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Blood pressure biofeedback at home was compared with

relaxation training and a combination of the two proce-

dures for the treatment of essential hypertension. Ten

subjects were taught to monitor blood pressure (BP) at

home with electronic sphygmomanometers designed for self-

use. Following a 2-week baseline period, subjects were

assigned to one of three treatment orders: (a) bio-

feedback (followed by relaxation and combination), (b)

relaxation (followed by combination and biofeedback), or

(c) combination (followed by biofeedback and relaxation).

Each treatment phase was 2 weeks in duration, and all

subjects received all treatments. All subjects received

biofeedback training and were taught to use the electronic

sphygmomanometers to provide feedback of systolic and

diastolic BP. All subjects received relaxation training

and were instructed in the "relaxation response." Subjects

practiced each treatment at home, three times per day, for

20 minutes each time. All subjects received the combination



treatment, so were instructed in both biofeedback and re-

laxation to be practiced at home, three times per day, with

10 minutes devoted to each treatment. Blood pressure

readings were taken before and after each practice session.

Generalization of treatment effects was assessed by periodic

BP measurements in medical and laboratory settings, and

subjects were followed for 3 weeks after the end of the

treatment. For all subjects, no single treatment reduced

BP significantly from baseline levels in any setting; how-

ever, over the course of the study, systolic BP at home

decreased 5.1 millimeters of mercury (mm Hg) (p = .05) and

diastolic BP in the medical setting decreased 9.7 mm Hg

(p = .01). When subjects were divided into clusters

according to baseline BP level and the data analyzed, the

systolic BP of subjects in the high cluster had decreased

8.1 mm Hg from pre- to posttreatment (p = .01), while there

was no significant decrease in the low cluster. In the

high cluster, biofeedback treatment reduced home measures

of systolic BP 7.1 mm Hg from baseline (p = .05), but no

treatment reduced BP significantly in the low cluster. All

treatments produced significant within-session reductions

in systolic BP in both clusters. The average decrease in

systolic BP was 6.6 mm Hg for the high cluster and 6.2 mm Hg

for the low cluster. Reductions in diastolic BP were not

significant. At follow-up, home measures of BP did not

change significantly from posttreatment, but the low cluster
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exhibited a nonsignificant increase in BP readings in the

medical setting, while BP of the high cluster declined

slightly. Although situational factors appeared to have

rather potent effects on BP levels, results suggested that

training to control BP did generalize across situations.

Although pretreatment BP level seemed to be related to the

amount of reduction obtained, there was some evidence to

indicate that subjects trained in behavioral methods of

control could maintain BP in the average range after med-

ication was discontinued, even if no significant reductions

were obtained during treatment. Home practice of BP

biofeedback was found to be the most successful single

treatment for reducing systolic BP in the practice setting.
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BLOOD PRESSURE BIOFEEDBACK AND RELAXATION TRAINING:

THE EFFECTS OF HOME PRACTICE ON REDUCTION OF

BLOOD PRESSURE IN PERSONS WITH

ESSENTIAL HYPERTENSION

Hypertensive disease or high blood pressure (BP) is a

pathological condition characterized by sustained eleva-

tion of diastolic and usually systolic BP in the absence

of demonstrable disease of the heart or blood vessels

(Moriyama, Krueger, & Stamler, 1971). Nationwide, it is

a major cause of sickness, disability, and death among

adults, afflicting an estimated 20 to 25 million persons

(National Center for Health Statistics, 1975) and

resulting in enormous human and economic costs. In 1966,

65,000 deaths were recorded as caused by hypertensive

disease, including hypertensive heart disease (Moriyama

et al., 1971), but this figure is probably a gross

underestimate of the true rate (Stamler, Schoenberger,

Shekelle, & Stamler, 1974). Because of the way in which

deaths are classified and recorded, hypertensive disease

is often not reported as the cause of death and mortality

statistics probably reflect only about 25% of the deaths

in which hypertensive disease was a factor (Moriyama

et al., 1971). It is ranked as the most significant risk

factor in the development of artherosclerotic disease,
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kidney failure, congestive heart failure, coronary heart

disease, heart attack, and stroke. There are more than

one million heart attacks annually in the United States,

another two million persons are victims of strokes, and

these two causes alone accounted for 775,337 deaths in

1967 (Galton, 1973). In persons with hypertensive disease

the incidence of stroke is three times that of normoten-

sives (Kannel, Wolf, Verter, & McNamara, 1970) and

congestive heart failure occurs six times more often

(Kannel, Castelli, McNamara, McKee, & Feinleib, 1972).

In addition to the cost in human lives of hyperten-

sive disease, it is estimated that the economic costs to

the nation in sickness, disability, and death were over

2.6 billion dollars in 1967 (National Heart and Lung

Institute Task Force on Arteriosclerosis, 1972). If the

contribution of hypertensive disease to economic losses

from premature heart attacks and stroke are included, the

figure for the same period could be as high as nine

billion dollars (Stamler et al., 1974).

Since BP occurs along a continuum with no clear line

dividing normal pressure from elevated, there is a lack of

consensus on the point at which BP becomes "high"

(Pickering, 1968). A casual BP level of 160 millimeters

of mercury (mm Hg) systolic and/or 95 mm Hg diastolic is

generally considered to be the criterion for defining

hypertensive disease, while systolic levels of 140 to
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159 mm Hg and/or diastolic levels of 90 to 94 mm Hg are

regarded as borderline (World Health Organization, 1962);

however, these values must be considered only general

rules. What is considered normal may vary with age, sex,

and environmental factors (Master, Dublin, & Marks, 1950;

Pickering, 1968), and a quantitative relationship has been

shown to exist between BP and risk of disability and

death even in the "normal" range.

The insurance industry has long pointed out that even

slight elevations of BP are correlated with increased mor-

tality risk. Their experience has shown that men age 35

with a BP of 142/90 mm Hg and no other impairments are

subject to a mortality rate 76% higher than normotensives

over a 20-year period (Lew, 1967).

Even transient BP elevations have been found to be

related to increased health problems and mortality. A

study reported by Levy, White, Stroud, & Hillman (1945) of

22,741 army officers found that those who had exhibited

transient elevations in BP had disability retirement rates

three to four times higher than those without such

elevations. The mortality rates of the former group were

also two to three times higher than normotensives.

When BP is consistently elevated the risk of dis-

ability and motality is further increased, as indicated
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in a study by Thomson (1950). Employees in the home

office of the Metropolitan Life Insurance Company were

evaluated in this study, which compared disability and

death rates of persons who exhibited frequent (but not

consistent) BP elevations with those of persons having

consistently high BP. Disability rates for the latter

group were three times those of normotensives. Total

mortality was four times higher for this group and car-

diovascular mortality was six times as high. The results

of five investigations, brought together in the National

Cooperative Pooling Project, evaluated 7,581 men age 30 to

59 over a 10-year period (Inter-Society Commission for

Heart Disease Resources, 1970). Those with diastolic

BP levels of 95 to 104 mm Hg were found to have 60%

greater mortality rate than normotensives, and the rate

increased to 200% for those with diastolic pressures of

104 mm Hg or greater. The research cited above is only

representative of the findings of similar studies of

hypertensive disease carried out over the last 25 years,

and serves to underscore its wide prevalence in the United

States and its potentially serious sequelae.

Types of Hypertensive Disease

The existence of hypertensive disease can be easily

recognized by means of indirect measurement with a

sphygmomanometer, but determination of appropriate treat-

ment requires that it be classified as to its etiology.
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In our present state of knowledge, hypertensive disease

may be divided by etiology into two categories: primary

or essential hypertension, whose cause is unknown, and

secondary hypertension, which results from a known cause.

Secondary hypertension. Several types of secondary

hypertension have been identified; however, all known

causes can be classified as involving disorders of either

the afferent or efferent mediators of BP and volume

control (Gantt, 1967). While secondary hypertension may

often be cured through surgery or drug treatment, all

known causes of hypertension account for only a small per-

centage of the persons afflicted with the disease. In the

majority of cases of hypertensive disease, perhaps as many

as 90%, no cause can be found and diagnosis (by exclusion)

is essential hypertension (Galton, 1973). It is the

treatment of essential hypertension which is the subject

of this research.

Essential hypertension. A substantial amount of

research has failed to discover the cause(s) of essential

hypertension but there are presently three different

theories of its etiology: genetic, hormonal, and central

nervous system disorders. It is beyond the scope of this

study to attempt to evaluate these theories, but it should

be noted that the treatment of a disorder is not

necessarily dictated by its etiology. Also, in addition

to the lack of knowledge of the cause of essential
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hypertension, the presence of certain factors may increase

the risk of its occurrence. Among these are a family-

history of hypertension (Levy et al., 1945; Stamler,

Stamler & Pullman, 1967), obesity (Chiang, Perlman, &

Epistein, 1969; Kannel, Brand, Skinner, Dawber, & McNamara,

1967),, smoking (Moriyama et al., 1971; Stamler, 1968),

elevated serum cholesterol (Stamler, 1967; Stamler

et al., 1968), and emotional stimuli (Pickering, 1968;

Wolf & Goodell, 1968).

In addition to the factors described above, data on

morbidity and mortality demonstrate that the risk of

developing hypertensive disease increases with age, at

least through age 60-65 years. (Moriyama et al., 1971;

Stamler, Stamler, Riedlinger, Algera, & Roberts, 1976).

Also, the prevalence of hypertensive disease in blacks is

approximately twice as high as in the white population for

any given age (Finnerty, Shaw & Himmelsbach, 1973). Thus,

not only is the cause of essential hypertension still a

mystery, but a variety of factors also play a role, which

is presently unclear, in the development and prognosis of

the disease.

Medical Treatment of Essential Hypertension

At present, no permanent treatment exists for essen-

tial hypertension. Historical treatments included such

approaches as acupuncture, trepanning (boring a hole in

the skull), and the use of leeches for bloodletting. More
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recently, suggested remedies included extract of water-

melon and cucumber seeds, mistletoe, and garlic (Galton,

1973). Effective drug treatment for the control of

hypertension dates only from 1950 (Stamler et al., 1974).

Intially, drug treatments were usually limited to

those persons who exhibited "severe" (diastolic BP greater

than 125 mm Hg) or malignant hypertension and their effec-

tiveness in controlling these disorders has been amply

demonstrated (Dustan, Schnecklath, Corcoran, & Page, 1958;

Harrington, Kincaid-Smith, & McMichael, 1959; Mohler &

Freis, 1960; Perry & Schroeder, 1958). Their use in the

treatment of mild or moderate forms of the disease is a

relatively recent development, due to the belief that

hypertension at these levels was usually benign (Cooper,

1974) and to controversy over their effectiveness

(Goldring & Chasis, 1965; Perera, 1960). However, the

current view of hypertensive disease recognizes that even

its "milder" forms are not benign, but instead are life-

threatening (Cooper, 1974). Also, recent studies have

demonstrated the effectiveness of these drugs in reducing

morbidity and mortality in persons with moderate

elevations of BP.

In one of these studies (Veterans' Administration,

1967), 143 male hypertensive patients with diastolic BP

ranging from 115 to 129 mm Hg were assigned to either

antihypertensive drug treatment or placebo treatment.
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Severe complications developed in 38.6% of the patients in

the placebo group compared to 2.7% of the treated

patients. Also, four deaths occurred in the placebo group

and one in the treated group.

A second study (Veterans Administration, 1970)

evaluated the effects of antihypertensive drug treatment

on patients with diastolic BP averaging 90 to 114 mm Hg.

The 380 male patients were assigned to either placebo or

active treatment. Severe complications developed in 18%

of the patients in the placebo group compared with an

incidence of 4.8% in the treated group. Nineteen deaths

occurred in the placebo group, and eight in the treated

group. The degree of benefit from treatment was found to

be related to the prerandomization level of BP, with the

benefits of treatment clearly demonstrated in patients

with diastolic BP levels above 104 mm Hg.

Although the results of the studies discussed

demonstrate the effectiveness of antihypertensive drugs in

the treatment of severe, moderate, and malignant hyperten-

sive disease, some drawbacks to their use still exist.

The effectiveness of these drugs in controlling hyperten-

sive disease in persons with diastolic BP below 105 mm Hg

has not been convincingly demonstrated. Also, the

patients participating in the two Veterans Administration

studies cited were carefully selected for willingness to

comply with the treatment regime. As the authors point
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out (Veterans' Administration, 1970), treatment would have

been less effective with less cooperative patients. The

problem of achieving patient compliance is a substantial

one, since most hypertensives are asymptomatic and

consequently may lack the motivation to continue treatment

(Finnerty, 1974).

The cost of treatment has also been cited as a reason

for patients' failure to continue on medication (Wilber,

1967). Another reason given is the amount of time spent

on clinic visits (Finnerty, Mattie, & Finnerty, 1973).

In addition to the factors mentioned above, the use

of antihypertensive drugs poses certain problems in terms

of side effects (Veterans Administration, 1972). Some of

the more common ones occurring with the use of "milder"

antihypertensive agents include elevation of blood sugar

or decreased glucose tolerance associated with ben-

zothiadiazine diuretics, while drowsiness, lethargy,

depression, and increased secretion of gastric acid may

accompany the use of rauwolfia preparations. Side effects

are likely to become more of a problem when potent antihy-

pertensive drugs (sympathetic blocking agents) are used.

Some which are common to all of these drugs are orthostatic

hypotension, dizziness, reduced cardiac reserve, and

disturbance of male sexual function (Herting & Hunter,

1967). It was partly the risk associated with these drugs

which resulted in their initial restriction to treating
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only severe and malignant cases of hypertension (Stamler

et al., 1974). Antihypertensive drugs are now often

prescribed in combination, thus avoiding some of the

problems associated with taking large amounts of

individual drugs, but, even so, their side effects cannot

be ignored. Although they are rarely serious, they may

limit the dosage a patient will accept or even lead to

discontinuation of treatment (Gifford, 1974).

From the information reviewed, it can be seen that

hypertensive disease is a large scale health problem in

this country, with essential hypertension making up the

majority of the cases. Of particular concern is its

association with cardiovascular mortality, which con-

stitutes about 50% of the total mortality. Although

lowering BP to a satisfactory level has been shown to

decrease the incidence of complications in persons with

moderate and severe hypertensive disease, only 50% of

hypertensives are detected and only in about half of these

is BP adequately controlled by antihypertensive drug

treatment. For these reasons, as well as others just

discussed, much research has recently been directed toward

finding effective psychological treatments for essential

hypertension.

