BIOHACKING AT THE INTERSECTION OF ART AND SCIENCE

Biohacking is the optimization of performance, health
and well-being by utilizing science, technology and a
deep understanding of human physiology and nutrition.
Biohacking is also an art unto itself, the “sculpture” of
which is the individual.

The driving force behind this book is a holistic approach
to health and well-being. Human health cannot be
approached in a reductionist manner if well-being is the
long-term goal. The secret to a better life can therefore
not be found in a pill bottle, fad diet or trendy exercise

regime.

The opposite of reductionism is holism. For a long time,

it was assumed that solving the puzzle of human genetics
would provide answers to all questions regarding health
and well-being. Instead, we have only recently begun to
understand just how crucial complex environmental factors
(i.e. epigenetics) are in this scenario. By studying individual
genes, we have evidence that their function is indeed

controlled by the impact the environment has on them.

Many modern individuals have all kinds of knowledge
regarding health, yet few have applied their learning into
practice. Scientific studies often attempt to identify the
single factor determining the expected result. Even so,
the theories studied and expert recommendations received
remain only informed guesses until the reader tests what
the effects are on themselves as individuals. Thus, a theory
may lead to a personal experience that has real practical

significance.

There is no silver bullet for better well-being. In terms of
developing health and well-being, the desired holistic change
can only be achieved by implementing several methods
simultaneously. The compound effect indicates that 1+1=3.
In other words, holistic well-being is not the result of a
single food item, dietary supplement or drug. The most
significant improvement in one's well-being can be achieved
as the result of interaction between several methods. This
concept of the whole being more than the sum of its parts
is called emergence. For example, instead of reaching for
sleeping pills, one might choose to optimize his or her

nutrition, exercise regime, and other environmental factors



The pitfall of holism lies in what is called Occam'’s razor — for
the purposes of practical implementation, theories should
be as simple as possible with a reduced number of explaining
factors. According to the principle of Occam's razor, out of

competing theories the simplest one should be selected.

Another problem with holism is that it is difficult to navigate
the terrain of complex causal relationships involving several
factors in an indisputable manner. This endless exploration
of the self can indeed be thought of as the final frontier or

the origo that may not ever be fully captured despite efforts.

The subject matter of this book — health and well-being -
presents a paradox. Due to the limited human capacity for
understanding, we may never know the secret to holistic
well-being or eternal life. However, with calculated guesses,
comprehensive experimentation and sheer luck we may

achieve exceptionally good results.

At the core of bichacking is the concept that increasing
health is cheaper and more profitable than treating illness.
This is also known as preventive health care. This approach
taps into the knowledge of scientists and theorists as well as
practical implementers. The goal is to systematically identify

what brings the best results for yourself as an individual.

Indeed, biohacking places the individual at the focus of

health and wellness sciences.

A human being is an entity that consists of various systems.
The goal of biohacking is to understand how these sys-
tems work. Biohacking might be compared to cybernetics
(Greek kybernetike, “the art of navigation”) which involves
the study of automatic control systems. To understand the
cybernetic system, it is important to grasp the concepts of

input, process, output and feedback.

Biological organisms feature autoregulation mechanisms
through which the organism strives for equilibrium, or
homeostasis. The human organ systems involve various
negative and positive feedback systems that regulate, for
example, the optimal balance of many hormones in the
body:
® An example of a negative feedback system is the HPA
axis located between the brain and the adrenal glands
that regulates body stress. Once the adrenal gland has
produced plenty of cortisol (a stress hormone), a negative
feedback is produced in the pituitary gland and hypo-

thalamus that in turn reduces cortisol production.



e Similarly, in a positive feedback system a stimulus amplifies
the following end result. A blood clotting is an example
of this. An activated blood platelet releases chemicals that
activate other platelets until the clotting action at the site

of injury is sufficient to stop the bleeding.

A human being functions best while in a harmonious rela-
tionship with his or her environment. Through systems
thinking, we can grasp just how dependent human beings
are on various environmental factors. At their core, human
beings are not mechanistic. A wide-ranging relationship

with the environment is a prerequisite for a good life.

