
KEY POINTS

•	 Women have lower whole body sweating rate (WBSR) and sweat sodium concentrations as a population than men, but in most environments these 
differences are attributed to lower absolute workloads. During the luteal phase, there is an increase in the body core temperature threshold for the 
onset of sweating, but there are no differences in WBSR across menstrual cycle phases.

•	 Significant hypohydration before and during exercise is less common in women than men. Exercise-associated hyponatremia is more common in 
women but is attributed more so to drinking behavior, smaller body size, and longer race times, than sex per se.

•	 During the luteal phase, estrogen decreases the osmotic threshold for thirst and vasopressin release and progesterone may increase aldosterone 
production. However, the menstrual cycle phase seems to have no impact on ad libitum rehydration, overall fluid balance, or fluid retention at  
rest and during exercise.

•	 Women exhibit similar physiological responses to dehydration during exercise-heat stress compared with men when matched for fitness, heat 
acclimation, and body fat percentage.

•	 Hypohydration (≥ 2% body mass loss), can adversely affect team sport skill, cognitive, and endurance performance in women as it does in men, 
albeit fewer studies have been conducted with female athletes.
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INTRODUCTION
A significant amount of research has been conducted to understand body 
water regulation and the effects of hypohydration on thermoregulation, 
cardiovascular function, and performance during exercise in heat. 
However, women have been underrepresented in hydration research, 
accounting for less than ~30% of subjects tested in recent studies 
(Nuccio et al., 2017). Based on the existing body of literature, it is 
recommended that fluid replacement strategies should be personalized 
per individual sweating rates and exercise conditions, with the goal 
of preventing ≥ 2% body mass loss (BML) to maintain performance 
(McDermott et al., 2017). However, it is unclear whether additional 
considerations should be made for the female sex when developing a 
personalized fluid replacement plan.  

The purpose of this Sports Science Exchange (SSE) article is to 
provide a narrative review of hydration studies conducted on women 
and suggest where future research may be needed. Potential effects 
of the menstrual cycle phase as well as differences between men and 
women will be discussed, while also distinguishing between population 
differences and true sex differences. This review will include fluid 
loss (sweating rate and sweat composition), rehydration (fluid intake, 
absorption, and retention), and the physiological/performance effects 
of hypohydration during exercise. The primary focus here is adult 
female subjects (women) with normal menstrual cycles. There is limited 
research on hydration with respect to hormonal contraceptive use or 
menstrual cycle irregularities. 

FEMALE PHYSIOLOGY AND PHYSICAL CHARACTERISTICS 
On average women have a smaller body size and a higher body fat 

percentage than men. Because adipose tissue has a lower percentage 
of water (~10%) than fat-free mass (~74%), body water makes up a 
lower overall percentage of a women’s mass (Visser et al., 1997). Thus, 
water loss via sweating represents a slightly larger percentage of body 
water loss in women than men (Table 1). As a population, women also 
have lower aerobic capacities and poorer heat acclimation status, both 
of which influence thermoregulatory sweat loss and other physiological 
responses to exercise-heat stress (Kenney, 1985). Therefore, it is 
important to consider fitness and heat acclimation when interpreting 
results of studies comparing responses of men and women to exercise-
heat stress and hypohydration.

Table 1: Sample calculations to illustrate that a given percentage body mass 
loss via sweating represents a slightly larger percentage of total body water in 
women than men because of differences in body composition.

Man
75 kg, 10% BF

Woman
55 kg, 25% BF

TBW (L) 49.75 30.40

TBW (L) after 2% BML  
through sweating 48.25 29.30

Percentage change in  
TBW with 2% BML -3.0% -3.6%

TBW, total body water (estimated as 0.737 of fat free mass);  
BF, body fat; BML, body mass loss
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Fluctuations in female reproductive hormone concentrations occur 
throughout the menstrual cycle and influence certain aspects of body 
temperature regulation. For instance, women have an increased body 
core temperature at rest and during exercise in the midluteal phase 
compared with the early follicular phase (Stephenson & Kolka, 1985). 
The increased body core temperature is likely mediated by higher 
progesterone concentrations in the luteal phase, which increases the 
set point for heat dissipation mechanisms. This means that cutaneous 
vasodilator and sweating responses are initiated ~0.5°C higher 
compared with the early follicular phase (Kolka & Stephenson, 1997). 

There are also some hormone-mediated effects on the regulation of 
body water and electrolytes. During the luteal phase, estrogen can 

decrease the osmotic threshold for thirst and vasopressin release 
(Stachenfeld et al., 1999) and progesterone can increase aldosterone 
production (Quinkler et al., 2002). While there are clear effects of 
female sex hormones on body temperature and fluid regulation, they 
do not necessarily translate into significant differences in overall sweat 
loss or fluid/electrolyte balance between men and women, or across 
the menstrual cycle. The remaining sections of this SSE will review 
the available studies investigating sweat losses, sweat composition, 
rehydration, and the physiological/performance effects of hypohydration 
in women. The findings are summarized in Figure 1.

