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Inhibitory effect of electroacupuncture (EA)
on the pressor response induced 
by exercise stress

acupuncture for coronary artery disease. Chinese and
Southeast Asian medical professionals have long utilized
acupuncture, and its more potent alternative, elec-
troacupuncture, to treat disease.According to the World
Health Organization, acupuncture is effective in more
than 40 medical conditions [34]. In this regard, clinical
and basic science reports indicate that acupuncture’s
usefulness may include the management of cardiac
pain, arrhythmias, and hypertension.

There are a number of small clinical reports suggest-
ing that acupuncture may reduce blood pressure (BP) inC
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■ Abstract We examined the ef-
fect of EA on the exercise stress-in-
duced pressor response in healthy
adult subjects of both sexes. Each
subject was subjected to a bicycle
exercise test using a ramp protocol
once/week for three or four weeks.
Subjects were asked to perform the
following tests in random order: 1)
a baseline exercise test without EA
and 2) exercise after acupuncture
at P 5–6, LI 4-L 7 and/or G 37–39
acupoints. Brachial systolic (SBP),
diastolic (DBP), and mean blood
pressures (MBP), heart rate (HR)
and the rate-pressure product
(RPP, systolic BP x HR/100) were
measured every three min, while a
12 lead ECG was monitored contin-
uously. We observed increases in
MBP, SBP, HR and RPP in all 17
subjects during exercise. In 12 of
the 17 subjects (71 %), EA for 30
min before exercise, either at Jian-
shi-Neiguan acupoints (P 5–6) or
Hegu-Lique acupoints (LI 4-L 7),

led to an increase in maximal
workload, and reduced peak SBP,
MBP and RPP responses to exer-
cise; EA did not alter DBP or HR
responses in these subjects. EA at
control acupoints (Guangming-Xu-
anzhong acupoints, G 37–39) in
five subjects did not alter the he-
modynamic responses. Seven addi-
tional subjects were enrolled to
study the effect of EA during a bi-
cycle exercise test using a constant
workload. The results were similar,
in five of the seven subjects SBP,
MBP and RPP after exercise were
attenuated significantly by EA at P
5–6. We conclude that EA at spe-
cific acupoints improves exercise
capacity and reduces the hemody-
namic responses in approximately
70 % of normal subjects.

■ Key words electroacupuncture ·
bicycle exercise · blood pressure ·
heart rate · rate-pressure product

Introduction

Coronary artery disease is the greatest cause of death in
middle-aged and elderly North Americans and Euro-
peans [23]. Although western science has developed a
number of effective treatment strategies for this disease,
treatment is not perfect and often is associated with side
effects.As such, there has been increasing interest in the
western countries in exploring alternative medicinal
treatments and considering new therapies such as
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hypertensive subjects and angina in patients with coro-
nary artery disease. As early as the 1950’s, acupuncture
was shown to reduce BP in hypertensive patients [7, 26,
35]. Radzievsky et al. [21] confirmed that in hyperten-
sive patients acupuncture exerts a stable hypotensive ef-
fect, improves contractile function and reverses myo-
cardial hypertrophy. Williams et al. [32] found that EA
induces a significant immediate post-stimulation short-
term reduction of diastolic BP. Chiu et al. [8] also re-
ported that 30 min acupuncture decreases BP in patients
with hypertension. Richter et al. [22] showed that
acupuncture improves electrocardiographic (ECG) evi-
dence of myocardial ischemia in patients with coronary
heart disease. In a series of studies Ballegaard et al. [2–4]
confirmed that, as a consequence of hemodynamic al-
terations, acupuncture might improve angina pectoris,
when the procedure is used in addition to standard drug
treatment. Although exercise stress tests often are used
to induce angina in patients with coronary heart dis-
eases, there are no data on the influence of acupuncture
on exercise performance and cardiovascular response,
even in healthy subjects.

In the last several years our laboratory has demon-
strated experimentally that EA at certain acupoints such
as Neiguan (P 6) inhibits sympathetically-induced in-
creases in blood pressure and has a beneficial effect on
reversible myocardial ischemia (Li et al. [14]). We also
have shown that blockade of opioid receptors in the ros-
tral ventrolateral medullary cardiovascular center abol-
ishes the inhibitory effect of EA on reflex-evoked hyper-
tension during stress in animals [6, 15, 16].