An example of this might be that a human being feels well
when he or she has a balanced relationship with the bacteria,
viruses and other micro-organisms that live in or on the
intestine, mucous membranes and skin. A comparison could
be drawn to a plant which has diverse interactions via its
roots with the microbes and nutrients in the soil. In both

cases, imbalance may lead to illness.

The optimization of physiological health involves balancing
both the lower levels of the system (such as nutrition, mito-
chondria and microbiome) as well as the higher levels (such

as social relations and the environment). In the spirit of the

Pareto principle, systems thinking can be used to identify
the 20 % of the input that produces 80 % of the results.

In 2007, editor Kevin Kelly and journalist Gary Wolf of the
American technology magazine Wired created the concept,
movement and phenomenon called the Quantified Self
(QS). The frontmen of Wired organized the first meeting

in Silicon Valley in 2008 for those interested in the topic. In
the summer of 2009, Wired ran a cover story called “"Know
Thyself: Tracking Every Facet of Life, from Sleep to Mood

to Pain, 24/7/365". The Wired journalists started a website
associated with the phenomenon which they named the
Quantified Self. Their slogan defined it as “Self-knowledge

through numbers”.

These days, self-measuring is a part of the mainstream
culture. In the past decade, the market has been flooded
with various activity trackers and measuring devices. Many
smartphones also feature different types of sensors and
measuring applications that produce data on movement,
calorie expenditure and sleep. Various measuring tech-
niques may also be utilized for the purpose of tracking

working hours.



This phenomenon has also been studied in the authors’
home country of Finland. University of Helsinki researchers
Minna Ruckenstein and Mika Pantzar identified the following
features of the Quantified Self movement:*

e Self-measuring is not a new phenomenon — for example,
Norbert Wiener, the father of cybernetics, studied the
human body as a system that produces and receives
information in the early 1900s

e Self-measuring involves self-monitoring via various
sensors connected to a smartphone

e Self-measuring involves “dataism”, the concept of data
being an important tool in self-development

e Self-measuring highlights the visualization of data and the
perception of causal relationships

e Feedback loops created by monitoring devices may help
change behavior

¢ Transparency and sociability are emphasized in data
collection and sharing

® The goal of measuring may not be optimization — it can
be a way to ask oneself new questions

e Data collection and visualization may also be a means for

self expression

The focus is on the individual who is both the subject and
object of measuring (n=1). The main method besides data
collection is data analysis and comparison with other
factors. Self-measuring produces data which is meaningless
without the explaining context. The numbers are visualized
and may be edited for easy comparison with data produced
by other people. Collective data collected on individuals

can also be called “Big Data”.

Self-measuring has reached historically new areas:

e Studying gene mutations and utilizing these results for
health and well-being

e Comprehensive laboratory tests and using these results to
optimize nutrition

® The gamification of self-measuring, thus increasing the
meaningfulness and the rewarding nature of self-measuring

e Studying the microbiome and using this information to
affect the microbial strain on the mucous membranes and
the intestine

e Utilizing long-distance coaching and artificial intelligence

for various lifestyle recommendations

*Source: Ruckenstein, M. & Pantzar, M. (2015). Beyond the Quantified Self: Thematic exploration of a dataistic paradigm. New Media and Society epub ahead of

print.



The potential pitfall of self-measuring is that measuring
and data collection may become the goal in itself. There-
fore, the information collected may not necessarily change
the individual's life for the better — it may even worsen
neuroses and concerns and bring forth unpleasant results.

Measuring may also become addictive.

Biohacking does not equal or require self-measuring.
Biohacking involves perceiving the human being as a
whole and implementing change to its entire system. Self-
measuring on one hand may provide a means for setting
hypotheses and analyzing personal test results. Biohacking
is @ much wider concept than self-measuring. In an ideal
situation, measuring becomes redundant as the individual
is able to decipher the signals produced by their body and
change their behavioral patterns accordingly. However,
due to its feedback loops, self-measuring may accelerate

learning.
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John is a modern-day knowledge worker who, despite the
fact that it is already late, decides to browse through just
one more article before going to sleep. Some vital emails
are also awaiting his response. On top of it all, tomorrow’s
presentation is still not ready. The rainy Thursday night is
destined to be long, like many previous nights. Although his
eyes feel heavy, push on he must.

