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Number of biofeedback papers published in all journals

EMG biofeedback

__539

Electrodermal bfk

___77

Thermal bfk

___167

HRV biofeedback

___750

EEG biofeedback

___1043



Yearly Impact Factor for APBI



Impact factor compared with other 
psychophysiology journals (from Elicit AI)

3.0



Conclusions about APBI

• Doing well in the company of pre-eminent journals in our field
• Is on a trajectory to becoming more prominent 

• Particular improvement in the past 5 years

• The focus is trending toward EEG and HRVB applications in our 
journal. Other applications also are increasing in interest, but 
publications go to other journals

• BIOFEEDBACK HAS MADE IT INTO THE MAINSTREAM



Meta-analysis of HRV Biofeedback
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Growth in controlled HRVB applications 
studies



Why a Meta-Analysis 

• Need to prove value of HRVB as a component in standard practice
• No funds for a phase III trial
• Many smaller studies are in the literature



Data for Meta Analysis on HRVB and 6/min 
paced breathing for resilience

• Strategy: conservative
• All target conditions
• All measures in all studies (whether or not they are 

identified as target variables)
• Controlled study

• Active as well as inactive controls
• n ≥ 10
• Data compatible with Comprehensive Meta Analysis 

(very flexible)
• Assume random effects
• Include nonpublished dissertations / conference papers
• No exclusions for quality of randomization, 

concealment



Meta-Analysis Procedure (cont’d)

•Find all studies using HRVB or paced breathing
•For paced breathing, rate must be 0.08-0.11 Hz
•HRVB + another treatment must have other 

treatment in comparison group too
• Include all outcome measures other than HRV, 

whether or not they are the focus of the study



• 1590 articles identified from database search and screened by 
title and abstract
• PubMed -334
• CENTRAL -280
• APA Psycinfo -119 
• CINAHL -340
• Scopus -118
• WoS -399

• 328 articles given full-text screening by two people
• 201 studies analyzed
• Total N > 10,000



Caveats about slow paced breathing

Frequency of greatest HRV effects (resonance frequency) differs among 
people

Most researchers and clinicians do paced breathing at 10 sec (6/min, 0.1 
Hz)

Average resonance frequency actually is 11 sec/breath (5.5/min, 0.09 Hz) 
not 10 sec

Clinical and HRV effects are slightly bigger at actual resonance frequency 



Interpreting Cohen’s d (effect size, standardized mean difference)
Group  differences / pooled standard deviation

• No effect      (< 0.15)
• Small effect   0.2  (0.15 – 0.25 )
• Small to medium effect   (0.25 – 0.40)
• Medium effect   0.5  (0.40-0.6)
• Medium to large effect    (0.6 – 0.70)
• Large effect   0.8  (> 0.70)



Considerations in interpreting meta analysis

•  Heterogeneity and bias  (Significant in almost all analyses)
• Not normally distributed: many positive outliers

• PB vs HRVB
• Active vs. inactive comparisons
• Targeted vs nontargeted measures



Single PB study



All studies

Shank



Outlier (Shank, et al, 2023)

• paced breathing study 
• anxiety among 144 Palestinian children living in circumstances of 

armed conflict
• d > 5.0
•  Large number of sessions (25)
• Better than average methods for statistical baseline control and 

blinding of assessors and data analyzers
• Probably not biased, but omitted because an outlier



Analyses with all studies

• Number of participants > 15,000

• All studies, PB and HRVB: medium effect size 
• With outlier: d = 0.420, k = 227, p < 0.0005 (medium)
• Without outlier: d = 0.392, k = 226, p < 0.0005 (small to medium)
 



Analyses without outlier
 (and all subsequent analyses)
• Compared with other active treatments: small significant effect size

• d = 0.163, k = 56, p = 0.011  

• Compared with inactive conditions: medium effect size
• d = 0.468, k = 170, p < 0.0005

• Targeted vs nontargeted measures
•  Targeted:  d = 0.561, k = 107, p < 0.0005  (medium)
• Nontargeted: d = 0.388, k = 107, p < 0.0005 (small to medium)

