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ABSTRACT

Objective: This randomized controlled study examined whether a 4-week blood pressure (BP) biofeedback
program can reduce BP and BP reactivity to stress in participants with mild hypertension.

Methods: Participants in the active biofeedback group (n = 20) were trained in 4 weekly laboratory sessions
to self-regulate their BP with continuous BP feedback signals, whereas participants in the sham biofeedback
group (n = 18) were told to manipulate their BP without feedback signals. BP, skin temperature, skin conduc-
tance, BP reactivity to stress, body weight, and state anxiety were assessed before training and repeated at the
eighth week after the training.

Results: The decreases in systolic (12.6 = 8.8 versus 4.1 = 5.7) and mean BP (8.2 = 6.9 versus 3.3 £ 4.9)
from baseline at week 12 follow-up were significantly greater in the active biofeedback group compared with
the sham biofeedback group (p = 0.001 and 0.017, respectively). Results from analysis of covariance with the
follow-up systolic blood pressure (SBP) (or mean arterial pressure [MAP]) as the dependent variable, baseline
SBP (or MAP) as the covariate, and group as the independent variable showed that biofeedback training ef-
fectively lowered SBP and MAP (p = 0.013 and 0.026, respectively). The pre-to-post differences in skin con-
ductance and SBP reactivity were statistically significant for the biofeedback group (p = 0.005 and 0.01, re-
spectively), but not for the control group. For the sample as a whole and for the biofeedback group, the state
anxiety score and body weight remained unchanged.

Conclusions: BP biofeedback exerts a specific treatment effect in reducing BP in individuals with mild hy-
pertension, possibly through reducing pressor reactivity to stress.

Benefits of lowering blood pressure (BP) in hyperten-
sive patients are well documented;'-> however, BP con-
trol remains a major public health problem. In the United
States, approximately 27% of adults age 25 and older have
hypertension.? In 77% of these cases, the condition is ei-

ther untreated or uncontrolled. According to the National
Health and Nutrition Examination Survey in the United
States, BP control (systolic blood pressure [SBP] <140 and
diastolic blood pressure [DBP] <90 mm Hg) rates in adults
ages 18-74 between 1999 and 2000, though improved as
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compared to previous data, are still far below the Healthy
People 2010 goal of 50%; 30% are still unaware they have
hypertension and only 34% have their BP under control.*
Likewise, the prevalence of hypertension in Taiwan is 26%
in males and 19% in females, age 19 and older, according
to a survey conducted between 1993 and 1996.5 Of those
Taiwanese adults with hypertension, 78% of males and 61%
of females did not know they had hypertension, 13% of
males and 28% of female took medications for it, and only
2% of males and 5% of females had their BP under con-
trol. Clearly, the rates of BP control in Taiwan are far from
optimal.

Poor control of hypertension can be attributed, in part,
to poor adherence to antihypertensive therapy. Depending
on the medications prescribed, approximately 29% to 56%
of patients who are initially prescribed antihypertensive
medications discontinue therapy by the end of the first
year.® Although the latest Joint National Committee on
Blood Pressure Prevention, Detection, and Treatment of
High Blood Pressure guideline did not include comple-
mentary and alternative medicine (CAM) in the treatment
recommendation for all stages of hypertension,* it has been
reported that about 64% of hypertensive patients used CAM
in a study of 521 consecutive patients visiting a hyperten-
sion clinic in India.” In that study, fear of adverse effects
of conventional pharmacotherapy was the most commonly
cited reason for CAM use in patients with hypertension.
There is thus a need to study the value and feasibility of
CAM therapies, including biofeedback, so that patients—
and their providers—can make informed decisions. To date,
there has been a paucity of studies that examine the effi-
cacy of these therapies.

