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INTRODUCTION
“Sleep is that golden chain that ties health and our bodies together.”
-Thomas Dekker

Sleep plays a vital role in human life. After all, we spend almost one third of our lives sleeping. Until the
mid-20th century, sleep was considered an inactive part of life. Today, we know that the brain is highly
active during sleep phases and that sleep has a major influence on our daily lives, including our physical
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and mental fitness. Therefore, sufficient quality sleep is essential for an overall healthy lifestyle.
This white paper is focused on the importance of sleep for a healthy lifestyle. In this context, the
development of a sleep tracking tool and suitable app to monitor one’s sleeping behavior will be
discussed. Sleep tracking can have a positive influence on sleep behavior which, in turn, can contribute
to improving health and well-being.

WHY SLEEP?
Everyone experiences sleep on a daily basis yet, accurately describing this state is a difficult task.
Different neurotransmitters which interact with the brain determine whether a person is in a state of wake
or sleep. When transitioning into sleep, we leave the world we perceive and plunge into the world of sleep
and dreams. After waking up, memories of the passed hours are either vague or non-existent. This is one
reason defining sleep is so hard. Scientists describe sleep by means of the following characteristics:
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●

Sleep is a phase of reduced activity

●

Sleeping humans usually have their eyes closed and remain in a lying position

●

When sleeping, the human body shows little reaction to external influences

●

The state of sleep is relatively easily reversible (which distinguishes it from a coma, for example)
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see http://www.sleepassociation.org/index.php?p=whatissleep
see http://healthysleep.med.harvard.edu/healthy/science/what/characteristics
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During sleep, we go through various states which can be made visible by different types of recordings.
Scientists distinguish between REM phase and non-REM phase (REM= rapid eye movement).
The first sleep phase is the non-REM phase which is divided into four substages (N1-N4). Stage 1
represents a light state of sleep between falling asleep and the actual sleep phase where muscle tone
decreases. Stage 2 represents the beginning of sleep when ambient noises are no longer perceived
clearly and body temperature drops. Heart rate and breath are steady. The muscles relax and might
twitch or jerk. Stage 3 and 4 represent the deepest, most regenerative sleep stages. Blood pressure
drops and breathing slows down.
We spend around 25% of the night in the REM phase. This phase occurs approximately 90 minutes after
falling asleep. In the course of the night, the REM phase reoccurs approximately every 90 minutes and is
3 4

of increasing duration as the night progresses. In this phase, most dreaming takes place.
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see http://sleepfoundation.org/how-sleep-works/what-happens-when-you-sleep
see Michael Schredl, Träume
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DREAMS - In the past, scientists assumed that dreaming exclusively occurred in the REM phase. We
now know that there is also cerebral activity in the other phases. However, dreams happening during
non-REM phases are rather chains of thought than image-based dreams.
Dream research provides different theories and models on how dream memory works (repression theory
by Freud, interference hypothesis, state-shift hypothesis, etc.). Moreover, additional factors are linked to
an enhanced dream memory in the morning (trait factors, state effects), including active imagination, low
5

sleep quality, a good visual memory or morning dreams.

SLEEP DURATION - The necessary sleep duration varies from person to person. Children need more
sleep than adults, who require 7-8 hours of sleep on average. However, this is just a point of reference-sleep necessities depend on every individual and cannot be generalized. Lighter and shorter sleep
phases characterize older people’s sleep behavior, yet their need of sleep is similar to those in younger
individuals. When sleeping too little, we accumulate a “sleep debt.” According to studies, this sleep deficit
can only be partly made up later on, e.g. on weekends. Respective tests were made, among others, at
the Penn State University College of Medicine in a 13-day trial in a sleep laboratory.
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CIRCADIAN CLOCK - All living creatures live under the influence of the circadian rhythm, or day-night
rhythm, dictated by nature. This rhythm is influenced by our so-called body clock.
As our main source of light, the sun plays a vital role here. Its effects are linked to the hormone melatonin
which is produced in the epiphysis. Melatonin release increases with darkness and promotes the feeling
of tiredness.
Research on individuals who were completely deprived of daylight / sunlight showed that the human body
tends to develop a 25-hour rhythm when kept in complete darkness, thereby shifting the circadian
rhythm.
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seehttp://books.google.at/books?id=Kt-