• HRVB vs PB (inactive targeted comparisons)
• HRVB: d = 0.471, k = 121, p < 0.0005  (medium)
• PB: d = 0.264, k = 16, p = 0.046 (small to medium)
• Not significantly different, Q(1) = 0.246, p = 0.143



Paced breathing studies without outlier



Number of sessions
HRVB studies



ALL STUDIES



Effect sizes by bias ratings

Bias rating                                                         k                        d



SUMMARY OF META ANALYSIS FINDINGS
                    (inactive comparisons)
LARGE EFFECT SIZE
   d  k
Respiratory px 1.22    5
Nonclin pain 1.11    3
Athletic perform 
 (targ.)  1.06    7
Clin. Anxiety 1.04  16

MEDIUM – LARGE EFFECT SIZE
   d  k
Systolic BP
      (HRVB only) 0.67           13
Clin. Sleep   0.62  7 



SUMMARY OF META ANALYSIS FINDINGS
                    (inactive comparisons)
MEDIUM
      d                k
Craving  (targ.)  0.56             9
Cognitive function 
      (active comparisons) 0.51        9
Heart rate                                0.51            6
Depression targ.  0.47                           28
Anger   0.45             7
Inflammation/amyloids 0.43     7
Clin. Pain  0.41     7
PTSD   0.40             7
Clin. Depression  0.38                            23
       

SMALL TO MEDIUM
   d          k
Stress nontarg  0.33                 23
Diastolic BP (targ)  0.32          7

SMALL
Cortisol   0.24           5



Other conditions with significant effects in 
single studies
• Female sexual arousal
• Neuroplastic prefrontal 

increases
• Limbic-prefrontal connectivity 

(2 studies)
• Brain increased activity in 

motor and visuospatial areas
• Somatization symptoms
• Executive function
• G-I disorders



Adding HRVB/PB to another treatment: 
Moderate effect size



ADDING HRV/PB to OTHER Tx

Paul (2012)

Without outlier d drops from
0.49 to 0.47



caveats

• Heterogeneity and positive skewness. Possibly inflated d
• 0.1 Hz paced breathing may have underestimated results
• Small k for some applications
• Effect size is not the same as clinical significance: need clinical 

significance evaluation



conclusions

• Meta analysis is the closest we get to Phase III trials: use it
• Generally moderate effect size, slightly stronger for HRVB than 6/min 

breathing
• More training helps
• Particularly promising applications  (large or medium to large effect 

sizes)
• Respiratory disorders
• Acute (not chronic or clinical) pain
• Athletic performance
• Anxiety
• Systolic blood pressure
• Sleep



conclusions

Possibly important areas of application (medium effect size)
 Craving   
 Cognitive function 
 Depression
 Anger 
 Inflammation
 Alzheimer ‘s prevention and treatment (amyloids)
 Pain
 PTSD                       23



Surprising small effect size

• Cortisol

• Possible explanation
• Primary stress response is inflammation
• Indirect relationship to stress

• Cortisol is anti-inflammatory; may represent a homeostatic response

• Stress in stressed individuals





anxiety

Paed breathing except outlier



Paced Breathing studies:
Active vs. Inactive Controls



Paced breathing vs. HRVB without outlier

• e

HRVB and PB both significant, HRVB nonsignificantly stronger p <.09
                   d =   .398 and .201   



Active v Inactive Controls, PB AND HRVB 
COMBINED without outlier

Significant for inactive controls, not for active controls.  Difference is significant



Targeted vs untargeted measures

Targeted significantly stronger, both significant



HRVB only Anxiety targeted vs nontargeted

Targeted k =  20                 Nontargeted k = 32

Moderate significant effect size for targeted
Nonsignificant effect for nontargeted



Targeted vs nontargeted anxiety

Targeted k = 21    Nontargeted k = 35



HRVB + PB Depression targeted & nontargeted

Targeted k =   30             Nontargeted k = 27



Sleep PB + HRVB

K-24



Cognitive function/ attention targeted vs not

Targeted k = 10     Nontargeted  k - 23

Targets:     post stroke, TBI, people working and/or tested under high performance stress
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