Various biobehavioral interventions have been used to
lower BP. Previous studies that determined the efficacy of
behavioral interventions have included patients who had
been treated pharmacologically. Consequently, it is difficult
to separate the contribution of pharmacotherapy from the
BP-lowering effects of behavioral treatments. Although it
has been suggested that multiple-component behavioral in-
terventions are more effective than any single modality,? it
remains of interest to assess whether such a single modal-
ity as direct BP biofeedback can exert specific BP-lowering
effects. Moreover, there are few studies that examine inter-
mediate- and/or long-term treatment effects of direct BP
biofeedback, and there are limited data available regarding
mechanisms involved in BP self-regulation. The purpose of
this study was to examine whether a 4-week BP biofeed-
back program can reduce BP and BP reactivity to stress in
untreated individuals with stage I hypertension. Specifically,
we tested whether BP biofeedback exerts a specific inter-
mediate-term treatment effect other than a generalized re-
laxation effect that may be induced by regularly eliciting the
relaxation response or simply regularly visiting a therapist.
To that end, we used an active control condition and a ran-
domized design.
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METHODS

Participants

This study was approved by the Institutional Review
Board of Taipei Medical University. Participants were vol-
unteers recruited through BP screening, flyers, and referral
from physicians. Participants were eligible if they were be-
tween 19 and 56 years old, able to read and write, and di-
agnosed with stage I hypertension (SBP from 140 to 159
mm Hg or DBP from 90 to 99 mm Hg). The average of
four BP readings taken on two separate occasions, at least
a week apart, was used to make the diagnosis of hyperten-
sion. Participants were excluded from the study if they had
received any cardiovascular medication or had received
medications for hypertension within the previous 2 months.
Other exclusion criteria included chronic kidney or liver
disease, neurologic disorders, psychiatric disorders, or dia-
betes. Each potential participant was seen by a cardiologist
to verify the eligibility to participate in the study. All par-
ticipants gave written informed consent.

This study utilized a randomized controlled design. All
participants were informed about appropriate lifestyle mod-
ifications to control hypertension, such as weight loss,
regular exercise, low alcohol consumption, sodium restric-
tion, smoking cessation, and stress management. However,
lifestyle modifications were not part of the BP biofeedback
program. With a permuted block randomization design, par-
ticipants were then randomly assigned to the active biofeed-
back (treatment condition) group (n = 21) or the sham
biofeedback (control condition) group (n = 21). The active
biofeedback group received 4-week direct BP biofeedback
training with beat-to-beat BP signals, whereas the sham
biofeedback group received 4-week BP self-regulation train-
ing without BP feedback signals. The data collectors were
blind to the group assignment. The informed consent forms
were written in a way that concealed the study treatment and
the control condition. An independent research assistant gen-
erated the random allocation sequence using computerized
software, and this was concealed until the follow-up data
collection was completed. Figure 1 shows the flow of the
participants in the study.

Instruments

Noninvasive beat-to-beat finger arterial pressure moni-
tor. Beat-to-beat BP signals were obtained with the use of
finger arterial pressure measurement device (Finometer,
TNO Biomedical Instrumentation, Amsterdam, Nether-
lands). The Finometer device permits the reconstruction of
brachial pressure from noninvasive finger arterial pressure
measurements by applying a generalized waveform filter.
This instrument operates through an inflatable finger pres-
sure cuff equipped with an infrared photoplethsymograph
devised to measure finger artery blood volume under the
cuff.
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Randomized
(n=42)

Biofeedback
(n=21)

Sham
(n=21)

1. Discontinue control condition
(n =1): Subject took medications
2. Lost to follow up (n = 2):
(1) Oversea relocation (n = 1)
(2) Refused to continue (n = 1)

Discontinue biofeedback training
(n = 1): Subject took medications

Active biofeedback group (n = 20) Sham biofeedback group (n = 18)

FIG. 1. Flow of participants in the study.

Automatic blood pressure recorder. BP and heart rate
(HR) were recorded by an autonomic noninvasive cuff-os-
cillometric recorder (Model 90207, SpaceLLabs™ Inc., Red-
mond, WA). Multiple resting measurements 2 minutes apart
were taken 5 minutes after participants were seated. The
mean of the two readings that agreed within 5 mm Hg was
defined as the clinic BP.