We therefore hypothesized that EA reduces the he-
modynamic response during exercise stress. The pres-
ent study represents our first attempt to translate our
findings from animals to humans to determine whether
acupuncture evokes similar responses in both species.
The goal of this study was to investigate the influence of
EA on the hemodynamic response to dynamic exercise
in healthy subjects.

Methods

■ Human subjects

A racially mixed group of twelve healthy male and twelve female sub-
jects, ranging in age from 19 to 54, were used in this study. Their good
health was confirmed by medical history and physical examination.
Subjects were non-smokers, were not taking medication and ab-
stained from caffeine on the day of the study.All subjects were volun-
teers from the University of California, Irvine (UCI) campus, medical
center and surrounding communities, and signed a written informed
consent form. Study protocols and consent forms were approved by
the UCI Human Subjects Institutional Review Board. All procedures
took place at the UCI Medical Center or on the main UCI campus.

■ Hemodynamic measurements

The overall goal of this study was to assess the influence of EA on car-
diovascular responses, including BP, heart rate (HR), and the ECG in
healthy subjects at rest and during exercise. Brachial arterial blood
pressure was measured every three min with a sphygmomanometer
cuff.Heart rate was measured either by palpitation of the radial artery
pulse (for at least 15 s) or from the ECG. The ECG was monitored con-
tinuously (GE Marquette Medical System, Milwaukee, Wisconsin) be-
fore, during and after exercise for a brief period. The rate-pressure
product (RPP), systolic blood pressure (SBP) x HR x 10–2, was calcu-
lated as an index of myocardial oxygen demand [13].

■ Electroacupuncture

Acupuncture was performed by the same experienced investigator
with a certified California acupuncture license. The skin was cleaned
with alcohol. Disposable, sterile stainless steel acupuncture needles
(2.5–4 cm, 0.25–0.3 mm diameter; Suzhou Medical Appliance Factory,
China) were inserted bilaterally into the Neiguan (P 6) and Jianshi (P
5) acupoints (on the palmar side of both arms, two and three cm
above the crease of the wrist, respectively, between the tendon of the
long palmar muscle and radial flexor muscle of the wrist), at a posi-
tion overlying the median nerve, since these points are reported to
have beneficial effects in patients with angina, hypertension and ar-
rhythmias ([7], Fig. 1). During acupuncture volunteers generally de-
scribed the sensation of a paraesthesia (including numbness, heavi-
ness, distension, soreness, or itching) a sensation that the
acupuncturists call “De Qi”. Electrical stimulation of acupoints was
administered with low current (1–2 mA) and low frequency (2 Hz) for
30 min derived from a 6V battery Multi-purpose Health Device
(G6805–2, Shanghai Medical Instrumentation Factory, China).

■ Ramp exercise protocol

Seventeen of the 24 subjects were tested on an electronically braked
cycle ergometer (Sensormedic, Ergolin 800, Yorba Linda, Ca) using a
standard ten-watt ramp protocol.Heart rate was monitored with a 12-
lead ECG GE Marquette Medical System (Milwaukee,Wisconsin). The
exercise stress test protocol was standardized to allow comparisons of
HR and BP data. A ten-watt per minute ramp protocol was chosen to
accommodate for gender and age variations. This protocol resulted in
nearly linear increases in workload and heart rate. Subjects were en-
couraged to exercise to volitional exhaustion. Exercise testing was re-
peated on visits two, three and four; each time volunteers were asked
to exercise as long as possible. Blood pressure was measured every
three min, while HR and a 12 lead ECG were monitored continuously
during the test.

