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Boston University Chobanian & Avedisian School of Medicine

FHS: Past, Present, and Future

What is FHS? 1948-2031+

§ Longest running, most famous study of its kind in the world
§ After World War II, emerging epidemic of chronic diseases, especially 

CVD – accounting for 44% of US deaths
§ But: “of the epidemiology of hypertensive or arteriosclerotic 

cardiovascular disease, almost nothing is known” 
§ Hypothesis: there was “not one cause, but rather multiple causes that 

work slowly within the individual to cause the disease over time”
§ Therefore, need for an epidemiological study
§ FHS defined the major risk factors for CVD: lipids, blood pressure, 

diabetes, smoking, adverse diet, sedentary lifestyle
§ Still going strong; funded through 2031…

Dawber, 1951



Boston University Chobanian & Avedisian School of Medicine

FHS: Past, Present, and Future

Design

§ ~20% of citizens of town in 1948 enrolled
§ Mostly European, diverse SES
§ Always more women than men
§ Families
§ Expanded to 3 generations of related individuals, and spouses, plus 

cohorts more representative of contemporary Framingham
§ Repeated exams every 2-5 years: core measurements plus 

ancillary science
§ Follow up for medical history annually, with adjudicated events
§ Extensive data and biorepository



Boston University Chobanian & Avedisian School of Medicine

FHS: Past, Present, and Future

Structure of FHS Cohorts

Cohort N Ancestry Exams Completed 
as of 4/2026

Original FHS, 1948 5,209 MW Exclusively 
European 32

Offspring + Spouses, 1971 5,124 MW Mostly European 10 (11 ongoing)

Gen 3, 2002 4,095 MW Mostly European 4 (5 planned)

Omni-1, 1995 506 MW Mixed/non-White 5 (6 ongoing)

Omni-2/New Offspring 
Spouses, 2002 513 MW Mixed/non-White 4 (5 planned)

Total 15,447
~6300 surviving:

~3900 in MA; ~2300 in other states; 
~40 abroad



Boston University Chobanian & Avedisian School of Medicine

FHS: Past, Present, and Future

FHS Core Exams and Content

§ Plus extensive and 
repeated deep 
phenotyping of 
brain/cognition, lung, 
kidney, bone, liver, 
functional status, …

§ Images
§ 2M biosamples 

(plasma/serum,urine, 
WBC, IPSCs, DNA, 
brain and heart tissue)

Cardiovascular Measurements



Boston University Chobanian & Avedisian School of Medicine

FHS: Past, Present, and Future

Omics in FHS

§ Existing (high-level summary)
§ Complex matrix across all cohorts – opportunistic with some strategic 

TOPMed fill-in: 7,215 WGS assays, 6,735 metabolomics assays, 3,991 
methylation assays, 6,696 proteomics assays, and 5,052 RNASeq assays

Approach Offspring Gen3 Omni1 Omni2

WGS/Exome/GW
AS

GWAS ~3600
Exome ~3400
WGS ~2700

GWAS ~3900
Exome ~4000
WGS ~3400

GWAS ~500
WGS ~300

GWAS ~400
WGS ~400

DNAm Up to 2600 Exam 8 Up to 3000 Exam 2 ~400 Exam 1 ~400 Exam 1

RNA Up to 2500 Exam 8 Up to 3200 Exam 2 ~200 Exam 4 ~300 Exam 2

Proteome Up to 2100 Exam 7/8 Up to 3100 Exam 1/2 ~250 Exam 3/4 ~300 Exam 1/2

Metabolome Variable Up to 2000 Exam 2 ~300 Exam 4 ~300 Exam 2



Boston University Chobanian & Avedisian School of Medicine

FHS: Past, Present, and Future

Seminal Contributions

§ Identified major risk factors for CHD, HF, AF, stroke, dementia, 
and other forms of CVD

§ Development and application of modern epidemiological and 
biostatistical methods
§ Training ground and inspiration for other cohort studies

