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Thank You

Disclosures

• Dose Health: 
• Co-founder, equity holder and current board member
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Back to basics
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WE ARE NOT GOOD AT THIS 
NOR DO WE HAVE THE TIME

Industry has 
stepped in to 
fill the gap 
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$70B

11

12

6 of 55



MHIF Cardiovascular Grand Rounds | 
January 23, 2023

Physical activity 
is inversely correlated 
to cardiovascular outcom es 

The Data

• Meta-analysis of 48 studies with 2.6 
million patients

• 750 MET-min was baseline activity 
level

• Met-min of 1 = at rest
• 6 mph = 10 METs -> 75 min/wk
• 4 mph = 5 METs -> 150 min/wk
• 2 mph = 2.5 METs -> 300 min/wk
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The Data

• 16,741 from Women’s Health study

• Accelerometer for 7 days between 
2011-2015

• Mean step count of 5,499/d

• 4,400 steps/d associated with 
significantly lower mortality

• Mortality decreased then leveled at 
7,500 steps/d

But Why? Heart Rate?
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But Why? Heart Rate?

But Why? Heart Rate Variability (HRV)?
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But Why? Heart Rate Variability (HRV)

But Why? Heart Rate Variability (HRV)

• HRV: physiologic variation in the duration of intervals between 
sinus beats

• What about respiratory sinus arrhythmia?
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Respiratory Sinus Arrhythmia

Inhalation
• Diaphragm contracts

• Intrathoracic pressure lowers

• Atrial pressure lowers

• More blood returns to heart

• Atria expand

• Trigger baroreceptors

• Suppress vagal tone -> HR increase

Exhalation
• Diaphragm relaxes

• Chest cavity decreases

• Intrathoracic pressure increases

• Less venous return

• Inactivation of baroreceptors

• No longer suppress vagal tone

• HR decreases

But Why? Heart Rate Variability (HRV)

• HRV: physiologic variation in the duration of intervals between 
sinus beats

• What about respiratory sinus arrhythmia?
• HR increases with inspiration and decreases with expiration

• Root mean square of the differences in successive R-R intervals 
(RMSSD) is preferred

• Higher HRV = higher parasympathetic input
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But Why? 
Heart Rate 
Variability

HRV: Not just for the sick

• Daily recordings of HRV are superior 
at increasing fitness and exercise 
performance than training based on 
conventional methods
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But Why? HR and HRV Hypotheses

• High HR increases hemodynamic stress and shortens diastolic 
phase

• Increased mechanical load, tensile and shear stress
• Increased BP and cardiac work
• Increased oxygen consumption

• High HRV is a marker of sympathetic overactivity
• Increased VF risk
• Increased arrhythmia risk
• Increased insulin resistance

• Increased activity levels can lead to lower resting HR and higher 
HRV!

The Tools
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The Tools
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But How? Activity monitoring

Triaxial Accelerom eter (X, Y, Z) Gyroscope (Orientation and Rotation)

The Six 
Degrees of 
Freedom
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GPS

Putting it 
together
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But How? HR and HRV

1. Pulse oximetry
1. Ratio of red to infrared light

2. Photoplethysmography (PPG)
1. Optical technique that detects blood volume changes in 

microvascular bed
2. Basically all devices use this technique

3. ECG
1. Apple Watch and AliveCor

But How? HR and HRV
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The Devices
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• ~420,000 patients over 8 months

• Whether a PPG device could detect AF 
in those without AF history

• Irregularity detected ->
• 4 more readings taken at rest
• If irregular -> notification sent

• Telemedicine visit initiated and EKG 
patch mailed to wear 7 days

• Surveys administered 90 days after 
initial notification

• 2,161 patients (0.52%) received 
irregular pulse notification

• 450 participants returned EKG 
patches

• AF present in 34%

• PPV of 0.84 for AF on EKG patch with 
irregular pulse notification

• Subsequent Deep Neural Network 
training led to sensitivity of 98% and 
specificity of 90% in pre-cardioversion 
patients
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Bringing it 
back to 
medicine

