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introduction
Measuring hydration status is challenging due to 
complex dynamics associated with fluid regulation. 
Water balance is a continuous process of water 
losses from kidneys, lungs and skin and occasional 
uptake through oral intakes. Many assessment 
methods exist, and these were established for 
different purposes such as clinical, academic or 
industrial settings. There have been numerous 
attempts to establish the most reliable assessment 

method that could be used for different population 
groups1-7, but so far the superiority of any one of 
these has not been established.8 
Assessment techniques aim to measure one or more 
fluid compartments either directly or indirectly. Some 
of the methods attempt to compare the sizes of the 
individual compartments, other rely on biomarkers 
estimating the concentration of the solutes found in 
bodily fluids, or attempt to assess the hydration status 
using the physiological signs and symptoms. 

ConTACT AGGie BAk   aggie.bak@uwl.ac.uk   Richard Wells Research Centre, College of Nursing, Midwifery and Healthcare, 
University of West London, London.
© 2017 The Author(s). Published by enviro Research Publishers
This is an  Open Access article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 international License 
(https://creativecommons.org/licenses/by-nc-sa/4.0/ ), which permits unrestricted NonCommercial  use, distribution, and reproduction in 
any medium, provided the original work is properly cited.
To link to this article: http://dx.doi.org/10.12944/CRNFSJ.5.2.01

Abstract

Assessment of hydration status is complex and difficult to achieve. Few 
assessment methods have been validated to accurately measure the fluid 
compartments in the body, but they have little application in practice. Different 
techniques have been developed to determine hydration status for the use in 
clinical settings, but their diagnostic accuracy remains questionable. Since 
many experts argue that there is no ‘gold-standard’ technique and one can 
never be achieved, this paper describes both, the benefits and limitations 
of the available methods and their usability in assessing hydration status of 
the elderly.
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isotope tracers
This assessment method is often cited in the 
literature as the gold-standard for measuring 
hydration status6,9, although some authors raise 
important concerns regarding this method. 1-3,5,7 
This method uses stable isotopes and relies on the 
theory that fluid is constantly exchanged between 
compartments and is distributed throughout the 
body in equal amounts if sufficient time is given. 
The sample with known concentration of isotopes 
is administered either orally or intravenously and 
allowed to equilibrate for about 3-4 hours. After this 
time the fluid volume can be calculated using the 
following formula10: 

PV1 X PC1 = PV2 X Pc2   ...(1)

Where PV means plasma volume and PC means 
plasma concentration. This method can directly 
measure the Total Body Water (TBW), extracellular 
(eCV) and intracellular (iCV) fluid compartments 
using a range of different tracers. The physical 
properties of appropriate tracers are considered 
when calculating different compartments. 
When calculating total body water, the isotopes 
used must have an ability to enter all compartments 
freely. The most common agents used are the stable 
isotopes of hydrogen and oxygen: deuterium (2H), 
deuterium oxide (2H2O) and oxygen-18 (18O). These 
isotopes can substitute the hydrogen and oxygen 
in normal biochemical and metabolic reactions 
and diffuse quickly through the body in the manner 
similar to that observed in water. They are rare in 
nature and practically absent in living matter, thus 
allowing for accurate estimation of the TBW. Tritium 
(3H) or tritiated water (3H2O) have been used in the 
past but are less common since they are highly 
radioactive.7,8,10

Bromides are also now widely used as isotope 
tracers. Bromine is slightly soluble in water, but 
readily soluble in organic solvents and easily 
absorbed from Gi tract. Bromides have an ability 
to diffuse easily through capillaries but they do not 
pass through the cell membranes, making them 
ideal candidate for estimation of extracellular fluid 
volume. They also have a long half-life of 12 days 
and virtually nothing is lost for the first few hours after 
the administration. These unique properties make 
the bromides superior to thiocyanate and 22Na, 24Na, 
36Cl isotopes that were used for estimating eCV in 

the past. 7,8,10

Apart from red and white blood cells and some 
plasma proteins, intravascular and interstitial fluid 
compartments have similar composition. The 
substance measuring the plasma volume needs to 
have an ability to diffuse easily through the blood 
but must not escape to the interstitial fluid. Small 
molecules do not have an ability to do this as 
they would be pushed out from capillaries by the 
hydrostatic force. For this reason, the substances 
that combine with either red blood cells or plasma 
proteins can be used; and they typically include the 
radioactive isotopes of iron, phosphate, chromium 
or iodine. 7,8,10