§ Repeated, longitudinal, deep phenotyping across the life course
§ Preclinical and clinical phenotypes, physiology, and basic biology

§ Major contributions to cognitive aging and aspects of longevity
§ Extensions beyond CVD to other phenotypes: environmental 

exposome; endocrine, renal, pulmonary health; bone and joint 
health; eye and ear; and; and much, much more 

§ Pioneering novel phenotyping and molecular epidemiology



Boston University Chobanian & Avedisian School of Medicine

FHS: Past, Present, and Future

If you’d like to learn more…

§ www.framinghamheartstudy.org
§ Email: fhs@bu.edu 

http://www.framinghamheartstudy.org/
http://www.framinghamheartstudy.org/
mailto:fhs@bu.edu


Leveraging Genetic / Multi-omic and 
75+ Years of Longitudinal Data in FHS for 

Alzheimer Disease Research

Lindsay A. Farrer, Ph.D.
Biomedical Genetics

Chobanian & Avedisian School of Medicine

Research on Tap
April 9, 2026



Advantages of Alzheimer Disease Research
in the Framingham Heart Study

Ø > 15,000 subjects from 3 generations followed for up to 75 years

Ø Family-based design

Ø Wealth of clinical, laboratory, exposure and lifestyle data collected every 4-5 
years

Ø AD relevant data include cognitive, neurological, AD biomarker, and neuroimaging 
(structural MRI and amyloid-PET) data

Ø Neuropathologically examined brains

Ø Genetic (GWAS, WGS, WES) data, and methylation, RNA-seq, proteomic and 
metabolomic data from blood and brain tissue

Ø FHS Brain Aging Program infrastructure for mentoring and promoting data 
sharing 



Risk 
Factor

Group (age range in years) †

Early Adulthood (35-50) Middle Adulthood (51-60) Late Adulthood (61-70)

N
N

events HR* P-
value N N

events HR* P-
value N N

events HR* P-
value

HDL-C 2875 156 0.846 0.041 1803 163 0.821 0.014 1463 176 0.887 0.11

TG 2879 157 1.326 0.0013 1809 163 1.120 0.22 1470 176 1.048 0.57

Glucose 2820 154 1.067 0.39 1792 163 1.145 0.00029 1427 171 1.066 0.056

Association of blood lipids and glucose with incident 
Alzheimer disease in The Framingham Heart Study

† Subjects may appear in multiple 
groups
* Hazard ratio for a 15 mg/dL 
increase

Zhang et al. Alzheimer 
Dement. 2023; 19:181-193 

Early 
Adulthood

Middle 
Adulthood



Association of an Alzheimer disease polygenic 
risk score with hippocampal volume

Kurniansyah et al, MedRxiv. 2025 
Sep 27: 2025.09.24.25336555



Proteomics in Blood and Brain

MMP8 level in blood and brain is  associated 
with cognitive resilience in BU ADRC cohort

First & Fourth quantiles

Goldstein et al, 
in preparation

HR=2.31 (1.19 – 4.47), P = 0.013

MMP-8                                       
FHS Gen2 (mean 
age=62): N=1,913; 394 
incident ADRD cases and 
1,519 CU

Pl
as

m
a

B
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in

Differential plasma protein levels in BU ADRC 

Differential plasma and brain protein levels in BU ADRC 
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Nicole Spartano, PhD
Assistant Professor

Department of Medicine, BUCASM

Using Continuous Glucose Monitoring (CGM) to Identify 
Hidden Dysglycemia in Individuals without Diabetes
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Our Goal: Use Continuous Glucose Monitoring (CGM) 
 to predict diabetes development

>2000 participants from the Framingham Heart Study wore a 
Dexcom G6 CGM for up to 10 days (2022-2025)

Records a glucose value every 5 minutes (288 values/day) 
from the interstitial space under the skin

11% of cohort had diabetes (or meds) at time of collection

R01DK129305
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Do CGM-derived phenotypes inform cardiovascular risk? 
(n=1356)

Unpublished: Bakhshi, et al. medrxiv 2026
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Can we use CGM to re-classify diabetes risk 
(n=1356?

