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Abstract
The effects of biofeedback for the treatment of essential 
hypertension: a systematic review

J Greenhalgh,* R Dickson and Y Dundar

Liverpool Reviews and Implementation Group, University of Liverpool, Liverpool, UK

*Corresponding author

Objectives: To assess the evidence for the long-term 
effectiveness of biofeedback for the treatment of 
essential hypertension in adults and to model any clinical 
benefits. 
Data sources: Bibliographic databases including the 
Cochrane Library, EMBASE, MEDLINE, ISI Web of 
Knowledge/Web of Science, ISI Web of Knowledge/
ISI Proceedings, the Cochrane Library 2007, CINAHL, 
AMED and PsycINFO were searched up to May 2007. 
Review methods: A systematic review following 
accepted guidelines was conducted. Randomised 
controlled trials (RCTs) that compared biofeedback 
procedures with antihypertensive medication, placebo 
(sham biofeedback treatment), no intervention or other 
behavioural treatments were included. The outcome 
measure was change in blood pressure.
Results: A total of 927 non-duplicate references were 
identified by the search strategy and subsequently 
screened for inclusion in the review. From these, 41 
publications (including three abstracts) reporting 36 
RCTs with a total population of 1660 treated patients 
met the inclusion criteria of the review. Twenty-
one trials employed biofeedback treatment with no 
adjunctive therapy and 15 trials used biofeedback 

treatment alongside another treatment. The majority of 
trials were small with no post-treatment follow-up or 
follow-up of less than 6 months. The poor quality of the 
trials, differences in interventions and inconsistencies 
in the measurement of outcomes meant that it was 
inappropriate to pool data across studies. A narrative 
summary of the data based on trial author conclusions 
is presented. No studies reported long-term (> 12 
months) follow-up of patients. Data were grouped 
first by treatment type and then by comparator. Trial 
results were variable and conflicting, demonstrating 
no consistent benefits of biofeedback in relation to 
moderation of hypertension. The lack of evidence of 
clinical effectiveness negated the need to conduct an 
economic analysis.
Conclusions: No evidence was found that consistently 
demonstrated the effectiveness of any particular 
biofeedback treatment in the control of essential 
hypertension when compared with pharmacotherapy, 
placebo (sham biofeedback treatment), no intervention 
or other behavioural treatments. Given the current 
standards for the treatment of hypertension, further 
research is likely to be considered only as an adjunct to 
pharmacological interventions.





DOI: 10.3310/hta13460 Health Technology Assessment 2009; Vol. 13: No. 46

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

v

Contents

 List of abbreviations  ..................................  vii

 Executive summary  ...................................  ix

1 Background  ...............................................  1
Introduction  ...............................................  1
Epidemiology  .............................................  2
Diagnosis and assessment of hypertension   2
Current treatment options  .........................  2
Biofeedback  ...............................................  3
Outcome measures  ....................................  4
Systematic reviews of biofeedback  .............  5
The current project  ....................................  6

2 Methods  .....................................................  7
Review of clinical effectiveness  ..................  7

3 Results  .......................................................  9
Clinical effectiveness  ..................................  9

4 Discussion  ..................................................  37

5 Research recommendations  ......................  39

6 Conclusion  .................................................  41

Acknowledgements  ...................................  44

References  .................................................  45

Appendix 1 Search strategy  ......................  49

Appendix 2 Biofeedback equipment  ........  51

Appendix 3 QUOROM flow diagram of 
trial selection  .............................................  55

Appendix 4 Excluded trials  ......................  57

Appendix 5 Trial characteristics  ...............  61

Appendix 6 Patient characteristics  ............  75

Health Technology Assessment reports 
published to date  .......................................  81

Health Technology Assessment  
programme  ................................................  101





DOI: 10.3310/hta13460 Health Technology Assessment 2009; Vol. 13: No. 46

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

vii

List of abbreviations

AAPB American Association for Applied 
Physiology and Biofeedback

ABPM ambulatory blood pressure 
monitor

ACE angiotensin-converting enzyme
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CCB(s) calcium channel blocker(s)
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Dissemination

CVD cardiovascular disease

DBP diastolic blood pressure
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Executive summary

Background

Hypertension is defined as persistently high blood 
pressure, with currently accepted thresholds in 
the UK at 140/90 mmHg. It is one of the most 
prevalent and powerful risk factors contributing to 
the development of cardiovascular disease (CVD) 
and one of the most important preventable causes 
of premature morbidity and mortality in developed 
and developing countries. The estimated lifetime 
risk of middle-aged men and women developing 
hypertension is 80–90%. The most common type of 
hypertension is essential hypertension, which has 
no known cause. Its estimated prevalence is 30.6%. 
Current treatment options include lifestyle changes 
and pharmacological agents.

Biofeedback is defined as a group of non-
pharmacological therapeutic procedures that 
use electronic instruments to measure, process 
and provide information (feedback) to patients 
regarding their neuromuscular and autonomic 
nervous system activity. Patients have been taught 
these procedures in an attempt to control their 
blood pressure. If shown to be effective they could 
be used in the treatment of essential hypertension. 

Objectives

The primary objective of this report was to assess 
the evidence for the long-term effectiveness of 
biofeedback procedures in treating adults with 
essential hypertension. Other objectives were to 
model any clinical benefits of biofeedback for the 
treatment of essential hypertension, provide an 
overview of currently used biofeedback equipment 
and offer recommendations for future research.

Methods

Two recent systematic reviews with meta-analyses 
were critically appraised and used as a basis for 
this updated systematic review, which compares 
biofeedback procedures with placebo (sham 
biofeedback treatment), no intervention or 
other behavioural treatments, as well as with 
antihypertensive medication. 

The assessment of clinical effectiveness evidence 
was conducted according to accepted procedures 
for conducting and reporting systematic reviews. 
This included a comprehensive search (for the 
period to May 2007) of bibliographic databases 
[including the Cochrane Library, EMBASE, 
MEDLINE, ISI Web of Knowledge/Web of Science, 
ISI Web of Knowledge/ISI Proceedings, the 
Cochrane Library 2007, CINAHL (Cumulative 
Index to Nursing and Allied Health Literature), 
AMED (Allied and Complementary Medicine) and 
PsycINFO], as well as hand-searching activities. 
Unpublished evidence (such as conference 
abstracts) was considered for inclusion in the 
assessment. Information regarding biofeedback 
equipment was sought from a range of sources: 
the British Hypertension Society (BHS); the 
American Society for Hypertension (ASH); the 
American Association for Applied Physiology 
and Biofeedback (AAPB); the National Centre 
for Complementary and Alternative Medicine 
(NCCAM); the Biofeedback Foundation of Europe 
(BFE); and the European Society for Hypertension 
(ESH). Equipment used in randomised controlled 
trials (RCTs) was also noted. Additionally, a panel 
of clinical advisers was asked to comment on 
equipment.

Results

The two existing systematic reviews were judged 
to be of high quality although there is a question 
regarding the appropriateness of the pooling of 
data. Neither review considered any evidence for 
biofeedback treatment versus antihypertensive 
medication. The authors of the first review 
concluded that biofeedback was more effective than 
no intervention, but was only superior to sham or 
non-specific interventions when combined with 
a relaxation technique. The second systematic 
review indicated that both biofeedback and active 
control treatments (relaxation training, cognitive 
therapy and home monitoring) reduced systolic 
blood pressure (SBP) and diastolic blood pressure 
(DBP), but only biofeedback significantly reduced 
SBP and DBP when compared with inactive control 
treatments (waiting list, blood pressure measured in 
a clinic, placebo biofeedback controls). 
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The systematic review presented here compared 
biofeedback treatment with antihypertensive 
medication, placebo (sham biofeedback treatment), 
no intervention or another behavioural therapy 
(including biofeedback) and the primary outcome 
was effect on blood pressure. The patient 
population was limited to adults with essential 
hypertension (taking or not taking antihypertensive 
medication) as defined above. 

A total of 927 non-duplicate references were 
identified by the search strategy and subsequently 
screened for inclusion in the review. From these, 
41 publications (including three abstracts) 
reporting 36 RCTs with a total population of 1660 
treated patients met the inclusion criteria of the 
review. In total, 21 trials employed biofeedback 
treatment with no adjunctive therapy and 15 
used biofeedback treatment alongside another 
treatment. The majority of trials were small and 
had either no post-treatment follow-up or follow-up 
of less than 6 months. 

No statistical meta-analysis was carried out as the 
general quality of reporting of trials was poor and 
there was a large degree of heterogeneity in terms 
of treatments and comparators. Outcome measures 
were inconsistently reported. A narrative summary 
of the data is presented. Data were grouped 
first by treatment type and then by comparator. 
In addition, the type of biofeedback was used 
to further delineate trials. Author conclusions 
regarding the efficacy or otherwise of biofeedback 
treatment versus the comparator were summarised 
and used as the basis of the analysis. 

Trial results were variable and conflicting, 
demonstrating no evidence of short- or long-term 
benefits of biofeedback in relation to moderation 

of hypertension. The trials comparing biofeedback 
with antihypertensive treatment were small and 
dated and showed no clear evidence for the 
efficacy of biofeedback treatment. The evidence 
was equivocal for the effectiveness of biofeedback 
treatment compared with either no intervention 
or placebo (sham biofeedback treatment). There 
was also no clear evidence for the superiority of 
biofeedback over other behavioural treatments. 
When benefits were shown they were within the 
standard error of reproducibility of blood pressure 
measurement and may therefore have arisen by 
chance. No trials reporting long-term outcomes 
were identified for inclusion in the review. 

The information obtained concerning biofeedback 
equipment is summarised. Front-runner 
technologies could not be identified within this 
review as the treatment protocols were diverse. 
There was no consistent evidence of a treatment 
effect and therefore we were unable to model any 
benefits.

Conclusions

The quality of research in this area is poor. 
There is currently no evidence that consistently 
demonstrates the effectiveness of the use of any 
particular biofeedback treatment in the control 
of essential hypertension when compared with 
pharmacotherapy, placebo (sham biofeedback 
treatment), no intervention or other behavioural 
therapies. The lack of evidence of clinical 
effectiveness negated the need to conduct an 
economic analysis. Given the current standards for 
the treatment of hypertension, further research 
is likely to be considered only as an adjunct to 
pharmacological interventions.
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Chapter 1  

Background

Introduction
Description of the health problem
Hypertension (also known as high blood pressure) 
is defined as persistently high blood pressure, 
with currently accepted thresholds in the UK at 
140/90 mmHg.1 Hypertension is one of the most 
prevalent and powerful risk factors contributing 
to the development of cardiovascular disease 
(CVD).2 Systolic blood pressure (SBP) is the major 
determinant of risk for CVD, particularly for adults 
over the age of 32 years.3,4 

The World Health Organization (WHO) has 
identified hypertension as one of the most 
important preventable causes of premature 
morbidity and mortality in developed and 
developing countries.4 People with hypertension 
have an increased incidence of stroke, transient 
ischaemic attack, left ventricular hypertrophy, 
heart failure, myocardial infarction, angina, 
peripheral vascular disease, fundal haemorrhages 
or exudates, papilloedema, and proteinuria and 
renal impairment.4 

The UK government predicts that the treatment 
of hypertension would produce large benefits at 
the population level in terms of avoided CVD. 
A White Paper5 published in 1999 identified 
action to improve the detection of hypertension 
and increase the number of persons receiving 
adequate treatment for high blood pressure as 
a priority. Currently, within the new National 
Service Frameworks6 for general practitioners, 
there are five quality indicators for hypertension 
and 158 out of 550 clinical points relate directly 
to hypertension, demonstrating the commitment 
of the Department of Health to action on this 
condition. 

Causes of hypertension
Biological 

Although several factors contribute to the 
pathogenesis of hypertension, renal mechanisms 
probably play a primary role while other 
mechanisms amplify (e.g. sympathetic nervous 
system activity and vascular remodelling) or buffer 
(e.g. increased natriuretic peptide or kallikrein–

kinin expression) the pressor effects of renal salt 
and water retention. 

Baroreceptors located in several organs detect 
changes in blood pressure and adjust mean 
arterial pressure by altering the force and speed 
of the heart’s contractions as well as the total 
peripheral resistance (resistance to blood flow). 
The renin–angiotensin system allows the kidney to 
activate angiotensin II (a natural vasoconstrictor). 
Aldosterone (a steroid hormone) is released from 
the adrenal cortex in response to angiotensin II or 
high serum potassium levels. It stimulates sodium 
retention and potassium excretion by the kidneys. 
As sodium is the main ion that determines the 
amount of fluid in the blood vessels by the process 
of osmosis, aldosterone increases fluid retention 
and, indirectly, blood pressure. The three systems 
are not necessarily independent of each other.3

Drugs and diseases 
Some medications such as non-steroidal anti-
inflammatories, oral contraceptives, steroids and 
various cold cures may bring about an increase in 
blood pressure. Other diseases and syndromes may 
also cause hypertension: renal disease, renovascular 
disease, phaeochromocytoma, Conn syndrome, 
coarctation and Cushing syndrome.4 Hypertension 
is twice as common in those with diabetes.3

Genetics
Family history may contribute to the risk of 
developing hypertension with the risk dependent 
on the age of the family member and number 
of close relatives with hypertension.3 Within 
families of both natural and adopted children, 
the association for blood pressure levels is higher 
between biological siblings and biological parent–
child pairs than between an adopted child and 
non-adopted siblings or parents.3 The exact nature 
of this genetic predisposition is not yet clear. 

Lifestyle 
Lifestyle factors documented as significantly 
impacting on blood pressure include being 
overweight and obese, lack of physical activity, high 
alcohol consumption, underconsumption of fruit 
and vegetables, high dietary intake of saturated 
fat, high intake of dietary sodium and low intake 
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of dietary potassium.4,7 Changes in lifestyle may 
lower blood pressure by as much as a single blood 
pressure-lowering drug, and combinations of two 
or more lifestyle modifications can achieve even 
better results.4 

Epidemiology

The lifetime risk of hypertension is high, with 
longitudinal data from the Framingham study8 
indicating a lifetime risk of 80–90% in middle-
aged men and women. The Health Survey for 
England (HSE) 20032 gives estimates of the overall 
prevalence of hypertension of 30.6%. This survey 
also reports a steep increase in prevalence with age 
for both men and women.

Prevalence is higher among men than women up 
to age 64 years, but women show a steeper increase 
with age compared with men so that men and 
women show the same prevalence of hypertension 
between the ages of 65 and 74 years. Beyond 75 
years there are a greater proportion of women than 
men with hypertension. 

There are limitations associated with the findings 
reported in the HSE, primarily related to the 
definition of hypertension. In the survey, three 
blood pressure measurements were taken per 
respondent, each at 1-minute intervals, and the 
mean of the second and third measurements 
was calculated. All participants with blood 
pressure greater than or equal to 140/90 mmHg, 
whether treated or untreated, were classified as 
hypertensive.

In clinical practice, hypertension is diagnosed after 
two measures are taken at two different time points 
and it has been argued that the HSE statistics may 
be an overestimate of true prevalence because 
they were based on recordings taken on the same 
day.6 The NHS Information Centre for Health 
and Social Care (ICHSC) makes available data 
from GP practices in England; the reported level 
of hypertension for 2005/6 was 12%. Although 
the ICHSC figures do not include the number 
of people with undiagnosed hypertension and 
definitions of hypertension vary, these data do 
highlight hypertension as a condition that affects a 
high proportion of patients in GP practices.9

Diagnosis and assessment 
of hypertension
The majority of people are unaware that they 
have hypertension because it frequently does not 
present with specific symptoms. Current National 
Institute for Health and Clinical Excellence (NICE) 
British Hypertension Society (BHS)1 guidance 
recommends that hypertension be identified by 
taking at least two measures of blood pressure on 
two separate occasions ‘under the best conditions 
available’. Table 1 presents the blood pressure 
classifications as published by the BHS.