Psychological Treatment of Essential Hypertension

The initial impetus for seeking psychological treat-

ment for essential hypertension came from the area of
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psychosomatic medicine, as a result of the belief that

certain psychological factors may be the direct causes 
of

specific somatic disorders. The basic hypothesis is that

disorders of the endocrine, autonomic, and motor systems

can result from emotional stimuli mediated by the central

nervous system (Davies, 1971), and the psychological

treatment usually associated with this view is verbal

psychotherapy. The evidence supporting this theory and

evaluating psychotherapeutic treatments is reviewed

elsewhere (e.g., Weiner, 1970), and it is sufficient for

the purpose of this study to note that there has been

little systematic, controlled research on the treatment of

essential hypertension by verbal psychotherapy (Blanchard

& Miller, 1977). In contrast, in the past 10 years there

has been increasing research in the use of biofeedback and

relaxation techniques to control essential hypertension.

Biofeedback. Two forms of biofeedback have been most

commonly used in the treatment of essential hypertension:

feedback of BP, and electromyograph (EMG) feedback of

muscle tension. Since the latter technique serves to aid

the subject in achieving a state of relaxation, it will be

considered a relaxation procedure.

Following demonstrations of the successful control of

BP by normotensives, research began with clinical

populations. Benson, Shapiro, Tursky, and Schwartz (1971)

attempted to lower systolic BP in seven subjects diagnosed
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as having moderate or severe essential hypertension.

Subjects were five male and two female outpatients 
being

seen at a hypertension clinic. Their ages ranged from 30

to 54 years. Six subjects were receiving antihypertensive

medication. The median systolic BP for each subject was

established during control sessions in which no feedback

or reinforcement were presented. The number of such

sessions varied from 5 to 16, with 30 trials in each.

Following the control period, training sessions were con-

ducted until there were no reductions in systolic BP for

five consecutive sessions. The number of training

sessions required to reach this criterion ranged from 8 to

34, and each consisted of 5 blank trials followed by 25

training trials. Feedback was a light and tone presented

when systolic BP decreased, and slides of landscapes and

reminders of money earned served as a reward after every

20 feedback presentations. By the end of treatment, sub-

jects had succeeded in reducing systolic BP an average of

10% from baseline levels. In individual subjects these

decreases ranged from 0 to 33.8 mm Hg (average = 16.63 mm

Hg); however, the subject who failed to reduce systolic BP

also had renal artery stenosis. No follow-up was

reported.

Miller (1972) reported a systematic case study of a

woman with essential hypertension. Following 26 baseline

sessions she received auditory feedback of diastolic BP
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for 37 training sessions. During the training period she

was successful in learning to raise and lower diastolic BP,

and by the end of training her diastolic BP had decreased

by approximately 21.7% (21 mm Hg). At follow-up it was

found that her BP had returned to pretreatment level, a

finding that was attributed to "emotional stress."

Elder, Ruiz, Deabler, and Dillenkoffer (1973)

compared the effectiveness of two reinforcement strategies

in lowering BP. Subjects were 18 hospitalized males,

ranging in age from 19 to 23 years, and diagnosed as

essential hypertensives. Although none were taking anti-

hypertensive medication, an unspecified number were

receiving central nervous system depressants. The mean of

20 BP readings taken in the first session was used as a

basal level for each subject. They were then randomly

assigned to one of three groups: no feedback (control),

feedback, and feedback paired with verbal approval.

Control subjects were told to relax, avoid thinking about

personal problems, and focus attention on lowering BP.

Subjects in the other two groups received visual feedback

(light) when they were successful in reducing diastolic

BP, and for one group this feedback was accompanied by

verbal reinforcement. Training sessions took place twice

daily, morning and afternoon, for 4 consecutive days. The

first session was used to establish basal BP and the

remaining seven were devoted to training. A single
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follow-up session was held 7 days after the last treatment

session, following the same procedure used to determine

basal BP. Analysis of changes in systolic BP failed to

reveal any significant differences following training,

although there was a tendency for systolic BP in the feed-

back plus verbal-reinforcement group to decrease over

trials. Analysis of changes in diastolic BP indicated

that subjects in the feedback plus verbal-reinforcement

group averaged approximately a 21% (19 mm Hg) reduction in

pressure from their basal level. This was a significantly

greater decrease than was found in either of the other

groups. The feedback only group differed from the control

group only over the final two training sessions. A

follow-up 1 week later suggested that subjects who

achieved decreases in BP were able to maintain them over

that period, although the loss of seven subjects limited

the conclusions that could be drawn.

Shapiro (1974) reported the results of the use of

BP biofeedback to reduce diastolic BP in a 35-year-old

male with essential hypertension. Six baseline sessions

were followed by nine training sessions, during which the

subject reduced diastolic BP from over 100 to about 85 mm

Hg. Following this training, other techniques (autogenic

phrases and progressive relaxation) were introduced along

NOW# -IN 4.044A.-
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with BP feedback, but at a posttraining examination by a

physician the subject's BP had returned to pretreatment

levels.

Elder and Eustis (1975) examined the relative effec-

tiveness of massed and distributed practice on reducing

diastolic BP in a group of 22 hypertensive outpatients.

Age of the subjects ranged from 23 to 80 years; 14 were

male, and 8 were female. Antihypertensive medication was

prescribed for 20 subjects. A baseline BP level was

established for each subject by averaging 10 measurements

taken automatically over a 10-minute period in the

laboratory. This was followed by a 2-minute rest and the

10 training trials. All other sessions consisted of 20

training trials with a 2-minute break between each 10

trials. Feedback consisted of a green light, presented

when diastolic BP decreased, and a red light when it

increased or did not change. In addition, verbal reinfor-

cement was given once in each 10 trial periods for

decreases in diastolic BP. In the massed practice group

(n = 4) sessions were held daily, excluding weekends, for

10 days. Sessions for the distributed practice group

(n = 18) were spaced at irregular intervals over a 51-day

period, with one follow-up session 30 days after training

ended. Analysis of results showed that, within all

sessions, both groups had significant decreases in

systolic BP and diastolic BP from the first to the second



16

period; however, the "massed" group lowered it

significantly more. By the last training session the

massed group had decreased systolic BP an average of

approximately 7.5% (7.8 mm Hg) from baseline and diastolic

BP an average of approximately 9% (6.5 mm Hg). A follow-up

was conducted only for the distributed practice group, and

findings indicated that the reduction in diastolic BP

tended to be maintained.

Kristt and Engel (1975) evaluated the ability of

hypertensives to learn to control systolic BP. Subjects

were five volunteers, with essential hypertension of at

least 10 years duration, attending a hypertension clinic.

Age of the subjects ranged from 46 to 70 years, and four

were female and one male. All were taking antihyperten-

sive medication and were hospitalized during the 3-week

training period of this study. Prior to the start of

training, subjects recorded their BP at home for at least

5 weeks. The 3-week training period was divided into 3

periods of 1 week each. The first week, subjects were

trained to raise systolic BP, the second week, they were

trained to lower it, and the third week, they alternated

raising and lowering. Feedback in all conditions consisted

of a yellow light which remained on as long as the subject

wa-s performing correctly and a digital meter which

displayed a cumulative record of successful responses.

There were approximately 14 sessions weekly, each
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consisting of 5 baseline trials followed by 3 blocks of 10

training trials. Before the end of training, subjects

were also taught to use a BP cuff at home to perform a BP

lowering technique. This technique required them to make

the Kortokoff sounds disappear while keeping the cuff

pressure at the level of systolic BP. Cuff pressure was

then released until Kortokoff sounds again appeared,

marking the lower systolic BP level. Analysis of the

results of training indicated that all subjects were able

to control systolic BP, some better than others. Follow-

up sessions at 1 to 3 months also suggested that subjects

were able to maintain control. Examination of pre- and

posttraining BP levels found an average reduction in

systolic BP of 18.2 mm Hg (11.2%) and in diastolic BP of

7.5 mm Hg (7.2%). A particularly interesting aspect of

this study was the training of subjects to lower BP at

home. The result of this home practice (sessions ranged

from 4 to 30 each day) was an average decrease in systolic

BP of 15.8 mm Hg (11.5%).

Richter-Heinrich, Knust, Muller, Schmidt, and Sprung

(1975) reported the results of a training procedure in

which subjects were reinforced with slides of landscapes,

animals, and flowers for decreases in systolic BP.

Subjects were 30 persons (age and sex not reported)

diagnosed as having mild essential hypertension. None

were taking antihypertensive medication. Twenty subjects
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were assigned to the training group, and the remainder

served as yoked controls. Training was conducted in 4

daily sessions with a break of 1 day after the second

session. Each session consisted of 6 initial adaptation

trials, followed by 20 training trials. Decreases in

systolic BP were reinforced as described above. The

results showed that subjects in the training group had

significant decreases in systolic BP in all sessions,

while that of the controls decreased only on the first day

of training. At the end of the fourth session, the

training group had reduced systolic BP by an average of

15% (21 mm Hg), compared to approximately 7% (10 mm Hg)

for the controls. No follow-up was reported.

Goldman, Kleinman, Snow, Bidus, and Korol (1975)

attempted to train essential hypertensives to decrease

systolic BP. Subjects were 11 male outpatients, ranging

in age from 35 to 68 years. None were taking antihyper-

tensive medication. Subjects assigned to the training

group (n = 7) received feedback consisting of a light and

tone contingent upon a decrease in systolic BP. The

control group (n = 4) did not receive feedback, but was

instructed to relax as much as possible during the

sessions and to relax at home for at least 30 minutes each

day. Each session consisted of 3 to 5 initial BP trials,

followed by 25 to 30 training trials. The biofeedback

group received a total of nine weekly sessions, and the
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control group received three. Analysis of the results

showed that diastolic BP decreased significantly in the

biofeedback group from the first to the ninth session,

falling an average of 13.5% (14.7 mm Hg). Systolic BP

averaged a nonsignificant decrease of only 3.8% (6.3 mm

Hg) over sessions; however, significant decreases were

found within sessions. Neither systolic BP or diastolic

BP changed significantly in the control group. No follow-

up was reported.

A report of four single subject experiments conducted

by Blanchard, Young, and Haynes (1975) made use of a

simple, innovative biofeedback procedure to train persons

with essential hypertension to decrease systolic BP.

Subjects were two hospitalized psychiatric patients and

two outpatients ranging from 25 to 50 years of age--three

were females and one male. Feedback was provided by

points plotted on a graph by the experimenters and

displayed to the subject over closed circuit television.

Subjects were able to see their present systolic BP rela-

tive to their baseline level. The number of sessions

ranged from 1 to 20, and each was 40 minutes long. The

first 20 minutes of each session was an adaptation period,

and the second was devoted to either training or baseline.

In the feedback condition all subjects were successful in

decreasing systolic BP, with average reductions from 6.25

to 28.29% (9 to 51.4 mm Hg). Reinstatement of the
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baseline condition resulted in a halt in BP decreases in

all subjects. In two subjects, reinstatement of feedback

led to further decreases in systolic BP. A follow-up of

two subjects at 1 and 2 weeks after training suggested

that obtained decreases were maintained.

Kleinman, Goldman, Snow, and Korol (1977) evaluated

the effects of BP biofeedback training on the ability

to lower systolic BP in eight male outpatients diagnosed

as essential hyptertensives. Subjects' ages ranged from

26 to 63 years, and none were taking antihypertensive

medication during the study. The first 3 weeks of the

study served as a control period, and subjects attended

three weekly sessions of 2 hours each. In addition, they

were trained to record their BP at home and did so five

times each day throughout the experiment. Following the

control period, biofeedback training began. Feedback con-

sisted of a light and tone presented when systolic BP

decreased. Sessions were conducted on a weekly basis for

9 weeks. Each session consisted of 3 to 5 baseline trials

followed by 25 to 30 training trials. By the end of

training, seven of eight subjects had reduced diastolic BP

to less than 95 mm Hg. Further analysis of the results

showed a significant average decrease of 8 mm Hg (8.6%) in

diastolic BP from the control condition to the last

training session. A 4% (6 mm Hg) decrease observed in

systolic BP was not significant. BP measurements at home
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showed reductions of 8 mm Hg (5.2%) in systolic BP and

8 mm Hg (8.3%) in diastolic BP over the same period, both

statistically significant. Follow-up sessions were held

at monthly intervals for 4 months after termination of

training. Although only three subjects remained in the

study for the final follow-up session, they were success-

ful in maintaining their lowered BP throughout this

period.

The studies just reviewed tend to support the belief

that changes in BP can be learned through operant con-

ditioning techniques. Excluding the two case reports, the

BP reductions obtained in these studies averaged 16.1 mm

Hg (10.7%) for systolic BP and 11.2 mm Hg (11.3%) for

diastolic BP. Thus, while there is substantial individual

variation, BP biofeedback (with and without additional

reinforcement) seems to be generally successful in

producing both statistically and clinically significant

decreases in the BP of a majority of hypertensive

subjects. However, several issues remain unresolved.

While some follow-up data indicate that subjects are able

to maintain decreases in BP after training, the support

for this is limited by the brevity of many of the follow-

up periods, the failure to control for intervening

experience, and loss of subjects to follow-up. Related to

this issue is the question of the ability of subjects to

generalize control of BP to nonlaboratory settings. Only
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the study reported by Kleinman et al. (1977) offers any

convincing evidence of generalization outside the training

setting, while the reports of Miller (1972) and Shapiro

(1974) suggest that such generalization may not be the

norm. Generally, the evidence indicates that maintenance

and generalization of BP control may require 
additional

training outside the laboratory. Such training tends to

be found more frequently as a component of relaxation pro-

cedures and the next section of this paper will review the

use of relaxation training in the reduction of BP.

Relaxation training. Studies to be reviewed in this

section make use of training in various relaxation proce-

dures to reduce BP. Although some researchers distinguish

between "active" and "passive" procedures, the several

relaxation techniques described here all share certain

common features: decreased muscle tonus, some cognitive

focusing procedure, regular practice, and task awareness.

These elements are very similar to those described by

Benson (1977) as included in all techniques which elicit a

relaxation response. In addition, EMG biofeedback is

often used to provide subjects with information about

their present state of relaxation, and may be used alone

or in combination with other training procedures.

Some time ago, Jacobson's (1938) research suggested a

relationship between BP and muscle tension and relaxation.