Unpublished: Bakhshi, et al. medrxiv 2026

CGM phenotypes
Burden:
Time >140mg/dL

Variability:
Mean amplitude 
of glycemic 
excursions 
(MAGE)

Hidden 
dysglycemia?

Traditional classification
Pr

ed
ia

be
te

s
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Functional data analysis allows for the analysis of 
curves/shapes in CGM postprandial periods (>30mg/dL rise)

Unpublished: Sultana, et al.
N=835; meals=2385 

PC1: large, sustained rise
• Dominant component — accounts for 60.3% of 

between-person functional variation

PC2: early, sharp peak with rapid return
• Accounts for 19.8% of variation

PC3: moderate, early rise with sustained plateau
•  Accounts for 10.2% of variation 
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Digital Health and 
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Matt Nayor
Vanessa Xanthakis
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Jesse Mez, MD, MS
Associate Professor, Department of Neurology
Associate Director, Boston University Alzheimer’s Disease Research Center
Co-Director of Clinical Research, Boston University CTE Center
Clinical Core Co-Leader, Framingham Heart Study Brain Aging Program

Investigating brain trauma, Alzheimer’s 
disease and related dementias in the

Framingham Heart Study



Traumatic brain injury (TBI) incidence across time-decades, 
age-decades and by mechanism in FHS

Burton et al. JAMA Open 2026



Alosco et al. Alz. Res. & Ther  2026
Farris et al. AAIC 2025

Burton et al. JAMA Open 2026

Brain trauma, mortality, dementia, 
and MRI imaging in FHS 



Leveraging FHS Brain Bank to 
investigate brain trauma – 

neuropathological relationships

Abdolmohammadi et al. JAMA Open 2025 Mez  et al. Annals of Neurology 2019



R01: Leveraging Existing Aging Research Networks to investigate TBI and AD/ADRD risk (LEARN TBI & AD)

Harmonization of FHS data 
with other brain aging 

studies

U54: Traumatic Brain Injury and Repetitive Head 
Impacts: Contributions to AD/ADRD and CTE 
Neuropathology and Resulting Clinical 
Syndromes
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Gary F. Mitchell, MD

President, Cardiovascular Engineering, Inc.
Investigator, Framingham Heart Study

Vascular Function at FHS
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Wave Reflection: Not the Enemy!
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Deep Convolutional 
Neural Network (CNN)
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AI-VA = 
20 - 80 years

Chronologic Age = 
50 years
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AI-HeartAge = 
40 - 80 yrs

Emax
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PPG

AI-HeartAge Quartiles
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Q1: ≤ 46
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Quartile Group

FHS

UKB

Deep Convolutional 
Neural Networks x 2

Sensitivity Maps

0.50.0-0.5

AI-HeartAge = 
   -Z(Emax) / 2  + 
   -Z(Smax) / 2 

Chronological 
Age = 60 yrs

FHS
UKB

Incident Heart Failure
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AI-HeartAge in FHS and UKB
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AI-VA and Cardiometabolic Disease

No CVD
N = 7188

No CMD
N = 2708

HTN
N = 779

Lipids
N = 1606

Obesity
N = 545

Diabetes
N = 34

CVD
N = 578

2+ CMD
N = 3541

Accelerated Vascular Age

Microvascular Dysfunction

Increasing
PP + MAP

Blunted 
Incretin Effect

Insulin 
Resistance

Increasing 
Lipids

BMI

Hypertension
Hyperlipidemia

Obesity
Diabetes

CHD
Stroke
CHF

Outward 
Remodeling

BMIFixed 
mass of 
elastic 
fibers

↑ Diameter
↑ Cyclic stress
↑ Elastic fiber        

fragmentation
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Rhoda Au, PhD
Professor of Anatomy & Neurobiology, Neurology, Medicine & Epidemiology