Finger temperature and skin conductance measurements.
Finger skin temperature was measured using a thermistor
taped to the ventral surface of the distal phalanx of the right
index finger. Skin conductance was measured by attaching
the two electrodes to the palmar surfaces of the middle pha-
lanxes of the middle and fourth fingers. Skin temperature
and conductance signals were recorded using a Procomp™
encoder coupled with BioGraph 2.1 software (Thought
Technology Ltd., West Chazy, NY).

State-Trait Anxiety Inventory. The Spielberger State-Trait
Anxiety Inventory (STAI) consists of two separate 20-item
self-report scales for measuring state and trait anxiety.” The
state measure of the STAI, which examines the level of anx-
iety that the person experiences at a given moment in time,
was administered to all subjects at baseline and follow-up
to evaluate the nonspecific effects produced by anxiety re-
duction.

Laboratory stress testing

A laboratory stress session was used to induce BP reac-
tivity. The session involved participants completing a stress
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task—the Stroop Color and Word Test (SCWT) while beat-
to-beat BP was measured.!®!! The SCWT is composed of
a color-name reading task, a color-naming task, and an in-
terference task. Briefly, the stress task was preceded by a 2-
minute baseline period and followed by a 2-minute recov-
ery period. BP and HR were continuously recorded before,
during, and after the SCWT using a noninvasive beat-to-
beat finger arterial pressure monitor (Finometer). BP reac-
tivity was defined as the difference in mean pressures be-
tween the task and the baseline period.

Interventions

After completion of the baseline data collection, each par-
ticipant received a 10-minute individual training of a slow
and deep diaphragmatic breathing technique. The biofeed-
back training program was composed of four weekly BP
treatment sessions. Each treatment session lasted for ap-
proximately 40 to 45 minutes (a 5-minute briefing period, a
30-minute BP self-regulation training period, and a 5- to 10-
minute session review). Both BP biofeedback and sham
biofeedback training were administered by a trained nurse
under the supervision of a certified biofeedback therapist.

Blood pressure self-regulation with biofeedback (active
biofeedback). Self-regulation with biofeedback is based on
the concept of operant conditioning described by the behav-
ioral psychologist, Burrhus Frederic Skinner.!? During each
of the four treatment sessions, participants in the active
biofeedback group performed three trials of BP self-regula-
tion while observing the BP display. The continuous, beat-
to-beat BP signals were displayed using the Finometer. Each
trial consisted of four periods during which participants prac-
ticed manipulating their SBP, including (1) lowering BP (3
minutes), (2) resting (1 minute), (3) raising BP (1 minute),
and (4) lowering BP (3 minutes). During the lowering or rais-
ing BP periods, the therapist instructed the participants to
watch the SBP display and maintain their SBP below or
above a predetermined target SBP level. The participant at-
tempted, through taking slow and deep breaths and adopting
a passive attitude, to bring the SBP level below the target
level during the lowering BP periods. During the raising BP
period, the participant was instructed to engage in mental ac-
tions to bring the SBP level above the target level. The av-
erage SBP level during a quiet resting period immediately
before training was used as the initial target SBP. If a par-
ticipant successfully maintained an SBP below the target
level throughout 75% of the second lowering BP period, the
target SBP for the following trial was lowered by 5 mm Hg.

Blood pressure self-regulation without biofeedback
(sham biofeedback). Similar to the active biofeedback group,
the sham biofeedback group was told to manipulate their BP
in 4 laboratory sessions. However, SBP feedback signals
were not provided to the control group. For each session
during the treatment period, the sham biofeedback group



550

performed three trials of BP self-regulation. Each trial con-
sisted of four periods similar to those for the experimental
group. Similar to the active biofeedback group, participants
in the control group were told to lower their BP by taking
slow and deep breaths while adopting a passive attitude and
to raise BP by engaging in some sort of mental actions.