The interstitial and iCV fluids can be measured 
indirectly when the volumes of the TBW, eCV and 
intravascular Fluid (iVF) are obtained. The greatest 
advantage of this method is its direct measurement 
of most of the fluid compartments. it is accurate in 
determination of the hydration status in a controlled 
environment of the research lab where many internal 
and external factors are taken into account. in clinical 
setting, where these factors are not controlled and 
the results are required quickly; isotope tracers have 
little application.7 The costly administration as well 
as complicated and lengthy analyses of individual 
fluid compartments require a great level of expertise 
and would be a burden to clinical and laboratory staff. 
Radioactive tracers are also hazardous substances, 
which do not pose the problem when administered 
once in small doses, but do not allow for repetitive 
assessments often required in the clinical setting. 
Despite its accuracy and apparent ‘gold standard’ 
status, there is no reference to this method of 
assessment in relation to dehydration. Although the 
fluid compartments can be measured and compared 
to the rest of the body, academic literature does not 
describe any variations from a ‘normal’ hydrated 
state and does not provide the threshold values to 
determine hypo or hyperhydration states. 

neutron activation analysis (nAA)
This technique is widely used in academic research 
in fields such as forensic science, archaeology and 
geology. The subject is placed in the nuclear reactor 
and exposed to low dose of irradiation. The process 
results in production of unstable radionuclides that 
emit characteristic rays during the decay.8 The decay 
pathways have been identified for most elements 
and can be used as a reference to determine the 
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amount of each element present. Certain elements 
are well known to be mostly confined to major 
body compartments, such as 98% of potassium 
in iCV or 90% of chloride in eCV, therefore 
directly proportional to the intra and extracellular 
fluid volumes. The efficacy of this technique in 
assessment of hydration status was first used by 
Yasumura, et al11 who demonstrated its validity by 
showing a strong correlation against the isotope 
dilutions; and its superiority because it is less time 
consuming and not invasive. it does however require 
specialist equipment and technical expertise only 
available in few research facilities and does not allow 
for repetitive measurements.8 As with isotope dilution 
method, literature does not provide the threshold 
values to describe variations from euhydration. 

Bioelectrical impedance Analysis (BiA)
BiA estimates the amount of body water by 
assessing a conduction of a mild electrical current 
sent through the body. The technique has been 
widely used in the nutrition field to estimate body 
composition.12 it utilizes a mild electrical current that 
travels between electrodes placed on hands and 
feet while the resistance of its flow is measured. The 
higher resistance is expected in the less conductive 
tissues such as fat. The obtained resistance is used 
to calculate the water volume. Since low frequency 
current cannot penetrate the cell membranes, 
a 5Hz frequency provides a good estimation of 
eCV, while a higher 200Hz reading provides the 
estimation of TBW.12,13 The technique is cheap, 
non-invasive and widely available across different 
settings. its greatest limitation is the fact that the 
values have been generated from statistical models 
and that the method is largely dependent on many 
variables.7,13,14 
This method has been validated against the isotope 
tracers in some populations such as healthy men15-

17 and women15,16,18  and the elderly19 and was 
found to be well correlated (r2 ranging from 0.87 
to 0.98).7,20 its reliability still remains controversial 
since it is based on a false assumption that the 
body is a conductor of a homogenous composition; 
it has not yet been standardised; is not reliable to 
detect the changes smaller than 1000ml; and it has 
been shown to be affected by as much as 10% by 
some physiological factors such as dehydration 
or sweating.8,13 As with two previous methods the 
threshold values to describe abnormal states are 

not discussed in the literature. The technique may 
be reliable in monitoring the changes in hydration 
status if used repeatedly on the same individuals in 
short time intervals.8 

