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Goals of this presentation:
1. To present my own point of view regarding Value Based Care
2. To challenge the current “Point Solution” Mindset in Healthcare

3. To embrace computational vascular health in the Quantum Age

The opinions expressed here are my own and not of my affiliations.
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U.S. Value-based Healthcare Service Market B vEeEe
Size, by Models, 2020 - 2030 (USD Trillion) GRAND VIEW RESEARCH
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The U.S. value-based healthcare service mardee was valued at USD 4.01 trillion in 2024 and
is expected to grow at a CAGR of 7.4% from 2025 to 2030.

U.S. Value-based Healthcare Service Market Report, 2030
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Cardiovascular disease includes all types of diseases that affect the heart or blood vessels, including coronary heart disease, stroke,
heart failure, peripheral artery disease, diseases of the arteries, and other (all remaining ICD-10 | categories).

CVD is ICD-10 codes 100-199

Please see Chapter 14 in the Heart Disease and Stroke Statistics-2026 Update for additional information and data source.
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With the use of the most recent
2017 definition, the age-adjusted
prevalence of hypertension among
US adultsi20 years of age was

estimated to be 47.3%
in NHANES in 2021 to 2023 (51.6%
for males and 42.9% for females).
This equates to an estimated 125.9
million adults 20 years of age who
have hypertension (65.6 M males
and 60.3 M females)....
The annual direct and indirect
costs of CVD in the United States
in 2021 to 2022 were an

estimated $414.7 billion.

2026 Heart disease and stroke statistics: a reports and global aéta from the American Heart
Association Circulation Published online January 21, 2026. doi: 10.1161/CIR.0000000000001412



American

Classify SMBP Readings According to 2017-2025 ACC/AHA Guidelines
d
Blood Pressure Categories

SYSTOLIC mm Hg DIASTOLIC mm Hg
BLOOD PRESSURE CATEGORY (upper number) - (lower number)

NORMAL LESS THAN 120 LESS THAN 80
ELEVATED 120-129 and LESS THAN 80
HIGH BLOOD PRESSURE
(HYPERTENSION) STAGE 1 130-139 80-89

HIGH BLOOD PRESSURE
(HYPERTENSION) STAGE 2 140 OR HIGHER - 90 OR HIGHER
(consul-lltY :55: gzlstlgrE ir(r:ﬂselgiatelg) HIGHER THAN 180 HIGHER THAN 120

heart.org/bplevels



ACC/AHA | Nonpharmacologica Approximate Impact On SBH

COR/LOE Intervention Hypertension| Normotension
. * 90-150 minutes/week -5t0 8 mm
Aerobic * 65%—75% heart rate reserve Hg -2 1o 4mm Hg
* 90-150 minutes/week
1-A . . * 50%—-80% 1 rep maximum
Physical Dynamic resistance * 6 exercises, 3 sets/exercise, 10 -4 mm Hg -2mm Hg
2017 AC C/ AHA activity repetitions/set
I I 1 * 4 x 2 minutes (hand grip), 1 minut
G u Id el I n e DI reCted rest between exercises,
1 Isometric resistance 30%-40% maximum voluntary | -5 mm Hg -4 mm Hg
NonpharmaCO|Oglcal contraction, 3 sessions/wk
Interventions for " 810 week
1-A In individuals who drink alcohol, reduce
Treatment and Moderation | Alcohol alcoholf to: A mmH 3 mm
. f in alcohol | consumption e Men: @ drinks daily 9
Pl’eventlon O intake * Women: G drink daily
Hype rte n S | O n 1-A Best goal is ideal body weight, but aim fo
Weight loss at least a 1-kg reduction in body weight f¢
(We know what WOI’kS!) Weight/body fat | most adults who are overweight. Expect -5 mmHg | -2to 3 mm Hg
about 1 mm Hg for every 1-kg reduction i
body weight.
1-A Consume a diet rich in fruits, vegetables,
Healthy diet | DASH dietary whole grains, and low-fat dairy products, i i
pattern with reduced content of saturated and 11 mm Hg 3 mm Hg
total fat.
1-A Optimal goal is <1500 mg/day, but aim fo 5106 mm
Reduced | Dietary sodium at least a 1000-mg/d reduction in most H -2to0 3 mm Hg
intake of adults. g

3/3/2026 7
Abbreviations: ACC, American College of Cardiology; AHA, Aaretiteart Association; COR, Class of Recommendation; LOE, L&xatlehce



HEDIS Controlling High Blood Pressure 1999-2023
Measuring what seems to matter doesn't seem to matter.....

