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Abstract
Objectives—Acupressure, a complementary and alternative medicine (CAM) treatment, uses
fingertips, rather than needles, to stimulate acupoints on the skin and has been implicated as a
successful treatment for a variety of medical disorders. However, acupressure’s underlying
mechanisms remain unclear. One theory is that acupoint stimulation modulates autonomic nervous
system activity. Previous studies have suggested that acupressure may positively affect heart rate
and blood pressure. The current study investigated the effects of a type of acupressure, Jin Shin, on
cardiovascular function in stroke survivors, a population that could especially benefit from a
treatment promoting cardiovascular health. The study tested the hypothesis that active acupressure
treatments would reduce heart rate and blood pressure (i.e., induce a greater relaxation response)
above and beyond that seen during placebo acupressure treatments.

Methods—A randomised, placebo-controlled, single-blind crossover design was utilised, in which
16 participants received 8 weeks of either active or placebo acupressure followed by washout and
crossover into the opposite treatment condition. Heart rate and blood pressure measurements were
taken throughout treatments.

Results—Active acupressure treatments were associated with a significantly greater (p = .043,
partial η2 =.30) and faster (p = .002, partial η2 = .76) reduction in heart rate compared to that seen
during placebo treatments. No treatment effect on blood pressure was found.

Conclusions—Active acupressure reduced heart rate significantly more than did placebo
acupressure during treatments. Although no treatment effect on blood pressure was found, this could
be due to 67% of participants taking antihypertensive medications during the study.
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Acupressure, a complementary and alternative medicine (CAM) treatment, has been practiced
for thousands of years and has become increasingly popular in the United States 1. Acupressure
is particularly intriguing because, with appropriate instruction, acupressure can be learned by
the novice individual, allowing for self-administered treatment independent of a practitioner,
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funds, or insurance. Although acupressure has shown efficacy for issues such as nausea 2, back
pain 3, and depression 4, the underlying mechanisms remain unknown. Stimulation of
acupoints on the skin is key to acupressure treatment. Consequently, to determine potential
mechanisms, it is imperative to establish whether stimulation of acupoints elicits different
physiological effects than stimulation of non-acupoints (points not designated in traditional
Chinese medicine theory as acupoints). Stimulation of these points is not believed to elicit the
same therapeutic effects as stimulation of real acupoints 5.

One theory is that acupoint stimulation may modulate the autonomic nervous system (ANS)
by increasing parasympathetic nervous system (PNS) activity and suppressing sympathetic
nervous system (SNS) activity 6–9. Modulation of the ANS can be assessed via heart rate and
blood pressure, which are both increased by activation of the SNS and decreased by activation
of the PNS 10. Previous studies in the literature have found acupressure treatment to
significantly reduce heart rate 6, 11 and blood pressure 6. However, because appropriate control
groups were not utilised, it remains unclear if stimulation of real versus placebo acupoints was
responsible for the treatment effect.

Although the aforementioned studies suggest that ANS modulation may result from
acupressure treatment, we are aware of no other studies in the English-language literature
investigating this potential mechanism in the stroke population. ANS modulation could be of
particular import to stroke survivors, as elevated heart rate and blood pressure following stroke
have been found to increase mortality and/or risk of recurrent stroke 12, 13. Pilot data from our
laboratory suggests that acupressure may affect cardiovascular function in stroke survivors:
Active treatments resulted in greater heart rate reduction than placebo treatments 14. The
present study attempts to replicate and extend these findings by utilizing a randomised, placebo-
controlled, single-blind, cross-over design to assess the effects of acupressure (specifically, Jin
Shin acupressure 15–17) on heart rate and blood pressure following stroke. It was hypothesised
that active acupressure treatments would decrease heart rate and blood pressure over and above
the reduction expected from placebo treatments.