43

44

22 of 55



MHIF Cardiovascular Grand Rounds | 
January 23, 2023

45

46

23 of 55



MHIF Cardiovascular Grand Rounds | 
January 23, 2023

47

48

24 of 55



MHIF Cardiovascular Grand Rounds | 
January 23, 2023

$5.99/month subscription

*Detect AF, bradycardia, tachycardia, normal sinus, PVCs, PACs, wide QRS
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• 201 consecutive patients presenting 
to cardiology service at a tertiary 
center

• AF present in 32%

• Manual review confirmed 99% of 
inconclusive tracings in single lead 
ECG
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Beyond activity, HR, and HRV

Beyond activity, HR, and HRV
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Beyond activity, HR, and HRV

Risk Assessment

MORTALITY

PHYSICAL 
ACTIVITY

HEART RATE 
VARIABILITY

HEART
RATE
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Move More References
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Inconsistent sleep patterns 
have been identified as a 
novel CVD risk factor
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Sleep 
disordered 
breathing

Fast Facts

• OSA predicted a 2.4 increase in mortality and a higher CVD incidence over 7.5 
years in more than 5,000 participants in the MESA cohort who were free of 
known CVD at baseline

• Up to 50% of OSA patients may have hypertension, and 30% of hypertensive 
patients will likely have OSA

• Prevalence of sleep disordered breathing is higher in patients with AF than 
matched controls; AF harder to control with antiarrhythmics and more likely to 
recur after ablation
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Non‐
obstructers

Device Data

• Time asleep

• Sleep stages

• Restlessness

• HR

• HRV

• Respirations
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• 10 billion hours of sleep data from 1.8 billion sleep sessions

• The 360® smart bed effortlessly adjusts throughout the night

• 28 more minutes of restful sleep per night—170 hours per year

• Collaboration with Mayo Clinic
• Sleep Number funding several studies including daytime sleepiness and CV implications
• Underserved community research: disordered sleep in Somali population
• Disrupted sleep and markers of aging (telomeres, senescence)
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The hot (better cold) area of sleep temperature

• Keeping skin temperature within tight 
range enhances deep sleep

• Improved HR and HRV

• Validation study with Oura
• 300 patients before and after Eight Sleep
• Deep sleep increased 10%
• HRV decreased 6%
• HR decreased 1%

• 2% for HR >70

• Reduction of 1 bpm in sleeping HR is 
equivalent to a 1.6% reduction in risk of 
death from any cause

• Marketing gone wrong?
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How to get healthy sleep references
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2018;156:353-365.

• Jensen MT, Suadicani P, Hein HO, Gyntelberg F. Elevated resting heart rate, physical fitness and all-
cause mortality: a 16-year follow-up in the Copenhagen Male Study. Heart. 2013 Jun;99(12):882-7.
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Excess adiposity promotes changes in 
cardiac function:

1) Directly through the effects on the myocardium 
and vasculature

2) Indirectly through obesity-related comorbidities

Lifestyle modification, with associated weight loss improves 

1) The diagnostic components of metabolic syndrome 

2) Associated pathophysiologic abnormalities such as systemic inflammation and endothelial 
dysfunction
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More to come
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Hypertensive patients have 
higher all-cause, 
CVD-specific, and 
cerebrovascular-specific 
M ORTALITY
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Meta-analyses of RCTs have identified 
clinically useful reductions in SBP and DBP 
and achievement of BP goals at 6 months 
and 1 year when self-monitoring of BP has 
been used in conjunction with other 
interventions, compared with usual care.

Meta-analyses of RCTs have identified 
clinically useful reductions in SBP and DBP 
and achievement of BP goals at 6 months 
and 1 year when self-monitoring of BP has 
been used in conjunction with other 
interventions, compared with usual care.

