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 ABSTRACT
Biofeedback is a method of training subjects to regulate 
their own physiology using feedback from physiologic 
sensors connected to an output display. Biofeedback-
assisted stress management (BFSM) incorporates the 
physiologic signals with instructions on stress manage-
ment. The goal of BFSM training is to give subjects 
the tools to control their own mental and physiologic 
reactions, leading to improved health and wellness. In 
cardiovascular disease, overactivation of the sympathetic 
component of the autonomic nervous system and 
psychologic stress together negatively affect quality 
of life and clinical status. BFSM targets both areas. We 
hypothesize that this intervention can be used in cardio-
vascular disease to improve clinical status and quality 
of life, as well as interfere with disease progression. We 
are conducting trials of BFSM in heart failure and stable 
coronary artery disease. Preliminary data suggest that 
use of BFSM by heart failure patients may actually cause 
cellular and molecular remodeling of the failing heart in 
the direction of normal. We are comparing the effects of 
BFSM with usual care in patients with stable coronary 
artery disease, testing the hypothesis that the interven-
tion will decrease both sympathetic hyperarousal and 
activation of the infl ammatory cascade. Since heart rate 
variability is abnormal in both cardiovascular disease and 
depression, and since BFSM has been successfully used to 
change heart rate variability, we also expect this interven-
tion to have a positive impact on the depression that 
often accompanies cardiovascular disease. 

 BIOFEEDBACK: WHAT IS IT?
The term “biofeedback” refers to the instrumentation 
or training process that allows biologic information 
to be recorded, displayed, and communicated back to 
an individual, allowing the individual to make adjust-
ments in physiologic processes that may enhance 
health or performance. The biofeedback display is 
analogous to a mirror, in which physiologic processes 

can be observed and adjusted much as one might 
adjust a hairstyle or a tie.

In our work with cardiovascular disease patients, 
biofeedback is a training process that involves a sub-
ject or patient, a biofeedback coach or therapist, and 
state-of-the-art biofeedback equipment. For biofeed-
back training to be effective, the subject who is trying 
to learn the skill must be engaged and willing to prac-
tice, the coach must be trained in psychophysiology, 
and the equipment must display accurate readings in 
real time, allowing the subject to monitor and change 
physiologic reactions appropriately. The coach 
teaches the subject about the physiologic parameters, 
establishes target ranges, and helps the subject learn 
how to move the physiologic parameters in the right 
direction.1,2 

Training often begins with a session in which 
a brief mental stress test is followed by a period of 
relaxation while physiologic parameters are recorded 
and displayed. This process helps the subject to 
understand the link between mental processes and 
physiologic arousal.

Biofeedback training can involve a number of 
physiologic modalities, including those that refl ect 
autonomic nervous system arousal, such as skin con-
ductance and heart rate variability, and those that are 
not strictly correlated with autonomic activity, such 
as surface muscle tension. Each physiologic param-
eter is recorded by a specifi c sensor, and all sensors 
are noninvasive. Sensors feed signals into a computer, 
where they are processed and amplifi ed, and subjects 
are able to view the output on a computer screen. 

Typically, in our work, there is one screen for the 
subject, on which a single parameter can be dis-
played, observed and discussed, and another screen 
for the coach, on which all parameters are displayed 
simultaneously. During a single session of biofeedback 
training, the coach may choose to work on a single 
parameter or switch between parameters, depending 
on how much progress is being made with each. In 
our work with patients, we generally train to simple 
parameters fi rst, such as respiratory rate, fi nger tem-
perature, and skin conductance, moving on to surface 
muscle tension, heart rate, and eventually heart rate 
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variability, which is a more complex concept and 
more easily understood later in the training process. 

It is important that the subject receive positive 
reinforcement for changing the physiologic param-
eters, and if the subject struggles too long with one 
parameter, it is generally useful to go back to a dif-
ferent parameter, where success may be more easily 
experienced. Ideally, by the end of six to eight train-
ing sessions, the subject will be able to make prog-
ress on all physiologic parameters, which will track 
together over time.

 BIOFEEDBACK-ASSISTED STRESS MANAGEMENT
Pure biofeedback training consists of operant condi-
tioning. That is, the subject learns to regulate his or 
her physiology in the right direction because of the 
feedback, which can be as simple as a pleasant image 
appearing on a computer screen or as complicated 
as a car moving faster around a racetrack; pure bio-
feedback involves changing physiology in response to 
positive reinforcement of some sort. 

In practice, we generally employ biofeedback-
assisted stress management (BFSM) rather than pure 
biofeedback. With BFSM, the subject learns to change 
physiology in the direction of health and wellness by 
learning techniques of stress management. The coach 
teaches the subject various relaxation techniques, 
such as slow and rhythmic breathing, guided imagery, 
progressive muscle relaxation, mindfulness, assertive-
ness, and  how to change negative thought patterns. 
With regular practice, the subject learns to change 
the physiologic parameters by relaxing the body. For 
example, instead of instructing the subject to “increase 
your fi nger temperature” and assume that the subject 
will achieve this because doing so will make the light 
bulb on the screen glow more intensely, the BFSM 
coach may instead talk with the subject about elimi-
nating stressful thoughts, learning to relax, and the 
fi ngers warming in response to the body relaxing. 

