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“Claude Bernard also repeatedly insists, and this deserves 
especial notice, that when the heart is affected it reacts on 
the brain; and the state of the brain again reacts through 
the pneumo-gastric (vagus) nerve on the heart; so that under 
any excitement there will be much mutual action and reaction 
between these, the two most important organs of the body”

(Darwin, 1872)
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Interheart Study (2004)
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Odds ratio myocardial infarction Population attributable risk

Case Control Study 52 Countries 
15152 Patients with Myocardinfarct
14820 Controls
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Methods

• In total, 180 patients who underwent cardiac surgery using 
cardiopulmonary bypass were prospectively studied and 
followed up for 4 years. 

• Anxiety (Spielberger State-Trait Anxiety Inventory, STAI- 
S/STAI-T), depression (Beck Depression Inventory, BDI), 
living alone and education level along with clinical risk 
factors and perioperative characteristics were assessed.

• Psychological self-report questionnaires were completed 
preoperatively and 6, 12, 24, 36 and 48 months after 
discharge. 

• Clinical end-points were mortality and cardiac events 
requiring hospitalization during follow-up. 
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Results

• Kaplan-Meier analysis showed a significant effect of 
preoperative STAI-T above 45 points (p= 0.008) on 
mortality. 

• In multivariate models postoperative congestive heart 
failure (OR: 10.8; 95 % confidence interval [CI]:2.9-40.1, 
p=0.009) and preoperative STAI-T (score OR: 1.07; 95 
%CI: 1.01-1.15, p=0.05) were independently associated 
with mortality. 

• The occurrence of cardiovascular hospitalization was 
independently associated with postoperative Intensive care 
unit days (OR: 1.41; 95 %CI: 1.01-1.96, p=0.045) and 
post-discharge 6th month STAI-T (OR: 1.06; 95 
%CI:1.01-1.13, p=0.03).
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5 Year Survival Curve after CABG
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Hospitalizations after CABG surgery
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Risk factors for heart disease
• The NHLBI of the US NIH list 8 risk factors for 

heart disease and stroke
• Hypertension, diabetes, cholesterol, smoking, 

obesity, physical inactivity, family history, and 
age

• Emerging risk factors include inflammation and 
psycho-social stress

• Each of these risk factors is associated with 
decreased vagal activity (Thayer & Lane, 
Biological Psychology, 2007; Thayer et al, Int. J. 
Card., 2010)
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Overview of the autonomic nervous 
system
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The “Default” Stress Response

• When in doubt prepare for the 
worst

• Adaptive response
• Fast, automatic?
• The negativity bias
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Neurovisceral Integration Model

• This neural network can be indexed by heart rate 
variability

• Higher HRV associated with greater prefrontal 
inhibitory tone

• Lack of inhibition leads to undifferentiated threat 
response to environmental challenges (less 
flexibility)
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Heart Rate

Prefrontal Cortex
mPFC            Orbitofrontal5. Prophylaxe-Seminar des KNS 
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PNS influences: 
“what happens in vagus …”

• PNS influences dominate: “vagal tone”1

– intrinsic firing rate of S-A cells: 105 bpm
– normal resting heart rate: 60–80 bpm 2

• PNS mediation faster than SNS
– PNS mediation (ACh): milliseconds

• rapid action and hydrolysis
– SNS mediation (NE): seconds

Warner & Cox, 1962
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Heart Rate Variability
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HRV and organism health

• An index of physiological health4

– ↓
 

HRVrest assoc. with ↑
 

levels of: hypertension, 
diabetes, cholesterol, obesity, arthritis, cancers

– Independent predictor of all-cause mortality
• An index of emotional health5

– ↓
 

HRVrest associated with ↑
 

depression, anxiety
• An index of attentional processes6,7,8

– HRV ↓
 

as attentional demands ↑
• An index of cognitive health6

– ↑
 

HRVrest linked with ↑
 

accuracy and faster RTs during working 
memory task
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Figure 1 Mean RMSSD and self‐rated health (error bars 95% CI)
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Human stress is…..
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Perseverative cognition…..
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Help…

Extreme       anxiety disorder...
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High-frequency heart rate variability during 
stress correlates with anterior cingulate 

regional cerebral blood flow in patients with 
social phobia

Fredrik Åhs
John Sollers
Tomas Furmark

Julian Thayer

Mats Fredrikson
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Audience
waiting

Audience assembled

During speech Cortisol sampling after speech
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Negative correlation between cortisol
and rCBF in the ACC 

The arrow shows the negative correlation cluster in the ACC. Statistical maximum
at the Talairach coordinate x = 4, y = 38, z = 18, Z = 3.56 , p = 0.02 corrected

Ahs, et al., Psychosomatic Medicine, 2006
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Aim

Given that the anterior cingulate is involved 
in negative feed back control of the HPA-axis 
we expected a positive relation to vagal tone 
as measured by high frequency heart rate 
variability in this brain region.