Figure 1: Summary of literature investigating the effect of sex and menstrual cycle phase on hydration-related outcomes.  See the text for supporting references. 

Sex differences Menstrual cycle effects

Sweating rate Women have a lower maximal sweating capacity (i.e., 
at very high workloads and hot dry environments). 
Otherwise, lower sweating rates observed in women 
can usually be attributed to lower body mass and  
absolute workloads.

Women have lower output per gland and higher HASG 
density. This translates to greater sweating efficiency, 
which may lead to less wasted sweat (drippage) in 
humid environments.

During the luteal phase there is an increase in the 
threshold (Tc set point) for the onset of sweating and/
or decreased sweating sensitivity. However, there 
are no differences in WBSR during exercise across 
menstrual cycle phases.

Sweat composition Women tend to have slightly lower sweat [Na+] and [Cl–] 
as a population, but no differences when accounting for 
absolute workload and/or sweating rate.

None

Fluid intake Significant hypohydration before and during exercise 
is less common in women. EAH is more common in 
women, but is more so related to drinking behavior, 
smaller body size, and longer race times, than sex per se.

Lower osmotic threshold for thirst occurs in the luteal 
phase, but menstrual cycle phase does not seem to 
impact overall fluid balance.

Fluid retention None During the luteal phase estrogen can decrease the 
osmotic threshold for AVP release and progesterone 
may increase aldosterone production, but there is no 
effect of menstrual cycle phase on fluid retention at 
rest and during exercise.

Physiological 
responses to 
dehydration

Women usually have a higher body fat % and thus 
lower body water %. Water lost in sweat may represent 
a larger percentage of total plasma volume. However, 
women exhibit similar physiological responses (e.g., 
HR and Tc) to dehydration during exercise heat stress 
compared with men when matched for fitness, heat 
acclimation, and body fat %.

None

Performance  
and cognition

Hypohydration can adversely affect team sport skill, 
cognitive, and endurance performance in women as 
it does in men (i.e., when BML is > 2% BML). Some 
studies suggest that women may be more susceptible 
to dehydration-related decrements in cognitive 
performance, but more research is needed.

NA

AVP, arginine vasopressin; BML, body mass loss; EAH, exercise associated hyponatremia; HR, heart rate; Tc, body core temperature; Na, sodium; Cl, chloride; HASG, heat-activated 
sweat gland; WBSR, whole body sweating rate; NA, not enough information available
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FLUID LOSS 
Eccrine Gland Density and Regional Distribution  
of Sweat
During exercise, heat is produced by the contracting muscles as a 
byproduct of metabolism. Evaporation of sweat is the primary avenue 
of heat loss to maintain thermal balance during exercise. Whole body 
sweating rate (WBSR) is a product of the density of active eccrine sweat 
glands and the secretion rate per gland in response to thermal stimuli. 
Sweat gland density is generally higher in women than men (due in part 
to lower body surface area). However, the distribution of sweat glands in 
women has a similar pattern to that found in men, with the back having 
the highest density and the chest the lowest (Bar-Or et al., 1968).  

With respect to regional sweating rates, men and women have similar 
‘‘high’’ and ‘‘low’’ sweat regions with the highest rates on the back 
and the lowest rates on the extremities (Baker et al., 2018). However, 
there are slight differences between sexes in the overall pattern of 
sweat distribution. For example, one study found that men had a higher 
distribution of sweat toward the torso, while in women, the arms, 
hands, and feet contributed relatively more to total sweat loss (Smith & 
Havenith, 2012).

Interestingly, women may use a higher percentage of their sweat glands 
while excreting less sweat per gland. This greater sweating efficiency 
may reduce the amount of “wasted sweat”– i.e., sweat that drips off 
the skin and therefore does not contribute to evaporative cooling of 
the body. From a hydration perspective, less wasted sweat may be 
an advantage for women in hot-humid environments, where sweat 
drippage is more likely to occur because of a reduced vapor pressure 
gradient for evaporation. By having a lower sweating rate in hot-humid 
conditions women lose less fluid and limit hypohydration, while men 
may drip more sweat from their bodies and become more dehydrated 
(Avellini et al., 1980; Shapiro et al., 1980).

Sweating Rate
It is often reported that men exhibit higher sweating rates than women. 
However, research investigating the effect of sex on sweat loss 
during exercise has often been confounded by the exercise intensity 
prescribed to compare groups. Higher WBSR observed in men (e.g., in 
cross-sectional studies) can usually be attributed to higher body mass 
and absolute exercise intensities (Sawka et al., 2007; Smith & Havenith, 
2012). These factors increase metabolic heat production, which in turn 
increases the evaporative requirement for heat balance (amount of 
evaporated sweat needed to regulate body core temperature) (Gagnon 
et al., 2013).