Despite John’s mounting tiredness, the presentation gets
finished. It is 3 o’clock at night already. John shuts down
his computer and goes to bed, even though plenty of
work remains. He has difficulty going to sleep, although
the alarm is set to ring in 4 hours and 30 minutes. He is
dead tired. Anxiety lurks as thoughts about tomorrow’s
presentation wander through his mind. The sound of cars
passing beneath the window disturbs his rest. John stares at
the blue light emanating from the wireless router. His eyes
are red and squinted. He wastes another hour twisting and
turning in bed, until sleep finally descends upon him.

In the morning, the noise of the alarm pierces his dormant
mind. In confusion, John rolls around in bed for another
10 minutes. He doesn't feel like waking up, although he
absolutely must. He only has 45 minutes to get out of the

apartment. His thoughts are fuzzy and unfocused, and his
willpower is gone. In stress, he charges out of the bed. He
doesn't have time to prepare breakfast or eat anything.
Driving out of his garage, he almost collides with another
car. Close call.

“I must get a cup of coffee.” At the conference cafeteria,
face flushing red he quickly downs a cup of coffee, followed
by another, waiting for the conference to start. After a while
it is his turn to take the stage. John's presentation doesn’t
go exactly as he envisioned: He is mixing up with his words,
slides appear to have spelling mistakes and arguments

seem disintegrated and clumsy. Final judgement from the
audience: lukewarm applause. “Well, that wasn't exactly my
best performance”.

At lunchtime, he gobbles down more food than usual.
After the meal he visits the restroom. His stomach is acting
up and his chest hurts, too. “What a nighmarish day!” he
mumbles. He feels like going straight back to bed, to make
up for those lost hours of sleep, but his various afternoon
meetings are right around the corner. “Ugh... At least it's
Friday.”



SLEEP

OWL — THE KING OF THE NIGHT

"When the owl sings, the night is silent.”
— Charles de Leusse (b. 1976)

The archetype of sleep is naturally the owl —the

quiet observer of night-time and dusk. The owl is
known for its sharp night vision and nearly silent flight.
Owls also have a very keen sense of hearing thanks to
their large ear openings and the feathers that bounce

sound waves.

In ancient times it was believed that eating owl eyes
improved night vision. The owl appears in folklore as
the symbol of wisdom. In Ancient Greece, the owl

was the symbol of Athena, the goddess of wisdom.

In the dream world, the owl is also considered the

symbol of insight, magic and expanded consciousness.




WHY SLEEP MATTERS



ohn's case underlines the importance of a good night's
J sleep for performance, cognitive functioning and health.
Using appropriate strategies, John could have fallen asleep
earlier, improved the quality of his sleep, and faced the
challenges of the day with ease. John was already tired
to begin with and the night stretched even longer due to
decreased productivity. With sufficient sleep behind him, he
would have achieved better results in a shorter time frame.
The presentation, too, would have been of higher quality

and delivered with fewer mistakes.

There is plenty of evidence that sleep is important. We can
all recognize its value in our personal lives. Sleep is an
anabolic state during which the body replenishes its energy
storages, regenerates tissues and produces proteins.

Without enough sleep, the human body cannot function

properly.

Staying up late releases cortisol, which is known to increase
the production of cell signalling molecules like cytokines,
which are a sign of inflammation. Sleep deprivation causes
unhealthy changes in the immune system of the body,
including white blood cells. The common marker of

inflammation, C-reactive protein (CRP), may also increase.’

SLEEP

DID YOU KNOW

48 % OF AMERICANS REPORT
INSOMNIA OCCASIONALLY, WHILE
22 % EXPERIENCE INSOMNIA EVERY
OR ALMOST EVERY NIGHT.

