assessment

		2.6 Data items

		2.7 Critical appraisal of individual sources of evidence

		2.8 Synthesis of results





		3 Results		3.1 Articles retrieved

		3.2 Study characteristics

		3.3 Quality of the evidence

		3.4 Participant characteristics

		3.5 Environmental conditions

		3.6 Performance measures

		3.7 Female vs. female comparisons

		3.8 Female vs. male





		4 Discussion		4.1 Main findings

		4.2 Study characteristics

		4.3 Performance: female vs. female

		4.4 Age

		4.5 Work performance

		4.6 Interventions

		4.7 Performance: female vs. male

		4.8 Quality of the data

		4.9 Future directions





		5 Conclusion

		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		Supplementary material

		References









OPS/images/inline_1.gif





OPS/images/inline_12.gif





OPS/images/inline_11.gif





OPS/images/fphys-16-1507398-t007.jpg
Type of
intervention

Intervention

Acute/chronic

Performance test

Basal Teqe (°C) Final Tegye (°C)

Performance
change

Zimmermann 2017

Codling
Taylor 2014
Armgrimsson 2014b Pre-heating,
Gavel exal. (2021)
Hashimoto 2014
Nutrition
Sui2017
Sims 2007
Cordery etal. (2017) Pharmaceutical
Kirby 2019 HA

30.min pre-cooling with
e vs. water

20.min pre-cooling (cold
shower orres)

20.min exercse induced
pre-heating vs.no

preheating

Menthol mouth rinse vs.
placebo.

Carbohydrate vs. placebo
beversge

Caffeine vs. pacebo

High sodium vs.low
sodium beverage

Bupropion vs.placebo.

9. daysHA

Acute

Aaute

Acute

Aaute

Acute

Chronic

800K cycing TT

2000-m rowing TT

VO test

30k eycling TT

90-min cycling (50%
VO ollowed by TT

Walk to exhaustion

Cycling 70% VO, unil
exhaustion

0-min yclingat 60%
VO llowed by a
S0minTT

15-min cycling TT

Lower aftr pre-cooling NS
vs.vater (P<0.05)

NS

Basal T, and final T, clevated after pre-hesting vs. no.
preheating (P<0.05)

NS

Ns

NS

Delta T, grester inthe low sodium group vs. high
sodium group

s Elevated in bupropium vs.

placebo (P<0.05)

Ns

NS

s

Pre-hesting impaired
performance (114 +1.4
V.90 £18 min; P<0.05)

Menthol mouth rinse
improved TT
performance (23%) and
PO (P<0.05)

NS

s

TTE 21% improvement in
high sodium (98.5
4256 min) vs.low sodium
(787 2246 min, P<0.05)

Bupropion increased work
(291 248 ) vs. placebo
(269:246 K1, P<0.05).

9-days HA improved
distance (3%), PO (8%)
and speed (3% P<0.05)

ABbreviations: T,; Core body temperatur T, ime il HA, Hestacclimation; WBGT, Wet Bulb Globe Temperature; PO, power output; K, Kilojoule Vs, maximal oxygen consumption a peaks i, minutes; , seconds, NS, no sigificant difernce betweer

AP B SO





OPS/images/fphys-16-1507398-t006.jpg
Environmental conditions

Temperature (°C)

Humidity (%)

WBGT (°C)

Performance test

Performance

Percentage
change between
conditions

Taylor 2014

Slter 2005

Zhengetal. (2021)

Janse de Jonge 2012

Fuaiti 2010

Arngrimsson 2014

Bealetal. (2022)

Li2oi7

Lo

Abbrevitions: Temp temperate; WBGT, Wet Bulb Globe Temperature; PO, power utput, W, Wt

R

Hot35

Temp 22

Hot32

Temp:21

Hot 32

Temp: 20

Hot 32
Temp: 20

Hou 35
Temp: 22

Hot 45

Temp:24

Hot32

Temp: 19

Hot:34

Hot29

Hot:34

Hot29

2

5

7

s

s

5

50

s0

»

56

2

5

a

s

15

16

15

15

16

z

2

2

2

2000m T

1200mTT

20-min fixed intensity
followed by 30-min TT

60-min fixed intensity
followed by TTE

60% maximal acrobic
power TTE

TTEand VO,

Marathon running race

30.min cyeling TT

30.min cyeling TT

“Time, Hot: 90 203 min Mean PO, Hot: 133 26 W
Time, Temp: 85503 min | Mean PO, Temp: 141 35 W
Time,females “Time, males
Hotpi st 1614 HOlu rin 4033 278
mas B

