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803.776.4000 x6644


mailto:jay.ginsberg@va.gov

Disclaimer and Disclosure

* Clinical Neuropsychologist
* Interested in Cognitive Psychophysiology
 MH clinical research and hypothesis testing of
interventions for symptom reduction
 Emotional self-regulation and cognitive appraisal
* Not expert in cardiology, autonomics, or pain

 Slides are original or freely available from internet with
acknowledgment

* Planned for 45-50 minutes and questions

* No conflicts of interest, affiliations, or product
endorsements



Overview

Autonomic Self-Regulation (ASR)
a. Heart rate variability (HRV)
b. HRV Biofeedback (HRVB)

i. Coherence

ii. Mindfulness

Pain and Centrally Sensitized Chronic Pain
a. Stress and Chronic Pain as Stressor

Model of ASR and Centrally Sensitized Pain

Research on ASR and Centrally Sensitized Chronic Pain



i HeartMath

Heart Rate Variability (HRV)

0.793 sec. 0.726 sec.

= 76 BPM 83 BPM
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* Interbeat Interval — ‘ibi’
* instantaneous heart rate (HR)
* R-R or N-N
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Heart Rate Variability (HRV)

2.5 seconds of heart beat data

Average Heart Rate = 60 BPM
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- 2.5 seconds of heartbeat data -

HRYV is an indicator of autonomic function. Variability is equal to
variance, which is maximized when beat-to-beat intervals increase
and decrease in a smooth rhythm, one that approximates a sine
wave. A smooth sinusoidal rhythm of ibi’s is characteristic of a
healthy heart under resting conditions; the amount of variability is
directly related to respiration rate, and many inter-individual factors
such as age, gender, height, and fitness level



RR Interval Time Series Results for a single sample
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Coherence of Cardiac Rhythm
coherence.com (Richard Brown, MD and Stephen Elliot, Ph.D.)

30 BrPM (0.5 Hz) , HRV(avg) = 2
7.5 BrPM (0.125 Hz), HRV(avg) = 11

5.5 BrPM (0.092 Hz), HRV(avg) = 34

The difference | - Bar.oreflex
between the highest * _» /7 activates
resonance

and lowest BPM is
shown along the
center; averaging
across consecutive
maxima yields
HRV(avg), one of the
many measures of HRV.

(‘Coherence’)


http:coherence.com

Attaining Coherence:
Resonance Frequency Breathing (RFB)

* HRV is related to respiratory cycle

* At ~ 6 breaths/minute

* HRV and respiratory cycle synchronize

* HRV is maximized

e Resonant Frequency Breathing

* ‘Coherence’

Note: 6 breaths/min=10 seconds per breath=0.1 Hz)
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72 BPM, Max-Min 20
1 cycle/10 sec, 12 beats/cycle
6 cycles (1 minute )
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The heart rhythm pattern shown in the top graph is characterized by its erratic,
irregular pattern (Non-coherence), and associated with negative emotions such as
anger or frustration. The bottom graph shows a regular heart rhythm pattern
(Coherence), observed when an individual is breathing properly and experiencing
sustained, modulated positive emotions such as compassion or gratitude.
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HRV Biofeedback






HRV-B participant and coach
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HRV-B coaching essential elements

* Paced breathing at resonant frequency.

or imagery focused on breathing and the
heart. Focused attention on air entering and exiting the
chest and passing thorough the heart

* Positive emotional state (PES). Occupy the mind during the
HRVB session with thoughts of compassion, gratitude,
apreciation, etc.

