
• Individuals are not meeting their daily fluid requirements and therefore may be at risk for hypohydration.
• Hypohydration of 1% body mass loss or greater has been observed to impair cognition—mental processes required to perceive, process and 

produce information—which are required to accomplish everyday tasks. 
• Children are at risk for hypohydration due to insufficient accessibility of water during the school day. Drinking water appears to improve cognitive 

performance in tasks required for optimal academic performance.
• Adults can achieve 1% of body mass loss or more with prolonged unintentional fluid restriction. This level of hypohydration may impair executive 

functioning and performance on functional tests such as driving.
• Older adults are at risk for hypohydration due to various factors including a muted thirst response and, if non-ambulatory, a risk of diminished 

water intake. While cognitive responses following acute hypohydration have not been robustly studied, hospital observation studies suggest water 
deficits can result in severe mental conditions such as acute confusion and delirium. 

• Because thirst may act as a bottleneck for cognitive performance, effective countermeasures should revolve around diminishing thirst or, in the 
case of older adults, programmed drinking.
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INTRODUCTION
Hydration is essential for life, and improper hydration (hypo- and hyper-) 
can elicit adverse physiological consequences. While the physical 
performance implications of hypohydration (i.e., under-hydrated) have 
been extensively reviewed (Cheuvront & Kenefick, 2014), the potential 
effects on cognitive and perceptual responses are less clear. Unlike 
aerobic exercise performance tests (e.g., time trial, time to exhaustion), 
which are more impaired in warm or hot environments with hypohydration 
due to greater cardiovascular strain and high skin temperature (Sawka 
et al., 1992), the neural constructs explaining cognitive decline are 
limited, in part, due to the complexity of brain circuitry and its 
relationship to monitoring the physiological state of the body. As such, 
no mechanism ascribing mental impairments to body water deficits 
exists. The responsible mechanism(s) also likely changes across the 
lifespan, as the developing and aging brain have different neural 
activations and/or alternative strategies to complete a given task. 
Within this Sports Science Exchange article, a brief description of 
cognitive function will be presented along with a brief overview of 
current state of the literature as it relates to hypohydration, cognitive 
performance, and children, adults and older adults. Finally, actionable 
items to maintain cognitive performance through improved hydration 
will be discussed.

Defining Fluid Requirements

The consensus on fluid intake requirements from the Institute of 
Medicine (IOM, 2004) and the European Food Safety Authority (EFSA 
Panel on Dietetic Products, Nutrition & Allergies, 2010) are listed in 
Table 1. The fluid intake requirements are scientifically derived to 
understand the adequate intake of water required to prevent the 
adverse effects of dehydration (IOM, 2004). As such, factors such as 

health status, protein and salt intake, physical activity, and climate may 
contribute to large variability in water intake requirements at the 
individual level (IOM, 2004). A recent analysis of the 2011-2016 
NHANES data found 60% of the population does not meet the IOM 
guidelines (Vieux et al., 2020), supporting early lab-based evidence 
that individuals are at risk for mild hypohydration even with adequate 
access to fluid, termed “voluntary dehydration” (Greenleaf & Sargent, 
1965).

Defining Cognition

Cognitive psychology refers to the study of the structures, 
representations, and processes of the mind that take in, transform, and 
use information (Sternberg & Sternberg, 2016). For example, if asked 

Table 1: Total water intake recommendations from the Institute of Medicine 
(IOM) and European Food Safety Authority (EFSA) by age and sex. M=Male; 
F=Female

Total Water Intake Recommendations (Liters/Day)