A "rest" group of 17 normotensive subjects with no
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training in progressive muscle relaxation (PMR) showed no

change in average muscle tension over a single 75-minute

session. BP in this group averaged a decrease of 3 mm Hg

in both systolic BP and diastolic BP. A second group of

14 subjects were either trained in PMR or selected for

their ability to relax during a pretest. The 10 normoten-

sive subjects in this group reduced both systolic BP and

diastolic BP an average of approximately 8 mm Hg, while

hypertensive subjects (n = 4) obtained average reductions

of 13 and 11.3 mm Hg respectively. A recent reanalysis of

this data by Jacob, Kraemer, and Agras (1977) found

significant correlations between decreases in BP and

reduced muscle tension as measured by EMG. No follow-up

was reported.

Datey, Deshmukh, Dalvi, and Vinekar (1969) reported

the effects of training in a yoga exercise called

"shavasan" on the BP of 47 hypertensives. All received

training in this procedure for an unspecified period of

time, with a "typical" course described as requiring 3

weeks of daily sessions, each 30 minutes long, and prac-

tice at home. Results were reported for three groups: no

medication (n = 10), BP controlled by medication (n = 22),

and BP not controlled by medication (n = 15). BP values

reported were mean arterial pressure (diastolic BP plus

1/3 pulse pressure). For subjects not receiving

medication, the average reduction in mean arterial
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pressure was 27 mm Hg, a statistically significant amount.

In the second group, 13 of 22 subjects were able to

decrease medication, with an average reduction of 68%.

Drug dosage was also reduced in 6 of 15 subjects in the

third group, and this reduction was at least 33% in each

subject. No follow-up was reported.

Patel (1973) trained 20 hypertensive subjects to

relax using feedback of galvanic skin response (GSR) and

yoga techniques. All subjects were receiving antihyper-

tensive medication. Initial BP levels were established in

preliminary sessions (ranging from one to three) and these

were followed by 36 half-hour training sessions over a

3-month period. Training consisted of passive relaxation

practice and meditation, and subjects also practiced at

home. Analysis of the results showed that 16 subjects had

significant reductions in BP. Average decreases were 25

mm Hg (15.7%) in systolic BP and 14 mm Hg (14%) in

diastolic BP. No follow-up was reported.

Moeller and Love (cited in Love, 1975) trained six

hypertensive outpatients in relaxation using frontalis EMG

feedback and autogenic procedures. All were receiving

antihypertensive medication. Baseline BP levels were

established in 2 preliminary sessions and these were

followed by 17 weekly training sessions. Autogenic

training is a procedure which involves teaching the sub-

ject to produce "images" which serve to increase
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relaxation. Suggestion that the subject focus on images

of "heaviness" and "warmth" are typical of this technique.

Analysis of the results of training showed that five sub-

jects experienced significant decreases in BP. Reductions

averaged 18 mm Hg (12%) in systolic BP and 12 mm Hg (12%)

in diastolic BP. No follow-up was reported.

Love, Montgomery, and Moeller (cited in Love, 1975)

followed the study above with one which included 40 hyper-

tensive subjects assigned to either relaxation training

and frontalis EMG feedback (n = 30) or a control condition

(n = 10). Baseline BP levels were established during an

initial session, and the training group received a total

of 16 sessions at the rate of 1 or 2 sessions each week.

Subjects in the control group had BP monitored over a

4-week period. Analysis of the results showed that the

training group averaged a 15 mm Hg (9.3%) reduction in

systolic BP and a 13 mm Hg (12.3%) decrease in diastolic

BP. There was no significant change in the control group

over the monitoring period. A follow-up 8 months later

found further decreases in BP in the trained subjects.

These additional decreases averaged 6.5 and 4 mm Hg for

systolic BP and diastolic BP, respectively.

Benson, Rosner, Marzetta, and Klemchuk (1974a)

evaluated the effects-of Transcendental Meditation (TM) on

the BP of 22 borderline hypertensives. Subjects were 12

male and 10 female volunteers. None were receiving
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antihypertensive medication. The average age of subjects

in this study was 43.1 years. Baseline BP levels were

established by measurements made on an average of 7

separate days over a 5-week period. After these measure-

ments were obtained, each subject was trained in TM by an

instructor of the International Meditation Society. TM is

a relaxation procedure which encourages a passive attitude

and makes use of a silently repeated sound (mantra) to

prevent the intrusion of externally oriented thoughts.

Training took place in four consecutive daily sessions,

and subjects were instructed to practice the technique

twice daily, for 20 minutes each time. Following

training, subjects returned for BP measurements on an

average of 11 separate days over a 25-week period.

Comparison of pre- and posttraining BP levels revealed

significant decreases in both systolic BP and diastolic

BP. Reductions averaged about 7 and 4 mm Hg (5% and 4%),

respectively. No follow-up was reported.

A second study by these authors (Benson et al.,

1974b) investigated the effects of TM training on the

BP of 14 persons with essential hypertension. The average

age of subjects was 53.3 years, and eight were female; six

male. Baseline and training procedures were identical

with those described above (Benson et al., 1974a).

Comparison of pre- and posttraining BP levels showed

significant reductions. Average decreases were about
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11 mm Hg (7%) in systolic BP and 5 mm Hg (5%) in diastolic

BP. No follow-up was reported.

Brady, Luborsky, and Korn (1974) described the use of

metronome-conditioned relaxation (MCR) in the reduction of

BP. Subjects were four males, ranging in age from 22 to

55 years, with a diagnosis of essential hypertension.

Only one was receiving antihypertensive medication. Each

subject served as his own control in a series of four

single-subject experiments employing an A-B-A design. In

the case of two subjects, a second training period was

included resulting in an A-B-A-B procedure. Baseline

BP levels were established for three subjects over a

4-week period, during which BP was recorded in daily

sessions, excluding weekends. During the first training

phase, these subjects attended a minimum of 18 half-hour

sessions over a 4-week period. Training consisted of PMR

followed by listening to a tape recording of an auditory

metronome beating at a rate of 60 times per minute and

verbal instructions to "re-lax" and "let-go" paced with

the metronome's beats. At the end of training, significant

decreases in diastolic BP were observed in two of three

subjects. Although one subject failed to reduce BP,

the successful subjects averaged a 4.4 mm Hg (9.7%)

decrease in diastolic BP. When MCR training was discon-

tinued for a 4-week period, these same two subjects showed

significant increases in diastolic BP. MCR training was
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reintroduced for one of these subjects and continued for a

6-month period. At the end of that time, diastolic BP had

been reduced an additional 5.1 mm Hg from the level

reached at the end of the first training period. The

fourth subject in this study recorded BP at home during a

3-week baseline period and listened to the MCR tape at

home for 11 weeks. At the end of this period, diastolic

BP had decreased by 4.8 mm Hg (5.7%). When practice was

discontinued for a 3-week period, diastolic BP returned to

baseline level. Reinstatement of MCR training again

resulted in decreased diastolic BP, and the reduction was

maintained at a 6-month follow-up. During this time this

subject also was able to discontinue all antihypertensive

medication.

Redmond, Gaylor, McDonald, and Shapiro (1974) eval-

uated the effects of verbal instruction and PMR on BP and

heart rate of six hypertensive subjects. Age of subjects

ranged from 19 to 63 years; three were female and three

male. One subject dropped out during the study, leaving

five for the final analysis. In the initial session, sub-

jects were instructed to alternately raise and lower BP by

concentrating on changing the rate and force of heart

beat and resistance of blood vessels to flow. Paired

10-minute instruction periods were separated by a 5-minute

rest period. During the second session, subjects were

trained in PMR and instructed to practice the procedure at
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home at least once daily. The remaining three sessions

explored the effects of various combinations of PMR and

verbal instructions on BP and heart rate. Analysis of

results indicated that direction of changes in BP during

instruction periods was significant for diastolic BP

during "up" instructions, and for both systolic BP and

diastolic BP during "down" periods. Average change in sys-

tolic BP during the first period of session one was 12.2 mm

Hg, and 10 mm Hg during the second. Diastolic BP changes

were 8.6 and 12 mm Hg, respectively. Only the changes in

diastolic BP reached statistical significance. The PMR

training was successful in reducing BP, with average

reductions of about 14 mm Hg in systolic BP and 6 mm Hg in

diastolic BP, but only when the experimenter actively

participated in its induction. No follow-up was reported.

Shoemaker and Tasto (1975) compared the effectiveness

of PMR and noncontinuous BP biofeedback in reducing BP in

15 essential hypertensive subjects. A baseline BP level

for each subject was established by taking the lowest

diastolic BP recorded during 3 different days. Subjects

were then randomly assigned to one of three conditions:

PMR, biofeedback, or waiting-list control. PMR training

consisted of six sessions, on alternate days, over a 2-week

period. Each session consisted of listening to tape-

recorded instructions to tense and relax various muscle

groups. The biofeedback group also received six sessons
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of training, with feedback being provided at 12-minute

intervals by means of a mirror placed so as to allow

subjects to observe chart recordings of BP relative to

baseline levels. Control subjects had BP recorded during

six sessions, with five measurements taken in each.

Analysis of results showed an average reduction for the

PMR group of 6.8 mm Hg in systolic BP, compared to

incrases of 0.6 and 1.6 mm Hg in the biofeedback and

control groups, respectively; however, none of these

changes reached statistical significance. The average

reduction in diastolic BP was 7.6 mm Hg for the PMR group

and 1.2 mm Hg for the biofeedback group. Control subjects

increased diastolic BP an average of 1.2 mm Hg. Changes

in diastolic BP were significant for the PMR and biofeed-

back groups; however, in the PMR group, diastolic BP

showed a decrease over sessions which was not found in the

other. No follow-up was reported.

Patel (1975) reported the results of a study which

evaluated the effectiveness of relaxation training on the

BP of hypertensive subjects. Techniques used to train

subjects in relaxation included feedback of EMG, galvanic

skin response, alpha brain waves, and instruction in

passive yoga techniques and meditation. In addition, they

were requested to practice relaxation twice daily at home.

Subjects were 40 hypertensive outpatients with an average

age of about 57 years. There were 18 male and 22 female
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subjects. Antihypertensive medication was being taken by

37 of the 40 subjects. They were assigned to either

training (n = 20) or control (n = 20) conditions in the

order in which they presented for treatment. Baseline

measurements of BP were obtained during three initial

sessions, and both groups received 36 half-hour sessions

over a 3-month period. Subjects in the training group

practiced relaxation as described above, while those 
in

the control group simply rested on a couch. Analysis of

results showed that subjects trained in relaxation reduced

systolic BP an average of 20.4 mm Hg (12.8%) and diastolic

BP an average of 14.2 mm Hg (14.2%), both statistically

significant amounts. The control group averaged only a

0.5 mm Hg decrease in systolic BP and a 2.1 mm Hg

decrease in diastolic BP, neither of which reached

significance. A 12-month follow-up of the trained group

found that BP reductions were maintained, while a

follow-up of control subjects at 9 months showed no

change in BP levels.

In a later study which made use of more rigorous

control procedures, Patel and North (1975) attempted to

determine the effects of relaxation training on the BP

of 34 hypertensive outpatients. All subjects were

receiving antihypertensive medication. Relaxation training

(including twice daily home practice) and control proce-

dures were as described above (Patel, 1975), and were
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carried out in 12 sessions over a 6-week period. In

addition, subjects in the control group received relaxa-

tion training after the end of this experimental period.

All BP measurements in this study were made by a "blind"

examiner. Analysis of results showed the relaxation group

obtained an average reduction of 26 mm Hg in systolic BP

and 15 mm Hg in diastolic BP. Control subjects averaged

decreases of 9 and 4 mm Hg, respectively. After a period

of relaxation training, average PB in the control group

decreased by 28 mm Hg in systolic BP and 16 mm Hg in

diastolic BP. A follow-up was conducted at 4 months for

the control group (now trained), and at 7 months for

the relaxation group. Both groups showed maintenance of

treatment gains.

Byassee (1975) reported a study which compared the

effectiveness of PMR, autogenic training, and "self-

relaxation" on the BP of 31 essential hypertensives.

Training methods were not described, but subjects in all

groups practiced at home for an unspecified period. All

procedures produced significant decreases in BP and there

were no differences among the groups. A follow-up

4 months later found that BP reductions had failed to

persist.

Fray (1975) compared EMG feedback and autogenic

training in reducing BP. Subjects were 30 males with

essential hypertension, randomly assigned to one of three
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groups: EMG feedback, autogenic training, or control (no

treatment). The training period lasted for 10 days, but

the number of sessions was not reported nor was whether

home practice was included. At the end of the training

period both the EMG and autogenic training group had

decreased diastolic BP and were significantly different

from the control group. Follow-up evaluations were

conducted at 30, 60, and 90 days after training and showed

significantly better maintenance of BP reduction in the

subjects who received autogenic training.

Orlando (1975) trained 30 subjects with essential

hypertension in relaxation, using EMG biofeedback and PMR

plus autogenic training. Subjects were randomly assigned

to one of three groups: Group X received four biofeedback

sessions each week in a hospital setting and Group Y

received one such session weekly. In addition, subjects

in these groups received autogenic training and PMR once

daily and twice on days when no biofeedback was scheduled.

Home relaxation practice was not included. Subjects in

the third group were placed on a waiting list and served

as controls. The total period of the study was 6 weeks.

Analysis of results showed that Group X (massed practice)

achieved an average reduction of 4.2 mm Hg in systolic BP

and 1.5 mm Hg in diastolic BP. The decrease in diastolic

BP was found to be statistically significant. Group Y

(spaced practice) decreased systolic BP an average of 6.3
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mm Hg and diastolic BP an average of 9.5 mm Hg, both

statistically significant. No follow-up were reported.

The effects of TM on reduction of BP was reported by

Blackwell, Bloomfield, Gartside, Robinson, Hanenson,

Magenheim, Nidich, and Zigler (1976). Subjects were seven

hypertensive outpatients (six male and one female), ranging

in age from 39 to 59 years. All were receiving antihyper-

tensive medication. Baseline BP levels were established in

the clinic during an initial 10-week period, and subjects

were also taught to take and record BP at home. They then

received TM training as described earlier (Benson et al.,

1974a), and were seen weekly in the clinic for 12 weeks

for BP recordings. From pre- to posttraining, subjects

averaged a reduction of 4.16 mm Hg in systolic BP and

1.61 mm Hg in diastolic BP on measurements in the clinic

and decreases of 7.48 and 6.09 mm Hg, respectively, on

home measurements. Decreases were statistically signifi-

cant for four of seven subjects in clinic measurements of

systolic BP and diastolic BP, and for six of seven on home

recordings of systolic BP. Diastolic BP decreases in home

measurements were significant for five subjects. A

follow-up 6 months later found home readings of both

systolic BP and diastolic BP had decreased further in

three subjects, although changes in medication could have

accounted for this reduction. Clinic readings also
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indicated that three subjects achieved significant

additional decreases in diastolic BP.