4

‘COHERENCE’



mlndful

taking time for what motters

Why
Jon Kabat-Zinn

Thinks Mindfulness
Has a Big Future

A

Mindfulness for Pain: books, cd’s,
online courses, ceu’s

Mindfulness Over
Chronic Pain

Mindfulness
Meditation for

Pain Relief

- ‘ 7 Eliminate

NV
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Cynthia Perkins, M.Ed.
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Mindfulness Defined
“Moment-to-moment non-judgmental awareness”

Mindfulness in Practice

Body Scanning

. Lying on back

- Quiet

. Focus attention on organs
Mindfulness (meditation)

e Secular
Yoga postures

Effects of Mindfulness
Improves quality of life
No evidence that Mindfulness prevents or cures disease
. Not recommended to lower blood pressure
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Explaring the Promise of Mindfulness as Medicine
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RFB

Mindfulness

-

HRV

v

PES
Compassion, gratitude, etc

HRV
COHERENCE




Figure 1 (a - d) depicts the Pre-Post HRVB Training the R-R Interval Tachogram
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Pain and Centrally Sensitized Chronic Pain



Not all pain is the same: The pathophysiology of
painful diseases

Nociceptive pain Neuropathic pain
Caused by activity in neural Initiated or caused by a
pathways in response to primary lesion or dysfunction

potentially tissue-damaging In the nervous system
stimuli

Neuropathic Peripheral
. low-back pain qeuropath
Postopgratlve Arthritis patny
pain _ _ CRPS
T 7 Diabetic
ickle ce
Mechanical e neuropathy Trigeminal
low-back pain neuralgia
Central post- Postherpetic
Sports/exercise stroke pain Ip' !
injuries neuraigia

Rollin Gallagher, MD, MIPH
dhss.delaware.gov/dsamh/files/2007gallagherii.pps



Nociceptive Pain

. CFiber
~ L A

1. Peripheral
tissues

Understanding Pain and Pain Amplification. Robert Benett, MD.
http://www.myalgia.com/Pain amplification/Overview.htm



http://www.myalgia.com/Pain_amplification/Overview.htm

Nociceptive Pain

1. Peripheral
tissues



Nociceptive Pain
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1. Peripheral
tissues




Nociceptive Pain
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1. Peripheral
tissues

Descending Modulation of Pain

Influences from brainstem nuclei and forebrain on spinal transmission of
incoming peripheral pain signals :

e periaqueductal gray in upper brain stem

e serotonergic from nucleus raphe magnus

e adrenergic from locus coeruleus

* dopaminergic from ventral tegmental area and hypothalamus



Nociceptive Pain

3. Brain
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1. Peripheral 2 Spinal
tissues cord

A. Antidepressants (e.g. amitriptyline, duloxetine) reduce pain by
increasing descending pain inhibition from catecholamines




4. Descending
modulation  §
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1. Peripheral 2 Spinal
tissues cord

B. Anti-epileptics (e.g. gabapentin, pregabalin) reduce pain by

Nociceptive Pain
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limiting release of glutamate from afferent peripheral C fiber
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1. Peripheral 2 Spinal
tissues cord

Nociceptive Pain
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C. Opioids (e.g. morphine) block pain by activating opioid

receptors and inhibiting substance P




Blackburn-Munro, G. &
Blackburn-Munro, R.E. (2001).
Chronic Pain, Chronic Stress
and Depression: Coincidence
or Consequence? Journal of
Neuroendocrinology. Volume
13(12), 1009-1023. Springer

N
Spinal cord /
— — "1 [
Pro-inflammatory :
éi:}cytokines @ 7
: N 1A

—

Adrena | gland

STRESS OF CHRONIC PAIN CAUSES
CENTRAL SENSITIZATION AND
DEPRESSION - I

* Inflammation / nerve injury stimulate
nociceptive information to dorsal horn
 Ascends to brainstem, gated in thalamus




