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Importance of Hydration & Cognition



Outline

ÅDefining & measuring hydration status

ÅMeasuring cognition & mood

ÅEffect of hydration on cognition & 
mood

ïAdults 

ïChildren

ÅImproving hydration
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Body Fluid Balance



Altered hydration status



Delayed Thirst



Involuntary Dehydration

Drinking as much 

as sweating

Sweating more 

than drinking



How do measure hydration status?

ÅStable isotope dilution

ÅNeutron activation analysis

ÅBioelectrical impedance spectroscopy

ÅBody mass change

ÅPlasma volume change

ÅPlasma/Serum osmolality 

ÅADH level

ÅUrine osmolality

ÅUrine specific gravity

ÅUrine conductivity

ÅUrine color

Å24-hr urine volume

ÅSalivary flow rate

ÅRating of thirst



Classifying Hydration Status
Adapted from Armstrong 2010

24-hr fluid 
intake (L)

24-hr 
urine 

volume (L)

Morning 
USG

24-hr USG Morning 
Urine Osm

24-hr
Urine Osm

24-hr
Urine 
Color

Extremely 
hyperhydrated

>3.3 >2.3 <1.017 <1.012 <545 <377 <4

Slightly
hyperhydrated

2.6-3.3 1.9-2.3 1.017-1.021 1.012-1.014 545-713 377-475 4

Well hydrated 2.5-2.6 1.5-1.9 1.022-1.023 1.015-1.017 714-817 476-586 5

Euhydrated 2.0-2.5 1.2-1.5 1.024-1.026 1.018-1.020 818-924 587-766 5

Slightly
dehydrated

2.01-2.05 1.1-1.2 1.027-1.028 1.021-1.024 925-999 767-880 6

Very 
dehydrated

1.4-2.0 0.9-1.1 1.029-1.031 1.025-1.027 1000-1129 881-1013 6

Extremely 
dehydrated

<1.4 <0.9 >1.031 >1.027 >1129 >1013 >6

(290 data points, 59 male test subjects). Data fit to normal curve
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Methods of assessing hydration

Nude Body weight pre- and 

post

70 kg baseline

-68 kg after exercise

=2 kg

2 / 70 *100 = 2.86 % 

dehydrated



Intermediate Summary

ÅThere is a constant turnover of water in the 
body.

ïStresses to body water balance include ambient 
temperature and activity level

ÅReplacement is not perfect or always timely.

ïInvoluntary dehydration

ÅIn laboratory setting many biological markers 
can be made

ïIf tightly controlled changes in body mass can 
indicate acute changes in body water loss
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What are you measuring?

Cognitive 

Performance

MoodCognitive

Effort



Cognitive Performance



F, G, H, J Keys

PUT A FINGER OF ONE HAND OVER EACH KEY

Measuring Cognition



When the square appears inside, press the appropriate key. 





A sample pattern to learn.



The correct response.



Visual Vigilance 



Assessing 
Mood

	

Profile of Mood States



Cognitive Effort (Mental Energy) 
NASA Task Load Index
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Hydration and Cognition



Cognition & Dehydration

?

Lieberman 2007



Eye-Hand Coordination

Sharma 1986

Cognition & Hydration



Cognition & Hydration

Trail Making Task

Gopinathan 1988



Symbol Substitution 

Sharma 1986

Cognition & Hydration



Cognition & Hydration

Serial Addition

Gopinathan 1988



Mood



1.0% 1.75% 2.7%

Headache

Shirreffs et al 2004

Fluid restriction

No fluid restriction

High

Low