This HEDIS Measure 10

Assesses adults 18-85 years of age who had a diagnosis of hypertension ané) Percentage of patients with BP Control
whose blood pressure was adequately controlled based on the following
criteria:

B Adults 18-59 years of age whose blood pressure was <140/90 mm Hg.
B Adults 60-85 years of age, with a diagnosis of diabetes, whose blood
pressure was <140/90 mm Hg.

® Adults 60-85 years of age, without a diagnosis of diabetes, whose blood 70
pressure was <150/90 mm Hg. (Lowered to < 140/90 in 2018)

80

Measurement Commercial Commercial Medicaid Medicare Medicare 60
Year HMO PPO HMO HMO PPO
2023 64.1 57.6 63.9 75.7 74.3 50
2022 63.8 54.9 60.9 72.9 70.2
2021 60.3 50.8 58.6 70.4 70.1
2020 51.8 46.2 55.9 63 61.8 40
2019 62.1 47.6 60.8
2018 61.3 48.8 58.9 69.7 68.8 30 e o o — pm—— o g p— | p— | p— —
2017 62.2 54.4 56.9 70.9 72
2016 62.4 54.5 56.5 69.6 69.7 1}
2015 60.5 53.4 54.7 67.9 65.6 20 —
2014 64 57.2 57.1 707 685 Only 30% if Target dropped from 140/90
2013 64.4 57.6 56.5 65.5 62.5 10 dm o ANDNION L ANDPNPDIALIAN Qédaciona 1 AmAl N
2012 63 57.4 56.3 63.6 58.6 W S~ LOV/0V 1UI ACU/AMA dlayes 1L allu £
2011 65.4 58.4 56.8 64 60.6
2010 63.4 56.7 55.6 61.9 55.7 0
2009 o 3 =23 28 o8 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023
2008 63.4 55.8 58.5
2007 62.2 5315) 57.6
2006 59.7 48.9 53.1 56.8 51.2
2005 68.8 60.9 61.5 66.4 60.6 —e— Commercial HMO—e— Commercial PPG-e— Medicaid HMO Medicare HMO —e— Medicare PPO
2004 66.8 61.4 64.6
2003 62.2 58.6 61.4
2002 58.4 52.3 56.9 CAUTION: THIS MEASURE EXCLUDES ACC/AHA Stage
2001 55.4 58] 53.6
2000 51.5

1999 39 3/3/2026



Percent Controlled to < 140 mm Hg
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2024 MSSP Results CMS 236
Controlling High Blood Pressure < 140 mm Hg

Mean 76%
Median 79%
Min 4%
25th percentile 74%
75th Percentile 84%
Max 98%

Recent NHANES dat:
shows79% of US

adults with HBP
had blood pressure
exceeding the 2017
<130/80 mmHg
target with nearly
half surpassing it by
10 mmHg or more.

50 100 150 200 250 300 350 400 450 500

Rank of CMMI MSSP Participating ACOs
Don Casey MD, MPH, MBA, MACP, FAHA 9/25



Trends in Prevalence, Treatment, and “The burden of cardio
metabolic risk factors among

Control of Cardiometabolic Risk Factors U.S. adults with hypertension
Among Adults With Hypertension in the has increased overall, with

- concurrent diabetes and
United States, 1999-2023 hyperlipidemia now affecting
Hyeok-Hee Lee, MD, PuD,*” Emily B. Crawford, MD, " So Mi Jemma Cho, PuD,%* Anna K. Krawisz, MD,"* more than 1 in 5. Only one-
Stephen P. Juraschek, MD, PuD," Jennifer L. Cluett, MD,* Hokyou Lee, MD, PuD,” Hyeon Chang Kim, MD, PuD," guarter of adults with

Pradeep Natarajan, MD, MMSc,”*" Rishi K. Wadhera, MD, MPP, MPun,"*' Eric A. Secemsky, MD, MSc™# hypertension diabetes and
1 1)

RESULTS In adults with hypertension, prevalence of diabetes increased from 17.2% (95% Cl: 14.6%-20.2%) in hyper“pldemla have a” 3

1999-2000 to 27.8% (95% Cl: 25.2%-30.7%) in 2021-2023. Among patients with hypertension and diabetes, the conditions controlled—a
proportion receiving treatment for both conditions rose until 2009-2010 but subsequently plateaued (71.6% in proportion that haS not
2021-2023; 95% Cl: 67.5%-75.4%). A similar trend was observed for the proportion achieving control of both . .

