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ABSTRACT

Skeletal muscle glycogen depletion is considered one of the key contributing factors
toward fatigue and associated performance decrements in soccer. Ensuring adequate
carbohydrate availability before and during training and matches is widely-advised as a priority
for players, and for that reason, carbohydrate-based fuelling guidelines for soccer have been
developed. However, the lack of female-specific research used to inform the development of
these guidelines raises important questions regarding their applicability for female soccer
players. This review critically appraises the likelihood of there being between-sex differences
in carbohydrate requirements for soccer performance. Males and females exhibit differences in
substrate utilisation during exercise, substrate storage capacity, relative quantities of fat and
fat-free mass, and running demands of soccer match-play, but the extent to which these
differences translate into practically-meaningful differences in carbohydrate requirements for
soccer performance remains unclear. Based on current evidence, we consider it premature to
suggest that female players will require sex-specific guidelines in relation to carbohydrate-
based fuelling strategies for performance in soccer. However, intervention studies in female
players investigating carbohydrate-based fuelling strategies before and during soccer match-

play or simulated soccer protocols are warranted.
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football; muscle glycogen; running demands; substrate utilisation; team sport;
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Introduction

Carbohydrate (CHO) is the primary fuel source for skeletal muscle during high-
intensity exercise (Anderson et al., 2022; Hargreaves & Spriet, 2020; Vigh-Larsen et al., 2021).
Soccer is characterised by repeated high intensity activities interspersed with prolonged periods
of low- to moderate-intensity activity, resulting in a substantial reliance on glycogen stores in
both skeletal muscle and the liver (Krustrup et al., 2022; Krustrup et al., 2006; Vigh-Larsen et
al., 2021). For example, skeletal muscle glycogen concentrations can decline by ~40% from
pre- to post-match (Krustrup et al., 2022; Krustrup et al., 2006), with 80% type I fibres and
69% type Il fibres being observed to be “almost empty” or “completely empty” of glycogen in
one study of female soccer players (Krustrup et al., 2022). Therefore, muscle glycogen stores
are inherently limited in their capacity relative to the fuel demands of training and matches
(Krustrup et al., 2006; Vigh-Larsen et al., 2021). Consequently, ensuring adequate CHO
availability before and during training and matches is often advised as a key priority for players
to support performance (Collins et al., 2021). Current guidelines for acute intake of CHO before

and during soccer performance are shown in Table 1.

Table 1. Current guidelines on carbohydrate-based fuelling strategies for before and during
soccer performance (Collins et al., 2021)

Strategy/time period Current recommendations
Carbohydrate loading 6 to 8 g/lkg BM on MD-1
MD 6 to 8 g’lkg BM on MD
Pre-match 1 to 3 g/lkg BM 3 to 4 hours before kick-off
During exercise ~30 to 60 g after warm-up and at half-time

Abbreviations: g/kg BM, grams of carbohydrate per kilogram of body mass; MD, match day.
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Although these guidelines are intended to apply to both male and female players, the
authors acknowledge that the data on female soccer players is sparse (Collins et al., 2021).
Indeed, our recent audit revealed that females accounted for less than 4% of participants in the
evidence base that informed the development of these guidelines (McManus et al., 2025). The
lack of female-specific research in this area raises important questions regarding the
applicability of existing CHO guidelines for female soccer players (McManus et al., 2025;
Randell et al., 2021), given that there are various physiological and metabolic differences
between males and females that could impact CHO-based fuelling requirements for soccer
performance. Males and females exhibit differences in substrate utilisation during exercise
(Lundsgaard & Kiens, 2014), muscle fibre composition and capillarisation (Haizlip et al.,
2015), substrate storage capacity (Tarnopolsky et al., 1995), relative quantities of fat and fat-
free mass (FFM) (Randell et al., 2021; Sebastid-Rico et al., 2023), and physical demands of
soccer match-play (Datson et al., 2017; Ju et al., 2025) which may influence dietary needs,
nutrient-exercise interactions, and performance outcomes. Therefore, this review critically
appraises whether these differences are likely to result in between-sex differences in CHO-
based requirements for fuelling soccer performance, as well as considering the extent to which
any differences could translate into practically-meaningful differences in CHO requirements

between male and female soccer players.