nnIlTOz8C&pg=PA17&lpg=PA17&dq=traumerinnerung+faktoren&source=bl&ots=wsFinY6Tkq&sig=RlDmh7egNBqvpoIgoFdkuNsw
vHQ&hl=de&sa=X&ei=Kq71U9bWFKf07AbkpIEg&ved=0CDEQ6AEwAw#v=onepage&q=traumerinnerung%20faktoren&f=false
6
see http://www.the-aps.org/mm/hp/Audiences/Public-Press/2013/32.html
7
see http://psychology.about.com/od/statesofconsciousness/p/BodyClocks.htm
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SLEEP - A VITAL CONTRIBUTION TO A HEALTHY LIFESTYLE

Nutrition and physical activity are vital for a healthy lifestyle. Yet, as mentioned above, sleep also plays a
decisive role. Physical activity and sleep influence one another and, at the same time, sleep, nutrition and
being overweight are linked to each other. In addition, being overweight is closely connected to physical
activity.
8

Sleep is essential for cell regeneration, metabolism and memory. Sleep researcher, Allan Hobson,
describes this as follows: “Sleep is of the brain, by the brain and for the brain.”
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NUTRITION - Two hormones, leptin and ghrelin, are the main influence factors when it comes to
nutrition. Leptin is responsible for curbing the appetite, whereas ghrelin regulates hunger. Studies have
shown that the balance between these two hormones depends on sleep duration and metabolism.
Dropping leptin levels and a high ghrelin level are linked to an enhanced appetite and BMI.
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Furthermore, several studies suggest that there is a connection between late meals and sleep. Late
meals influence both sleep and weight, with the amount and type of food being decisive. The
consumption of foods high in fat or containing caffeine should be avoided in the evening. Instead, late
12

hunger episodes should be satisfied by low-fat, low-sugar alternatives.

In addition, the chief physician of

the Elisabethinen hospital in Linz, Austria, Dr. Bolitschek, confirms that overweight individuals often
believe they sleep well while actually suffering from pathological sleep.
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see http://www.med.wisc.edu/news-events/sleep-produces-cells-that-grow-and-repair-nerve-cell-insulation-/41696
see Peter Spork, Das Schlafbuch
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see http://www.womenshealthandfitness.com.au/health-beauty/health-advice/210-sleep-tight-for-good-health
11
see http://www.plosmedicine.org/article/info%3Adoi%2F10.1371%2Fjournal.pmed.0010062
12
see http://www.livestrong.com/article/320492-the-effects-of-eating-late-at-night/
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EXERCISE - Regular exercise and an adequate dose of sleep are habits of primordial importance
when it comes to health in the long run.
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In regeneration, sleep is often underestimated and neglected.
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Does the time of day we exercise influence our sleep? Research has led to diverging results, with
personal habits playing a decisive role. Chief Physician, Dr. Bolitschek, underlines that exercise right
before bedtime can actually affect sleep in a negative way, as the adrenaline released during sports
activities rather activates the body than making us tired.
However, regular physical activity is essential for a positive influence on our sleeping habits and vice
15

versa.

FATIGUE - Fatigue is a common symptom of sleep deficiency or sleeping disorders among the general
population. Scientists believe that sleep duration was reduced by approximately one to two hours over
the past decades. Especially in our society, where a lifestyle characterized by stress and continuous
activity (family, work, etc.) is common, sleep is among the things we are willing to reduce or sacrifice first.
Lack of sleep leads to losses across the board, affecting both our physical and psychological worlds. As a
consequence, not only is our performance reduced, but our entire metabolism, including appetite,
changes.