5. Prophylaxe-Seminar des KNS 

©Julian F. Thayer



Methods

• N=29
• Regional cerebral blood flow measured 

15O-water positron emmision tomography
• High frequency HRV was extracted from 

the R-R intervals in the ECG during speech
• Statistical analysis in SPM2
• ACC ROI defined in WFU PickAtlas
• FWE-correction for multiple comparison
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ACC BA10/46 (46 in left hemisphere only)

Caudate Men stronger positive correlation than women in 
the caudate

5. Prophylaxe-Seminar des KNS 

©Julian F. Thayer



Negative correlation between state
anxiety and rCBF in the ACC 

The maximum is in the Talairach coordinate x = -16, y = 38, z = 16, 
Z=3.54, p=0.04 corrected

N=72

t-value
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Conclusion

The supra-genual anterior cingulate might be a 
control region for vagal tone during social stress.

Activity in the anterior cingulate cortex reflects processes
involved in the emotion congruent control over bodily 
states and mapping of emotional states.
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* Major restorative period (1/3 of life)

• If stress responses are prolonged during sleep, than    
sleep = major mediator stressors         organic 

disease
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Inflammation and Autonomic 
Imbalance Models are Related

• Proinflammatory cytokines ( e.g., IL-6) are 
inhibited by acetylcholine and 
parasympathetic tone

• Proinflammatory cytokines under tonic 
inhibitory control via the vagus

• Helps to explain general health benefit of 
exercise and physical activity
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The Cholinergic Anti-inflammatory 
Pathway

• Efferent activity in the vagus nerve leads to 
acetylcholine release in the 
reticuloendothelial system including the 
liver, heart, spleen, and GI tract

• Acetylcholine interacts with nicotinic ACh 
receptors on tissue macrophages which 
inhibit release of TNF, IL-1, HMGB1 but 
not IL-10                   (Tracey, Nature, 2002)
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Involved regulatory systems

Vegetative Nervous System
Parasympathetic NS
Sympathetic NS

Endocrine System (HPA)
Cortisol

Tracey, Nature (2002), 420:853-59
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HRV and CRP

• Large study of airplane factory workers in 
southern Germany

• 24 hr HRV –RMSSD time domain index
• High sensitivity CRP
• Adipose tissue major source of IL-6 which 

is potent stimulus for hepatic CRP synthesis
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Summary

• Vagally mediated HRV is inversely related to 
CRP in men and women (pre-menopausal)

• Effect in men is comparable to effect of smoking
• Effect in women is comparable to effect of body 

mass index (4.4 times larger than males)
• Clinically relevant cholinergic anti-inflammatory 

effect
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Conclusions

• HRV during sleep is related to gylcemic control as indexed 
by HbA1c and FG

• Diabetics and pre-diabetics have lower HRV than normal 
controls

• Implications for diabetic neuropathy

• Important in energy regulation
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Vagal‐activity in chronic pain patients compared to healthy controls

Koenig J, Falvay D, Clamor A, Wagner J, Jarczok MN, Ellis RJ, Weber CS, Thayer JF. Pneumogastric (Vagus) Nerve Activity indexed by 

 
Heart Rate Variability in Chronic Pain Patients compared to Healthy Controls ‐

 

A Meta‐Analysis. Under Review 
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Effect for HF (Z = 4.30, p < .0001; g = ‐0.29; 95% CI (‐0.42, ‐0.16); k = 61) (Figure too large too 

 illustrate on slide)

Vagal‐activity in chronic pain patients compared to healthy controls: main effect

Koenig J, Falvay D, Clamor A, Wagner J, Jarczok MN, Ellis RJ, Weber CS, Thayer JF. Pneumogastric (Vagus) Nerve Activity indexed by 

 
Heart Rate Variability in Chronic Pain Patients compared to Healthy Controls ‐

 

A Meta‐Analysis. Under Review 
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Koenig J, Williams DP, Kemp A, Thayer JF. Vagally Mediated Heart

 

Rate Variability in Headache Patients During Resting State – A 

 
Systematic Review and Meta‐Analysis. Under Review
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Rate Variability in Headache Patients During Resting State – A 

 
Systematic Review and Meta‐Analysis. Under Review
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Koenig J, Williams DP, Kemp A, Thayer JF. Vagally Mediated Heart

 

Rate Variability in Headache Patients During Resting State – A 

 
Systematic Review and Meta‐Analysis. Under Review

Vagal activity in patients with headache disorders compared to healthy controls

HF‐HRV (Z = 0.32, p = 0.75; g = ‐0.09; 95% CI [‐0.63, 0.45]; k = 5)

RMSSD (Z = 2.36, p = 0.02;

 
g = ‐1.98; 95% CI [‐3.62, ‐0.33]; k = 6)
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How to Modify HRV?

• Exericse
• Diet– Omega-3 Fatty Acids
• Stress reduction
• Pharmacological
• VNS
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“According to Darwin’s 
Origin of Species, it is not the 
most intellectual of the 
species that survives; it is not 
the strongest that survives; 
but the species that survives is 
the one that is best able to 
adapt and adjust to the 
changing environment in 
which it finds itself.” 
Megginson (p. 4, 1963)
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THANK YOU!
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