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• Biomarkers
• Consumer Devices
– Assessing sleep
– Sleep disorders

• PSG intensity



Ideal Biomarker
• disease specificity
• mandatory presence in all affected patients

– high sensitivity and specificity
• reversibility following proper treatment
• detectability before patients develop clinical manifestations 
• reflect severity of the disease and provide indicative 

information over the cumulative history of the disease,
• enable a cut-off value with minimal overlap between 

normal and disease 
• Minimize the total cost and burden of diagnosing a patient





OSA
• Types:

• Blood
• Urine
• Exhaled breath condensate
• Saliva

• Diagnostic and Prognostic



Interleukin - 6
• 18 studies
• Studied in both adults and children
• Cytokine in macrophages and lymphocytes
• May be more associated with obesity as some studies that 

showed higher levels were less positive or even not significant 
after correction for BMI

• Levels do change with CPAP in some but not all studies





TNF - alpha
• Pro-inflammatory cytokine released during acute inflammation
• Participates in cell signaling leading to necrosis  or apoptosis
• Associated with excessive daytime sleepiness, nocturnal sleep 

disturbance, hypoxia
• Higher levels noted in morning and after SDB events in OSA 

patients
• Conflicting studies on whether it is reduced after CPAP
• Interaction may also be related to degree of obesity





CRP
• Inflammatory marker, active role in atherogenesis
• Studies in both adults and children
• Mainly produced in the liver
• Multiple studies with varied results
• As with others, relationship is altered by obesity
• High CRP may indicate risk for developing CV events in OSA patients –

further study needed
• Study in children suggested high levels of HS-CRP may ID children at 

high risk for cognitive morbidity





CRP/OSA Meta-analysis
• 219 OSA vs 116 controls

– Adult non-smoking matched for BMI, age, gender
• 5 studies with low heterogeneity



Quantitative EEG in OSA
• Examine power spectral analysis by transforming 

amplitude vs time to amplitude vs frequency; 
essentially quantifies the amplitude and prevalence 
of different frequency sine waves
– Slowing of the EEG associated with sleepiness and fatigue in wake 

and changes in sleep EEG may be associated with learning and 
memory 

• 24 studies examined qEEG in OSA



Quantitative EEG in OSA
• Waking EEG and severity of OSA: heterogeneous results
• Waking EEG and daytime sleepiness:  seems to correlate better 

with subjective sleep measure than with objective sleep measures
• Waking EEG and performance tasks (PVT, driving simulator) show 

some correlation but often need more sophisticated signal 
processing technique

• Waking EEG after CPAP – reduction of theta power; variable 
effects noted on delta power



Quantitative EEG in OSA
• Effect on sleep EEG: 
– reduced slow wave activity with the exception of OHS who 

may have higher SWA
– Reduced spindle activity
– Effect of CPAP may reverse SWA reduction

• Conclusion that more sophisticated and standardized analysis is 
needed with better controls



REM Sleep Behavior Disorder:
Potential biomarkers 
• Might allow early prognostication 
• DAT scan (radiotracer that measures presynaptic dopamine 

transporter density)
• 18F-FDG Pet scan (metabolic increases in pons, thalamus, 

medial frontal and sensorimotor areas, hippocampus, temporal 
gyri, posterior cerebellum)

• Transcranial sonography (echogenicity of brain tissue) – see 
striatal nigra hyperechogenecity

• None of these are quite ready for prime time



REM Sleep Behavior Disorder:
Potential biomarkers 



Consumer Devices for Sleep and Sleep Disorders



How many times have you heard…

• “my Fitbit says I am having lots of disruptions in my 
sleep”

• “my sleep tracker says I am not getting enough deep 
sleep; or dream sleep…”

• “should I go buy a fitness device that monitors my 
sleep? which one is best?”



Consumer Devices
• Search for sleep terms on smartphones, get about 

2500 apps
• Modalities:

– Mobile device (smartphones and tablets)
– Wearable technology
– Unique physical devices embedded into sleep environment
– Online programs (desktop or website platforms)
– Accessory devices that may interact with mobile devices



• Very nice review of available types and brands of 
devices

• Note lack of validation for many
• Do raise consumer awareness of sleep
• Many pros and cons!



