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FOREWORD 

Quality sleep is necessary, restorative, and promotes muscle recovery and energy replenishment (Bonnar et al. 

2018). Sleep helps brain cells "re-set" (Vyazovsky et al. 2011) and clears toxic waste (Xie et al. 2013). It helps 

us remember new information (Stickgold, 2005) and optimize next-day performance (Belenky et al. 2003). To 

date, there are 183,555 published research studies on the topic of sleep (PubMed query). 

One-third of the population in first-world countries report poor quality and insufficient sleep (National Sleep 

Foundation and CDC). Poor sleep is comorbid with the two leading causes of death in the U.S.: cardiovascular 

disease and type 2 diabetes. Poor sleep is annually responsible for 1.23 million missed work days, costing an 

estimated at $411 Billion (Rand Europe, 2017). The Center for Disease Control recognizes insufficient sleep as 

a public health epidemic (posture statement, 2018).  

Drugs are often prescribed to treat sleep problems. Rather than enhance the restorative effects of sleep and 

enhance next-day performance, sleep drugs often produce next-day drowsiness, can lead to non-restorative 

sleep, and be addictive. We believe consumer sleep wearables have the potential to be a better and healthier 

solution. Wearables promote responsibility for lifestyle habits and encourage goal setting. However, not all 

wearables are valid research-grade devices. Many wearables have poorly defined metrics not based on gold-
standard measures of sleep quality, defined by ambiguous algorithms, and lack intra-device (individual) 

reliability (Khosla et al. 2018; Mantua et al. 2016; Evenson et al. 2015).  

To this end, Beddr is a health technology startup seeking to merge the latest in sleep science and advanced 

technologies into a FDA Listed, easy-to-use, and affordable product that helps people "tune" their sleep health 

and achieve their sleep goals. Beddr is focused on breathing efficiency and sleeping position to improve sleep 
quality and quality of life. To reach this goal, Beddr is conducting research internally and validating their data-

driven solutions in clinical studies. The SleepTuner was developed by a multidisciplinary team of clinicians, 

scientists, designers, and technologists over several years. 
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INTRODUCING BEDDR 

1. The Sleep Crisis is Here 

Attitudes towards sleep are a fundamental obstacle to making positive changes (Gunia et al. 2015). Lack of 

sleep in the past was considered a badge of honor. This attitude is changing through the influence from 

professional athletes and Fortune 500 executives ("The Sleep Revolution" by Arianna Huffington). Even the 

military recognizes the restorative powers of sleep to enhance combat effectiveness (Miller et al. 2012).  

This burgeoning awareness for the importance of sleep is creating a more engaged and educated populace. 

Increased self-awareness and self responsibility for sleep health are keys to helping identify undiagnosed sleep 

disorders such as sleep apnea (Young et al. 2002). It is estimated that as many as 85% of people that have 

sleep apnea remain undiagnosed. This places incredible strain on the current sleep medicine system and 

requires a need for deeper insights into the root biological causes of sleep issues.  

Ninety million Americans are estimated to suffer from sleep disordered breathing (SDB). Over half (54 million) 

are believed to have sleep apnea (posture statement of American Sleep Apnea Association, 2016). Lifestyle is 

the largest determinant of apnea severity. Rising rates of obesity and sedentary lifestyles are the two largest 

contributors of sleep-disordered breathing and co-morbidity with the two leading causes of death: 

cardiovascular disease and type 2 diabetes. 

Sleep medicine has made significant leaps in understanding biological and environmental manifestations of 

sleep-disordered breathing. However, there is a growing gap between the need for individuals to receive 

personalized insight and recommendations for improving sleep and the accessibility of the traditional sleep 

medicine system. To be clear, this is not due to a lack of effort on the behalf of trained sleep experts, but is 

inherent to the structural operations of the healthcare system.  
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2. Developing a New, Integrated Approach 

There are a number of existing approaches to better understanding the quality of our sleep. We can generally 

segment these approaches into two categories: 

• Consumer Sleep Trackers 

• Traditional Sleep Clinics 

Consumer sleep trackers are generally easy-to use, affordable, but have poorly defined metrics and lack intra-

device (individual) reliability (Khosla et al. 2018; Evenson et al. 2015). They are not FDA-regulated, making 

them interesting gadgets, but not clinical-grade tools. 

Sleep clinics and sleep physicians leverage the gold standard approaches (EEG, overnight sleep studies) for 
understanding sleep issues; however, these experts, facilities, and technologies can be difficult to access, often 

inconvenient, and at times, expensive. In addition, the current reimbursement environment makes it very 

difficult to take multiple sleep tests. As a result it’s very challenging to understand night-to-night variability or 

the impact of lifestyle changes or therapy effectiveness.  