■ Subject selection

Subjects were requested to be present once each week over a four week
period to allow: 1) control ramp exercise without EA, 2) EA at P 5–6
followed by the ramp exercise protocol, 3) EA at Lique (L 7, lung
meridian) and Hegu (LI 4, large intestine meridian) and exercise, or
4) EA at Guangming (G 37, gallbladder meridian) and Xuanzhong (G
39) acupoints and exercise. Previous investigations have observed
that, while most subjects respond to acupuncture, some (approxi-
mately 30 %) do not [1,25,29].With this principle in mind,we initially
screened our subjects during exercise to identify responders compar-
ing the hemodynamic response, in the absence of EA, to the response
following EA at P 5–6. This acupoint has been shown by many stud-
ies to exert a particularly strong influence on the cardiovascular sys-
tem [7, 17, 24]. The order of control exercise and EA at P5–6 was ran-
domized. Any reduction in the exercise-related increase in both
systolic and mean blood pressure compared to control was defined as
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a response and the subject was classified as a responder. Those sub-
jects, whose exercise blood pressure responses (after EA) were ob-
served to be unchanged from the control test during exercise, were
classified as non-responders and excluded from our further observa-
tion. Once a group of responders were identified, we compared this
group using EA at other acupoints in two subgroups, one for EA at LI
4-L 7 and another for EA at G 37–39 (order randomized). In Tradi-
tional Chinese Medicine [24] LI 4-L 7 and G 37–39 acupoints are used
to treat non-cardiovascular diseases. Therefore, these alternative acu-
points were used to check specificity of acupoints and meridians with
regard to their effects on the cardiovascular responses to exercise.

■ Constant load exercise-protocol

In another group of seven subjects (five males, two females), we in-
vestigated the effect of EA at P 5–6 during constant load exercise us-
ing a bicycle ergometer. This protocol was used to provide a supple-
mentary analysis to determine the influence of EA on the exercise
hemodynamic response induced by a different exercise protocol.

Each of these seven subjects participated in three exercise sessions,
performed weekly on the same day and at the same time. During the
first visit, following a general medical assessment, we used a ramp-
type maximal exercise test on an electronically braked cycle ergome-
ter to evaluate functional capacity. Gas exchange was measured by
breath-breath analysis to provide maximal oxygen consumption
(V• O2) peak, anaerobic (lactate) threshold was detected by an increase
in respiratory gas exchange ratio, which was calculated according to
the following formula: CO2 production (V• CO2)/O2 consumption
(V• O2) [5, 30, 31, 33]. The exercise protocol was scaled so that all sub-
jects reached their maximal capacity between 8 and 12 min. Results
from visit one, in the absence of acupuncture, were used to determine
exercise intensity for visits two and three when constant load exercise
was applied. In the second or third visit EA at P 5–6 was employed in
a randomized fashion. During the second and third visits subjects
performed 30 min of constant workload exercise using an electroni-
cally braked recumbent Cateye (EC 3700, Dallas, Texas) bicycle. Work
load was chosen from the V• O2 peak values and work rates determined
by the visit one ramp test. During the first 20 min the work load cor-
responded to 80 % of the V• O2 peak, the remaining ten min of exercise,
consisted of a work load that corresponded to 30 % of the V• O2 peak
[31].

Data collection and analysis

Stress testing was performed in a single blinded fash-
ion (subject) with regard to treatment. The results were
interpreted in a blinded fashion by the reviewer. As
noted previously, subjects were studied once each week
over a three- to four-week period. During one session
the subject underwent stress testing without acupunc-
ture, while during the other weeks of testing the subject
performed stress after acupuncture. The order of the
baseline ramp exercise stress test without EA and EA at
P 5–6 followed by the ramp exercise stress was ran-
domized. Also, EA at LI 4-L7 or EA at G 37–39 followed
by the ramp exercise stress were randomized as noted
previously. Each visit was completed within a maximum
of two hours. Before testing, subjects were asked to lie
down and rest for at least 20 min, then resting BP, HR
and ECG were measured. If the visit did not involve EA,
the subjects were immediately asked to perform the ex-
ercise test. Otherwise, EA was applied bilaterally to one
of the above listed sets of acupoints for 30 min. The sub-
ject was asked to perform exercise to exhaustion im-
mediately following acupuncture. All measurements
were continued for 5–10 min after termination of exer-
cise.

Data are presented as means ± SE. Statistical com-
parisons between control exercise and after EA at dif-
ferent acupoints were made using a Wilcoxon test on
paired data. We originally performed the power test to
determine the number of subjects required to determine
statistically significant differences at a power of 0.8 and
with 95 % confidence assuming an effect of 7–12 mmHg.
We found that 9–10 subjects were required for this eval-
uation, depending upon the treatment effect (i. e., 10 for
7 mmHg and 9 for 12 mmHg). Because we assumed no
treatment effect for the control acupoint, G 37–39, a

Fig. 1 Location of acupoints along meridians. Note, although all meridians are bi-
lateral, they are only drawn on one side for simplicity. Abbreviations of meridians:
G Gallbladder; L lung; LI large intestine; P pericardium
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power analysis was not performed. P < 0.05 was consid-
ered to represent statistically significant differences.