Stone and DeLeo (1976) evaluated the effect of relaxa-

tion training on BP of 19 hospital patients. Their age

ranged from 21 to 36 years, and 17 were male and 2 female.

None of these subjects had been previously treated for

hypertension, nor were any receiving medication. Subjects

were assigned to one of two groups: relaxation (n = 14) or

control (n = 5). Baseline BP levels were the average of 14

measurements (7 in the supine and 7 in the upright

position) over 10 to 14 days. Subjects in the relaxation

group attended five 20-minute training sessions and were

instructed in a technique based on Buddhist meditation

exercises. This passive procedure involved sitting quietly

and subvocally counting breaths. They were also told to

practice the procedure twice daily at home. The control

group was seen once a month for 6 months and BP measure-

ments were recorded each time. After 6 months the BP

levels of all subjects were recorded again, following the

same procedure used during baseline. Mean arterial

pressure in the relaxation group was significantly less

than both their own baseline levels and the posttreatment

levels of the control group. Also, both systolic BP and

diastolic BP were significantly below their baseline

levels, with average reductions of 9 mm Hg (6.4%) and
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8.1 mm Hg (9%), respectively. Changes in the control group

were not significant.

Graham, Beiman, and Ciminero (1977) reported the

successful treatment of a client with essential hyperten-

sion using PMR. The subject was a 23-year-old male with a

12-month history of essential hypertension. He was not

receiving any medication. Baseline BP was recorded daily

for 18 days at a local BP clinic unaware of the treatment

program. Relaxation training consisted of seven 90-minute

sessions in the laboratory, supplemented by twice daily

practice at home. The client was also instructed to

practice relaxation at other times during the day, and in

various situations. The entire treatment phase covered 25

days. During this time, daily BP measurements continued as

described above, as well as being recorded by the therapist

before and after training. The results showed within-

session decreases in both systolic and diastolic BP in

every session. Overall, systolic BP was reduced approxi-

mately 25 mm Hg (16%) from baseline and diastolic BP about

20 mm Hg (21%). Also, during the last 13 days of

treatment, BP reached and remained within the normal

range. A follow-up 10 months later found that these

decreases were maintained.

Payson (1977) reported the results of a study which

trained 12 essential hypertensive subjects in relaxation,

using either autogenic procedures alone, autogenic
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training plus EMG feedback, or autogenic training plus

electrothermogram (ETG) feedback. Each group received 1

orientation session, followed by 11 40-minute training

sessions at the rate of 2 sessions each week. Home relaxa-

tion practice was not included. Before and after each

session, BP levels were recorded. Analysis of results

showed that training in this study was not effective in

decreasing BP. No significant decreases were found

between sessions for any subject or any group, although

six subjects did show within session reductions in either

systolic or diastolic BP.

Taylor, Farquhar, Nelson, and Agras (1977) compared

the effectiveness of medical treatment in combination with

either PMR or "nonspecific" therapy with medical treatment

alone. Subjects were 31 patients receiving medical treat-

ment for essential hypertension. The average age was

about 48 years, and 23 were male, 8 female. Baseline BP

levels consisted of at least two readings over a 2-month

period prior to the study. Throughout the experiment, BP

was recorded in a different location and at a different

time from the treatments. Subjects receiving PMR training

in addition to medical treatment (n = 10) were seen weekly

in half-hour sessions until they subjectively rated their

relaxation at less than 10 on a scale of 1 to 100, where 1

equalled complete relaxation and 100 equalled the most
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tension imaginable. The average number of sessions

required to reach this level was five. Subjects were

also instructed to practice PMR at home during this

period, and were provided with a relaxation tape for that

purpose. The nonspecific therapy group (n = 10) met with

a therapist for five 30-minute sessions devoted to

discussion of "life tensions," and subjects were

encouraged to find alternative ways of dealing with this

tension. The remaining 11 patients received medical

treatment only. The results of pre- and posttreatment

comparisons of BP levels in the PMR (plus medical

treatment) group showed average reductions of 13.6 mm Hg

(9.1%) in systolic BP and 4.9 mm Hg (5.1%) in diastolic

BP. Differences between the PMR group and both other

groups were significant for systolic BP but not for

diastolic BP. There was no significant difference between

the nonspecific therapy group and the group receiving

medical treatment only. A follow-up 6 months later, based

on eight subjects remaining in each group, found that the

PMR group had maintained decreases in BP, but BP levels

had also decreased in the other groups, resulting in no

statistical differences between the three.

From studies reviewed here, it can be seen that

training in relaxation is generally effective in producing

both statistically and clinically significant decreases in

the BP of hypertensives. Excluding the case report of
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Graham (1977), those studies not reporting the amount of

BP change, and those which used measures other than BP, the

average reduction in the remaining studies described above

(n = 13) were 13.5 mm Hg (8.8%) for systolic BP and

8.8 mm Hg (9.0%) for diastolic BP. As was the case with BP

biofeedback, relaxation training seems to work better for

some persons than others and individual decreases vary

widely. When individuals were successful in decreasing BP,

there was some evidence for generalization of these effects

outside of the training and practice settings (Blackwell et

al., 1976; Taylor et al., 1977), but the majority of

studies did not address this issue. The ability of subjects

to maintain reductions once they are achieved seems to

be dependent on continued relaxation practice, with BP

tending to return to baseline levels if practice is

stopped. Thus, from the studies reviewed, there seems to

be no clear advantage for either BP biofeedback training

or relaxation training in the treatment of essential

hypertension. Although BP biofeedback tends to produce

greater reduction in BP, the differences are small and

there is some evidence that relaxation may be more suc-

cessful than biofeedback in maintaining reductions and

generalizing to other settings. The studies reviewed in

the next section have attempted to directly compare these

treatments to determine which is most effective.
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Comparison of blood pressure biofeedback and relaxa-

tion training. Fidel (1975) compared the effectiveness of

BP biofeedback and relaxation in reducing BP in subjects

with essential hypertension. Subjects were 18 males,

ranging in age from 32 to 39 years. None were taking

antihypertensive medication. Subjects were assigned to

either biofeedback, relaxation, or control conditions.

Those in the biofeedback group received verbal feedback of

BP levels from the experimenter, while subjects assigned to

the relaxation group practiced a form of Jacobsonian

relaxation. The control group was merely instructed to sit

quietly while BP was monitored. One baseline and six

training sessions were conducted over an 11-day period,

and each session was approximately 30 minutes long.

Analysis of results found significant decreases in systolic

BP in both the biofeedback and relaxation groups.

Reductions averaged 10.41 mm Hg (7%) and 10.75 mm Hg (8%),

respectively. There were no significant changes in the

control group. Also, subjects in the biofeedback group

significantly decreased diastolic BP an average of

11.75 mm Hg (14%), while reductions in the other groups

were not significant. No follow-up was reported.

Walsh, Dale, and Anderson (1977) compared BP biofeed-

back and Jacobsonian relaxation in reducing systolic BP,

and also evaluated the effectiveness of the two techniques

in combination. This latter portion of the study will be
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discussed at a later time. Subjects were 24 essential

hypertensives (15 male and 9 female), ranging from 24 to

69 years of age. In the first phase of the study, subjects

were assigned to either biofeedback or relaxation

conditions. Those in the biofeedback condition received

auditory and visual feedback of pulse transit time, a

measure highly correlated with systolic BP, and verbal

feedback of both systolic BP and diastolic BP at the

beginning and end of each session. Subjects given relaxa-

tion training listened to a tape and followed the

instructions. They were also instructed to practice daily

at home. No feedback on BP levels was provided to this

group. Training sessions were conducted once each week

for 5 weeks, for both groups. Analysis of results showed

that both treatments were successful in significantly

reducing BP over sessions. The average reduction in

systolic BP was approximately 14 mm Hg (9.3%) for the

biofeedback group and 4 mm Hg (2.8%) for relaxation

subjects. Decreases in diastolic BP averaged approximately

8 and 7 mm Hg, respectively. Additionally, biofeedback

was superior to relaxation in reducing diastolic BP

during sessions. Follow-up sessions were conducted at

intervals of 3 months and 1 year. At the 3-month point,

biofeedback was superior to relaxation in maintaining

lowered diastolic BP, but at 1 year the diastolic BP of
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relaxation subjects had further decreased, eliminating

this difference. All subjects maintained BP levels below

those presented at the beginning of the study.

Surwit, Shapiro, and Good (1978) evaluated the

relative effectiveness of "cardiovascular" biofeedback

(simultaneous systolic BP and heart rate), EMG feedback,

and Benson's (1977) "relaxation response" in the treatment

of borderline essential hypertensives. Subjects were 24

volunteers (19 male and 5 female) ranging in age from 27 to

59 years. Half of the subjects were taking antihyperten-

sive medicaton. A pretreatment BP reading was obtained for

all subjects in a separate medical examination and an

average BP was established from the medical history.

Subjects were then assigned to one of the three treatment

groups and the first two sessions served to establish base-

line BP. The highest pretreatment BP reading was that

obtained from the medical examination, followed by medical

history, and then by the baseline reading. The treatment

phase of the study was 4 weeks in duration, with two

sessions each week. The biofeedback group received auditory

and visual feedback of combined heart rate and systolic BP

changes. The EMG group received auditory and visual

feedback of muscle tension (right forearm extensor and

frontalis), while the relaxation group followed Benson's

procedure and received no feedback. BP was recorded 20

times during each 60-minute session. Also, all subjects
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were instructed to practice lowering BP between sessions

without the aid of BP monitoring. Analysis of the results

revealed no significant differences between the groups.

From baseline to the end of treatment systolic BP increase

5 mm Hg (3.7%) in the BP biofeedback group, 11 mm Hg

(8.3%) in the EMG group, and decreased only 3 mm Hg (2.2%)

in the relaxation group. At a 6-week follow-up the

average reduction for all subjects was 1 mm Hg in systolic

BP and 2 mm Hg in diastolic BP. At a 1-year follow-up the

BP levels of 13 remaining subjects had returned to

baseline levels.

Blanchard, Miller, Abel, Haynes, and Wicker (1979)

compared biofeedback, EMG feedback, and "self-instructed"

relaxation in the reduction of high BP. Subjects were 33

paid volunteers (16 male and 17 female) ranging in age from

23 to 56 years. Fifteen were receiving antihypertensive

medication. Baseline BP readings were obtained during four

sessions over a 3-week period. Subjects were then matched

into triads on the basis of baseline systolic BP and

assigned to treatment conditions. The BP biofeedback group

received visual feedback of changes in BP using the method

described by Blanchard et al. (1975). The EMG group

received auditory feedback from the frontalis muscle, and

the relaxation group was simply told to relax as deeply as

possible. There were no indications that home practice was

included as part of the relaxation treatment. The treatment
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phase consisted of 12 sessions over a 6- to 10-week

period. In each session 20 minutes was devoted to the

experimental trial. Analysis of results revealed signifi-

cant decreases in systolic BP from baseline to a follow-up

period 4 weeks after the end of treatment in both the BP

biofeedback and relaxation groups. Reductions averaged

8.1 mm Hg (5.5%) for BP biofeedback and 9.5 mm Hg (6.3%)

for relaxation. In the EMG group, systolic BP increasd

1.4 mm Hg (0.9%). However, despite the appearance of

differences in BP changes, the three groups were not

significantly different at follow-up. Changes in

diastolic BP during the same period were not significant.

The BP biofeedback and relaxation groups reduced diastolic

BP only 1.9 mm Hg (2.2%) and 2.8 mm Hg (3.2%),

respectively. As with systolic BP, the EMG group showed

an increase in diastolic BP of 1.2 mm Hg (0.1%). Follow-up

4 months after treatment revealed a tendency for the BP

biofeedback group to maintain lowered BP, while that of

the relaxation group returned to pretreatment levels. In

addition to evaluating treatment effects, this study also

attempted to determine whether any obtained BP reductions

would generalize to another setting. BP measurements were

obtained in a physician's office and there was a signifi-

cant reduction in systolic BP from pre- to posttreatment

for both the BP biofeedback and relaxation groups. The

average decrease was 3.5 mm Hg (2.6%) for BP biofeedback
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and 9.7 mm Hg (6.7%) for relaxation. A significant

decrease was also found for diastolic BP in the relaxation

group only. In this group diastolic BP in the physician's

office had declined 7.1 mm Hg (8.0%) from the pretreatment

level.

These studies comparing BP biofeedback and relaxation

in reducing high BP generally tend to confirm the results

found when either treatment is used alone. There is little

difference (clinically or statistically) between these

treatments in reducing BP. BP biofeedback seems to gen-

eralize less well than relaxation, and home practice appears

to be important in maintaining BP reductions obtained with

relaxation techniques. Considering the advantages and

limitations of the two treatments, the question may be

raised whether the techniques in combination might be more

effective than either alone. Studies related to this issue

are described in the next section.

Combined blood pressure biofeedback and relaxation

training. Schwartz and Shapiro (1973) have speculated

that in a combined treatment approach BP biofeedback could

serve to increase awareness of the aberrant system and

provide information about success in controlling BP through

relaxation techniques. A similar argument was presented by

Patel and North (1975), who suggested that teaching

subjects a standard relaxation technique and allowing them

to monitor BP changes through biofeedback might be more
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effective than having subjects evolve their own means of

reducing BP. Whether a combination of BP biofeedback and

relaxation is more effective than either alone is an

empirical question, but little research to date has

directly addressed this issue.

Schwartz and Shapiro (1973) reported the results of a

study in which seven subjects with essential hypertension

were given relaxation instructions and BP biofeedback to

reduce diastolic BP. Training was conducted over either 15

or 20 sessions. The first five sessions were devoted to

obtaining baseline BP measurements, and no instructions or

feedback were given. During the next five sessions,

subjects were told to "think pleasant thoughts and relax"

in order to lower BP. They were also given monetary rein-

forcement at the end of each session, based on total

decrease in diastolic BP. In the next five sessions

biofeedback of decreases in diastolic BP was provided and

subjects received reinforcement for reductions in median

pressure. In the final five sessions feedback of both

increases and decreases in median diastolic BP was

provided. The results of this training showed no change in

average diastolic BP in any of the training conditions,

when compared to baseline levels. Only one subject

achieved a reduction in diastolic BP, decreasing it

14 mm Hg (14%).
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Shapiro (1974) reported an attempt to reduce BP in a

35-year-old male with essential hypertension. Pretreatment

BP was recorded by a physician, and six initial sessions

served to establish baseline levels. Feedback of

diastolic BP was provided during nine training sessions,

and at the end of this period the subject had reduced

diastolic BP about 15 mm Hg. Following these sessions,

training in various relaxation procedures, such as

autogenic imagery and PMR, were conducted along with BP

feedback. At this time, diastolic BP began to oscillate

between 85 and 95 mm Hg. Diastolic BP level at the final

session was not reported, but a posttraining evaluation by

the same physician found no change in BP from the

pretraining level.

