13 Ann
th

HYDRATION
FOR HEALTH
CONFERENCE DIGEST

WATER AND HYDRATION SCIENCE:
CURRENT EVIDENCE AND FUTURE DIRECTIONS
www.hydrationforhealth.com

Start

CONTENTS
04

Redefining thirst:
Beyond dehydration
and towards a holistic
biopsychological model

08

– Dr. Harriet Carroll, PhD

01

Hippocrates was right.
Now what? Water as
a part of healthy aging

05

– Prof. Evan Johnson, PhD

02

Vasopressin as a fat
hormone: A means for
conserving metabolic water

03

– Prof. Daniel Bichet, PhD

Fluid intake habits
of Spanish children
and adolescents

07

09

Psychology of
hydration habits
– Dr. Esther Papies, PhD

The influence of
sub-optimal hydration
on the immune response
– Dr. Dorothée Chabas, PhD

Do people have a same
fluid intake patterns
across the world?
– Ms. Clémentine Morin, MSc

– Prof. Richard Johnson, MD

Osmotic thirst and
hypovolemic thirst:
Recent animal data

– Dr. Tiphaine Vanhaecke, PhD

– Dr. Iris Iglesia Altaba, PhD

06

Associations between
water consumption and
gut microbiota composition
in the American Gut
Project Database

10

Early Career Researcher
Award 2021

01

Hippocrates was right.
Now what? Water as
a part of healthy aging
Prof. Evan Johnson
PhD

01
Hippocrates was right.
Now what? Water as
a part of healthy aging
Professor Evan Johnson’s passion for
hydration has grown throughout his
career. Coming from a background
in physical activity, Prof. Johnson’s
research on athletes is what first
sparked his interest in hydration.
He went on to investigate the
impact of low water intake on
blood glucose regulation, and in this
presentation Prof. Johnson considers
the relationship between water and
health, including healthy ageing.

What is ageing and
why does it occur?
Ageing is defined as the progressive organism
change leading to debility, disease, and death.1
We know that as we age our risk increases for
diseases such as diabetes, cancer and chronic
kidney disease, and many of our homeostatic
processes change as well, such as cell signalling,
metabolism, and proteostasis.

There are number of different
theories as to how ageing
actually occurs:1
Genetics/telomeres – as
our cells split, telomeres
get shorter and shorter,
which is associated
with dysfunction

Autoimmune – over
the course of our lives,
our immune system
increasingly attacks
our own bodies

Wear and tear

Glycation – dysfunction
associated with the
reaction of sugar with
fats and proteins

Crosslinking – to do
with the structural
interplay between cells

Oxidative damage –
reactive oxygen species
in high species can
be damaging
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Water and ageing
So how are hydration and ageing related?
The National Institute on Ageing identifies two
major areas of ageing - physiology and biology.
Ageing physiology refers to disease and reduced
function as we age (e.g., increased risk of arthritis
and chronic kidney disease), while ageing biology
refers to how biological processes, such as cell
signalling, change.2
When contemplating how these may be related to
water intake, we must consider how water intake
changes over our lifetime. A study by H4H alumni
Asher Rosinger and colleagues shows that daily
water intake decreases significantly after age 60
years, far below recommended intake levels.3

This brings Prof. Johnson to the
chicken or egg question:

“Do we age because we drink
less, or do we drink less
because we age?”

Drinking less due to ageing,
or ageing due to drinking less:
The evidence
There is evidence to suggest that both sides of
the argument might be true. It has been suggested
that thirst is impaired due to ageing, so we drink
less because we age.4 On the other hand, there
is increasing research to suggest that low water
intake can be a contributor to both disease and
altered cellular processes, potentially accelerating
ageing related dysfunction.
For example in older adults, low water intake has
been shown to be associated with alterations in
working memory, blood glucose regulation, incidence
of stroke, and falls.5-8 These changes fall under
the aforementioned ‘ageing physiology’ umbrella.
Looking from the ‘ageing biology’ perspective,
we see that processes such as metabolism, cell
signalling, and muscle damage following exercise
have also been linked to hydration.9-11

What can we do to
improve our hydration health?
Educate regarding recommendations
Encourage physical activity
Enhance access to clean water
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We should consider
water as a nutrient
Looking forward, there is much we need to change
about the way we view water and how it fits into
good nutrition and ageing. It is clear that as we age,
changes in thirst alter our water intake. However,
we have only scratched the surface when it comes
to the other side of the question – whether our
water intake affects ageing.
Prof. Johnson believes that, as a hydrationist, it is
his duty to evaluate both directions of the ageing,
dysfunction, and water intake relationship,
and consider that low water intake can result
in dysfunction that, in turn, results in ageing.
Ultimately, Prof. Johnson believes that there is
hope. As the world of hydration has begun to
realise the impact of water as a nutrient, he thinks
that we can start to demonstrate how simple
interventions, like drinking to recommendations,
can be a part of healthy ageing for all.