Hol ot i 4579 L ——
1015 605

Time,females Time, males

L ——] Tempriad et 4003
935 745

Temp sromcrant 4537 | TMP st st 982
1005 745

Work, Hot: 272+ 9K Mean PO, Hot: 151233 W

Work, Temp: 280 £57 k] Mean PO, Temp: 156 432

W

Time, Hot: Luteal 63,6 £10.4 min vs Follicular 667 £8.1 min

Time, Temps Luteal 71.9:+4.2 minvs. Follcular 728 £3.0 min
Time, Hot: 464 +10 min

Time, Terp: 704 £14 min

Time,females Time, males
Hot:9.1 £18 min Hot:877 £1.31 min
Time,females Time, males
Temp: 126215 min Temp: 1315 141 min

Pace, Hot: 148 £ L0 km/h
Pace, Temp: 155+ 10 kmfh

Work output, Hotpyy: 263 £ 39 ]

Work output, Hotyy: 248+ 40K

Work output, Hoty,y: 273 £29K)

Work output, Hotyg: 298 228 K]

PO and completion time.
were not diffrent betsicen
Hotand Temp (P>0.05)

Performance was impaired
by 1%in Hotvs. Temp.
(P<005)

PO and total work
paired by 3% in Hot vs.
Temp (P<0.05)

TTE impaired by 10
Hot v, Temp (not
statistcally compared)

TTE impaired by 34%in
Hot v. Temp (P<0.05)

TTE impaired by 28%in
Hotvs. Temp (P<0.05).
Hot impairment similar
for males and females in
V04, 30d TTE

Pacing 5% slower in Hot
vs. Temp (P<0.05)

Performance impaired by

796 in ot 5. Holgy,

(aturally menstruating
females; P<0.05)

Performance impaired by

796 in ot 5. Holgy,

(naturally menstruating
females; P<0.05)

Performance impaired by
796 in Hotgypg 5. Holpy,
(OCP users; P<0.05)

O masimal oxygen consumption: T, tril TTE, ime o xhaustion; i, s  seconds: OCP ral contraceptive il Data i fo femals unlsssated





OPS/images/crossmark.jpg
©

|





OPS/images/fphys-16-1507398-t001.jpg
Performance test = Total (k) Participants (n, Modality of Athletic or work Types of

Females, Males) performance test performance (k) comparisons
(k)
T 29 822 (437, 385) Running (12) Athletic (28) Female vs. Female (13)
Walking (3) Work (1) Sex differences (4)*
Cydling (12) Female and male (13)
Rowing (2)
TTE 9 147 (91,56)" Running (1) Athletic (9) Female vs. Female (4)
Walking (2) Sex differences (2)"
Cydling (6) Female and male (4)
VO, test 2! 29(18,11)° Running (1) Athletic (2) Female vs. Female (2)
Cycling (1) Sex differences (1)**
Productivity 2 30 (16,14) Shoot harvesting (1) Work (2) Female vs. Female (1)
Work circuits (1) Female and male (2)

“One study reported two performance tests (VO test and TTE) and subsequently has been reported twice. “Three studies analysed female vs. female responses plus sex differences and
subsequently have been reported twice in the table. Abbreviations: k, number of studies; n, number; T, time trial; TTE, time to exhaustion; VO3, maximal oxygen consumption. ‘Female and
il polaietsdits et wis ot sttt compsind.





OPS/images/fphys-16-1507398-t002.jpg
Characteristics

n 551 455
Age (years) 29 (20-46) ‘ 37 (22-54)
Mass (kg) 60.2 (40.1-73.0) 77.9(57.4-92.2)

Height (cm) 165 (149-172) 179 (170-186)

VO, (mL/kg/min)

49 (35-60) 59 (44-69)






OPS/images/fphys-16-1507398-g003.gif
Levelof Evidence

Quality of Evidence

Level2 oo

Modersteyr | Level3 owy:
High 0 0
Moderate 4 9






OPS/images/fphys-16-1507398-g004.gif





OPS/images/fphys-16-1507398-t005.jpg
Lei2o9

Tenaglia 1999

Type of OCP Brand,
hormone
concentrations
in blood and
synthetic
hormone
concentrations
reported (Y/N)
Monophasic OCP ¥
1yen)
Monophasic OCP (1 v
= 7riphasic (1=
2.

OCP taking phase

qL(18-20and
2-27)

QML (19522)

GF(3-5 and 10-12)

qEF (245)

Basal Ty
(ko)

Hlevated n qLvs.qF
(40152021
P<003)

Elevated in gL
(37.14) v gF (3736;
Pe00s)

Basal T, (C)

Final Tegye (°C)

NS

Performance
test

30-min cycling TT

15.min walking,
followed by

15-min seated rest.

il exhaustion

Performance
outcome

Ns

Ns

Abbreviations: Y. yes; N, No: gL quast el gF quast-follcular gEF, quas-carly folliculr; ML, quasi-mid utcal; OCR, oral coneaceptvepill T ore body temperatures Ty, skin emperature, T, e trial; NS, o ignificant difeence between the OCP takin

Shases (P > 0.05).