Differences in substrate utilisation between males and females

Developing nutrition recommendations for soccer players necessitates a comprehensive
understanding of the types and quantities of energy substrates utilised during match-play. To
date, no study has directly compared substrate utilisation between male and female athletes
during soccer match-play or a simulated soccer protocol. More broadly, between-sex

comparisons of substrate metabolism during any intermittent-type running protocol remain
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scarce in the literature. Consequently, findings from continuous running protocols, and
continuous and intermittent cycling protocols must be relied upon to assess potential between-
sex differences in substrate utilisation during exercise. Evidence from controlled laboratory
settings consistently shows that when matched for training status and VO.max, and when
exercising at the same relative intensity, females tend to exhibit greater reliance on fatty acids
during prolonged submaximal aerobic exercise compared with males (Carter et al., 2001;
Montero et al., 2018; Roepstorff et al., 2006; Tarnopolsky et al., 1990). A whole-room
calorimeter study demonstrated that, relative to FFM, females exhibited 32% and 90% greater
rates of fat oxidation than males during low (40%VO>max) and high-intensity (70%VO>max)
exercise, respectively (Melanson et al., 2002). Even when controlling for differences in diet,
training status, and menstrual cycle phase, males have been shown to utilise 25% more muscle
glycogen, and exhibit higher respiratory exchange ratios than females during prolonged
exercise at ~65%VO.max (Tarnopolsky et al., 1990). Other studies have reported similar
observations throughout a range of submaximal exercise intensities up to ~85%VO.max
(Cheneviere et al., 2011; Venables et al., 2005), and this pattern persists across other modes of
exercise, such as resistance exercise (Sarafian et al., 2016). Results from sprint cycling
protocols corroborate these findings, with the exercise-induced reduction in muscle glycogen
being smaller by ~40% in type I muscle fibres in females compared to males in response to
single or repeated 30 s sprints, whereas the reduction in type II muscle fibres was similar across
sexes (Esbjornsson-Liljedahl et al., 2002; Esbjornsson-Liljedahl et al., 1999). Between-sex
differences in substrate utilisation have been proposed as being largely oestrogen-mediated
(Tarnopolsky, 2008), and therefore, may be influenced by menstrual cycle phase and hormonal
contraceptive use. Broad differences between sexes such as greater intramuscular triglyceride
storage, and cell membrane and mitochondrial fatty acid transport proteins, as well as -

oxidation enzymes (e.g., medium chain fatty acyl-CoA dehydrogenase) and pyruvate
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dehydrogenase kinase 4, are likely regulated by oestrogen acting through oestrogen receptor a-
mediated mechanisms, which results in greater skeletal muscle fatty acid oxidation capacity
(Campbell & Febbraio, 2001; Cano et al., 2022; Oosthuyse & Bosch, 2012). Additionally,
elevated concentrations of oestrogen, as observed during the late follicular and mid-luteal
phases of menstrual cycle, can reduce reliance on CHO utilisation due to reduced hepatic
glycogen utilisation and insulin-mediated storage, therefore shifting metabolism towards
greater contribution from fat through free fatty acid mobilisation and oxidation (Cano et al.,
2022; Friedlander et al., 1999). Hormonal contraception typically reduces endogenous
concentrations of 17-beta oestradiol and progesterone (compared with the mid-luteal phase of
the menstrual cycle), which may have implications for substrate utilisation (Elliott-Sale &
Hicks, 2018). Yet, the independent effect of progesterone on substrate utilisation during
exercise is still uncertain. However, one study involving eumenorrheic women compared the
effects during 60 min of submaximal exercise (~60%VO,max) pharmacologically-
administered oestrogen alone versus a combination of oestrogen and progesterone (D'Eon et
al., 2002). The results showed that total CHO oxidation was higher when both hormones were
administered (oestrogen: 1.05+0.02 g/min vs. oestrogen plus progesterone: 1.27+0.04 g/min),
and the greater muscle glycogen utilisation also observed was associated with lower free-fatty
acid concentrations. These data suggest that progesterone may attenuate the lipolytic effects of
oestrogen (D'Eon et al., 2002).