Key messages
Ageing is defined as the progressive
organism change leading to debility, disease,
and death. There are a number of different
theories as to how ageing occurs.1

Though it has been proven that thirst is
impaired due to ageing,4 it has also been
shown that in older adults, low water
intake is associated with alterations
in working memory, blood glucose
regulation, incidence of stroke, and falls5-8
as well as a number of processes such as
cell signalling and muscle damage.10,11

The key ways to improve our hydration and
ageing are: increasing research in the field,
education regarding recommendations,
encouraging physical activity, and
enhancing access to clean water.
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Vasopressin as
a fat hormone:
A means for conserving
metabolic water

Prof. Richard Johnson
MD
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Vasopressin as
a fat hormone:

A means for conserving
metabolic water
To what extent does hydration
impact obesity and vice versa?
Professor Richard Johnson’s work is
concerned with this question,
and considers it through the lens
of a hormone – vasopressin.

What is vasopressin?
Vasopressin, or ADH (antidiuretic hormone), is an
important hormone in water conservation, and is
used to concentrate urine; preserving water and
helping animals survive dehydration. Formed in
the hypothalamus, when needed, it is secreted
and transported to the two principle sites of
action: the kidneys and blood vessels.
For example, The kangaroo rat is a mammal that
lives in the desert, where water is sparse, and
effective water retention is critical in order to
survive. Consequently, kangaroo rats have higher
vasopressin levels, and can concentrate their
urine up to five times more than that of humans.

Looking at other animals, it is thought that
vasopressin prevents water loss through seperate
mechanisms. In the frog, for example, water loss
from other organs (such as the skin and lungs)
is reduced by stimulation of water reabsorption
from the bladder and through lowered body
temperature.

High vasopressin levels
are associated with
obesity
High vasopressin levels have been shown to be
prevalent in patients with obesity and type 2
diabetes, and to be a predictive factor for these
two pathologies.1,2 One possible explanation
is that people with obesity tend not to drink
enough water, elevating vasopressin levels due to
dehydration. If this is true, it implies that there is
no direct link between vasopressin and obesity.
However, animals are known to store fat to
provide water. Indeed, when fat is metabolised
it generates not just energy, but water. This
mechanism is used by animals in nature to provide
energy but also water (so-called ‘metabolic water’),
and Prof. Johnson speculates that it could reveal
something more about the connection between
vasopressin and obesity.
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The hypothesis: Vasopressin
could drive obesity as a means
to store water
Pro. Johnson’s research focuses on the role of
sucrose and fructose on obesity. He points out that
fructose is known to drive obesity and metabolic
syndrome. Fructose can also be made in the body,
and when fructose is made in the body it can be
made in response to dehydration. This prompts
the question – could dehydration stimulate the
production of both fructose and vasopressin?
Simply, Prof. Johnson hypothesises that dehydration
could ultimately stimulate the creation of fat as a
means to store water in the body.

It has been demonstrated that in dehydrated mice
vasopressin production is increased via activation of
the polyol pathway, and that fructose also induces
vasopressin release.3 Indeed, in the hypothalamus,
the concentrations of both fructose and vasopressin
have been shown to rise simultaneously.3 Also,
in mice who can not metabolise fructose, the
production of vasopressin is blocked, demonstrating
that there is a link between fructose metabolism
and vasopressin production.3 On top of this,
providing oral fructose to mice results not only in
the development of metabolic syndrome but also
high vasopressin levels.3
This research is not just confined to mice; this
effect has been recently demonstrated in humans,
where fructose intake leads to an increase in
vasopressin levels.4

Glucose
Dehydration

Serum
Osmolarity

Aldose
Reductase

Thirst

Sorbitol
Fructose

Fructokinase
Vasopressin

Fat as a Water Source?

Diet

Can good hydration habits
help reverse obesity?
To explore the role of vasopressin in fructose-linked
obesity, Prof. Johnson and his team gave mice highfructose corn syrup (HFCS) for 30 weeks.
It was found that body weight, body fat and serum
insulin increased over time, and were higher in the
HFCS-fed mice than control. To demonstrate the
role of vasopressin in this process, the team gave
HFCS to mice that lacked V1A or V1B receptors.5,6
Mice that lacked V1A receptors still developed
metabolic syndrome, while mice that lacked V1B
receptors did not.5,6 Based on these results, the
team concluded that fructose - induced obesity is
dependent on vasopressin and the V1B receptor.5,6
When mice given HFCS were then challenged with
a hydrogel intervention (providing them with 50%
more water than they would normally take in),
their body weight and insulin levels decreased,
while the increase in body fat percentage began to
taper.6 These results indicate a role for hydration in
reversing HFCS-induced obesity in an animal model.
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Key messages

Vasopressin is a key hormone in
the regulation of fat and hydration

Previous research has shown that
dehydration leads to vasopressin
stimulation in the brain

Prof. Johnson’s work in a mouse
model demonstrates that fructoseinduced obesity is dependent on
vasopressin, and suggests that good
hydration can limit the impact of
fructose-induced obesity
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Osmotic thirst and
hypovolemic thirst:
Recent animal data

Prof. Daniel Bichet
PhD
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Osmotic thirst and
hypovolemic thirst:

Recent animal data

Professor Daniel Bichet presents a
review of recent breakthroughs in
thirst, including his own work and
work published by Prof. Yuki Oka’s
group. In particular, Prof. Bichet
highlights the power of optogenetic
tools in animal behaviour, and details
how such tools have been used
to identify the different neurons
involved in the detection of thirst.