OPS/images/fphys-16-1507398-t003.jpg
Participant
characteristics

Basal Ty (°C)

Final Tore (°C)

Delta T,q, (°C)

Performance test

Performance
outcome

Hashimoto etal. 2014)

Leizo17

‘Wright 2002°

Zhengetal. 2021)

Janse de onge 2012

Tenaglia 1999

Abbrevitions: L. tel . fllicularsEF, esely flliclar; ML mid utel Ty, cor body emperature: T, skin tmperatures Vs, masi
(P>0.05); mean £5D. Delta T, . difference between final and basal T,_...

V0,395
£5.3 mikg/mi
Physically actve (1=2);
not physically active
(=)

V0,3, 55
29 mUkg/min, Trained
eycis/rithetes(n=10)

VO, 51
19 mLkg/min. Trained

VO, 464
471 mlkg/min

V0,400
269 mlkg/min
Recreationally actve.

VO, 113
2.6 mLkg/min.
Recreationally active.

Hlevated in L vs. F
(®<005)

02120.14°C higher in
MLys.EF
(®<005)

Elevated inL (377) vs. F
(37.424028; P<005)

028 4025 °C higher
MLvs.EF (P<005)

Elevated in ML (37.2
£03) vs. EF (37.0 402
Pa00s)

Elevated in ML (3731
£0.08)vs. EF (37.09
2008 P<0.05)

Notreported.

NS

Notreported

Ns

NS

Blevated in ML (33.4
£0.16)vs EF (3291
020;P<0.05)

Hlevated in Lvs. F
(®<005)

0232028 °C higher in

ML vs. EF i hot humid

(<008) no diference in
hotdry

NS

NS,

NS

NS

Notreported

Elevated in EF (140
£0.18) vs. ML (123
2027, P<0.05)

Elevated in Fvs. L
(P<003)

NS

Rest o 45-min was 19%.
higherin ML (P<0.05)

Elevated in EF vs. ML
(P<005)

90-min eycling (50%
VO, followed by TT

30.min cyeling TT

30-min running T

20.min fixed-intensity
eyeling followed by
30min TT

60.min fixdintensity
cycing (605 VO, ,.).
followed TTE

15-min valking, followed
by 15-min seated rest
untl exhaustion

Ns

NS

NS

NS

TTE was 57% longer in
EF than during ML
(<003)

TTE waslonger in EF

(1281 13.4 min) vs. ML
(1074 8.6 min; P<0.05)

al xygen consumpion: TTE,time 0 exhaustion TT,time ral: N, nosignificant diference between the menstrualcyce phises
Amdiciten e snil nasd s Ml cohost ol Riciclly Auinsrutiod 4ad OCP st





OPS/images/fphys-16-1507398-t004.jpg
Method of menstrual cycle phase Criteria for Menstrual cycle phase duri

verification menstrual cycle testing (day)
phase
Calendar tracking Oestrogen and Luteal (day) Follicular (day)
progesterone
concentration
Hashimoto 2014 Y ¥ Progesterone <5.1 ng/mL for Exact day not specified. Concentrations of
luteal. hormones are reported for each phase.
Lei 2017 ¥ ¥ Progesterone > 9.5 nmol/L ML (18 and 21) EF (3and 6)
for ovulation.
Wright 2002 Y N None Not reported
Zheng etal. (2021) Y ¥ Progesterone > 5ng/mlLfor | ML (20£2and22+3) | EF (3£land72)
ovulation.
Janse de Jonge 2012 Y Y Progesterone > 16 nmol/L ML (19-25) EF (3-6)
for luteal.
Tenaglia 1999 Y ¥ Progesterone level of > ML (19-22) EF (2-5)
9.5 nmol/L for ovulation.

Ablwevistions T you i, xios BH onsly Glliculas: BAL. mid Iatesl: mean & S0:





OPS/images/cover.jpg
& frontiers | Frontiers in Physiology






OPS/images/fphys-16-1507398-g001.gif





OPS/images/fphys-16-1507398-g002.gif
SR S MmN
4 et e i s
55 s ait peromance
1915 e e comparons
2o wtich o vt s difencs
Simeted s diflrnce ony
- W e withi e it cor
FI——————
-2 eporid e s conprss
U hichodi Sl and i o i it S commmne: s Bt





