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Was ist Herzfrequenzvariabilität?
1. Nicht Mittel, 

sondern
Abweichung

2. Leicht zu
erheben

3. Je höher, 
desto besser

4. Index der 
Herz-Hirn-
Interaktion



Physiologie der HFV

Auswertung der HFV

Psychologie der HFV



The 
nervous 
systems
(Wikipedia)

http://en.wikipedia.org/wiki/Nervous_system


Fun facts

• Evolution: a function 
of first “brains” (500 
Mio. years ago) was to 
control heartbeat

• Heart is about the size 
of a clenched fist

• 4,000/hour, 
100,000/day, 
>2,000,000,000 per 
lifetime 

http://kottke.org/13/02/does-every-species-get-a-billion-heartbeats-per-lifetime
http://kottke.org/13/02/does-every-species-get-a-billion-heartbeats-per-lifetime


Aufbau des Herzens



Das Herz als elektrische Pumpe 



(Source: Wikipedia/Wikimedia) 

Wigger‘s diagram

http://en.wikipedia.org/wiki/Wiggers_diagram


Heart physiology

• Unidirectional blood flow:
right → left
atrium → ventricle

• Pacemakers: 
• Sino-atrial (SA) node (60-90 

bpm)
• Atrial-ventricular (AV) node 

(gateway, pauses signal, 
40-60 bpm)

• Bundle of His and Purkinje
(25-45 bpm)



sympathetic nervous 
system (SNS) 

+ 
parasympathetic nervous 

system (PSNS)

→ HRV = fluctuations in 
ANS inputs

(Source: merckmanuals.com) 

Autonomic nervous system (ANS)



Physiology of HRV 
dual innervation of the heart by the ANS:

increase in sympathetic
activity (slow, seconds, 
nor/epinephrine) 

→ HR increase (shorter IBIs)

increase in parasympathetic 
activity (primarily vagal, 
fast, ms, acetylcholine)

→ HR decrease (longer IBIs)



Physiology of HRV – remarks

• At rest, HR is balanced by both sympathetic (SNS) and 
parasympathetic nervous system (PSNS)

• Intrinsic HR is higher than HR_Rest → Heart is under 
tonic inhibitory control by PSNS (vagus) 

• SNS influences are slow → high-frequency HRV (above 
0.15 Hz) represents PSNS influences



Physiology of HRV – influences
1) reflex-related changes in 

blood pressure, oxygen, 
carbon dioxide levels 
detected by baroreceptors
and chemoreceptors, resp. 

2) Mechanical changes in 
respiration: IBI shortened 
during inspiration and 
prolonged during expiration 
→ respiratory sinus 
arrhythmia (RSA)

3) Tonic and reflexive changes 
in CNS activity (mainly 
brainstem but also cortex)



Park et al., 2012

Heart & Brain: Neurovisceral integration

Claude Bernard (1867): mutual 
action and reaction between 
brain and heart

Thayer & Lane (2000, 2009): 
inhibition is critical to effective 
functioning in a complex 
environment 
→ cortical activity tonically 

inhibits brainstem 
cardioacceleratory circuits

http://www.psych.nyu.edu/vanbavel/lab/documents/Park.etal.2012.Emotion.pdf


MPFC/ACC (& AMY) connected to (task-related) HRV
- Meta-analysis w/ 5 fMRT (n=61) and 3 PET (n=133) 

studies (Thayer et al., 2012) 

Heart & Brain: Cortical cardioregulation

http://wagerlab.colorado.edu/files/papers/thayer.meta.analysis.heart.rate.variability.pfc.nbr.12.pdf


Heart-brain interactions (Garfinkel et al., 2014)

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4012313/


Heart-brain interactions (Garfinkel et al., 2014)

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4012313/


Heart & Brain: Cortical cardioregulation 2

Chang et al., 2013: Resting-state fMRI and (resting) HRV 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746190/


Heart & Brain: Cortical cardioregulation 2

Chang et al., 2013: Resting-state fMRI and (resting) HRV 

Specific to HF-HRV

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746190/


Physiologie der HFV

Auswertung der HFV

Psychologie der HFV



Die Herzfrequenz & ihre Variabilität (HFV)

• Herzfrequenz (HF) oder “heart rate” (HR): Anzahl der 
Herzschläge pro Minute (bpm) → vgl. Puls

• Ruhe-Herzfrequenz: Person ruhend und wach (60-80 
bpm)

• HF-Variabilität (HFV): Variationen in den “beat-to-beat” 
oder “interbeat” Intervallen (IBI, auch: RR oder NN) 