Types of thirst
Two different types of thirst exist in mammals.
The first, known as osmotic thirst, occurs when
the concentration of salts and minerals within
the blood become elevated. The second type
occurs when blood volume is reduced from fluid
loss – typically through sweating – and is known
as hypovolemic thirst. Both types are associated
with cellular dehydration and shrinkage,
and consequent vasopressin release.
Mammals are osmoregulators; they can maintain
extracellular fluid osmolality near a stable value
– despite continuous fluctuations in hydration
status. ‘Thirst neurons’ are responsible for

monitoring hydration status and initiating cascades to
adjust any deviations from the norm. These are located
in the ventral brain, specifically in the subfornical
organ (SFO), median preoptic nucleus (MnPO), lamina
terminalis (OVLT), and pituitary gland.

Where are thirst neurons in the brain?

SFO

Subfornical Organ

MnPO

Median Preoptic Nucleus

OVLT

Organum Vasculosum
Laminae Terminalis
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Fluid consumption,
physiological changes
and neural activation
pattern under different
thirst states
In Bichet’s research, osmotic thirst was induced
in mice by injection of hypertonic solutes, while
hypovolemic thirst was induced by injection of
polyethylene glycol or furosemide. Osmotic thirst
was associated with increased plasma osmolality,
while hypovolemic thirst was associated with
decreased blood volume. Water deprivation
described here was a combination of osmotic and
hypovolemic thirst.
Further to this, specific populations of neurons
were identified by RNA-sequencing (based on
a technique established by Professor Oka).
The neurons identified were RXFP1+ neurons
(responsible for osmotic thirst), and PDYN+
neurons (responsible for hypovolemic thirst).
Prof. Bichet’s team discovered that neurons
for osmotic thirst (RXFP1+ neurons) are
predominantly housed in the SFO, while neurons
for hypovolemic thirst (PDYN+ neurons) are
housed in the OVLT. Prof. Bichet then stimulated
the identified neurons by optogenetics, and
observed the response in mice.

As expected, it was found that optogenetic
activation of RXFP1+ neurons drove the selective
drinking of pure water. Conversely, stimulation of
PDYN+ neurons drove consumption of both water
and salt solution. These results reflected the
theory, as the intake of water balances out the
blood salt concentration (quenching osmotic
thirst), while the intake of both water and salt
increases the overall blood volume (quenching
hypovolemic thirst).
The discovery of these two neuronal groups,
with related but distinct functions, highlights the
importance of dissecting neural circuit function,
and supports the notion that the brain senses
internal states using a similar strategy to sensory
systems, such as taste and smell. It also underpins
research into the potential of the taste system
to detect the dilution of ions as a signal of
incoming hydration.

Osmotic stress
(high blood solute
concentration)

Hypovolaemic
stress
(low blood volume)

Active neurons
RXFP1+

Active neurons
PDYN+

Behavioural output
Pure water

Behavioural output
Water + salts
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Key messages

Thirst is a multimodal sensation
caused by distinct stimuli

There are two unique sets of neurons
involved in detection of thirst; neurons
activated by osmotic thirst which reside
in the SFO, and neurons involved in
hypovolemic thirst which reside
in the OVLT

Our brain senses internal thirst
states using a very similar strategy
to peripheral sensory systems, such
as taste and olfaction
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Redefining thirst:

Beyond dehydration and towards
a holistic biopsychological model

Dr. Harriet Carroll
PhD
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Redefining thirst:

Beyond dehydration and towards
a holistic biopsychological model

What does it mean to be thirsty?
You might consider it to be based
nearly entirely on osmoregulation;
the maintenance of fluid balance in
the body, and many would agree with
you, but Doctor Harriet Carroll and
her colleagues beg to differ. In recent
years, Dr. Carroll and her team have
been exploring a more holistic model
of thirst, unifying various lines of
thinking, and working to identify
the characteristics that constitute
‘thirst’.

“True thirst is an overwhelming
desire to drink - most people
have never experienced it.”