conditions, which remained at 31.2% in 2021-2023 (95% Cl: 26.5%-36.3%). Prevalence of hyperlipidemia decreased in improved in more than a
adults with hypertension but was still high at 73.1% (95% Cl: 70.6%-75.4%) in 2021-2023. Among patients with decade...... Disru pting this
hypertension and hyperlipidemia, treatment and control rates for both conditions increased only until around 2007; the Stagnation may be essential
respective rates were 50.4% (95% Cl: 47.2%-53.6%) and 32.3% (95% Cl: 29.5%-35.2%) in 2021-2023. Prevalence of .

concurrent diabetes and hyperlipidemia in adults with hypertension nearly doubled from 12.5% (95% Cl: 10.6%-14.7%) for redUC|ng the burden Of
in 1999-2000 to 21.3% (95% Cl: 19.0%-23.8%) in 2021-2023. Among patients with hypertension, diabetes, and hypertension-related

hyperlipidemia, the treatment rate for all 3 conditions increased until 2007-2008 and plateaued afterward (62.1% in T . .

2021-2023; 95% Cl: 56.6%-67.2%). The control rate for all 3 conditions followed a similar trend but remained low at morbldlty and morta“ty In the
= ”

26.3% (95% Cl: 20.8%-32.6%) in 2021-2023. Prevalence of obesity and high-risk drinking increased over time, whereas United States.

prevalence of smoking held steady.

https://doi.ora/10.1016/.jacc.2025.09.1607 Editorial Comment 22 December 2025




CENTRAL ILLUSTRATION Circulating Biomarkers Across Cardiovascular and Cardiorenal Indications

ATRIAL
FIBRILLATION

DIAGNOSTIC |
_\_‘ NT-proBNP,hs-cTn,
ApoB/non-HDL proBN! eGFR/UACR

ENRICHING-RISK hs.CRP 572, Gal3, GDF15,
STRATIFICATION ultiomics lyso-Gb3

Blood count
Creatinine, eGFR
AST, ALT
NTproBNP, hs-cTn

LDt Not validated Not validated

Not validated Not validated
ApoBMONHDLG, | Y ey, pe crP NT-proBNP for AL
hs-CRP . amyloidosis

Aimo A, et al. JACC. 2026;m(m):m-N.

JACC STATE-OF-THE-ART REVIEW

Matrix showing major circulating biomarkers mapped by level of evidence and clinical setting. Within each cell, repi ive bi are displayed in the roles
for which they are currently supported. (Icon images from BioRender.) AL = light chain; ALT = alanine aminotr ApoB = i otein B; AST = aspartate
aminotransferase; BUN = blood urea nitrogen; CCS = chronic coronary syndrome; CK = creatine kinase; CKD = chronic kidney disease; CLU = clusterin;

CV = cardiovascular; cysC = cystatin-C; eGFR = estimated glomerular filtration rate; Gal-3 = galectin-3; GDF-15 = growth differentiation factor-15;

HbA,. = glycated hemoglobin; HDL-C = high-density lipoprotein cholesterol; HF = heart failure; hs-CRP = high-sensitivity C-reactive protein;

hs-cTn = high-sensitivity cardiac troponin; KIM-1 = kidney injury molecule-1; LDL-C= low-density lipoprotein cholesterol; Lp(a) = lipoprotein (a);

lyso-Gb3 = lysoglobotriaosylceramide; NAG = N-acetyl-beta-d-glucosaminidase; NGAL = neutrophil gelatinase-associated lipocalin; NP = natriuretic peptide;
NT-proBNP = N-terminal pro-B-type natriuretic peptide; OGTT = oral glucose tolerance test; OPN = osteopontin; sST2 = soluble suppression of tumorigenesis 2;
PFC = PSTC/FNIH Kidney Safety Biomarker Qualification; UACR = urine albumin-to-creatinine ratio.

JACC State-of-the-Art Review 11 February 2026nttps://doi.org/10.1016/j.jacc.2025.12.072

Biomarkers for Cardiovascular
Drug Development
JACC State-of-the-Art Review

Alberto Aimo, MD, PubD," Javed Butler, MD, MPH, MBA,™ Laura De Michieli, MD, PuD,"'
Guiomar Mendieta, MD, PuD, MS,*" Falez Zannad, MD, PuD,’ James L. Januzzi, MDY