Changes in body weight
Daily fluctuations in the body weight are related to 
the changes in hydration status because the body 
has limited ability to utilise the adipose tissue for 
energy.21 it can be assumed that a day to day change 
in weight is directly proportional to the amount of 
water gained or lost. Since one litre equals one 
kilogram of water, the proportion of TBW changes 
can be easily calculated and may provide a quick 
assessment of hydration status.22-24 This technique 
requires the baseline body weight and precludes an 
immediate assessment in acute setting. The method 
is only reliable for short periods of time during which 
the potential amount of adipose tissue loss would 
be insignificant.8 Severe dehydration should be 
considered if the body weight rapidly decreases by 
3%.25 Since the body weight is also immediately 
influenced by the weight of foods consumed, this 
assessment method needs to ensure that the 
measurements are taken at the same times during 
the day, preferably after the first urine voiding and 
before breakfast and wearing as little clothing as 
possible. This method also relies on adequately 
calibrated equipment, especially if more than one 
scale is in use. 

Heamatological indices
Many heamatological parameters have been used 
to describe the hydration status. Since they are 
relatively easy to obtain and require equipment and 
expertise widely available in hospitals, they are often 
used in clinical setting. They may be performed in 
most of the research laboratories, which are usually 
equipped with similar facilities. These indices rely 
on trained professionals to perform a venupuncture 
and draw a blood sample; a technique that is seldom 
used in community and care home settings. 
in theory, reduced fluid volume should be followed 
by the decrease in the blood volume and subsequent 
haemo concentration. in reality, there are many 
other factors that prevent this from occurring, and 
these need to be taken into account. Since the body 
largely relies on adequate blood flow for exchange of 
nutrients and waste products; the volume of vascular 
tree is usually tightly regulated despite the influence 
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of osmotic pressure26; blood parameters may not be 
reliable in diagnosis until severe fluid loss occurs.27 
Furthermore, if the water losses were accompanied 
by the losses of the salt, haemo concentration may 
not be the reliable indicator and diagnosis relies on 
close inspection of different parameters. 
Sodium is an extracellular ion and primary determinant 
of eCV osmolality; its homeostasis is closely related 
to the water balance and the body has an ability to 
excrete any excess sodium via kidneys. increased 
levels are rarely associated with sodium load; but 
they usually develop as a consequence of chronic 
water deficit.28 Hypernatremia normally triggers a 
response of thirst to restore water balance; but this 
mechanism often fails in the elderly subjects who 
suffer from diminishing thirst. Many elderly people 
such as those physically and cognitively impaired 
may also have difficulties to communicate their 
needs efficiently. Consequently, fluid intakes may 
never be replenished despite the sodium levels 
rising. When hypernatremia is present, it is almost 
exclusively due to dehydration.28 On the other hand, 
since water losses are sometimes accompanied by 
the salt losses; normal or hyponatremic state does 
not rule out the possibility of hypohydration.26 
Plasma osmolality (the concentration of solutes in 
the blood) is arguably the most valuable hematologic 
parameter to assess hydration status and is 
considered by some a gold standard technique to 
detect dehydration in the clinical setting.8,29 in clinical 
laboratory setting, plasma osmolality can be either 
measured by osmometer or calculated from the 
following formula30: 

Osmolality greater than 300 mOsm/kg is considered 
to be a threshold value for clinical dehydration5,30 
while the value of 295 mOsm/kg is often cited as a 
mild or impending dehydration.26 The value of this 
technique as a dehydration marker is still debatable. 
Armstrong8 argues that plasma osmolality changes 
with many stimuli and its correlation with dehydration 
or rehydration is not linear. This is supported by the 
study of Popowski et al31 who demonstrated that the 
rapid water turnover resulting from heat and exercise 
dehydration up to 5% and a rehydration that aimed 
to recover the lost body weight was not followed 
by equally prompt changes in plasma osmolality. 