Plasma osmolality is
not the only determinant
of thirst
Classically, thirst is thought to be determined
mostly by plasma osmolality: the quantity of
solute in plasma. As the plasma osmolality in your
blood increases, the hypothalamus in your brain
recognises this as dehydration, and a feeling of
‘thirst’ is triggered.1 This model is an adaptation
of Robertson’s model of thirst,2 first established
in 1984.
Robertson’s model remains largely true today;
however, to Dr. Carroll and her colleagues this
explanation felt incomplete, so they explored the
relationship between plasma osmolality and thirst
in several different circumstances. The team found
that in cases such as endurance exercise and ecstasy
consumption, increase in thirst was not always
caused by an increase in plasma osmolality.
This meant that a feeling of thirst arises despite
subjects being adequately hydrated, and it is
possible to ‘drink yourself to death’.
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The team began by
considering a series
of questions:
Why do we feel thirsty?

Why does thirst change with food
(solute) intake?

Why does thirst change when we
experience dehydration resulting
in hypohydration?

Why do certain drugs induce
xerostomia and increase drinking,
regardless of environment, habit
or hydration status?

Why do we feel thirsty with
a hangover? (unlikely hypohydration)

Why do we tend not wake up at
night to drink?

How can marathon-runners and
ecstasy-users drink themselves
to death, despite hyponatramia?

Why do drinking behaviours change
and thirst responses decline with age,
contrary to hydration physiology?

Why are some people high-fluid
drinkers, whilst others low-fluid
drinkers?

Why do we sometimes sip
and sometimes gulp drinks?

Why do we not wait until we are
underhydrated or hypohydrated
before we feel the urge to drink in
everyday life?

Why does the taste of water satiate
thirst, despite hydration physiology
(e.g. osmolality) and state (i.e. body
water volume) remaining unchanged?

How is everyday drinking regulated?
How are drinking habits formed?
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In some instances, the questions could be answered
by considering the established plasma osmolalitythirst relationship, but in many cases, this was
not sufficient.
In Dr. Carroll’s research, she proposes that there
are at least four types of thirst: impulsive,
pharmacological, contextual, and true. True thirst
is the classic understanding of thirst that we
have already outlined, and is determined by plasma
osmolality, while the others are determined
by several factors, from drugs to ageing.
At the centre of this model lies xerostomia,
commonly thought of as ‘dry mouth’. The reason
this is at the centre is because Dr. Carroll believes
that it unifies the different types of thirst she has
proposed. We also know that if you are thirsty and
you put fluid in your mouth, saliva production is
stimulated, and that in itself can reduce thirst.

xerostomia is more abstract, and refers to the
sensation of reduced saliva production when saliva
production has not actually been reduced. For
example, some drugs will give the sensation of
reduced saliva flow, but when measured, saliva flow
has been shown to be unchanged.

“Old age, marathon runners,
ecstasy users - in all cases
there is some form of
cholinergic disregulation
going on.”

Dr. Carroll then breaks down xerostomia further,
describing how there are two cholinergic-derived*
types of xerostomia; true xerostomia and
sensational xerostomia. True xerostomia is literally
a reduction in saliva production, while sensational

*The cholinergic system is composed of organised nerve cells that use the neurotransmitter acetylcholine in the transduction of action
potentials. These nerve cells are activated by or contain and release acetylcholine during the propagation of a nerve impulse. The cholinergic
system has been associated with a number of cognitive functions, including memory, selective attention, and emotional processing.3
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The four types of thirst
Habit

IMPULSIVE THIRST

PHARMACOLOGICAL THIRST
Drugs

Anticipatory thirst

Purposefulness
(e.g. caffeine)

CONTEXTUAL THIRST
Xersostomia

Pleasantness

Mental state
(e.g. anxiety)
Palatability

Sensoryspecific satiety

TRUE THIRST

Cholinergic activity
Exercise

Osmolality

Residual factors
(all the above)

Environment

Ageing

TOTAL BODY WATER REGULATION
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Looking forward
Though the model can provide valuable insights
such as why certain drugs and behaviours
disrupt our cholinergic system, regarding the
interaction between contextual and compulsive
thirst, and why thirst responses change with
age, many questions remain. For example,
the mechanisms that regulate impulsive,
pharmacological, and contextual thirst are yet
unknown. Another challenge lies in the coupling
of true thirst – how do we pull apart the
proposed types of thirst from that which
is triggered by plasma osmolality?
Dr. Carroll emphasizes that this is a hypothetical
model that needs testing, and there are still
many avenues to explore – from sex hormones to
specific satiety pathways. Ultimately, Dr. Carroll
believes that looking deeper into thirst may
provide us with more questions than answers,
and there is still a long way to go before we
truly understand what makes us thirsty.