ABSTRACT

Circulating and urinary Laboratory biomarkers are central to cardiovascular, kidney, and metabolic drug development,
and they support diagnosis, risk stratification, dose finding, safety monitoring, and, in selected settings, endpoint
definition. Yet only a few materially shape trial design or regulatory decisions, and still fewer meet stringent criteria for
surrogate endpoints. This review proposes t-of- in which are assessed
along 2 converging “evidence Lanes™: analytical readiness and clinical or statistical validation. The review outlines fit-for-
purpose. for tools, and dose-ranging markers, safety biomarkers, and
candidate by analytical, and postanalytical sources of variability. Particular
attention is given to surrogate validation, highlighting frequent discordance between biological plausibility o

strength and induced changes that reliably predict clinical benefit (eg, albuminuria, natriuretic
peptides, and glycemic, inflammatory, and lipid markers). The review describes how biomarkers can be embedded
prospectively in phase 1 through phase 4 trials to guide dose selection, enrich populations, trigger adaptive design
decisions, and support postmarketing surveillance while generally retaining hard outcomes as the basis for efficacy
claims. A spectives from major regulatory agencies, and another applies the framework
to concrete examples, both successful and unsuccessful uses. Finally, the review discusses
practical barriers—analytical variability, operational burden, and limited commercial incentives—and proposes shared
solutions, including standardized assays, harmonized data standards, open access platforms, and cross-trial biobanks.
(JACC. 2026;m:m-m) © 2026 by the American College of Cardiology Foundation.

The review outlines fit-for-purpose requirements
for enrichment tools, pharmacodynamic and
dose-ranging markers, safety biomarkers, and
candidate surrogates, by emphasizing
preanalytical, analytic al, and postanalytical
sources of variability. Particular attention is given
to surrogate validation, highlighting frequent
discordance between biological plausibility or
prognostic strength and treatment-induced
changes that reliably predict clinical benefit (eg,
albuminuria, natriuretic peptides, and glycemic,
inflammatory, and lipid markers).
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Tirzepatide may improve ASCVD risk in those who
achieve lower BMI

January 16,2026 | 3 min read

‘ D Save ‘ X, share

Key takeaways:
e BMI reduction below 25 kg/m2 with tirzepatide was linked to improved 10-year ASCVD risk.

» Lower BMI was also linked to improvements in blood pressure and lipids.

Individuals who achieved a BMI of less than 25 kg/m2 in the SURMOUNT trials of tirzepatide also
experienced significant improvement in predicted 10-year atherosclerotic cardiovascular disease risk,

researchers reported.



Figure. New Molecules and Emerging Indications for GLP-1 Medicines
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Glucagon-like peptide-1
(GLP-1) receptor agonist
Single-molecule agent
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GLP-1
receptor

Tirzepatide

Dual agonist for GLP-1 and
glucose-dependent insulinotropic
polypeptide (GIP) receptor
Single-molecule agent with engineered
sequences for separate target receptors
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» Obesity » Chronic kidney

« Type 2 diabetes disease
« Sleep apnea * Cardiovascular
disease

GIP
receptor

Retatrutide

Triple agonist for GLP-1, GIP, and
glucagon (GCG) receptors
Single-molecule agent with engineered
sequences for separate target receptors

GCG
receptor

Survodutide

Dual agonist for GLP-1 and GCG
receptors

Single-molecule agent with engineered
sequences for separate target receptors

MariTide (maridebart cafraglutide)

GLP-1 receptor agonist and GIP
receptor antagonist antibody

Single-molecule agent with conjugate
antibody for separate target receptors

Agonism

[ Antagonism
. - i
i i

Insulin degludec-liraglutide

Insulin glargine-lixisenatide

GLP-1 receptor agonist and basal insulin
2 Single-molecule agents administered
in 1 formulation

)

receptor

b

Amycretin

Dual agonist for GLP-1 and amylin
receptors

Single-molecule agent with engineered
sequences for separate target receptors

Semaglutide and cagrilintide
Combination of a GLP-1 and amylin
receptor agonist

2 Single-molecule agents administered
in 1 formulation

+ Metabolic dysfunction-

« Polycystic ovary disease
associated steatohepatitis 4 Arthritis
* Peripheral artery disease « Cancer

« Neuropsychiatric disorders (eg, Alzheimer disease, Parkinson
disease, substance use disorders, depression, schizophrenia,

migraine, intracranial hypertension)

N Reback

Amylin
, receptor
e

Innovation in GLP-1
medicines is unfolding along
2 simultaneous fronts: (1)
development of novel
molecules (including
multiagonists targeting

GLP-1, GIP, and glucagon
receptors; combinations with
amylin analogues and
insulin; oral formulations;
and adjunctive combination
therapies to preserve muscle
mass) and (2) investigation g
new indications, including
neuropsychiatric and

substance use disorders
and inflammatory diseases

—h

JAMA Published Online: September 15, 2025
2025;334;(14):1231-1234. doi:10.1001/jama.2025.14392

Recommendations for Obesity and Metabolic Syndrome
Referenced studies that support the recommendations
are summarized in the .