They concluded that the lag behind the rapid water 
turnover is most likely the result of perturbed fluid 
compartments and that acute changes in water 
balance cannot be measured by plasma osmolality. 
Furthermore, plasma osmolality is a known key 
regulator of fluid balance as its action indirectly 
influences kidneys to reabsorb water in attempt to 
return it to bloodstream and restore the balance.32 
Despite its controversy it is still the widely accepted 
method in clinical setting.26

Changes in water and electrolyte balance are 
often associated with changes in concentration of 
other biomarkers and these are sometimes used to 
measure hydration status. They may be particularly 
useful when losses of water and sodium are 
suspected, but are more likely to be associated with 
hypovolemia rather than intracellular dehydration. 
Measurement of urea (or Blood Urea Nitrogen or 
BUN as reported in some countries representing 
0.466 molecular weight of urea) or creatinine often 
used in assessment of renal function may also 
be utilised to assess plasma concentration. Blood 
urea of 6.7 mmol/L and creatinine of 150 µmol/L or 
higher may suggest fluid and electrolyte imbalance.30 
Haemo concentration due to dehydration would result 
in rising levels of all blood components including 
sodium and other osmotically active molecules; 
hypovolemia on the other hand due to both water 
and salt loss will affect other blood components 
without a significant change in osmolality and 
natremia.33,34 Distinguishing between these two 
conditions in clinical setting is important because 
the diagnosis influences the type of rehydration 
therapy. Replenishing fluids without the salt in case 
of hypovolemia may lead to congestive heart failure 
and result in death.34 Careful consideration must 
also be taken when these parameters are being 
used as these can be affected by renal function, 
diet, or increased catabolism.30 in a similar manner, 
urea/creatinine ratio may be used in assessment of 
dehydration. The rationale behind using the ratio is 
supported by the evidence that while creatinine loss 
via urine occurs at the constant rate, the rates of 
urea excretion may change depending on hydration 
status. As an osmotically active molecule, urea 
is absorbed during water reabsorption, resulting 
in increased levels of urea compared to those of 
creatinine; the ratio higher than 100 may suggest 
dehydration35, although it is also present in Acute 
kidney injury30, and has been observed in increased 
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protein intake or increased catabolism.36 Due to 
progressive muscle loss with age, this ratio may also 
be naturally increased in the elderly population to the 
levels suggesting impending dehydration.36,37 
Packed cell volume (PCV), also known as haematocrit 
measures the volume of red blood cells in blood. 
The normal values are 0.54L/L in men and 0.47L/L 
in women30. As with urea and creatinine, this 
measurement is associated with solute concentration. 
As opposed to other components, red blood cells 
cannot escape the bloodstream and their increasing 
concentration should be closely correlated with 
decrease in intravascular fluid. Haemo concentration 
caused by heat has been demonstrated as early 
as 19th century.38 Studies showing a similar trend 
following exercise were reported in the early 1970s.39 
Since it was previously observed that the red blood 
volume and haematocrit were also affected by 
osmolality and not proportional to the amount of 
intravascular fluid volume lost; the authors adjusted 
the values based on concentration of haemoglobin 
and have successfully calculated the loss of plasma 
volume, a technique still widely used today.7 These 
calculations have little use outside laboratory field as 
they rely on presence of the baseline values which 
are not always available in clinical setting. increased 
haemoglobin and haematocrit can be an indication 
of dehydration or hypovolemia, but cannot be relied 
on when used alone in diagnosis. PCV may also be 
affected by other conditions and is seen increased 
in polycythemia.30 increased production of red blood 
cells due to hypoxia is often seen in people suffering 
from Chronic Obstructive Pulmonary Disease and 
some athletes, and this measurement needs to 
be evaluated together with erythropoietin levels 
to take these factors into account.40 Furthermore, 
haemoglobin and PCV values do not rule out 
dehydration as many elderly patients also suffer 
from anaemia. This was demonstrated in the study 
by Akimoto et al41 who reported that 16 out of 28 
patients treated for dehydration were ultimately 
diagnosed with anaemia as haemoglobin and 
haematocrit declined to lower than the normal ranges 
after restoring hydration status.
Human serum albumin is a protein circulating in the 
blood and is responsible for colloid osmotic pressure 
that facilitates the return of water from interstitial 
fluid compartment to the blood stream.42 The normal 
laboratory values do not exceed 50g/L and except 
for dehydration, there are no conditions that could 