ABPM

• A systematic review by USPSTF: ABPM provided a better method to 
predict long-term CVD outcomes than did office BPs

• Evidence suggests HBPM is similar

• Every 15-30 min during day and 15-60 min night

• Mean blood pressure, day/night and nocturnal dipping, early morning BP 
surge, symptomatic hypotension

• Medicare claims for ABPM between 2007 and 2010 were reimbursed at a median 
of $52 and were submitted for <1% of beneficiaries

• ALWAYS covered!!! 
• Masked HTN, white coat HTN, response to treatment
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Diabetes mellitus is 
independently associated 
with all-cause and CVD 
mortality even after 
adjusting for CVD risk 
factors (2019)
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Continuous Glucose Monitors

• Real-time CGM or intermittently 
scanned CGM should be offered for 
diabetes management in adults on 
multiple daily injections or insulin 
pumps

• Clear data for Type 1, murky for Type 
2

Non-diabetics?

• Higher glucose variability increases:
• CVD and CVD Death
• Alzheimer’s
• Frailty
• Cancer Death
• All-cause mortality

• Today’s normal patient is tomorrow’s 
diabetic

• Cost-prohibitive
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How to manage diabetes
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2011 May;34 Suppl 2(Suppl 2):S120-7.
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12;63(7):1187-92.

• Pérez-Tasigchana RF, León-Muñoz LM, Lopez-Garcia E, Gutierrez-Fisac JL, Laclaustra M, Rodríguez-Artalejo F, Guallar-
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study. Age Ageing. 2017 Sep 1;46(5):807-812.
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Medication non-adherence 
contributes yearly to 
approximately 125,000 
preventable deaths
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The Problem

• 50% of CVD patients consistently take their medications
• Prevalence of the problem is difficult to assess
• This remains an undermanaged problem
• 25% of patients in the Ischemia trial self-reported non-

adherence

W ays to substantially reduce non-
adherence
1. Identify monitoring methods

2. Improve evidence base to better 
understand adherence

3. Develop patient/health provider 
team-based engagement strategies

4. Alleviate health disparities
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• 3,606,660 tracked dispenses

• 149,576 misses

• 96% adherence rate!

• Medicaid waiver service program
• MN, WI, SD, NE, OR, UT, LA, ID

• 4,148 clients

• 6,547 devices

Ways to substantially reduce 
non-adherence
1. Identify monitoring methods

2. Improve evidence base to better 
understand adherence

3. Develop patient/health provider 
team-based engagement strategies

4. Alleviate health disparities
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Medication Adherence
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Eur Heart J 2014; 35: 3267.

• Baroletti S. and Dell’Orfano H. : "Medication adherence in cardiovascular disease". Circulation 
2010; 121: 1455.

• Kronish I. and Ye S. : "Adherence to cardiovascular medication: lessons learned and future 
direction". Prog Cardiovasc Dis 2013; 55: 590.

• Garcia R, Spertus J, Benton M, et al. Association of Medication Adherence With Health Outcomes 
in the ISCHEMIA Trial. J Am Coll Cardiol. 2022 Aug, 80 (8) 755–765. 
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Smoking is the most 
preventable cause of 
death in the US
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Nicotine 
cessation

Habit?
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Aversion Therapy

• Pavlovian Condition
• Humans are animals too!

• Associate habit with a negative 
stimulus

• Brain rewired to stop liking the habit

‐ 832 patients, 55% male, 3 phases
‐ 13 month f/u: 52% smoke free, 30% smoking less
‐ Greatest risk factor to not quit was living with 
another smoker (70%)

35 years later…

• 8 people who smoked 10-20 
cigarettes per day

• Shock with every puff for 2 weeks
• Social support

• 6 stopped completely 

• 2 cut down by 50%

• Further studies underway

• Hoping for FDA clearance and further 
clinical trials
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Concerns

• Device accuracy
• Inaccurate data more harmful than no data; prevent digital overdiagnosis
• Standards by medical societies to evaluate devices
• Unified regulatory policies

• Separate actionable data from noise
• Meaningful use criteria development; data integration
• RCTs with long term f/u
• Telehealth curriculum
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Concerns

• Patient Privacy
• Data de-identification
• HIPAA policy updates
• Opt-in arrangements

• Cost
• Pay close attention to a new health disparity 

• Threefold use difference between high/low SE status

• $2,500 up front buy-in for all entry level devices outlined here

The Future
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