Each of these approaches have merit and deliver value but they also have constraints that limit access to 

clinically-valid insights, lower user engagement and inhibit the behavior change critical to greater compliance 

and improved outcomes.  

A recent Parks Associates study (Sleep & IoT: Behaviors, Awareness, and Opportunities) found that 42% of 

consumers are concerned that their health will worsen due to poor sleep quality but the majority of them had 

never sought medical advice. The study further found that 58% of them rated as valuable a device, sensor or 
app that could detect and track potential respiratory issues and other sleep disorders. Further, 85% of them 

said they would likely see a doctor based upon this information. 

This points to the potential for a new approach. One that integrates the accessibility and ease-of-use of 

consumer sleep trackers with evidence-based, gold-standard data collected by sleep physicians and clinics. 

The Beddr SleepTuner is a manifestation of this integrated approach, combining validated sleep science with 

the latest advances in optical sensor technology, actigraphy, cloud-based computing, predictive analytics and 

mobile technology. The SleepTracker is purchased and owned by the user and can be used over the course of 

multiple nights to gain more insights into sleep issues.  

The Beddr SleepTuner is a Class II medical device. It uses optical sensors and a 3-axis accelerometer to 

accurately measure blood oxygen saturation (SpO2), Stopped Breathing Events (SBE), heart rate, sleep position, 
movement and awakenings.  

beddr whitepaper 
�  

�5



3. Evidenced-Based Science in Support of Beddr  

Beddr’s approach is based upon validated sleep science currently practiced in clinics and sleep labs. Beddr 

gathers clinically relevant data to yield deep, personal insights into why a person may not be achieving the 

proper quality and quantity of sleep. Beddr has worked with our Clinical Advisory Board that includes some of 

the leading experts in the field of sleep medicine including Dr. Meir Kryger, Dr. Brandon Peters, and Dr. Steve 

Carstensen.  

We first focus on understanding how breathing impacts sleep quality and next-day performance and why 

closely monitoring oxygen levels in blood can be a biomarker of sleep quality. 

Oxygen is the lead character in thinking about sleep apnea. More than any other metric, oxygen can be 
accurately measured, reliably tracked, and delivers a distinct data signature during Stopped Breathing Events. 

For the better part of four decades, pulse oximetry has been an accurate and essential tool in clinical and home 

sleep testing (Suliman et al. 2016) primarily, because it is not the cessation of breathing that primarily causes 

issues, but the resulting reduction of oxygen in the bloodstream. When the airway collapses during sleep, and 

airflow is reduced or stopped altogether, the blood oxygen level drops shortly thereafter. The precipitous drop in 

blood oxygen causes multiple physiological responses: heart rate increases to compensate, the sympathetic 

nervous system responds, and the brain sends a signal to cause an arousal to activate the muscles of the airway 

and restart breathing. It is believed that the drop in blood oxygen plays a role in the development of 

comorbidities such as cardiovascular disease, type 2 diabetes, and GERD. 

Several biological factors regulate the way we breathe, promoting a strong brain-body connection and platform 
for maximizing health and wellness. First, distinct anatomical regions of the mammalian brain that regulate 

breathing have been shown to directly alter brain activity associated with restorative states of sleep and levels 

of alertness (Yackle et al. 2017). Second, voluntary activation of the autonomic nervous system through 

breathing exercises has also been shown to directly boost the immune system (Kox et al. 2014); breathing 

exercises, such as those practiced in Vinyasa yoga, have also been shown to increase longevity (Brown et al. 

2009). Essentially, an individual has a large degree of control over their breathing quality if these individuals 
can be provided with the correct tools to receive feedback and gain insight. 

Physiologically, breathing quality is linked with sleep quality. Breath quality is determined by the ratio of oxygen 

uptake relative to the amount of carbon dioxide output. When oxygen uptake is impeded by lifestyle (for 

example, being at high altitude) or structural anatomy, as with sleep apnea, our breathing pattern changes. 
Physiological stress to the autonomic nervous system in response to changes in respiration rates produces 

more arousals at night (Liang et al. 2018).  
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How well we breath while sleeping is one of the core issues on which sleep science is focused.  