explain its elevation.30 Despite its high sensitivity, 
the measurement is not routinely used to assess 
the hydration status. The possible explanation is its 
specificity, which could be highly affected by other 
states; low albumin levels are a frequent finding in 
clinical setting and are associated with liver disease, 
nutritional status and malignancies43; hence many 
dehydrated subjects are likely to present with 
normal values. This limitation may be a reason why 
measurement of albumin to detect dehydration 
has little application, but considering the fact that 
this marker is routinely taken in clinical setting, 
hyperalbuminaemia should alert the clinician to a 
high possibility of dehydration. 
One of the greatest limitations of blood biochemistry 
parameters is their little usability to detect a mild 
or impending dehydration. especially in chronic 
dehydration, the laboratory values may climb slowly 
as hydration deteriorates, therefore it might be useful 
to monitor biochemistry frequently and compare 
with previous values.27 This approach could be 
particularly useful in care home setting, where long 
time monitoring is necessary. Since care homes 
usually do not have staff and facilities to perform 
venepuncture and laboratory analyses, the data 
could be requested from GPs when routine tests 
are performed.27

Urinary indices
Due to tightly controlled mechanisms to maintain 
fluid balance and the relatively small insensible 
water losses; the amount of urine excretion is 
roughly proportional to amount of fluid consumed.8 
in healthy subjects, diluted and concentrated urine 
is expected with increased and decreased water 
intakes respectively. This assumption is taken into 
account when assessing hydration status using urine 
parameters. This may not always be true as it is well 
known that upon ingestion of large bulk of fluid, the 
body will attempt to excrete the water overload to 
reduce the chance of overhydration despite of the 
hydration status.8

Urine osmolality (concentration of solutes in the 
urine); can be measured by osmometer or calculated 
from the following formula30: 
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Although urine concentration may vary, osmolality 
above 1000mOsm/L is considered elevated and may 
be a sign of dehydration.30 Urine osmolality is the best 
tool for measuring the concentration of the solutes 
and is the best indicator of kidney concentrating 
ability7; but it is less reliable in measuring hydration 
status as the concentration of solutes is determined 
by many variables independent of water balance. 
in a study by Manz and Wenz5 it was evident that 
variation in urine osmolality depends on diet and 
differs between cultures. Osmolality also depends on 
physiological states of protein metabolism and may 
be affected by concentrating ability of the kidneys. 
This method has also been shown to be less effective 
when used immediately after exercise.44 Although 
the method may not be reliable to assess hydration 
status when singular measurement is obtained, 
it may be useful in monitoring hydration status 
over a period of time. This monitoring method has 
been used in training athletes1 and in women with 
recurrent urinary tract infections.45

Urine specific gravity (SG) relates to concentration 
of solutes and is presented as a ratio of the weight 
of the urine to the weight of equal amount of water. 
SG of distilled water equals 1 and the urine values 
above 1.025 indicate concentrated urine that may 
be a result of dehydration.30 SG over 1.020 indicate 
a mild or impending dehydration.3,46 This method 
requires a use of refractometer, which has been 
shown to be as effective as osmometer.47 Dipsticks 
that could easily be used in clinical or home setting 
are also available and may provide a quick reference 
for untrained individuals to monitor and maintain 
appropriate fluid balance.48 Since specific gravity is 
associated with osmolality, similar factors influence 
its accuracy. Besides some normal physiologic 
states described above, urine specific gravity may 
be increased due to heart failure, Diabetes Mellitus 
and liver disease. Some less precise methods may 
also underestimate the reading by 0.001 per every 
three degrees above 16°C.30