Notably, in many studies reporting between-sex differences in substrate utilisation,
participants were exercised in a fasted state. In studies where participants were fed directly
before (0 to 3 h), or during, the exercise protocol, no clear differences in the relative
contribution of CHO or fat to energy provision were observed (Harger-Domitrovich et al.,
2007; M'Kaouar et al., 2004; Pettersson et al., 2019). Therefore, because players are likely to

play competitive soccer matches in a fed state, the reported differences in substrate utilisation,
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i.e. greater reliance on fat in females during fasted exercise, is unlikely to be a relevant
consideration to fuelling strategies for match-play. In fact, in studies where CHO was
administered during exercise, the percent energy contribution from exogenous CHO sources
has been shown to be up to 25% higher for females compared to males (Riddell et al., 2003;
Tremblay et al., 2010). As such, ensuring adequate CHO intake directly before and during
soccer matches, consistent with current guidelines (Collins et al., 2021) (Table 1) may be of
particular importance for female players.

When expressed in absolute terms (g/min), similar exogenous CHO oxidation rates
have been observed in males and females when CHO is ingested during exercise (Wallis et al.,
2006). From a practical perspective, this observation implies that the current CHO-based
fuelling guidelines for during matches (i.e. ~30 to 60 g CHO after the warm-up, and at half-
time) (Collins et al., 2021) may be adequate for both male and female soccer players. However,
a recent study observed that larger athletes (BM >70 kg; 45+13 g/h) had a higher rates of
exogenous glucose oxidation (mean difference: 13 g/h) than smaller athletes (BM <70 kg; 33+8
g/h) during 120 min of cycling at 95% of lactate threshold (Ijaz et al., 2024). This difference
may have been partly due to differences in absolute exercise intensity as much as differences
in BM itself, and is somewhat in contradiction to a previous analysis that showed no
relationship between BM and rates of exogenous CHO oxidation (Jeukendrup, 2010). Despite
those caveats, a BM-dependent effect on exogenous CHO oxidation would translate as female
players requiring smaller amounts of CHO during exercise given their typically smaller body
sizes, but this contention would need be explored specifically in the context of soccer training
and match-play.

Notably, the CHO intake practices of elite female soccer players during match-play
have been reported as considerably less than current recommendations. For example, only 3

out of 19 Spanish first division players consumed CHO during a competitive match, with an
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average group intake of just 0.9 g/h (Tarnowski et al., 2022). In comparison, average group
intakes of 32 g/h and 17 g/h have been observed during competitive matches in male English
Premier League players (Anderson et al., 2017; Kasper et al., 2024). Possible explanations for
the low intakes in female players may be the fear, or actual experience, of gastrointestinal
problems during matches. Largely due to their smaller stomachs (Cox, 1945), females are likely
to exhibit greater postprandial fullness and frequency and/or severity of gastrointestinal
symptoms following consumption of a given food volume (Tiller et al., 2021). However,
female athletes accustomed to feeding during exercise are able to tolerate greater intakes of
food and fluid during training and competition (Martinez et al., 2023). Accordingly,
implementing targeted nutrition ‘training’ of the gut (Jeukendrup, 2017), by ensuring repeated
exposure to CHO intake in training and matches, may help improve tolerance and optimise

fuelling practices during matches in this population.

Differences in substrate storage between males and females

On the day prior to a match (“MD-1”), a strategy known as “CHO loading” that targets
CHO intakes as high as 6 to 8 g/kg body mass (BM) is recommended to elevate glycogen stores
in skeletal muscle and liver (Collins et al., 2021) (Table 1). These guidelines are suggested to
be applicable for both male and female soccer players, but no study has yet investigated the
impact of CHO loading on muscle glycogen concentrations or performance in female soccer
players (McManus et al., 2025), although CHO loading is generally recognised to benefit
exercise performance more broadly (Larrosa et al., 2025). A difference between sexes in the
ability to store muscle glycogen when following a CHO loading protocol was previously
reported (Tarnopolsky et al., 1995). After 3 days of CHO loading, which increased CHO intake
from 55% to 75% of habitual energy intake (equating to an average CHO intake of 6.6 g/kg in