After the 4-week training program, all participants were
encouraged to continue practicing slow and deep breathing
at least twice daily, although biofeedback were not avail-
able to either group. To maintain the treatment effects, each
participant was advised to self-monitor BP at home for the
8 weeks of the follow-up period.

Data collection and management

After the eligibility screening and prior to the trial, all
participants underwent a 2-week run-in period, during which
BP was measured weekly. The run-in period was used to en-
sure that all participants were in a stable condition. After the
run-in period, clinic BP, skin temperature, and conductance,
height, body weight (BW), and STAI were measured and
recorded as baseline measurements. All baseline measure-
ments were recorded prior to randomization. After the 4-week
treatment period, there was an 8-week follow-up period. Re-
search assistants who collected the physiologic measurements
at baseline and during the follow-up period were blind to the
group assignments. Clinic BP, skin temperature, skin con-
ductance, BW, and STAI were measured in the resting state
for all participants at 8 weeks after the treatment period.

To test the effect of direct BP biofeedback training on BP
reactivity, the laboratory stress session was used at baseline
and 8 weeks after the treatment period.

Study outcomes

The primary outcomes of this study were the decreases
in clinic SBP and mean arterial pressure (MAP) at the week-
12 follow-up from the baseline levels. The secondary out-
come was the decrease in SBP reactivity to stress at the
week-12 follow-up from the baseline level.

Statistical procedures

The group differences in biodemographic, lifestyle, anx-
iety, and physiologic data at baseline were compared using
the Student’s ¢ test for continuous variables and the chi-
square test or Fisher’s Exact test for nominal variables. The
differences between baseline BP and follow-up BP means
were calculated for each group. A group comparison of the
change score between groups was performed with the use
of ¢ test and 95% confidence interval. The efficacy of direct
BP biofeedback on SBP and MAP reduction was examined
using analysis of covariance (ANCOVA) with the baseline
measures as covariate and follow-up measures as the de-
pendent variable. The pre-to-post test differences of skin
temperature, conductance, SBP reactivity, and anxiety were
examined with the paired ¢ test.
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RESULTS

The participants were recruited from October 1, 2003
through February 28, 2004, with data collection between
January 2004 and June 2005. A total of 42 subjects con-
sented to participate in this study and were randomized to
the active biofeedback group (n = 21) and the sham biofeed-
back group (n = 21). One (1) participant in the active
biofeedback and one in the sham biofeedback group were
excluded from the data analysis because they took antihy-
pertensive medications during the study period. Two (2) par-
ticipants (1 refused to continue and 1 relocated to an over-
seas area) in the sham biofeedback group withdrew from the
study during the follow-up period.

Included in the analysis were 38 individuals (men and
women), ages 20 to 55 years (mean 43.1 £ 10.9), with stage
I hypertension. The two study groups were comparable in
biodemographic, anxiety, and lifestyle data (Table 1). The
age and the percentage of women were lower in the sham
biofeedback group than in the active biofeedback group, but
the differences did not reach statistical significance. For both

TABLE 1. BIODEMOGRAPHIC DATA, ANXIETY LEVEL, AND
LiFESTYLE HABITS OF THE Two STUDY GROUPS AT BASELINE

Group
Biofeedback Sham
(n = 20) (n=18) P
BW (kg)*b 68.5 £ 7.7 744 £ 119 0.073
BMI (kg/m?)»P 26.1 £ 3.1 264 £ 3.7 0.754
Age (years)™? 46,5+ 103 399 = 10.8  0.083
Education (%)° 0.684
=High school 35 22
College 55 66
=Graduate school 10 12
Sex (%)4 0.101
Male 50 78
Female 50 22
Marital status (%)d 0.709
Yes 80 72
No 20 28
S-Anxiety®P 38.5 £ 10.3 39.8 = 11.1 0.704
Smoking (%)¢ 0.344
Yes 20 5
No 80 95
Exercise (%)° 0.54
Yes 68 53
No 32 47
Family history of 0.56
hypertension (%)°
Yes 65 78
No 35 22

#Values are expressed as means * standard deviation.