According to these classifications, hypertension 
is diagnosed when systolic or diastolic pressure 
or both is above 140/90 mmHg. It may then be 
classified as either essential (most common) or 
secondary. Essential hypertension has no specific 
medical cause whereas in secondary hypertension 
the elevated blood pressure is a result of another 
condition, such as kidney disease or particular 
tumours. 

Other relatively uncommon types of hypertension 
include malignant, isolated systolic, white coat, 
resistant and pulmonary artery. In addition, other 
forms of hypertension exist in pregnancy: chronic, 
pre-eclampsia and transient.

Current treatment options

In the UK, current BHS and NICE1 guidance 
recommends that drug therapy should be offered 
to patients with:

• persistent high blood pressure of 
160/100 mmHg or more 

• persistent blood pressure of more than 
140/90 mmHg when there is raised 
cardiovascular risk (10-year risk of CVD of 
20% or more or existing CVD or target organ 
damage)

• isolated systolic hypertension of more than 
160 mmHg.

The BHS4 recommends a blood pressure target of 
< 150/90 mmHg as an audit standard, with lower 
targets (≤ 130/90 mmHg) for higher risk patients, 
whereas NICE1 guidance states that the aim of 
antihypertensive treatment is for blood pressure 
to be maintained at 140/90 mmHg or below, the 
optimal for reducing major cardiovascular events. 
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TABLE 1 Classification of blood pressure levels of the BHS4

Category Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

Blood pressure

Optimal < 120 < 80

Normal < 130 < 85

High normal 130–139 85–89

Hypertension

Grade 1 (mild) 140–159 90–99

Grade 2 (moderate) 160–179 100–109

Grade 3 (severe) 180 ≥ 110

Isolated systolic hypertension

Grade 1 140–159 < 90

Grade 2 ≥ 160 < 90

If systolic blood pressure and diastolic blood pressure fall into different categories the higher value should be used for 
classification.

There are varying levels of treatment. For those 
with high-normal blood pressure, lifestyle changes 
and regular checks are emphasised to reduce the 
likelihood of the development of hypertension 
and the need for drug therapy. With regard to 
drug treatment, three types of antihypertensive 
medication are recommended in the guidance 
produced by NICE1 in agreement with the BHS: 
angiotensin-converting enzyme (ACE) inhibitors 
(or angiotensin II receptor antagonist if ACE 
inhibitors are not tolerated), calcium channel 
blockers (CCBs) and thiazide-type diuretics. These 
are prescribed according to age and ethnicity as 
outlined in Table 2.

Beta-blockers are no longer preferred as a routine 
initial therapy for hypertension as it has been 
shown that they are less effective at reducing major 
cardiovascular events and are associated with 
an increased incidence of diabetes, particularly 
when combined with diuretics.1 However, beta-

blockers may be considered as an option for 
younger people such as women of childbearing 
potential, patients with evidence of increased 
sympathetic drive or those who have an intolerance 
of, or contraindications to, ACE inhibitors and 
angiotensin II receptor antagonists. If a single 
drug does not sufficiently control hypertension, 
combinations of drugs may be prescribed. In 
almost 50% of cases, more than one drug is 
required.10 

The majority of adults in England with 
hypertension have blood pressure levels above 
recommended targets.10 Reasons for this inability to 
maintain the recommended blood pressure levels 
are multifactorial and could include factors such as 
patient adherence, inadequate/ineffective treatment 
and lack of patient monitoring.7

Biofeedback

Biofeedback can be defined as a group of non-
pharmacological therapeutic procedures that 
use electronic instruments to measure, process 
and provide information (feedback) to patients 
regarding their neuromuscular and autonomic 
nervous system activity. This feedback may be in 
the form of analogue (or binary) and/or visual (or 
auditory) signals.11

The notion of gaining control over biological 
processes that are ordinarily involuntary has 

TABLE 2 NICE/BHS recommendations for antihypertensive 
medication1

Patient characteristicsa Recommendation

< 55 years and non-black ACE inhibitor

> 55 years or black CCBs or thiazide-type diuretic

ACE, angiotensin-converting enzyme; CCBs, calcium 
channel blockers.
a Black is defined as Afro-Caribbean and black African.
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been linked to ancient yogis who were able to 
demonstrate amazing skills such as temporarily 
stopping the heart from pumping blood, making 
the heart skip a beat at a given signal, and 
controlling pain and blood flow.12 These abilities 
may be thought of as mystic, but psychologists 
have been able to demonstrate that it is possible 
for ‘ordinary’ people to learn to manage their 
own bodily functions through techniques such as 
biofeedback.

In relation to blood pressure, early work on 
biofeedback with rats demonstrated that the 
animals could learn to increase or decrease 
their systolic blood pressure when reinforced for 
doing so.13 Further work with human adult males 
showed that they were also able to increase, but 
to a much greater extent decrease, systolic blood 
pressure when given feedback (light and tone) and 
rewards.14 

In simple biofeedback training for hypertension, a 
patient is connected to an instrument that provides 
continuous information about their blood pressure. 
Whenever blood pressure falls to a specified level, 
a signal (aural or visual) is given. The patient 
then reflects on what they were thinking or doing 
when the blood pressure was low and tries to 
repeat the activity in order to keep it low. In this 
way, the patient learns to identify sensations that 
accompany reductions in blood pressure and, 
after several training sessions, the patient may 
be able to develop skills to maintain control of 
blood pressure. The type of information given to 
patients may differ; as well as direct blood pressure 
biofeedback measures,15 other indirect indicators 
may be used including thermal (TBF),16 galvanic 
skin response (GSR),17 heart rate (HR) 18 and 
electromyographic (EMG) activity.19 

In TBF the patient is given information regarding 
the temperature of their finger or toe and 
instructed to warm their hands or feet in relation 
to this feedback. The physiological rationale is 
that increased sympathetic activity commonly 
observed during stress constricts the blood vessels 
in the skin and the decreased blood flow results 
in a cooler temperature. In contrast, decreased 
sympathetic activity results in less vasoconstriction, 
thereby increasing blood flow. As individuals 
warm their hands, they are actually learning to 
decrease neurally-mediated vasoconstriction 
and subsequently to decrease total peripheral 
resistance.

In EMG feedback the patient is given information 
regarding muscle tension. EMG is thought to 

mediate relaxation, and changes in muscle 
contraction affect blood flow; the muscle receives 
more blood flow during a weak contraction 
than during a strong contraction. GSR gives a 
measure of sweat gland activity by measuring 
skin conductance. Sweating is a sympathetically 
mediated response to stressful conditions; the 
less active the sweat glands are, the less aroused 
the patient is.20 Biofeedback training may include 
other techniques in addition to the biofeedback, 
for example relaxation,21 meditation22 or yoga.23

The website of the Association for Applied 
Psychophysiology and Biofeedback24 affirms (based 
on the evidence of two systematic reviews11,25 and 
meta-analyses reviewed below) that numerous high-
quality studies have demonstrated that people 
having high blood pressure – especially if stress 
related – can benefit extensively from biofeedback 
as long as they learn and practice the skills needed 
to control their blood pressure, and that many 
hypertensives no longer need any medication after 
successful biofeedback training. The Association 
rate biofeedback therapy for hypertension as 
efficacious (level 4 on a scale of 1–5, with 5 being 
the best).

Outcome measures

The majority of published trials of biofeedback 
report data taken in the laboratory or clinic.26 
However, it has been suggested that office- or 
clinic-based measures used in the biofeedback 
trials may be somewhat unreliable as they cannot 
detect ‘white coat’ hypertension, wherein the 
patient exhibits elevated blood pressure but only 
in the clinical setting. This phenomenon may 
affect between 20% and 30% of patients diagnosed 
with hypertension.27 In trials, habituation to the 
setting can also occur, resulting in declines in 
blood pressure that may be mistaken for treatment 
effects.28,29 Short baselines can exacerbate this 
problem. 

Both ambulatory blood pressure monitoring 
(ABPM) and home monitoring offer the 
opportunity to screen out white coat hypertension, 
and drug treatment research is increasingly using 
ambulatory measures as clinical end points.26 
With regard to clinical practice, current NICE 
guidance recommends the use of measures taken 
in a GP clinic to diagnose hypertension and 
does not recommend the routine use of ABPM 
or home measurement devices as their value has 
not been adequately established.1 However, the 
BHS4 acknowledges that ABPM provides more 



DOI: 10.3310/hta13460 Health Technology Assessment 2009; Vol. 13: No. 46

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

5

information than home or GP clinic measurements 
(mean day- and night-time measurements and 
blood pressure variability) and may be a better 
predictor than office measures of CVD risk and 
target organ damage as well as a better method of 
assessing treatment effects. With regard to home 
blood pressure monitoring (given advances in 
equipment design) such measures can also provide 
more information than those taken in a GP clinic 
and have the advantage of involving the patient 
more closely in their own care and treatment. It 
should be noted, however, that home monitoring 
(rather than ABPM) is not thought to predict 
cardiovascular risk or outcomes more effectively 
than clinic readings.4

A further issue with regard to outcomes is the effect 
of initial baseline measures of blood pressure. It 
is now well documented that high pretreatment 
values can result in greater treatment effects than 
lower values.11,25,28 Lower values may be subject to 
the so-called ‘floor effect’,28,30 whereby only small 
reductions are possible. Most biofeedback trials 
only include patients considered to be ‘mildly 
hypertensive’, at the lower end of the hypertensive 
threshold; thus, the effects of any treatment are 
likely to be small. It has also been argued that other 
critical outcomes such as the ability of a treatment 
to prevent the development or worsening of 
heart disease and the ultimate reduction in 
cardiovascular mortality be assessed in addition to 
the usual immediate changes in blood pressure.29 

Systematic reviews 
of biofeedback

Two systematic reviews have previously reported 
on the efficacy of biofeedback treatment for 
hypertension.11,25 We quality assessed these 
reviews31 and the results are summarised in Table 
3. Neither review considered any evidence for 
biofeedback treatment versus antihypertensive 
medication.

The reviews both used internationally accepted 
standards and were judged to be of good quality. 
Both reviews pooled data and reported small 
effect sizes with the use of biofeedback. The 
appropriateness of such an analysis is questioned 
given the variation in the methods of biofeedback, 
differences in comparators and variations in the 
timing of outcome measures. The reviews provided 
limited information regarding the data used in the 
meta-analyses (e.g. which studies were included, 
actual data input, time point of outcome measure, 
etc.). 

In addition, both reviews reported a need for 
significant manipulation of data to allow for the 
pooling. Nakao et al.11 pointed out in their analysis 
that ‘...standard errors of pre- and post-treatment 
blood pressure changes...’ were not reported in a 
number of studies and these had to be calculated 
from available data. Yucha et al.25 also pointed out a 
need to calculate standard deviations within studies 
and to make assumptions regarding appropriate 
measures of correlation. In a later paper, when 
referring to her previous biofeedback review 
Yucha32 reported:

While doing this meta-analysis, I noticed that 
these studies were plagued with inconsistency 
in their methodology and reporting, making 
statistical combination difficult if not 
impossible. 

Therefore the meta-analyses from these two reviews 
should be considered with extreme caution.

The aim of the review by Nakao et al.11 was to 
examine the blood pressure-lowering effects of 
biofeedback treatment in patients with essential 
hypertension. A total of 22 randomised controlled 
trials (RCTs) with a patient population of 905 
essential hypertensive patients were included 
in a meta-analysis. The analysis took account of 
biofeedback types (alone or combined with another 
therapy) and control types (no intervention and a 
combined category of sham biofeedback and non-
specific behavioural interventions). The authors 
concluded that biofeedback intervention decreased 
SBP and diastolic blood pressure (DBP) more than 
non-intervention controls but not more than sham 
or non-specific behavioural intervention controls. 
Only relaxation-assisted biofeedback significantly 
decreased both SBP and DBP compared with sham 
or non-specific behavioural controls. The authors 
concluded that biofeedback was more effective than 
no intervention, but was only superior to sham or 
non-specific interventions when combined with a 
relaxation technique.

The second review, by Yucha et al.,25 aimed to 
determine the effectiveness of biofeedback in the 
treatment of essential hypertension. A total of 
23 RCTs were included and interventions were 
categorised as biofeedback, active treatment control 
and inactive treatment control. Active treatments 
were relaxation training, cognitive therapy 
and home monitoring, and inactive treatments 
were waiting list, blood pressure measured in a 
clinic and sham biofeedback treatment controls. 
The biofeedback and active control treatments 
were found to reduce SBP and DBP, but only 



biofeedback significantly reduced SBP when 
compared with inactive control treatments. 

The results of the two reviews generally support 
one another in that they conclude that biofeedback 
can lower blood pressure by small amounts. It 
is worth noting that, for ethical reasons, most 
biofeedback trials are populated with patients who 
have mild or borderline blood pressure or who are 
taking antihypertensive medication. Therefore, 
effects of biofeedback may be masked. 

The current project

The purpose of the current project was to assess 
the evidence (short and long term) regarding the 
clinical effectiveness of biofeedback treatment 
for the treatment of essential hypertension. Long 
term was considered to be at least 6 months and 
preferably 12, although evidence from trials that 
were of a shorter duration was considered. If 
evidence of effectiveness had been demonstrated 
then these effects would have been incorporated 
into an economic analysis. Limited information 
on currently available biofeedback equipment is 
provided.

TABLE 3 Systematic review quality assessment

Quality assessment checklist item Nakao 200311 Yucha 200125

Did the review address a clearly focused research question?  

Was the search strategy adequate (i.e. did the reviewers identify all relevant studies)?  

Are the inclusion/exclusion criteria specified?  

Did the review include the right type of studies?  

Did the reviewers assess the quality of the included studies?  

Was the method of data extraction reported?  

Were appropriate measures of outcomes used?  

If the results of the studies have been combined, was it reasonable to do so? /×a /×a

Are appropriate subgroup analyses presented? NA _

Are the main results of the review reported (e.g. numerical results included with the 
confidence intervals)?

 

Are issues of generalisability addressed?  

, yes; ×, no; /×, partially; NA, not applicable.
a Poor quality of trials, inconsistency in reporting of trials and lack of information on dropouts may mitigate against a meta-

analysis.
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Chapter 2  

Methods

Review of clinical 
effectiveness
Search strategy
A comprehensive search strategy was developed 
and used (YD) to examine the electronic databases 
listed in Table 4. Details of the electronic search 
strategies used and the number of references 
retrieved for each search are provided in Appendix 
1. All references were exported to the EndnotE® 
reference database version X.0.2 (ISI ResearchSoft, 
Berkeley, CA).

The search did not include methodological filters 
that would limit results to a specific research 
study design. The search was restricted to reports 
that included abstracts written in English. 
Searches for the first seven databases had no date 
restriction and were carried out from database 
commencement to May 2007. The search of 
PsycINFO was carried out at a later date and the 
search was extended to October 2007. To ensure 
comprehensiveness, an updated search of all 
databases was carried out in the final month before 
the completion of this report. 

Reference lists of retrieved articles were searched 
to identify further studies. An advisory panel was 
established to guide the review process; the role 
of the panel was to answer specific questions as 
the review progressed and to comment on an 
early draft of the report, including identifying 
missed or ongoing trials, and to advise on types of 
biofeedback instrumentation and current usage. 

Inclusion and exclusion criteria
The identified articles were assessed for inclusion 
through two stages and disagreements were 
resolved by discussion. In stage one, two reviewers 
(JG, RD) independently scanned all of the titles 
and abstracts and identified the potentially 
relevant articles to be retrieved. To ensure that 
the screening was comprehensive, inclusion 
at stage one incorporated any behavioural or 
complementary therapy that might be relevant 
to biofeedback. In stage two, full text copies of 
the selected papers were obtained and each was 
assessed independently by two reviewers (JG, 
RD) for inclusion. Details of the inclusion and 
exclusion criteria are presented in Table 5. A quality 
of reporting of meta-analyses (QUOROM)33 flow 
diagram summarising the selection and inclusion 
of studies is provided in Appendix 3.