Key messages

The current model of thirst
is one-dimensional and unable
to explain many thirst-related
phenomena, such as why drinking
can occur with hypoosmolality
or how volume of intake during
a drinking occasion is regulated

Dr. Carroll’s model aims to
unify various lines of thinking
from different disciplines by
presenting a four-component
model comprising of: true thirst
(primarily osmo regulated);
contextual thirst (e.g., mouthbreathing); pharmacological
thirst (induced by drugs);
and impulsive thirst (everyday
spontaneous drinking)

This model (based on
pharmacological thirst
mechanisms) helps to explain
everyday drinking patterns,
including some anomalies that
are thus far unexplained by
true thirst, but a lot remains
unknown
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Fluid intake habits
of Spanish children
and adolescents:

An update of the Liq.In7 survey
Doctor Iris Iglesia Altaba and her
colleagues from the University of
Zaragoza have been studying the
drinking habits of children and
adolescents in Spain, and hope to
provide insight into how we can
improve them.

The Liq.In7 survey
- what was assessed?
The Liq.In7 database includes data from validated
Liq.In7 cross functional surveys.1 The team
assessed current patterns of fluid consumption
in children and adolescents in Spain. Respondents
to the survey reported details such as drinking
occasions and locations (e.g., at home and at
school), as well as total fluid intake (TFI). The
team then compared TFI with the adequate
intake (AI) of water from fluids recommended
by the European Food Safety Agency (EFSA)
and explored how different habits drove
these results.2

Adolescent males had
particularly poor water intake
The study found that drinking habits of the young
Spanish population are falling behind current EFSA
TFI recommendations.

Notably, male adolescents
particularly struggled to
reach their recommended
intake, with only 20%
meeting recommendations,
and 31% consuming
only up to half of their
recommended intake.
The results also showed little increase in TFI
from childhood to adolescence. This was alarming
considering how intake needs grow from childhood
to adolescence. This indicates that adolescents
aren’t learning to drink enough, and as children get
older, their risk of underhydration increases. When
considering drinking locations and timings, it was
found that at least 70% of fluids were consumed
at home, with less than half a glass of fluid being
consumed on average per day at school. Low intake
at school implies that children and adolescents are
very poorly hydrated for most of the day.
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The lasting effects
of poor drinking habits
It has been established that insufficient fluid
intake has been associated with adverse
health effects in adults, and with cognitive
impairment in children.3,4 Dr. Iglesia’s work built
on this, demonstrating that in children and
adolescents with insufficient TFI, water tends
to be substituted with SSBs, which are widely
associated with increases in body weight and fat.
The impact of this behaviour in childhood
is long-lasting, as these habits are often carried
into adulthood.5

Total
4-9 Years

Possibly more concerning was the rate at which
children and adolescents where consuming SSBs,
with 45% of participants consuming more
than or equal to one serving of SSBs per day.

Percentage (%) of participants according to their adherence
to EFSA AI recommendations for water from fluids

10-17 Years

Intake of sugar
sweetened beverages
(SSBs) was high

Females
Males

11%

49%

7%

56%

13%

45%

Total 5%

46%

Females 4%
Males 6%

40%

42%
49%

56%
41%

≤ 1 serving / week

37%

41%
54%

2-6 serving perweek

≥ 1 serving /day
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An opportunity
to turn the tide
Poor fluid intake is a serious issue that
requires intervention. Poor drinking habits at
any point in life have adverse health effects,
but poor habits in children are most alarming
as they set a precedent for adulthood.5 This
study demonstrated that failing to meet EFSA
recommended water intake from fluids is a
widespread issue in Spain that is particularly
prevalent in adolescent males.
However, the data also presents an opportunity.
With most fluid consumption happening at
mealtimes and at home, encouraging more water
consumption at snack times and at school could
have a significant positive impact. Additionally,
as SSB consumption is high, substituting SSBs
with water could also help change drinking
patterns, and better help children and
adolescents meet their water intake needs.

Key messages

The poor drinking habits of the young
Spanish population are due to low water,
and high SSB intake, particularly in male
adolescents

Interventions to help improve drinking
habits are particularly important for
children and adolescents, as dietary habits
during childhood are carried into adulthood5

Encouraging children to drink water
instead of SSBs, and to drink water
during snack times can help to
improve water consumption deficit
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Do people have
the same fluid intake
patterns across
the world?

Results of Liq.In cross
functional surveys
7

Ms. Clémentine Morin
MSc
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Do people have the same
fluid intake patterns
across the world?

Results of Liq.In7 cross functional surveys
It is important to consume enough
fluid1,2, but with the popularity of
sugar-sweetened beverages (SSBs),
many people are not consuming enough
healthy fluids.3-5 Ms. Clémentine Morin
stresses this in her research, which
aims to identify and characterise
patterns of fluid intake in children
and adolescents from six countries.6

By spotting patterns in the fluid
consumption of children and
adolescents, Ms. Morin and her
colleagues aim to help people
adopt healthier drinking habits by
developing targeted interventions
to combat the issue.

Quantifying fluid intake
Ms. Morin and her colleagues analysed the results of six
Liq.In7 cross functional surveys performed in 2016, that
asked people to record what they drank over a seven-day
period using a questionnaire validated for accuracy and
reliability.7 The results looked at total fluid intake (TFI),
and categorised intake as water, milk and derivatives,
hot beverages, SSBs, 100% fruit juices, artificial/
non-nutritive-sweetened beverages (A/NSB), alcoholic
beverages, and other beverages (those which don’t fall
into the listed categories). Water intake through food
was not recorded.