To re-emphasize the published research studies documented above, reasons for decreased breathing efficiency 

and sleep quality can be under control of the individual. Areas for self-driven improvements and personal 

responsibility for breathing efficiency and the duration and quality of sleep include: 

a. Sleep position. If a person sleeps with their head facing the ceiling, the basic rules of gravity are making it 

more difficult to breathe and may cause the tongue and soft palate to obstruct their airway. If a person 

sleeps on their side, there is a lower chance that the airway will become obstructed and impede regular 

breathing. People with positional obstructive sleep apnea will have on average 2x as many Stopped 
Breathing Events (SBE) while sleeping on their back (Menon et al, 2013). Simply training themselves to 

sleep in a more beneficial position has the potential to greatly reduce the frequency and severity of their 

sleep apnea.  

b. Diet and Exercise. Obesity and a sedentary lifestyle are correlated with breathing and sleep quality issues. 

Several studies have shown a favorable effect of supervised exercise training on obstructive sleep apnea 

(Iftikhar, et al. 2014). The ability to lose 10% of body weight has been shown to reduce apnea events by 

42% (Foster et al, 2009). 

c. Alcohol and medications. Alcohol and many medications taken to improve sleep often have the unintended 

consequence of relaxing our airway and making us more prone to breathing issues. Alcohol consumption 

has been shown to increase the risk of sleep apnea by 25% (Simou et al, 2017). 

The cumulative effects of changes in sleep position, diet, exercise, and alcohol or medication consumption 

cannot be measured over the course of a single night. They often require a multi-week programmatic approach 

designed to modify individual behavior and establish a new set of healthier habits. One of the benefits of the 

Beddr SleepTuner is that it is designed to be used over multiple nights. As a result it can record and measure 

how lifestyle changes impact breathing and sleep quality. In addition, it can use this data to reinforce positive 

changes and mitigate negative changes. It is one of the primary goals of Beddr to create an accessible, 

affordable product that engages and educates individuals to better understand the impact of certain lifestyle 

choices on their breathing and sleep quality.  
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4. Beddr Product Overview 

The Beddr solution was designed and developed to address two key problems: 

• Lack of access to the traditional sleep medicine system 

• Lack of user engagement because current solutions are optimized for clinicians 

Clinical-grade technology and expertise is difficult to access without navigating a complex web of office visits 

and insurance approvals. This friction prohibits many people from ever seeking assistance.  

Most of today’s sleep technology products and services were not designed with the end-consumer in mind. As a 

result, they are overly complex and not well suited to support an individual as they engage in the process of 

understanding and solving their sleep problems. An educated and engaged user is required to understand the 
myriad of factors underlying sleep issues and increase user compliance.  

By applying user-centered design principles to the development of the SleepTuner sensor and mobile 

application, we have made positive behavioral change accessible to everyone. This commitment is what drove 

us to develop our overall product system that includes: 

• Beddr SleepTuner Sensor 

A compact, discrete sensor designed for comfort and ease-of-use when worn while sleeping over the 

course of multiple nights. Key to the design of the sensor was that it did not negatively impact a user's 

sleep like many existing testing modalities. Equally important, the sensor does not communicate via 

wireless signal while recording a sleep assessment.  

• Beddr Mobile Application 

For most people, improving their sleep requires them to change behavior and set goals. This may sound 

simple, but for most people it’s very difficult. The Beddr app is designed to let you measure your 

success night-to-night and build insights at your own pace. 

Beddr combines data collected from the sensor including: sleep duration, overnight blood oxygen 

saturation (SpO2), stopped breathing events, total time at reduced oxygen, heart rate and night-over-

night variability with sleep hygiene information to help end-consumers determine their optimal sleep 

position, overall sleep quality and validate their improvements with clinical grade insights.  

• Beddr Cloud and Analytics Engine 

All data is stored and analyzed in the Beddr Cloud. Beddr’s data science team applies complex 

statistical models to the data that is gathered. As we gather more data, we anonymize it and feed it into 
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our proprietary statistical models, enabling the system to generate personalized insights, and make 

recommendations.  

The SleepTuner sensor is attached to the forehead via a hypoallergenic medical-grade adhesive. This adhesive 

should be replaced before every use to ensure a secure, comfortable fit over a full night of sleep. The forehead 

is a validated site for gathering accurate oximetry data (Sugino et al, 2004). In addition, the 3-axis 

accelerometer gives us an accurate understanding of the position of the head and airway during sleep. Recent 

studies suggest that the position of the head has an additional impact on the occurrence of sleep disordered 

breathing issues in addition to the position of the body (Van Kesteren et al, 2011). Most importantly, the 
forehead has proven to be a comfortable, secure placement for the sensor without negatively impacting sleep. 