Walsh et al. (1977), the first phase of which was

reviewed earlier, trained 16 essential hypertensives in PMR

and BP biofeedback. Subjects had already received either

PMR or biofeedback training during the first phase of the

study and all received training in both procedures in the

second phase. Training was carried out during five

90-minute sessions, and subjects were also instructed to

practice relaxation daily at home. This combination of

treatments did not improve the subject's ability to lower

BP and, in fact, seemed to diminish that ability.

Sawyer (1977) trained four essential hypertensives to

reduce BP, using BP biofeedback and MCR training in an
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attempt to demonstrate an effective clinical treatment for

hypertension. Subjects were two male and two female out-

patients referred for treatment by a physician. Their ages

ranged from 29 to 68 years and three were receiving anti-

pertensive medication. Baseline BP levels were recorded

three times each day (at home, work, and clinic) for 3

days. A total of 18 readings were taken daily, 6 at each

designated time. Training sessions were conducted once

daily, for 6 consecutive days. Each session was 90 minutes

long and consisted of three 30-minute periods: adaptation,

MCR training, and biofeedback (25 trials). Biofeedback was

provided by the experimenter, who displayed cards showing

the direction of changes in BP, and MCR was as described

earlier (Brady et al., 1974.). Posttreatment measurements

were recorded following the same procedure used to

establish baseline. Decreased from pre- to posttreatment -in

systolic BP ranged from 27.3 to 35.4 mm Hg., with an

average reduction of 31.6 mm Hg (19.5%). Decreases in

diastolic BP ranged from 11.4 to 20.2 mm Hg, averaging

14.95 mm Hg (15.3%). A follow-up conducted 6 to 10 days

after treatment found that the decreases were maintained.

The research here shows mixed results for the effec-

tiveness of combined training procedures in reducing BP.

Only the study by Sawyer (1977) obtained favorable

results, but the magnitude of those reductions was

noteworthy. Unfortunately, the design of this study was

-,- j4+- , " - - . ...................
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such that it was not possible to assess the individual

contributions of the two treatments. This was a substantial

problem since some studies using either technique singly

have obtained comparable results (Elder et al., 1973;

Patel, 1973, 1975; Patel & North, 1975). Thus, the basic

issue raised by the studies reviewed in this section have

been unresolved.

The present study was an attempt to assess the effec-

tiveness of BP biofeedback, relaxation training, and the

combination of the two in reducing the BP of persons with

essential hypertension. This research was warranted by the

paucity of studies in this area and the conflicting results

of those studies which have been conducted. This experiment

represented an improvement over past studies in that it

allowed for evaluation of the training techniques individ-

ually and in combination, while controlling for the

possible effects of the order of presentation. Also, this

study attempted to replicate the findings of Kristt and

Engel (1975) on the effectiveness of BP biofeedback practice

at home in decreasing BP. Although home practice has been a

common component of relaxation training, only the above

authors have reported any attempt to incorporate home

practice into biofeedback training. The success of that

attempt (average decrease of 15.8 mm Hg in systolic BP from

pretraining levels) justifies further investigation. With
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respect to generalization and maintainence of BP control,

this study attempted to assess the extent to which these

outcomes occurred with the training procedures used.

It was hypothesized that the subjects receiving this

training would show significant reductions in BP and that

these reductions would be greater for the combined training

procedures than for either alone. It was also hypothesized

that BP reductions would be exhibited in settings other than

those in which training and practice took place and that

they would persist if home practice was continued.

Method

Subjects

The subjects were 12 volunteers who were recruited

through advertisements in the media and referral from local

physicians. All reported having previously been diagnosed

by a physician as having essential hypertension. The

criteria for selection were a stated willingness to comply

with the experimental procedures, and a systolic BP of at

least 140 mm Hg and/or a diastolic BP of at least 90 mm Hg

(average of three consecutive readings) at casual

measurement. Subjects with BP readings below 140/90 mm Hg

were included if they were presently receiving antihyper-

tensive medication. All subjects were seen in the

laboratory by the experimenter for preliminary screening,

using the above criteria. At this time, the nature of the

experiment was explained, any questions were answered, and
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BP readings were taken by the experimenter. Also at this

time, informed consent was obtained from each subject

selected to participate (Appendix A). Pertinent biographical

and medical information is presented in Table 1. During

the course of the study two subjects withdrew, one

Table 1

Characteristics of Subjects

Age Sex Baseline BP a Medication

4 5b M 143/92 Yes

64 M 140/79 Yes

79 F 134/86 Yes

52 F 133/91 Yes

48b F 123/88 Yes

46 F 121/88 Yes

25 F 119/94 No

45 F 115/79 Yes

33 F 113/72 Yes

29 M 110/75 Yes

41 F 108/79 Yes

38 F 107/74 Yes

Note: BP = blood pressure.

aAll blood pressure measurements were in millimeters

of mercury.

bDt
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from the biofeedback group and one from the relaxation

group. Ten subjects completed all phases of the study.

Instruments

The blood pressure monitoring apparatus used by

subjects during all phases of this experiment was an

electronic sphygmomanometer designed for self-use at home.

Two models were provided to subjects for their use: the

Astropulse 10, manufactured by Marshall Electronics of

Sokokie, Illinois, and the Sears Compact Blood Pressure

Monitor, catalogue number 8H2144, manufactured in Japan.

Both units were identical in operation. Resembling the

standard BP cuff, these devices contain a small microphone

transducer which is attached by cord to a display unit. A

dot on the cuff allows the microphone to be correctly

placed over the brachial artery and the sounds detected are

transmitted to the display. When the microphone detects

Korotkoff's sounds a tone and a blinking light occur, and

BP (in mm HG) is read on the dial of the unit. In the

laboratory, BP readings were taken on a Programmed

Electro-sphygmomanometer, PE 300, manufactured by Norco

Bio-Systems.

Procedure

Pretraining. All subjects selected to participate in

the study attended a pretraining session in the laboratory,

in which they were taught to record their own BP. During
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this session the experimenter modeled the procedure to be

used and each subject then practiced it. They were

instructed to record BP while sitting erect, with the non-

dominant arm extended and supported at the level of the

heart. Written insructions (Appendix B) were also provided

for the subjects' use throughout the experiment. During

the practice, the experimenter observed a minimum of five

self-monitoring trials for each subject and made indepen-

dent recordings of the obtained BP readings. Subjects were

considered competent in the procedure when the mean of five

consecutive readings did not differ by more than 2 mm Hg

from those recorded by the experimenter. Similar

reliability checks were performed on a weekly basis for

the duration of the experiment.

Baseline. During the baseline phase, subjects

recorded BP at home, three times each day (morning, noon,

and evening) for 2 weeks. Three readings were taken each

time and the average of these was taken as the BP for that

measurement period. Both systolic and diastolic pressures

were reported, and this self-monitoring procedure continued

throughout the study. Subjects reported the results of

their BP monitoring to the experimenter on a daily basis by

mailing cards provided for that purpose. In addition, they

recorded the same information on a worksheet (Appendix C

for baseline and Appendix D for treatment) and this was

turned in to the experimenter weekly. These procedures

. A.A " 4. --w Q - I I- -
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allowed the experimenter to determine the subjects'

compliance with experimental protocol and reduced the

probability of their reporting false data. To further

reduce this probability, subjects were told that if they

missed a monitoring period they should make it up as soon

as possible, and note the time and place of the make-up

recording.

In addition to home recording, subjects were requested

to have their BP taken once each week in a medical setting

(physician's office, community health center, or student

health service) for the duration of the study. These

recordings were also mailed to the experimenter.

During this phase, subjects also met as a group on a

weekly basis in the laboratory, with the experimenter. At

these sessions, the experimenter observed self-monitoring

techniques, corrected any deviations from procedure, and

performed reliability checks on the BP observations.

During the second week of baseline, the BP of each subject

was recorded in the laboratory setting by an independent

examiner. These measurements were the average of three

readings and were taken biweekly throughout the study.

Treatment

The average of the last three systolic BP readings

reported by subjects in the baseline phase was used as the

basis for rank-ordering them from highest to lowest.
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This ordinal ranking was then divided into four blocks,

each containing three subjects in similar BP range. Each

suject in each block was then randomly asigned to one of

three groups, so that each group consisted of four

subjects, one from each block of the blood pressure range.

Each group received three treatments--biofeedback,

relaxation, and a combination of the two--with only the

order of administration differing. Group names denote the

initial treatment phase, followed by the other two. One

group was designated biofeedback (followed by relaxation

and combination), another relaxation (followed by

combination and biofeedback), and the third was combination

(followed by biofeedback and relaxation). Each treatment

phase was 2 weeks in length and consisted of an initial

session of laboratory training followed by 2 weeks of

practice at home. Subjects also returned to the laboratory

at the end of the first week of each training phase for an

additional training session. The initial laboratory

session of each training phase consisted of a 15-minute

adaptation period, a 10-minute presentation of the

rationale for treatment and instruction in the procedure,

and a 20-minute training period. The second laboratory

session of each training phase omitted the presentation of

the rationale and served to monitor the subjects' adherence

to the procedure. Also at this time, the BP of each subject
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was recorded by an independent examiner who was blind to

the treatment condition.

Biofeedback training. The laboratory training in

biofeedback began with a brief presentation by the experi-

menter of the rationale for the treatment (Appendix E),

followed by training in the procedure to be used during

home practice. This procedure was similar to that used by

Kristt and Engel (1975), but made use of the apparatus

described. Written procedural instructions (Appendix F)

were provided to subjects for their use at home.

Subjects were seated and erect, with the left arm

extended and supported at the level of the heart. They

were told to inflate the cuff to a level above their last

systolic pressure and then gradually reduce the pressure at

a rate of 2 to 4 mm Hg per second until the tone sounded

and the light appeared indicating systolic BP. Subjects

were then told to close their eyes and let the light and

tone go away. They were told that a decrease in frequency

or the cessation of these signals indicated success in

lowering BP. No instructions were given as to how they

were to accomplish this. When subjects understood the pro-

cedure, the training session began. The session was 20

minutes and a total of 16 training trials were conducted,

with a 2-minute rest period after the first 8 trials. Each

trial consisted of a 15-second cuff inflation period and
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a 30-second biofeedback period, followed by a rapid defla-

tion of the cuff and 30 seconds of rest. The start of the

cuff inflation period and the end of the biofeedback period

were signaled by recorded tones which sounded at the

appropriate intervals. The second laboratory session, 1

week later, was identical to the training period of this

session.

During home practice, subjects performed the technique

described 3 times each day: 16 trials (20 minutes) each

time. BP was recorded before and after each practice

period following the same procedure used during the

baseline phase, and mailed daily to the experimenter.

Relaxation training. The laboratory training in

relaxation consisted of a brief presentation by the experi-

menter of the rationale for the treatment (Appendix G)

followed by training in the procedure to be used during

home practice to elicit the relaxation response (Beary &

Benson, 1974). Written procedural instructions were

provided to the subjects for their use at home (Appendix H).

Subjects were instructed to be seated in a comfortable

position with their eyes closed and to deeply relax their

muscles. They were told to begin by relaxing their feet

and to proceed upward to their facial muscles, keeping all

muscles deeply relaxed. They were also told not to worry

about whether they were successful in relaxing, but instead

to pay attention to their breathing and to silently say the
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relaxation procedure. Before and after practice BP was

recorded following the same procedure used during the

baseline phase, and mailed daily to the experimenter.

Follow-up. At posttreatment, a 3-week follow-up

phase began during which subjects continued to monitor BP

at home. Written instructions were provided for their use

(Appendix K). A criterion BP level was established for

each subject, based on the average of the home readings

for the last 3 days of the last training period, and they

were instructed to perform the control procedure of their

choice only when BP exceeded this criterion. Recordings

were made as before and mailed daily to the experimenter,

along with information indicating the type and frequency

of control procedure practiced (when appropriate).

Results

All Subjects

Pretreatment. Since BP may vary considerably under

different conditions of measurement, an analysis was made

of three pretreatment pressures: (1) average home BP for

the baseline period, (2) medical BP recorded during base-

line, and (3) laboratory BP recorded during the second

week of baseline. A one-way analysis of variance (ANOVA)

was carried out for 10 subjects with the three repeated

measures of BP described above and the results showed

significant differences among the measures for both
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systolic BP, F (2, 18) = 9.50, p = .005, and diastolic BP,

F (2, 18) = 8.35, p = .005. A Newman-Keuls test revealed

that BP in the medical setting was significantly higher

than both home and laboratory readings (p = .05), while

the latter two did not differ significantly from each

other. For all subjects, the average systolic BP in the

medical setting was 12.3 mm Hg higher than home and

9.2 mm Hg above laboratory readings. The differences for

diastolic BP were 9.9 and 7.6 mm Hg, respectively.

Average readings are presented in Table 2.

Posttreatment. A comparison of BP of all subjects

was performed posttreatment using a one-way ANOVA with

three repeated measures of BP: home, medical, and

laboratory. The results showed a significant difference

among the measures only for systolic BP, F (2, 18) = 8.84,

p = .005, and a Newman-Keuls test revealed systolic BP

recorded in the medical setting to be significantly higher

than that recorded in home or laboratory (p = .05).

Systolic BP in the medical setting still averaged

12.2 mm Hg above home readings and 12.1 mm Hg more than

laboratory readings. The three measurements of diastolic

BP were not significantly different, with medical readings

averaging 1.8 mm Hg above home and 0.5 mm Hg above labora-

tory measurements. Average readings are presented in

Table 2. In order to determine the nature of the changes
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which occurred, BP recorded in each of the three settings

was subjected to further analysis.

Table 2

Comparison of Average Blood Pressure Measurements
of All Subjects in Three Settings

Measurements Home Medical Laboratory

Pretreatment

Systolic 119.9 1 3 2.0a 122.8

Diastolic 81.6 9 0.8a 83.2

Posttreatment

Systolic 114.8b 1 2 7 .0a 114.9

Diastolic 79.3 8 1.1 b 80.9

Follow-up

Systolic 115.1b 127.6 not recorded

Diastolic 78.4 83.5b not recorded

Note: Blood pressure measured in millimeters of
mercury.

aSignificantly (2 = .05) higher than measurements
taken in other settings.

bSignificantly (p = .05) lower than pretreatment
levels.