females and 8.4 g/kg in males during the protocol), a ~150 mmol/kg dw difference in glycogen
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concentration in the vastus lateralis muscle of the thigh was observed between male
(565 mmol’kg dw) and female (409 mmol’kg dw) athletes (Tarnopolsky et al., 1995).
However, the same authors later demonstrated that when the males and females consumed a
similar absolute quantity of CHO (males: 600 g CHO equating to 8 g’kg BM vs. females: 540 g
CHO equating to 9 g/kg BM), no differences in muscle glycogen concentration were evident
(Tarnopolsky et al., 2001). Furthermore, when using a higher intake of CHO, muscle glycogen
concentrations were found to increase to a similar extent in both males (~68% increase) and
females (~79% increase) following a 3 day CHO loading protocol (12 g/kg lean body mass,
equating to ~10.5 g/kg BM for males and ~ 9.9 g/kg BM for females) (James et al., 2001).
Overall, these findings suggest that the capacity to store glycogen is not different between the
sexes once the intake of CHO is sufficient, with 8-10 g/kg BM of CHO often being referred to
as the “CHO loading threshold” (Bergstrom et al., 1967; Burke & Hawley, 1999; Wismann &
Willoughby, 2006). These interpretations should, however, be considered in light of there being
a limited number of studies, generally small sample sizes, and the general lack of
standardisation or monitoring of menstrual cycle phase in these studies.

Nonetheless, if such a threshold exists, it remains uncertain whether CHO intakes on
the lower end of the MD-1 CHO guidelines for soccer (i.e. 6 to 8 g’kg BM) would be sufficient
to achieve the ergogenic benefits of CHO loading in female players. In studies examining the
effects of CHO loading in male soccer players, all protocols have included a daily intake of at
least 7 g/lkg BM of CHO (Abt et al., 1998; Balsom et al., 1999; Bangsbo et al., 1992; Hiromatsu
et al., 2023; Kazemi et al., 2023; Souglis et al., 2013). Furthermore, the majority of CHO
loading studies to date have used 2 to 4 day protocols under controlled conditions with limited
exercise, a pattern that does not reflect the typical training and fuelling protocols in professional
soccer players (Anderson et al., 2022; McHaffie et al., 2024; Morehen et al., 2022). For

example, match-day preparations in soccer often involve only one day of high CHO intake
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(Anderson et al., 2022). Observations in female soccer players show markedly lower pre-match
resting muscle glycogen concentrations (~400 mmol/kg dw) (Krustrup et al., 2022) compared
to values previously reported in extended CHO loading studies in well-trained females, even
when CHO intake has only been moderate e.g. ~600 mmol/kg dw after 4.7 g/kg/d for 4 days
(Walker et al., 2000). Whether the short duration increase in CHO intake undertaken by soccer
players in practice would result in meaningfully different pre-match muscle glycogen
concentrations between male and female players is unknown.

In male soccer players, CHO loading strategies have been shown to delay fatigue and
enhance the capacity for intermittent high-intensity exercise in some studies (Balsom et al.,
1999; Bangsbo et al., 1992; Kazemi et al., 2023; Souglis et al., 2013), though not all have
reported such benefits (Abt et al., 1998; Hiromatsu et al., 2023). A key limitation of several
CHO loading studies in male soccer is the absence of a standardised pre-exercise meal. Given
the established impact of pre-exercise CHO intake on performance (Burke & Hawley, 1999),
absence of a standardised meal or major differences in CHO content of the pre-exercise meal
introduces a confounder and a question whether any effects observed from these studies can be
attributed to the CHO loading protocol alone. Furthermore, none of the existing CHO loading
studies in soccer reported including CHO ingestion during exercise (Abt et al., 1998; Balsom
et al., 1999; Bangsbo et al., 1992; Hiromatsu et al., 2023; Kazemi et al., 2023; Souglis et al.,
2013), despite UEFA guidelines recommending 30 to 60 g of CHO immediately before and
during soccer performance (Collins et al., 2021). Notably, a previous study in cycling (100 km
time trial) reported negligible performance differences following a CHO loading protocol (9
vs. 6 g/kg/d for 3 days; muscle glycogen, 572+107 vs. 485+128 mmol/kg dw) when participants
consumed CHO during exercise (1 g’lkg BM), suggesting that CHO intake during exercise may
mitigate the effects of commencing exercise with lower pre-exercise glycogen concentrations,

or alternatively that the difference in muscle glycogen achieved with 9 g/kg/d compared 6
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g/kg/d was not enough to impact performance (Burke et al., 2000). Taken together, these
observations highlight the need for better-controlled CHO loading studies in soccer across both
sexes.