Data extraction

Data extraction was carried out by two reviewers 
(JG, NR). Individual trial data relating to trial 
design and findings were extracted and checked 
using a pretested data extraction form. Data were 
cross-checked by one reviewer (YD).

Quality assessment

The methodological quality of each trial was 
independently evaluated by at least two reviewers 
(JG, NR, YD) using criteria based on guidance 
issued by the Centre for Reviews and Dissemination 
(CRD).34 Any differences in quality grading were 
resolved through discussion. Inter-rater reliability 
was not assessed.

TABLE 4 Databases searched

MEDLINE

EMBASE

ISI Web of Knowledge/Web of Science

ISI Web of Knowledge/ISI Proceedings

Cochrane Library 2007

CINAHL (Cumulative Index to Nursing and Allied Health Literature)

AMED (Allied and Complementary Medicine)

PsycINFO was searched after the above were completed
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TABLE 5 Inclusion and exclusion criteria

Trial design Randomised controlled trials (RCTs)

Patient population Adults with essential hypertension (i.e. ≥ 140/90 mmHg), medicated or unmedicated with 
antihypertensive drugs

Interventions Biofeedback treatment alone or in combination

Comparators Antihypertensive medication, placebo (sham biofeedback), no treatment, other types of 
biofeedback treatment, other behavioural treatments

Outcomes Blood pressure measures 

Exclusion criteria Patients with other types of hypertension, non-RCT, narrative reviews, editorials or opinions

Analysis of results
A narrative summary of the data is presented. The 
qualitative heterogeneity across the trials, including 
the poor quality of the trial reports, the diversity 
of biofeedback protocols and the inconsistency 
in reporting of outcomes, precluded a statistical 
synthesis of the included trial results. Biofeedback 
treatments were divided into those that were used 
alone and those that were used in combination with 
another therapy. These were categorised further 
into antihypertensive medication, placebo (sham 
biofeedback treatment), non-intervention control 
and other behavioural treatments. The type of 
feedback (direct or indirect) was also noted. Author 
conclusions regarding the efficacy or otherwise of 
biofeedback treatment versus the comparator were 
summarised and used as the basis of the analysis. 

Methods for reviewing currently 
available biofeedback equipment
We identified biofeedback equipment by 
contacting organisations involved in the treatment 
of hypertension. These included the BHS, the 
American Society for Hypertension (ASH), the 
American Association for Applied Physiology 
and Biofeedback (AAPB), the National Centre 
for Complementary and Alternative Medicine 
(NCCAM), the Biofeedback Foundation of Europe 
(BFE) and the European Society for Hypertension 
(ESH). Equipment used in RCTs was also noted. 
Additionally, a panel of clinical advisers was 
also asked to provide opinions. The findings are 
presented in Appendix 2
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Chapter 3  

Results

Clinical effectiveness
Selection of included trials
A total of 927 non-duplicate references were 
identified by the search strategy and subsequently 
screened for inclusion in the review. From these, 
100 papers were obtained in full text to facilitate 
the application of inclusion/exclusion criteria. A 
total of 41 relevant publications (including three 
abstracts) reporting 36 RCTs met the inclusion 
criteria (Table 6). A further recent RCT35 was 
identified during a subsequent update of searches. 

Of the included trials, 34 (including three 
abstracts) were published in peer-reviewed journals. 
The remaining two were abstracts from PhD theses. 
One report36 presented data from two studies, and 
another trial, reported in two papers,37,38 compared 
two different types of biofeedback. 

The included trials reported comparisons between 
biofeedback treatments [either biofeedback alone 
(n = 21) or combined (n = 6) with an adjunctive 
therapy], antihypertensive medications, placebo 
(sham biofeedback treatment), non-intervention 
controls or other behavioural treatments. 

Reports of trials that did not fulfil the inclusion 
criteria (along with reasons for exclusion) appear in 
Appendix 4.

Quality assessment of 
included trials

The methodological quality of the included trials 
was assessed using the checklist described in the 
CRD Report No. 4;34 a summary of the assessment 
is provided in Table 7.

Overall, the methodological quality of the 
included trials was poor. All stated that patients 
were randomly allocated to treatment groups; 
however, only four21,35,39,40 described the method 
of randomisation and only two35,40 of these 
noted whether or how allocation was concealed. 
Only eight trials18,21,35,41–45 provided information 
regarding the blinding of assessors and, with the 
exception of the four trials21,35,46,47 in which blinding 
was inherent in the trial design, blinding of either 

administrators or participants was not mentioned. 
None of the trials reported any assessment of 
blinding procedures. It is worth noting that, 
without the use of a sham placebo treatment, 
blinding of treatment providers and patients is 
difficult to achieve; however, blinding of assessors 
can and should always be managed. Intention-to-
treat (ITT) analyses were not specifically reported 
in any trial; thus, ITT was assumed in cases in 
which it appeared that all patients randomly 
assigned to one of the treatment groups were 
included in the final analysis whether or not they 
completed or received that treatment.15,21,41,46,48–51 
Co-interventions (antihypertensive medication) 
were well reported. Baseline comparability was 
achieved or partially achieved in 25 trials. With the 
exception of three trials40,52,53 details of eligibility 
criteria were recorded. It is worth noting that the 
included trials were relatively old: seven from the 
1970s,21,38,45,54–57 16 from the 1980s,18,19,22,36,39–41,48–

50,53,58–61 10 from the 1990s11,16,42,43,46,47,51,52,62,63 and 
just three35,44,64 from 2000 onwards. The quality of 
reporting did not appear to improve over time.

Trial characteristics

Trial characteristics are presented in Tables 20 and 
21 in Appendix 5.

The 36 included trials incorporated a total 
population of approximately 1660 treated patients, 
with cohorts ranging in size from 1256 to 158.49 
The trial populations were generally small (less 
than 50); only four40,42,49,63 included more than 100 
patients. All were single centred and the majority 
were conducted in the USA. Of the non-US trials, 
three were UK based;22,40,45 others were conducted 
in Canada,42 Australia,47 Italy,64 the USSR,36,59 
Japan,15 Venezuela,46 Taiwan35 and Israel.18 Four 
trials21,35,47,53 employed a placebo treatment, 
whereas the remainder were all comparative with 
two or more arms. The number of biofeedback 
sessions ranged across trials from 464 to 20.36 

The majority of trials included either no post-
treatment follow-up or less than 6 months’ 
follow-up. Fifteen16,18,36,38–42,46,49,51,58,61,63 included 
post-treatment follow-up periods of 6 months 
up to a maximum of 12 months. When funding 
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TABLE 6 Summary of included trials

Biofeedback alone

Biofeedback combinations

Combination therapy

Achmon 198918 Berglund 199152a,b Menninger protocol

Billion 198053a,b Canino 199446 + relaxation + anger management

Blanchard 197954 Chesney 198749 + relaxation

Blanchard 198658,65–69 Cohen 198350 + relaxation

Blanchard 198748 Frankel 197821 + relaxation

Blanchard 198836 (USA) Friedman 19787,38c + hypnosis

Blanchard 198836 (USSR) Hafner 198222 + relaxation + meditation

Blanchard 199362 Irvine 199142 + relaxation + meditation + 
imagery

Blanchard 199616 Jacob 199243 + relaxation

Bonso 200564a Jurek 199251 + relaxation

Friedman 197837,38c Khramelashvili 198659a + relaxation

Goldstein 198241 McCraty 200344 + inner quality management

Hager 197855 McGrady 198119 + relaxation

Hatch 198539 McGrady 199463 + relaxation

Hunyor 199747 Patel 197545 + relaxation

Luborsky 198260 Patel 198840 + relaxation

Nakao 199715

Thananopavarn 197956a

Tsai 200735

Walsh 197757

Zurawski 198761

a Abstract only.
b Indicates abstract from PhD.
c Trial included two different types of biofeedback as comparators.

was reported, trials were frequently supported 
by grants from independent sources; only two 
trials40,42 reported some funding support from 
a pharmaceutical company. The commonly 
cited primary outcome of the trials was the 
effect of the interventions on direct measures 
of blood pressure, although the primary 
outcome in two trials58,62 was the reduction in 
medication from two antihypertensive drugs 
to one. Three trials52,54,55 described patients 
as having ‘borderline hypertension’, 11 ‘mild 
hypertension’16,21,22,41,42,47,49,51,56,60,64 and the 
remainder described patients as ‘hypertensive’. 
A number of biofeedback modalities were 
employed: blood pressure;15,21,35,38,39,41,47,54,55,60 
HR;18 EMG;19,21,22,36,45,49–51,53 TBF;16,43,45,46,48–52,58,62,63,66 
pulse wave velocity;57 GSR22,40,42,45,61 and heart rate 

variability.44 In some cases more than one modality 
was employed within the same trial.

Biofeedback alone 
Of the biofeedback alone trials, three41,56,60 were 
included in the category of biofeedback alone 
versus antihypertensive medication, three35,47,53 
were included in the category of biofeedback alone 
versus placebo (sham biofeedback treatment) 
and eight15,16,18,38,39,41,62,64 were included in the 
category of biofeedback alone versus non-
intervention treatment. In the last category, 
patients in the control arm had blood pressure 
checks at clinics, self-monitored their own 
blood pressure or had no treatment beyond 
baseline and end of intervention blood pressure 
measures taken. Fifteen trials18,36,38,39,41,53–58,60–62,68 
were included in the biofeedback alone versus 
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other behavioural treatments category. These 
treatments included cognitive group therapy for 
anger,18 relaxation,39,41,53–58,60 relaxation plus EMG 
biofeedback,54 TBF at home,68 autogenic training,70 
EMG biofeedback,54 hypnosis,38 meditation55 and 
stress management.61 

Biofeedback combinations 
None of these trials compared biofeedback 
combination treatment with antihypertensive 
medication. One trial21 compared biofeedback 
combinations with a placebo (sham biofeedback 
treatment), and 13 trials19,21,22,38,40,44,46,49–52,59,63 
were included in the biofeedback combinations 
versus non-intervention control category. Eight 
trials22,38,42,43,45,49,50,59 compared biofeedback 
combinations with other behavioural treatments. 
These included hypnosis,38 meditation,22 non-
specific support therapy,42 stress education43 and 
relaxation.40,49 One49 of these trials employed three 
behavioural comparators. 

The majority of biofeedback treatment was 
combined with relaxation.19,21,40,43,46,49,50,59,63 Others 
combinations included the Menninger protocol,52 
relaxation plus meditation,22 relaxation plus 
anxiety management,46 relaxation plus imagery 
plus meditation,42 relaxation plus diuretics,51 
yoga,45 hypnosis38 and inner quality management 
(IQM).44

Patient characteristics

Patient characteristics tables are presented in 
Appendix 6.

Sixteen16,35,36,38,41–44,46,49,51,52,57,62,68 of the included 
trials had a population of more than 60% males; 
moreover, three36,52 of these trials included only 
males. Seven trials19,21,36,39,49,51,63 reported the ethnic 
origin of patients, all predominantly white. Of the 
included trials, eight16,35,36,42,46,47,64 included only 
patients not taking antihypertensive medication, 
three41,56,60 compared patients not taking 
antihypertensive medication in the biofeedback 
treatment arm with those in an arm treated with 
drugs only, two43,51 included only patients taking 
antihypertensive drugs, three48,58,62 included 
patients on a specific two-drug regimen (with the 
primary outcome as a reduction in these drugs) 
and 1611,18,19,21,22,38–40,44,45,49,50,54,57,61,63 included a mix 
of patients taking or not taking antihypertensive 
medication. In one of these last trials49 the 
number of patients prescribed antihypertensive 
drugs changed across the course of the trial. Four 
trials52,53,55,59 did not state the medication status of 
the patients.

When mean ages of patients were given, these 
ranged from 30.936 to 59.945 years. When stated, 
patients had been diagnosed with hypertension for 
between 4 months22 and 14 years.41 

Clinical results and analysis

The preceding section indicates that the included 
trials were of poor quality and the treatments and 
comparators were heterogeneous. These factors 
mitigated against any statistical analysis of the data 
(in these circumstances a meta-analysis is likely 
to provide misleading results); thus, a narrative 
summary of the findings is presented. Results 
have been grouped first by biofeedback type (i.e. 
biofeedback alone or in combination with another 
therapy) and then by comparator [antihypertensive 
medication, placebo (sham biofeedback treatment), 
non-intervention control, other behavioural 
treatments]. In addition, the type of biofeedback 
has been used to further delineate trials. In this way 
blood pressure biofeedback (direct biofeedback) 
is marked out from other (indirect) modes of 
biofeedback. All measures are mean changes in 
mmHg with standard deviations shown whenever 
reported. When mean changes were not specifically 
reported, these were calculated by subtracting 
the post-treatment from the pre-treatment 
blood pressures (standard deviations were not 
calculated in these cases). When patient numbers 
are quoted, these represent numbers reported in 
results rather than numbers randomised. Table 
20 in Appendix 5 documents both the number of 
patients randomised in each trial and the number 
of patients included in the final analysis.

With reference to the two meta-analyses referred 
to earlier in this report11,25 there were differences 
and similarities between the included trials. The 
present review included 12 trials that were not 
featured in the previous reviews and excluded three 
trials that were featured in these reviews. Table 8 
documents the additions and exclusions.

Biofeedback alone versus 
antihypertensive medication
Three trials compared biofeedback with 
antihypertensive medication (Table 9). These trials 
were small (total n = 51) and dated, with no long-
term follow-up data. With regard to data collected 
in the laboratory, two trials41,60 reported medication 
to be significantly more effective than biofeedback 
treatment for SBP, but not for DBP. The third 
trial56 did not present statistical comparisons, but 
stated that biofeedback may be as effective as drug 
treatment. The ‘home’ data from the Goldstein41 
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TABLE 8 Trial differences between reviews

Trials extra to previous reviews Trials included in previous reviews, but excluded in the present review

Blanchard 198658 Paran 199617

Blanchard 198748 Patel 197323

Bonso 200564 Patel 198171

Chesney 198749

Cohen 198350

Friedman 197837,38

Hager 197855

Khramelashvili 198659

McCraty 200344

Thananopavarn 197956

Tsai 200735

Walsh 197757

trial reported medication to be significantly 
better than biofeedback for both SBP and DBP 
(p < 0.01). Only the Goldstein41 trial presented data 
beyond the treatment period, but this was limited 
to the biofeedback arm. These data (presented 
in a graph) showed that, at 6 months, SBP in 
the biofeedback group (note reduced numbers) 
returned to levels above those recorded at baseline 
whereas DBP remained at post-treatment levels. 

Biofeedback alone versus placebo 
(sham biofeedback treatment)
Three trials compared biofeedback with placebo 
(sham biofeedback) treatment (Table 10). They were 
small, populated by a total of no more than 123 
patients. Overall findings are contradictory and 
there are no long-term data.

The two main trials report conflicting results. 
Hunyor et al.47 reported no significant difference 
between active biofeedback and placebo treatment, 
whereas Tsai et al.35 reported a significant difference 
(p < 0.001) between treatments. Both reported 
outcomes on SBP only and at similar time points. 
Neither present long-term data. There are no data 
presented in the Billion53 abstract, but the author 
notes no significant differences between groups.

Biofeedback alone versus non-
intervention control
The majority of the eight small trials (n = 235 
approximately) showed no significant effects 
of biofeedback treatment compared with non-
intervention controls post treatment (Table 11). 
There is scant evidence regarding long-term 

efficacy. Only three trials15,18,64 reported significant 
differences between the biofeedback treatment 
and non-intervention control groups for SBP and 
DBP. One of these, Achmon et al.,18 reported a 
significance level of p < 0.0005. A fourth trial41 
found biofeedback to be significantly better than 
control for DBP only. None of the trials reporting 
positive effects of biofeedback provided any long-
term data in comparison to the control.