Individual treatment comparisons. The home BP

recordings were considered to be the basic data of this

study and were the first to be analyzed. Since all sub-

jects received all treatments, with only the order of

administration differing, a 3 X 3 (Groups X Order) ANOVA
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was performed on average home BP measurements for the

second week of each treatment. No significant effects

were found for systolic BP or diastolic BP under any

treatment condition, and no significant interaction was

present. Because no differences were found among the

three groups, a one-way ANOVA was used to examine the home

BP readings of all subjects under four conditions:

baseline, biofeedback, relaxation, and combination.

Baseline readings were the average of the 2-week period

and treatment pressures were the average of the second

treatment week, when any treatment effect would be pre-

sumed to be most evident. No significant differences were

found among treatments, nor was any average treatment

reading significantly different from baseline values.

Pretreatment-posttreatment comparison. Since

subjects received different treatments at different times

during the study, an analysis was conducted to determine

if any effect was present over the course of the study. A

one-way ANOVA was performed on the home BP readings of all

subjects with repeated measures of BP at baseline and

posttreatment. For systolic BP the difference between

these observations was statistically significant,

F (1, 9) = 12.35, p = .01, with home systolic BP at

posttreatment averaging a 5.1 mm Hg (4.3%) decrease from

baseline. The difference was not significant for dia-

stolic BP which averaged a 2.3 mm Hg (2.8%) reduction (see



63

Table 2). Because a significant pre- and posttreatment

difference was found, trend analysis was used to examine

changes in home recordings of systolic BP over the course

of the study. Linear and quadratic trends were con-

sidered, and the linear effect for weeks was significant,

F (1, 9) = 9.60, p = .025. Average home BP readings for

all subjects for each week of the study are shown in

Figure 1.

Recordings of BP in the medical setting were

subjected to analysis to determine if changes comparable

to those found in home readings also occurred in that

environment. A one-way ANOVA was performed for all sub-

jects with repeated measures of medical BP readings at

baseline and posttreatment. No significant differences

were found for systolic BP, which declined 5.0 mm Hg

(3.8%), but the 9.7 mm Hg (10.7%) decrease in diastolic

BP was statistically significant, F (1, 9) = 5.35,

2 = .05.

A one-way ANOVA was used to examine the laboratory

BP readings of all subjects with repeated measures at

baseline and posttreatment, but no significant differences

were found for either systolic BP or diastolic BP. On the

average, systolic BP declined 8.0 mm Hg (6.5%) and

diastolic BP 2.5 mm Hg (3.0%). Average BP measurements

are in Table 2.
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Within-session analysis. Decreases in home BP

readings during treatments were examined by separate one-

way ANOVAs with two repeated measures of BP: average

pre- and postpractice readings for the second week of each

treatment. All within-session decreases in systolic BP

were significiant (see Appendix L), but there was no

significant difference among the three treaments.

Biofeedback produced the greatest reduction (7.4 mm Hg),

relaxation the least (6.7 mm Hg), and combination was

intermediate (7.0 mm Hg). All within-session decreases in

diastolic BP were also significant (see Appendix L) and

again there was no difference among treatments.

Reductions in diastolic BP were greatest for relaxation

(5.3 mm Hg), least for combination (4.2 mm Hg) and

biofeedback was intermediate (4.4 mm Hg). Average

reductions for all subjects under each treatment are shown

in Figure 2.

Follow-up. The average home BP readings of all sub-

jects during the follow-up period were compared to baseline

home readings using a one-way ANOVA with two repeated

measures of BP: baseline and follow-up. The follow-up

observations of systolic BP were found to be significantly

different from baseline, F (1, 9) = 6.14, p = .05, with an

average decrease of 4.8 mm Hg (4.0%). Diastolic BP

averaged a nonsignificant reduction of 3.2 mm Hg (3.9%).

Compared with posttreatment readings, home readings of
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Figure 2. Average within-session changes in home blood
pressure readings of all subjects under three
treatment conditions. (BP = blood pressure,
mm Hg = millimeters of mercury).
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systolic BP at follow-up had increased 0.3 mm Hg while

diastolic BP decreased 0.9 mm Hg. Neither change was

significant.

Medical BP recordings for all subjects at baseline

and follow-up were compared following the same procedure

described above for home observations. The results showed

systolic BP readings at follow-up in the medical setting

to be not significantly different from baseline levels;

however, diastolic BP recorded during follow-up was signi-

ficantly lower than baseline, F (1, 9) = 7.01, p = .05.

Systolic BP decreased 4.4 mm Hg (3.4%) while the decrease

for diastolic BP was 7.3 mm Hg (8.0%). Compared with

posttreatment readings, systolic BP in the medical setting

at follow-up had increased 0.6 mm Hg and diastolic BP had

increased 2.4 mm Hg. Neither was significant. Average BP

measurements in the three settings are presented in

Table 2.

High- Versus Low-Reading Clusters

Because reductions in BP have been shown to be

related to the degree of initial BP elevation (Jacob

et al., 1977), the possible influence of this factor on

the results was explored. All subjects were rank ordered

according to their average home recordings of systolic BP

during baseline. The five subjects having the highest

readings were designated the "high" cluster while the
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remaining five made up the "low" cluster. The average

home BP reading for the high cluster was 129.2/87.4 mm Hg

and that of the low cluster was 110.6/75.7 mm Hg.

Pretreatment. The average home BP readings of the

high and low clusters for the baseline period were com-

pared by t test (two-tailed) and found to be significantly

different on measures of both systolic BP, t (8) = 4.42,

2 = .01, and diastolic BP, t (8) = 3.86, p = .01.

Additional t tests (two-tailed) comparing these clusters

on baseline measurements of BP in medical and laboratory

settings revealed no significant differences, although the

average BP under both conditions tended to be higher for

the high cluster (see Table 3). Further analysis was then

performed on the three baseline BP measurements of each

cluster.

A one-way ANOVA with three repeated measures of BP

(home, medical, and laboratory) was completed for each

cluster. No significant differences were found among

these measures in the high cluster for either systolic BP

or diastolic BP, but, in the low cluster, significant dif-

ferences were found for both systolic BP, F (2, 8) =

16.15, p = .005, and diastolic BP, F (2, 8) = 7.20,

p = .025. A Newman-Keuls test showed BP readings for the

low cluster in the medical setting to be significantly

higher than their home and laboratory measurements

(p = .05). Systolic BP in the medical setting averaged
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Table 3

Comparison of Average Pretreatment Blood Pressure
Measurements of High- and Low-Reading Clusters

in Three Settings

High Low

Setting Systolic Diastolic Systolic Diastolic

Home 1 2 9 .2a 87.4a 110.6 75.7

Medical 136.0 92.0 128.0b 89.6b

Laboratory 126.3 86.7 119.3 79.7

Note: Blood pressure measured in millimeters of
mercury.

aSignificantly (p = .01) higher than low cluster.

bSignificantly (p = .05) higher than other measures
in the same cluster.

17.4 mm Hg above home readings and 8.7 mm Hg above those

taken in the laboratory. The differences for diastolic BP

were 13.9 and 9.9 mm Hg, respectively. Average pretreat-

ment BP measurements for both clusters in the three set-

tings are presented in Table 3.

Posttreatment. The average BP of the two clusters at

posttreatment was compared using t tests (two-tailed).

Separate analyses of BP recorded in all settings revealed

that the clusters were significantly different only on the

home measurements of systolic BP, t (8) = 2.59, p = .05.

Average BP recorded at posttreatment for each cluster

under the three conditions of measurement was subjected to
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a one-way ANOVA to determine if there was a change in the

relationship of these separate measures from baseline to

posttreatment. For the high cluster, a statistically

significant difference was found for measures of systolic

BP, F (1, 4) = 8.14, p = .05. A Newman-Keuls test

revealed measurements in the medical setting to be higher

than those in the home and laboratory conditions (p =

.05), which were not different from each other. For the

high cluster, systolic BP in the medical setting averaged

10.3 mm Hg above home readings and 12.7 mm Hg above

laboratory measurements. The differences for diastolic BP

were 1.2 and 1.0 mm Hg, respectively. In the low cluster,

a significant difference was also found for systolic BP,

F (1, 4) = 12.70, p = .05, and, as with the high cluster,

a Newman-Keuls test showed BP in the medical setting to be

higher than that recorded in the other measurement con-

ditions (p = .05). For the low cluster, systolic BP in

the medical setting averaged 14.2 mm Hg above home

measurements and 11.6 mm Hg greater than laboratory

readings. For diastolic BP the differences were 2.4 and

0.0 mm Hg, respectively. Average posttreatment BP

measurements for both groups in the three settings are

presented in Table 4.

Individual treatment comparison. In order to explore

the possible effects of initial BP level on the effec-

tiveness of individual treatments, a 2 X 4 (Clusters X
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Table 4

Comparison of Average Posttreatment Blood Pressure
Measurements of High- and Low-Reading Clusters

in Three Settings

High Low

Setting Systolic Diastolic Systolic Diastolic

Home 1 2 1 .1 a 83.0 108.4 75.6

Medical 131.4b 84.2 122.6b 78.0

Laboratory 118.7 83.2 111.0 78.0

Note: Blood pressure measured in millimeters of
mercury.

aSignificantly (p = .05) lower than pretreatment
level.

b.Significantly (p = .05) higher than other measures
in the same cluster.

Conditions) ANOVA was performed for the two clusters with

four repeated measures of home BP (baseline, biofeedback,

relaxation, and combination). As expected, since the

clusters were formed on the basis of home BP, a signifi-

cant difference was found for clusters on measures of both

systolic BP, F (1, 8) = 8.67, p = .025, and diastolic BP,

F (1, 8) = 7.93 p = .025. The analysis of systolic BP

also revealed a significant effect for treatments only in

the high cluster, F (3, 24) = 4.04, p = .025. A Newman-

Keuls test showed that only biofeedback reduced systolic

BP significantly from baseline (p = .05). The biofeedback
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treatment resulted in a 7.1 mm Hg (5.5%) reduction from

baseline while the reductions for relaxation and

combination were 4.3 mm Hg (3.3%) and 4.9 mm Hg (3.8%),

respectively. There were no significant differences among

measures of diastolic BP, and there was no significant

interaction. The average change from baseline BP levels

for both clusters under each treatment condition is shown

in Figure 3.

Pretreatment-posttreatment comparison. In order to

examine the changes in BP in each cluster over the course

of the study, a one-way ANOVA was performed for each

cluster, with two repeated measures of BP: baseline and

posttreatment. For the high cluster, a significant dif-

ference was found for home measurements of systolic BP,

F (1, 4) = 20.45, p = .025. The average decrease in

systolic BP for the high group was 8.1 mm Hg (6.3%), while

diastolic BP declined a nonsignificant 4.4 mm Hg (5.0%).

Systolic BP reductions averaged 4.6 mm Hg (3.4%) in the

medical setting and 7.6 mm Hg (6.0%) in the laboratory,

neither being satistically significant. Diastolic BP

decreases were 7.8 mm Hg (8.5%) and 3.5 mm Hg (4.0%),

respectively, and were also nonsignificant. No signifi-

cant differences were found for any of the measures in the

low cluster. Average BP in each measurement condition is

presented in Table 4.
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Figure 3. Average change from baseline in home blood
pressure readings of high and low clusters
under three treatment conditions. (BP = blood
pressure, mm Hg = millimeters of mercury.)
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Within-session analysis. Changes in home BP readings

as a function of the individual treatments were examined

separately for both the high and low clusters. For each

cluster, one-way ANOVAs with two repeated measures

(average pre- and postpractice BP for the second week of

treatment) were performed for each treatment condition and

both systolic BP and diastolic BP. The results of the

analyses are presented in Appendix M (systolic BP) and

Appendix N (diastolic BP). In both clusters, all within-

session decreases in systolic BP were statistically

significant. There were no significant differences among

the treatments in the amount of reduction obtained in

systolic BP. In the high cluster, relaxation produced

the greatest reduction in systolic BP (8.5 mm Hg),

biofeedback the least (6.0 mm Hg), and combination an

intermediate amount (8.3 mm Hg). In the low cluster, the

reverse was true, with biofeedback producing the greatest

decrease (8.7 mm Hg), relaxation the least (5.0 mm Hg),

and combination again intermediate (5.7 mm Hg). Analysis

of within-session changes in diastolic BP showed no

significant decreases in either cluster. In the high

cluster, relaxation again produced the greatest reductions

(5.7 mm Hg), followed by combination (3.9 mm Hg), and then

biofeedback (2.8 mm Hg). In the low cluster, biofeedback

produced the largest decrease (7.2 mm Hg), followed by

relaxation (4.9 mm Hg), and then combination (4.7 mm Hg).
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Average within-session decreases for both clusters are

presented in Figure 4.

Follow-up. The average home BP measurements recorded

during follow-up for each cluster were compared to base-

line BP by one-way ANOVAs with two repeated measures of

BP: baseline and follow-up. In the high cluster, the

follow-up observations of systolic BP were found to be

significantly different from baseline, F (1, 4) = 7.95,

p = .05, with an average decrease of 7.2 mm Hg (5.6%).

Compared with readings at posttreatment, the systolic BP

BP in the high cluster at follow-up increased a slight

(0.9 mm Hg) but nonsignificant amount. There was no

significant change in average diastolic BP from baseline

to follow-up, although diastolic BP at follow-up had

declined another 1.4 mm Hg from posttreatment.

In the low cluster, there were no significant differ-

ences in either systolic or diastolic BP from baseline

to follow-up. The average systolic BP reading did not

change, while diastolic BP declined only 0.5 mm Hg.

Compared with posttreatment readings, systolic BP at

follow-up had increased 2.2 mm Hg while diastolic BP

decreased 0.4 mm Hg. Neither of these were significant.

Average BP measurements are in Table 5.

Medical BP recordings of each cluster at baseline and

follow-up were compared following the same procedure

described above for home measurements. In the high
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Figure 4. Average within-session reductions in home
blood pressure readings of high and low
clusters under three treatment conditions.
(BP = blood pressure, mm Hg = millimeters of
mercury)
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Table 5

Comparison of Average Follow-Up Blood Pressure
Measurements of High- and Low-Reading Clusters

in Two Settings

Home Medical

Cluster Systolic Diastolic Systolic Diastolic

High 1 2 2 .0a 81.6 110.6 75.2

Low 128.0 83.8 127.2 83.2

Note: Blood pressure measured
mercury.

aSignificantly (p = .05) lower
level.

in millimetters of

than pretreatment

cluster, no significant changes were found for either

systolic BP or diastolic BP. On the average, systolic BP

declined 8.0 mm Hg (5.9%) from baseline to follow-up and

diastolic BP 8.2 mm Hg (8.9%). Compared to posttreatment

readings, medical BP at follow-up had declined another

3.4 mm Hg for systolic BP, while diastolic BP deceased

0.4 mm Hg.