One issue when determining the CHO requirements of female soccer players around
competition is the lack of studies investigating the contribution of muscle glycogen to energy
provision during soccer match-play or simulated soccer protocols in this population.
Furthermore, the glycogen cost of soccer match-play has not yet been directly compared
between male and female players. However, results from separate investigations demonstrate
similar reductions in muscle glycogen concentrations between pre and post-match in males and
females (A194 mmol/kg dw vs. A173 mmol/kg dw, respectively), with largely similar resting
glycogen concentrations observed (449+22 vs 409+62 mmol/kg dw) (Krustrup et al., 2022;
Krustrup et al., 2006). Although previous investigations have reported lower resting muscle
glycogen concentrations in females compared to males (~300 vs. ~500 mmol/kg dw) (Impey
et al., 2020), albeit not in soccer players specifically, this difference likely reflects the lower
habitual CHO intakes in female athletes (~3 to 4 vs. ~4 to 6 g/kg BM/d) (de Sousa et al., 2022;
Garcia-Rovés et al., 2014). In studies that control for daily CHO intake and physical activity
levels, similar resting muscle glycogen concentrations have been observed between sexes
(James et al., 2001; Tarnopolsky et al., 2001). Furthermore, the lack of between-sex differences
in GLUT-4, hexokinase and glycogen synthase expression and activities also suggests limited
differences in muscle glucose delivery and storage between the sexes (Lundsgaard & Kiens,
2014).

Lastly, an important question specific to female players is whether the capacity to store
muscle glycogen is altered during specific phases of the menstrual cycle. Previous studies
suggest that females can supercompensate muscle glycogen consequent to CHO loading in

either phase of the menstrual cycle, at least when CHO is high (>8 g/kg BM) (McLay et al.,
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2007; Nicklas et al., 1989), but resting glycogen concentration has been observed to be lower
during the follicular phase compared to the luteal phase (443 vs. 391 mmol/kg dw, respectively)
(Hackney, 1990). Practically, this observation may mean that female players should aim to
ingest the upper limits of recommendations (~8 g/kg BM) prior to matches, and pay particular
attention to doing so during the follicular phase of their menstrual cycle (Moore et al., 2022),
but this suggestion is tentative based on limited investigations to date as well the lack of
evidence for or against the performance benefits of CHO loading in female soccer players.
Similar recommendations may also be relevant for oral contraceptive pill users, particularly
during the ‘inactive’ pill phase, which is typically 4 to 7 days of pills without active hormones
that are taken following a 21 day course of ‘active’ pills, when circulating oestrogen and

progesterone concentrations resemble those of the early follicular phase (Cano et al., 2022).

Differences in proportion of body mass as fat-free mass between males and females
While evidence suggests minimal between-sex differences in the muscle's capacity to
store a given amount of glycogen per unit of muscle mass (James et al., 2001; Lundsgaard &
Kiens, 2014), one consideration could be whether variations in FFM as a proportion of total
BM could influence CHO requirements between male and female soccer players. CHO
recommendations for exercise are often expressed as grams per kilogram of BM (Collins et al.,
2021; Thomas et al., 2016). However, because FFM incorporates the lean tissue mass in the
form of skeletal muscle as the primary user of CHO during exercise, and in the form of skeletal
muscle and liver as the main storage sites for CHO, requirements for CHO intake could be
more closely related to FFM than to overall BM. By analogy, there is increasing discussion of
protein requirements being expressed on a per kg FFM basis (Dekker et al., 2022; Geisler et

al., 2016).
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Dual-energy X-ray absorptiometry (DXA) is a widely-accepted and reliable non-
invasive method of estimating FM and FFM (Tewari et al., 2018). Average values for %FM
and FFM in elite male soccer players by DXA typically range from ~8% to ~13% and ~55 kg
to ~71 kg, respectively (Milanese et al., 2015; Milsom et al., 2015; Sebastid-Rico et al., 2023).
Data on elite female soccer players are more scarce, but average values for %FM and FFM of
between ~14.5% to ~22% and ~42.5 kg to ~49.5 kg, respectively, have been observed using a
combination of skinfold and bioelectrical impedance analysis methods (Petri et al., 2024;
Randell et al., 2021), while values of ~18% to ~23% and ~47 kg to ~49 kg were reported using
DXA (Morehen et al., 2023; Moss et al., 2020; Savolainen et al., 2023). Theoretically, the
lower proportion of BM as FFM in female players, on average, suggests reduced CHO
requirements in this population when expressed relative to BM.

