
WILDERNESS & ENVIRONMENTAL MEDICINE, 27, 192–202 (2016)

VIEWPOINTS

VIEW: Is Drinking to
Thirst Adequate to
Appropriately Maintain
Hydration Status During
Prolonged Endurance
Exercise? Yes
Martin D. Hoffman, MD; James D. Cotter, PhD;
Éric D. Goulet, PhD; Paul B. Laursen, PhD

From the Department of Physical Medicine & Rehabilitation
Department of Veterans Affairs, Northern California Health Care
System, and University of California Davis Medical Center,
Sacramento, CA, USA (Dr Hoffman); the Exercise and Environmental
Physiology, School of Physical Education, Sport and Exercise Sciences
Division of Sciences, University of Otago, Dunedin New Zealand
(Dr Cotter); the Research Centre on Aging, Faculty of Physical Activity
Sciences, University of Sherbrooke, Sherbrooke, QC Canada
(Dr Goulet); and the High Performance Sport New Zealand, and
Sports Performance Research Institute New Zealand (SPRINZ)
Auckland University of Technology, Auckland New Zealand
(Dr Laursen).

Importance of the Question

The importance of adequate fluid intake during exercise
has been stressed for sport and cardiovascular perfor-
mance, for management of thermal stress,1,2 and for
prevention of exercise-induced muscle cramping1,2 and
acute kidney injury from rhabdomyolysis.1 For these
reasons, several recent guidelines recommend that mass
loss during exercise should not exceed 2% of body
mass.1,2 We will show why we believe that such
recommendations are not well supported by ecologically
valid science, and may even induce harm.
Exercise-associated hyponatremia (EAH) is a primary

concern for fluid intake beyond that which is physiolo-
gically appropriate before, during, and after exercise.3

The behavior of overhydration typically occurs from
misunderstandings about fluid needs during exercise,

coupled with excessive concerns about dehydration and
the need for adequate hydration to prevent decline in
performance, heat illness, and muscle cramping, likely
fueled by various organizational hydration guidelines.
Because there have been several deaths, as well as other
morbidity, from EAH,3 a discussion to clarify current
knowledge about proper hydration during exercise
extends beyond merely being of academic interest.

Fluid Balance During Exercise

Glycogen oxidation during exercise results in mass loss,
the extent of which depends on the intensity and duration
of the exercise. Associated with the oxidation of glyco-
gen is release of water, as 1 to 3 g of water are stored
with every gram of glycogen.4 Thus, it is important to
recognize that a loss of body mass during moderate-to-
high-intensity exercise does not necessarily imply dehy-
dration or a reduction in the cardiovascular fluid
compartment, as is commonly inferred. In fact, total
body water has been found to be maintained despite a
loss in body mass of approximately 3.5% among runners
participating in a 56-km ultramarathon5 and a loss in
body mass of approximately 2% among soldiers during a
14.6-km march.6 Furthermore, when well-trained cyclists
lost 3% of body mass by performing 2 hours of
submaximal exercise (walking and cycling) in the heat,
and were then reinfused with saline in a blinded fashion
so that they were 0%, 2%, or 3% below their initial body
mass before a 25-km bike ergometer time trial in the
heat, blood volume returned to baseline during the time
trial irrespective of the extent of fluid restoration.7 Thus,
consistent with conclusions made several decades ago,8

humans are well designed to resist volume depletion of
the vascular compartment through renal and hormonal
adjustments in sodium and osmolality, and body mass
losses of at least 2% to 3% during prolonged exercise
may be necessary to maintain euhydration.

Excessive concern about hypohydration?

In our examination of the literature, we find no con-
trolled, laboratory-based studies using exercise protocols
mirroring real-world exercise conditions (ie, those in
which athletes are free to alter exercise intensity accord-
ing to perceived exertion and the knowledge of com-
pleted and uncompleted distance and time) showing that
drinking-to-thirst-associated hypohydration of at least
2% of body mass impedes running9,10 or cycling11

performance, compared with a scheduled rate of fluid
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intake aimed at preventing loss in body mass. What these
studies collectively show is that thirst-driven fluid intake
induces no performance disadvantage compared with
programmed fluid intake, although it is evident that
drinking less than what is dictated by thirst impairs
endurance performance.11,12 Furthermore, a meta-
analysis found that hypohydration up to 4% of body
mass did not impair endurance performance during real-
world exercise conditions.13