Schools of Medicine & Public Health

Embracing the Digital and AI Reality



Boston University Precision Brain Health Initiative

FHS Brain Aging Program (FHS-BAP)

Start of digital data collection

Gen 2
1971 2028

Brain MRI/NPMMSE

1991 1999

Gen3
/Omni 2

2002 2030

Brain MRI w/ DTI +NP

Gen 1
1948

NINDS-ADRDA  AD Diagnostic Criteria

1984 2014

Baseline NP MMSE Brain MRI/NP 

19811976-78 1999

Digital Voice Digital Pen Smartphone



Boston University Precision Brain Health Initiative

FHS Digital Voice

Acoustic features and NP tests related to AD plasma biomarkers 

NP=Neuropsychological Test; AD=Alzheimer’s Disease

Text-based models predict AD progression within 6 years
Methods AUC % Sensitivity % Specificity %
Text+Dem+ApoE+Health 78.5 ± 3.9 80.6 ± 4.7 76.9 ± 4.7
Text 77.8 ± 3.9 81.1 ± 5.2 75.0 ± 4.1
Text+Dem 77.5 ± 3.7 81.1 ± 5.3 75.6 ± 4.2
Dem+ApoE 71.7 ± 4.0 77.8 ± 6.3 70.6 ± 7.0
NP scores 71.3 ± 4.1 77.2 ± 6.5 71.9 ± 5.6
Dem 68.8 ± 4.5 70.6 ± 6.1 70.6 ± 6.3
Health 66.2 ± 3.1 75.0 ± 6.6 66.9 ± 5.7
MMSE 60.7 ± 4.8 66.7 ± 5.9 58.8 ± 5.9

Amini,..., ICP, Alzheimer’s & Dementia, 2024.

MMSE: Mini-Mental State Examination Dem: age, sex, educational level
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Digital data

Other proteomic and 
metabolomic biomarkers

AD Biomarkers

Gen 1 Gen 2 Gen 3Omni Gen 1 Omni Gen 2 NOS

30k+ samples

Digital Biomarkers on the Horizon



Boston University Precision Brain Health Initiative

FHS Going Forward and Beyond

Data Integrity
QMS

Data Acquisition 
& Engagement

Study 
Management Data Processing Data Access

DEP

VBC

Smartphone App

Bridge

QMS=Quality Management System
DEP= Digital Engagement Platform
VBC= Virtual Brain Cohort
GRIP = Global Research & Imaging Platform



Integrative Trans-Omics

To Identify Molecular Clues to Disease

Daniel Levy, MD
NIH Distinguished Investigator

Chief, Population Sciences Branch, 
National Heart, Lung, and Blood Institute

Senior Investigator, Framingham Heart Study
Professor of Medicine, Boston University

Research on Tap: The Framingham Heart Study
April 9, 2026



The NHLBI’s TOPMed Program

Whole genome sequencing completed in ~200,000 people

Aims:
§ Apply trans-omics to identify new 

molecular signatures of heart, 
lung, and blood diseases using 
cutting-edge technologies

§ Discover causal genes, 
pathways, and risk factors for 
disease

§ Promote advances in precision 
medicine to predict, prevent, 
diagnose, and treat heart, lung, 
blood, and sleep disorders



Integrative Analyses using WGS, RNA Seq, 
DNA Methylation, and Proteomics

Integrative Trans-Omics
§ To integrate genetic variation from WGS 

with gene expression profiling from RNA-
seq, and with DNA methylation and 
proteomic profiling 

§ To characterize the genetic architecture of 
the human transcriptome, methylome, and 
proteome

§ Apply these resources to understand 
molecular contributions to health and 
disease

Proteins

SNP
(WGS)