A series of experiments performed by Armstrong 
et al47,49,50 have demonstrated the potential of urine 
colour in monitoring and managing hydration status. 
Urine monitoring can be achieved by using a urine 
colour chart against a numbered scale, ranging from 
1 (pale yellow) to 8 (greenish brown). in the first 
experiment49 performed in tennis players, the authors 
demonstrated that the individuals who maintained 
a pale yellow colour of urine were always within 

1% of their baseline euhydrated status, although 
the chart was less accurate than measurement 
of urine osmolality or specific gravity. The authors 
concluded that despite this technique not being 
sufficiently precise to assess hydration status in 
clinical setting, it may be effective enough in other 
settings where high precision is not required or not 
possible. Similar observations were confirmed by 
follow up studies.47,50.  This assessment method 
was also validated against urine specific gravity in 
nursing home residents.37 The authors concluded 
that this assessment method may be efficient and 
easy to use, especially since the toileting is a major 
component of care delivered in this setting. They also 
acknowledged that there may be many confounding 
factors that limit the usefulness of this method, as 
renal insufficiency and incontinence are frequent 
conditions in care homes. Certain medications such 
as B vitamins and foods could also influence the 
urine colour. The authors recommended obtaining a 
few baseline readings of urine for each individual and 
when possible taking the urine specimens from the 
first or second voiding of the day. They also reported 
difficulty in obtaining the specimens from incontinent 
residents; the limitation that was described in the 
study by Rowat et al51 who reported that despite 
great efforts to obtain urine from incontinent stroke 
patients (e.g. squeezing out pads and bedding), 
many samples were lost. 

Clinical signs and symptoms
Physiological and physical signs and symptoms 
usually have poor sensitivity and specificity26,52 
and may differ in different age groups.53-55 Despite 
their limitations, Thomas et al34 demonstrated that 
many physicians tend to rely on the signs and 
symptoms and often diagnose dehydration without a 
consideration for biochemical findings. These indices 
may not distinguish between different types of 
dehydration and may prompt inappropriate treatment. 
The authors reported that about a third of the hospital 
diagnoses for dehydration were not supported by 
haematological tests and some conditions should 
have been diagnosed as hypovolemia. This could be 
a serious mistake as rehydration therapy without an 
appropriate electrolyte replacement may lead to over 
hydration, congestive heart failure and death in the 
elderly.56 it has also been reported that dehydration 
is given as a clinical diagnosis for patients admitted 
for social reasons.57 
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While clinical signs and symptoms may not be a 
reliable method to assess hydration status, they 
may be a useful tool to suspect water and electrolyte 
disturbances and prompt clinical investigations for 
confirmation. Clinical signs may also be useful in 
recognizing mild or impending dehydration35; these 
could be used for monitoring in conjunction with a 
series of biochemical data to assess deterioration of 
hydration status.27 The greatest limitation associated 
with assessment of signs and symptoms is the fact 
that most signs are subjective and there are usually 
no ‘normal’ ranges associated with them. They may 
also be associated with other diseases or normal 
physiological states. 
The evident sign of dehydration in healthy subjects 
may be the thirst; but this is known to be diminished 
in elderly population. Some people such as young 
children or physically and cognitively impaired 
elderly may also not be able to express the needs 
for drinking despite the strong thirst sensation. 
Dehydration is also associated with decreased 
secretion of bodily fluids and it is expected that 
small production of saliva may be an indication of 
deteriorating hydration status. in the studies assessing 
a variety of signs and symptoms it was found that dry 
mucosa (xerostomia) might be useful in measuring 
hydration status, these included dry tongue35,58, 
tongue furrows35,59 and dry oral mucosa.35,59,60 Small 
saliva pool was also reported in dehydrated elderly 
patients.59  Prompted by these findings Whyte61 has 
developed a Patient Oral Mucosa chart, which has 
been tested in acute setting. The chart identifies four 
stages of dehydration (severe, moderate, mild and 
no dehydration) based on degree of dryness of oral 
cavity. The chart has been found to be 85% accurate 
for identifying patients with moderate or severe 
dehydration, but the author mentioned that some 
of the charts have not been completed accurately. 
Certain conditions such as Alzheimer’s disease are 
associated with dry oral mucosa30; some medications 
such as chemotherapy or antidepressants are known 
to have a similar effect59; xerostomia could also be a 
result of breathing through the mouth.58