®Group comparison by ? test.

°Group comparison by chi-square test.

dGroup comparison by Fisher’s Exact test.

BMI, body-mass index; S-Anxiety, state measure of the Spiel-
berger State Trait Anxiety Inventory; BW, body weight.
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groups, the lifestyle variables including smoking status and
exercise habit did not change significantly from pretest to
post-test (data not shown). For the sample as a whole and
for the biofeedback group, baseline and follow-up BW were
not significantly different (p = 0.237 and 0.667, respec-
tively). Similarly, anxiety remained unchanged for the sam-
ple as a whole and for the biofeedback group (p = 0.098
and p = 0.721, respectively).

Baseline, follow-up, and change score of SBP and MAP
data were calculated for both groups (Table 2). Baseline SBP
was significantly higher (p = 0.014) in the active biofeed-
back than in the sham biofeedback group. The decreases in
SBP and MAP levels from baseline at week 12 follow-up
were significantly greater in the active biofeedback group
as compared with the sham biofeedback group (p = 0.001
and p = 0.017, respectively). The sham biofeedback group
had more males than the active biofeedback group. How-
ever, the differences in baseline BP, follow-up BP, and
change score between sexes were not statistically significant
(data not shown).

Results from the ANCOVA with the follow-up SBP (or
MAP) as the dependent variable, baseline SBP (or MAP) as
the covariate, and group as the independent variable showed
that biofeedback training significantly lowered SBP and
MAP (p = 0.013 and 0.026, respectively, Table 3).

A comparison of the baseline and follow-up measure-
ments of skin temperature and conductance between the ac-
tive biofeedback and the sham biofeedback groups did not
reveal statistically significant differences (Table 4). The pre-
to-post paired differences in skin conductance were statisti-
cally significant for the biofeedback group (p = 0.005), but

TABLE 2. RESULTS OF BLoOD PRESSURE BIOFEEDBACK FOR
SysToLIC AND MEAN ARTERIAL PRESSURE REDUCTION

Differences
SBP (mm Hg) between means
Biofeedback Sham (95% CI) p
Baseline 1484 = 8.6 1421 £59 13-11.2 0.014
Follow-up?® 1357 = 11.2 138.1 £55 —82-3.6 0432
Change scores  12.6 = 8.8 4.1 =57 3.6-13.5 0.001
Differences
MAP (mm Hg) between means
Biofeedback Sham (95% CI) P
Baseline 1126 = 7.1  110.1 £62 —1.8-69 0.246
Follow-up? 104.4 = 10.2 106.8 £ 6.3 —7.9-3.1 0.384
Change scores 82 £ 69 33149 0.9-8.9 0.017

Values are expressed as mean * standard deviation. Group com-
parison by 7 test.

2Eight weeks after blood pressure biofeedback or control con-
dition.

Cl = confidence interval; SBP =
MAP = mean arterial pressure.

systolic blood pressure;
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TaBLE 3. Erricacy oF DIRECT BLoOD PRESSURE BIOFEEDBACK
FOR HYPERTENSION BY ANALYSIS OF COVARIANCE

Systolic blood pressure

B SE P 95% CI for B
Constant 36.758 23.117 0.121 —2.234-94.610
Baseline 0.713 0.162 <0.001 0.383-1.042
Group? —6.771 2.682 0.013 —12.00-—1.541

Mean arterial pressure

B SE p 95% CI for B
Constant 6.518 16.892 0.702  —27.775-40.810
Baseline 0.911 0.153 <0.001 0.601-1.222
Group? —4.729 2.027 0.026 —8.844--0.613

4] = active biofeedback group, O = sham biofeedback group.

SE, standard error; CI, confidence interval.

Note 1: Follow-up systolic blood pressure for the active biofeed-
back group = 36.8 + 0.7 X (baseline systolic pressure) — 6.8 X

(group).

