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Psychosocial stress and Heart Disease

Psychosocial stress: 

– Attributable CVD risk is on par with that for 

smoking, elevated lipids, hypertension, and 

diabetes.

– Yet relatively little had been known about the 

mechanisms that translate stress into CVD 

events. 
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The INTERHEART Study
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Mechanisms Linking Stress to Heart Disease

• Stress may affect behaviors and factors that increase 

heart disease risk: 

– Smoking

– Physical inactivity

– Overeating 

– HTN

– Diabetes

– Adiposity

• These factors do not explain the observed riskDo N
ot 
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Chronic Stress Promotes 

Atherosclerotic Inflammation in Mice

Stress Induction

• Shaking cages

• Cat on cage

Splenic  Activation

Immune Cell Homing and  

Further Proliferation

Bone Marrow Activation

Proliferation and Release

of Immune Progenitor Cells 

Worsened Atherosclerosis

Immune Cell Entry  

and Plaque Destabilization

Dutta et al Nature 2012,  Heidt et al Nat Med 2014, Nahrendorf & Swirski, Circ Research 2015

Heightened

Arterial Inflammation

sympathetic 

nerve
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Arterial 

Inflammation

PET/CT

PET/CT

PET/CT

Stress
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Perceived Stress Scale-10

The questions in this scale ask you about your feelings and thoughts during the last month. In each case, 

you will be asked to indicate by circling how often you felt or thought a certain way. N
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1. In the past month, how often have you been upset because of something that 

happened unexpectedly? 
0 1 2 3 4

2. In the past month, how often have you felt unable to control the important 

things in your life? 
0 1 2 3 4

3. In the past month, how often have you felt nervous or stressed? 0 1 2 3 4

4. In the past month, how often have you felt confident about your ability to 

handle personal problems? 
0 1 2 3 4

5. In the past month, how often have you felt that things were going your way? 0 1 2 3 4

6. In the past month, how often have you found that you could not cope with all 

the things you had to do? 
0 1 2 3 4

7. In the past month, how often have you been able to control irritations in your 

life? 
0 1 2 3 4

8. In the past month, how often have you felt that you were on top of things? 0 1 2 3 4

9. In the past month, how often have you been angry because of things that 

happened that were outside of your control? 
0 1 2 3 4

10. In the past month, how often have you felt that difficulties were piling up so 

high that you could not overcome them? 
0 1 2 3 4Do N
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The Brain’s Stress-Related Neural Network :  

Controlling the Physiologic Response to Stressors

Blair et al. NEJM Dec 2014

Prefrontal 

Cortex

Amygdala
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Imaging the Neurobiology of Stress

Neural Metabolism

High amygdalar activity (AAC)

relative to counter-regulatory 

cortical activity

Neural Activation and 

Connectivity

• Heightened activation 

in response to stressful 

stimuli

• Reduced connectivity 

to counter-regulatory 

tissue

FDG PET Functional MRI Structural MRI

Tissue Volumes

• Amygdalar volume loss 

• Due to loss of 

counterregulatory 

connections
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Study of How Chronic Stress 

Leads to CVD in Humans

• Sought to test the hypothesis that higher stress neural activity 

associates with greater risk of CVD

• Employed multi-system imaging w FDG PET/CT and PET/MR 

to quantify:

• Amygdalar/Cortical Activity (AAC)

– as ratio of amygdalar activity  ∶ counter-regulatory cortical activity

• Leukopoietic Activity 

– bone marrow activity

• Arterial inflammation

– Aortic activity

• 5-year follow-up for CVD events (med record rev)
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Tawakol et al  

Lancet 2017 

Study Cohort
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With

Subsequent 

CVD Event

Without

Subsequent 

CVD Event

AAC

Tawakol et al Lancet 2017 

Amygdalar : Cortical Activity (AcA) 

vs Subsequent CVD Events

Stress-Associated 

Neural Activity

Years After Imaging
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Event Risk

AAC Vs 

Event Timing
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Multi-group support for neural-immune-arterial

mechanisms of disease

Goyal et al  JACC CV Imaging 

2020

Arterial 

Inflammation
Bone Marrow 

Activity

A
A

C

 
 
 

AAC associates with

higher-risk coronary plaque
AAC increased in acute MI

Kang et al  EHJ 2021

(out of 227 studies mentioning Amygdala and Cardiovascular Disease since January 2017) 

Kim et al, Circ: CV Imaging 2023 

AAC predicts recurrent events

A
A

C

Low AcA

High AcA

Low SNA

High SNA

p=0.036

p=0.031

p<0.001p<0.001

p<0.001

Bone 

Marrow

AAC
Coronary 

Plaque Features

AcA
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Amygdalar-cortical interactions
predict atherosclerosis

AAC : Activity of Amygdala relative to PFC (using FDG PET) 

Integrity of Axons Connecting PFC to  Amygdala (Tract DTI: using MRI) 

Tract DTI AAC
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Trauma Controls Healthy Controls PTSD

Trauma Controls Healthy Controls PTSD
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Gharios , 

Tawakol, 

Fayad. 