STRESS OF CHRONIC PAIN CAUSES
CENTRAL SENSITIZATION AND
DEPRESSION - 11

* Inflammation / nerve injury stimulate
nociceptive information to dorsal horn

 Ascends to brainstem, gated in thalamus

* Cognitive appraisal in SI cortex

* Acute pain increases arousal via

sympathetic and GC routes (excitatory
reciprocal link between somatosensory

and limbic cortices)
o This 1s the stress pathway




STRESS OF CHRONIC PAIN CAUSES
CENTRAL SENSITIZATION AND
DEPRESSION - 1
* Inflammation / nerve injury stimulate
nociceptive information to dorsal horn
 Ascends to brainstem, gated in thalamus
* Cognitive appraisal in SI cortex
* Acute pain increases arousal via

sympathetic and GC routes (excitatory
reciprocal link between somatosensory

and limbic cortices)
o This 1s the stress pathway

« —>Descending pain modulation
PAIN ENDS
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STRESS RESPONSE NEGATIVE FEEDBACK: I

- ; Stress ends
* Glucocorticoid — negative

feedback via GR of HC, PVN,
P, and AC

« | CRH, AVP release

« | ACTH release

s L GC

« JIL-1p

Pltuuta

Glucocorticoid ‘

A

Adrenal gland



STRESS RESPONSE NEGATIVE FEEDBACK: II

. : S Stress ends
Glucocorticoid — negative

feedback via GR of HC, PVN,
P, and AC

« | CRH, AVP release

« | ACTH release

GO

- JIL-1P
Mineralocorticoid — negative
feedback via GR in HC

. *Glu — GABA'

Brainstem 5-HT/NE release  Guucocoricoid W\
Amy
P

neurOkinin SP Adrenal gland



STRESS OF CHRONIC PAIN CAUSES
CENTRAL SENSITIZATION AND
DEPRESSION - 1
* Inflammation / nerve injury stimulate
nociceptive information to dorsal horn
 Ascends to brainstem, gated in thalamus
* Cognitive appraisal in SI cortex
* Acute pain increases arousal via

sympathetic and GC routes (excitatory
reciprocal link between somatosensory

and limbic cortices)
o This 1s the stress pathway

 Descending pain modulation
PAIN NEVER ENDS
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STRESS RESPONSE DRIVEN BY CHRONIC PAIN

« CRH and/or AVP released
*— anterior pituitary gland

* Stimulates ACTH release
* — adrenal cortex
* — triggers release of
glucocorticoid and pro- ACTH
inflammatory cytokines (e.g.
IL-1pP) release

Cytokine

/

Glucocorticoid \ Glucocorticoid

Adrenal gland




Pro-inflammatory
cytokines

—~°

STRESS OF CHRONIC PAIN CAUSES

CENTRAL SENSITIZATION AND

DEPRESSION

Pain never ends (<PTSD)->

Chronic Stress =

‘HPA overdrive’ 2

Loss of GC inhibition of pro-inflammatory
cytokines

Proliferation of peripheral inflammation
Heightened pain

Disinhibition of descending cortical pain
modulation (‘nociceptive braking’)
Depletion of catecholaimes -
(nor)adrenealin from locus coeruleus and
dopamine from hypothalamus
Depressed behavior and mood (fatigue,
insomnia)




Depression is an expression of chronic stress
Rodents show stress in their behavior; humans
show stress in their behavior and mood

* Chronically stressed rodents have a profile
strikingly similar to depressed people

* Depressed people are stressed

* However, not all stressed people are
depressed

* The difference between stress and depression
in people appears to be cortisol: when high,
depression is expressed; when low, stress is the
phenotype




Chronic stress (rodents)

Clinical depression (humans)

N CRH/CRH mRNA

N CRH/CRH mRNA

J CRH receptor affinity/number

J CRH receptor affinity/number

TAVP/AVP mRNA

TAVP/AVP mRNA

‘MCSF levels of CRH/AVP

MCSF levels of CRH/AVP

N Co-expression of CRH/AVP

I Co-expression of CRH/AVP

J GR/MR number/function

J GR/MR number/function

Altered plasma ACTH concentration

Altered plasma ACTH concentration

Altered circadian rhythmicity

Altered circadian rhythmicity

Adrenal supersensitivity to ACTH

Adrenal supersensitivity to ACTH

M Corticosterone

M Cortisol (*cortisol is {, in PTSD)

J Negative feedback

J Negative feedback

Adrenal hypertrophy

Adrenal hypertrophy

Pituitary hypertrophy

Pituitary hypertrophy

Exaggerated corticosterone response

Exaggerated cortisol response

Cognitive deficit

Cognitive deficit

Behavioral disturbance

Behavioral and mood disturbance

Blackburn-Monro & Blackburn-Monro (2011).