Note 2: Follow-up mean arterial pressure for the active bio-
feedback group = 6.6 + 0.9 X (baseline mean arterial pressure) —
4.7 X (group).

not for the control group (p = 0.59). The pre-to-post paired
differences in skin temperature were not statistically signif-
icant for either group (Table 4).

SBP reactivity to SCWT was not significantly different
between groups at baseline and follow-up (Table 4). The
pre-to-post paired SBP reactivity differences were statisti-
cally significant for the biofeedback group (p = 0.01), but
not for the control group (p = 0.056).

DISCUSSION

This study examined the efficacy of BP self-regulation
with biofeedback against an active control condition in a
randomized controlled design in mild hypertensive individ-
uals. The nurse-guided BP self-regulation techniques used
in this study were well received by the participants, and the
overall withdrawal rate was less than 10%. Our findings
demonstrated that BP self-regulation with continuous SBP
signals (i.e., BP biofeedback) is capable of reducing SBP
and MAP by 12.6 mm Hg and 8.2 mm Hg, respectively, at
8 weeks after training. In addition, BP biofeedback exerts a
specific treatment effect other than a generalized relaxation
response because the pre-to-post decrease in SBP and MAP
were significantly greater in the biofeedback group. This no-
tion was further supported by the finding that anxiety level
was not significantly different between pretest and post-test.
As such, lowering anxiety level as a result of adapting to
the research environment could not account for the BP-low-
ering effect observed for the BP biofeedback. One might ar-
gue that the group difference could have been a result of
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TABLE 4. GRoOUP COMPARISON OF BASELINE AND FOLLOW-UP DIFFERENCES IN SKIN
TEMPERATURE, SKIN CONDUCTANCE AND BLOOD PRESSURE REACTIVITY

Skin temperature (°F)

Biofeedback Sham p
Baseline® 90.3 = 5.0 909 = 3.3 0.921
Follow-up®® 89.8 £ 6.3 92.1 = 2.1 0.139

Paired differences®

—05 = 7.1 (p=0.74)

1.3 39 (®=0.19

Skin conductance (uS)

Biofeedback Sham p
Baseline® 54 * 3.7 55 *42 0.641
Follow-up®® 28 £ 1.6 45 =*55 0.239

Paired differences®

—2.5 %= 3.4 (p = 0.005)

—0.7 =55 (p =0.59)

Systolic blood pressure reactivity (mm Hg)

Biofeedback Sham p
Baseline? 12 = 85 10.1 £ 38 0.485
Follow-up®" 51 *57 41+ 84 0.694

Paired differences®

—7.2 = 10.7 (p = 0.01)

—5.9 = 12.2 (p = 0.056)

Values are expressed as mean * standard deviation.

4Group comparison of baseline and follow-up scores by # test.

bEight (8) weeks after blood pressure biofeedback or control condition.
“Within-group paired differences examined by paired ¢ test.

“regression to the mean” because the large baseline differ-
ences in BP between groups. However, the ANCOVA pro-
cedure used presumably corrects for the baseline differences
in BP between groups. Moreover, we used a 2-week run-in
period during which BP was measured weekly to ensure that
all participants were in a stable condition prior to the trial.
Therefore, it is unlikely that the observed group differences
were simply a result of an inflation of treatment effects be-
cause of an unstable baseline.

The BP-lowering effects of the BP biofeedback observed
in the present study are comparable to those demonstrated
by previous studies of short-term (i.e., 2 weeks) BP biofeed-
back effects.!31* The belief that BP biofeedback exerts spe-
cific treatment effects for controlling of BP has been chal-
lenged by a previous study in that acute BP-lowering
capability was not superior on active BP biofeedback com-
pared with placebo biofeedback.!> Our study differed from
that study in that we examined intermediate-term instead of
acute BP-lowering effect of BP biofeedback and the out-
come was assessed 8 weeks after the treatment period.