Age (years) Sex IOM EFSA

4-8 M/F 1.7 1.6

9-13 M 2.4 2.1

9-13 F 2.1 1.9

14-18 M 3.3 2.5

14-18 F 2.3 2.0

≥ 19 M 3.7 2.5

≥ 19 F 2.7 2.0
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to raise your hand when your name is called in a classroom, at each 
name spoken you are perceiving the auditory vocalization, recognizing 
the word as a name, accessing the knowledge of your name, deciding 
whether that name is yours, deciding whether you will raise your hand, 
and the controlling of your hand (should it be raised?). To assess 
cognitive performance, scientists have developed tests that stress 
specific aspects of cognitive processing. For example, a long-term 
memory task requires participants to listen to a paragraph and recall 
information about that paragraph 20-30 min later. In this task, aspects 
of cognitive processing beyond memory are minimized (i.e., the task 
should be easily heard, will not require a complex motor response) to 
isolate neural areas and processing related to memory. Quantifiable 
outcome measures such as accuracy or reaction time (i.e., speed of 
response) then provide objective measurements of performance. 
Ultimately, these tasks are important in facilitating our understanding of 
how hypohydration may impact cognitive performance by providing 
insights into which aspects of cognitive processing are most affected 
with body water deficits. Table 2 presents a sample of commonly 
assessed cognitive domains in the hypohydration literature; the 
definitions offered here are designed for practical understanding by 
individuals without a robust knowledge of cognitive psychology. Figure 
1 presents an example of how multiple cognitive domains are required 
to accomplish the complex task of driving.

CHILDREN
Children are at risk for hypohydration due to insufficient consumption of 
fluid with breakfast, barriers at school and reliance on adults for access 
to fluids. As a result, ~60% (range: 10-98%) of children, across 19 
countries, were found to not meet the fluid intake guidelines (Suh & 
Kavouras, 2019). Supporting the lack of fluid with breakfast, reports 
found 62% of children aged 9-11 arrived at school hypohydrated 
(Bonnet et al., 2012). During the school day, which constitutes 
approximately half their waking hours, children consumed only 14% of 
their daily total fluid intake (Bottin et al., 2019). Factors contributing to 
low fluid consumption at school are numerous, but of primary concern 
is a lack of access to beverages and/or inadequate knowledge of school 
staff regarding benefits, such as maintaining cognitive performance, of 
adequate fluid intake (Molloy et al., 2008). School-based interventions 
also have mixed efficacy, as one study observed no effect of education 
on drinking behavior in children (5th -6th-grade students) although 
water intake increased due to increased accessibility (Drozdowska et 
al., 2020).

In general, children have been understudied with regard to how 
hypohydration can impact cognitive performance. Because brain 
development continues until adulthood, children may be more vulnerable 
to the acute effects of hypohydration compared to adults. One of the 
only intervention studies used exercise in the heat to elicit 1.6% body 
mass (BM) loss and found that performance, on an executive function 
task, was unchanged despite greater brain activity during the task 
(Kempton et al., 2011). The authors argued that these findings represent 
an inefficient brain, meaning a greater level of effort was required to 
maintain the same performance. Other observational studies have 
found hydrated children performed better on a cognitive test battery 
compared to dehydrated children, with the strongest benefits of 
hydration occurring during the working memory task (Bar-David et al., 
2005). 

There is also strong evidence that drinking water (250 – 1,000 mL) has 
acute benefits to cognitive performance in children. Many reports have 
suggested drinking water improves performance in memory tasks such 
as working memory (Benton & Burgess, 2009), and visual (semantic) 
memory (Edmonds & Burford, 2009), although some studies suggest 
there is no effect (Edmonds & Jeffes, 2009). Studies on attention are 
also mixed, with some studies finding benefits of drinking water on 
visual attention (Chard et al., 2019; Edmonds & Burford, 2009; 
Edmonds & Jeffes, 2009) but others not finding benefits during 
sustained attention tasks (Benton & Burgess, 2009). However, children 
who were provided 200 mL of water on three occasions were more 
attentive to their school work, suggesting a practical benefit of drinking 
water (Benton, 2011).

ADULTS
Adults who limit water intake over 24 h can lose ≥ 1% BM with greater 
losses elicited with exercise and/or heat exposure (Stachenfeld et al., 
2018). A recent meta-analysis completed in adults who lost ≥ 1% BM 
as a result of exercise, exercise + heat stress, heat stress or fluid 

Table 2: Sample of commonly assessed cognitive domains in response to 
hypohydration (Sternberg & Sternberg, 2016; Wickens et al., 2004). 

Cognitive Domain Definition of Domain

Sensation & Perception
Recognizing the surrounding physical world obtained through 
sensory input (visual, auditory, etc.) followed by processing 
(organizing, interpretation, selection) of that information.

Motor Coordination
Combination of body movements created to accomplish 
the desired action that is smooth, efficient, well-timed and 
appropriate for the environment where the individual is located.