Gene expression
Splice variation

(RNA seq)
DNA methylation

mQTL eQTL

eQTM

pQTL



WGS and RNA-seq Based eQTL, mQTL, and eQTM 
Studies

eQTL paper mQTL paper eQTM paper

Scientific Reports 2022, 2023

Roby 
Joehanes

Amena 
Keshawarz

Jiantao Ma

Chunyu Liu

40



Whole Genome Sequencing and RNA Sequencing 
to Characterize Genetic Architecture of plice Variation 

41Nature Communications 
2025



Splicing Variation in OAS1 Protects Against Severe COVID 

rs10774671 AA genotype suppresses isoform 201 expression, 
and reduces WBC count

rs10774671 G>A genotype explains 95% of inter-individual 
variation in expression of OAS1 isoforms 201 and 203

Nature Communications 2025

A recent study identified a genetic variant, rs10774671 G>A, associated with alternative 
splicing of OAS1, for which the “G” allele leads to a full-length protein that is protective 
against severe COVID (Huffman, JE, et al. Nat Genet 54, 125–127. 2022).
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Douglas P. Kiel, MD, MPH
Professor of Medicine, Harvard Medical School

Director Musculoskeletal Research 
Marcus Institute for Aging Research

Hebrew SeniorLife

Musculoskeletal Research in the Framingham Study  
So Much More than the Bare Bones
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Measuring Bone Density and 
Structure Through the Years at FHS

1986-1990
Original Cohort

Exam 20

1990-1994
Original Cohort 
Exam 20 and 

22, 23

1996-2001
Offspring
Exam 6-7

2005-2008
Offspring
Exam 8

2011-2014
2019-2022
Offspring

Exam 9 & 10

2016-2019
2022-2025

Gen 3
Exam 3 & 4
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Nutrition Findings from the 
Framingham Osteoporosis Study
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The Framingham Osteoporosis Study
Uses High Resolution Skeletal Imaging
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Using Spine Radiographs to Predict 
Incident CHD
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Bone-Omics
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Framingham Muscle Study – Offspring Cohort
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Jessica L. Fetterman, PhD
Deepa M. Gopal, MD, MS

Department of Medicine, Chobanian & Avedisiant School of Medicine

Title of talk

NHLBI R01HL176818
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§ ~70% of cardiovascular disease events are attributable to risk factor 

burden

§ FHS & others have been pivotal in identifying cardiovascular disease 
risk factors but are limited to circulating cells/plasma

§ NCI’s Cancer Genome Atlas with disease-relevant tissue has led to 
new discoveries connecting genetic aberrations with cellular 
dysfunction using multiomics
§ Improved classification & prognostication
§ Identification of novel therapeutic targets

§ Existing cardiac biobanks: 
§ Lack adequate antecedent phenotyping of risk factors
§ Restricted to cardiovascular diseases in which cardiac 

procedures are performed
§ Bereft of participant & tissue diversity

Tissue is the Issue
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Our objective is to build a cardiovascular tissue 
biobank consisting of whole hearts and major blood 
vessels collected at the time of death from 
participants in FHS who provide consent. 



Boston University Slideshow Title Goes Here

FHS LEGACY Biobank & Atlas: 
Study Design

“From my wife: "I love your heart. It's the greatest thing about you 
💜. Just tell them they'll need an extra large case to put it in."
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ü Circulating omics
ü Cardiovascular 

imaging
ü Cardiopulmonary & 

vascular function 
data

ü Cardiovascular risk 
factors

ü Outcomes
ü iPSCs

Transformative Research Afforded by 
LEGACY
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Alexander Stanisic
Resident Physician

Internal Medicine, Boston Medical Center

Supported by: 
Framingham Heart Study Pathway 

NHLBI R01HL092577
BU BIRCWH K12AR085635

75N92025D00012

Thank you to my mentors: 
Sarah Preis, ScD, MPH, Emelia Benjamin, MD, ScM, & Celestin Hategeka, MD, PHD

The Bidirectional Association of Atrial Fibrillation 
and Cancer in the Framingham Heart Study
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Introduction
§ Both AF & Cancer

§ Significant morbidity and mortality
§ Increasing incidence  
§ Improved treatment and survival 