Recent studies have isolated the effect of sex from differences in 
metabolic heat production in adults, by matching subjects for body 
mass, surface area, and metabolic heat production. This research 
suggests that whole-body sweat production is similar between men 
and women in most conditions – i.e., at fixed rates of heat production 
up to 250 W/m2. However, at higher heat loads, women have a lower 
sweating capacity than men. These sex differences are evident only 
above a certain combination of environmental conditions (35 – 40°C, 
12% relative humidity) and metabolic heat production (300 – 500 W/
m2)  (Gagnon & Kenny, 2012; Jay, 2014). The sex difference in maximal 
sweating capacity is due to properties of the sweat gland related to 
cholinergic responsiveness, which leads to a lower sweat output 
per gland. Nonetheless, real-world evidence of a thermoregulatory 
disadvantage leading to heat intolerance in women during exercise is not 
apparent. The reader is referred to other papers for more information on 
sex comparisons with respect to thermoregulation and heat tolerance 
(Gifford et al., 2019; Yanovich et al., 2020). Taken together, women are 
not at a thermoregulatory disadvantage compared with men for most 
activities and environmental conditions typically encountered.

With respect to WBSR, it is important to highlight the significant 
interindividual variation as well as potential sex differences. Figure 2 
shows frequency histograms for WBSR in male (1565 sweat tests) and 
female (379 sweat tests) participants measured across a wide range of 
sports/activities and environmental conditions in the laboratory or field 
by the Gatorade Sports Science Institute (GSSI) (Baker et al., 2022a). 
On average, WBSR was lower in female (0.8 L/h) versus male (1.2 L/h) 
subjects, but the mean difference between sexes (0.4 L/h) was much 
less than the overall range (> 2 L/h) in WBSR. Thus, it stands to reason 
that, regardless of sex, assessments of WBSR should be conducted to 
learn about his/her individual fluid replacement needs.

Several studies have investigated the sweating response to exercise-
heat stress across the menstrual cycle. Overall, this research suggests 
that, although the menstrual cycle may modulate the control of sweating 
there are no effects on WBSR. During the luteal phase, there is an 
upward shift in the body core temperature threshold for initiation of 
regional sweating during exercise-heat stress, particularly in untrained 
women (Kolka & Stephenson, 1989; Kuwahara et al., 2005). However, 
several studies have reported no effects of female sex hormones on 
WBSR (Stachenfeld & Taylor, 2009) and no differences in WBSR across 
the menstrual cycle phases (Freemas et al., 2023; Giersch et al., 2020; 
Notley et al., 2019). This finding is consistent across a range of exercise 
intensities and environmental conditions. 
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Sweat Electrolyte Concentrations
As a population, sweat sodium and chloride concentrations ([Na+] 
and [Cl–]) tend to be slightly lower in women than men (Baker et al., 
2018; Meyer et al., 1992), due in part to the confounding effect of 
absolute exercise intensity and differences in sweating rate between 
sexes (as discussed above). Sweating rate is an important factor 
determining sweat [Na+] and [Cl–]. This is because the rate of Na+ and 
Cl– reabsorption in the sweat duct is flow dependent. As sweating rate 
increases the rate of Na+ and Cl– secretion in precursor sweat increases 
proportionally more than the rate of Na+ and Cl– reabsorption along the 
duct, and therefore leads to higher final sweat [Na+] and [Cl–]. Thus, 
there is a direct relation between sweating rate and sweat [Na+] and 
[Cl–] (Buono et al., 2008). Given the well-established relation between 
sweat flow rate and sweat electrolyte concentrations, it follows that 
any factors stimulating acute increases in sweating rate, such as 
increased exercise intensity, would result in higher sweat [Na+] and 
[Cl–]. Accordingly, when studies account for exercise intensity and/or 
sweating rate, there is no effect of sex on sweat [Na+] and [Cl–] (Baker 
et al., 2022a). There are also no effects of female sex hormones on 
sweat [Na+] (Stachenfeld & Taylor, 2009).

Like WBSR, it is also important to note the significant interindividual 
variation in sweat [Na+]. As illustrated in Figure 2, average sweat [Na+] 

measured across a wide range of sports/activities and environmental 
conditions was lower in female (40 mmol/L) versus male (43 mmol/L) 
subjects. However, the mean difference between sexes (3 mmol/L) 
was much less than the overall range (> 80 mmol/L) in sweat [Na+] 
(Baker et al., 2022a). Due to the variation in sweat [Na+] as well as 
WBSR, individual sweat testing should be conducted to estimate sweat 
Na losses for each environment (e.g., indoor/outdoor, summer/autumn 
season) and exercise condition (light/high-intensity practice) to guide 
fluid replacement plans. While exercise intensity and environment are 
the main determinants of WBSR and sweat [Na+], other factors such as 
heat acclimation and aerobic training also play important roles in intra- 
and interindividual variation for both men and women. 