To elucidate possible mechanisms underlying the benefi-
cial effects of BP biofeedback for BP control, we measured
indices of autonomic nervous activity (i.e., skin temperature
and skin conductance) as well as used a stress protocol to
examine stress reactivity before and 8 weeks after the treat-
ment period. As can be seen in Table 4, both groups had
high skin temperature at baseline and the changes were not
significant after training. We found that biofeedback train-

ing significantly lowered the level of skin conductance. Skin
conductance, also known as electrodermal activity, repre-
sents changes in electrical conductance of the skin caused
by an increase in activity of sweat glands that result from
sympathetic activity.! In addition, our findings revealed that
the BP-lowering effect of BP biofeedback is at least in part
attributed to an attenuation of SBP reactivity to mental stress
(i.e., SCWT). These findings were consistent with findings
from a previous study that BP biofeedback with autoshap-
ing significantly attenuated BP reactivity to mental stress
(i.e., mental arithmetic) testing.'3

Hyperreactivity to stress has long been linked to the de-
velopment of hypertension.!”-!8 In the present study, BP
biofeedback exerted intermediate-term effects on BP and
pressor reactivity. A previous study demonstrated that the
routine practice of a slow and regular breathing exercise for
8 consecutive weeks significantly reduced BP in individu-
als with hypertension.'” Although long-term effects have yet
to be determined, slow breathing has been reported to
acutely improve baroreflex sensitivity in individuals with es-
sential hypertension.? In the present study, both groups of
subjects were trained to perform slow and deep breathing as
a means to lower BP. With the addition of BP feedback sig-
nals for BP self-regulation training along with routine prac-
tice of a slow and deep breathing exercise, the active
biofeedback group achieved better BP reduction outcomes
than the sham biofeedback group. Thus, we speculate that
repeated practice of BP self-regulation techniques using con-
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tinuous BP feedback signals may very likely increase barore-
ceptor sensitivity so that the effect of daily stressors on BP
is prevented or minimized. Enhanced baroreceptor sensitiv-
ity may also explain the apparent lack of group difference
observed in a previous study in which one group was trained
with continuous SBP signals whereas the other group was
trained with partially disguised SBP signals.!> The control
group in our study, on the other hand, was told to self-reg-
ulate their BP but was prevented from viewing the actual
BP signals. Because this study did not assess baroreceptor
sensitivity, whether BP biofeedback exerts its BP lowering
effect via enhancing baroreceptor sensitivity cannot be as-
certained.

Other indices of autonomic nervous system such as mea-
surements of heart rate variability and baroreceptor sensitiv-
ity can be used in future studies to explore the mechanism
of BP-lowering effects of direct BP biofeedback. The hypo-
thalamus—pituitary—adrenal (HPA) axis is the other stress sys-
tem that may also be involved in the stress and the disease
pathway.?!2 The question of whether or not BP biofeedback
has an effect on the HPA axis remained to be studied.

Several methodological issues may affect the validity of
the study. First, repeated BP measurements may produce a
BP-lowering effect. In this study, both groups of participants
were advised to perform daily self-monitoring of BP. How-
ever, we did not monitor the adherence to self-measurements
of BP. Second, the adherence to the practice of deep breath-
ing during the 8 weeks of the follow-up period was not mon-
itored. One may argue that the observed greater BP reduc-
tion in the active biofeedback group was, at least partially,
accounted for by better compliance with the practice of deep
breathing and self-monitoring of BP. Finally, the BP-low-
ering effects demonstrated by this study were small. Had
there been more treatment sessions, for example, using the
standard biofeedback training protocol—two training ses-
sions a week for 8 weeks—the BP-lowering effect might
have been more pronounced.

CONCLUSIONS

In conclusion, direct BP biofeedback is efficacious in at-
tenuating BP and pressor reactivity to stress in individuals
with mild hypertension. The results of the present study pro-
vide evidence of efficacy for a future trial that examines the
effect and mechanisms of direct BP biofeedback in patients
with prehypertension to early hypertension.
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