Hypotheses  
§ Positive bidirectional association between AF 

& cancer
§ Increase in all-cause mortality when both AF & 

cancer are present

The Bidirectional Association of AF and Cancer
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Results – Incidence Analyses 

AF Sample Cancer Sample

• Interim cancer, but not prevalent cancer, was 
associated with increased AF incidence

• AF was not associated with cancer incidence

The Bidirectional Association of AF and Cancer

AF-Free 
Participants

Follow up AF 
Incidence

Exposure:    HR(95%)    P-value 
Cancer Status: 
 -   Prevalent      0.95 (0.81,1.12)   0.52                 

-    Interim          1.66 (1.37,2.00)  <0.001

-    No cancer     1.00 (referent)        --

Cancer-Free 
Participants Follow up Cancer  

Incidence

Exposure:    HR(95%)     P-value 
AF Status: 
 -   Prevalent      0.89 (0.71,1.12)   0.33                 

-    Interim          1.16 (0.93,1.45)   0.19

-    No AF           1.00 (referent)       --



Boston University Slideshow Title Goes Here
Results – Mortality Analyses 

AF Sample Cancer Sample

• The presence of AF and cancer was associated 
with higher mortality than either condition alone

The Bidirectional Association of AF and Cancer

Participants 
with AF Follow up Mortality

Exposure:    HR(95%)    P-value 
Cancer Status: 
 -   Prevalent     1.70 (1.49,1.95)   <0.001      

-    Interim          2.24 (1.86,2.70)  <0.001

-    No cancer    1.00 (referent)        --

Participants 
with Cancer Follow up Mortality

Exposure:     HR(95%)   P-value 
AF Status: 
 -   Prevalent      1.53 (1.30,1.80)  <0.001

-    Interim          2.41 (2.08, 2.79) <0.001

-    No AF           1.00 (referent)        --
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Framingham Heart Study

The Bidirectional Association of AF and Cancer

1948 2026

Inquiry

Data

Design Discovery

Trainees & Postdoc

Results
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Matthew Nayor, MD, MPH
Associate Professor of Medicine

Boston University Chobanian & Avedisian School of Medicine
Heart Failure Cardiologist, Boston Medical Center

mnayor@bu.edu

Cardiometabolic Resilience in the 
Framingham Heart Study
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Worsening metabolic health in the US calls for new 
approaches to disease prevention

Joynt Maddox KE, et al. Circulation. 2024 

• Rates of CVD mortality have 
plateaued over the last decade

• Shift in cardiometabolic risk 
factors toward obesity and 
diabetes
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Emphasis on defining and promoting health

Definitions of cardiometabolic health

1) Health is the presence of healthy 
behaviors coupled with the absence 
of diseases or risk factors

2) Physiological health is demonstrated 
by the presence of resilience to 
stress

Lloyd-Jones DM, et al. Circulation. 2022;146.
Doody P, et al. Gerontology. 2023;69:927-945.
Bullard, E. EBSCO. 2024

“Ecological resilience [is] the 
capacity of an ecosystem to absorb 
disturbances—whether natural or 
human-made—while maintaining its 
essential functions...”
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Resilience phenotype 1: EXERCISE

Nayor, et al. Amer J Cardiol. 2021.

Exercise exerts stress on multiple 
organ systems 

Gold standard cardiopulmonary exercise 
tests in >3000 FHS participants

Perry*, Robbins*…Gerszten*, Nayor*, Shah*. Nature Medicine. 2024

Work supported by NIH R01-HL131029
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Resilience phenotype 2: NUTRITIONAL STRESS
Mixed meal study, N=2400

Work supported by NIH R01-HL156975
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Vanessa Xanthakis, PhD FAHA
Associate Professor of Medicine and Biostatistics 
Section of Preventive Medicine and Epidemiology

Department of Medicine
Chobanian and Avedisian School of Medicine

Department of Biostatistics, School of Public Health
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Responses to activities in a typical day
Cardiovascular Resiliency Evaluation