REHYDRATION PROCESS	
Fluid Intake and Fluid Balance
Regulation of Thirst Sensation.  Exercise-induced hypohydration 
results in hyperosmotic (increased plasma osmolality) hypovolemia 
(decreased plasma volume) because sweat is hypotonic to the blood 
(Kozlowski & Saltin, 1964). Both plasma osmolality and volume are tightly 
regulated by reflex adjustments mediated by nerves and hormones to 
help restore body water. For example, in response to hyperosmolality, 
physiological thirst is stimulated to increase fluid intake. The onset of thirst 

Figure 2: Frequency histograms showing sweating rate and sweat sodium concentration in male (1565 sweat tests) and female (379 sweat tests) participants measured across a wide 
range of sports/activities and environmental conditions in the laboratory or field. The mean is represented by the orange dashed line in each panel. Data taken from Baker et al., 2022a, 
with permission.

Female  
Athletes

Male  
Athletes

Whole Body Sweating Rate (L/h) Whole Body Sweat [Na+] (mmol/L)
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occurs once plasma osmolality reaches a certain threshold or set point. 
Although there is significant interindividual variability, the average osmotic 
threshold for thirst is similar between men and women during the follicular 
phase. During the luteal phase, estrogen mediates a downward shift in 
the osmotic threshold (by ~5 mosm/kg) for thirst in women (Stachenfeld, 
2014; Vokes et al., 1988). One might hypothesize that the set point shift 
could lead to more fluid intake during the luteal versus follicular phase. 
However, a recent study found no differences in ad libitum fluid intake 
during exercise between the early follicular, late follicular, and mid-luteal 
phases of the menstrual cycle (Freemas et al. 2023). Furthermore, as 
discussed in the next sections, there seem to be minimal effects of the 
menstrual cycle or sex on overall fluid balance. Where differences are 
noted, evidence points to physical and behavioral explanations rather 
than hormone-mediated changes in physiological thirst.

Pre-Exercise Fluid Intake Behavior and Hydration Status.  
Several studies have attempted to estimate hydration status and gauge 
adequacy of fluid intake behavior leading up to a practice session. To 
do this, investigators typically measured urine specific gravity (USG) of 
samples collected from athletes before exercise. Although spot USG 
assessment has limitations as a marker of hydration status, it does give 
an indication of whether renal water conservation mechanisms have 
been activated (as suggested by a high USG, e.g., ≥ 1.020) (see Baker 
et al., 2022a for review). Overall, studies suggest that USG values ≥ 
1.020 may be less prevalent in female athletes. For example, at an 
NCAA Division I University, 47% of the male athletes (n=138) had pre-
practice USG ≥ 1.020, whereas only 28% of female athletes’ (n=125) 
urine samples were ≥ 1.020 (Volpe et al., 2009). In a systematic 
review of 24 studies that measured pre-exercise USG in soccer players, 
elevated USG was found in 66% of male players (n=468) and only 
47% of female players (n=79) (Chapelle et al., 2020).  However, in 
another study, 79% of NCAA Division II basketball players’ samples had 
USG > 1.020 before offseason conditioning and preseason practices, 
with no significant differences between men (n=11) and women (n=11) 
(Thigpen et al., 2014).

Exercise Fluid Intake Behavior and Hydration Status.  When 
there is a mismatch between sweat loss and fluid intake this imbalance 
leads to a body water deficit (hypohydration) or surplus (hyperhydration). 
Acute changes in fluid balance (i.e., hydration status) during/after 
exercise are assessed by comparing the individual’s body mass to 
baseline or pre-exercise values. For example, 2% hypohydration is 
defined as a water deficit equal to 2% of body mass. This method has 
limitations since a small portion of body mass loss during activity is 
from non-water sources (e.g., substrate oxidation), but is the simplest 
and most used index in real-time. 

 Several observational field studies have measured ad libitum fluid intake 
and fluid balance during exercise in women. In team or skill sports, the 
level of hypohydration accrued throughout exercise is usually mild, with 
mean fluid balance reported to be less than 1 – 2% BML (Nuccio et al., 
2017). However, where the full range in body mass change has been 
reported significant hypohydration (up to 2 – 2.5%) has been observed 

in some elite female cricket, field hockey, and basketball athletes during 
competition (Brandenburg & Gaetz, 2012; MacLeod & Sunderland, 
2009; Soo & Naughton, 2007).  