Biofeedback alone versus other 
behavioural treatments
Of the 16 trials (n ≥ 465 approximately) three18,41,58 
found biofeedback to be superior to other 
behavioural interventions, two18,58 for both SBP 
and DBP, and one41 for DBP only (Table 12). Two 
trials38,61 found other treatments superior to 
biofeedback. Seven other trials39,53–55,57,60,62 reported 
no differences between biofeedback treatment and 
other interventions. One trial56 did not report an 
outcome. Comparative data were not available for 
four trials.36,53,56 Change data from three trials48,58,62 
were not relevant as the purpose of these trials 
was to reduce antihypertensive medication while 
maintaining optimum blood pressure. Longer-
term data from Achmon et al.18 reported that 
biofeedback treatment continued to be superior to 
cognitive therapy at 6 months, but only for SBP. 

Biofeedback combinations versus 
placebo (sham treatment)
One small and dated trial compared a biofeedback 
combination with placebo (sham biofeedback) 
treatment (Table 13). No differences were reported 
between treatment and control groups.
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Biofeedback combinations versus 
non-intervention control

The evidence for the effectiveness of biofeedback 
compared with a non-intervention control is 
equivocal (Table 14). Of the 13 trials (n ≥ 558), 
five19,40,44,46,59 reported a significant benefit for 
biofeedback treatment over control. The McCraty 
et al.44 trial reported on SBP only. Five other 
trials21,22,38,49,51 reported no significant differences 
between groups. Two trials50,63 did not present 
comparisons between group outcomes. No data 
were reported for the Berglund52 trial although 
significant support for the effectiveness of the 
biofeedback combination was noted. Long-term 
efficacy was reported only by Patel and Marmot40 at 
1 year for both SBP and DBP.

Biofeedback combinations versus 
other behavioural treatments
Eight trials (n ≥ 408 approximately) compared 
biofeedback combinations with another 

behavioural treatment (Table 15). Of these, Patel 
and North45 reported a significant difference 
between biofeedback treatment and relaxation 
for both SBP and DBP. No data were reported 
for Khramelashvili et al.,59 although the abstract 
stated that blood pressure decline was significantly 
more marked in the treatment groups than in the 
control groups. Five other trials22,38,42,43,49 found no 
significant effects of biofeedback treatment. One 
trial50 did not report comparative data. Results at 
12 months from the Patel and North45 trial showed 
that biofeedback treatment combined with yoga 
continued to be more effective than relaxation.

Summary of results
Table 16 summarises the foregoing results.

Summary of data beyond 6 months
Of the 15 trials reporting outcomes beyond 6 
months, only eight had any usable data. These 
trials are summarised in Table 17.
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Chapter 4  

Discussion

The objective of this report was to assess the 
evidence for the long-term effectiveness 

of biofeedback procedures in treating adults 
with essential hypertension. Other objectives 
were to model the cost-effectiveness of the use 
of biofeedback for the treatment of essential 
hypertension, summarise information on currently 
used biofeedback equipment and identify any 
leading technologies that could be used in a future 
clinical trial.

The review included 36 small RCTs of ≥ 1660 
patients. These included two treatment designs, 
those that exclusively employed biofeedback and 
those that used biofeedback with an adjunctive 
therapy. A number of biofeedback modalities 
were used and the number of training sessions 
varied across trials. Patients were described as 
mildly hypertensive, borderline hypertensive or 
just hypertensive. There were trials that included 
patients taking antihypertensive drugs, others 
with patients not taking antihypertensive drugs 
and others with a mixture of patients taking these 
medications. Thus, a range of interventions, 
biofeedback protocols and outcome measures were 
reported. This heterogeneity, combined with the 
poor quality of reporting, indicated that statistical 
analysis of the results would be inappropriate. No 
trials reporting long-term (> 12 months) outcomes 
were identified for inclusion in the review. Of the 
15 trials reporting outcomes beyond 6 months, 
only eight had any usable data.

We assessed the level of evidence in relation 
to the effectiveness of biofeedback compared 
with antihypertensive drug therapy, placebo, no 
intervention and other behavioural therapies using 
trial author conclusions. Trial results were variable 
and conflicting and the small numbers involved 
makes generalisation of results questionable. 
No short- or long-term benefits of biofeedback 
in relation to moderation of hypertension were 
demonstrated. The measurement of blood pressure 
is not an exact science, with variations noted in 
relation to the person taking the reading and the 
equipment.72 When benefits were shown they were 
within the standard error of reproducibility of 
blood pressure measurement and may therefore 
have arisen by chance. This lack of demonstrated 

benefit precluded a need to assess the cost-
effectiveness of the intervention.

Although we were unable to identify any particular 
treatment as promising this report does provide 
a partial list of currently available biofeedback 
equipment.

Our findings differ somewhat to those of the two 
previous reviews,11,25 which reported more positive 
findings. We have discussed the problems inherent 
in the meta-analysis from these two reviews and 
that they should therefore be considered with 
extreme caution. Treatment interventions differed 
across studies, as did the comparators and the 
time of measurement of outcomes. Both authors 
reported a need to estimate standard deviations 
and standard errors from data presented in 
the included trials to allow meta-analysis to be 
conducted. One of the authors later reported the 
problems inherent in the meta-analysis process that 
was used.32

The meta-analysis of Nakao et al.11 reported 
biofeedback to be more effective than non-
intervention controls, but only superior to sham 
or non-specific behavioural interventions when 
combined with relaxation. The second review25 
excluded from quantitative analysis trials that 
reported no measure of variability. This review 
also reported that both biofeedback and active 
treatments could produce small reductions in blood 
pressure, but that only biofeedback combined with 
adjunctive therapy was superior to no intervention. 
Of interest is that even though these meta-analyses 
reported statistical significance in a few instances 
they do not consistently achieve the clinically 
significant levels of 5–6 mmHg that has been shown 
to reduce the incidence of CVD events (e.g. acute 
myocardial infarction and stroke).27

A factor brought out in the review by Nakao et al.11 
and also mentioned by one of our advisory panel 
is the impact of pretreatment blood pressures of 
the patients involved in biofeedback trials. Patients 
entering a trial with pretreatment grade 2 or 
grade 3 hypertension (> 150 mm Hg) were shown 
in the Nakao et al.11 review to have demonstrated 
greater overall decreases in systolic blood pressure. 
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However, the number of patients in these trials 
is small (approximately 130) and mean blood 
pressure readings for all trial participants were 
used in the analysis. Therefore, it is difficult to 
differentiate the actual effect in this subgroup of 
patients.

It is likely that many of the trials included in the 
review reported here were insufficiently powered 
to detect differences between treatment groups. 
Overall, the trial sizes were small and only four 
of the 36 trials included provided a sample size 
calculation. Although combining data from several 
small trials would increase our ability to assess the 
effectiveness of the intervention, as stated earlier, 
given the lack of trial quality and the variation 
in interventions and outcome reporting, we were 
unable to justify carrying out such an analysis. 
These difficulties have also been noted by other 
reviewers.32 We did not go beyond the data 
presented in the published papers and relied upon 
authors’ conclusions related to the effectiveness of 
the biofeedback interventions. In some cases, when 
statistical comparisons between groups were not 

presented in the published report, no results were 
reported for these trials. 

Other issues emerged during the compilation of 
this review, many of which have been reported 
previously. To demonstrate effectiveness there is a 
need for trials of longer duration.29,73 Such trials 
would need to address the issue of the white coat 
effect by including blood pressure measures taken 
outside of the laboratory/clinic environment. There 
is also a need to provide a more rounded picture of 
blood pressure readings in different circumstances. 
This might be achieved through the use of ABPM 
or patient self-monitoring at home.29 It has also 
been suggested that end points beyond blood 
pressure changes should be assessed, and these 
might include effects of treatment on end-organ 
damage. In addition, changes in technology could 
be integrated in any future research. For example, 
advice from the AAPB (Robert Crago, 2007, 
personal communication) indicates that ‘...heart 
rate variability training – the heart math product – 
is currently being investigated...’.
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Chapter 5  

Research recommendations

Of major concern is the poor quality of existing 
trials. Any proposed future trials need to 

address the major design weaknesses highlighted 
in this and previous reviews. That is, they need to 
be suitably powered to detect meaningful (clinically 
significant not just statistically significant) 
differences between treatment groups, randomise 
patients to groups using robust techniques, 
employ credible placebo treatments and ensure 
that adequate blinding procedures are in place. 
Patient attrition must be adequately reported 
and dealt with in any final analyses. In addition, 
researchers need to adequately report the details 
of the intervention and ensure that participants 
are appropriately trained in the biofeedback 
technique. Issues of patient subgroups also need 

to be addressed, for example patients at the upper 
end of the hypertension scale, older patients and 
patients from varied ethnic backgrounds. 

Although researchers in the area will be 
disappointed in the results of this review, the poor 
quality of the currently available research, the 
diversity of interventions and the inconsistent and 
incomplete reporting of study outcomes mean that 
there is currently no evidence that demonstrates 
the clinical effectiveness of the use of biofeedback 
in the treatment of hypertension. Given the current 
standards for the treatment of hypertension, 
further research is likely to be considered only as 
an adjunct to pharmacological interventions.
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Chapter 6  

Conclusion

There is currently no evidence that consistently 
demonstrates the effectiveness of the use of 

any particular biofeedback treatment in the control 
of essential hypertension when compared with 
pharmacotherapy, placebo (sham biofeedback 
treatment), no intervention or other behavioural 

therapies. The lack of evidence of clinical 
effectiveness negated the need to conduct an 
economic analysis. Further research might be 
considered into the potential role of biofeedback as 
an adjunct to drug therapy.
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Appendix 1  

Search strategy

Database Years Search strategy References identified

MEDLINE 1950 to May 2007  
(week 2)

See below 570

EMBASE 1980 to 2007 (week 20) See below 346

ISI Web of Knowledge/Web 
of Science

1945 to 2007 Biofeedbacka and hypertensiona 105

ISI Web of Knowledge/ISI 
Proceedings

1990 to 2007 As above 16

Cochrane Library 2007 (2)a 2007 (2) As above 57 (CENTRAL: 54, other 
reviews: 2, HTA: 1)

CINAHL 1982 to May 2007  
(week 3)

See below 86

AMED 1985 to May 2007 See below 96

PsycINFO 1967 to October 2007 See below 553

Total references identified 1829

Duplicates 902

Total 927

a Includes the Cochrane Register of Controlled Trials (CENTRAL), Cochrane Database of Systematic Reviews, Database 
of Abstracts of Reviews of Effects (DARE), Health Technology Assessment (HTA) database and the NHS Economic 
Evaluation Database (NHS EED).

Search strategy: MEDLINE (Ovid)
1. hypertens$.tw. 
2. (blood adj pressure).tw. 
3. exp Hypertension/
4. exp “Biofeedback (Psychology)”/
5. (bio-feedback$or biofeedback$).tw.
6. *”Mind-Body and Relaxation Techniques”/
7. *Cognitive Therapy/or *Behavior Therapy/
8. ((relax$or cognitive) adj3 (therap$or 

technique$)).tw.
9. or/1–3
10. or/4–8
11. 9 and 10
12. animals/
13. humans/
14. 12 not 13
15. 11 not 14

Search strategy: EMBASE (Ovid)

1. hypertens$.tw.
2. (blood adj pressure).tw. 
3. exp Hypertension/

4. (bio-feedback$or biofeedback$).tw.
5. ((relax$or cognitive) adj3 (therap$or 

technique$)).tw.
6. *Feedback System/
7. or/1–3
8. or/4–6
9. 7 and 8
10. limit 9 to human

Search strategy: AMED (Ovid)

1. hypertens$.tw.
2. (blood adj pressure).tw.
3. exp hypertension/
4. exp Biofeedback/or Relaxation/or Cognitive 

therapy/
5. (bio-feedback$or biofeedback$).tw.
6. ((relax$or cognitive) adj3 (therap$or 

technique$)).tw.
7. or/1–3
8. or/4–6
9. 7 and 8



Appendix 1

50

Search strategy: CINAHL (Ovid)

1. hypertens$.tw
2. (blood adj pressure).tw.
3. exp hypertension/
4. exp “BIOFEEDBACK (IOWA NIC)”/or exp 

BIOFEEDBACK/
5. (bio-feedback$or biofeedback$).tw.
6. *”SIMPLE RELAXATION THERAPY (IOWA 

NIC)”/or *RELAXATION  TECHNIQUES/
7. ((relax$or cognitive) adj3 (therap$or 

technique$)).tw.
8. or/1–3
9. or/4–7
10. 8 and 9

Search strategy: PsycINFO 
1967 to October 2007

1. hypertens$.tw.  
2. (blood adj pressure).tw.
3. exp HYPERTENSION/ 
4. exp BIOFEEDBACK/ 
5. (bio-feedback$or biofeedback$).tw.
6. (Mind-Body and Relaxation Techniques).mp. 

[mp=title, abstract, heading word, table of 
contents, key concepts]

7. *relaxation therapy/
8. *Cognitive Therapy/
9. ((relax$or cognitive) adj3 (therap$or 

technique$)).tw.
10. or/1–3
11. or/4–8
12. and/10–11
13. limit 12 to human
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Appendix 2  

Biofeedback equipment

Table 18 presents the responses from various 
organisations regarding biofeedback 

equipment. The BHS and the ASH were unable to 
recommend any equipment. We had no response 
from the BFE or the EHS. The AAPB provides a 
spreadsheet that lists equipment and suppliers 
and a separate web page that presents advice on 
selecting and purchasing biofeedback equipment. 
One of our clinical advisers (CY) recommended 
that we just list websites of sellers or biofeedback 
equipment to ‘...allow the reader to explore and 

come to their own conclusions, or refer the reader 
to the AAPB website for their spreadsheet, which I 
assume is objective.’

Table 19 shows the equipment described in some of 
the biofeedback trials included in this review. They 
are grouped by modality type. It should be noted 
that some trials are very old and the instruments 
are likely to have been updated or superseded. The 
three most recent trials are those by Tsai et al.,35 
McCraty et al.44 and Yucha et al.75 
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TABLE 18 Equipment list

Organisation Recommendation

British Hypertension Society Unable to recommend any biofeedback equipment; however, 
there is a list of recommended blood pressure monitors for 
home use

National Centre for Complementary and Alternative 
Medicine

Unable to recommend any equipment but suggested looking 
at trials that they had funded and contacting authors

American Hypertension Society Unable to recommend any equipment

American Association for Applied Physiology and Biofeedback The AAPB website has a PDF spreadsheet providing a survey 
of instrumentation and a guide to buying equipment as well 
as details of US Food and Drugs Administration certification 
requirements: www.aapb.org/, www.aapb.org/, www.aapb.
org/

Biomedical Central (a supplier) Our most popular instrument is the ProComp 8 with InfInItI 
software, which interfaces with your personal computer. 
This is an eight-channel system that can be tailored to your 
practice. Most impressive is the ability to create your own 
personal design screens with the latest developer tools

Biofeedback Foundation of Europe No response

European Society for Hypertension No response

A recent Hayes review74 included a section on equipment and 
lists the following as popular devices

Autogenic Systems: Autogen AT 42 Portable Single Channel 
Temperature Instrument, Autogen AT 53 Portable Dual 
Channel EMG, Autogen AT 62 Portable Single Alpha-Theta 
EEG, Autogen AT 64 Portable Single Channel SCR Instrument

Biofeedback Instrument Company: ProComp Infiniti+ 
System

Therapeutic Alliances Inc: NeuroEDUCATOR®3 EMG 
Biofeedback System

NeuroDyne Medical Corp: MEDAC System/3R

www.meditations-uk.com/products/wilddivine.html The Wild Divine computer game

AAPB, American Association for Applied Psychology and Biofeedback; EEG, electroencephalogram; EMG, electromyographic.
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TABLE 19 Biofeedback equipment used in trials

Trial
Biofeedback 
modality Biofeedback equipment used

Friedman H, Taub HA. 6-month follow-up of use of 
hypnosis and biofeedback procedures in essential 
hypertension. Am J Clin Hypn 1978;20:184–8; also used 
data from Friedman and Taub 197737

BP London Pressureometer, model 1905

Tsai P-S, Chang N-C, Chang W-Y, Lee P-H, Wang M-Y. 
Blood pressure biofeedback exerts intermediate-term 
effects on blood pressure and pressure reactivity in 
individuals with mild hypertension: a randomized 
controlled study. J Altern Complement Med 2007;13:
547–54

BP Finger arterial blood pressure device 
(Finometer TNO Biomedical Instrumentation, 
Amsterdam, the Netherlands)

Hager JL, Surwit RS. Hypertension self-control with 
a portable feedback unit or meditation-relaxation. 
Biofeedback Self Regul 1978;3:269–76

BP SBP BF device: cuff plus counter; Parke-Davis 
BPI: home.