ECG monitor on chest

Pulse Oximeter
HR Finger Monitor

Ø SBP, DBP, MAP
Ø Heart Rate
Ø Respiratory Rate
Ø Oxygen saturation
Ø Accelerometer data (in motion)
Ø Continuous ECG recording
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Cardiovascular Resiliency Evaluation
Responses to activities in a typical day

>1 observation per second
>180 observations for each
   3-min stressor
~1300 observations/ppt
   for each variable

Dynamic Indicators Of 
Resilience (DIORs)

mean, SD, Interpercentile range 
(P95-P5), and average change
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Cardio-Kidney-Metabolic (CKM) Stages
Stage 0 Stage 1 Stage 2 Stage 3 Stage 4
No risk factors Excess or 

dysfunctional adipose 
tissue

Metabolic RiskFactors, 
mod-high risk CKD

Subclinical ASCVD or 
subclinical HF

Clinical CVD or 
CKD

At least one of:
Ø Healthy BMI 

or 

Ø Healthy WC 

At least one of:
Ø BMI >25 kg/m2
Ø WC >88cm/102cm in 
women/men
Ø HbA1c 5.7-6.4% or 
FBG 100-124 mg/dL

Ø At least one of: 
Abnormal triglycerides, 
BP, HgbA1c or glucose

Ø Metabolic syndrome,   
>3 of: Abnormal WC, 
HDL, TGs, BP, glucose 

Ø Moderate-High risk CKD 
(abnormal GFR, 
albuminuria) 

At least one of:                          
Ø PREVENT score ≥20% 

(10-yr)
Ø Abnormal CAC
Ø Abnormal cardiac 

biomarkers (BNP, NT-
proBNP, hsTnI)

Ø Very high-risk CKD 
      (GFR, albuminuria) 
Ø Abnormal LVM 

Must have one of:
Ø CHD, HF, Stroke, 

PAD, AF
Ø GFR < 29 

mL/min/1.73m2 

Using only PREVENT>20%
to define Stage 3 CKM, 
41% of sample was 
misclassified as Stage 0-2.
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Stage 0
(n=684, 28.7%)

Stage 1
(n=343, 14.4%)

Stage 2
(n=1301, 54.6%)

Stage 3
(n=3, 0.1%)

Stage 4
(n=50, 2.1%)

Stage 0
(n=300, 12.6%)

Stage 1
(n=391, 16.4%)

Stage 2
(n=1369, 57.5%)

Stage 3
(n=105, 4.4%)

Stage 4
(n=216, 9.1%)

Stage 0
(n=104, 4.4%)

Stage 1
(n=188, 7.9%)

Stage 2
(n=961, 40.4%)

Stage 3
(n=830, 34.9%)

Stage 4
(n=298, 12.5%)

(Mean age 44) (Mean age 56) (Mean age 60)
Exam 2 Exam 5 Exam 6

CKM Stage Trajectories Through Exam 6

CKM Stages
Stage 0

Stage 1

Stage 2

Stage 3

Stage 4

Cardio-Kidney-Metabolic (CKM) Stages

Ø lower PREVENT 
threshold

or
Ø enhance screening 

with CAC, echo, 
biomarkers 



Boston University Slideshow Title Goes Here

George O’Connor, MD, MS

Professor of Medicine
Section of Pulmonary, Allergy, Sleep, and Critical Care Medicine

Pulmonary Center
BU Chobanian and Avedisian School of Medicine

Genetics of 
chronic obstructive pulmonary disease (COPD)
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§ Global prevalence ~ 8%
§ 6th leading cause of death in US
§ A leading cause of health care expenditures and 

disability
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- COPD is a complex genetic trait.
- Screening (not recommended by USPSTF) vs. case-finding

ROC Curve and Area Under the Curve for the PRS, mLFQ Score, and
Combined PRS + mLFQ Score in Predicting Moderate to Severe COPD

   (Zhang J et al. JAMA. 2025;333:784-792)
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COPD polygenic risk score is associated with 
age of onset of disease.