In endurance sports, such as marathons and race walking, body mass 
loss tends to be greater in men compared with women (Periard et al., 
2017; Rehrer et al., 1989). However, significant hypohydration (> 2% 
BML) has also been reported in female endurance athletes (Rehrer et 
al., 1989). On the other hand, the incidence of exercise-associated 
hyponatremia (EAH; blood sodium < 135 mmol/L) is higher in women 
than men (Almond et al., 2005). The primary cause of EAH is water 
overload (i.e., overdrinking relative to sweat losses during exercise) and 
studies have found that women tend to overdrink more so than men 
(Baker et al., 2005; Hew, 2005). Other factors that may increase a 
woman’s risk for EAH include lower body mass and total body water 
(Stachenfeld & Taylor, 2009), body mass index extremes, and longer 
marathon race times (Almond et al., 2005). When these factors are 
accounted for in the statistical analyses, the sex difference in EAH 
incidence is nullified (Almond et al., 2005).  

Taken together, there is considerable variation in fluid intake 
behavior, with some women experiencing hypohydration and others 
overestimating their fluid needs during exercise. Thus, care should 
be taken to determine individual fluid replacement needs for a given 
endurance event. This will help inform an appropriate drinking strategy 
so that significant overdrinking and under drinking can be avoided.   

Fluid Delivery  
After fluid ingestion, the next critical step in the rehydration process 
is fluid delivery – i.e., gastric emptying and intestinal absorption of 
fluid into circulation. It is unclear whether the gastric emptying rate of 
ingested fluids is influenced by sex, as the few studies available have 
reported mixed results in healthy subjects at rest (Caballero-Plasencia 
et al., 1999; Hellmig et al., 2006). It has been consistently reported, 
however, that gastric emptying of fluids at rest is not affected by the 
menstrual cycle phase (Gill et al., 1987; Horowitz et al., 1985). No 
studies have investigated the effects of sex or menstrual cycle phase 
on gastric emptying of fluids during exercise. In addition, no studies, to 
the authors’ knowledge, have assessed sex or menstrual cycle phase 
effects on intestinal fluid absorption at rest or during exercise.  

While the effect of sex on fluid delivery has not been well-studied, it is 
clear that the composition of fluid (the amount and type of carbohydrate) 
ingested plays a significant role in the rate of gastric emptying and 
intestinal absorption (Leiper, 2015). For example, hypertonic beverages 
with relatively high energy density (≥ 8% carbohydrate) reduce gastric 
emptying rate and appearance of fluid in the blood. In turn, the slower 
fluid delivery is associated with an increased risk for gastrointestinal 
discomfort during intermittent, high-intensity exercise. It is important to 
note that the effect of higher concentrated beverages on fluid delivery 
has been demonstrated in both men and women (Evans et al., 2011; 
Shi et al., 2004).  
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Fluid Retention
Once fluid is absorbed into the circulation, the next important step in 
the rehydration process is retention of the ingested fluid in the body, 
particularly the vascular space, to completely restore water balance. 
Arginine vasopressin (AVP) and aldosterone play important roles 
in fluid retention by increasing the renal reabsorption of water and 
sodium, respectively. During the luteal phase, estrogen mediates a 
downward shift in the osmotic threshold for AVP release (Stachenfeld 
et al., 1999) and progesterone is thought to mediate an increase in 
aldosterone concentration (Quinkler et al., 2002). These changes 
might be expected to result in greater fluid and sodium retention in 
women during the luteal phase.  However, several studies have found 
no effects of sex (Sollanek et al., 2018), sex hormones (Calzone et 
al., 2001; Rodriguez-Giustiniani & Galloway, 2019; Stachenfeld et al., 
1999), or menstrual cycle phase (Freemas et al., 2023; Maughan et al., 
1996) on plasma volume or whole-body fluid retention. These results 
suggest that female sex hormones alter the osmotic operating point for 
body water balance, but do not lead to greater fluid retention. Taken 
together, the available literature suggests that replacement of exercise-
induced sweat losses is not affected by the normal menstrual cycle 
in eumenorrheic women. However, as many active women can have 
amenorrhea or oligomenorrhea due to disturbances in hormonal status, 
the responses of those individuals may be different and requires future 
research (Rodriguez-Giustiniani et al., 2022).

PHYSIOLOGICAL RESPONSES TO HYPOHYDRATION
Hypohydration is associated with impaired circulatory and 
thermoregulatory function during exercise, particularly when 
accompanied by heat stress (Sawka et al., 2007). Hypovolemia leads to 
a decrease in stroke volume and a compensatory increase in heart rate 
to maintain a given cardiac output during exercise. Increased plasma 
osmolality decreases the capacity to sweat and attenuates skin blood 
flow. In turn, impairment of heat dissipating mechanisms results in a 
larger increase in body core temperature for a given work rate compared 
with euhydration. Hypohydration is also associated with a decline in 
muscle blood flow and altered energy metabolism, including increased 
lactate, muscle glycogenolysis, and carbohydrate oxidation during 
prolonged exercise (Gonzalez-Alonso et al., 1998; Sawka et al., 2007).