Reduction of axillary sweat has also been mentioned 
in the literature. This could be assessed by placing 
a piece of tissue or blotting paper under the arm of 
the subject and absence of perspiration could be 
an indicator of dehydration. Studies performed by 
Gross et al.,59 and eaton et al.,62 found that this was 
not a reliable indicator. The measurement of axillary 

moisture using skin moisture impedance meter 
in the elderly Japanese population found that the 
dehydration could be ruled out if axillary moisture 
exceeded 50% (sensitivity 80%, specificity 0%) but 
was likely to be present when the moisture was less 
than 30% (sensitivity 12%, specificity 91%).63 The 
limitations of this study were small sample size; and 
the question whether it can be generalised to the 
settings outside the acute care. There also remains 
the question of cost and availability of the meters as 
these are not widely available in clinical setting. 
Skin turgor (elasticity) has been mentioned by 
few studies, but most report its limitations when 
assessing hydration status in the elderly. The turgor 
is usually assessed by pulling the skin and observing 
how long it takes to return to the baseline state; 
with values longer than 2 seconds associated with 
dehydration.30 Chassagne et al.,60 have found that 
turgor of the thigh, forearm, clavicle and sternum 
may indicate dehydration in the elderly, these values 
have not been supported by other studies. Gross  
et al.,59 found that forearm, but not the sternum may 
indicate dehydration, while Vivanti et al.,35 found no 
relationship with turgor of the sternum. 
Changes of consciousness have been reported 
by some studies and dehydration is frequently 
mentioned as a risk factor for delirium.22,37,64-66 
Any change of consciousness was assessed by 
Chassagne et al.,60, who found that these signs 
were 49% sensitive and 99% specific. Gross  
et al.,59 found that some parameters were associated 
with dehydration (e.g. lethargy and confusion), 
while other (such as irritability and aggression were 
not). Changes in consciousness may be difficult to 
diagnose in the elderly since many may suffer from 
dementia and are also susceptible to delirium due 
to other reasons.66

Some other signs often reported in literature include 
sunken eyes37,59,67, tachycardia35,59,60, hypotension 
or postural hypotension35,58,60, speech difficulty59, 
muscle weakness63 and increased capillary refill.59 

Fluid intake and fluid balance charts
Certain patients in hospitals require close observation 
and monitoring and fluid balance charts may provide 
additional support in making clinical decisions. The 
charts aim to capture the data on both, fluid intakes 
and outputs and identify individuals who are in 
positive or negative balance. While this is important 
in critically ill patients, studies have shown that these 
charts are often not filled out appropriately.37,69,71 
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Watkins et al72 also reported that some dehydrated 
stroke patients did not have fluid charts available 
as they were not considered to be needed. Similar 
findings were observed in NCePOD Aki report 
where it was found that fluid balance charts were 
not seen as integral part of the care plans.73