Frankel BL, Patel DJ, Horwitz D, Friedewald WT, 
Gaarder KR. Treatment of hypertension with biofeedback 
and relaxation techniques. Psychosom Med 1978;40:
276–93

DBP and EMG Laboratory: automated feedback system 
developed by Turskey et al.76 (Lexington 
Instrument Co.), EMG feedback system BIFS 
Model B-1 (Biofeedback Systems, Boulder, CO)
Home: NIH-built EMG feedback unit

McGrady AV, Yonker R. The effect of biofeedback-
assisted relaxation training on blood pressure 
and selected biochemical parameters in patients 
with essential hypertension. Biofeedback Self Regul 
1981;6:343–53

EMG Autogen 1700 EMG (data accessed)

Zurawski RM, Smith TW, Houston BK. Stress 
management for essential hypertension: comparison with 
a minimally effective treatment, predictors of response 
to treatment, and effects on reactivity. J Psychosom Res 
1987;31:453–62

GSR Lafayette Instruments model GSR J140. 
Feedback delivered over headphones via tone

Patel C, Marmot M. Can general practitioners use 
training in relaxation and management of stress to reduce 
mild hypertension? Br Med J Clin Res Ed 1988;296:21–4

GSR Multichannel galvanic skin resistance 
biofeedback instrument

Patel C, North WR . Randomised controlled trial of yoga 
and bio-feedback in management of hypertension. Lancet 
1975;2:93–5

GSR EMG Relaxometer (Aleph One, Cambridge), GS2 90 
(Biofeedback Systems, Manchester), EMG – 
Myophone (Aleph One)

Achmon J, Granek M, Golomb M, Hart J. Behavioral 
treatment of essential hypertension: a comparison 
between cognitive therapy and biofeedback of heart rate. 
Psychosom Med 1989;51:152–64

Heart rate Pulseminder, model 77194 (Computer 
Instruments, New York, NY), provides 
continuous feedback and digit transcription of 
ear lobe capillary pulsations

Yucha CB, Tsai P, Calderon KS, Tian L. Biofeedback-
assisted relaxation training for essential hypertension: 
who is most likely to benefit? J Cardiovasc Nurs 
2005;20:198–205

Heart rate Biofeedback-assisted relaxation included eight 
sessions of thermal, EMG and RSA biofeedback 
using Procomp/Multitrace biofeedback system 
(Thought Technology, West Chazy, NY)

McCraty R, Atkinson M, Tomasino D. Impact of a 
workplace stress reduction program on blood pressure 
and emotional health in hypertensive employees. J Altern 
Complement Med 2003;9:355–69

HRV training Freeze-Framer® (Quantum Intech, Boulder 
Creek, CA) 

Canino E, Cardona R, Monsalve P, Perez Acuna F, Lopez 
B, Fragachan F. A behavioral treatment program as a 
therapy in the control of primary hypertension. Acta 
Cient Venez 1994;45:23–30

Peripheral 
temperature

Autogen 2.000-B: temperature biofeedback

continued
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Trial
Biofeedback 
modality Biofeedback equipment used

Walsh P, Dale A, Anderson DE. Comparison of 
biofeedback pulse wave velocity and progressive 
relaxation on essential hypertensives. Percept Mot Skills 
1977;44:839–43

Pulse wave 
velocity

PWR monitored and recorded on Grass 
Polygraph model 7WC8PA. Timing of trials and 
assessment carried out with Coulbourn solid 
state logic system

Nakao M, Nomura S, Shimosawa T, Yoshiuchi K, Kumano 
H, Kuboki T, et al. Clinical effects of blood pressure 
biofeedback treatment on hypertension by auto-shaping. 
Psychosom Med 1997;59:331–8

SBP Photic Biofeedback-1 (PFB-1) (Pioneer Corp., 
Japan)

Blanchard EB, Eisele G, Gordon MA, Cornish PJ, 
Wittrock DA, Gilmore L, et al. Thermal biofeedback as 
an effective substitute for sympatholytic medication in 
moderate hypertension: a failure to replicate. Biofeedback 
Self Regul 1993;18:237–53

TBF Med Associates ANL-410 (temp)
Grass Instrument Company precious metal 
electrodes. EMG measured by Grass 7p73 
preamplifier. Quantification by Grass 7p710 
cumulative integrator

Blanchard EB, Eisele G, Vollmer A, Payne A, Gordon 
M, Cornish P, et al. Controlled evaluation of thermal 
biofeedback in treatment of elevated blood pressure in 
unmedicated mild hypertension. Biofeedback Self Regul 
1996;21:167–90

TBF TBF device: Cyborg Model J42

Blanchard E, Khramelashvili V, McCoy G. The USA–USSR 
collaborative cross-cultural comparison of autogenic 
training and thermal biofeedback in the treatment of mild 
hypertension. Health Psychol 1988;7(Suppl.):175–92

TBF Therapy: Cyborg J-42 thermal biofeedback 
trainer

McGrady A. Effects of group relaxation training and 
thermal biofeedback on blood pressure and related 
physiological and psychological variables in essential 
hypertension. Biofeedback Self Regul 1994;19:51–66

TBF Autogen 1700 EMG (data accessed)

Chesney MA, Black GW, Swan GE, Ward MM. Relaxation 
training for essential hypertension at the worksite. 
I. The untreated mild hypertensive. Psychosom Med 
1987;49:250–63

TBF and EMG J&J Enterprises Thermal Model T-62, J&J 
Enterprises EMG Model M-53

BF, biofeedback; BP, blood pressure; DBP, diastolic blood pressure; EMG, electromyographic; GSR, galvanic skin response; 
HRV, heart rate variability; PW, pulse wave; RSA, respiratory sinus arrhythmia; SBP, systolic blood pressure; TBF, thermal 
biofeedback.

TABLE 19 Biofeedback equipment used in trials (continued)
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Appendix 3  

QUOROM flow diagram of trial selection

Potentially relevant papers
identified and screened

for retrieval
n = 927

Papers retrieved for
more detailed evaluation

n = 100

Total publications
n = 41

RCTs included in analysis
n = 36

Two trials reported in 1 publication
One trial reported in 6 publications
One trial reported in 2 publications

Papers excluded
n = 827

non-RCT, not biofeedback,
not population

Papers excluded
n = 59

non-RCT, not biofeedback,
not population,

patients from previous trial,
paper unavailable,

unable to distinguish
results between treatments
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Appendix 4 

Excluded trials

Trial Reason for exclusion

Adsett CA, Bellissimo A, Mitchell A, Wilczynski N, Haynes RB. Behavioral and 
physiological effects of a beta blocker and relaxation therapy on mild hypertensives. 
Psychosom Med 1989;51:523–36

Not biofeedback treatment

Aivazyan TA, Zaitsev VP, Salenko BB, Yurenev AP, Patrusheva IF. Efficacy of relaxation 
techniques in hypertensive patients. Health Psychol 1988;7(Suppl.):193–200

Cannot distinguish outcomes 

Bennett P, Wallace L, Carroll D, Smith N. Treating type A behaviours and mild 
hypertension in middle-aged men. J Psychosom Res 1991;35:209–23

Not biofeedback treatment

Benson H, Stuart E, Friedman R, Eisenberg DM, Delbanco TL, Chalmers TC. 
Cognitive therapy for hypertension. Ann Intern Med 1994;120:91

Letter

Bertilson HS, Bartz AE, Zimmerman AD. Treatment program for borderline 
hypertension among college students: relaxation, finger temperature biofeedback, 
and generalization. Psychol Rep 1979;44:107–14

Non-RCT

Bosley F, Allen TW. Stress management training for hypertensives: cognitive and 
physiological effects. J Behav Med 1989;12:77–89

Not biofeedback treatment

Brauer AP, Horlick L, Nelson E, Farquhar JW, Agras WS. Relaxation therapy for 
essential hypertension: a Veterans Administration outpatient study. J Behav Med 
1979;2:21–9

Not biofeedback treatment

Buby C, Elfner LF, May JG, Jr. Relaxation pretraining, pulse wave velocity and 
thermal biofeedback in the treatment of essential hypertension. Int J Psychophysiol 
1990;9:225–30

Non-RCT

Catherine TJ. Effect of relaxation exercise on hypertensive patients: thesis abstract. 
Asian J Cardiovasc Nurs 2000;8:10–11

Non-RCT

Cejnar M, Hunyor SN, Liggins GW, Bartrop R. Voluntary blood pressure control 
using continuous systolic blood pressure biofeedback. Clin Exp Pharmacol Physiol 
1988;15:265–9

Non-RCT

Charlesworth EA, Williams BJ, Baer PE. Stress management at the worksite for 
hypertension: compliance, cost–benefit, health care and hypertension-related 
variables. Psychosom Med 1984;46:387–97

Not biofeedback treatment

Cooper MI. Effect of relaxation on blood pressure and serum cholesterol. Act Nerv 
Super 1982;(Suppl. 3):428–36

Non-RCT

Cottier C, Shapiro K, Julius S. Treatment of mild hypertension with progressive 
muscle relaxation. Predictive value of indexes of sympathetic tone. Arch Intern Med 
1984;144:1954–8

Not biofeedback treatment

Crowther JH. Stress management training and relaxation imagery in the treatment 
of essential hypertension. J Behav Med 1983;6:169–87

Not biofeedback treatment

De-Ping Lee D, DeQuattro V, Allen J, Kimura S, Aleman E, Konugres G, et al. 
Behavioral vs beta-blocker therapy in patients with primary hypertension: effects on 
blood pressure, left ventricular function and mass, and the pressor surge of social 
stress anger. Am Heart J 1988;116:637–44

Not biofeedback treatment

Elfimov M, Kotovskaya Y, Kobalava Z, Moiseev V. Biofeedback treatment improves 
clinic and self-measured blood pressure in stress-induced arterial hypertension. J 
Hypertens 2005;23:S394

Normotensive patients

Engel BT, Gaarder KR, Glasgow MS. Behavioral treatment of high blood pressure. 
I. Analyses of intra- and interdaily variations of blood pressure during a one-month, 
baseline period. Psychosom Med 1981;43:255–70

Non-RCT

continued
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Trial Reason for exclusion

Engel BT, Glasgow MS, Gaarder KR. Behavioral treatment of high blood pressure. III. 
Follow-up results and treatment recommendations. Psychosom Med 1983;45:23–9

Non-RCT

Erbeck JR, Elfner LF, Driggs DF. Reduction of blood pressure by indirect 
biofeedback. Biofeedback Self Regul 1983;8:63–72

Normotensive patients

Franck M, Schäfer H, Stiels W, Wassermann R, Herrmann JM. Relaxation therapy 
with respiratory feedback in patients with essential hypertension. Psychother 
Psychosom Med Psychol 1994;44:316–22

Not biofeedback treatment

Garcia-Vera MP, Sanz J, Labrador FJ. Psychological changes accompanying and 
mediating stress-management training for essential hypertension. Appl Psychophysiol 
Biofeedback 1998;23:159–78

Not biofeedback treatment

Glasgow MS, Engel BT, D’Lugoff BC. A controlled study of a standardized behavioral 
stepped treatment for hypertension. Psychosom Med 1989;51:10–26

Cannot identify data for biofeedback 
treatment

Glasgow MS, Gaarder KR, Engel BT. Behavioral treatment of high blood pressure. II. 
Acute and sustained effects of relaxation and systolic blood pressure biofeedback. 
Psychosom Med 1982;44:155–70

Non-RCT

Goebel M, Viol GW, Lorenz GJ, Clemente J. Relaxation and biofeedback in essential 
hypertension: a preliminary report of a six-year project. Am J Clin Biofeedback 
1980;3:20–9

Non-RCT

Goebel M, Viol GW, Orebaugh C. An incremental model to isolate specific effects of 
behavioral treatments in essential hypertension. Biofeedback Self Regul 1993;18:
255–80

Non-RCT

Goldstein IB, Shapiro D, Thananopavaran C. Home relaxation techniques for 
essential hypertension. Psychosom Med 1984;46:398–414

Non-RCT

Golubev MV, Aivazian TA, Zaitsev VP. The efficacy of psychotherapy with 
biofeedback in the rehabilitation of hypertension patients. Vopr Kurortol Fizioter Lech 
Fiz Kult 1998;(6):16–18

Non-RCT

Grossman E, Grossman A, Schein MH, Zimlichman R, Gavish B. Breathing-control 
lowers blood pressure. J Hum Hypertens 2001;15:263–9

Not biofeedback treatment

Hahn YB, Ro YJ, Song HH, Kim NC, Kim HS, Yoo YS. The effect of thermal 
biofeedback and progressive muscle relaxation training in reducing blood pressure 
of patients with essential hypertension. Image J Nurs Sch 1993;25:204–7

Non-RCT

Henderson RJ, Hart MG, Lal SKL, Hunyor SN. The effect of home training with 
direct blood pressure biofeedback of hypertensives: a placebo-controlled study.  
J Hypertens 1998;16:771–8

Some patients included in previous trial

Jacob RG, Shapiro AP, Reeves RA, Johnsen AM, McDonald RH, Coburn PC. 
Relaxation therapy for hypertension. Comparison of effects with concomitant 
placebo, diuretic, and beta-blocker. Arch Intern Med 1986;146:2335–40

Not biofeedback treatment

Knust U. Pilot study of lowering blood pressure though instrumental conditioning 
(biofeedback) in patients suffering from arterial essential hypertension. Z Klin Med 
1978;33:1993–9

Non-RCT

Lee DD, DeQuattro V, Davison GC, Kimura S, Barndt R, Sullivan P. Noradrenergic 
hyperactivity in primary hypertension; central and peripheral markers of both 
behavioral pathogenesis and efficacy of sympatholytic and relaxation therapy. Clin 
Exp Hypertens A 1988;10(Suppl. 1):225–34

Not biofeedback treatment

Lee DD, Kimura S, DeQuattro V, Davison G, Relaxation therapy lowers blood 
pressure more effectively in hypertensives with raised plasma norepinephrine and 
blunts pressor response to anger. Clin Exp Hypertens A 1989;11(Suppl. 1):191–8

Not biofeedback treatment

Luborsky L, Ancona L, Masoni A, Scolari G, Longoni A. Behavioral versus 
pharmacological treatments for essential hypertension: a pilot study. Int J Psychiatry 
Med 1980;10:33–40

Non-RCT
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Trial Reason for exclusion

McGrady A, Nadsady PA, Schumann-Brzezinski C. Sustained effects of biofeedback-
assisted relaxation therapy in essential hypertension. Biofeedback Self Regul 
1991;16:399–411

Non-RCT

Nakao ME, Yano E, Nomura S, Kuboki T. Blood pressure-lowering effects of 
biofeedback treatment in hypertension: a meta-analysis of randomized controlled 
trials. Hypertens Res Clin Exp 2003;26:37–46