06
Six fluid intake patterns
were identified among
children and adolescents

Types of drinkers & mean daily intake
across children and adolescents

Results were collected from Mexico, Argentina,
Brazil, Uruguay, China, and Indonesia, and six
clusters of fluid-intake were identified through
the analysis.

17%

29%

16%

11%

8%

Medium mixed
drinkers

High drinkers
- SSBs

High drinkers
- water

Very high drinkers
- water

19%

3500
Daily Intake (mL/d)

In the case of children and adolescents,
Ms. Morin and her colleagues were surprised by
the range in fluid volume and fluid type between
low and high drinkers. Medium drinkers were
the most common, with 29% of the respondents
fitting into this category.

4000

3000
2500
2000
1500
1000
500
0
Low drinkers -SSBs

Water

Milk & derivates

Low drinkers water & milk
Hot Beverages

SSBs

100% FruitJuices

A/NSB

Alcoholic Beverages

Other Beverages

06
Fluid intake patterns
driven by SSBs were
overrepresented in Latin
American countries
When looking at trends between countries in
children and adolescents, interesting patterns
emerged. In the clusters driven by SSBs (low
drinkers - SSBs and high drinkers - SSBs),
participants from Latin American countries
were overrepresented. In contrast, people from
Indonesia were overrepresented in the cluster
mainly driven by water.
The ‘low drinkers - water and milk’ cluster
also revealed some clear patterns, with 51% of
respondents from China falling into this cluster.
The main characteristics of this cluster included:
Limited screen time, frequently having a
lunchbox to go to school, being in the 4-9
year age group, and belonging to the highest
socio-economic class.
In the ‘high drinkers - SSBs’ cluster, being
overweight, watching a screen more than 2hours/
day, having limited drinking opportunities at
school, and being in the lowest socio-economic
class emerged as influencing factors.

Indonesia was overrepresented in the ‘medium
mixed drinkers’, ‘high drinkers - water’, and ‘very
high drinkers - water’ clusters, where the data
suggested that being in socioeconomic class C*,
being frequently active, and being underweight
may have been factors.

Key messages

Six clusters of fluid intake
were identified across
children and adolescents,
with water and SSB
consumption being the
main drivers

*Refers to country-adapted classifications developed for the study, where class C refers to the Indonesian ‘medium class’.

Country of residence,
socio-economic class,
screen time, and activity
are the main characteristics
influencing intake patterns

One size fits all solutions will
not work. Marked differences
between countries
demonstrate that targeted,
country level intervention is
needed to improve drinking
habits among children and
adolescents

07

Psychology of
hydration habits
Dr. Esther Papies
PhD
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Psychology of
hydration habits

To those who do it well, staying hydrated seems
simple. However, the reality for many is very
different, and cultivating healthy drinking habits
can be difficult. Doctor Esther Papies and her
colleagues from the University of Glasgow have been
researching the role and psychology of habits in
relation to hydration, as well as changes in hydration
habits seen during the COVID-19 lockdown in the UK.

What are habits?
Habits are learned automatic responses
to context cues which are the result of
frequently performing the same behaviour
in the same context.1 Positive habits enable
a task to be performed easily and efficiently,
and so are seen as valuable. For example,
you may easily pour yourself a glass of
water to have with dinner while engaging
in conversation. So, context automatically
activates memory that drives behaviour,
but is this enough to drive habits?
Do habits really operate independently
of goals and reward?

What drives habits?
Dr. Papies believes that health behaviour
research is equivalent to habit research.
In a 2021 study of 80 different daily-life
behaviours, from nail-biting to budgeting,
behaviours were strongly predicted by
consistency of situations, automaticity
and the presence or perception of reward.2
Dr. Papies then applied this thinking to her
research in drinking behaviour.
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Drinking water is not
a simple behaviour

New
insight
#1

The team developed a survey that included 11 drinks, with 34
questions per drink collapsed into six factors including habit, craving,
taste, and consequences. Respondents cited numerous reasons that
limited positive hydration habits. These included not noticing thirst cues,
failing to remember to drink water, perceiving the process as requiring
too much effort and failing to make the necessary time.

Example respondent:

“I think the pace that we work in here...
means that you don’t always make the time.”
“It’s like you don’t realise you’re thirsty till
the end of the day.”