The difficulties with accuracy of fluid balance charts 
arise when capturing the data on urine output for 
patients who are not catheterised; in particular many 
urine specimens are not measurable in incontinent 
subjects and those fully mobile may forget to notify 
the staff about passing urine independently.  A small 
study by Reid et al70 assessed 46 fluid balance 
charts in acute hospital and found that neither was 
filled in accurately. Some of them had data missing 
while others had some inappropriate comments (e.g. 
forgot to measure). The authors reported lack of time, 
training, communication and accountability as the 
barriers to this occurring; they also mentioned that 
some wards did not have necessary equipment to 
measure the fluids precisely. Balance charts are also 
limited to urine and gastrointestinal output and do 
not aim to measure other insensible losses of water 
from lungs and sweat, which may underestimate fluid 
excretion. The inaccuracy of fluid balance chart was 
demonstrated by Perren et al74 who showed that 
the charts did not correspond with changes in body 
weight in iCU patients, despite the great efforts to 
measure all fluids precisely. This may be a particular 
problem for patients experiencing pyrexia since large 
amounts of water could be lost through perspiration. 
experts recommend increasing fluid intakes by 
500ml with every degree of fever above 38°C.53 Low 
urine output may be associated with dehydration 
or hypovolemia and this should be suspected in 
patients producing less than 0.5ml/kg/day; although 
other conditions such as renal failure or shock may 
induce oliguria as well.30

Fluid intakes alone have also been reported to be 
inaccurately measured in both, acute and care 
home setting.37,69 Fluid intake measurements are 
usually imprecise because it takes a great amount 
of time and commitment of all staff members 
involved in fluid provision; these include the subjects 
themselves, nurses and nursing assistants and often 
the housekeeping staff and family. Also, in the study 
performed by Armstrong-esther et al75 it was evident 
that nurses did not know the volumes of the standard 
cup or glass. Similar findings were confirmed by 
Simmons et al76 who reported that the food and fluid 

intakes in nursing home residents were significantly 
over reported; iggulden77 also reported that staff 
tended to guess the amounts consumed and often 
assume that empty contents meant consumption 
of the entire drink. This is in line with another study 
performed by Jimoh et al78 who found no correlation 
between observed and documented fluid intakes in 
residential care homes and demonstrated a potential 
of some residents to complete their own drink diaries. 
Armstrong-esther et al75 also reported that the staff 
did not think the fluid balance charts were useful 
in assessing hydration status as they thought they 
were inaccurate. it is unlikely that the staff would 
bother to take time to fill the charts appropriately if 
they believed they were not a reliable tool. While fluid 
balance charts have a potential to monitor hydration 
status; they need a careful consideration of the above 
limitations. These charts also need to be reviewed 
regularly if they are to be reliable in identifying people 
at risk of dehydration; and this task has been often 
found neglected due to time constraints.69,72

Conclusion
As of now, there are no reliable tools to determine 
hydration status. From physiological point of view, 
direct measurement of fluid compartments may be 
the only reliable method, but it is time consuming, 
costly and unsafe.8 Clinically, dehydration is often 
diagnosed based on haematological and urinary 
markers supported by physical signs and symptoms.34 
The question remains if these are appropriate tools 
as well. A recent diagnostic review comparing 
non-invasive methods of fluid assessment status 
in older people concluded that neither was reliable 
when compared to serum osmolality79. Armstrong8 
argues that blood indices do not reflect changes in 
fluid status either and urine markers may be more 
suitable. it may be so that different markers are 
more appropriate for different cohorts of subjects 
as they reflect different types of dehydration. For 
example, urine may be more sensitive to acute 
changes in fluid status and may be more appropriate 
for athletes who frequently experience acute mild 
dehydration following the exercise or heat stress; 
while haematological indices may be more suitable 
to chronic fluid deficit as observed in the elderly 
subjects. More studies need to be performed to 
determine this. 
Dehydration may appear in a course of days or even 
hours and a person may quickly develop subsequent 
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life-threatening conditions. Also, dehydration is often 
overlooked in a picture of other issues, often seen 
by healthcare workers as more important than basic 
need of hydration care. in light of the evidence that 
hydration status is not easy to assess, hydration care 

needs to be taken more seriously and appropriate 
action needs to be taken to prevent dehydration. 
Particular attention needs to be given to those at 
increased risk and the vulnerable elderly are such 
population. 
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