SOURCE: NATION SLEEP FOUNDATION

Sleep deprivation has been shown to raise systolic blood
pressure and increase the consumption of fat-heavy and
sugar-heavy foods. Chronic sleep deprivation leads to
insulin resistance, even with young test subjects. Lack of
sleep has been shown to be a predictor of weight gain,?
and increases the risk of traffic accidents,® the diagnosis
of type 2 diabetes,*®> mental illnesses such as depression,®

seasonal flu” and cardiovascular diseases.??

Sleeping problems have increased in conjunction with sitting
and the increased usage of electronic devices. According to
a 2011 study by National Sleep Foundation, 63 % of Americans
say they do not sleep enough during the week. About 15 %
of adults between 19 and 64 say they sleep less than six
hours on weeknights. 95 % use some type of electronics

like a television, computer, video game or cell phone at
least a few nights a week within the hour before bed.
Artificial light exposure can disrupt sleep by suppressing

release of the sleep-promoting hormone melatonin.™



SLEEP

From the biohacker’s perspective a sufficient and good
sleep at night contributes to better performance, awareness,
mood, ability to handle stress, skin quality,"" sports perfor-
mance, the capacity to learn new things, and the ability to
maintain general wellbeing. The aim of the biohacker is to
reserve as much time as possible for important things, while
simultaneously making sure that sleep is not compromised.
This ensures that recovery becomes possible and that new

learnings can be integrated and assimilated.

It is common wisdom that adults should get at least 7 to 8
hours of sleep every night. A systemic review conducted at
the University of Warwick observed that the risk of mortality
amongst people who got 6 hours or less of sleep per night
increased by 12 %, but also the risk of mortality amongst
those who slept for nine hours or more increased by as
much as 30 %."2 However, sleeping ten hours is beneficial
for those with increased need for sleep, for example for
recovering athletes, chronically stressed individuals and
growing children. The studies also show that there are some
people —i.e. those who carry a variation of the DEC2 gene
—who can survive with two hours less sleep on average than
other people. What is then enough? How can we make sure
we get enough quality sleep without sacrificing any of the

vital tasks that we want to get done every day?




SLEEP STAGES — THE SECRET TO BETTER SLEEP

Sleep alternates between two phases: orthodox sleep and
REM sleep. These phases can be distinguished from one
another in EEG (electroencephalography). The majority of
sleep is orthodox sleep (deep sleep, quiet sleep, slow-wave
sleep) that can be further divided into three NREM (non-
rapid eye movement) stages: N1, N2 and N3. These are in
contrast to REM sleep, or R sleep (paradoxical sleep, rapid

eye movement sleep).”™

W — Wakefulness (beta waves): infrequent and low-

frequency beta waves predominate in the EEG.

Meditative state with one’s eyes closed: increasingly
synchronised alpha and theta waves are visible in EEG,
along with increased production of serotonin. A number
of proven health benefits have been observed while using
techniques such as meditation to increase one's alpha and

theta waves.’# 1516

N1 - The first stage (theta waves, 4-8 Hz): EEG shows
irregular oscillations. Theta waves are slower and higher in
frequency than alpha waves. This is a transitory phase from

wakefulness to light sleep. The sleeper changes position

frequently, and is in a deep meditative state. However,
if someone were to wake the person up, he or she might
not feel like they had fallen asleep. Duration: about 10

minutes.

N2 - The second stage (sleep spindles, 11-16 Hz):

A period of light sleep, during which there is little move-
ment and the breathing is quiet. The second stage involves
periodic surges in brain wave frequency, the so-called sleep
spindles. Brain activity during the second stage is more
active than in the first stage. Dreaming becomes possible.
Getting enough stage two sleep improves motor skills.”
The person can still be easily woken up during this stage.

Duration: 20 to 30 minutes.

N3 - The third stage (delta waves, 0-8 Hz): A period

of deep sleep, where breathing is stable and EEG readings
consist of slow delta waves. Muscles are completely relaxed,
and the pulse, body temperature and blood pressure have
decreased. Production of human growth hormone begins,
and the regenerative mechanisms of the body are activated.
The sleeper will not wake if another person walks into the
room. Pulse, blood pressure and body temperature are

at their lowest. Duration: 30 to 40 minutes. Elderly people

experience a shorter duration, by as much as six minutes.