Water habits need reward
The team’s recent work supports the concept that, as with most
habits, healthy water habits require reward. Respondents with
healthy water habits spoke about reward, and noted the
impact of healthy hydration on their well-being:

New
insight
#2

“I relish the opportunity to drink water
and actively look forward to it.”
“The effect of drinking lots of water is
positive. It makes me stay happy, healthy,
with good hair and skin. It keeps me alert
and stops the cravings for a snack.”
Other respondents identified more immediate motivation.
This included drinking chilled water from a fridge and replacing
used water to have chilled water as a ‘treat for later’.
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How did the COVID-19
lockdown change
drinking habits?
With the COVID-19 pandemic changing nearly
all aspects of our lives, Dr. Papies and colleagues
were keen to understand the impact of lockdown
on drinking habits.
One of the major impacts of lockdown was the
dramatic reduction, and in some cases total
loss, of typical drinking situations such as ‘when
eating out’ or ‘at a party or when out with
friends’. While the start of lockdown saw many
of us making efforts to improve our health and
well-being, for many, the long-term reality has
been very different.
Interestingly, the team’s work shows that for
most of us, water consumption during lockdown
did not increase. However, the consumption
of sugar-sweetened beverages (SSBs) at home
increased markedly, to the point where it
overtook any decrease in SSB consumption
in situations no longer present due to lockdown.

One respondent shared their
understanding of this:

“I think I drink more
soft drinks as I am working
from home and have easier
access to the cans I always
have in the fridge.”
How do we harness these
learnings to support healthy
hydration?
First, we must recognise that drinking water is
not simple, and changes to habit require careful
consideration of the barriers and rewards.
In addition, to motivate individuals to make the
effort needed to change habits, we must offer
education on the specific health benefits that
people can experience in their own lives – these
must be tangible and relatable.
Dr. Papies and colleagues work highlights that
drinking more water can become habitual – but
only when we actively work to remove barriers,
create opportunity, and recognise the personal
rewards available.

Key messages

Creating water drinking habits that support
healthy hydration is not simple, and requires
careful consideration of daily-life routines,
barriers, and a good understanding of the
rewards available

In this study, the COVID-19 lockdown did
not increase the average amount of water
consumed, but did drive up the average
consumption of sugar-sweetened beverages
at home
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Associations between
water consumption and
gut microbiota composition
in the American Gut
Project Database
It is well established that diet has an impact
on gut health and the maintenance of the
gut microbiota, however, the association
between drinking water source and gut
health is less clear. While early studies have
shown a relationship between the type of
water consumed and the gut microbiota,
more data is needed to understand whether
this is a causal effect.1,2,3

Doctor Tiphaine Vanhaecke outlines
what is known about drinking
water source and gut microbiota
composition, and shares what is next
in this field of research.

Water can have a different
composition depending
on its source
In addition to its core elements, hydrogen and
oxygen, water contains dissolved minerals, which
are picked up as rainwater meets and filters
through the ground. The type of ground that water
passes through determines the mineral composition
of the water.
The water humans drink can come from various
sources, such as surface water (for example, water
from streams and lakes) or groundwater (from
springs and wells). Tap water, which is commonly
consumed in the Western world, can be derived from
either ground or surface water.
Before water becomes drinking water, it undergoes
extensive treatments depending on the quality of
raw water and applicable local regulations. Common
treatments include flocculation, sedimentation, and
filtration to remove debris and control the chemical
and mineral composition. Some waters (e.g., tap
water) may be disinfected further to remove or
control disease-causing microorganisms, which
further change its composition. Based on the initial
source and treatment, it is no surprise that the
composition of drinking water varies significantly
across the world.
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Do different compositions
of water affect the
gut microbiota in
different ways?
Significant research surrounding drinking water
source and the gut microbiome has only been
published recently. This is surprising giving the
crucial role of water as a nutrient in human health,
although this is largely attributed to the difficulty
in studying the field.
Data from various studies in humans and animals
support the idea that drinking water source
affects gut microbiome. Arguably the strongest
evidence arose from a study in which genetically
identical mice were given drinking water from
different sources.1 The results showed that mice
consuming different types of water resulted in
changes in their gut microbiota compositions.
Additionally, mice drinking sterilised tap water
developed a less diverse microbiota, and mice
drinking tap water harbored more bacteria
associated with antibiotic resistance in their gut.1
Research in humans is still in early stages.
In an observational study in native Himalayan
populations, the source of drinking water
(either from a stream or groundwater) was found
to be the environmental factor most strongly

associated with gut microbiota composition.2
Results from a UK cohort suggest an association
between the composition of fecal microbiota and
the mineral composition of tap water.3 Meanwhile,
in a Spanish study, the regional differences
observed in tap water were found to be associated
with distinct oral microbiotas in adolescents.4 While
the latter studied oral health, it is understood that
the consumption of different types of water may be
associated with differences in the gastrointestinal
tract microbiota.

Key messages

It is believed that the water humans
drink could have an impact on gut
microbiota – due to the different sources
and numerous treatment approaches

So, what’s next?
Evidence supporting the association of drinking
water source and the composition of gut microbiota
is there, but it is limited. Much more data is needed
to support this association, as well as investigation
into whether this is a causal effect or simply
correlation.
To start understanding more, Dr. Vanhaecke and
colleagues are conducting research to explore the
associations between various drinking water types
and human gut microbiota composition. Since water
is consumed in large amounts as part of our diet,
these findings may prove important. Further to this,
the research also points to a need for integrating
drinking water sources as covariates in future
microbiome analyses.