METHODS
Participants

Participants at least 19 months post-stroke were recruited from the Denver/Boulder community
via electronic and print media. Inclusion criteria required participants to have experienced a
unilateral stroke, to have resulting persistent deficits (e.g., hemiplegia or hemiparesis), and to
have a forearm skin-surface temperature differential between their affected and unaffected
sides. Participants were excluded if they had previously experienced acupressure treatment,
were currently undergoing treatment for acute non-stroke related issues (e.g., cancer), or if they
had an unstable or degenerative chronic condition, such as Alzheimer’s disease. Prior to
beginning the study, participants met with a physician at the Clinical Translation Research
Center (CTRC) to ascertain their medical history and determine general health using
electrocardiogram (ECG) and blood pressure measures. Only participants deemed physically
fit for the study were included. Participants gave informed consent and all aspects of the present
study were in accordance with and approved by the University of Colorado Institutional Review
Board.

Design
A randomised, placebo-controlled, single-blind, cross-over design was used. Consented
individuals were randomly assigned to condition A (Active Treatment Phase, Washout,
Placebo Treatment Phase) or B (Placebo Treatment Phase, Washout, Active Treatment Phase)
(see Table 1). The CTRC biostatistician used a random number generator to assign participants
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to condition in blocks of 2, and was responsible for all randomisation and maintenance of the
blind. The practitioner was provided with a sealed envelope prior to each participant beginning
their first treatment session, revealing the treatment she was to administer. As such, only the
acupressure practitioner and the CTRC biostatistician knew the type of treatment being
administered within each phase. Each treatment phase and the washout period lasted 8 weeks.
The treatment phases consisted of active or placebo acupressure treatments occurring once per
week for 40 minutes. Participants were blinded to which treatment condition they were assigned
and all data collection, entry, and analyses were done by blinded individuals. The data presented
here are part of a larger investigation of the effects of acupressure on functional recovery
following stroke 18. Because the focus of the present study is only on heart rate and blood
pressure during active and placebo acupressure treatments, only those measures will be
discussed.

Procedure
All treatment sessions were administered at the CTRC at the University of Colorado at Boulder.
During treatment sessions, participants lay face up on a massage table, fully clothed with shoes
removed, as is common practice for acupressure treatments 15,16. A Jin Shin (acupressure)
practitioner with over 20 years of clinical and educational experience and appropriate
certification administered treatments (active or placebo) behind a closed curtain. The
practitioner was also trained in use of the placebo acupoints14. The practitioner began treatment
administration by holding the radial aspect of the participant's wrists (i.e., pulse diagnosis) with
her fingertips, which determined the appropriate treatment sequence to begin the session.
During treatment, the practitioner applied pressure with her fingertips to different sites (e.g.,
points) on the body, in sequence. After a sequence was complete, the radial wrists of the
participants were held again by the practitioner to determine the next treatment sequence. The
entire treatment, itself, lasted 40 minutes. The placebo control procedure was designed to be
indistinguishable from the active treatment session, to last the same duration, and contain the
same amount of physical contact. As with the active treatment, the practitioner began by
holding the radial aspect of the participant's wrists for pulse diagnosis. The PI established a set
of placebo acupressure points 14 not found on established acupressure point charts, each of
which was assigned a number. Using a random number generator, these points were put into
a matching sequence for each customary Jin Shin (acupressure) treatment. Consequently, if
pulse diagnosis dictated treatment of the gall bladder, there was a placebo Gall Bladder
treatment containing the same number of steps in matching sequence to the standard active
Gall Bladder treatment. To guarantee matching practitioner/participant interactions for both
treatment types, only scripted dialogue was used. A research assistant seated on the other side
of the curtain was present during all treatment sessions to monitor the interaction between
participants and the practitioner.

Heart Rate/Blood Pressure Measurements
A DINAMAP Pro 100 vital signs monitor (GE Healthcare) was used to measure heart rate and
blood pressure during treatments. Once participants were supine, baseline heart rate and blood
pressure were measured following a 5-minute rest period, after which the treatment began.
Measurements were repeated every 5 minutes throughout treatment.