SLEEP

R - REM Sleep (alpha and beta waves): During REM sleep,
the brain is awake, but the rest of the body is asleep. The
muscles in the neck and the body are paralysed to prevent
sleepwalking. During REM, the eyes are moving under the
eyelids, and dreaming is at its peak. The typical adult has

an average of 4 to 5 REM stages every night. The first stage

lasts about 10 minutes, while subsequent stages are often

longer, around 30 minutes. REM sleep is important for the
regeneration of the brain’s nerve cells.”® Tests measuring the
effects of sleep deprivation have shown that REM sleep is
absolutely indispensable as deprivation leads to irritability,
fatigue, memory loss and reduced capacity for concentration.
Infants experience a lot of REM sleep: On average 50 % of

the total 16 hours of sleep per night is REM sleep.””

SLEEP STAGES REM
Delta sleep
1st cycle 2nd cycle 3rd cycle 4th cycle  5th cycle
N1 R R R R R
N2
N3
1 2 3 4 5 6 7 8h



During a typical adult’s 7 to 8 hour sleep, the sleeper moves
from the first stage, to the second, and to the third stage,
then back again to the second stage. After this, the sleeper
either wakes up or goes straight to REM sleep. From then

on, the cycle repeats itself some 4-5 times.

SLEEP

One full cycle lasts about 90 minutes. From the perspective
of getting a good night’s sleep, it is paramount to maximise
the amount of deep sleep (N3) by going through at least

three cycles. Getting enough sleep reorganises one’s memory?
and improves one's learning capacity.?' In the later cycles, the
amount of REM increases and the amount of deep delta sleep

decreases, until eventually the latter disappears completely.

DIFFERENT STAGES OF A SLEEP CYCLE AS SEEN ON EEG

N1 N2

4-5 % 45-55 %

o

N3

, _J

16-21 % 20-25 %



CIRCADIAN RHYTHM FOR MAINTAINING ENERGY
LEVELS AND IMPROVING SLEEP

Circadian rhythms are biological processes linked to the
cycles of the day. Many bodily functions vary according to

these rhythms, including the following:

® Body temperature

¢ Pulse rate and blood pressure

¢ Reaction time and performance

¢ The production of melatonin, serotonin and cortisol

¢ Intestinal activity

Travellers who make frequent long-distance flights often
have direct experience in the importance of getting
acclimated to a new time zone. One’s inability to adjust can
lead to sleeping problems and disturbances in cognitive
functions. People who do shift work, or work under bright
lights, can face similar issues. Problems arise whenever the
daily rhythm is disturbed.

Human beings have an internal clock that lasts about 25
hours and resets itself daily when it is exposed to daylight.??
Blind people can thus have sleeping problems, and yet, even
without the ability to see sunlight, their bodies function

mostly just fine.?

Light clearly has a central role in the regulation of our daily
lives, and can be used to reset our circadian rhythms.
Luminosity should reach at least 1000 lux in intensity to have
such an effect — compare this to the 320-500 lux in a typical
office and the 32,000 to 130,000 lux in direct sunlight.

Light directly affects the production of melatonin, the so-
called "hormone of darkness”, which is secreted mostly by
the pineal gland during the hours of darkness. Melatonin plays

a crucial role in the regulation of the sleep-wake cycle.?

A newborn baby does not produce melatonin until it is
three months old. From then on, the production increases
towards adolescence, and finally settles down in adulthood.
In a mid-aged person, the production of melatonin starts
to decrease again. It is suspected that this is one of the
reasons why older people do not usually get as much sleep

as younger people.®

The intensity of light isn't the only factor in melatonin
production; its wavelength also has an effect. During day-
light, blue light (short wavelength, around 420-485 nm)
dominates, which blocks melatonin production. Research
shows that white LED lighting is five times more efficient at

blocking the production of melatonin than incandescent
light bulbs.?



In order to optimize sleep, it is important to
understand how other hormones influence

circadian rhythms. High levels of dopamine
and serotonin have been linked to the

feeling of alertness, and adversely

low levels to sleepiness. Cortisol, 21:00
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