This has been confirmed over hundreds of testers and thousands of test nights.  

After using the product for a night, the data from the SleepTuner sensor is transmitted via Bluetooth Low Energy 

(BLE) to the Beddr app on a smartphone. These data are then encrypted and uploaded to the Beddr Cloud for 

analysis. A nightly sleep assessment, insights, metrics and actions are then presented to the user in a simple 

and intuitive graphical display. This process can be repeated as many times as the user requires. As additional 

nights of data are logged, night-to-night variability is highlighted and the user can see objective data about the 

impact of various choices on their breathing and overall sleep quality. 
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5. Key Beddr Features  

The Beddr Sleep Tuner is a flexible, convenient and accurate system that has several differentiating features. 

These include: 

(a) Clinical Grade Insights. In sleep medicine, there are a number of gold-standard data that are required to 

more deeply and accurately understand what is wrong with a person's sleep. This data includes airflow (is the 

person breathing), blood oxygen, heart rate, respiratory rate, and EEG. Most consumer sleep gadgets measure 

few if any of these. Beddr is the first product available directly to consumers that contains the necessary 

sensors to directly measure almost all of these key inputs.  

(b) Multi-Night Assessment. Unlike a sleep tracker, a person doesn’t need to sleep with Beddr every night to 
sleep better. Instead you can sleep with it for a few nights in the beginning to establish a baseline. Once you 

have made positive changes to the quality of your sleep it is no longer necessary to use the SleepTuner every 

night. As a person’s sleep falls “out of tune” due to lifestyle changes, changes in body composition, and the 

introduction of a new therapy regimen, the SleepTuner can be used again to gauge the impact of these changes. 

The idea behind the SleepTuner is that a person will tune their sleep; similar to a musical instrument that 

sounds great for a few weeks, but then falls out of tune and needs to be brought back into tune. By making it 

easy and affordable to get a sleep assessment, Beddr makes is possible for people to run any number of “what 

if” experiments that reveal the impact of certain decisions on their quality of sleep. For instance, it’s generally 

well accepted that drinking alcohol will impair not only you, but the quality of your sleep. But how and to what 

degree is unique to each individual. 

(c) Tuning vs. Tracking. Most consumer wearables track sleep every night. In our view, this is an exercise of 

diminishing returns, and may actually impair quality of their sleep and cause orthosomnia, a condition where a 

person has a perfectionist quest to achieve perfect sleep. (Baron et al, 2017). To maximize results and 

eradicate worry, Beddr has pioneered the concept of sleep tuning.  

(d) User Driven Design. At the core of improving sleep is empowering people to make positive changes. Beddr 

has spent thousands of hours with people who suffer from sleep issues in an effort to design a product 

experience that activates the individual to participate in understanding and solving their sleep challenges 

through seamlessly integrating into a established sleep routines. By creating a discrete, comfortable wearable 

sensor that doesn’t interrupt normal sleeping patterns and bias results through the observer effect. By 

leveraging the success of others to motivate and instill confidence in each individuals ability to improve their 
sleep quality. 
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(e) Accessibility and Affordability. Beddr is able to be purchased in much the same way as a consumer product 

or service. Instead of a long wait to get insights into sleeping issues, a person can receive the SleepTuner within 

a few days of ordering. Depending upon how frequently a person uses the Beddr SleepTuner, the average cost 

per nightly assessment will range between $5–10. 

(f) In-Home Convenience. The Beddr SleepTuner is a consumer friendly experience, designed to be used in the 

comfort of a person’s own bedroom, the environment that is most representative of a person’s normal sleep. 

This not only provides a much more accurate set of metrics and insights, but it also increases the perceived 

accuracy to the user, increasing their predisposition to make a change in behavior based upon the results of the 
assessment. 

CONCLUSION 

The Beddr solution is one of the first examples of a new generation of products that are clinically-based, but 

consumer friendly. The availability of products like Beddr has the potential to dramatically improve the 

awareness and understanding of breathing and sleeping issues, helping millions of people across the world 

improve the quality of their sleep and overall health. 

It is our belief that increasing access to advanced sleep science and delivering better outcomes is a function of 
both engaging and empowering the user with a compelling, user-driven experience and integrating the intuition 

and expertise of board-certified sleep physicians.  

It is our intent to continue to evolve the Beddr solution by increasing the data gathered and validating our 

solutions with formal clinical studies to support enhanced indications with the FDA.  