We distinguish between techniques of stress man-
agement, some of which are mentioned above, and 
psychotherapy, which can certainly be effectively com-
bined with biofeedback, but which we do not provide 
in our research studies. Coupling stress management 
techniques with biofeedback helps the subject change 
physiologic parameters in the direction of wellness 
and acquire tools that can be used in everyday life 
when stressful events arise. The objective of BFSM 
training is not just to change physiology, but also to 
change the way subjects respond to stressful events in 
daily life; ie, react to fewer events, react less intensely 
when they do react, and recover more quickly. 

 BIOFEEDBACK-ASSISTED STRESS MANAGEMENT 
IN CARDIOVASCULAR DISEASE

We are currently studying the effects of BFSM in 
patients with cardiovascular disease, including both 
heart failure and stable coronary artery disease. 
Patients with cardiovascular disease often are func-
tionally limited, and they also experience psychologic 
distress related to physical limitations and other life 
stressors. Both the physical limitations and the psy-
chologic distress impact quality of life. We hypoth-
esize that BFSM will teach our patients techniques 
of stress management, both mental and physiologic, 
that will help relieve their psychologic distress and 
improve their quality of life. BFSM will also poten-
tially decrease the overactivation of the sympathetic 
branch of the autonomic nervous system, which is 
common in cardiovascular disease, and correspond-
ingly upregulate the contribution of the parasym-
pathetic branch of the autonomic nervous system, 
which should be benefi cial.3 

We postulate that the decreased psychologic dis-
tress and improved balance of autonomic nervous 
system input to the heart will result in improved 
clinical status and biologic remodeling of the heart 
and blood vessels away from disease progression and 
toward health and wellness (Figure).

 A PROMISING TECHNIQUE IN HEART FAILURE
We are currently studying the effects of BFSM in 
patients with end-stage heart failure who are await-
ing heart transplant at Cleveland Clinic.4 As noted 
in a recent review, biofeedback is a promising tech-
nique in heart failure that patients may be able to 
use to consciously regulate their autonomic nervous 
systems.5 We hypothesize that BFSM training will 

FIGURE. Proposed model by which biofeedback-mediated stress 
management interferes with symptoms and progression of cardio-
vascular disease. NS = nervous system
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interfere with the overactivation of the sympathetic 
nervous system that is characteristic of heart failure, 
and that this will reverse the cellular and molecular 
remodeling that occurs in the failing human heart. 

To date, we have enrolled 25 patients; 10 are being 
studied in our National Institutes of Health–funded 
Clinic Research Unit and 15 are inpatients. All 25 
patients are listed as heart transplant candidates and 
have given consent for us to study their hearts when 
they are explanted. 

Each patient receives eight sessions with a certi-
fi ed biofeedback therapist. The fi rst and last sessions 
include mental stress tests, while the remaining six 
are BFSM training sessions. Patients are assessed at 
the beginning and end of the study using the 6-min-
ute walk test, the Kansas City Cardiomyopathy 
Questionnaire, the Medical Outcomes Study 36-Item 
Short-Form Health Survey (SF-36), and measure-
ment of plasma catecholamines. 

The primary end point of the study is the mea-
surement of cellular and molecular markers that 
have been shown to be altered in the failing human 
heart, testing the hypothesis that these markers will 
be reversed in the direction of normal in the BFSM 
therapy group. These markers are measured in the 
explanted failing heart when the patient receives a 
heart transplant. 

It is too early to report the results of this study, since 
only seven patients have undergone transplantation 
to date. We are encouraged by several early fi ndings, 
however, and hope these will be validated when the 
entire group is analyzed. 

In early analysis, scores on the Kansas City Cardio-
myopathy Questionnaire are improved in the last 
session compared with the fi rst; patients have shown 
the ability to learn a slower breathing rate; and they 
are able to regulate their heart rate variability, as 
measured by the standard deviation of the N-to-N 
interval, or SDNN. Most important, measurements 
in the fi rst seven hearts indicate that there is a degree 
of biologic remodeling of the failing heart after BFSM 
that is similar to what we have observed with left 
ventricular assist devices—hemodynamic pumps that 
take on the workload of the heart, permitting the 
heart to rest and recover while the patient is waiting 
for a transplant.6,7 If BFSM could produce changes 
in the cellular and molecular properties of the heart 
that are equal in magnitude to those produced by a 
mechanical pump, this would be a revolutionary fi nd-
ing in the fi eld of heart-brain medicine.