Attention

Alternating: Shifting processing between tasks with different 
cognitive demands 
Divided: Attend to two different stimuli at the same time 
Selective: Focus processing on only relevant stimuli in the 
environment 
Sustained: Maintain focus and performance on a relevant task 
over time

Memory

Long-Term - Explicit (Declarative): Recall specific events 
(episodic) or facts (semantic) 
Long Term - Implicit (Non-Declarative): Subconscious 
acquisition of information, often procedural 
Working (Short-Term): Recall chunks of recent information, 
temporary in nature

Executive Function

Executive (“higher-order”) control over thoughts and actions 
related to a goal. Also encompasses working memory, 
attentional control, inhibition and flexibility between modes  
of thought.

Information Processing
Process of perceiving stimulus, processing the important 
features of the stimulus, selecting and executing the  
appropriate response.

Language/Verbal Skills
Comprehension and production of letters, words, syntax  
and grammar associated with the semantics/lexicon intended 
for communication. 
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restriction (Wittbrodt & Millard-Stafford, 2018a) found that 
hypohydration resulted in, (1) a small but significant overall impairment 
in cognitive performance, (2) greater cognitive impairments in higher-
order domains such as executive function and attention compared to 
simple reaction time-based tests, and (3) greater cognitive impairments 
with > 2% BM loss. Specific to this review, healthy adults losing ≥ 1% 
BM via free-living conditions (i.e., restricting fluid intake) or with simple 
exercise (no heat stress), had small but significant decreases in overall 
cognitive performance. While the small effect is likely due, in part, to 
the large variability among studies (e.g., different cognitive testing or 
hypohydration protocols), individual reports have indicated that 
hypohydration resulting from fluid restriction and/or exercise without 
added heat stress can impair executive function and spatial problem 
solving (Stachenfeld et al., 2018), working memory (Patel et al., 2007) 
and driving simulator performance (Watson et al., 2015). 

Of the studies that found cognitive decrements with hypohydration 
using fluid restriction, it appears that executive functions were most 
impacted. This has been shown both during highly complex occupational 
simulation studies such as driving (Watson et al., 2015) and flight 
simulation (Lindseth et al., 2013) along with executive function-specific 
tasks (Stachenfeld et al., 2018). The occupational tasks are an 
intriguing look into human cognitive capacity following hypohydration, 
as they model complex behavior; that is, how can hypohydrated 
individuals simultaneously process multiple stimuli requiring perception, 
decision, memory and motor coordination. Within the occupational-
specific studies, a couple of findings are of note. First, during prolonged 
driving, mild hypohydration (1.1% BM loss) more than doubled the 

overall number of driving mistakes (e.g., braking too late, drifting out of 
lane; 47 vs. 101) (Watson et al., 2015). Second, significant differences 
between the hypohydration and hydration conditions occurred only 
after 30 min, suggesting greater errors were due, in part, to the 
prolonged nature of the task. Additionally, the study by Lindseth et al. 
(2013) observed > 2x the number of errors in a flight simulator with 
1-3% BM loss, indicating that even highly practiced tasks can be 
impaired by hypohydration. This is an important finding, as hypohydration 
appears to increase mental workload as observed in brain imaging 
studies (Kempton et al., 2011; Watson et al., 2015; Wittbrodt et al., 
2018b), which contribute to cognitive impairments (Wickens, 2008). 
Training decreases both the perceived (i.e., how difficult was the task?) 
and measured (i.e., brain activation levels) workloads during a given 
task (Borghini et al., 2013), and therefore these findings indicate 
hypohydration-mediated task impairments can occur independent of 
task proficiency. 

While occupational task simulations provide invaluable feedback in 
“real-world” scenarios, tasks assessing discrete cognitive domains 
provide insight into how specific aspects of information processing are 
impaired by hypohydration. For example, in an assessment of a variety 
of cognitive domains, only the executive function tasks were impaired 
by hypohydration resulting from 24 h of fluid restriction (Stachenfeld et 
al., 2018). One specific executive function task affected was a test of 
paired associative learning. For example, if provided a list of state-color 
pairs (e.g., Michigan-Blue, New Hampshire-Green), one version of the 
task would ask participants to respond with the correct color if provided 
the state name. These cognitive processes are involved in learning and 

Figure 1: Example of how specific cognitive domains contribute to driving and safely operating a vehicle. Inadequate hydration can affect many of these 
domains and potentially degrade driving performance and/or safety.
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formulating relationships between items, which impacts most aspects 
of daily life. The other test impaired by hypohydration, the Groton Maze 
Learning Task, requires subjects to learn a sequence of dots presented 
on a grid. This is a test of visuospatial executive function and suggests 
the ability to learn and remember visuospatial patterns is impaired by 
hypohydration (Papp et al., 2011). This finding is reinforced by 
subsequent studies observing impairments in golf-specific distance 
judgment with fluid restriction of 12 h (Smith et al., 2012).