In the low cluster no significant changes were found

in medical measurements of systolic BP or diastolic BP

from baseline to follow-up. Average systolic BP at

follow-up was only 0.6 mm Hg below the baseline level,

although diastolic BP decreased 6.4 mm Hg (7.1%).

Compared to medical readings at posttreatment, the average

-------------
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systolic BP reading at follow-up had increased 4.6 mm Hg

and diastolic BP also increased 5.2 mm Hg. Neither of

these increases were statistically significant. Average

medical BP measurements for both clusters are presented in

Table 5.

Separate t tests (two-tailed) were used to compare

the high and low clusters on both home and medical measure-

ments of BP during follow-up. No significant differences

between clusters were found for systolic or diastolic BP in

either measurement setting.

To summarize the results of this study, when the data

for all subjects were examined, the baseline blood

pressure readings in the medical setting were found to be

significantly higher than measures in home and laboratory

settings. Home readings of systolic BP decreased signifi-

cantly from baseline to posttreatment, and the same was

true for medical readings of diastolic BP. These

reductions were maintained during follow-up. No single

treatment reduced BP significantly from baseline levels,

and no treatment was better than another in obtaining

reductions; however, all treatments obtained significant

within-session reductions in both systolic and diastolic

BP. Weekly averages of home BP readings for each subject

are presented in Appendix 0.

When the high and low clusters were compared, they

were found to be significantly different only on baseline
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measures of BP recorded in the home setting. In the high

cluster, there was no difference among baseline measures

of BP in the three settings; however, in the low cluster,

baseline measures of BP in the medical setting were

significantly higher than those in other settings. From

baseline to posttreatment, home readings of systolic BP

decreased significantly in the high cluster, but there was

no such decrease in the low cluster. There were no

significant differences between the clusters in changes in

medical and laboratory measures of BP from baseline to

posttreatment. In the high cluster, biofeedback reduced

home measures of systolic BP significantly from baseline

levels, while no single treatment produced significant

reductions in the low cluster. All treatments obtained

significant within-session reductions in systolic BP in

boths clusters; however, no treatment produced significant

within-session decreases in diastolic BP in either

cluster.

Discussion

It was hypothesized that each of the treatments

provided to subjects of this study would be effective in

reducing BP, but that the combination would produce

greater reductions than either biofeedback or relaxation

alone. However, when the home BP measures were analyzed

this hypothesis was not supported. Only biofeedback

reduced BP significantly from baseline levels, and only



80

for subjects in the high cluster. This finding is

generally consistent with that of Surwit et al. (1978),

who speculated that their failure to reproduce the signi-

ficant results obtained in other studies may have been

related to the relatively limited training provided to

their patients (8 sessions with 20 trials in each session)

and/or the lower pretreatment BP of those patients

(144/84 mm Hg) compared to the patients participating in

other studies. The present results tend to support the

conclusion that both of these factors may be related to

treatment outcome, but also suggest that, given sufficient

practice, significant BP decreases can be obtained in sub-

jects with relatively low baseline BP. In this study

significant decreases in systolic BP were obtained after

2 weeks of treatment (42 sessions with 16 trials in each

session), with maximum reductions reached after 4 weeks of

treatment.

As in the report by Surwit et al (1978), the subjects

of this study obtained significant within-session reduc-

tions in both systolic and diastolic BP, despite low

average baseline BP levels. Over the course of the study

the average within-session decrease in systolic BP for the

high cluster was 6.6 mm Hg, and 6.2 mm Hg for the low

cluster. Reductions in diastolic BP averaged 4.1 and

4.0 mm Hg, respectively.
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The hypothesis that BP reductions would generalize

outside the treatment setting was partially supported by a

significant decrease in diastolic BP in the medical

setting over the course of treatment. The absence of a

comparable decrease in systolic BP may be related to a

greater situational reactivity of subjects in the low

cluster. In this study, as in those of Surwit et al.

(1978) and Blanchard et al. (1979), BP in the medical

setting was consistently higher than that recorded under

other conditions; however, it was significiantly higher

only for subjects in the low cluster. For both clusters,

BP recorded in the medical and laboratory setting declined

steadily from pre- to posttreatment, and the greatest

reductions were in diastolic BP in the medical setting,

followed by systolic BP in the laboratory.

During follow-up the two clusters showed little

change in home measures of BP from those recorded at

posttreatment, but they exhibited opposing trends in BP

measured in the medical condition. In the high cluster, BP

in the medical setting continued to decline slightly from

posttreatment levels while the low cluster showed a

substantial (but nonsignificant) increase. This "rebound"

of BP in the low cluster may be related to the fact that

more subjects in that group chose to discontinue their

antihypertensive medication at posttreatment. Three of

the five subjects in the low cluster agreed to a trial of
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withdrawal from medication while only one in the high

cluster did so. Also, despite the observed increase in BP

in the low cluster during follow-up, it should be noted

that all subjects in that cluster maintained their home

BP readings at or below the criterion established at

posttreatment. In the high cluster, only two subjects

exceeded their criterion BP, one of those on two

occasions and the other on seven.

Another major purpose of this research was to repli-

cate Kristt and Engel's (1975) finding that home practice

of BP biofeedback F was successful in reducing BP. This

attempt was partially successful in that subjects in the

high cluster were able to reduce systolic BP significantly

from baseline levels after 2 weeks of practice. Compared

to the reductions reported by the above authors, those

obtained in this study were not as large (7/6 mm Hg

versus 18/8 mm Hg), but the average baseline BP of subjects

in the high cluster was only 129.2/87.4 mm Hg, while that

of subjects in the Kristt and Engel study averaged

162.5/94.5 mm Hg. Also, the home baseline phase in the

present study was only 2 weeks in length, compared to

the 15 weeks of treatment that produced the larger de-

creases. In both studies, subjects who achieved BP

reductions were generally able to maintain them during

follow-up.
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In light of these results and the explanations

offered here, several conclusions are suggested. First,

the treatment methods used in this study achieved signifi-

cant reductions in systolic BP with subjects whose

hypertension was reasonably well-controlled by medication.

Although pretreatment BP level seems to be related to the

amount of reduction obtained, there is some evidence to

indicate that subjects trained in behavioral methods of

control can maintain BP in the average range after medica-

tion is discontinued, even if no significant reductions

are obtained during treatment. Second, although

situational factors appear to have rather potent effects

on BP levels, these results suggest that training to

control BP does generalize across situations. This

appears to be most applicable to subjects who exhibit the

least situational increase in BP, i.e., the high cluster.

Third, home practice of BP biofeedback was found to be the

most successful single treatment for reducing systolic BP

in the practice setting. There does appear to be a need

for a minimum number of sessions, and that minimum appears

to increase as pretreatment BP levels go down. Previous

studies (e.g., Surwit et al., 1978) suggested that little

change in BP would be expected in subjects with low

initial BP levels, but these results suggest that subjects

with baseline BP as low as 130/87 can achieve significant

reductions. These reductions can be obtained by a
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relatively inexpensive method and at a lower cost to the

subject than with conventional BP biofeedback methods. In

addition, there appears to be less difficulty in obtaining

transfer of training to other settings. Some limitations

which must be considered when evaluating the results of

this study are the small number of subjects involved, and

the possible effect of their being volunteers. Also, this

sample is not representative of the hypertensive population

at large, in that females and caucasians are over-

represented. In addition, because of the stated purpose

of this research, no control group was available for

comparison purposes. The relatively brief follow-up

period is another factor which must limit the present

conclusions; however, an extended follow-up is now in

progress.
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Appendix A

I, _hereby give consent

to Robert W. Bradley to perform or supervise the following

investigational procedure and treatment: recording of

blood pressure utilizing electronic instruments, biofeed-

back training utilizing electronic instruments to monitor

blood pressure, and training in muscle relaxation. I

understand that the use of the above described procedures

to control blood pressure are experimental, but if they

are successful I may expect to develop some degree of

control over my blood pressure. I further understand that

this investigation does not involve either medical

diagnosis or medical treatment and is not intended to

substitute for consultation with a physician or medical

treatment for my present symptoms.

I have (seen, heard) a clear explanation and

understand the nature and purpose of the procedure or

treatment, possible appropriate alternative procedures

that would be advantageous to me, and the attendant

discomforts or risks involved and the possibiity of

complications which might arise. I have (seen, heard) a

clear explanation and understand the benefits to be

expected. I understand that the procedure or treatment to

be performed is investigational and that I may withdraw.

my consent for my participation. With my understanding of

this, having received this information and satisfactory
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answers to the questions I have asked, I voluntarily con-

sent to procedure or treatment in the paragraph above.

DATE

SIGNED:_SIGNED
Witness Subject

or

SIGNED: SIGNED:
Witness Person Responsible

Relationship

Instructions to persons authorized to sign:

If the subject is not competent, the person responsible

shall be the legal guardian or legally authorized

representative. If the subject is a minor under 18 years

of age, the person responsible is the mother or father or

legally appointed guardian. If the subject is unable to

write his name, the following is legally acceptable:

John H (his X mark) Doe and two (2) witnesses.

86
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Appendix B

Blood Pressure Monitoring

Introduction: The following procedure is intended as a

standardized procedure for measuring your own blood

pressure. There are several variables which effect the

blood pressure readings that you get, such as the position

of your arm and amount of time since physical exertion

(i.e., climbing stairs). For research purposes and for

your own efforts to control your blood pressure, it is

important that these factors be held constant so that you

will know and the researchers will know that any changes

in the blood pressure readings obtained are the result of

real changes in your blood pressure and are not due simply

to differences in the procedure used in obtaining the

blood pressure readings. Therefore, the procedure

outlined below should be followed exactly throughout the

duration of your participation in the research project and

in your continued efforts to control your blood pressure.

Time: Throughout your participation in this research

project you will be asked to take your blood pressure on

three occasions each day and obtain three readings of both

systolic and diasolic pressure on each occasion. The

suggested times for obtaining these readings are

(1) shortly after awakening in the morning and preferably
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after voiding, (2) shortly before eating lunch, and

(3) shortly before going to sleep at night.

Preparation. When you are ready to begin measuring your

blood pressure, sit quietly with a minimum of physical

exertion for at least 15 minutes in order to eliminate the

chance of obtaining abnormally high readings due to recent

physical activity. During this resting period, record, on

the data card provided, the exact time that you began this

procedure. Also, during the resting period avoid drinking

coffee, tea, or soft drinks containing caffeine and avoid

smoking.

Assume a seated position at a desk or table, where you can

rest your nondomoniant arm at about the same level as your

heart.

It is important that you be able to rest this arm with the

palm turned upward and the arm extended so that it will

rest almost perfectly still while blood pressure readings

are being taken, because movements of the arm may cause

false readings. It is also important that you assume as

closely as possible the same position each time you take

your blood pressure. The position you assume must,

therefore, be comfortable, particularly in light of the

fact that the measurement procedure may require several

minutes to complete. It is also recommended that the same

physical arrangement be utilized as regularly as possible

in taking your blood pressure readings so that you will be
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in approximately the same posture and environment from one

day to the next when readings are taken. Thus, it may be

necessary for you to develop a standardized setting for

each of the three blood pressure monitoring occasions

which occur each day, for example, you might have one

standard setting for after lunch measurement and another

standard setting for after waking measurement or you might

develop a standard setting for taking your blood pressure

at home and another for taking your blood pressure at work

and a third for taking it in your car. You will probably

need to try out several different arrangements in order to

find the ones which are most comfortable and convenient

for you.

Fitting the Equipment. While resting quietly, remove the

blood pressure cuff from its carrying case. Before

attaching the cuff to the pressure gauge unit (unless they

are permanently fixed together), slide the cuff up your

nondominant arm (left if you are right handed) making sure

that no clothing is between the cuff and your arm. The

hoses which go to the pressure gauge and the inflation

bulb should be on the side of the cuff toward your hand.

Pull the loose end of the cuff through the metal "D" ring

until the cuff is snug around your arm but will slide up

or down, then wrap the loose end of the cuff back under

and around your arm and press together the velcro tape to

secure the cuff in position. To facilitate future use of

................ ................

39
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the cuff, once the circumference of the cuff is adjusted

properly, a dab of fingernail polish or a red felt tipped

pen can be used to mark the distance the end of the cuff

entends around the body of the cuff. In the future, the

velcro tape can be secured using these marks and the cuff

simply slid over the hand and up the arm.

When the cuff has been secured around the arm

rotate the cuff and slide it either up or down until the

dot on the cuff, just above where the rubber hoses go into

the cuff, is on the side of your arm over the large artery

near the hollow of your elbow where your arm bends. This

can be found by feeling for the pulse in the artery.

Straighten your arm completely and use the index finger of

the other hand. The artery is located with the arm

outstretched and palm up, about inch to the bodyside of

the center of the arm, just above the hollow of the elbow.

When the cuff has been properly positioned, attach the air

hose to the pressure gauge and plug the microphone jack

into the receptacle at the bottom of the gauge unit.