AHA 2022

Tract DTI
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Stress-Related Pathophysiology
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What about Chronic Stressors and CVD?

• Two well-studied stressors:

– Low socioeconomic status (e.g. low income and high crime)

– Chronic noise

• Well-known that both factors associate with :

– CVD

– Stress

• Hypothesis: 

– stress-associated pathways partially mediate the link 

between Noise/SES and CVD
18
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Socioeconomic Status vs CVD:

Involvement of Stress-Associated Mechanisms
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Noise-Brain-CVD

M Osborne et al 

EHJ 2020
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Neurobiological Resilience

21
Dar el al Circ Imaging 2020

Higher

Lower 

Neurobiological 

Resilience

Neurobiological 

Resilience 

Determines Outcomes 

among Stress-Exposed

A
A

C

A
A

C
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Acute Stress and CVD
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Acute Stress and CVD: Earthquake

1994
1992

1993

D
a
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Leore, Poole & Kloner NEJM 1996

Northridge 

Earthquake

January ‘92 and ‘93

January ‘94
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Acute Stress and CVD: World Cup

Consolation

3rd Place Game

**
Quarterfinal win after a 

dramatic penalty shoot-out
Semi-finals loss
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CVD Events Surge after Elections

2016

2020
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AAC vs. Risk of Takotsubo Syndrome (TTS)
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A Radfar, et al European Heart Journal 2021

• 104 Individuals who underwent FDG-clinical PET/CT

• 41 subsequently developed TTS (med 2.5 years after imaging)

• 63 matched controls. 
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AAC vs. Risk of Takotsubo Syndrome (TTS)
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AAC

Lower
>1 SD 

above mean
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p=0.028

S
tr

e
ss

 N
e
u

ra
l 
A

c
ti

v
it

y
A

A
C

(Z
-s

c
o

re
)

A Radfar, et al European Heart Journal 2021

• 104 Individuals who underwent FDG-clinical PET/CT

• 41 subsequently developed TTS (med 2.5 years after imaging)

• 63 matched controls. 
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Lower AAC

More 

Neurbiologically

Resilient

Takotsubo

Triggered neural activation 

and exaggerated systemic 

response to stress

Higher AAC

Less 

Neurbiologically

Resilient

Higher susceptibility

of neural centers to 

activation by stressful events

Less neural activation 

and lesser systemic 

response to stress

Fewer Physiologic 

consequences of stress

Benign / Resilient 

Course

Emotional 

and/or 

physical 

stressors

Lower susceptibility

of neural centers to 

activation by stressful events

ACS

Sympathetic system surge

Inflammation

Hypercoagulability

ArrhythmiaSudden 

DeathDo N
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Impact of Interventions on

Stress-Associated 

Neural Activity
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Stress Reduction may Impart CVD Benefits

Blumenthal et al Circulation 2016

* P=0.025

>50% relative risk reduction for:

CR + Stress Reduction vs.

CR alone

Exercise (CR) and Stress Reduction

Exercise (CR) Alone

No Intervention
N=226

*

226 Subjects with recent CVD events

Standard Cardiac Rehab (exercise) vs Enhanced Cardiac Rehab (Exercise + SR) 

Do N
ot 

Rep
rod

uc
e



Evaluation of Lifestyle Factors :

MGB Biobank Heart-Mind Study

50,359 subjects with physical activity data

1,024 subjects with 18F-

FDG-PET/CT imaging*

280 excluded due to 

inadequate brain              

coverage

744 subjects with brain imaging data
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*Available imaging data  were selected from the subset of 9,080 participants who 

provided genetic data. 

MGB: Mass General Brigham. 18F-FDG-PET/CT: 18F-fluorodeoxyglucose

Positron emission tomography/computed tomography

Figure 1: Study cohort 

*

51,115 MGB Biobank  

subjects participating in the 

health behaviors survey

756 subjects with no 

physical activity data 

lifestyle data
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Light/Mod Alcohol vs MACE

32
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Covariable Themes Covariables 10-year MACE P-Value
L
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L
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w
 A
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o

h
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l 
c
o

n
s
u

m
p
ti
o
n + CVD risk factors

(primary analysis)

Age, sex, HTN, DM, 

HLD, smoking

0.81 (0.75-0.88) P<0.001

+ Health behaviors Exercise, Sleep disorders 0.83 (0.77-0.90) P<0.001

+ Socioeconomic factors Employment,  Education, 

income

0.84 (0.77-0.91) P<0.001

+ Psychological factors Depression, Anxiety 0.84 (0.77-0.91) P<0.001

+ Medical comorbidities Charlson index 0.87 (0.80-0.94) P<0.001
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Light/Mod Alcohol vs. 