We are in process of conducting several active research projects and will update this whitepaper as new results 

become available. 
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APPENDIX 

Theory of Operation & Technical Specifications 

A. What Data is Recorded By the Beddr System 

The Beddr system gathers data from multiple sources. These data sets are integrated, analyzed and presented 

to the user as as nightly assessments, insights, metrics and actions.  

The Beddr SleepTuner uses a Photoplethysmography (PPG) sensor and 3-axis accelerometer to gather the 
following information: 

(a) Blood Oxygen Saturation (SpO2). One of the most common causes of sleep problems are partial or 

complete obstructions of the airway that cause a person to stop breathing. When you stop breathing for more 

than a few seconds, there are often drops in blood oxygen levels. When these drops in blood oxygen levels 

persist for longer periods of time or occur more frequently, it can lead to more frequent awakenings; the brain 

has to consistently signal the body to restart over and over. 

(b) Stopped Breathing Events (SBE). The SleepTuner tracks drops in blood oxygen levels. These are captured 

over an entire evening of sleep and then divided by the length of time that the person was asleep to arrive at an 

hourly average. 

(c) Heart Rate. Average heart rate rate (sometimes referred to as resting heart rate or beats per minute) varies 
widely between individuals. It can be between 40 – 100 beats per minute and still be considered normal. It can 

also change from day to day, depending on your hydration levels, elevation, exercise, and temperature. Even 

though there is a lot of variability between individuals, nighttime heart rates are very similar for one person with 

a consistent schedule. This is why nocturnal heart rate is one of the factors that the user may trust when 

interpreting how lifestyle choices affect rest and recovery. Beddr’s software looks for spikes or volatility in our 

heart rate as these may be a sign of additional stress being put on the heart when we experience stopped 

breathing events. 

(d) Sleeping Position. Many people experience breathing issues when their head is facing the ceiling and can 

improve their breathing (and reduce snoring) simply by turning their head to the side. By placing the SleepTuner 

on the forehead, the SleepTuner is the first device that accurately understands the position of a person's head 
(and airway) while they sleep. There are a number of documented benefits to sleeping on your side. Most of 

them have to do with the effect side-sleeping has on keeping the airway clear. When people sleep on their back, 

their tongue often blocks their upper airway contributing to breathing problems.  
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(e) Sleep Duration. To calculate sleep duration, we use use actigraphy to track movement while sleeping. Our 

software then translates those movements into periods of sleep and wake and provides an accurate 

assessment of the amount of time that a user slept. In addition to the sensor, we also collect the following 

information in the mobile application during initial onboarding and after each nightly assessment:  

In addition to the data gathered from the SleepTuner, the Beddr system also collects the following: 

(f) Self-Reported Inputs to Health Profile. During the onboarding process in the mobile application the following 

information is gathered to form a Health Profile.  

• Gender (Male/Female)  

• Age 

• BMI (Weight + Height) 

• High Blood Pressure 

• Presence of Snoring 

• Morning Headaches 

• Observed Gasping for Breath 

• Daily Fatigue/Sleepiness 

(g) Self-reported Inputs to Nightly Sleep Journal  

• Alcohol Consumption —Indicates the number of drinks consumed before bedtime. 

• OTC Sleeping Pills —Indicates if the user is taking an over-the-counter (OTC) sleeping aid. 

• Allergies or Stuffy Nose —Yes/No question that feeds recommendations to address healthy 

breathing with OTC allergy medication or nasal strips like Breath Right. 

• Self-Reported Restedness —Taken from the sleep journal, Beddr uses these inputs to validate our 

assessment and reports it as an available sleep metric so you can easily track your own perception of 

sleep health over time. 

Beddr’s data science team applies statistical models to the data that are gathered. As we gather more data, it is 

anonymized and fed it into our proprietary statistical models, enabling the system to deliver new metrics, 

generate new insights, and make more precise recommendations. As more data are fed into the system, our 

system “learns” and grows more personalized and actionable.  
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B. Sleep Tuner Performance Specifications 

Oxygen Saturation (SpO2)

Resolution Measurement Range Arms

1% 70% to 100% +/- 4%

Heart Rate

Resolution Range Arms

1 bpm 25bpm to 240bpm +/- 3 bpm

Display Ranges

SpO2 0%–100%

Heart Rate 25bpm to 240bpm

Sleeping Position back, side, upright

Battery

Specs 50mAH, Lithium-ion

Life Approximately 20 hours of 
continuous operation

Physical Characteristics

Dimensions 33.7mm x 24.5mm x 9.5mm

Weight 5.3 grams

Material

SleepTuner PolyCarbonate, Laripur

Adhesive Hypoallergenic, silicone-based
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