However, not all studies observe cognitive impairments with fluid 
restriction. For example, in a sample of males and females undergoing 
28 h of fluid restriction (2.6% BM loss), hypohydration did not impact 
overall cognitive performance on a multi-domain cognitive battery 
(Szinnai et al., 2005). Furthermore, brain activity was not impacted 
during a task of information processing, conflicting with other studies 
finding increased brain activity with hypohydration. Interestingly, sex 
differences were observed with hypohydration (Szinnai et al., 2005). In 
a serial addition and Stroop (working memory, executive function) 
tasks, females had a slowing of reaction time (impaired performance) 
whereas men had a faster reaction time (increased performance). 
Unfortunately, few other studies have examined sex differences in 
cognitive performance following a bout of fluid restriction.

In addition to the objective performance measures collected in cognitive 
batteries (e.g., reaction time, accuracy), there has been a concerted 
effort to quantify the subjective feelings of individuals while 
hypohydrated. Indeed, many studies have observed deteriorated 
changes in subjective and affective feeling, often labeled as “changes 
in mood,” following fluid restriction of as little as 12 h (Pross et al., 
2013). Some researchers have suggested the perceptual changes with 
hypohydration may contribute to and/or explain degradations in 
cognitive performance. This relationship may be modality-specific; that 
is, during fluid restriction protocols, worsened feelings may occur as a 
function of time whereas exercising in the heat may elicit similar 
changes through increased core temperature and/or greater perceived 
effort. For example, Petri et al. (2006) measured cognitive and affective 
change every 3 h throughout a day of fluid restriction (500 g/24 h) and 
observed continual decreases in global cognition and increases in 
ratings of energy required to complete the cognitive assessment. Lastly, 
other studies have identified that hypohydration (≥ 1% BM loss) alters 
specific symptoms related to worsened self-appraisal such as feelings 
of headache, decreased alertness, difficulty concentrating and greater 
fatigue (Shirreffs et al., 2004).

Like research in children, drinking water may restore cognitive decline 
brought on by hypohydration. Seminal work in adults by Denton and 
colleagues (Denton et al., 1999; Egan et al., 2003) have provided 
evidence that water, either swallowed or not, can decrease activation 
within the anterior cingulate, the thirst center in the brain. Importantly, 
the particular area of the anterior cingulate affected by thirst is involved 
in emotional perception and cognition (Devinsky et al., 1995). Therefore, 
this region may be a “bottleneck” in the competition between resources 
required to manage the thirst sensation and accomplish cognitive 
processing. For example, Edmonds et al. (2013) found drinking 500 mL 

of water following an overnight fast improved cognitive performance 
compared to the non-drinking trial only in the individuals experiencing 
the greatest severity of thirst. Drinking small volumes of water (150 mL) 
eliciting a negligible impact on fluid regulation improved cognitive 
performance which was mediated, in part, by changes in thirst and 
osmolality (Benton et al., 2016). These studies indicate that the 
presence of thirst may impair cognitive performance and therefore 
correcting this sensation may have beneficial effects.

OLDER ADULTS
There is a distinct lack of evidence on whether hypohydration may 
uniquely impair cognitive functioning in older adults (> 60 y). There is 
reason to believe cognitive faculties in older adults are disproportionately 
affected by hypohydration, such as a greater risk for acute confusion 
and delirium, which can lead to increased duration and severity of 
hospital stays (Inouye, 2006; Warren et al., 1994). Specifically, acute 
confusion is a mental condition consisting of increased irritability, 
distracted thinking and memory impairments, which have severe 
functional implications (Mentes & Buckwalter, 1997). Furthermore, 
older adults are at greater risk for hypohydration given several factors 
outlined previously (Kenney & Chiu, 2001; Lavizzo-Mourey, 1987; 
Spangler et al., 1984) including, (1) decreased concentration capacity 
of the kidney, (2) decreased efficacy of arginine vasopressin receptors 
in the kidney, (3) lower total body water due to reduced muscle mass 
(by ~8%), (4) a muted thirst response to both hypovolemia and 
hypertonicity, (5) potential for diminished water intake if non-ambulatory, 
(6) prescription medications (e.g., loop diuretics) which alter water 
balance, and (7) taste preferences in beverages. These factors, in 
combination with other variables such as a greater risk for acute illness, 
infections and fever, are likely why community-based studies in older 
adults find an increased rate of hypohydration (Suhr et al., 2004).