So, why is it that there is a widespread belief that
hypohydration of at least 2% of body mass impairs
performance? We believe it is because those controlled-
laboratory studies arriving at such conclusions used
methodologies that render them invalid in determining
the real impact of hypohydration during outdoors con-
ditions.14 In fact, in addition to preventing athletes from
drinking before or during exercise, most studies have
failed to provide appropriate convective cooling or
blinded subjects from the hydration treatment received.
When studies are designed so that subjects are allowed to
quench their thirst during exercise, receive adequate
ventilation, or are blinded to the experimental
conditions, hypohydration greater than 2% has
systematically been demonstrated not to impair
performance or result in serious elevations in core
temperature.7,9,11

It is also noteworthy that it is quite common for
observational field studies to report significant negative
correlations between body mass loss and performance
time. In other words, those with the greatest loss in body
mass tend to be the fastest. The fastest long-distance
triathletes,15 marathoners,16 and ultramarathoners17 often
complete races with body mass losses of 4% to 9%.
Thus, mass losses in excess of 2% to 3% during
prolonged exercise are well tolerated by elite athletes,
but optimal hydration levels remain unknown.
With regard to exercise-associated muscle cramping,

growing evidence from experimental18 and cohort19

studies indicates that cramping results from neurologic
changes rather than uncompensated water and sodium
losses incurred during exercise. A lack of difference
between those with and without cramping in postrace
body mass change, plasma sodium concentration, and
sodium intake provides further evidence that exercise-
associated muscle cramping is not related to fluid and
sodium imbalances.20

Thirst As A Stimulus To Maintain Appropriate
Hydration

The sensation of thirst in animals is a behavioral urge,
driven largely by physiologic mediators that are acti-
vated when total body water content is low and

antidiuresis is maximal. The 2 main sensors that detect
physiologically relevant decreases in body water are the
osmoreceptors located within the hypothalamus and
baroreceptors located within the cardiac atria. Small
(1%–2%) elevations in the effective osmotic pressure
of plasma can stimulate central osmoreceptors and
trigger thirst.21 Thirst generally occurs when plasma
osmolality exceeds 288 mOsmol/kg H2O,

22 which is still
within the normal physiological range of 275 to 295
mOsmol/kg H2O, although wide individual variation
exists with regard to osmotic stimulation thresholds for
both thirst and arginine vasopressin release.23 Peripheral
baroreceptors stimulate thirst when circulating plasma
volume decreases by more than 10% to 15%.22 Thus,
thirst is stimulated to bring water into the body to either
dilute rising blood solute concentrations or restore
plasma volume, or both.
Subjects hypohydrated by performing light exercise

have demonstrated that 65% of the variance in fluid
intake was accounted for by changes in plasma osmol-
ality or volume.24 Thus, factors other than thirst likely
contribute to fluid intake, including oropharyngeal
factors, mouth state, stomach fullness, beverage
temperature, competing homeostatic mechanisms (ie,
hunger, blood glucose), psychological factors, and
situational factors including ambient temperature,
exercise context, and duration. Older humans are also
thought to have a lower thirst sensitivity to hypertonicity
compared with younger individuals.25

Nevertheless, laboratory trials have demonstrated that
drinking according to thirst is adequate to avoid body
mass losses greater than 2% during low to moderate
intensity exercise in the heat, as well as attenuate thermal
and circulatory strain.26 Field studies have also shown
that drinking to thirst, even during prolonged exercise up
to 30 hours under hot ambient conditions, will allow
maintenance of what we consider to be proper hydration
when considering mass loss from stored fuel.5,6,27 Even
when athletes begin aerobic exercise hypohydrated, the
drive to drink during exercise is substantially magnified
to optimally regulate plasma volume and osmolality28

and endurance performance.29

In contrast to drinking according to thirst, forced fluid
replacement during exercise has been shown to enhance
gastrointestinal distress.9,30 If severe enough,
gastrointestinal-related problems may impede endurance
performance.30

Problems With Alternative Methods For Maintaining
Proper Hydration

Various alternative methods for maintaining proper
hydration during exercise have been suggested, but each
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