Although most studies have been conducted in men, similar 
physiological responses to hypohydration have also been observed in 
women (Logan-Sprenger et al., 2012; Watanabe et al., 2020; Wickham 
et al., 2021). Few studies, however, have made direct comparisons 
to investigate potential sex differences in the physiological response 
to hypohydration. Sawka and colleagues investigated the effects of 
5% BML in men and women during exercise in temperate, hot/dry, 
and hot/humid conditions. The investigators found no sex differences 
in the changes in plasma volume, heart rate, rectal temperature, or 
skin temperature in these studies (Cadarette et al., 1984; Sawka et 
al., 1983). A key consideration is that participants were acclimated to 
the heat prior to testing. In addition, men and women were matched 
for body fat percentage and VO

2
max, thereby removing any effect of 

these confounding factors. The balance of research also suggests there 

are no differences in plasma volume shifts between menstrual cycle 
phases during exercise (Rodriguez-Giustiniani et al., 2022).

One study compared the effect of mild hypohydration on body core 
temperature responses to exercise-heat stress in men and women 
(Giersch et al., 2021). In this study, subjects were asked to restrict 
fluid for 24 h prior to interval exercise (two 30-min blocks of exercise 
separated by 15 min of rest). There were no effects of sex or menstrual 
cycle phase on the level of hypohydration reached (~1% BML).  However, 
when hypohydrated women experienced a faster increase in rectal 
temperature in the first block of exercise than men (0.06 °C/min vs. 
0.03 °C/min), with no differences between the late follicular and mid-
luteal phase. These results seem to suggest that women may be more 
sensitive to the thermoregulatory effects of hypohydration during the 
early stages of exercise in the heat (Giersch et al., 2021). It is important 
to note, however, that in this study men and women were not matched 
for aerobic fitness and women exercised at a higher percentage of their 
VO

2
max. These factors may account in part for the sex differences in 

rectal temperature responses observed in this study. Taken together, 
the limited number of studies available suggest minimal effects of sex in 
the physiological response to exercising in a hypohydrated state.  

EXERCISE PERFORMANCE
Female athletes are under-represented in studies investigating 
hypohydration effects on exercise performance. According to a 
narrative review, only 30% of studies on hydration and team sports 
performance included female athletes (Nuccio et al., 2017). In cycling 
meta-analyses, women represented 10-18% of all subjects (Goulet, 
2011; Holland et al., 2017). Further, women accounted for only 6% of 
the participants in studies included in a hypohydration meta-analysis on 
muscle endurance, strength, anaerobic power and capacity and vertical 
jumping ability (Savoie et al., 2015). 

Based on the studies that have included women, it seems that 
hypohydration impairs performance as it does in men. That is, ≥ 2% BML 
is associated with impaired endurance and team sport performance as 
well as some aspects of strength and anaerobic power. For instance, 
12-km trail race times in the heat were slower when runners (9 men, 
8 women) were hypohydrated (4.3% BML) compared with when they 
were allowed to drink ad libitum (2.1% BML). The authors reported 
that there were no differences between the sexes in terms of how 
hypohydration impacted performance results (Casa et al., 2010). In 
another study that included both men (n=6) and women (n=2), 3% 
BML impaired endurance performance during a 30-min cycling time 
trial, in temperate but not cold conditions (Cheuvront et al., 2005). 

Research with female athletes has found mixed results with respect 
to hypohydration effects on team sports performance, but on balance 
suggests that ≥ 2% BML may impair skill, agility, and decision-making.  
Studies with female basketball players found that 2.1% and 2.3% 
BML were associated with lower field goal percentage (Brandenburg 
& Gaetz, 2012) and impaired lower body reactive agility (Hoffman et 
al., 2012), respectively, compared with euhydration. Two percent BML 
increased decision-making time in field hockey players (MacLeod & 
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Sunderland, 2012), whereas 2.2% and 2.7% BML had no effect on 
skill performance in soccer (Ali et al., 2011) or tennis (Burke & Ekblom, 
1984), respectively.

A few studies have tested the effect of hypohydration on muscular 
strength, endurance, and power in women. For example, in resistance-
trained women, 3% BML had a negative impact on bench press 1 RM 
performance and perceptual feelings of recovery, while other measures 
including leg press 1 RM and vertical jump height were not impacted by 
hypohydration (Gann et al., 2021). In a study with physically active men 
(n=5) and women (n=5), 4% BML reduced muscle endurance during 
single-leg knee extension exercise (Montain et al., 1998). In another 
study, mild hypohydration induced by sauna exposure reduced explosive 
power during a squat jump in female (1.4% BML), but not male athletes 
(1.8% BML). Interestingly, the decrease in squat jump performance 
was linearly related to percentage BML among the six women tested 
(Gutierrez et al., 2003). Finally, in female ice hockey players 1.7% BML 
led to lower sprint power output during an intermittent high-intensity 
cycling protocol (Driscoll et al., 2020).