1. In adults with hypertension who also
have overweight or obesity with a
BMI =27 kg/m’, incretin mimetics
(eg, GLP-1 receptor agonists) when
used for weight management may be
effective as an adjunct to lower BP.'*




High blood pressure dangers: Hypertension's effects on your body - Mayo Clinic

Bleeding within the brain
(hemorrhagic stroke)

T, /

P y
A clot in the neck, which can travel to the

O - Loss of sight from narrowing, _/Memory loss
u r O C u S I S O n closure or bleeding of small /  (dementia) \
vessels in the retina 7y "o <
t h t t ) ) L brain and block an artery (ischemic stroke)
e rg e b, Enlarged heart
. Blocked blood flow
O r an n O u S o heart (heart attack)
)
the end-organs. 4

Partial blockage or
narrowing of an artery
(atherosclerosis)

Kidney failure

Enlarged artery
(aneurysm)

IPO 4 Health

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED
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Our focus must be on the target
organ, not just the end-organs.
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American Journal of Hypertension, 2025, XX, 1-13

https://doi.org/10.1093/ajh/hpaf101
Advance access publication 14 June 2025

OXFORD Review

Review

The Rapid Evolution of Continuous Blood Pressure
Measurement: Future Considerations

Donald E. Casey Jr'234"® Gregory D. Wozniak,*® Sisi Ma,*® Silas Kati,” Andrew M. Elms?

'Department of Internal Medicine, Rush Medical College of Rush University, Chicago, [llinois, USA

“College of Population Health, Thomas Jefferson University, Philadelphia, Pennsylvania, USA

‘Institute for Healthcare Informatics, University of Minnesota Medical School, Minneapolis, Minnesota, USA
‘Improving Patient Outcomes for Health (IPO 4 Health), Chicago, IL, USA

*Health Outcome Analytics, American Medical Association, Chicago, Illinois, USA

‘Institute for Health Informatics, University of Minnesota Medical School, Minneapolis, Minnesota, USA
’Institute for Health Informatics, University of Minnesota Medical School, Minneapolis, Minnesota, USA
*Rush Medical College of Rush University, Chicago, Illinois, USA

‘Corresponding author: Donald E. Casey Jr (don.casey@ipo4health.com)

BACKGROUND:There exists an accelerating pace of availability and expanding variety of new blood pressure (BP) measurement tech-
nologies worldwide that seek to measure BP in entirely different ways than through the traditional “BP Cuff” commonly used for office
and home measurements. A growing number of these devices are viewed by many clinicians and patients as potentially complemen-
tary sources of data when combined with office and home readings. However, wearable devices are intentionally designed to provide
a more patient-centered experience and may have an important future potential to replace these traditional methods.

METHODS:BP is a continuous biologic variable (like body temperature, heart rate, blood oxygenation, etc.) that can now be measured
much differently than by commonly used methods of obtaining random serial point in time BP measurements. For example, new
technologies now exist that can combine beat-to-beat BP measurements (3,600 measures per hour on average) with additional com-
plex physiologic data such as 24-h BP variability and real-time vascular biomechanical phenomena, including pulse wave amplitude,
velocity, and contour analysis.

RESULTS:Such data could provide previously unavailable information for identifying potential new therapies for reducing modifiable
vascular and endothelial dysfunction, thereby reducing the risk and progression of atherosclerotic cardiovascular disease.

CONCLUSIONS:Patients and their clinicians may soon be able to demystify extensive continuous personal BP measurement patterns
from this evolutionary process through meaningful correlation with daily and life activities, and hence further achieve optimal car-
diovascular health.

Keywords: ambulatory blood pressure monitoring; blood pressure; cardiovascular disease; hypertension.
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“Wearable” and “Non-Wearable” BP Monitoring Technologies

(@) Pulse transit time (b) Pulse wave analysis (e) Facial video processing

(@) Oscillometric finger @© Ultrasound
pressing

N ( (
Recommendation for Cuffless BP Devices
COR LOE RECOMMENDATION
1. In adults, the use of cuffless BP de
%:NoBenefit C-LD vices is not recommended for the

diagnosis or management of high
BP.!

Reproduced with permission from Stergiou GS, Mukkamala R, Avolig et al. Cuffless blood pressure measuring aevices: review drstatement
by the European Society of Hypertension Working Group on Blo&dessure Monitoring and Cardiovascular Variability. Journal of igrtension.
2022;40(8):1449-1460. © 2025 Wolters Kluwer Health, Inc.