Pain and PTSD are inter-related

Moeller-Bertram, Tobias, Irina A. Strigo, Alan N. Simmons, Jan M.
Schilling, Piyush Patel, and Dewleen G. Baker. "Evidence for
acute central sensitization to prolonged experimental pain in
posttraumatic stress disorder." Pain Medicine 15, no. 5 (2014):
762-771

Scioli-Salter, E. R., Forman, D. E., Otis, J. D., Gregor, K., Valovski, I.,
& Rasmusson, A. M. (2015). The shared neuroanatomy and
neurobiology of comorbid chronic pain and PTSD: Therapeutic
implications. The Clinical journal of pain, 31(4), 363-374.



There Are Many Painful Diseases and Pain Diseases

Aflammatory / Immunological Mediation—_

Nociceptive pain™ | | /"Neuropathic pain

% MIXED PAIN STATES:

= cancer,low back, pelvic,
facial, h inies yutation

s

CRPS*

b
g

pain / Trigeminal

Mechani® neuralgia
low back pain radiculopathy Central post-

(sciatica) —°§m5kg~gam =

Sports/Exercise Diabetic DRUG AIUSE

‘,_|,.,l,ﬁ,'x';_ ~"J,- -\,v,‘, ,.',a., l_\o.' '/\ ’!

Rollin Gallagher, MD, MPH, dhss.delaware.gov/dsamh/files/2007gallagherii.pps



Chronification to Maldynia: The Chronic Pain Cycle (Galtagher, Pain Med 2011)

Pathology:
-Muscle atrophy,

H,_lopathy —
%ma / tr.actlon

Neuro-

?88055 sensitization

/ Brain 'P& fholo —
- P&&SEF&C ten Central
Acute injury Sensitization

/

weakness;
-Bone loss;
-Immunocompromise

-Depression X

psychopathology

-Neuroplastic

of maintenance: _and pain changes Disability
-Encoded anxiety Less active
dysregulation Kinesophobia
-PTSD Peripheral Decreased
-Emotional ; S motivation
allodynia Neurogenic Sensitizati Iicressed
-Mood disorder [nflammation: New Na+ channels isolation
-Cognitive Glial activation causs lower Role loss
disorder - Pro-inflammatory threshold Sleep disorder
-Substance cytokines ‘ — orant. . 101221 —
- RX DRUG ABUSE

- blood-nerve barrier




Research on ASR and Chronic Pain

‘The Health Pathway’



Autonomic Central Pain
Balance Sensitization
Stress, Depression

T . . -

*ASR—>Coherence

y
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Grant, J. A., & Rainville, P. (2009). Pain sensitivity and analgesic effects
of mindful states in Zen meditators: a cross-sectional study.
Psychosomatic Medicine, 71(1), 106-114.

McCracken, L. M., Gauntlett-Gilbert, J., & Vowles, K. E. (2007). The role
of mindfulness in a contextual cognitive-behavioral analysis of
chronic pain-related suffering and disability. Pain, 131(1),63-69.

Zeidan, F., Gordon, N. S., Merchant, J., & Goolkasian, P. (2010). The
effects of brief mindfulness meditation training on experimentally
induced pain. The Journal of Pain, 11(3), 199-2009.