Recent evidence suggests an association
between water and gut microbiota
composition; however, research is still
in its infancy

Much more research is needed to fully
understand the extent of the impact
that water composition has on our gut
microbiota, as this could have implications
for human health
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The influence of
sub-optimal hydration
on the immune response
The immune response is a subtle
orchestration of a variety of systems,
which work together to protect ‘self’
from ‘nonself’. Our immune system
heavily relies on the nutrients in
our blood, which is 90% water.
So, does this mean that hydration
can affect our immune response, and
how might sub-obtimal hydration
effect our innate and adaptive immune
responses? These are questions that
Doctor Dorothée Chabas considers in
this review of current literature.

How does the immune
system work?

“The immune system is like a
car buried under the snow. We
know that sometimes it works
and sometimes it doesn’t, but
we don’t fully understand
how, and new cellular and
molecular pathways are
discovered on a continuous
basis.”

A healthy immune system is a balance between
tolerance (how well our body tolerates its
own antigens) and immune response (how the
body detects and processes foreign antigens).
Sometimes the immune response is too weak (e.g.
immunosuppression), sometimes it is exaggerated (e.g.
cytokine storm), and sometimes the immune response
makes a mistake and targets ‘self’.
There are two main systems that work together
to give an overall immune response: the innate and
adaptive systems. Inflammatory molecules such as
cytokines and chemokines behave as communication
signals between the two systems and are responsible
for regulating the immune response.
The innate system is the “first line of defence” which
responds very quickly following pathogen invasion.
The first responding cells consist of macrophages,
monocytes, natural killer cells and polynuclear cells
such as neutrophils. The adaptive system produces a
specific response to invading pathogens and amplifies
the overall immune response.

“The orchestration of an
immune response is very complex
and it varies between organs.
There is a lot we don’t know
about it.”
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Hypertonicity and the
innate immune system
In vitro studies have shown that hypertonic
conditions (i.e. when solute concentration
outside a cell is higher than that inside the
cell) activates the innate immune response
by stimulating macrophages and triggering
monocytes to produce pro-inflammatory
cytokines.1,2 However, this appears to only
happen after the innate immune response has
already been pre-activated.3,4 If the immune
system has not been pre-activated, hypertonicity
has been shown to decrease markers of immune
activation.5
Though a lot remains unknown, Dr. Chabas
suggests that what we do know is that timing
and location of the immune response, as well as
duration of exposure to hypertonicity play key
roles in the effect of hypertonicity.

How does this translate
to our body?
Studies have found that depending on the
extent and duration of the body’s exposure to
hypertonic conditions, the immune response
reacts in different ways.

For example, exposure to hypertonic conditions
(i.e. through a high-salt diet) for a period of
2-8 weeks results in an increased innate immune
response, and in those with asthma it is even
correlated with worsening respiratory function.6,7
On the other hand, acute exposure does not have
an influence on innate inflammation in healthy
subjects.8

Hypertonicity and the
adaptive immune system
When B-cells are exposed to hypertonicity, there
are two phases. Initially, B-cells are activated and
begin differentiation, while in the second phase,
this development is impaired, leading to cell
death.9,10
In the case of T-cells, when exposed to hypertonic
conditions there is a pro-inflammatory response
that causes the differentiation of naïve T helper
(Th) cells into Th17 cells, which have a role to play
in the development of autoimmune diseases such
as multiple sclerosis.1,8,11,12 So, what does this mean
in vivo? Dr. Chabas believes that this result could
have many implications, but emphasizes that a lot
more research needs to be done before we can
draw conclusions.

An example: The
impact of salt intake
on the development
of multiple sclerosis
The evidence surrounding the relationship
between salt intake and autoimmunity is
controversial. In vitro experiments have
shown that a high salt diet promotes a
severe form of experimental autoimmune
encephalomyelitis (EAE) which is the
animal model of multiple sclerosis.13 On
the other hand, in vivo studies have
found that a high salt diet protects
mice from developing spontaneous EAE.14
Unfortunately, there is no evidence
to suggest that lower salt intake can
prevent the onset of multiple sclerosis in
humans.15,16

09
Key messages

The immune system is regulated by
a subtle orchestration of the innate
and adaptive immune system

In vitro studies suggest that hypertonic
conditions affect innate and adaptive
immunity on many molecular and cellular
levels, which tends to be pro-inflammatory,
however this is not always the case1-5

The effect of hypertonic conditions
on the immune response is dependent
on many factors such as duration of
exposure, and timing in relation to
priming of the immune system1,8,11,12

Multiple studies in vitro and in animal
models exist, but results on the
relationship between hydration and
immune response are still controversial
and need to be further explored13-16
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