Common examples of wearable and “smartphone” devices bylood pressure measurement and calibration methods

Device Types BP Measurement Method Calibration Method
Automated Manual Heart-level Calibration- Cuff- DemographicH
(wearable) (wearable or not) (automated) free calibrated calibrated
Wrist band, + +
+ +
Smart Watch + +
Chest patch, 0 + +
Upper arm | + + +
band + + +
Smartphone, o + +
Smart Watch, =< + +
Wristband 8 + +

Each of these device types requires different methods fo r evaluation and validation of BP Measurement accuracy.

Modified from Stergiou GS, Avolio AP, Palatini P et al. Europe8aciety of Hypertension recommendations for the validation ofuffless blood pressure measuring
devices: European Society of Hypertension Working Group on Blod&tessure Monitoring and Cardiovascular Variability. J Hyperten2023 Dec 1;41(12):2074-2087.
doi: 10.1097/HJH.0000000000003483. Epub 2023 Jun 22. PMID: 37303198.



CirculVS - New paradigm in
continuous monitoring of
BP & Sp02.

The CirculVs is following the
model of Dexcom CGM:

Acts as CPM -
Cardio-Pulmonary Monitoring

CPM is showing fluctuations of BP
and SpO2 for monitoring and
titrating medications.

Solving the main issue of

Hypertension and CVD monitoring.

3/3/2026

Manual Start Button

Wristband Inflates for calibration: Claim 1x per hr(or as
needed due to poor signal quality, movement, non-physiological
jumps, etc.) but this was not always the case during testing.

Tablet View: User is notified if data upload was
successful only after data collection.

Wristband No real-time data is displayed.
: (8]
Ring

. LB e aaas s saa s e e Sdeane o oamece Lomates ) Lol

L A o\ R | A
Sensor on underside of finger: Claim this el BN T B

reduces error in darker skin individuals. Small (] RS S r s SR g,

sample size so could not verify this claim.

Both MUST BE worn on the same hand: Otherwise,
connection lost between 2 devices, User Guide specifies left hand
- no physiological purpose

Charging Cradle & Tablet

Confidential © 202X GTcardio. All rights reserved w GT
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Best Practices for Accurate
In-OfficeBlood Pressurdeasurement

Avoid caffeine, exercise,
and smoking for at least
30 minutes before.

Use a BP device that has been
validated for accuracy (validatebp.org).

Use the correct cuff size

N on a bare arm.
The patient’s arm

should be supported

at heart level. & 1
Take 2 or more BP
Patient should be measurements at
relaxed, sitting in a chair least 1-minute apart.
(feet flat, legs uncrossed,
and back supported) for
at least 5 minutes. \
BP measurement should 2a
. . be done in a temperature-
Neither patient nor
L controlled room.

clinician should talk
during the rest or ‘
measurement. No use of
phones.
d Abbreviation: BP indicates blood pressure.

teren

Association. Jones, D.W., et al. (2025). 2025 AHA/ACC/AANPA/ABC/ACCP/ACPM/AGS/AMA/ASPC/NMA/PCNA/SGIM

Guideline for the Prevention, Detection, Evaluatéord Management of High &)d Pressure in AdulSirculation

RECOMMENDATIONS

When diagnosing and
managing high BP in adults,
standardized methods are
recommended for the
accurate measurement and
documentation of in-office
BP.

When measuring in-office BP
in adults, it is reasonable to
use the oscillometric method
with an automated device
over the auscultatory
method.

21
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Annals of Internal Medicine

Annals IM 8/19/25

REVIEW

Agreement Between Different Types of Blood Pressure Monitoring

A Systematic Review and Network Meta-analysis

Jiunn-Tyng Yeh, MD, PhD*; Chi-Jung Huang, PhD*; Chun-Wei Lee, MD, PhD; Yu-Jen Chen, MD; Shao-Li Huang, MD;
Wei-Ting Wang, MD; Yu-Kang Tu, PhD, DDS; Tzu-Jung Chiu, MD; Chern-En Chiang, MD, PhD; Chen-Huan Chen, MD; and

Hao-Min Cheng, MD, PhD

Background: Accurate blood pressure measurement
(BPM) is essential for managing hypertension, but
previous studies have not systematically compared
different monitoring methods across varying BP levels.
To address this gap, a comprehensive analysis using
network meta-analysis (NMA) and meta-regression
was done to evaluate their agreement and clinical
implications.