Zeidan, F., Grant, J. A., Brown, C. A., McHaffie, J. G., & Coghill, R. C.
(2012). Mindfulness meditation-related pain relief: evidence for

unique brain mechanisms in the regulation of pain. Neuroscience
letters, 520(2), 165-173.
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Fig. 1. HRV Biofeedback reduces effects of chronic pain

AutonomicImbalance w

¥ Parasympathetic

A Sympathetic
Disease Pathway f

Health‘!’at!l_wav

'”S.tress an(.l\‘ [ Autonomic Balance .Emoﬁon\ ‘
\_ Depression /| A Paasympathetic ™' Reoulation /
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i atd Cognitive
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Chronic pain
causes central
sensitization and
loss of negative
feedback
regulation of the
stress response,
leading to
autonomic
imbalance,
allostatic stress,
and depressed
mood (Disease
Pathway). When
autonomic
balanceis
restored, stress
is reduced and
emotional
regulationis
recovered
(Health
Pathway).
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Non-pharmacological Intervention for Chronic Pain in

Veterans: A Pilot Study of Heart Rate Variability Biofeedback
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Gleichauf, PhD, United States; Jeff A. Meyer, PhD, United States; Madan L. Nagpal, PhD, United States

ABSTRACT

Objective: Chronic pain is an emotionally and physically debilitating form of pain that activates the body’s
stress response and over time can result in lowered heart rate variability (HEV) power, which is associated with
reduced resiliency and lower self-regulatory capacity. This pilot project was intended to determine the effective-
ness of HEV coherence biofeedback (HEWVCE) as a pain and stress management intervention for veterans with
chronic pain and to estimate the effect sizes. It was hypothesized that HEVCE will increase parasympathetic
activity resulting in higher HEV coherence measured as power and decrease selfreported pain symptoms in
chronic pain patients.

Study Deslgn: Fourteen veterans receiving treatment for chronic pain were enrolled in the pre-post intervention
study. They were randomly assigned, with 8 subjects enrolled in the treatment group and & in the control group.
The treatment group received biofeedback intervention plus standard care, and the other group received stan-
dard care only. The treatment group received four HEVCB training sessions as the intervention.

Measures: Pre-post measurements of HEV amplitude, HEV power spectrum variables, cardiac coherence, and
self-ratings of perceived pain, stress, negative emotions, and physical activity limitation were made for both treat-
ment and control groups.

Results: The mean pain severity for all subjects at baseling, using the self-scored Brief Fain Inventory (BPFT), was 26.71
(SD=4.46; range=21-35) indicating 3 moderate to severe perceived pain level across the study subjects. There was no
significant difference between the treatment and control groups at baseline on any of the measures. Post-HREVCE,
the treztment group was significantly higher on coherence (F=.o01) and lower (F=.012) on pain ratings than the con-
trol group. The treatment group showed marked and statistically significant (1-tailed) increases over the baseline in
coherence ratio (191%, P=o4) and marked, significant {1-tailed) reduction in pain ratings {36%, Ft.oo1), stress per-
ception (16%, F=.0z), negative emotions (49%, Pooor), and physical activity limitation (42%, Pc.oor). Significant
between-group effects on all measures were found when pre-training values were used as covariates.

Concluslons: HEVCB intervention was effective in increasing HEY coherence measured as power in the upper
range of the LF band and reduced perceived pain, stress, negative emotions, and physical activity limitation in
veterans suffering from chronic pain. HEVCE show's promise as an effective non- pharmacological intervention
to support standard treatments for chronic pain.
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The pre- treatment values for control and treatment groups were not statistically
different for self-ratings of pain, negative emotion, physical activity limitation, or
stress.

- i L
Table 1 Demographics Table 2 Pre- and Post-training Measures for Both Groups, Mean (50

Comtrol Treatment a59% 1 of
- I Varlable Control Treatment twvalues Pb difference
i i

Total & (43) & (5T} Coherance Pre 012 {007 o0Z2 (019 132 24 {03, 08
Male & (100 7 (e} Coberence Post oS {o0al 042 (024 26 02 a5, -0.1)
o L Mean (5D} ooin Pre 262043 2710490 -04 70 (64, 45