GENERAL HEALTH
The United States Institute of Medicine’s (IOM) Adequate Intake for total 
water, based on the median total water intake from the U.S. National 
Health and Nutrition Examination Survey data, is 2.7 L/d for women. 
The European Food Safety Authority (EFSA) defines Adequate Intake 
for total water as 2.0 L/d for women. Emerging hypotheses suggest that 
suboptimal habitual fluid intake may be associated with a higher risk for 
certain acute conditions and chronic diseases (Kavouras, 2019; Perrier, 
2017). The reader is referred to SSE #223 on Hydration for Health and 
Wellness (Baker et al., 2022b) for a more thorough review of this topic.  

A health condition particularly relevant to female athletes is urinary tract 
infections (UTIs). Approximately half of adult women will have at least 
one UTI in their lifetime, 27% of whom will have a confirmed recurrence 
within 6 months. Some descriptive studies have found that lower daily 
fluid intake (≤ 1.0 – 1.4 L/d) was associated with an increased risk for 
UTI (Nygaard & Linder, 1997; Vyas et al., 2015). Increasing fluid intake 
increases urine flow, which is thought to help prevent the development 
of UTI by flushing the urinary tract of bacteria. In a randomized controlled 
trial with 140 premenopausal women suffering from recurrent cystitis, 
there was a 48% reduction in UTI episodes after increasing total fluid 
intake from 1.1 to 2.8 L/d for 12 months. An important secondary 
benefit was a reduction in antibiotics used to treat UTIs in the women 
who increased fluid intake (Hooton et al., 2018).

Cognition and Mood
Several studies suggest that reduced fluid intake leading to mild 
hypohydration can have negative effects on mood and certain aspects 
of cognition in women (Armstrong et al., 2012; D'Anci K et al., 2009; 
Pross et al., 2013; Stachenfeld et al., 2018). The detrimental effects of 
inadequate fluid intake seem to be applicable to free-living conditions, 
at rest, and during exercise. This is important because it suggests that 
appropriate hydration has implications for physically active women 

in their everyday lives as well as exercise performance. Moreover, 
it reiterates the importance of starting training/competition in a 
euhydrated state to avoid potential adverse cognitive or mood effects of 
hypohydration on the athlete’s mental readiness to perform.

A well-designed study with particular relevance to everyday hydration 
was published by Stachenfeld et al. (2018). This group measured the 
effects of fluid restriction (0.7 L/d) compared with fluid intake sufficient 
to meet the IOM and EFSA recommendations (2.6 L/d) on cognitive 
performance in free-living, female college students. Mild hypohydration 
(1.0% BML) accrued over 24 h of fluid restriction led to deficits in visual 
and working memory as well as executive function, but no change in 
mood or performance of simple tasks of reaction time or identification 
(Stachenfeld et al., 2018). In another study, 24 h fluid deprivation 
in young healthy women led to decreased alertness and increased 
sleepiness, fatigue, and confusion (Pross et al., 2013). Importantly, 
in these studies rehydration reversed the hypohydration-associated 
impairments in memory, executive function (Stachenfeld et al., 2018), 
alertness, and confusion (Pross et al., 2013), albeit not other measures 
of mood. One observational study analyzed the relation between 
habitual water intake (categorized as low: 1.5 L/d, moderate 2.25 L/d, 
and high: 3.1 L/d) and mood in 120 healthy young women over a 5-day 
period. Total mood disturbance was higher in women who habitually 
consumed low versus high daily total water (Munoz et al., 2015). It 
is important to note that this study did not measure hydration status; 
nonetheless, the results suggest that drinking less than the Adequate 
Intake for water may be associated with adverse mood states.

Fewer studies have investigated cognition and mood effects of hydration 
status in women during exercise. Mild hypohydration (1.4% BML) 
resulted in degraded mood, increased perception of task difficulty, lower 
concentration, and headache symptoms at rest and during exercise in a 
study with physically active women. However, most aspects of cognitive 
performance were not affected by hypohydration (Armstrong et al., 
2012). In a study with college athletes, 1.8% BML decreased vigor, 
increased fatigue, and impaired vigilance compared with euhydration. 
There was a significant sex-by-hydration condition interaction effect on 
choice reaction time as women made more errors when hypohydrated, 
whereas men made fewer errors in the hypohydrated condition 
compared with the euhydrated condition (D'Anci K et al., 2009).  