Purpose: To compare BP values obtained using dif-
ferent BPM methods using office BPM (OBPM) as the
reference.

Data Sources: Studies published in MEDLINE and
Scopus up to October 2024.

Study Selection: Studies aimed to compare the values
between BPM methods in participants older than
18 years.

Data Extraction: Risk of bias was assessed on the basis
of the internal validity of the study overall and the
quality of the BPM methods. The mean differences
between BPMs were calculated using NMA and meta-
regression,

Data Synthesis: Sixty-five studies encompassing 40022
participants were analyzed. Compared with research
office systolic BPM, the pooled mean differences from
corresponding systolic BPs were 2.69 mm Hg (95% C|,

—0.13 to 551 mm Hg) higher for convenient OBPM,
4.57 mm Hg (Cl, 254 to 6.60 mm Hg) lower for auto-
mated OBPM, 4.59 mm Hg (Cl, 2.83 to 6.34 mm Hg)
lower for home BPM, 4.22 mm Hg (Cl, 2.62 to
5.82 mm Hg) lower for daytime ambulatory BPM
(ABPM), 18.14 mm Hg (Cl, 16.21 to 20.06 mm Hg)
lower for nighttime ABPM, and 8.63 mm Hg (CI,
6.97 to 10.28 mm Hg) lower for 24-hour ABPM.
Differences varied by reference research OBPM
levels: Higher reference BP levels are associated
with larger differences between research office and
other BPM methods.

Limitation: Heterogeneity due to the inclusion of stud-
ies with different research designs.

Conclusion: Our analysis found differences among
BPM methods that varied from the recommendations
of current hypertension guidelines. Furthermore,
discrepancies were more pronounced at elevated
BP levels.

Primary Funding Source: Ministry of Health and
Welfare, Taiwan. (PROSPERQ: CRD42021246448)

Ann Intern Med. doi:10.7326/ANNALS-24-02142

For author, article, and disclosure information, see end of text.
This article was published at Annals.org on 19 August 2025.
*Drs. Yeh and Huang contributed equally to this work

REVIEW

Agreement Between Different Types of Blood Pressure Monitoring

Figure 1. Network architecture of BPM comparisons of included studies.
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The size of the circle is proportional to the number of participants included. The width of the edge is proportional to the number of studies evaluating
the comparisons. The numbers are displayed on nodes and lines. The number of studies for each method is shown in parentheses. ABPM = ambulatory
BPM; ABPM-day = daytime ABPM; ABPM-night = nighttime ABPM; BPM = blood pressure measurement; HBPM = home BPM; OBPM = office BPM.

“Conclusion: Our analysis found differences among BP M methods that varied from the recommendations of

current hypertension guidelines. Furthermore, discrepa ncies were more pronounced at elevated BP levels.”




Circul VS Continuous Per Second Blood Pressure Measurements 12/30/2024 2 PM -5 PM

Avg BP: 128 / 80 mmHg Min BP: 99 /62 mmHg Max BP: 157 /99 mmHg
Avg HR: 72 High HR: 100 Low HR: 52
Total Time: 02:48:06 Avg Sp02: 97.67 Low Sp0O2: 87.11
Time <90%: 00:00:48 Time <89%: 00:00:34 Time <88%: 00:00:17
ODI: 0.00 ODl4: 0.00 Deep Sleep: 0 min
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Welcome to the New “Big Data” World of CPB BPM

Average Heart Rate = 75/minute
7/5x60x24 = 108,000 in one day

108,000%365 =

39,420,000 measurements...... In one year!!



Distribution of ACC/AHA Systolic Blood Pressure Stage 12/30/2024 2 PM -5 PM

Stage 2 (SBP > 140), 7, 39

o

Total Time (Mins), (Percent)

Stage 1 (SBP 130-139),

|
47, 20% \ ‘

Model Data Display
Elevated (SBP 120-129),/ for Circul VS BP Data

72, 31%
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Normal (SBP < 120),
106, 46%




The concept of "Time in Target Range"(TTR) is crucial for managing High
Blood Pressure effectively and predicting cardiovascular outcomes:

1. Consistent Blood Pressure Control : TTR measures the proportion of time a
patient's blood pressure remains within the target range. Maintaining blood
pressure within this range consistently isassociated with better cardiovascular
outcomes and reduced risk of complications.

2. Predictive Value : Higher TTR is linked to a lower risk of major adverse
cardiovascular events, such as heart failure, stroke, myocardial infarction, and
all-cause mortality. It also decreases the risk of developing conditions like atrial
fibrillation and dementia.