Expectancy and Credibility
Participants were asked to rate their expectancy levels 19 prior to each treatment phase by
answering questions such as “how much improvement in your stroke symptoms do you think
will occur?” on a scale of 0%–100%, with 100% indicating most improvement. After each
treatment phase, participants rated treatment credibility 20 on a scale of 1–9 (with 9 indicating
greater credibility), with questions such as “how reasonable does the treatment seem to you?”
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Statistical Analyses
The data were analysed using SPSS 16.0 (Chicago, IL).

Heart Rate and Blood Pressure—For each participant, a heart rate change score was
calculated to reflect heart rate change from baseline (prior to treatment initiation) to each 5-
minute period during treatments in active and placebo phases. A repeated measures ANOVA
was used to determine effects of treatment type, treatment number, and time point during
treatment on heart rate and blood pressure (systolic blood pressure (SBP), diastolic blood
pressure (DBP), and mean arterial pressure (MAP)). Since previous studies in the literature
have reported the effects of 20-minute acupressure treatments 6, 11, heart rate and blood
pressure during the first 20 minutes of the 40-minute treatment were also analysed. To
determine whether the 8-week washout period was sufficient to return participants to baseline
heart rate and blood pressure, a paired t-test was used to determine if baseline heart rate and
blood pressure were the same for both treatment phases (active and placebo).

Expectancy and Credibility—Differences in expectancy ratings prior to treatment were
analysed using a paired-samples t-test to compare pre-active to pre-placebo expectancy ratings.
To investigate differences in credibility ratings after treatment, a paired-samples t-test was used
to compare post-active to post-placebo credibility ratings.

RESULTS
Participants

Of 113 candidates assessed for eligibility, 16 participants completed the study. The majority
of candidates assessed were ineligible due to chronic debilitative conditions or having had
multiple or bilateral strokes (see Figure 1). Of the 16 participants completing the study, 2 were
excluded from analyses because their measurements were determined to be outliers, based on
graphical observation and Grubbs’ outlier test 21. For personal reasons, one participant
requested that heart rate and blood pressure measurements only be taken sporadically, resulting
in missing data for most time points during treatments; consequently, data from this participant
were not included. The remaining 13 participants were included in data analyses (see Table
2). Random assignment, unblinded at the end of the study, resulted in 6 participants receiving
active acupressure treatments for the first phase and placebo acupressure treatments for the
second phase; 7 participants received placebo acupressure treatments for the first phase and
active acupressure treatments for the second phase.

Baseline Functional Level
Participant stroke-associated level of disability was as follows. The mean temperature
differential between stroke-affected and unaffected arm was an average of 2.36 degrees
Celsius, such that the stroke-affected side was that much cooler. Mean summary score on the
Stroke-Specific Quality of Life Scale (SSQOL) was 4.29 ± .12 (range: 3.38 – 4.82, on a scale
of 1–5, with 5 indicating higher reported quality of life). Mean score for stroke-affected limbs
on an adaptation of the Motor Strength Scale (22 and P. Elser, R.N., Boulder Community
Hospital) was 3.69 ± .24 (range: 2.5–5, on a scale of 0–5, with 5 indicating better function).