Non-RCT

Nazzaro P, Mudoni A, Manzari M, Merlo M, Pieri R, Panettieri I, et al. Efficacy of 
biofeedback treatment compared with drug therapy in hypertensive patients.  
Funct Neurol 1991;6:49–57

Not included population

Nowlis DP, Borzone XC. Long-term psychosomatic effects of biofeedback vs. 
relaxation training. Paper presented at the 88th Annual Convention of the American 
Psychological Association, September 1980

Mixed population

Paran E, Amir M, Yaniv N. Evaluating the response of mild hypertensives to 
biofeedback-assisted relaxation using a mental stress test. J Behav Ther Exp Psychiatry 
1996;27:157–67

No blood pressure outcome measures

Patel C. 12-month follow-up of yoga and bio-feedback in the management of 
hypertension. Lancet 1975;1:62–4

Non-RCT

Patel C, Marmot MG, Terry DJ. Controlled trial of biofeedback-aided behavioural 
methods in reducing mild hypertension. Br Med J Clin Res Ed 1981;282:2005–8

Mixed patients and risk factors

Richter-Heinrich E, Homuth V, Gohlke HR, Heinrich B, Schmidt KH, Wiedemann R, 
et al. Effectiveness of behavioral treatment methods compared to pharmacological 
therapy and self recordings of blood pressure in essential hypertensives (preliminary 
report). Act Nerv Super 1982;(Suppl. 3):422–7

Non-RCT

Schein MH, Gavish B, Herz M, Rosner-Kahana D, Naveh P, Knishkowy B, et 
al. Treating hypertension with a device that slows and regularises breathing: a 
randomised, double-blind controlled study. J Hum Hypertens 2001;15:271–8

Not biofeedback

Shapiro D, Hui KK, Oakley ME, Pasic J, Jamner LD. Reduction in drug requirements 
for hypertension by means of a cognitive-behavioral intervention. Am J Hypertens 
1997;10:9–17

Not biofeedback treatment

Shapiro DH, Jr. Overview: clinical and physiological comparison of meditation with 
other self-control strategies. Am J Psychiatry 1982;139:267–74

Non-RCT

Shufan Z. Effects of patient education and biofeedback: interim results. J Hum 
Hypertens 1995;9:51

Non-RCT

Southam MA, Agras WS, Taylor CB, Kraemer HC. Relaxation training. Blood 
pressure lowering during the working day. Arch Gen Psychiatry 1982;39:715–17

Not biofeedback treatment

Storer JH, Frate DA, Banahan BF, Johnson SA, Meydrech EF. Adapting relaxation 
techniques to rural populations: implications for high blood pressure therapy. J Rural 
Health 1989;5:13–18

Paper not available

Surwit RS, Shapiro D, Good MI. Comparison of cardiovascular biofeedback, 
neuromuscular biofeedback, and meditation in the treatment of borderline essential 
hypertension. J Consult Clin Psychol 1978;46:252–63

Non-RCT

Taylor CB, Farquhar JW, Nelson E, Agras S. Relaxation therapy and high blood 
pressure. Arch Gen Psychiatry 1977;34:339–42

Not biofeedback treatment

van Montfrans GA, Karemaker JM, Wieling W, Dunning AJ. Relaxation therapy and 
continuous ambulatory blood pressure in mild hypertension: a controlled study.  
BMJ 1990;300:1368–72

Not biofeedback treatment

Wadden TA. Predicting treatment response to relaxation therapy for essential 
hypertension. J Nerv Ment Dis 1983;171:683–9

Not biofeedback treatment

continued
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Wadden TA. Relaxation therapy for essential hypertension: specific or nonspecific 
effects? J Psychosom Res 1984;28:53–61

Not biofeedback treatment

Wartman SA, Gunther AB, Nelson BA, Caporello EA, Musiker HR. A randomized 
clinical-trial of biofeedback and compliance counseling in the treatment of essential-
hypertension. Clin Res 1983;31:A647

No blood pressure measures

Webb M, Beckstead J, Meininger J, Robinson S. Stress management for African 
American women with elevated blood pressure: a pilot study. Biol Res Nurs 
2006;7:187–96

Not biofeedback treatment

White LJ. Biofeedback for hypertension. Ann Intern Med 1985;102:709–15 Non-RCT

Yucha CB, Clark L, Smith M, Uris P, LaFleur B, Duval S. The effect of biofeedback in 
hypertension. Appl Nurs Res 2001;14:29–35

Non-RCT

Yucha CB, Tsai P, Calderon KS, Tian L. Biofeedback-assisted relaxation training for 
essential hypertension: who is most likely to benefit? J Cardiovasc Nurs 2005;20:
198–205

Non-RCT

RCT, randomised controlled trial.
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Appendix 5  

Trial characteristics
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TABLE 20 Trial characteristics: biofeedback alone

Trial
Report 
type

Intervention: type 
of biofeedback and 
number of training 
sessions

Comparator(s) and 
number of sessions

Number of 
patients, total and 
by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Achmon  
198918

Full Heart rate: 17 sessions, one 
per week

CGTA: 17 sessions, 
1.5 hours per week

No treatment: two 
lectures + monthly 
checks

Randomised: 97 

Treatment: 37; CGTA: 
40; no treatment: 20

Reported: 77

Treatment: 27; CGTA: 
30; no treatment: 20

6 months To compare the 
efficacy of methods 
in the treatment of 
hypertension

Israel GP referred 25–60 years

BP ≥ 140/90 for at least 6 
months

≥ 8 years education

Patient interested in 
participating and gave informed 
consent 

No heart or renal disease

No beta-blockers (diuretics 
OK)

No psychiatric disease or 
organic brain syndrome

NS

Billion  
198053a

Abstract EMG: 16 sessions, two 
sessions per week 

Relaxation

Placebo: non-
contingent EMG 
posed as EEG alpha 
biofeedback (sham 
biofeedback)

Two sessions per 
week for 8 weeks

Randomised: NS

Reported: 29

NA Reduction in blood 
pressure

USA NS NS NS

Blanchard 
197954

Full SBP: 12 sessions Relaxation 

EMG biofeedback

12 sessions

Randomised: 33 

Reported: 28

Treatment: 10; EMG: 
9; relaxation: 9

4 months Effects of intervention 
on SBP and DBP

USA Essential hypertension: SBP 
> 140 mmHg; DBP > 90 mmHg

End-organ damage NHLBI

Blanchard 
198658

Full TBF: 16 sessions, two per 
week, + home practice 
with glass thermometer

Relaxation: eight 
sessions, one per 
week, + home 
practice using tape

Randomised: 87

Reported: 71

Treatment: 44 
(withdraw then 
treat: 22; treat 
then withdraw: 
22); relaxation: 43 
(withdraw then 
treat: 20; treat then 
withdraw: 23)

Up to 1 year To control BP using 
single drug (diuretic)

USA Essential hypertension 
diagnosed by physician and 
study physician

Controlled to 140/90 mmHg on 
two drugs 

End-organ damage

Serious medical or psychiatric 
conditions

NHLBI 

Blanchard 
198748

Full TBF (laboratory): 16 
sessions, two per week

TBF (home): 8 weeks, 
five sessions

Randomised: 18

Reported: 18

Laboratory: 9; home: 
9

4–9 weeks To compare clinic-
based and home-
based regimen of 
biofeedback 

USA Essential hypertension NS NHLBI 

Blanchard 
198836 
(USA)

Full TBF: 20 sessions, two per 
week, + home practice

AT: 20 sessions, two 
per week

Relaxation: 20 
sessions, two per 
week

Randomised: unclear

Reported: 29

Treatment: 10; AT: 11; 
relaxation: 8

1, 3, 6, 9 and 12 
months (including 
booster treatment 
session)

Reduction in DBP USA DBP 90–110 mmHg on 
repeat screening not taking 
antihypertensive medication

End-organ damage

Secondary hypertension

Life-threatening illness

Severe psychiatric disorder

NHLBI 

Blanchard 
198836 
(USSR)

Full TBF: 20 sessions, two per 
week, + home practice

AT: 20 sessions, two 
per week

Relaxation: 20 
sessions, two per 
week

Randomised: unclear

Reported: 30

Treatment: 10; AT: 10; 
relaxation: 10

1, 3, 6, 9 and 12 
months (including 
booster treatment 
session)

Reduction in DBP USSR DBP 90–110 mmHg on 
repeat screening not taking 
antihypertensive medication

End-organ damage

Secondary hypertension

Life-threatening illness

Severe psychiatric disorder

NS

Blanchard 
199362

Full TBF: 16 sessions, two per 
week, + regular home 
practice

EMG: 16 sessions, two 
per week, + regular 
home practice

Home BP monitor: 8 
weeks

Randomised: 41

Reported:33

Treatment: 14 (3 
w/d); EMG: 16 (3 
w/d); self-monitor: 14 
(2 w/d)

Discontinuation 
of sympatholytic 
medication from two-
drug regimen with 
diuretic as second drug

USA Adults with moderate 
hypertension well controlled on 
metoprolol plus diuretic

Cardiac disease

Diabetes

Asthma

Could not stabilise on 
metoprolol

BP not controlled

NHLBI

continued



DOI: 10.3310/hta13460 Health Technology Assessment 2009; Vol. 13: No. 46

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

63

TABLE 20 Trial characteristics: biofeedback alone

Trial
Report 
type

Intervention: type 
of biofeedback and 
number of training 
sessions

Comparator(s) and 
number of sessions

Number of 
patients, total and 
by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Achmon  
198918

Full Heart rate: 17 sessions, one 
per week

CGTA: 17 sessions, 
1.5 hours per week

No treatment: two 
lectures + monthly 
checks

Randomised: 97 

Treatment: 37; CGTA: 
40; no treatment: 20

Reported: 77

Treatment: 27; CGTA: 
30; no treatment: 20

6 months To compare the 
efficacy of methods 
in the treatment of 
hypertension

Israel GP referred 25–60 years

BP ≥ 140/90 for at least 6 
months

≥ 8 years education

Patient interested in 
participating and gave informed 
consent 

No heart or renal disease

No beta-blockers (diuretics 
OK)

No psychiatric disease or 
organic brain syndrome

NS

Billion  
198053a

Abstract EMG: 16 sessions, two 
sessions per week 

Relaxation

Placebo: non-
contingent EMG 
posed as EEG alpha 
biofeedback (sham 
biofeedback)

Two sessions per 
week for 8 weeks

Randomised: NS

Reported: 29

NA Reduction in blood 
pressure

USA NS NS NS

Blanchard 
197954

Full SBP: 12 sessions Relaxation 

EMG biofeedback

12 sessions

Randomised: 33 

Reported: 28

Treatment: 10; EMG: 
9; relaxation: 9

4 months Effects of intervention 
on SBP and DBP

USA Essential hypertension: SBP 
> 140 mmHg; DBP > 90 mmHg

End-organ damage NHLBI

Blanchard 
198658

Full TBF: 16 sessions, two per 
week, + home practice 
with glass thermometer

Relaxation: eight 
sessions, one per 
week, + home 
practice using tape

Randomised: 87

Reported: 71

Treatment: 44 
(withdraw then 
treat: 22; treat 
then withdraw: 
22); relaxation: 43 
(withdraw then 
treat: 20; treat then 
withdraw: 23)

Up to 1 year To control BP using 
single drug (diuretic)

USA Essential hypertension 
diagnosed by physician and 
study physician

Controlled to 140/90 mmHg on 
two drugs 

End-organ damage

Serious medical or psychiatric 
conditions

NHLBI 

Blanchard 
198748

Full TBF (laboratory): 16 
sessions, two per week

TBF (home): 8 weeks, 
five sessions

Randomised: 18

Reported: 18

Laboratory: 9; home: 
9

4–9 weeks To compare clinic-
based and home-
based regimen of 
biofeedback 

USA Essential hypertension NS NHLBI 

Blanchard 
198836 
(USA)

Full TBF: 20 sessions, two per 
week, + home practice

AT: 20 sessions, two 
per week

Relaxation: 20 
sessions, two per 
week

Randomised: unclear

Reported: 29

Treatment: 10; AT: 11; 
relaxation: 8

1, 3, 6, 9 and 12 
months (including 
booster treatment 
session)

Reduction in DBP USA DBP 90–110 mmHg on 
repeat screening not taking 
antihypertensive medication

End-organ damage

Secondary hypertension

Life-threatening illness

Severe psychiatric disorder

NHLBI 

Blanchard 
198836 
(USSR)

Full TBF: 20 sessions, two per 
week, + home practice

AT: 20 sessions, two 
per week

Relaxation: 20 
sessions, two per 
week

Randomised: unclear

Reported: 30

Treatment: 10; AT: 10; 
relaxation: 10

1, 3, 6, 9 and 12 
months (including 
booster treatment 
session)

Reduction in DBP USSR DBP 90–110 mmHg on 
repeat screening not taking 
antihypertensive medication

End-organ damage

Secondary hypertension

Life-threatening illness

Severe psychiatric disorder

NS

Blanchard 
199362

Full TBF: 16 sessions, two per 
week, + regular home 
practice

EMG: 16 sessions, two 
per week, + regular 
home practice

Home BP monitor: 8 
weeks

Randomised: 41

Reported:33

Treatment: 14 (3 
w/d); EMG: 16 (3 
w/d); self-monitor: 14 
(2 w/d)

Discontinuation 
of sympatholytic 
medication from two-
drug regimen with 
diuretic as second drug

USA Adults with moderate 
hypertension well controlled on 
metoprolol plus diuretic

Cardiac disease

Diabetes

Asthma

Could not stabilise on 
metoprolol

BP not controlled

NHLBI

continued
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Trial
Report 
type

Intervention: type 
of biofeedback and 
number of training 
sessions

Comparator(s) and 
number of sessions

Number of 
patients, total and 
by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Blanchard 
199616

Full TBF: 16 sessions, two per 
week 

Home BP monitor: 
two per day for 4 
weeks

Randomised: 46 

Reported: 42

Treatment: 21;  
self-monitor: 21

12 months of 
follow-up (0, 3, 6 
and 12 months’ 
follow-up)

DBP < 90 mmHg USA DBP ≥ 90 mmHg at second/
third screening visit 

Unmedicated

DBP > 105 mmHg or SBP 
> 180 mmHg, DBP < 90 mmHg

NHLBI

Bonso  
200564a

Abstract NS: four sessions, one per 
week, 2 weeks follow-up 

Self-monitor: 6 weeks Randomised: NS

Reported: 29

Group allocation: NS 

2 weeks Reduction in BP Italy Stage 1 hypertension NS NS

Friedman 
197837,38

Full BP: seven sessions, daily 
home practice

Hypnosis + BF: seven

Hypnosis only: seven

Clinic monitor: seven

Randomised: 48 

Reported: 48

Treatment: 13;  
BF + hypnosis: 10; 
hypnosis: 13;  
clinic monitor: 12 

1 month and 6 
months 

Effects on diastolic 
blood pressure

USA Diagnosis of hypertension 

Minimum DBP 85 mmHg during 
baseline 

Able to complete all sessions 
and 1-week follow up

NS Medical Research 
Service of 
the Veterans 
Administration

Goldstein 
198241

Full SBP and DBP: 16 sessions, 
two per week

Antihypertensive 
medication

Relaxation

Self-monitor

Randomised: 36

Reported: 36

Treatment: 9; 
relaxation: 9; 
medication: 9;  
self-monitor: 9

6 months To evaluate BF and 
Benson relaxation, 
and to compare their 
effectiveness with drug 
therapy

USA DBP: 90–105 mmHg

SBP:150–165 mmHg

Secondary hypertension

Obesity

Drug abuse

Alcoholism

Heart disease

Psychotherapy and organicity

NHLBI

Hager  
197855

Full BP: 40 sessions, 4 weeks Meditation: 40 
sessions, 4 weeks

Randomised: 30 

Reported: 17

Treatment: 7; 
meditation: 10

NA To compare 
biofeedback and 
meditation–relaxation 
in reducing SBP and 
DBP

USA History SBP 145 mmHg or 
DBP > 95 mmHg;