Wie wird HF(V) gemessen?
• Kontinuierliche Messung der IBIs (HF) über einen

gewissen Zeitraum
• Normale Atmung
• Sampling rate: min. 100, eher 250-500 Hz (Task Force)



Ecological heart rate recordings
Konvalinka et al. (2011) Synchronized arousal between performers and

related spectators in a fire-walking ritual. PNAS.  

http://www.pnas.org/content/108/20/8514.abstract


Measures of HR/V– time-domain

• Mean NN, mean HR, difference between shortest and 
longest NN 

• Sqrt(var) = SD of NN intervals (SDNN) → estimate of overall 
HRV

• Sqrt of mean squared difference of successive NN 
intervals (RMSSD) → short-term components of HRV

• Number (NN50) and proportion (pNN50) of pairs of 
adjacent NN intervals with diff > 50ms

RMSSD, (p)NN50 = PSNS-mediated HRV

• NB: total variance of HRV increases with recording length 

NN/RR/IB intervals; time domain = best for long-term (24h) recordings



Discrete event series (DES) RR interval tachogram

Measures of HR/V– time-domain



Geometrical and nonlinear measures

• Geometrical measures: on 
NN interval histogram – HRV 
triangular index and
triangular interpolation of
NN interval histogram →
recordings of at least 20 min 
(preferably 24h)

• Nonlinear measures: e.g., 
Poincaré plots and approx. 
entropy (ApEn) → difficult to
interpret (physiologically) 



Fourier Transform: time → frequency

Source: Wikipedia/Wikimedia (also cf. youtube)

https://www.youtube.com/watch?v=zKKGA30bHG0


Fourier Transform: time → frequency

Power spectral (density; PSD) analysis of heart rate fluctuations 
(Akselrod, 1981) 



power in frequency bands (FFT or AR):

• Very low Frq (VLF): 0-0.04 Hz (NB: not for
short-term recordings of 5 min or less)

• Low Frq (LF): 0.04-0.15 Hz (~3-9 times / 
minute) → PSNS + SNS

• High Frq (HF): 0.15-0.4 Hz (9-24 times / 
minute) → PSNS (vagal) 

• LF/HF ratio (careful!)

→ absolute values (ms2) or normalized
units (n.u.) → Normalization emphasizes
balancing of SNS and PSNS (but always
also report absolute values)

Measures of HR/V– frequency-domain



Physiological evidence

• Total autonomic blockade nearly eliminates all HRV
• HF-HRV modulated by PSNS antagonists or vagotomy

(abolished) and electrical vagal stimulation (increased)
• LF-HRV reduced with either SNS or PSNS antagonists

→ NB: HF-HRV (PSNS) more clearly understood 
physiologically; central and peripheral contributions



• HFV ist nicht gleich HFV (Vielzahl an Maßen)
• HFV verschiedener Messdauer nicht direkt vergleichbar
• Liegend versus stehend
• Verlässliche R-Zacken Detektion benötigt (z.B., Kubios)
• Extrasystolen und andere Arrythmien, fehlende Daten und 

Rauschen beeinflussen HFV-Maße → Interpolation und 
Korrektur (Kubios)

HFV-Auswertung

http://kubios.uef.fi/
http://circ.ahajournals.org/content/93/5/1043.long
http://circ.ahajournals.org/content/93/5/1043.long


Physiologie der HFV

Auswertung der HFV

Psychologie der HFV



Trait HFV (in Ruhe) → höher = besser

HFV als individuelles Maß physischer und psychischer
Gesundheit → Messung: 5 Minuten in Ruhe

• HFV verringert bei kardiologischen aber auch nicht-
kardiologischen Patienten, z.B. mit Guillain-Barré Syndrom
(Flachenecker et al., 1997)

• HF-HFV prädiziert Überleben nach Herzinfarkt (e.g., Kleiger et 
al. 1987)

• Niedrige HFV als Risikofaktor für Herz-Kreislauf-
Erkrankungen (32-45% erhöht nach Meta-Analyse von 
Hillebrand et al., 2013) und generelle Mortalität (z.B. Liao et 
al., 2002) 



HFV und Schlaganfall
• EKG-Änderungen nach Schlaganfall

• Akut (Dimant & Grob, 1977; Orlandi et al., 2000)
• HFV-Änderungen nach Schlaganfall

• Nach 4-12 Wochen (Lakusiv et al., 2003)
• Nach 6 Monaten (besonders bei Insel-Läsionen; Korpelainen

et al., 1999)
• Unklar nach 9 Monaten (McLaren et al., 2005, aber Kouakam

et al., 2000)