With aging, it is difficult to understand the independent effects of 
hypohydration on cognitive performance without the context of the 
underlying neural systems. Older adults may present with age-related 
changes in the brain, such as decreased total brain volume and 
increased brain ventricle volumes, resulting from shrinking of the 
surrounding brain structures (Coffey et al., 1992). Along with the 
changes in brain structures (Carlson et al., 2008), aging presents other 
known neurobiological challenges, such as decreased concentration of 
the neurotransmitter acetylcholine (Sfera et al., 2016), which may 
partially explain the well-described decline in cognitive (Miquel et al., 
2018) and motor (Buch et al., 2003) function.

To date, the limited studies in older adults present conflicting data 
regarding the effects of hypohydration on cognitive performance. In a 
sample of older adults (≥ 50 y) undergoing bowel preparation for a 
colonoscopy, no significant executive function decrements were 
observed despite a loss of 2% BM (Ackland et al., 2008). However, the 
nature of fluid loss is likely dissimilar to those elicited via sweat or lack 
of fluid ingestion. In a fluid restriction study, community-dwelling older 
(50 – 82 y) adults were observed to have slower psychomotor speed 
along with a modest decrease in working memory performance (Suhr 
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et al., 2004). Furthermore, when attempting to model both psychomotor 
and working memory responses, the addition of hydration status 
significantly improved the model fit suggesting hydration status was 
related to the performance on the tasks (Suhr et al., 2004).

Additionally, observational studies have also found evidence of cognitive 
impairment with insufficient body water in older adults. When employing 
blood urea nitrogen to creatinine ratio as a proxy for hydration  
status (increased = greater hypohydration), an increased ratio was 
independently associated with a doubling of the risk to develop delirium 
(Inouye et al., 1993). In more free-living conditions, a post-hoc analysis 
of the 2011-2014 NHANES data found lower serum osmolarity 
(indicating improved hydration) was associated with better scores on 
the digit-symbol substitution test (attention, processing speed) in older-
aged women but not men (Bethancourt et al., 2019).

While the current data is limited both in scope and volume, older adults 
are likely challenged in some capacity by the effects of hypohydration. 
The literature indicates hypohydration may be related to, at a minimum, 
worse executive processing and attention with more severe cases 
potentially manifesting in clinical conditions such as delirium (Inouye, 
2006). How acute changes to hydration status (e.g., sweating during 
outdoor activity) alter the cognitive systems in older adults is currently 
unclear. Because older adults are already at risk for impairments in 
motor coordination (Buch et al., 2003), it is likely important to mitigate 
the potential influence of hypohydration, specifically concerning tasks 
observed to be at risk with body water deficits (e.g., driving) (Watson et 
al., 2015). Therefore, older adults (> 60 y) should be encouraged to 
maintain adequate hydration and, with respect to the diminished thirst 
sensation, may require cognitive strategies to consume adequate 
volumes of fluid (Table 1) such as filling a vessel with the daily allotment 
of water.

PRACTICAL APPLICATION & SUMMARY
In summary, previous studies indicate fluid restriction can impair 
cognitive performance. Across the studies observing cognitive 
impairments with hypohydration, higher-order aspects of executive 
processing (executive function, attention, memory) appear more at risk 
than other tasks such as simple reaction time. The exact mechanism 
explaining these findings is unknown; however, the data in children and 
adults indicates quenching the thirst sensation may be an effective 
countermeasure and should be encouraged both at home and work/
school. For children, accessibility to water during the school day and 
education of teachers/staff appear important to improving hydration 
status. In older adults, the consequences of hypohydration may be 
more severe (e.g., delirium, acute confusion) and, in combination with 
a less sensitive thirst sensation and other factors challenging hydration 
status, suggests other strategies, such as programmed drinking, may 
be beneficial.
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