Heart Rate and Blood Pressure
Across the entire 8-session treatment phase, a significant main effect of treatment type on heart
rate was found. Active acupressure reduced heart rate significantly more than did placebo
acupressure, F (1, 12) = 5.14, p = .043, partial η2 = .30 (see Figure 2). In addition, a significant
interaction between treatment type and treatment time point was found when isolating the first
20 minutes of treatment, such that active acupressure reduced heart rate faster during treatments
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than did placebo acupressure, F (3, 10) = 10.49, p = .002, partial η2 = .76 (see Figure 3). This
effect was only seen during the last 4 treatments in the 8-treatment series; it was not observed
during the first 4 treatment sessions. These significant treatment effects persisted even when
accounting for condition assignment (A = Active/Washout/Placebo vs. B = Placebo/Washout/
Active), age, gender, and time since stroke. Furthermore, baseline heart rate measures did not
contribute to the significant treatment effect. Active (M = 66.38, SEM ± 3.17) and placebo
(M = 65.92, SEM ± 3.42) treatment phase heart rate were not significantly different at baseline.
Overall, there was no significant difference in blood pressure reduction associated with
treatment, ns, or between active and placebo baseline blood pressure measures, ns However,
as an example of the degree of reduction seen, mean SBP reduction during the first 20 minutes
of the last 4 treatments was −1.34 mmHg (SEM ± 1.45) during placebo treatments and −1.42
mmHg (SEM ± 1.32) during active treatments (ns).

Expectancy and Credibility
Expectancy rating prior to the active acupressure treatment phase (M = 41.67, SEM ± 8.69)
was not significantly different from that prior to the placebo acupressure treatment phase (M
= 31.69, SEM ± 5.91), t (12) = 1.36, p = .20. There was also no significant difference between
credibility rating after the active (M = 4.38, SEM ± .59) and placebo (M = 4.46, SEM ± .50)
treatment phases, t (12) = .16, p = .88.

DISCUSSION
Active acupressure treatment in chronic stroke patients reduced heart rate significantly more
and significantly faster than did placebo acupressure treatment. Thus, while both treatment
types induced a typical relaxation response, perhaps due to being supine, the relaxation
response associated with active treatment was above and beyond that seen during placebo
treatment. To determine if these results replicated those from other studies in the literature
using 20-minute treatments, the first and last halves of treatments were also analysed
separately. It was found that most of the treatment effect occurred during the first 20 minutes
of treatment, after which the effects of placebo and active treatment on heart rate become
equivalent. This makes sense, as it would be undesirable to have heart rate continue to decrease
indefinitely.

Furthermore, it was discovered that most of the treatment effect occurred in the last four
sessions of the treatment phase rather than the first four. This is an important discovery and
the first to identify an appropriate “dose” of acupressure treatments necessary to elicit an effect.
Prior to this, unpublished pilot data from our laboratory showed a trend towards active
acupressure reducing heart rate more than placebo acupressure after 4 treatments. The current
study suggests that while 4 treatments may have been necessary, they were not sufficient to
observe a treatment effect. Instead, 8 treatments were sufficient. These treatment effects were
not due to other variables such as condition assignment, age, gender, time since stroke or
baseline heart rate measures.

A significant treatment effect on blood pressure was not found. A possible reason for this
finding is that over the course of the study, 67% of participants were taking antihypertensive
medications. The variety of antihypertensives taken by participants (e.g., ACE inhibitors,
diuretics, beta-blockers), and the heterogeneity of mechanisms by which these medications
modulate blood pressure, make it difficult to ascertain in a sample of this size if the lack of a
significant blood pressure treatment effect is drug-related or not. Future studies with a
sufficiently powered sample size could address these issues.

Treatment effects could not be accounted for by expectation. Since higher expectancy can
potentially lead to an enhanced effect of treatment 20, 23, it is important that participants
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experienced the same level of expectancy, on average, prior to each treatment phase. Treatment
effects could also not be accounted for by differences in credibility. Based on participants’
credibility ratings, placebo treatments were as credible as active treatments, suggesting that
participants were unaware of when active or placebo acupressure treatments were
administered. This is further supported by a post-study questionnaire in which participants
were asked during which treatment phase (first or second) they thought active acupressure was
administered. Sixty percent of participants correctly guessed when they received active
treatments and 40% of participants guessed incorrectly, further suggesting that participants
were unaware of when they were receiving active treatments.