→ Veränderungen in HFV nach Schlaganfall
→ Aber: Wenige Studien + versch. Maße und Messdauern



HFV und Psychopathologie

Verringerte HFV bei: 
• Depression (Meta-Analyse: Kemp et al., 2010)
• Angststörungen

• Sozialphobie (z.B. Gaebler et al., 2013)
• PTBS (z.B. Wahbeh & Oken, 2013)
→ Meta-Analyse (Chalmers et al., 2014)

→ NB: Medikationseinfluss (Kemp et al., 2010)



HFV als unabhängige Variable

HFV als Messparameter in Versuchsaufbauten 

→ Flexibilität im Verhalten und Aufmerksamkeit/Beschäftigung
mit der Umgebung (Thayer & Lane 2000, 2009; Porges, 2001, 2003)

• Emotionsverarbeitung: Emotionserleben und 
Emotionsregulation 

• Soziale Kognition und Aufmerksamkeit

• Stress

• …



individuals with higher HF-HRV at rest…

…perform better on a test of social cognition and 
emotion recognition (Quintana et al. 2012) 

r(65)=.26, p<.04

http://dx.doi.org/10.1016/j.ijpsycho.2012.08.012


Prosocial behavior and HRV

Barraza et al., 2015
• 100 s video of father with a 2yo son 

who’s dying of brain cancer
• Donors (red) vs non-donors (black)
• subjectively: more distress and 

concern in donors than non-
donors

• Logistic regression: HF-HRV 
predictive of donor status

http://www.sciencedirect.com/science/article/pii/S0301051115000186


HRV and attention 
• individuals with higher HF-HRV at rest inhibit unnecessary 

processing of affective information more efficiently (Park et al. 
2012). 

• However, on-task HRV inversely related to 
attentional functioning (Duschek et al., 2009)

http://dx.doi.org/10.1037/a0028528


HRV and acute stress

Wells et al., 2012
• 42 musicians
• Performance anxiety
• Single 30-min session 

of HRV biofeedback and 
slow breathing



More chronic stress ~ lower HRV

• Greater perceived emotional stress during past week ~ 
lower HRV (HF) at rest (Dishman et al., 2000; n = 92)

• Greater work stress ~ lower HRV (HF) at rest (Chandola et 
al., 2008; n = 10,308)

• Greater work stress ~ lower HRV (HF) during 24-h on a 
work day (Clays et al., 2010; n = 653) 



Eigene Erhebungen & Auswertungen

• ~200 younger (20-35 
yo) and older (60-75 yo) 
healthy adults

• 15-min resting-state
• ECG + PPG (+ BP + MRI)

PWV = predictor of 
incident hypertension 
(Najjar et a., 2008) and 
cardiovascular 
mortality (Blacher et al., 
1999)



Eigene Erhebungen & Auswertungen

Leipziger Forschungszentrum für 
Zivilisationserkrankungen (LIFE)
N = ~1,500
Trierer Inventar zur Erfassung von chronischem Stress 
(TICS; Schulz & Schlotz, 1999)
10-s 12-Kanal-Ruhe-EKG (“ultrashort”) 
(+ MRT: T1 und resting-state fMRI)



Eigene Erhebungen & Auswertungen

“The physiology and experience of chronic stress in post-
meno-pausal women and men in the same age-group” 
• N = 30 
• Ältere Frauen & Männer (60-70 Jahre)
• 7 Tage Dauer-EKG und stündliche Abfragen (Stress im

Alltag)



Eigene Erhebungen & Auswertungen

“Neural Consequences of Stress” (NECOS)
• ~60 gesunde junge Männer
• Trier Social Stress Test (TSST; Kirschbaum et al., 1993)



Zusammenfassung

Physiologie: HFV als Maß parasympathischer
Kardioregulation → Herz-Hirn-Interaktion
(Hirnstamm und Großhirn)
Auswertung: Vergleichbarkeiten der Maße
(Zeit/Frequenz) und Messdauern
Psychologie: “Trait” und “State” Maß

• Körperliche und geistige Gesundheit
• Aufmerksamkeit, soziale und Emotionsverarbeitung
→ Stress 



Vielen Dank für Ihre Aufmerksamkeit!



How to augment your HRV?

• Drugs (beta-adrenergic
blockade, antiarrhythmic)

• Biofeedback and meditation
• Psychotherapy
• Vagus nerve stimulation
• Physical exercise

→ clinical intervention studies
are missing!