Essential hypertension 

NS NIMH 

Hatch  
198539

Full DBP: 12 sessions Progressive deep 
muscle relaxation 
training

Self-directed 
relaxation training

No treatment 

Randomised: 52

Reported: 52

Treatment: 13; 
relaxation:13;  
self-relaxation:13;  
no treatment:13

12 months To compare the 
effectiveness of 
direct DBP-BF and 
progressive deep 
muscle relaxation 
in patients whose 
BP is already 
effectively controlled 
pharmacologically

USA Essential hypertension

Active pharmacological 
treatment

Age range 21–70 years

Evidence of psychiatric disorder 
or other serious medical 
disorder

Concomitant medications 
(HRTs, cardio, psychotropic)

NIH research

Hunyor  
199747

Full SBP: eight sessions Placebo (sham 
biofeedback 
treatment): eight 
sessions

Randomised: 58 

Reported: 56 

Treatment: 28; 
placebo: 28 

NA The capability of SBP 
lowering of ≥ 5 mmHg 
using continuous 
pressure feedback 

Australia Mildly hypertensive: 
SBP < 200 mmHg, DBP 
< 115 mmHg

SBP ≥ 200 mmHg 

DBP ≥ 115 mmHg

Inability to make time 
commitment

Evidence of target organ 
damage

LVH

Retinal haemorrhages

National Health 
and Medical 
Research Council, 
National Heart 
Foundation 
(Australia), the 
Government 
Health Employees 
Research Fund 
(NSW), North 
Shore Heart 
Research 
Foundation

continued
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Trial
Report 
type

Intervention: type 
of biofeedback and 
number of training 
sessions

Comparator(s) and 
number of sessions

Number of 
patients, total and 
by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Blanchard 
199616

Full TBF: 16 sessions, two per 
week 

Home BP monitor: 
two per day for 4 
weeks

Randomised: 46 

Reported: 42

Treatment: 21;  
self-monitor: 21

12 months of 
follow-up (0, 3, 6 
and 12 months’ 
follow-up)

DBP < 90 mmHg USA DBP ≥ 90 mmHg at second/
third screening visit 

Unmedicated

DBP > 105 mmHg or SBP 
> 180 mmHg, DBP < 90 mmHg

NHLBI

Bonso  
200564a

Abstract NS: four sessions, one per 
week, 2 weeks follow-up 

Self-monitor: 6 weeks Randomised: NS

Reported: 29

Group allocation: NS 

2 weeks Reduction in BP Italy Stage 1 hypertension NS NS

Friedman 
197837,38

Full BP: seven sessions, daily 
home practice

Hypnosis + BF: seven

Hypnosis only: seven

Clinic monitor: seven

Randomised: 48 

Reported: 48

Treatment: 13;  
BF + hypnosis: 10; 
hypnosis: 13;  
clinic monitor: 12 

1 month and 6 
months 

Effects on diastolic 
blood pressure

USA Diagnosis of hypertension 

Minimum DBP 85 mmHg during 
baseline 

Able to complete all sessions 
and 1-week follow up

NS Medical Research 
Service of 
the Veterans 
Administration

Goldstein 
198241

Full SBP and DBP: 16 sessions, 
two per week

Antihypertensive 
medication

Relaxation

Self-monitor

Randomised: 36

Reported: 36

Treatment: 9; 
relaxation: 9; 
medication: 9;  
self-monitor: 9

6 months To evaluate BF and 
Benson relaxation, 
and to compare their 
effectiveness with drug 
therapy

USA DBP: 90–105 mmHg

SBP:150–165 mmHg

Secondary hypertension

Obesity

Drug abuse

Alcoholism

Heart disease

Psychotherapy and organicity

NHLBI

Hager  
197855

Full BP: 40 sessions, 4 weeks Meditation: 40 
sessions, 4 weeks

Randomised: 30 

Reported: 17

Treatment: 7; 
meditation: 10

NA To compare 
biofeedback and 
meditation–relaxation 
in reducing SBP and 
DBP

USA History SBP 145 mmHg or 
DBP > 95 mmHg;

Essential hypertension 

NS NIMH 

Hatch  
198539

Full DBP: 12 sessions Progressive deep 
muscle relaxation 
training

Self-directed 
relaxation training

No treatment 

Randomised: 52

Reported: 52

Treatment: 13; 
relaxation:13;  
self-relaxation:13;  
no treatment:13

12 months To compare the 
effectiveness of 
direct DBP-BF and 
progressive deep 
muscle relaxation 
in patients whose 
BP is already 
effectively controlled 
pharmacologically

USA Essential hypertension

Active pharmacological 
treatment

Age range 21–70 years

Evidence of psychiatric disorder 
or other serious medical 
disorder

Concomitant medications 
(HRTs, cardio, psychotropic)

NIH research

Hunyor  
199747

Full SBP: eight sessions Placebo (sham 
biofeedback 
treatment): eight 
sessions

Randomised: 58 

Reported: 56 

Treatment: 28; 
placebo: 28 

NA The capability of SBP 
lowering of ≥ 5 mmHg 
using continuous 
pressure feedback 

Australia Mildly hypertensive: 
SBP < 200 mmHg, DBP 
< 115 mmHg

SBP ≥ 200 mmHg 

DBP ≥ 115 mmHg

Inability to make time 
commitment

Evidence of target organ 
damage

LVH

Retinal haemorrhages

National Health 
and Medical 
Research Council, 
National Heart 
Foundation 
(Australia), the 
Government 
Health Employees 
Research Fund 
(NSW), North 
Shore Heart 
Research 
Foundation

continued
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Trial
Report 
type

Intervention: type 
of biofeedback and 
number of training 
sessions

Comparator(s) and 
number of sessions

Number of 
patients, total and 
by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Luborsky  
198260

Full BP: five sessions, one per 
week 

Antihypertensive 
medication

Metronome-
conditioned relaxation

Mild exercise

Randomised: 51

Reported: 51

Treatment: 14; 
medication: 10; 
relaxation: 16; 
exercise: 11 

3 months Comparison of 
pharmacotherapy and 
behavioural therapy 

USA BP > 140/90 mmHg and 
< 165/103 mmHg

20–55 years 

Evidence of target organ 
damage

Research grant

Nakao  
199715

Full SBP: four sessions, one per 
week

No treatment Randomised: 31

Reported: 30

Treatment: 15; self-
monitor: 15

3 months To study the efficacy 
of this system for 
the treatment of 
essential hypertension, 
compare simple 
blood pressure self-
monitoring and self-
monitoring + blood 
pressure biofeedback 
and investigate the 
physiological changes 
that occur during 
blood pressure 
biofeedback

Japan Diagnosis of essential 
hypertension according to 
WHO

35–65 years

Antihypertensive medication 
unchanged for 3 weeks

History of beta-blocker use

History of cerebral vascular 
accident

NS

Thananopavarn 
197956a

Abstract NS: 2 hours, 3 days per 
week

Relaxation: 2 hours, 3 
days per week

Antihypertensive 
medication

Randomised: NS

Reported: 12

Treatment: 5; 
relaxation: 3; 
medication: 4 

NA Change in BP USA Mild essential hypertension

No medication for at least 4 
weeks

DBP > 90 mmHg

NS NS

Tsai  
200735

Full BP: four sessions, one per 
week

Placebo (sham 
biofeedback 
treatment)

Randomised: 42

Reported: 38

Treatment: 20; 
placebo: 18

12 weeks (8 weeks 
after treatment)

Change in SBP Taiwan Stage 1 hypertension (SBP 
140–159 mmHg or DBP 90–
99 mmHg)

19–56 years

Able to read and write

Receiving/received 
cardiovascular medication for 
hypertension within previous 2 
months

Kidney or liver disease

Neurological disorder

Psychiatric disorder

Diabetes

NHRI and 
National Science 
Council Taiwan

Walsh  
197757

Full Pulse wave velocity: five 
sessions, one per week 

Relaxation: five 
sessions, one per 
week

Randomised: 24 

Reported: 24

Treatment: 11; 
relaxation: 13

NAa To evaluate the clinical 
effectiveness of two 
behavioural treatments 
for essential 
hypertension

USA NS NS Supported by NSF

Zurawski  
198761

Full GSR: eight sessions, one 
per week, 60–90 minutes, 
+ home practice

SMT: eight sessions, 
one per week, 60–90 
minutes, + home 
practice

Randomised: 29 

Reported: 25

Treatment: 14; SMT: 
11

6 months The effectiveness of 
SMT relative to GSR 
BF in the treatment of 
essential hypertensive 
blood pressure at 
rest and in response 
to simulated stressful 
situations

USA Consecutive casual BP ≥ 
140/90 mmHg

Under care of physician 

Diagnosis of essential 
hypertension

Age 18–60 years

Not excessively overweight

Willing to monitor type and 
dosage of medications taken 
throughout project

NS NS

AT, autogenic training; BF, biofeedback; BP, blood pressure; CGTA, cognitive group therapy for anxiety; DBP, diastolic blood 
pressure; EEG, electroencephalograph; EMG, electromyographic; GSR, galvanic skin response; HRT, hormone replacement 
therapy; LVH, left ventricular hypertrophy; NA, not applicable; NHLBI, National Heart, Lung and Blood Institute; NHRI, National 
Human Rights Institution; NIH, National Institutes for Health; NSF, National Science Foundation; NS, not stated; SBP, systolic blood 
pressure; SMT, stress management training; TBF, thermal biofeedback; w/d, withdrawn.

a Data derived from abstract.

TABLE 20 Trial characteristics: biofeedback alone (continued)
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Trial
Report 
type

Intervention: type 
of biofeedback and 
number of training 
sessions

Comparator(s) and 
number of sessions

Number of 
patients, total and 
by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Luborsky  
198260

Full BP: five sessions, one per 
week 

Antihypertensive 
medication

Metronome-
conditioned relaxation

Mild exercise

Randomised: 51

Reported: 51

Treatment: 14; 
medication: 10; 
relaxation: 16; 
exercise: 11 

3 months Comparison of 
pharmacotherapy and 
behavioural therapy 

USA BP > 140/90 mmHg and 
< 165/103 mmHg

20–55 years 

Evidence of target organ 
damage

Research grant

Nakao  
199715

Full SBP: four sessions, one per 
week

No treatment Randomised: 31

Reported: 30

Treatment: 15; self-
monitor: 15

3 months To study the efficacy 
of this system for 
the treatment of 
essential hypertension, 
compare simple 
blood pressure self-
monitoring and self-
monitoring + blood 
pressure biofeedback 
and investigate the 
physiological changes 
that occur during 
blood pressure 
biofeedback

Japan Diagnosis of essential 
hypertension according to 
WHO

35–65 years

Antihypertensive medication 
unchanged for 3 weeks

History of beta-blocker use

History of cerebral vascular 
accident

NS

Thananopavarn 
197956a

Abstract NS: 2 hours, 3 days per 
week

Relaxation: 2 hours, 3 
days per week

Antihypertensive 
medication

Randomised: NS

Reported: 12

Treatment: 5; 
relaxation: 3; 
medication: 4 

NA Change in BP USA Mild essential hypertension

No medication for at least 4 
weeks

DBP > 90 mmHg

NS NS

Tsai  
200735

Full BP: four sessions, one per 
week

Placebo (sham 
biofeedback 
treatment)

Randomised: 42

Reported: 38

Treatment: 20; 
placebo: 18

12 weeks (8 weeks 
after treatment)

Change in SBP Taiwan Stage 1 hypertension (SBP 
140–159 mmHg or DBP 90–
99 mmHg)

19–56 years

Able to read and write

Receiving/received 
cardiovascular medication for 
hypertension within previous 2 
months

Kidney or liver disease

Neurological disorder

Psychiatric disorder

Diabetes

NHRI and 
National Science 
Council Taiwan

Walsh  
197757

Full Pulse wave velocity: five 
sessions, one per week 

Relaxation: five 
sessions, one per 
week

Randomised: 24 

Reported: 24

Treatment: 11; 
relaxation: 13

NAa To evaluate the clinical 
effectiveness of two 
behavioural treatments 
for essential 
hypertension

USA NS NS Supported by NSF

Zurawski  
198761

Full GSR: eight sessions, one 
per week, 60–90 minutes, 
+ home practice

SMT: eight sessions, 
one per week, 60–90 
minutes, + home 
practice

Randomised: 29 

Reported: 25

Treatment: 14; SMT: 
11

6 months The effectiveness of 
SMT relative to GSR 
BF in the treatment of 
essential hypertensive 
blood pressure at 
rest and in response 
to simulated stressful 
situations

USA Consecutive casual BP ≥ 
140/90 mmHg

Under care of physician 

Diagnosis of essential 
hypertension

Age 18–60 years

Not excessively overweight

Willing to monitor type and 
dosage of medications taken 
throughout project

NS NS

AT, autogenic training; BF, biofeedback; BP, blood pressure; CGTA, cognitive group therapy for anxiety; DBP, diastolic blood 
pressure; EEG, electroencephalograph; EMG, electromyographic; GSR, galvanic skin response; HRT, hormone replacement 
therapy; LVH, left ventricular hypertrophy; NA, not applicable; NHLBI, National Heart, Lung and Blood Institute; NHRI, National 
Human Rights Institution; NIH, National Institutes for Health; NSF, National Science Foundation; NS, not stated; SBP, systolic blood 
pressure; SMT, stress management training; TBF, thermal biofeedback; w/d, withdrawn.

a Data derived from abstract.
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TABLE 21 Trial characteristics: biofeedback combinations

Trial
Report 
type

Intervention: type 
of biofeedback and 
number of sessions

Combination 
therapy

Comparator(s) 
and number of 
sessions

Number of patients, 
total and by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Berglund 
199152a

Abstract TBF: 12 sessions Menninger protocol Self-monitor Randomised: NS
Reported: 40
Group allocation: NS

NS Change in blood 
pressure

USA NS NS California School 
of Professional 
Psychology, San 
Diego

Canino  
199446

Full TBF: 15 sessions Relaxation + anxiety 
management

Placebo 
behavioural therapy
No treatment 

Randomised: 28 
Reported: 28
Treatment: 8; placebo: 4; 
no treatment: 9 

6 months Reduction in DBP 
and SBP; effects of 
behavioural therapy 
on control + 
reduction of blood 
pressure

Venezuela Established essential 
hypertension
25–48 years
Mean blood 
pressure 
140/90 mmHg
No antihypertensive 
medication
Willing to attend 
sessions

NS NS

Chesney 
198749

Full TBF and EMG 
(modality alternated 
across sessions): 13 
over 17 weeks then 
five sessions follow-
up over 36 weeks

Relaxation Combined 
behavioural group 
consisting of 
relaxation, RCR, 
BFCR, HBC, clinic 
BPM

Randomised: 158
Reported: 158
Treatment: 24; BFCR: 25; 
relaxation: 24; RCR: 24; 
HBC: 21; clinic BPM: 40

54 weeks Change in blood 
pressure between 
behavioural therapy 
and BPM groups

USA DBP between 90 
and 104 mmHg
Not taking 
antihypertensive 
medication

DBP > 90 mmHg but 
medicated
Secondary 
hypertension
DBP > 105 mmHg
SBP > 170 mmHg

NHLBI 

Cohen  
198350

Full EMG and TBF: 20 
sessions, two per 
week 

Relaxation Relaxation: five 
sessions, one per 
week, and again at 
week 15
Waiting list

Randomised: 30
Reported: 30
Treatment:10; relaxation: 
10; waiting list: 10

4 months Effects of 
interventions 
on attentional 
dimensions

USA Diagnosis of 
hypertension for 2 
years

Not essential 
hypertension
Major disease-related 
complications
Serious medical or 
psychological illness

Research fellowship

Frankel  
197821

Full DBP and EMG: 20 
sessions over 16 
weeks + home 
practice

Relaxation Placebo (sham 
biofeedback 
treatment): 20 
sessions over 16 
weeks
Clinic blood 
pressure monitor

Randomised: 22
Reported: 22
Treatment: 7; placebo: 
7; clinic blood pressure 
monitor: 8

NA Effects of 
interventions on 
blood pressure

NS Uncomplicated 
hypertension

NS NS

Friedman 
197837,38

Full BP: seven sessions Hypnosis Biofeedback only
Hypnosis only
Clinic blood 
pressure monitor
Seven sessions

Randomised: 48
Reported: 48
Treatment: 10; BF only: 
13; hypnosis:13; clinic 
blood pressure monitor: 
12 

1 month and 6 
months 

Effects on DBP USA Hypertension
Minimum DBP 
85 mmHg during 
baseline 
Able to complete all 
training sessions and 
1-week follow-up

NS Medical Research 
Service of 
the Veterans 
Administration

Hafner  
198222

Full GSR or EMG: eight 
sessions, one per 
week 

Relaxation + 
meditation

Meditation, one 
session per week 
for 8 weeks
No treatment

Randomised: 21
Group allocation unclear 

3 months Is a combination 
of meditation and 
biofeedback-aided 
relaxation superior 
to meditation alone?