Rotate the air flow valve screw on the bulb clockwise in

order to close the air flow valve. The valve does not

have to be closed very tightly in order to prevent air

from escaping the cuff. Place the pressure gauge in a

convenient location where the sphygmomanometer dial can be

easily read. Do not turn on the power switch.
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Taking your Blood Pressure: Inflate the cuff quickly by

repeatedly squeezing the bulb with your free hand. Raise

the pressure in the cuff to about 30 mm above your last

systolic pressure reading or 200 mm Hg. The systolic

pressure is the larger of the two BP readings (usually

above 110 mm) and indicates the amount of presure required

to close off the artery. Move the sphygmomanometer

power switch to the "on" position. You will generally get

an immediate "beep" sound and the light on the gauge will

flash. If the unit continues to "beep" and the light

continues to flash for more than 5 seconds and you feel

sure that your arm is not moving, deflate the cuff by

turning the air flow valve screw in a counterclockwise

direction. Wait 15 to 30 seconds (counts, i.e., 1001,

1002) after the cuff is completely deflated and then

repeat the procedure, raising the cuff pressure an

additional 30 mm. Be sure to move the power switch to

the "off" position during inflation. When the cuff has

been inflated and the unit turned on, if the unit is not

continuously "beeping" and "flashing," begin decreasing

the pressure in the cuff by turning the air flow valve

screw slightly in a counterclockwi:o- direction so that

the needle of the sphygmomanometer is falling at the rate

of about 2 to 4 mm (1 to 2 seconds) per second. Continue

decreasing the pressure in the cuff, keeping your arm as

stationery as possible, until the unit "beeps" and
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"flashes." Immediately close the air flow valve by

turning the screw clockwise. The unit should ocntinue

"beeping" and "flashing" in a regular manner corresponding

to your pulse rate. If this is indeed occurring, read

your systolic blood pressure off the sphygmomanometer dial

and record the reading on the form provided. If the unit

does not continue to "beep" and "flash" regularly, you

probably have a false reading and should continue to

decrease the pressure in the cuff as before until you get

another "beep" and "flash." Shut the air flow valve imme-

diately as before and notice if you are getting regular

"beeps" and "flashes." If so, this is your systolic blood

pressure. Record the reading from the sphygmomanometer

dial. If the unit is still not "beeping" and "flashing"

in a regular manner, continue decreasing the pressure,

following the same procedure, until regularly spaced

"beeps" and "flashes" occur. If after these three efforts

regularly spaced "beeps" and "flashes" are not obtained,

deflate the cuff completely, wait 30 seconds, and begin

the procedure again. After your systolic pressure has

been obtained and recorded according to the above

procedure, again begin to reduce the cuff pressure by

turning the air flow valve screw counterclockwise

slightly so that the needle of the sphygmomanometer fails

at the rate of about 2 to 4 mm per second (1 to 2 marks).

Continue decreasing the cuff pressure until the unit

-Now! aw il -, m1--ll,-------Al"
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stops "beeping" and "flashing." Close the air flow valve

immediately by turning the screw in a clockwise direction.

The unit should, at this point, not be "beeping" and

"flashing" or should at least "beep" only very infre-

quently. This your diastolic pressure. If the unit

begins "beeping" and "flashing" at regular intervals

within a few seconds, again reduce the cuff pressure until

the regular "beeping" and "flashing" ceases while the cuff

pressure is held stable for 5 seconds. Record the

sphygmomanometer reading at this point. Decrease the cuff

pressure to zero. Wait at least 30 seconds (count) and

repeat the entire procedure. Continue until you have

taken and recorded both blood pressure readings three

times.

Blood Pressure Monitoring Checklist

Before starting:

follow the directions in the "preparation" paragraph

of instructions

have the Home Record Form or postcard handy to record

your readings

Preparing the equipment:

connect the microphone plug to the gauge unit (if

necessary)

be sure the unit is turned off

slide the cuff on your nondominant arm and adjust to

fit (at the bottom of the cuff)



B--Continued

find the brachial artery and make sure the dot on the

cuff is over it

Taking the blood pressure:

hold or place the gauge so you can easily read it

turn the air valve clockwise to close it (NOT TOO

TIGHT)

inflate the cuff to about 30 mm above your last

systolic presure or 200 mm

turn the switch on

slowly release air presure by turning the air valve

counter

watch the light, not the gauge needle

when the light comes on, close the air valve (the

unit should be beeping and flashing regularly)

read your systolic pressure on the gauge and record

it

release air pressure again

watch the light

when the light goes out and the beeping stops, close

the air valve (the unit should not beep and flash) and

record your diastolic pressure

open the air valve completely by turning it counter-

clockwise

turn the unit off

wait 30 seconds and repeat the procedure
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Take 3 blood pressure readings and record them each time

you take your pressure

Putting the equipment away:

be sure the unit is turned off

cuff should be completely deflated

Care of the blood pressure unit:

don't drop or shake

avoid hitting things against the unit

keep away from heat or strong sunlight

avoid getting the cuff or gauge wet

store carefully when not in use
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Appendix E

Introduction of Biofeedback Training

Biofeedback is a term that refers to a group of pro-

cedures in which an external sensor is used to give a

person information about certain bodily processes. Some

of the processes monitored by biofeedback are muscle

tension, brain waves, body temperature, and, as in this

study, blood pressure. The goal of biofeedback is to help

you learn how to control your blood presure and,

ultimately, have that control become habitual and

automatic, independent of any sensors or mechanisms.

Early research on blood pressure control found that

people with normal blood pressure could learn to raise or

lower it at will when they were given feedback about

changes in pressure. In fact, they developed enough

control to alternate raising and lowering blood pressure

when asked to do so. The next step in research was to try

and teach people with high blood pressure to reduce it.

Since 1971 there have been about 15 published reports

dealing with this subject. In these studies over 120

people with high blood pressure were trained, and the

large majority of them were successful in reducing it.

The chances are very good that you will be able to do so

too, and we are going to start you toward the goal right

now.
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Appendix F

Biofeedback Training Instructions

You have been monitoring your blood pressure for some

time now and should be completely familiar with the blood

pressure monitoring procedure. You are now ready to begin

the biofeedback training period of this study, where you

will learn to control your systolic blood pressure. To a

large extent this is a trial and error process. Even

people who have learned to control their blood pressure

very effectively cannot satisfactorially explain how they

do it. It seems to be similar to trying to tell someone

how to wiggle their ears: The learning is very

individualized. What works for one person will not

necessarily work for someone else, so you will need to

find the way that works for you. Whatever strategy you

choose to try, it is particularly important to assume a

passive attitude. That is, be attentive, but just let it

happen without trying to make anything happen.* Don't try

to force yourself to make your blood pressure go down,

instead, let it go down. While you are learning to

control blood pressure, try to avoid becoming discouraged

if you don't succeed right away. Learning to control

bodily processes frequently seems slow, but if you con-

tinue to practice reductions will eventually occur. The

blood pressure instrument you have been using to monitor

..............



F--Continued

your blood pressure can and will be used as a biofeedback

device to provide you with information regarding your

systolic blood pressure. Begin biofeedback practice by

preparing as if you were going to record your blood

pressure, but during this period you will hold the cuff

pressure constant at the level of systolic blood pressure

by turning the air flow valve off. Then, close your eyes

and let the "beeping" and the "flashing" go away. When

these signals stop or decrease in frequency, you have

reduced your blood pressure below the level indicated on

the gauge. Decreases in systolic blood pressure are

almost always accompanied by proportional decreases in

diastolic pressure. Whether or not the signals go away,

at the end of the trial, release the cuff pressure and

rest. Each training trial will last approximately 30

seconds and there will be a 30-second break between

trials. The cassette tape has recorded tones to signal

the beginning and end of biofeedback trials. Before

beginning a practice session, be sure the tape is comple-

tely rewound. You will continue to record your blood

pressure three times each day, taking three readings each

time. Immediately after you have finished recording your

pressure, begin biofeedback practice and continue for 16

trials. Then, take three more blood pressure readings.

The following checklist summarizes the procedure to be

followed:

..................
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1. Prior to carrying out the procedure, set up the

tape recorder, with rewound cassette in place, nearby

where you can turn it on and off without getting up.

2. Complete the blood pressure monitoring procedure

as previously instructed.

3. After completing the blood pressure monitoring

procedure, leave the cuff in place but competely deflated

and rest for approximately 30 seconds.

4. Turn on the tape recorder.

5. At the sound of the first tone, inflate the cuff

to about 30 mm above your last self-monitored systolic

reading.

6. Turn the gauge unit power switch to "on" and

reduce the pressure in the cuff until the unit just begins

"beeping" and "flashing" at regular intervals. Stop

reducing the pressure in the cuff at this point.

7. Close your eyes and begin practicing what ever

strategy you have chosen to employ to let the "beeping"

and "flashing" stop. If it does, simply continue with

what ever strategy you are employing until the next tone

occurs.

8. The second tone, a double tone, signals the end

of the trial. Open the air flow valve and let pressure in

the cuff drop to zero.
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9. At the sound of the next tone, inflate the cuff

and repeat the procedure above. Continue repeating this

procedure for at least 16 trials.

10. Complete the self-monitoring procedure a second

time.
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Appendix G

Introduction of Relaxation Training

Since individual responses to events in the environ-

ment may be related to the development of high blood

pressure, one way of reducing blood pressure is to learn a

different way of responding to those events. A variety of

techniques which produce a "relaxation response" have been

shown to lead to reductions in blood pressure. Between

1969 and the present, about 20 studies have been published

dealing with the use of relaxation to reduce blood

pressure. In these studies, almost 350 persons were

trained in relaxation, and the large majority were able to

obtain reductions in blood pressure. The chances are very

good that you will be able to do so too, so let's begin

right now.
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Appendix H

Relaxation Training Instructions

The first step in beginning relaxation training is to

find a quiet place to practice. Since you will also be

recording your blood pressure before and after practice,

try to find a place where you can make the recordings and

practice relaxation without having to move about. You

should begin relaxation practice by sitting quietly in a

comfortable position with your eyes closed. Deeply relax

all your muscles, beginning at your feet and progressing

up to your face. Keep them deeply relaxed. Breathe

through your nose. Become aware of your breathing. As

you breathe out, say the word "one" silently to yourself.

For example, breathe in, out, one; in, out, one; etc.

Continue for 20 minutes. You may open your eyes to check

the time, but don't use an alarm. When you finish, sit

quietly for 2 minutes. Don't worry about whether you are

successful in achieving a deep level of relaxation.

Maintain a passive attitude and permit relaxation to occur

at its own pace. Expect other thoughts to intrude. When

these distracting thoughts occur, ignore them by thinking

"oh well" and continue repeating "one." With practice,

the response should come with less and less effort.

Practice this technique three times each day, at your

usual blood pressure recording times. Remember to record

blood pressure before and after each practice session.
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Appendix I

Introduction of Combination Training

During this phase of the study you will be using both

biofeedback and relaxation to help you gain control over

your blood pressure. You will learn to use relaxation as

the means of lowering your blood pressure while biofeed-

back provides you with information about how successful

you are in doing so. There is substantial research to

support the effectiveness of each of these procedures

individually and, although to date only a few studies have

taught people to use them together, this combined approach

has shown the promise of being very effective.
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Appendix J

Combination Training Instructions

During this training period, you will be practicing

both the biofeedback and relaxation techniques for

lowering blood pressure. Always practice biofeedback

first, then relaxation. The place you choose should be

suitable for both blood pressure recordings and

relaxation. Record your blood pressure before practice in

the usual manner, then follow the instructions for

biofeedback practice. When you have completed eight

biofeedback trials, immediately begin relaxation,

following the instructions for that procedure. Continue

relaxing for 10 minutes and then record your blood

pressure again. Record your blood pressure and practice

both techniques three times each day.
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Appendix K

Blood Pressure Maintenance Procedure

The maintenance phase is the final phase of this

study, even though you will be contacted later to deter-

mine the long-term effectiveness of the training you have

received. This phase will last three weeks and is

intended to determine how the techniques you have learned

would be used for the long-term control of blood pressure.

During this period you will need to take your blood

pressure only once each day, at noon, but you will continue

to take three readings each time. It will be necessary to

practice the blood pressure control technique only when

the average of your blood pressure readings exceeds the

criterion level established for you. If your average

reading exceeds this level you should practice the blood

pressure control technique of your choice at that time and

continue to practice, following the same schedule you used

during the training phase (three times daily), until your

average blood pressure reading after practice is at or

below the criterion level. Continue to record your

readings on the cards provided and mail them daily, even

though you may have only one entry on the card.
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Appendix L

Table 6

Results of Analyses of Within-Session Changes
in Home Blood Pressure Measurements of All

Subjects in Three Treatment Conditions

Treatment

Results Biofeedback Relaxation Combination

Systolic Blood Pressure

F 52.23 37.51 26.50

df 1,9 1,9 1,9

.001 .001 .001

Diastolic Blood Pressure

F 5.47 24.02 12.60

df 1,9 1,9 1,9

.05 .001 .01

Note: Results from one-way analyses of variance with
five subjects and two repeated measures of average blood
pressure: before and after practice. df = degrees of
freedom.
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Appendix M

Table 7

Results of Analyses of Within-Session Changes in
Home Measurements of Systolic Blood Pressure of

High- and Low-Reading Clusters in Three
Treatment Conditions

Treatment

Results Biofeedback Relaxation Combination

High Cluster

F 28.77 45.58 11.15

df 1,4 1,4 1,4

.01 .005 .05

Low Cluster

F 30.32 32.47 23.30

df 1,4 1,4 1,4

P .01 .005 .01

Note: Results from one-way analyses of variance with
five subjects and two repeated measures of systolic blood
pressure: before and after practice. df = degrees of
freedom.
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Appendix N

Table 8

Results of Analyses of Within-Session Changes in

Home Measurements of Diastolic Blood Pressure of

High- and Low-Reading Clusters in Three
Treatment Conditions

Treatment

Results Biofeedback Relaxation Combination

High Cluster

F 1.24 3.72 4.36

df 1,4 1,4 1,4

E n.s. n.s. n.s.

Low Cluster

F 4.34 6.74 6.70

df 1,4 1,4 1,4

n.s. n.s. n.s.

Note: Results from one-way analyses of variance with

five subjects and two repeated measures of diastolic blood

pressure: before and after practice. df = degrees of
freedom.
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Appendix 0

Table 9

Average Weekly Systolic Blood Pressure Readings
at Home for Each Subject

Week

Subject Baseline 3 4 5 6 7 8 Follow-Up

1 140 137 130 135 133 125 127 136

2 134 139 146 128 125 125 127 124

3 133 137 139 129 125 129 131 121

4 121 107 114 110 115 110 111 112

5 119 111 110 113 114 115 111 111

6 115 115 115 117 114 117 115 115

7 113 110 115 115 114 114 110 116

8 110 115 117 115 114 107 110 111

9 108 106 107 111 109 112 107 100

10 107 105 105 104 103 104 101 100

Note: Baseline is a
Follow-up is average of a
pressure readings in mill

verage of a 2-week period.
3-week period. All blood

meters of mercury.
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Table 10

Average Weekly Diastolic Blood Pressure Readings
at Home for Each Subject

Week

Subject Baseline 3 4 5 6 7 8 Follow-Up

1 79 75 73 73 71 72 71 77

2 86 88 88 88 81 83 83 84

3 91 96 90 99 96 97 94 84

4 88 82 90 95 87 88 87 87

5 94 93 88 85 85 86 80 77

6 79 81 77 78 76 77 82 81

7 72 70 82 80 79 75 72 67

8 75 74 75 77 75 75 76 78

9 79 77 76 79 79 79 77 83

10 74 72 75 76 74 73 72 67

Note: Baseline is average of a 2-week period.
Follow-up is average of a 3-week period. All blood
pressure readings in millimeters of mercury.

--------------- ----------
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