#Ange {y) a4 8 (7.4} 44,5 {6.6)
Paln_Post 365 17346 23 04 (o4, 138
Stress Pra MEBE 244058 0.1 o) (68 78
Stress. Post 00ES  204E1) 1.6 14 19,1337
Neg Emotion Pre 30207 35003E5 2 -12 78 (-15.0 5.3)

Meg Emotion Post 257 (127) 198 (10.4) 1.0 36 75,194
Aty Red Pre NTFA 340 (48 -1.1 30 (-102 33)
Aty Red Post 267 (116 199004) 1.2 26 6.1,19.7)

? Indepandant t-test, 12 o, 2l vartanoes egual eaxmept Meg Emotion_Pra
& 2.1all.

Abbroviations: Adtiv_Rad, acthity reduction; 3, confidenca imberval;
Meg Emotlon, negative amotion.




Figure 4. Changes in HRV Coherence and their associated effect on measures of pain,

physical activity, negative emotion, and perceived stress in Veterans with chronic pain who

received HRV-B + standard care (green lines) vs only standard care (red lines).
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Post-treatment coherence ratios were significantly
different (U =7.0, p,, = .03 but pre-treatment
ratios were not (Treatment n=§, Control n=6). | m ‘

Treatment
effects were
analyzed with
ANCOVA of
post scores by
group, using
pre scores as
the covariate.



Post-HRVB training, the treatment group was significantly lower than the control group
on all outcome measures (all p’s <0.05).
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Background:
Cancer survivors have lower HRV coherence than normal controls and HRVB
training improves HRV coherence, restores autonomic health

Research Question:
Will HRVB reduce late effects of cancer and its treatment, including stress,
depression, fatigue, pain, and insomnia?

Method:

Randomized, waitlist controlled, clinical trial. Participants in the intervention arm
receive weekly HRV-B training up to six weeks; a wait-list control group was
matched to the intervention arm. Outcome measures were assessed at baseline
(pre) and after week six (post)



Study Schema:

-Consent form
-Biospecimen consent form
-Complete symptom cluster
instruments
-Randomization procedure

- Weekly phone call: assess home HRV practice and
reminder appointment calls
-If participant meets coherence guidelines between weeks
4-6, proceed to final appointment (3-7 days later).

——>| Intervention Arm ] **

=11

G**

Off

y

N

-Collect saliva

Post-assessment appointment (3-7 days later)
-15 minute post-assessment HRV, respiration
-Complete symptom cluster instruments

v

v

-Off Study
-Opportunity to
complete 6 week HRV-
B training procedure

sample
-Baseline HRV,
respiration -Collect saliva sample
Weeks
—>{ Control Arm 1** 6**

-Collect saliva

sample
-Baseline HRV,

respiration

-Post-assessment HRV, respiration
-Complete symptom cluster instruments
-Collect saliva sample

Sleep Actigraphy= **
L5 -Actigraphy data collected
first and last week of
study

Schema



Symptom Cluster

Questionnaires
Socio-demographic inventory
Brief Pain Inventory (BPI)
Perceived Stress Scale (PSS)
Beck Depression Inventory-Il (BDI-II0
Suscro Distress Inventory
Multidimensional Fatigue Inventory (MFI,
short form)
Insomnia Symptom Questionnaire
Posttraumatic Stress Disorder Checklist —
Civilian Form
Munich Chronotype Questionnaire




Group A
(N=17)
HRVB

Group B
(N=17) two-
Wait List | tailed p-
Control value

Age (years), mean t stderr| 60.0+ 2.5

58.9+2.5 | 0.7621

Status Total
Screened 179
Ineligible 117
Enrolled 38
Dropped Out 4
Completed 34

Sex, count(%) 0.0445
Male 5(29.4) 0 (0)

Female 12 (70.6) 17 (100)

Ethnic Group, count (%) 0.6012
Hispanic or Latino 1(5.9) 0 (0)

Not Hispanic or Latino 15 (88.2) 14 (82.3)
Refuse/Don't
Know/Missing 1(5.9) 3(17.7)