Stress-Associated Neural Activity

Mezue et al AHA 2021

Alcohol vs 

Stress-Associated 

Neural Activity

Moderate Alcohol 

Reduces  MACE visa 

Decreased  Stress-

Associated 

Neural Network 

Activity

Moderate Alcohol vs SNA

A
A

C

Alcohol Consumption

p=0.01

p=0.017

None/

Minimal
Light/

Moderate

None/

Minimal
Light/

Moderate

Alcohol Consumption

A
m

yg
d

al
a

AAC reduction driven by 

lower amygdalar activity
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Light/Mod Alcohol vs MACE

34

Mezue et al JACC 2023

Greater effect in individuals with anxiety

~double the reduction in MACE risk
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• Mod alcohol associates with decreased CVD risk

– in part by attenuating stress-related pathways

• No safe levels of alcohol

• Need therapies that reduce stress-associated 

neural mechanisms without the side effects of 

alcohol.
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Relationship between Exercise and 

Stress-Associated Neural Activity

Zureigat et al ACC 2021
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P
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C
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p=0.185 p=0.043

p=0.016 unadjusted

p=0.036 adjusted

Direct Path

Indirect Path:

Physical Activity→ SNNA  → MACE

log odds: - 0·0347  

p < 0·05

log-odds = - 0·3991 

p = 0·0121

MACE

SNNA*

a = - 0·1
771

p = 0·
0178

c = 0·1958 
p = 0·0133

Physical activity 

<·
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Physical Activity vs Cardiac Events:

Greater Impact in those w Depression

37
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Individuals Without Pre-existing Depression Individuals With Pre-existing DepressionA. B.

Guideline-Based PA 

Recommendations

p interaction =0·028

(Depression* PA)

Guideline 

Recommendations vs Q5

p interaction =0·011

(Depression*PA)

Across Quintiles PA

p <0·001

Trend Across PA Quintiles

p <0·001

Trend Across PA Quintiles

Guideline PA Recommendations vs Q5 p =0·004Guideline PA Recommendations vs Q5 p =0·093

Reference

1

Reference

2

Individuals Without Prior Depression Individuals With Prior Depression

Event

horizon

Pre-existing 

Depression

(n)

Physical Activity 

recommendations^ 

(MET-min/wk)

Coronary MACE HR†
Incidence

(percentage)

HR

[95% CI]

p for

difference 

p for 

interaction¶

Ten-year

events

Absent*

(n=45,065)

<
605

(4·9%)
1

0·015

0·046

≥
994

(3·2%)

0.880

[0·794, 0·975]

Present 

(n=5,042)

<
129

(7·0%)
1

0·003

≥
106

(3·9%)

0·673

[0·519, 0·873]

Events from 

biobank 

consent to 

last 

follow-up

Absent* 

(n=39,193)

<
173

(1·8%)
1

0·787

0·017

≥
313

(1·2%)

0·974

[0·808, 1·176]

Present

(n=11,107)

<
94

(2·5%)
1

0·002

≥
75

(1·2%)

0·615

[0·453, 0·836]

Event

horizon

Pre-existing 

Depression

(n)

Physical Activity 

recommendations^ 

(MET-min/wk)

MACE HR†
Incidence 

(percentage)

HR

[95% CI]

p for

difference 

p for 

interaction¶

Ten-year

events

Absent*  

(n=44,630)

<
1,758

(15·3%)
1

<0·001

0·052

≥
2,919

(9·7%)

0·805

[0·758, 0·854]

Present

(n=5,042)

<
313

(19·5%)
1

<0·001

≥
307

(12·3%)

0·696

[0·593, 0·816]

Events from 

biobank 

consent to 

last 

follow-up

Absent* 

(n=39,120)

<
475

(5·5%)
1

0·056

0·188

≥
916

(3·7%)

0·897

[0·802, 1·004]

Present

(n=11,107)

<
209

(6·7%)
1

0·008

≥
236

(4·1%)

0·776

[0·644, 0·937]

0·5          0·75           1          1·25

0·5          0·75           1          1·25

-12%

-33%
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Key Points• Stress:
• a common, important risk factor for CVD 

• attributable risk on par with HTN, smoking, DM

• Associates with:
• higher stress-associated neural network activity

• leukopoietic activity & systemic inflammation

• arterial inflammation and noncalcified plaque

• CVD events

• Its impact might be modifiable

• Large trials are needed in order to:
• Prove causation and 

• Determine efficacy of interventions

Key Points
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Key Points

For individuals with high atherosclerotic risks 

and high stress, reasonable to recommend :

• Stress reduction approaches

• Exercise

• Healthy sleep

Key Points
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