Table 2 illustrates this concept by considering the requirements applied to players with
BM of 60 and 80 kg, and %FM of 10%, 17.5% and 25%. The analysis suggests that compared
to a male of 10%FM, a female of 25%FM who consumes the same target of 7 g/lkg BM of CHO
will consume 20% more CHO per kg FFM (7.8 vs. 9.3 g/lkg FFM). If instead the target CHO
intake is based on g/kg FFM, that same female would only require 5.8 g/kg BM in order to
match the 7.8 g/kg FFM provided by the 7 g/kg BM.

These calculations illustrate that CHO requirements expressed per kg of BM may
overestimate the needs of female players relative to their glycogen storage capacity, and
support the rationale for using FFM-based requirements to more accurately individualise
nutrition strategies across sexes. Yet, in practical terms, the change in the example above would
mean consuming 348 g rather than 420 g of CHO as an absolute amount, with the 72 g
difference being the equivalent of a large CHO-based snack, or small CHO-based meal.
Therefore, whether these differences are physiologically-meaningful, or practically-actionable

would warrant further exploration, such that when combined with the inherent inaccuracies in
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estimating %FM, there may be limited added value in routinely applying FFM-based
recommendations over the more practical BM-based recommendations when working with

female players.

Table 2. Sample calculations illustrating differences in carbohydrate requirements relative to
body mass and fat-free mass as a function of different levels of body fat

Body mass Fat mass FFM CHO CHO CHO
(kg) (%0) (kg) (g/kg BM) ® (g/kg FFM)
60 10.0 54.0 7.0 420 7.8
60 17.5 49.5 7.0 420 8.5
60 25.0 45.0 7.0 420 9.3
60 25.0 45.0 5.8 348 7.7
80 10.0 72.0 7.0 560 7.8
80 17.5 66.0 7.0 560 8.5
80 25.0 60.0 7.0 560 9.3
80 25.0 60.0 5.8 464 7.7

Note: The value of 7 g/kg BM is based on the recommendation that for the day prior to a match
(MD-1), CHO intake should be at least 6 to 8 g/lkg BM to elevate muscle and liver glycogen
stores (Collins et al., 2021). Abbreviations: BM, body mass; FFM, fat-free mass; CHO,

carbohydrate.
Differences between males and females in physical performance and running demands of
soccer match-play

The question of whether CHO requirements differ between male and female soccer
players is intrinsically linked to potential differences in the physical demands of match-play
between men’s and women’s soccer. Efforts to quantify the metabolic demands of soccer
match-play, particularly those related to CHO metabolism, are constrained by the limitations
of existing measurement technologies. The most commonly reported metrics used to assess

physical demands include total distance covered and distance covered within fixed speed or
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velocity zones derived from wearable tracking technologies such as global positioning systems
(GPS) technology, or from semi-automated optical tracking technologies used at the elite level
(Harkness-Armstrong et al., 2022; Miguel et al., 2021).

Across international and domestic competitions, elite women’s soccer players cover on
average ~9,500 to 9,900 m per match, or ~103 to 110 m/min (Harkness-Armstrong et al., 2022;
Pérez Armendariz et al., 2024). Compared to men’s soccer, female players cover less total
distance during elite competition at both international and domestic levels (Bradley et al., 2014;
Ju et al., 2025). While these differences are statistically significant, the effect sizes (ES) are
small-to-moderate (ES=0.5-0.8), equating to an average difference of ~400 m over 90 minutes,
or ~4.4 m/min (~0.26 km/h). Interpreted solely as average speed, total distance suggests a
relatively low overall movement intensity. However, the physiological demands of match-play
are not captured by average speed alone, but rather by how this distance is accumulated,
through repeated high-speed efforts, accelerations, decelerations, and directional changes,
which collectively underpin the metabolic demands and CHO requirements of match-play
(Paul et al., 2015).