COPDGene                            FHS

Hazard ratios (95% CI) for associated of COPD PRS (per SD)
for incident COPD by age interval

Zhang J et al, Eur Respir J. 2022 Sep 15;60:2101954.
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Obesity / adiposity and COPD?

Association of BMI polygenic 
score with CT emphysema 

Zhang J et al., Ann Am Thorac Soc. 2026 
Feb 21. Epub ahead of print.

Intrathoracic Adipose Tissue 
and Airway Phenotypes 
in FHS

Zhang J et al. (In preparation)



Boston University Slideshow Title Goes Here

Joanne Murabito, MD ScM

Professor of Medicine
Department of Medicine, Section of General Internal Medicine

BU Chobanian and Avedisian School of Medicine

Inflammation and Immune Health in Healthy Aging:
Framingham Heart Study
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Hallmarks of aging: 
biologic mechanisms
§ Understanding biologic 

mechanisms of aging may 
lead to interventions to slow 
aging, delay the onset of 
multiple chronic diseases and 
extend healthy years of life

Chronic Inflammation: 
one hallmark of aging

Funding:
NIA R01AG067457
MPIs: Murabito, Lunetta, 
Doyle
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Circulating inflammatory proteins associate with cognitive 
function, brain imaging and Alzheimer’s Disease

Cognitive 
function

Higher levels of inflammatory proteins

Full sample most proteins associated with 
lower (worse) executive function (EF) 
v 12 proteins
High risk APOE E4 subgroup proteins 
associated with EF & memory including:
v 1 protein associated with higher EF
v 2 proteins associated with higher memory
v 5 proteins associated with lower EF or 

memory

v TWEAK involved in wide range of cellular 
activities and vascular processes including 
angiogenesis and endothelial cell 
proliferation

v Better EF and memory cognitive testing
v Bigger total cerebral brain volume
v Lower incidence of Alzheimer’s Dementia

Higher levels:
2 inflammatory proteins     
larger total brain volume
7 inflammatory markers   
smaller brain volume

Protective inflammatory protein: TWEAK

Chen J, et al Alz & Dementia 2024; Chen J et al Aging Cell 2023
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AGE

Mortality

SEX

SM
O

KI
N

G

Immune cell
phenotypes

Immune cells associated with brain volumes
v Multiple immune cell phenotypes (T cell 

subtypes) associated with higher total gray and 
frontal gray volumes

No association between immune cells and 
cognitive function or incident dementia

Fang Y et al Aging 2023; Ragab AAY et al Immunity and Aging 
2024; Cao Y, et al J Geront 2025
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Bernatz S et al Nature 2026

Thymic Health associates with longevity and lower disease incidence

FHSNational Lung Screening Trial

In FHS, lower thymic health associated with 
higher levels of risk factors:
v Metabolic risk factors
v Smoking
v Inflammatory proteins

Thymus generates T cells 
(a type of immune cells)

Inflammation and the immune system play a 
complex but important role in healthy aging



Foundation Funding Opportunities

Boston University Foundation Relations

• Alfred P. Sloan Foundation

• American Federation for Aging Research

• Alzheimer's Association

• Brain & Behavior Research Foundation

• American Parkinson Disease Foundation

• Rita Allen Foundation

• Alzheimer's Drug Discovery Foundation

• Richard and Susan Smith Foundation

• American Heart Association

• Leducq Foundation

Information about these and 
other grant programs is 

available on our website. 
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Research How-to
4/16 Positive Media Presence

Thursday.

4/27 Meet the Funded: Building 
Authentic Relationships with Foundations

4/29 Meet the Funder: RRF Foundation

4/29 Find Funding: Updates to BU’s 
Internal Limited Submissions Process

O F F I C E  O F  R E S E A R C H

Upcoming Events

bu.edu/research/events
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Thank you!


