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Osmolality, osmolarity and fluid
homeostasis
Osmolality is a measure of the number of particles in a kg of the liquid they
are dissolved in. Osmolarity is a measure of the number of particles in a
litre of the liquid they are dissolved in. Fluid homeostasis is the term for
keeping the concentration of the fluids in the body from changing. It is
sometimes also referred to as fluid balance.

Our bodies manage millions of chemical reactions every day. These
reactions depend on the concentration of the fluid in our cells and our
blood being tightly controlled all day, every day. How does it do this? By
making us thirsty, for instance, when the fluid is tending to become more
concentrated and making us pass more urine when it's getting less
concentrated.

Sometimes when you are ill, however, your body's natural balance
mechanisms become upset. In these situations, you may need to have
regular blood monitoring and treatment to correct imbalances.

To understand fluid homeostasis it helps to understand some of the terms
that are used when talking about fluid balance. Osmolality and osmolarity
are terms to describe how concentrated the body fluids are.

What is osmolality?
The osmolality of a fluid is a measure of the number of particles per
kilogram of the liquid that they are dissolved in (the solute). The number of
particles is measured in milliosmoles, which is a measurement widely used
in chemistry. The measurement is given in milliosmoles per kilogram, or
mOsmol/kg for short.
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Osmolality does not depend on the temperature of the liquid. To take an
example, if you dissolve 100 g of salt in 1 kg of water, the osmolality would
be the same whether or not the water was near freezing point or at body
heat. This is the difference between osmolality and osmolarity.

What is osmolarity?
The osmolarity of a fluid is a measure of the number of particles per litre of
the liquid that they are dissolved in (the solute). The number of particles is
measured in millimoles, which is another measurement widely used in
chemistry. The measurement is given in millimoles per litre, or mmol/L for
short.

Osmolarity will change depending on the temperature of the liquid. To
take the same example as above, if you dissolve 100 g of salt in 1 kg of
water, the osmolarity will decrease very slightly as the liquid warms up. This
is because the same weight of water takes up slightly more room as it
warms up - it expands.

Because osmolarity changes with temperature, the term osmolality is
preferred in medicine.

Why is osmolality measured?
Osmolality is measured when doctors are concerned that your fluid
balance may have gone awry for some reason. This might be due to an
illness or as a side-effect of medication. It may even be due to you having
overloaded your system by drinking too much water.

They may also want to measure it to monitor the effects of medication
designed to change the osmolality of your body tissues. Mannitol is used for
this effect to reduce brain swelling if you have had a head injury or brain
surgery.
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What is a normal osmolality level?
The body fluid that we usually use to measure osmolality in humans is
serum. Serum is what is left from blood once the cells and proteins have
been removed. The particles that make up the osmolality of serum are
glucose, sodium and potassium salts (Na+ and K+) and urea. The normal
serum osmolality is 280-295 mOsm/kg. Often you will be asked for a
sample of urine for urine osmolality testing too.

The serum osmolality is extremely close to the osmolality inside the cells
that our body is made of. This is because the walls of our cells are
permeable to the microscopic particles (ions and anions) and to water.

Permeable means it allows these particles and water to move freely in and
out through the cell walls. This keeps the osmolality the same on both sides
of the cell walls throughout the body. This is important as the cells won't
work properly if this doesn't happen.

Occasionally the osmolality of stools (faeces) may also be tested.

What is fluid homeostasis?
Fluid homeostasis is the term for the way the body keeps the osmolality of
the body fluids within a very narrow range, all the time. The word
homeostasis comes from 'homeo' meaning alike or similar and 'stasis'
meaning to remain the same. So fluid homeostasis means keeping the fluid
the same all the time.

How does the body maintain fluid
homeostasis?
In normal, healthy people the osmolality of the body's fluids is very closely
regulated by the body.

As the osmolality goes up

You get a desire to drink - thirst.

The brain releases a hormone called antidiuretic hormone (ADH)
(also known as arginine vasopressin (AVP)).
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ADH changes the way the kidneys react to blood flowing through
them.

The kidneys are continuously filtering the blood and can alter how
much water is allowed to go into the urine and how much is
reabsorbed back into the body.

Diuretic essentially means 'to make you pass urine', so antidiuretic
hormone (ADH), as the name suggests, stops you making as much
urine and so you don't pass as much urine. The urine you do pass will
be darker in colour, as it is more concentrated.

If you don't pass as much urine, you don't lose as much water.