One common issue in the comparison of the high-speed activity between men’s and
women’s soccer is the application of identical absolute speed zones to both male and female
players, despite well-documented sex differences in maximal running speed (Djaoui et al.,
2017; Hallam & Amorim, 2022; Haugen et al., 2012; Ju et al., 2025; McClelland & Weyand,
2022). As male players generally achieve higher average maximal running speeds by ~8 to
10% (Bradley & Vescovi, 2015; Ju et al., 2025), males are more likely to accumulate greater
distances in higher speed categories. This method skews the interpretation of high-speed efforts
in favour of male players, irrespective of relative exercise intensity (Bradley & Vescovi, 2015;
Gualtieri et al., 2023). To address this, some studies have implemented downward-adjusted

thresholds for female players (Harkness-Armstrong et al., 2022). These adjusted thresholds are
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often arbitrarily selected, and there is currently no standardised or validated framework for this
approach (Gualtieri et al., 2023). As a result, speed zone definitions vary widely across studies,
limiting both cross-study and between-sex comparisons (Gualtieri et al., 2023; Harkness-
Armstrong et al., 2022). When adjusted thresholds are applied, the proportion of total distance
categorised as high speed is largely similar between men’s and women’s soccer (Bradley et al.,
2014; Ju et al., 2025). The integration of acceleration and deceleration metrics into match-play
analyses remains limited by inconsistent definitions, poor inter-unit reliability, and variability
introduced by differing proprietary data processing methods (Harkness-Armstrong et al., 2022;
Malone et al., 2017; Sweeting et al., 2017; Thornton et al., 2019; Whitehead et al., 2018). These
issues must be addressed before firmer conclusions as to the differences in the physical

demands of men’s and women’s soccer can be made.

Assessing the metabolic demands of soccer match-play and the implications for
carbohydrate requirements

While GPS-derived metrics are useful for general quantification of running demands,
they provide only a partial representation of the physical work performed (Bourdon et al.,
2017). Specifically, these metrics fail to capture the complex, multidirectional movement
patterns characteristic of soccer, including jumping, landing, rapid changes of direction and
high-intensity actions embedded within gameplay scenarios such as physical duels or pressing
(Malone et al., 2017; Reilly, 1997). Although most modern player tracking technologies are
technically capable of differentiating movement types, particularly GPS that incorporate
inertial measurement units (Beato et al., 2018; Whitehead et al., 2018), most analyses do not
distinguish between biomechanically distinct movement types, such as forward, lateral, and

backward running, each of which likely imposes different energetic demands (Flynn et al.,
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1994). As a result, analyses based solely on linear, speed-based thresholds may underestimate
the true metabolic demands of match-play.

Accurately quantifying substrate utilisation, particularly CHO oxidation, during soccer
remains a methodological challenge. Indirect calorimetry, a gold standard for assessing energy
expenditure and substrate utilisation in steady-state exercise, is unsuitable in soccer due to the
intermittent and stochastic nature of match-play. The dynamic variation in movement intensity,
combined with the frequent transitions between low- and high-speed activity, precludes steady-
state conditions required for accurate calorimetric measurement (Jeukendrup & Wallis, 2005).
Indirect calorimetry also lacks the temporal sensitivity to capture the brief, high-intensity bursts
of activity that often exceed the velocity of VO,max, which are an inherent part of elite-level
match-play. These methodological constraints limit the capacity to measure real-time energy
expenditure and, by extension, the specific contribution of CHO oxidation during key phases
of performance.

Alternative methods commonly used to assess the demands of match-play, such as heart
rate monitoring and blood lactate sampling, also lack the sensitivity to differentiate between
movement types or accurately quantify energetic cost. Heart rate remains elevated for much of
match-play in both men’s and women’s soccer, typically averaging 80 to 90% of maximal heart
rate across both halves, even during periods of relatively low physical work (Bangsbo et al.,
2006; Krustrup et al., 2006). As a result, heart rate offers limited insight into the variability of
physical work or the intensity of discrete movement patterns. Similarly, blood lactate
concentration is a poor proxy for the metabolic demands of match-play, as measurements are
highly dependent on the intensity and type of activity performed immediately prior to sampling
(Bangsbo et al., 2006). This temporal limitation likely contributes to the wide range of values
reported at the end of playing halves (i.e. 1 to 12 mmol/L), making it an unreliable indicator of