UK Essential 
hypertension 
No relevant lesions 
or disorders

NS St George’s 
Hospital Society 
for Psychosomatic 
Research

continued
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TABLE 21 Trial characteristics: biofeedback combinations

Trial
Report 
type

Intervention: type 
of biofeedback and 
number of sessions

Combination 
therapy

Comparator(s) 
and number of 
sessions

Number of patients, 
total and by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Berglund 
199152a

Abstract TBF: 12 sessions Menninger protocol Self-monitor Randomised: NS
Reported: 40
Group allocation: NS

NS Change in blood 
pressure

USA NS NS California School 
of Professional 
Psychology, San 
Diego

Canino  
199446

Full TBF: 15 sessions Relaxation + anxiety 
management

Placebo 
behavioural therapy
No treatment 

Randomised: 28 
Reported: 28
Treatment: 8; placebo: 4; 
no treatment: 9 

6 months Reduction in DBP 
and SBP; effects of 
behavioural therapy 
on control + 
reduction of blood 
pressure

Venezuela Established essential 
hypertension
25–48 years
Mean blood 
pressure 
140/90 mmHg
No antihypertensive 
medication
Willing to attend 
sessions

NS NS

Chesney 
198749

Full TBF and EMG 
(modality alternated 
across sessions): 13 
over 17 weeks then 
five sessions follow-
up over 36 weeks

Relaxation Combined 
behavioural group 
consisting of 
relaxation, RCR, 
BFCR, HBC, clinic 
BPM

Randomised: 158
Reported: 158
Treatment: 24; BFCR: 25; 
relaxation: 24; RCR: 24; 
HBC: 21; clinic BPM: 40

54 weeks Change in blood 
pressure between 
behavioural therapy 
and BPM groups

USA DBP between 90 
and 104 mmHg
Not taking 
antihypertensive 
medication

DBP > 90 mmHg but 
medicated
Secondary 
hypertension
DBP > 105 mmHg
SBP > 170 mmHg

NHLBI 

Cohen  
198350

Full EMG and TBF: 20 
sessions, two per 
week 

Relaxation Relaxation: five 
sessions, one per 
week, and again at 
week 15
Waiting list

Randomised: 30
Reported: 30
Treatment:10; relaxation: 
10; waiting list: 10

4 months Effects of 
interventions 
on attentional 
dimensions

USA Diagnosis of 
hypertension for 2 
years

Not essential 
hypertension
Major disease-related 
complications
Serious medical or 
psychological illness

Research fellowship

Frankel  
197821

Full DBP and EMG: 20 
sessions over 16 
weeks + home 
practice

Relaxation Placebo (sham 
biofeedback 
treatment): 20 
sessions over 16 
weeks
Clinic blood 
pressure monitor

Randomised: 22
Reported: 22
Treatment: 7; placebo: 
7; clinic blood pressure 
monitor: 8

NA Effects of 
interventions on 
blood pressure

NS Uncomplicated 
hypertension

NS NS

Friedman 
197837,38

Full BP: seven sessions Hypnosis Biofeedback only
Hypnosis only
Clinic blood 
pressure monitor
Seven sessions

Randomised: 48
Reported: 48
Treatment: 10; BF only: 
13; hypnosis:13; clinic 
blood pressure monitor: 
12 

1 month and 6 
months 

Effects on DBP USA Hypertension
Minimum DBP 
85 mmHg during 
baseline 
Able to complete all 
training sessions and 
1-week follow-up

NS Medical Research 
Service of 
the Veterans 
Administration

Hafner  
198222

Full GSR or EMG: eight 
sessions, one per 
week 

Relaxation + 
meditation

Meditation, one 
session per week 
for 8 weeks
No treatment

Randomised: 21
Group allocation unclear 

3 months Is a combination 
of meditation and 
biofeedback-aided 
relaxation superior 
to meditation alone?

UK Essential 
hypertension 
No relevant lesions 
or disorders

NS St George’s 
Hospital Society 
for Psychosomatic 
Research
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Trial
Report 
type

Intervention: type 
of biofeedback and 
number of sessions

Combination 
therapy

Comparator(s) 
and number of 
sessions

Number of patients, 
total and by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Irvine  
199142

Full GSR: 6–12 sessions Relaxation + imagery 
+ meditation

NSST All: 110 
Reported: 101
Treatment: 50; NSST: 51

6 months To evaluate 
relaxation 
behaviour therapy 
as sole treatment 
for uncomplicated 
and previously 
untreated mild 
hypertension

Canada Untreated 
hypertensives 
with mean DBP 
< 105  mmHg

SBP ≥ 200 mmHg at 
first screening
DBP ≥ 120 mmHg at 
any screening
DBP averaged 
> 114 mmHg after 
third screening
DBP averaged 
> 104 mmHg after 
fifth screening
Myocardial infarction
Congestive heart 
failure
Stroke
Angina pectoris
Currently taking 
antihypertensive 
medication

Ontario Ministry 
of Health, National 
Health and Research 
Development, Ciba 
Geigy

Jacob  
199243

Full TBF: 12 sessions Relaxation Stress education: 
12 sessions

Randomised: 20
Reported: 19
Treatment: 10;  
stress education: 9

NS Comparison of 
biofeedback and 
stress education 
in reduction of 
blood pressure 
in hypertensive 
patients whose 
antihypertensive 
medications were 
experimentally 
controlled

USA DBP > 90 mmHg NS NHLBI

Jurek  
199251

Full EMG and TBF: 16 
sessions, two per 
week 

Relaxation + diuretic Diuretic only Randomised: 47
Reported: 30
Treatment: 20;  
diuretic only: 10

10–12 months Effect and 
comparison of two 
arms in lowering of 
SBP and DBP

USA 21–60 years
Diagnosis of 
hypertension 1 year

NS Northwestern Ohio 
Heart Association

Khramelashvili 
198659a

Abstract NS Relaxation NS Randomised: NS
Reported: 80
Treatment: 30; 
autotraining: 30;  
no intervention: 20

NS Changes in blood 
pressure, stress 
tolerance and 
psychological status

NS Essential 
hypertension 
(stages IIA–IIB)

NS NS

McCraty 
200344

Full HR variability: 12 
hours in 2 weeks 

IQM Waiting list Randomised: 38
Reported: 32 
Treatment: 18;  
waiting list: 14

3 months Impact of a 
workplace-based 
stress management 
programme on 
blood pressure, 
emotional health 
and workplace-
related measures 
in hypertensive 
employees

USA Regular schedule 
of hypertensive 
medications
At least 1/4 baseline 
BP readings in 
a range of 90–
105 mmHg DBP 
or 140–179 mmHg 
SBP

Changes in 
hypertensive 
medications
Schedule conflicts and/
or personal reasons

NS

McGrady 
198119

Full EMG: 16 sessions, 
two per week 

Relaxation Blood pressure 
monitoring 

Randomised: 43
Reported: 38
Treatment: 22; blood 
pressure monitor: 16

None Effect of BF 
+ relaxation 
on treatment 
of essential 
hypertension

USA Essential 
hypertension

NS North Western Ohio 
Heart Association

continued
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Trial
Report 
type

Intervention: type 
of biofeedback and 
number of sessions

Combination 
therapy

Comparator(s) 
and number of 
sessions

Number of patients, 
total and by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

Irvine  
199142

Full GSR: 6–12 sessions Relaxation + imagery 
+ meditation

NSST All: 110 
Reported: 101
Treatment: 50; NSST: 51

6 months To evaluate 
relaxation 
behaviour therapy 
as sole treatment 
for uncomplicated 
and previously 
untreated mild 
hypertension

Canada Untreated 
hypertensives 
with mean DBP 
< 105  mmHg

SBP ≥ 200 mmHg at 
first screening
DBP ≥ 120 mmHg at 
any screening
DBP averaged 
> 114 mmHg after 
third screening
DBP averaged 
> 104 mmHg after 
fifth screening
Myocardial infarction
Congestive heart 
failure
Stroke
Angina pectoris
Currently taking 
antihypertensive 
medication

Ontario Ministry 
of Health, National 
Health and Research 
Development, Ciba 
Geigy

Jacob  
199243

Full TBF: 12 sessions Relaxation Stress education: 
12 sessions

Randomised: 20
Reported: 19
Treatment: 10;  
stress education: 9

NS Comparison of 
biofeedback and 
stress education 
in reduction of 
blood pressure 
in hypertensive 
patients whose 
antihypertensive 
medications were 
experimentally 
controlled

USA DBP > 90 mmHg NS NHLBI

Jurek  
199251

Full EMG and TBF: 16 
sessions, two per 
week 

Relaxation + diuretic Diuretic only Randomised: 47
Reported: 30
Treatment: 20;  
diuretic only: 10

10–12 months Effect and 
comparison of two 
arms in lowering of 
SBP and DBP

USA 21–60 years
Diagnosis of 
hypertension 1 year

NS Northwestern Ohio 
Heart Association

Khramelashvili 
198659a

Abstract NS Relaxation NS Randomised: NS
Reported: 80
Treatment: 30; 
autotraining: 30;  
no intervention: 20

NS Changes in blood 
pressure, stress 
tolerance and 
psychological status

NS Essential 
hypertension 
(stages IIA–IIB)

NS NS

McCraty 
200344

Full HR variability: 12 
hours in 2 weeks 

IQM Waiting list Randomised: 38
Reported: 32 
Treatment: 18;  
waiting list: 14

3 months Impact of a 
workplace-based 
stress management 
programme on 
blood pressure, 
emotional health 
and workplace-
related measures 
in hypertensive 
employees

USA Regular schedule 
of hypertensive 
medications
At least 1/4 baseline 
BP readings in 
a range of 90–
105 mmHg DBP 
or 140–179 mmHg 
SBP

Changes in 
hypertensive 
medications
Schedule conflicts and/
or personal reasons

NS

McGrady 
198119

Full EMG: 16 sessions, 
two per week 

Relaxation Blood pressure 
monitoring 

Randomised: 43
Reported: 38
Treatment: 22; blood 
pressure monitor: 16

None Effect of BF 
+ relaxation 
on treatment 
of essential 
hypertension

USA Essential 
hypertension

NS North Western Ohio 
Heart Association

continued



Appendix 5

72

Trial
Report 
type

Intervention: type 
of biofeedback and 
number of sessions

Combination 
therapy

Comparator(s) 
and number of 
sessions

Number of patients, 
total and by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

McGrady 
199463

Full TBF: eight sessions, 
one per week 

Relaxation Waiting list Randomised: 138
Reported: 101
Treatment: 70; waiting 
list 31

10 months Effects of relaxation 
and TBF on 
BP and related 
psychological 
and physiological 
parameters

USA Essential 
hypertension
Medicated or 
unmedicated 
diagnosed by 
physician

Not clear City of Toledo 
Health Department

Patel  
197545

Full GSR EMG: 12 
sessions, two per 
week, + home 
practice

Yoga Relaxation: 12 
sessions, two per 
week, 30 minutes 
each

Randomised: 37 
Reported: 34
Treatment: 17; yoga: 17

3 months Effects of therapy 
on blood pressure

UK Medicated for at 
least 6 months with 
initial DBP levels of 
at least 110 mmHg 
on two separate 
days

NS Support from South 
West Thames RHA

Patel  
198840

Full GSR: eight sessions, 
one per week, + 
home practice

Relaxation No treatment Randomised: 116
Reported: 103 
Treatment: 49;  
no treatment: 54

1 year Changes in SBP and 
DBP

UK The last 134 
recruits to the 
second phase of a 
6-year MRC trial 
who consented to 
take part

NS Support from British 
Heart Foundation; 
Wyeth Laboratories 
sponsored 
workshops for 
doctors and nurses

BF, biofeedback; BFCR, biofeedback + cognitive restructuring; BP, blood pressure; BPM, blood pressure monitoring; DBP, 
diastolic blood pressure; EMG, electromyographic; GSR, galvanic skin response; HBC, health behaviour change; HR, heart 
rate; IQM, inner quality management; MRC, Medical Research Council; NA, not available; NHLBI, National Heart, Lung 
and Blood Institute; NS, not stated; NSST, non-specific support therapy; RCR, relaxation + cognitive restructuring; RHA, 
Regional Health Authority; SBP, systolic blood pressure; TBF, thermal biofeedback.
a Data derived from abstract.

TABLE 21 Trial characteristics: biofeedback combinations (continued)
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Trial
Report 
type

Intervention: type 
of biofeedback and 
number of sessions

Combination 
therapy

Comparator(s) 
and number of 
sessions

Number of patients, 
total and by arm

Timing of post-
treatment 
follow-up Primary outcome Location Inclusion criteria Exclusion criteria Funding source

McGrady 
199463

Full TBF: eight sessions, 
one per week 

Relaxation Waiting list Randomised: 138
Reported: 101
Treatment: 70; waiting 
list 31

10 months Effects of relaxation 
and TBF on 
BP and related 
psychological 
and physiological 
parameters

USA Essential 
hypertension
Medicated or 
unmedicated 
diagnosed by 
physician

Not clear City of Toledo 
Health Department

Patel  
197545

Full GSR EMG: 12 
sessions, two per 
week, + home 
practice

Yoga Relaxation: 12 
sessions, two per 
week, 30 minutes 
each

Randomised: 37 
Reported: 34
Treatment: 17; yoga: 17

3 months Effects of therapy 
on blood pressure

UK Medicated for at 
least 6 months with 
initial DBP levels of 
at least 110 mmHg 
on two separate 
days

NS Support from South 
West Thames RHA

Patel  
198840

Full GSR: eight sessions, 
one per week, + 
home practice

Relaxation No treatment Randomised: 116
Reported: 103 
Treatment: 49;  
no treatment: 54

1 year Changes in SBP and 
DBP

UK The last 134 
recruits to the 
second phase of a 
6-year MRC trial 
who consented to 
take part

NS Support from British 
Heart Foundation; 
Wyeth Laboratories 
sponsored 
workshops for 
doctors and nurses

BF, biofeedback; BFCR, biofeedback + cognitive restructuring; BP, blood pressure; BPM, blood pressure monitoring; DBP, 
diastolic blood pressure; EMG, electromyographic; GSR, galvanic skin response; HBC, health behaviour change; HR, heart 
rate; IQM, inner quality management; MRC, Medical Research Council; NA, not available; NHLBI, National Heart, Lung 
and Blood Institute; NS, not stated; NSST, non-specific support therapy; RCR, relaxation + cognitive restructuring; RHA, 
Regional Health Authority; SBP, systolic blood pressure; TBF, thermal biofeedback.
a Data derived from abstract.
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