If you don't lose as much water and you have a drink because you
are thirsty, there is more water in your body.

If there is more water in your body, your osmolality goes down.

As the osmolality goes down

The brain stops releasing ADH and you stop feeling thirsty.

The kidneys start making more urine again.

You pass more diluted urine.

You lose more water from your body.

If there is less water in your body, your osmolality goes up again.

And so it continues, all day, every day: your brain and your kidneys tightly
controlling the environment inside your cells.

Do you need eight glasses of water a day?
Sometimes. Sometimes not. It depends on what you are doing, how hot it is,
how big you are, how old you are ... but your body will tell you if you need a
drink, by making you thirsty.

There is a myth that we need to drink 1½ to 2 litres of water a day. It's not
known where this figure comes from but it has been described as: 'not only
nonsense but ... thoroughly debunked nonsense.' It's certainly a favourite of
the bottled water industry.
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Drinking water is definitely better for us than drinking sugary drinks, but for
those of us lucky enough to be living in the advanced world, water supplies
are closely monitored and very safe.

Except for people who get recurrent kidney stones, there is no evidence that
we should drink more than we naturally want. It may even be bad for us: if it
makes us feel guilty for not achieving it - and that's not to mention the
sleep deprivation from having to get up in the middle of the night, and the
urinary incontinence.

How does fluid homeostasis go wrong?
There are some conditions and situations when fluid homeostasis can go
wrong. The effects can be for osmolality to go too high (hyperosmolality) or
too low (hypo-osmolality).

What causes high
Not enough antidiuretic hormone (or it has lost its effect)

Diabetes insipidus:

This is not to be confused with diabetes mellitus, which is much
more common.

Diabetes insipidus is due either to the brain not being able to
make antidiuretic hormone (ADH) anymore (cranial diabetes
insipidus) or the kidneys losing their ability to react to it
(nephrogenic diabetes insipidus).

It can cause severe lack of fluid in the body (dehydration).

Loss of body fluid

Some medicines such as diuretics - for example, thiazide diuretics or
loop diuretics - can overwhelm the kidneys' ability to hold back
water.

Severe diarrhoea.

Severe sickness (vomiting).

Excessive sweating.
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Burns.

What causes low osmolality?
Too much antidiuretic hormone

Neurological causes: brain cancer and brain tumours, brain injury,
multiple sclerosis, systemic lupus erythematosus, bleeding into the
brain.

Lung disorders: lung cancer, pneumonia, asthma, tuberculosis.

Other cancers: stomach cancer, pancreatic cancer, leukaemia and
lymphoma.

Some medicines:

Non-steroidal anti-inflammatory drugs (NSAIDs) - for example,
ibuprofen.

Selective serotonin reuptake inhibitors (SSRIs) - for example,
fluoxetine.

Proton pump inhibitors - for example, omeprazole.

Angiotensin-converting enzyme (ACE) inhibitors - for example,
lisinopril.

Ecstasy (also called MDMA): increases ADH but also users tend to
drink excessively, possibly to counter the other effect of ecstasy,
which is to increase body temperature.

Exercise - see below.

Drinking too much water
Drinking an excessive amount of water can overwhelm the body's fluid
homeostasis, leading to water intoxication.

It has occurred in people who are drinking to excess in an effort to
feel full when trying to lose weight.

Water intoxication has also resulted from water drinking
competitions and 'initiation' ceremonies.
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It can occur with exercise, in which case it is called exercise-
associated hyponatraemia (EAH):

This has been a particular problem with marathon runners, who
worry so much about not drinking enough that they drink too
much.

Exercise is a trigger for ADH release and this will worsen the
effects of drinking too much.

Some people unwisely use an anti-inflammatory painkiller
before any sporting activity, which will make EAH even more
likely.

It has recently been reported after less demanding exercise,
including yoga.

The effect of these problems is due to the very low osmolality of sodium
(Na+). This is called hyponatraemia and when severe, can lead headache,
dizziness, disorientation and confusion. Ultimately it can lead to coma and
death.

For more information, see the separate leaflet called Hyponatraemia.
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Disclaimer: This article is for information only and should not be used for the
diagnosis or treatment of medical conditions. Egton Medical Information Systems
Limited has used all reasonable care in compiling the information but makes no
warranty as to its accuracy. Consult a doctor or other healthcare professional for
diagnosis and treatment of medical conditions. For details see our conditions.
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