Mobile devices
• 77% of adults own a smartphone!!
• Sleep tracking, alarms, sleep and dream logging
• May facilitate sleep with graphics, music or sounds, professional 

hypnotists
• Often sit on mattress and may be affected by other body sleep 

(bedpartner, animal) or type of mattress (waterbed, pillowtop)
• “Smart alarm” – awaken you from light sleep; require you to do a 

task so you can’t go back to sleep integrate with a lamp that slowly 
illuminates

• Detect snoring, sleep talking
• Awaken when snoring (vibrates or makes a noise)



• Apps in Google Play store
• Primary sleep complaint addressed: 

– OSA (n = 23, 30.3%)
– insomnia (n = 9, 11.8%)
– Sleep cycles or circadian rhythms (n = 32, 42.1%)
– general sleep (n = 8, 10.5%)

• Categorized as either “health & fitness” (n = 46, 60.5%) or “medical” (n 
= 20, 26.3%) apps

• Most were free to download (n = 61, 80.3%); maximum cost of $6.82



• 10 most downloaded sleep apps 
– rating of 4 or more stars (representing high user 

satisfaction)
– only one of these apps was identified as containing 

evidence
• 10 least downloaded apps
– 8 /10 were given ratings under 4 stars 
– most of them focusing on OSA







• “However, it is critically important to highlight that such sleep 
parameters calculated by the custom algorithms of the sleep self-
management apps have yet to be successfully validated against results 
obtained by polysomnography (PSG), the gold standard 

• …only three apps (Sleep Time,15 MotionX 24/7,16 Sleep Cycle17) have 
been formally evaluated for clinical validity comparing the parameters 
reported by the apps and those obtained by PSG.

• The validation studies have shown that the sleep parameters by the 
apps poorly correlated with PSG and failed to accurately reflect the 
sleep stages and thus deemed not useful as a clinical tool.”



• 20 subjects – no history of 
sleep disorders

• Download app (Azumio) then 
used at home for 5 nights (so 
app can become acclimated)

• Underwent PSG study and 
questionnaire







Apps for Jet Lag





Wearable devices
• Usually on wrist but can be in clothing or a pendant
• Track body movements, biometric info
• Often report “light”, “deep”, “REM” sleep
• Most not well validated or validation data not readily available



Wearable devices

• Fitbit
• Jawbone
• Smartwatches
• Sleep Shepherd hat
• SleepImage



Embedded platforms
• Physical devices embedded in sleep environment
• May use cameras, microphones
• Examples include:

– Sleep number bed (remotely raises when snoring)
– Tanita Sleep scan (Matt under mattress)
– Luna (mattress cover) – can monitor sleep stage, has a smart alarm, change 

temperature





• Tested this device during PSG 
in sleep lab (43) and then at 
home, one person in bed (7) 
and two persons in bed (13)

• Device set to distinguish 
REM, “light” sleep (N1+ N2), 
deep sleep (SWS)

• Detects RR, HR, movement
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• Devices that were bed/mattress-based were found to have the 
best sensitivity overall (0.921, 95% confidence interval [CI] 
0.870, 0.953)

• The sensitivity of contactless devices to detect mild OSA cases 
was the highest of all groups (0.976, 95% CI 0.899, 0.995), but 
provided a high false positive rate (0.487, 95% CI 0.137, 0.851). 

• The remaining groups of devices showed low sensitivity and 
heterogeneous results

JCSM 2018; 14(9): 1605-1620



Accessory Appliance Platforms
• Separate device that may or may not interact with mobile 

devices or internet
• Examples:

– Specialized alarm clocks
– Wakeup lights
– EmWave – biofeedback device
– Sense with Sleep pill – senses noise, light, temp, humidity, allergens 

then adjusts sound and light
– Withings Aura – similar but adjust light spectrum





What should you do when a 
patient wants to show you their 
phone app sleep data?
A. Tell them you don’t believe the data so don’t 

bother
B. Review the data and use it to guide your therapy 

decisions
C. Assess their dependence on the data and suggest 

discontinuation if it is causing anxiety
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Conclusion – Sleep Tracking Devices
• Consumer sleep tracking devices significantly over estimate 

total sleep time when compared to PSG (like actigraphy)
• In addition, data for specific parameters such as sleep onset 

latency, sleep efficiency, and sleep stage analysis are unreliable
• The basis for the sleep score/quality seems to be unclear
• How are they affected by bedpartners, pets, mattress, sleep 

disorders
• For the consumer – is “light sleep” good or bad?  How much 

“deep sleep” is needed?  Is REM sleep “light” or “deep”?



Co – morbidity in patients 
undergoing PSG over time
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Conclusions
• The search for biomarkers continues and has great 

promise to assist with better phenotyping of our patients 
with sleep disorders

• Consumer sleep technologies are the future, better 
validation needed

• Beware the MSLT !!
• PSG patients are sicker and require higher intensity 

management