Previous studies in the literature have also shown heart rate reduction following acupressure
treatment 6, 11. However, as previously noted, appropriate control conditions were not
employed, making it difficult to attribute heart rate differences definitively to acupressure, or
more specifically, to stimulation of acupoints versus non-acupoints. The current study’s use
of a placebo control that matched for attention, physical contact, and time suggests that the
treatment effect seen on heart rate may be attributable to the stimulation of active acupoints.

Heart rate change, or other autonomic modulation, is important to investigate in stroke
survivors. Stroke is a prevalent problem in the United States, being the number one cause of
adult disability, and can be difficult to treat 24. Cardiovascular function is persistently impaired
in those who have had a stroke, even up to a year following stroke and perhaps longer. This
persistent dysfunction is thought to underlie the high risk of subsequent stroke or heart attack
seen after an initial stroke 25. Because the stress response has been linked to disease 26, it has
been hypothesised that the relaxation response could break the stress-disease link by reducing
the response to stress 27. A potential benefit of the short-term relaxation response seen in the
current study is facilitation of stress resilience, which, importantly in this population, could
lead to reduced risk of further cardiovascular disease 26, 27. If confirmed to be beneficial in
stroke survivors, future studies could investigate acupressure’s effects on other conditions in
which ANS function is of concern, such as coronary heart disease (CHD).

A potential limitation to the current study is the number of participants taking antihypertensive
medications (67%). Although representative of a population of stroke-survivors 28, this may
have interfered with the ability to observe any effects of acupressure treatment on blood
pressure. Another possible limitation to the current study is the small sample size, but given
that significant treatment effects and large effect sizes were found, the present results suggest
that a larger study of acupressure (e.g., Jin Shin) is warranted. A randomised controlled trial
without crossover into the opposite treatment type would be the next logical step. Such a study
would also allow for follow-up assessment to determine the duration of treatment effects, as
well as further explore the optimal dosing of acupressure treatments. Future studies could also
investigate the effects of relaxation in and of itself, independent of acupressure’s contribution,
by including a relaxation control group in addition to a placebo control.

In conclusion, the present findings extend and are consistent with those found in previous
studies: Active acupressure treatment appears to modulate ANS activity. As such, heart rate
reduction and the relaxation response were enhanced over and above that seen during placebo
acupressure treatment. This indicates a possible physiological mechanism by which stimulation
of acupoints affects the body, and could help determine for which medical conditions
acupressure could be a useful addition to conventional treatment methods. These data suggest
that the CAM modality acupressure, and specifically Jin Shin, warrants further study as a
possible adjunct treatment for stroke survivors. This is especially important given acupressure's
potential as a self-sustaining treatment tool that, once learned, can be used independently.
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Figure 1.
Participant flow through study.

McFadden and Hernández Page 9

Complement Ther Med. Author manuscript; available in PMC 2011 February 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Mean (±SEM) heart rate change within treatment session averaged across the 8-week treatment
phase.

McFadden and Hernández Page 10

Complement Ther Med. Author manuscript; available in PMC 2011 February 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Mean (±SEM) heart rate change in the first 20 minutes of treatment sessions, averaged across
the last 4 weeks of each treatment phase.
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Table 1

Experimental design.

Random Assignment to A or B

First 8 weeks Second 8 weeks Third 8 weeks

A. Active phase Washout period Placebo phase

B. Placebo phase Washout period Active phase
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Table 2

Participant characteristics.

Sample Size 13

(Drop-out rate) (0%)

Gender (% male) 61.5%

Age (mean years ± SEM) 58.38 ± 4.50

Ethnicity

    % Caucasian 92.3%

    % Asian 7.7%

Stroke hemisphere

    % left 46.2%

    % right 53.8%

Type of Stroke

    % ischemic 23.1%

    % hemorrhagic 30.8%

    % both 15.4%

    % unknown 30.8%

Time since stroke (mean months ± SEM) 52.17 ± 10.33
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