It should be noted that we are not the fi rst group to 
study BFSM in patients with heart failure. Moser and 

colleagues fi rst observed that a single session of skin 
temperature biofeedback could have signifi cant func-
tional effects in patients with heart failure.8 Bernardi 
and coworkers showed that merely teaching patients 
to breathe six times per minute (a large component 
of BFSM training) improved oxygen saturation and 
exercise tolerance.9 Swanson and colleagues in 2009 
demonstrated that patients with heart failure were 
able to regulate their heart rate variability, although 
they observed this only in patients with a left ven-
tricular ejection fraction greater than 30%.10 Our 
preliminary data demonstrate regulation of heart 
rate variability in patients with lower ejection frac-
tions, which is promising, but we have also added the 
biologic component of studying the explanted heart, 
allowing us to test the hypothesis that BFSM could 
potentially impact the remodeling process and thus 
have important therapeutic implications.

 TRIAL UNDER WAY IN CORONARY ARTERY DISEASE
In addition to our studies of BFSM in heart failure, 
we have begun a randomized clinical trial of patients 
with stable coronary artery disease, type 2 diabetes, 
or multiple sclerosis. These three patient populations 
were chosen because evidence from numerous studies 
suggests that they all involve autonomic nervous sys-
tem dysregulation as well as an infl ammatory process. 

It has already been mentioned that BFSM can 
interfere with overactivation of the sympathetic ner-
vous system and potentially upregulate the contribu-
tion of the parasympathetic nervous system, which 
usually exists in juxtaposition to the sympathetic ner-
vous system. Based on the work of Tracey,11,12 upregu-
lating the parasympathetic nervous system should 
be antiinfl ammatory. Thus, we hypothesize that by 
decreasing both sympathetic nervous system activa-
tion and infl ammation, BFSM should have an impact 
on patients with one of these disease states, resulting 
in improved quality of life and clinical status, reduced 
anxiety and depression, and changed disease-specifi c 
indicators of severity. 

We are currently enrolling patients who have 
coronary artery disease, type 2 diabetes, or multiple 
sclerosis and randomizing them to groups that will 
receive either BFSM or usual care. Outcome variables 
that will be assessed in all patients include heart rate 
variability; the response of temperature, skin conduc-
tance, respiratory rate, and heart rate variability to 
mental stress; plasma catecholamine levels; plasma 
C-reactive protein levels; and tumor necrosis factor 
alpha levels. At the fi rst and last visits, all patients 
will complete the SF-36, the eight-item Patient 
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Health Questionnaire depression scale (PHQ-8), 
the Generalized Anxiety Disorder seven-item scale 
(GAD-7), and a visual analog pain scale. We will also 
assess disease-specifi c variables, including heart rate 
recovery after exercise, plasma lipids, and myeloper-
oxidase in patients with coronary artery disease; the 
Multiple Sclerosis Functional Composite (MSFC) 
test and the Modifi ed Fatigue Impact Scale (MFIS) 
will be administered to patients with multiple sclero-
sis; and plasma glucose and hemoglobin A1C will be 
assessed in patients with type 2 diabetes. 

Results of this study will provide data on the poten-
tial of BFSM to decrease common markers of autonomic 
nervous system activation and infl ammatory cascades 
and the effect of those alterations on three specifi c dis-
ease states. To our knowledge, such a randomized study 
has not been conducted previously; our fi ndings will 
add signifi cantly to the literature on the mechanism of 
action of biofeedback-type interventions.

 POTENTIAL IMPACT ON DEPRESSION 
IN CARDIOVASCULAR DISEASE

Depression is increasingly recognized as a component 
of many cardiovascular diseases; this raises the ques-
tion of what effect BFSM therapy in cardiovascular 
disease patients will have on their depression. Of 
particular importance to this discussion, heart rate 
variability has been shown to be decreased both in 
cardiovascular disease and in depression, and BFSM 
is one treatment that can be used to regulate heart 
rate variability. Heart rate variability biofeedback has 
been shown to be useful in treating depression. 

Work from Karavidas and colleagues showed 
that 10 weeks of heart rate variability biofeedback 
in patients with depression led to signifi cantly 
improved scores on the Hamilton Depression Scale 
and the Beck Depression Inventory. Improvement 
was observed by the fourth week of training, with 
concurrent increases in the SDNN.13 Siepmann 
and colleagues also used heart rate variability bio-
feedback in depressed subjects and demonstrated 
signifi cant improvement in scores on the Beck 
Depression Inventory, as well as a concomitant 
decrease in anxiety.14 In related work, Uhlmann 
and Fröscher used electroencephalographic bio-
feedback (also called neurofeedback) in epilepsy 
patients with depression and measured an increased 
sense of self control and a decrease in external locus 
of control; they postulated that biofeedback train-

ing provided an important opportunity for success, 
and thus increased internal control and decreased 
depression.15 

Evidence suggests that BFSM should have an 
impact on depression in addition to impacting the 
cardiovascular disease itself, and both should work 
together to improve quality of life. For this reason we 
have added a depression inventory to our randomized 
trial of BFSM in patients who have coronary artery 
disease, diabetes, or multiple sclerosis.
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