Race, count (%) 0.349

White 14 (82.3) 13 (76.4)
Black or African American 1(5.9) 2(11.8)
Other 2 (11.8) 0(0)
Refused/Don't

Know/Missing 0 (0) 2 (11.8)

Education (years), mean +

stderr 0.9279
High School 4 (23.5) 4 (23.5)

College 7 (41.1) 6 (35.3)
Graduate School 3(17.7) 5(29.4)
Missing 3(17.7) 2(11.8)

Income, count (%) 0.7665
Under $50,000 6 (35.3) 5(29.4)
$50,000-$100,000 4 (23.5) 5(29.4)
$100,000 or more 6 (35.3) 4 (23.5)
Refuse/Don't
Know/Missing 1 (5.9) 3(17.7)




WE ASKED ALL THE QUESTIONS OF THE
PRELIMINARY DATA WE CAN, USING STRICT AND
RIGOROUS STATISTICAL ANALYSIS



Means (SE) and Significance of Differences of Outcome

Variables
Variable
Intention to Treat Completers (n’s
and means vary
from tabled
values)
Group Pre-1 Post-2 LMM3] Pre- |ANCOVA>
Post*
COHERENCE
HRVB |0.37(0.0)" [0.84(0.3)*u * "
Control |0.40(0.0) |0.33(0.0) " s
SDNN
HRVB (20.5(1.7)" |35.0(7.6)*! N * "
Control (18.9(2.7) |17.6(1.4) ns
RMSSD
HRVB |17.1(1.7)"s |25.4(4.2)™ *
Control |15.9(2.7) |15.7(1.8) " s n>

*<.05, ¥*¥<.01,***<.005; lIndependent t-test, 2-t, HRVB
vs Control; 2Independent t-test, 1-t, HRVB vs Control;
3GroupxPre-Post ix; “Dependent t-test, 1-t; >Between
group effect ; “Unequal variance; LMM-=Linear Mixed

Model;




Means (SE) and Significance of Differences of Outcome

Variables
Variable
Intention to Treat Completers (n’s
and means vary
from tabled
values)
Group Pre-1 Post-2 LMM3] Pre- |ANCOVA>
Post*
STRESS
HRVB (17.2(2.0)" |11.4(1.7) * ex | ¥ "
Control (19.0(1.6) |17.2(1.6) ns
DEPRESSION
HRVB [13.1(3.0)"™ | 5.5(2.5)** | ... | *** "
Control (17.1(1.6) |13.6(2.2) ns
DISTRESS
HRVB [14.2(3.0)" | 9.7(2.3)***| .. *x "
Control (20.6(1.8) |18.5(2.1) ns

*<.05, ¥*¥<.01,***<.005; lIndependent t-test, 2-t, HRVB
vs Control; 2Independent t-test, 1-t, HRVB vs Control;
3GroupxPre-Post ix; “Dependent t-test, 1-t; >Between
group effect ; “Unequal variance; LMM-=Linear Mixed
Model;




Means (SE) and Significance of Differences of Outcome

Variables
Variable
Intention to Treat Completers (n’s
and means vary
from tabled
values)
Group Pre-1 Post-2 LMM3| Pre- |[ANCOVA>
Post?
FATIGUE-GENERAL
HRVB [12.4(1.0)™ |10.0(1.1)*** | __ * ,
Control |14.8(0.8) (14.0(0.8) ns
FATIGUE-MENTAL
HRVB (11.3(1.3)" | 9.5(1.2)* ns
Control |13.7(1.1) |13.1(1.1) 1 hs n>
FATIGUE-REDUCED ACTIVITY
HRVB | 9.3(1.1)"| 6.4(0.8)* **‘ * ,
Control |10.9(1.0) 9.3(1.0) *

*<.05, **<.01,***<.005; !Independent t-test, 2-t, HRVB
vs Control; 2Independent t-test, 1-t, HRVB vs Control;
3GroupxPre-Post ix; “Dependent t-test, 1-t; >Between
group effect ; “Unequal variance; LMM-=Linear Mixed