IN A NUTSHELL - As soon as one part of the system is affected, consequences will be noticeable in
all other spheres of life. Although nutrition and physical activity are integral components of a healthy
lifestyle, the importance of sleep is essential, too. In this context, how (or how much) we eat, how much
we exercise and how we function on a daily basis is also important.
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see http://www.livestrong.com/article/432601-the-long-term-benefits-of-exercise-nutrition-and-sleep/
see http://www.racewalk.org/documents/RecoveryandRegeneration.pdf
see http://www.cbsnews.com/news/working-out-before-bedtime-may-mean-better-sleep/
see http://sleepfoundation.org/sleep-topics/diet-exercise-and-sleep
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SLEEP TRACKING
Sleep tracking refers to recording our sleep behavior. What are the benefits of tracking our own sleep?
As mentioned above, sleep is closely linked to our overall physical health. Sufficient sleep positively
affects many different spheres of life. It decreases the risk for diabetes and heart conditions, improves
concentration and reaction times, and also benefits our memory. These are just a few additional reasons,
including the already mentioned factors, which suggest that addressing sleep behavior, sufficient sleep
and sleep quality is important.
18

behavior.
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By tracking one’s sleep, individuals are confronted with their own sleep

Moreover, realistically assessing one’s own personal sleep quality is rather difficult, as our

subjectively perceived sleep behavior often differs from the objectively measured sleep behavior.
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Chief

Physician, Dr. Bolitschek, adds that tracking an individual’s sleep allows conclusions about whether they
always sleep badly or whether a certain trigger is responsible for their bad sleep.

METHODS - There are different possibilities for sleep tracking. Sleep labs resort to polysomnography.
In this case, besides cerebral activity in an electroencephalogram (EEG) and cardiac rhythm in an
electrocardiogram (ECG), further parameters are monitored and then used to analyze the individual’s
sleep behavior. Due to its detailed results, polysomnography is considered the golden standard when it
comes to diagnosing sleep disorders.
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However, it is also possible to monitor sleep behavior at home and analogically, with the help of a sleep
diary based on existing models. Observations made in an analogical sleep diary always depend on a
patient’s subjective perception of his or her sleep behavior, for which they are not objectively applicable.
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see http://www.mybasis.com/basis-sleep-tracker/
see http://www.cbsnews.com/news/what-can-you-learn-from-a-sleep-tracking-device/
see https://www.ikgalekkerslapen.nl/wp-content/uploaded-files/sleep-monitoring-measuring-behavior.pdf
see http://www.mayoclinic.org/tests-procedures/polysomnography/basics/definition/prc-20013229
see http://download.journals.elsevierhealth.com/pdfs/journals/1389-9457/PIIS138994570870011X.pdf
see https://www.ikgalekkerslapen.nl/wp-content/uploaded-files/sleep-monitoring-measuring-behavior.pdf
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Furthermore, there are also digital health / mobile health applications and devices that help users assess
their sleep at home. These apps and devices rely on different methods for sleep phase tracking. One of
them is actigraphy, where a patient’s body movements are monitored while asleep. This method often
relies on special armbands (wearables) which record the individual’s movements. It allows for less
detailed conclusions compared to polysomnography. Yet the fact that actigraphies can easily be
conducted in an individual’s natural habitat, at home, is a major advantage. This is why the actigraphy
has come to play a central role in sleep medicine. For individuals with good or average sleep behavior,
this method delivers highly diagnostic results.
always consult healthcare professionals.
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People with health issues, on the other hand, should
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Another possibility of sleep tracking is to mount sensors under a person’s bed sheets to monitor their
28