the overall metabolic demands of match-play (Bangsbo et al., 2006; Krustrup et al., 2010).
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While muscle biopsy studies have demonstrated substantial reductions in glycogen
content across both type I and II fibres by the end of match-play in men’s and women’s soccer
(Krustrup et al., 2022; Krustrup et al., 2006), it remains unclear to what extent these reductions
impair soccer performance (Bangsbo et al., 2006). In women’s soccer, declines in sprint
performance were significantly correlated to reductions in muscle glycogen (Krustrup et al.,
2022), whereas no association was found in men’s soccer despite similar reductions in muscle
glycogen content (Krustrup et al., 2006). Match-tracking data often show that high-speed
running and sprint outputs are greater during the first half of match-play (Di Salvo et al., 2009),
with the most demanding periods also occurring in the early stages of a game (Bradley &
Noakes, 2013; Harkness-Armstrong et al., 2022). This temporal decline in physical output is
often interpreted as fatigue, though this view likely oversimplifies the underlying causes, which
may also reflect other factors such as tactical pacing, substitution patterns, or in-game nutrition
practices (Carling, 2013). Without real-time markers of substrate utilisation, it is difficult to
isolate the role of CHO availability from other performance determinants.

Further complicating this picture is the lack of in vivo data on hepatic glucose output
and the limited understanding of glycogen compartmentalisation within the skeletal muscle.
Glycogen pools localised near mitochondria or sarcoplasmic reticulum may serve functional
roles beyond general energy provision, particularly in maintaining excitation-contraction
coupling during prolonged or repeated efforts (Vigh-Larsen et al., 2021). However, current
methodologies do not allow for the in-field assessment of these mechanisms, leaving a critical
gap in our understanding of the local metabolic environment within working muscle during
match-play. Collectively, the above limitations underscore the need for more nuanced and
context-sensitive tools to assess metabolic demands in soccer. Without methodologies capable

of capturing the true energetic cost of movement, particularly with respect to CHO utilisation,
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our understanding of fuelling strategies, fatigue mechanisms, and recovery processes remains

incomplete.

Concluding remarks

There have been increasing calls to develop, or at least systematically evaluate, the need
for female-specific nutrition guidelines for soccer (Holtzman & Ackerman, 2021; Martinho et
al., 2024; Moore et al., 2022). While such efforts have the potential to support player health
and performance, it must be acknowledged that, in practice, elite players have been consistently
reported to not adhere to the existing evidence-based recommendations (Morehen et al., 2022;
Renard et al., 2021). For example, average CHO intakes around training and match play that
have been reported in female soccer players (3-4 g/kg BM) (Gravina et al., 2022; Martinho et
al., 2024; Morehen et al., 2022) are well below current recommendations (6-8 g/kg BM)
(Collins et al., 2021). Of relevance are recent data from elite youth female players in England
that indicate that higher CHO consumption is often perceived as contributing to increases in
fat mass and negative body image (McHaffie et al., 2022), which highlights a need to better
understand the psychosocial and environmental determinants of dietary behaviours in female
soccer players more broadly. From a practitioner perspective, challenges in eliciting
behavioural change among players, uncertainty regarding the scientific basis of existing CHO
guidelines, limited time and support, and a lack of autonomy over the nutrition service
provision, were all identified as barriers to implementing nutrition recommendations in elite
men’s soccer (Costello et al., 2025). Similar research involving practitioners in the women’s
game is necessary, particularly given that effective implementation of CHO guidelines requires
coordinated efforts between players, coaching staff, and nutritionists.

Although some between-sex differences in physiology, metabolism, and running

demands among soccer players exist, the currently-available evidence, although somewhat
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limited, does not suggest that CHO-based requirements differ between male and female players
in obvious ways that would translate into practically-meaningful differences in fuelling
strategies being employed. However, variations in FFM as a proportion of total BM and its
potential implications for CHO storage and intake may warrant further investigation as an
influencing factor. Nonetheless, on the basis of the current evidence, we consider it premature
to suggest that female players will require sex-specific guidelines in relation to CHO-based
fuelling strategies for performance in soccer. Because of the inter-individual variability that
exists regardless of biological sex, an individualised approach to fuelling remains the
cornerstone to sports nutrition practice. However, given the dearth of sports nutrition research
in female athletes, intervention studies in female players investigating CHO-based fuelling

studies before and during soccer match-play or simulated soccer protocols are warranted.
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