Model;




Means (SE) and Significance of Differences of Outcome

Variables
Variable
Intention to Treat Completers (n’s
and means vary
from tabled
values)
Group Pre-1 Post-2 LMM3| Pre- |[ANCOVA>
Post?
PAIN SEVERITY
HRVB | 2.7(0.6)"| 1.9(0.5) ns
Control| 25(05) | 2706) | ™ | ns n>
PAIN INTERFERENCE
HRVB | 2.4(0.8)"| 1.4(0.4)*u ns
Control| 3.4(06) | 3.107) | ™ [ ns ns

*<.05, **<.01,***<.005; lIndependent t-test, 2-t, HRVB
vs Control; 2Independent t-test, 1-t, HRVB vs Control;
3GroupxPre-Post ix; “Dependent t-test, 1-t; >Between
group effect ; “Unequal variance; LMM-=Linear Mixed

Model;




Means (SE) and Significance of Differences of Outcome

Variables
Variable
Intention to Treat Completers (n’s
and means vary
from tabled
values)
Group Pre-1 Post-2 LMM3] Pre- |ANCOVA®
Post?
SLEEP SYMPTOMS
HRVB (14.7(1.5)" | 8.1(1.7)***¥| .. | *** .
Control [16.5(1.3) |18.3(0.8) ns
SLEEP-DAYTIME IMPAIRMENT
HRVB |10.7(1.8)"s | 5.4(2.0)** e | . x
Control |12.3(1.7) (13.0(1.8) ns

*<.05, **<.01,***<.005; lIndependent t-test, 2-t, HRVB
vs Control; 2Independent t-test, 1-t, HRVB vs Control;
3GroupxPre-Post ix; “Dependent t-test, 1-t; >Between
group effect ; “Unequal variance; LMM-=Linear Mixed

Model;




PLANNED ANALYSES

* COVARIATE

* PRINCIPAL COMPONENTS

 HIERARCHICAL REGRESSION?



HYPOTHESIS FOR VA MERIT PROPOSAL
COHERENCE REDUCES CENTRAL SENSITIZATION OF PAIN, STRESS,
AND DEPRESSION

HRV BIOFEEDBACK PRODUCES COHERENCE

HRV BIOFEEDBACK WILL REDUCE CENTRALLY SENSITIZED PAIN,
STRESS, AND DEPRESSION

HRVB AND COHERENCE WILL REDUCE CENTRALLY SENSITIZED
PAIN AND ASSOCIATED STRESS AND DEPRESSION BECAUSE THE
SAME NEURAL STRUCTURES AND CIRCUITS ARE INVOLVED IN
BOTH

HYPOTHESIS COROLLARY
HRVB AND COHERENCE WILL NOT IMPROVE PAIN THAT IS SOLELY
FROM A NEUROPATHIC SOURCE
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Study Schema — Dom VAMC HRVB and Chronic Pain Ment Grant

-Consent agreement

-Randomuze to Active or Sham

HRVB tramnng
€8 weeks=> &8 weeks=>
Weeks
Active HRVB arm - = -
Pre- (| 1 2115]||6]| | Post Booster “Follow-up
* HRV e« HRV
l A l e Pam e Pam
e Cogmnon e Cognition
Pre-assessment Post-assessment - =
e HRV e HRV
e Pain e Pam
e Cognition e Cogmtion
Cross-over
€38 weeks=> €8 weeks=
Sham HRVB Am e
Pre- 1 2 S 6 Post- ‘Booster ‘Follow-up’
¢ HRV e HRV
l’ i e Pamn e Pam
Pre-assessment Post-assessment e Coguition * Cognition
e HRV e HRV
e Pamn e Pam
e Cognition ¢ Cognition

Number of veterans screened or prescreened: 220
Number of veterans enrolled: 10
Number of veterans completed: 9
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