Interestingly, other studies have suggested potential sex differences 
in mood and cognitive responses to hydration status (Bethancourt 
et al., 2020; Suh et al., 2021; Szinnai et al., 2005). For example, in 
serial addition and Stroop (working memory, executive function) tasks, 
females had a slower reaction time whereas men had a faster reaction 
time after 24-h water deprivation resulting in 2.6% BML (Szinnai et 
al., 2005). In another study, total mood disturbance scores increased 
in women, but not men in response to cellular dehydration induced by 
hypertonic saline infusion (Suh et al., 2021). The explanation for these 
results is unclear but could be related to physiology and/or sociology 
differences between men and women. A potential physiological 
mechanism was suggested by Suh et al. (2021). In their study sex 
differences in total mood disturbance were related to elevated thirst 
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and copeptin concentrations (surrogate for vasopressin) in women. 
Interestingly, in sociology research, it has been proposed that women 
are more willing to accept their moods and to self-report negative 
feelings than men (Bird & Rieker, 2008). Men might downplay the 
impact of fatigue, whereas women more readily communicate their 
symptoms (Courtenay, 2011). 

FUTURE RESEARCH DIRECTIONS
The available research suggests that, like men, a women’s hydration 
plan should be designed to avoid ≥ 2% BML. However, the effect 
of lower levels of hypohydration (1 -2% BML) on women’s exercise 
performance is largely unknown. Graded hypohydration studies with 
men have generally found that performance is not negatively impacted 
by hypohydration until BML reaches ~2% (Baker et al., 2007; Cheuvront 
& Kenefick, 2014). Beyond 2% BML there is a progressive deterioration 
in performance as hypohydration worsens (Baker et al., 2007), which 
is accompanied by a progressive increase in thermoregulatory and 
cardiovascular strain (Montain & Coyle, 1992; Sawka et al., 1985). 
As discussed previously, a given percentage BML from sweat loss 
in women represents a slightly larger percentage of their body water 
compared with men. Therefore, it would be important to investigate the 
effect of mild progressive hypohydration (e.g., 1%, 1.5%, 2%, etc.) on 
performance in women. To determine if hydration recommendations 
should differ between sexes, direct (within study) comparisons are 
needed.  Future work should also investigate potential sex differences in 
mood disturbance and cognitive impairment related to hypohydration. In 
addition, the effects of amenorrhea or oligomenorrhea, which are issues 
with many female athletes, on fluid balance should be investigated.  
Finally, although some of the studies discussed above included women 
on oral contraceptives, few studies have investigated the effects of 
hormonal contraceptives on hydration.  Therefore, research on sweat 
loss and fluid balance in women taking different kinds of hormonal 
contraceptives is needed.

CONCLUSION 
Although female sex hormones alter certain aspects of thermoregulation 
and body fluid regulation, there seem to be minimal effects of the 
menstrual cycle phase or sex per se on WBSR, fluid balance, or 
the physiological/performance effects of hypohydration. Instead, 
factors such as body size, absolute workload, aerobic fitness, heat-
acclimatization status, and behavioral differences generally play a 
larger role in determining sweat loss and fluid balance. Thus, hydration 
strategies should be tailored to the individual based on the athlete’s 
sweat losses and exercise/environmental conditions, with the overall 
goal of preventing significant fluid/electrolyte imbalances. 

PRACTICAL APPLICATIONS
•	 Female athletes should drink enough fluid during exercise to 

avoid significant hypohydration, as ≥ 2% BML is associated 
with performance decrements in women. 

•	 It is also important to advise female athletes to avoid body 
mass gain during/after exercise since women tend to be 
more likely to overdrink relative to sweat losses.

•	 There is considerable variation in sweating rates and sodium 
losses among female athletes. Individualized sweat testing 
should be conducted to guide the athlete’s hydration strategy. 

•	 Significant hypohydration (≥ 2% BML) during exercise is not 
commonly observed in women. However, because women 
tend to have a higher body fat percentage, water lost in 
sweat may represent a slightly larger percentage of total body 
water and plasma volume in women than men. Therefore, 
more research is needed to determine the effect of milder 
levels of hypohydration (1 – 2% BML) on performance in 
female athletes.

•	 For women, the Adequate Intake (AI) for total water is 
approximately 2.0 L/d (EFSA) to 2.7 L/d (USDA). The AI does 
not include fluid intake needed to replace individual sweat 
losses, which may vary day-to-day depending upon exercise 
duration/intensity and the environment. 

•	 Appropriate hydration in women can have everyday health 
benefits, including cognitive performance and mood. In 
addition, increasing habitual water intake can decrease the 
risk of recurrent UTIs

The author is employed by the Gatorade Sports Science Institute, a division of PepsiCo R&D. 
The views expressed are those of the author and do not necessarily reflect the position or 
policy of PepsiCo, Inc.
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