3. Improved Treatment Assessment : TTR provides a more comprehensive
assessment of blood pressure control over time, compared to single-point
measurements. This helps healthcare providers make more informed decisions
about treatment adjustments.

4. Enhanced Patient Care: Integrating TTR into hypertension management can lead
to better patient outcomes by ensuring that blood pressure remains within the
therapeutic range for a longer duration. This can be achieved through continuous
monitoring and appropriate adjustments to treatment plans.

Systolic Blood Pressure Targets in Patients With Circ Popul Health Outcomes. 2026;19:¢012643. DOI: 10.1161/CIRCOUTCOMES.125.012643
Hypertension With and Without Cardiovascular

3/3/2026 Disease: A Pooled Analysis of 4 Randomized 27
Clinical Trials



Measures of Blood Pressure Variability

ABPM Common Analytic Methods
Traditional statistical methods

HBP Staging Classification
Coefficient of Variation

Beat by Beat Oscillations
Average Real Variability Index
Time Rate of BP variation
Weighted Standard Deviation

Blood Pressure Variability

© © N o 00 b DN PRE

Pulse Wave Velocity

10. Pulse transit time

11.Reading to Reading Variability

12. Circadian Rhythm Variability
13.Linear Mixed Model

14.Time in Target/Therapeutic Range

Brief Description of Approach

1. Mean, Variance, Standard Deviation (SD)
E.g. ACC/AHA or ESC Classification
Evaluates Overall BP Variability for 24 ABP
Sequential BP Reading Variation

Average Variation-Predicts CV Risk
Steepness and Speed of Changes in BP
Weighted Average of Day and Night SDs

Evaluates Overall BP Variability

© © N o bk~ WD

Analyzes Pulse Wave Configurations
10.Analyzes Pulse Wave Configurations
11.Sequential BP Reading Variation
12.Variation by time of day

13.For aggregate statistical analysis
14.“TTR”




Some potential valuable benefits of the data platform

Improved Detection/Discovery and Diagnosis/Identification of:
 Periodic Hypotension

 Orthostatic Hypotension

» Adequacy of Pharmacologic management
« Uncontrolled Hypertension

* Hypertensive Disorders of Pregnancy

* Pediatric-aged Hypertension

e Secondary Hypertension

* White Coat Hypertension

* Masked Hypertension

» Sleep-related Hypertension/Hypotension
e Supine Hypertension

3/3/2026 29




Some potential valuable benefits of the data platform

Major Improvements for Patient Centered Care such as:

Facilitation of Precision and Personalized Medicine for Physicians

Facilitation of more effective Shared Decision Making and Goal setting
« Consistent alignment with Guideline Directed Medical Therapies
 Enhanced Patient and Caregiver empowerment
« Reduction of uncertainty and apathy about self-management goals
 Closer monitoring for effects of lifestyle modification interventions
* |dentifying synergies with other ASCVD risk reduction interventions
* New insights and feedback for management of personal stress
e Easy customization to help guide a more effective care plan

3/3/2026 30



Systolic and Diastolic

Blood Pressure

Circul VS Continuous Per Second Blood Pressure Measurements 12/1-12/2 1130PM -800 AM

180
170
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140
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100

90

80

70
60

3/3/2026

Avg BP: 121 /76 mmHg Min BP: 108 / 69 mmHg Max BP: 171/ 106 mmHg
Avg HR: 64 High HR: 101 Low HR: 56

Total Time: 08:36:36 Avg Sp02: 93.73 Low SpO2: 81.75

Time <90%: 00:13:32 Time <89%: 00:06:24 Time <88%: 00:03:34

ODI: 11.23 ODI4: 5.34 Deep Sleep: 131 min

(Easily Obtained directly from the Bo diMetrics Cloud Based Personal Dashboard) 31



Vascular Biodynamics are in your future.....

T. Christian Gasser

Vascular
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What | want: Care that iISimultaneously

Personalize

Precise (Perhaps the “3 P’s” for LAB 2.0?)

Preventive

34



The U.S. value-based healthcare service mardee was valued at USD 4.01 trillion in 2024 and
is expected to grow at a CAGR of 7.4% from 2025 to 2030.

U.S. Value-based Healthcare Service Market Report, 2030







Appendix









The Chicago Quantum Exchange advances the science
and engineering of quantum information, prepares the
quantum workforce, and drives the quantum economy
by connecting top universities, national labs, and
industry partners. The recipient of billions of dollars in
government and corporate investment and home to
some of the world’s top experts in the field, the CQE
community is a central driver of US leadership in
guantum technologies.