sleep.
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see http://journalsleep.org/Articles/260111.pdf
see http://well.blogs.nytimes.com/2014/03/10/collecting-data-on-a-good-nights-sleep/
see http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3109647/pdf/101872.pdf
see http://sleep.tau.ac.il/Sadeh%202011%20-%20Actigraphy%20review.pdf
see http://www.ncbi.nlm.nih.gov/pubmed/12749557
see http://www.technologyreview.com/view/510276/a-know-it-all-sleep-tracker/
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THE RUNTASTIC APPROACH
Runtastic offers solutions for activity tracking (exercise and daily movements) and provides information
on calories burned, as well as hydration recommendations (nutrition). By expanding its portfolio to sleep
monitoring, Runtastic takes another step towards a comprehensive, holistic approach to lifestyle tracking
and analysis. The Runtastic Orbit (wearable) and the wide variety of Runtastic apps for activity tracking,
in combination with the Runtastic Me app, give users an overview of their entire day, thereby helping
them to assess their own activity and sleep behavior as well as their daily calorie consumption.
For those interested in more specific data on sleep behavior, the Sleep Better app is the perfect solution.
In addition to tracking the different sleep phases (awake while in bed, light sleep, deep sleep), the Sleep
Better app allows users to select certain factors that influence our sleep (caffeine, workouts, late dinner,
not sleeping in one’s own bed, stress and sleeping alone). This helps users identify factors which might
be responsible for or connected to low sleep quality and, as a consequence, for lower overall well-being.
Besides, users also have the possibility to document and analyze their dreams.
Said features promote awareness for one’s own sleep behavior. Do I sleep worse after late dinners? Can
exercise improve my sleep quality?
Visualization of the selected variables (i.e. stress levels, workout details, alcohol and/or caffeine
consumption, etc.) allows for a detailed analysis of the variability of individuals’ sleep behavior (i.e. sleep
duration, bedtime, sleep efficiency, etc.) based on the unique behaviors of the given day.
Being woken in a light sleep phase can facilitate getting up in the morning and improve one’s general
well-being. When woken up in a deep sleep phase, a feeling of fatigue may prevail.

29

With the app, an

individual wake-up window can be defined. Given the case that a person wants to get up at 7 a.m. at the
latest, he or she will be woken up in a light sleep phase within the selected time frame (e.g. 30 minutes)
prior to the time set, or at 7 a.m. at the latest. It is possible to change the wake-up time during the night
without interrupting the current sleep session.
For sleep tracking and monitoring, Runtastic relies on body movements. Tests conducted on different
subjects and in several phases to further improve the tracking algorithm confirmed that EEG evaluations
in a sleeping lab correlated with the values measured by Runtastic Orbit and the Sleep Better app. A
physician from the sleeping lab corroborates that if an individual does not move within a certain period
(approx. 15 minutes), it is safe to assume he or she is in a deep sleep phase. Major deflections in the
graph, on the other hand, indicate a wake phase.
Compared to an EEG, however, the exact time to sleep cannot be determined with 100% accuracy. Minor
deviations regarding the start of the first deep sleep phase are possible. Nevertheless, one’s personal
sleep quality can be compared individually, making it thereby possible to identify changes in an
individual’s sleep behavior.
29

see http://www.nytimes.com/2013/08/15/technology/personaltech/turning-to-your-phone-for-a-better-nights-sleep.html?_r=0
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CONCLUSION
Sleep plays a central role in our lives and concerns every single human being. Sleep deficits or sleeping
disorders affect an individual’s general well-being. Therefore, it is vital to focus on sufficient, high-quality
regeneration time. Tracking and monitoring sleep facilitates an overview on an individual’s sleep behavior
which, in turn, allows for conclusions regarding his or her physical health. Raising awareness about
certain nexuses within the whole system helps people make a positive change towards a healthier
lifestyle. Thereby, a significant contribution to our health and holistic health consciousness can be made.

ABOUT RUNTASTIC
Founded in 2009, Runtastic has rapidly grown into an innovative suite of apps, products and services that
track and manage health and fitness data to motivate individuals to get in shape, stay healthy and
improve overall fitness.
With more than 100 million downloads and 45 million registered users on Runtastic.com, Runtastic’s
mobile applications sync directly with proprietary hardware to track distance, speed, pace, duration, heart
rate, calorie consumption and route traveled (via maps) when running, biking or engaging in other
exercise activities. The results can then be viewed directly within the app, via Runtastic GPS devices or
on Runtastic.com, where users can view their online training log, get detailed data analysis and compare
with others. Whether you are a novice or an athlete, Runtastic makes exercise easy and fun. Additional
information can be found at Runtastic.com or you can follow us on Google+, Twitter, Facebook,
Instagram and Pinterest.

Contact:
runtastic GmbH
Pluskaufstraße 7 · Business Center
4061 Pasching bei Linz / Austria

10