Results

■ Effect of EA on resting BP of healthy subjects

Resting mean arterial blood pressure (MBP) was not al-
tered by 30 min of EA at P 5–6 acupoints (84 ± 2 mmHg
vs. 83 ± 2 mmHg,). EA at LI 4- L7 or G 37–39 likewise did
not alter blood pressure at rest.

■ Effect of EA on healthy subjects during exercise 
using a variable loading protocol

Mean blood pressure, SBP, HR and the calculated RPP
increased during exercise, whereas diastolic blood pres-
sure (DBP) was not significantly altered (Fig. 2). In 12
(70.6 %) of the 17 subjects the maximum systolic and
mean blood pressure responses induced by exercise
were reduced significantly (P < 0.05) after EA at either P
5–6 (n = 12) or LI 4-L7 (n = 9) in comparison to the con-
trol responses (Fig. 2), while workload was increased
significantly from 154 ± 10 to 166 ± 12 W and 166 ± 14 W,
respectively (P < 0.05). The increase in RPP also was in-

hibited (P < 0.05) by EA at both acupoints (Fig. 3). Exer-
cise-related DBP and HR were unchanged by EA (Fig. 2).
In five of the 12 subjects EA at the control acupoints, G
37–39, did not inhibit the increases in blood pressure or
the RPP during exercise (Figs. 2 and 3).

In the other five of the 17 subjects studied (29.4 % of
the total population) resting mean arterial pressure
(90 ± 7 mmHg) was increased by exercise (111 ± 6
mmHg) but was not altered by 30 min of EA at P 5–6.
These latter individuals were classified as non-respon-
ders. They were excluded from our further study and
their data were not included in the statistical analyses.

■ Effect of EA P5–6 during constant load exercise

The results in seven adult volunteers (five males, two fe-
males) using constant load exercise were similar to the
variable load bicycle exercise study. We observed that
during exercise systolic blood pressure, mean blood
pressure and calculated rate-pressure product were sig-
nificantly attenuated by EA at P 5–6 acupoints while
heart rate and diastolic blood pressure remained un-
changed (Table 1).

Fig. 2 Effect of EA at different acu-
points on hemodynamic responses to
bicycle exercise with ramp protocol.
Numbers on the bottom of each figure
indicate resting blood pressure (mmHg).
* P < 0.05 compared to control (pre EA)
exercise. Control exercise, n = 12; exer-
cise after EA at P 5–6, n = 12; LI 4-L7,
n = 9; G 37–39, n = 5
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Discussion

The present study demonstrates, for the first time, that
EA at two separate sets of acupoints, P 5–6 and LI 4-L7,
increases the workload yet reduces the hemodynamic
response to dynamic exercise in normal subjects. Con-
versely, acupuncture at a non-cardiovascular site, G
37–39, does not alter the hemodynamic response. In ad-
dition, we found that EA either at P 5–6, LI 4-L7 or
G37–39 did not alter blood pressure or heart rate at rest,
consistent with previous observations in animals [7]. It
was suggested in the review article of Pelham et al. [20]
that acupuncture may enhance human performance.
Ehrlich and Haber [10] observed that, after the subjects
were treated with acupuncture every week for five
weeks, their maximum performance capacity signifi-
cantly increased. However, Karvelas et al. [12] reported
that a single acupuncture treatment has no significant
immediate effect on the perceived exertion and physio-
logical responses during submaximal dynamic exercise.
Our results in healthy subjects demonstrate that EA sig-
nificantly increase the exercise workload. Thus,
acupuncture attenuates the exercise-related pressor re-
sponse when either an increasing ramp or a constant
workload is imposed. These data are mutually support-
ive and suggest that the inhibitory effect of EA on blood
pressure is not influenced by the exercise protocol.

We found that the heart rate and diastolic blood pres-
sure were not changed by acupuncture. Therefore, it is
possible that acupuncture lowers systolic blood pressure
through an influence on the peripheral capacitance ves-
sels and cardiac preload rather than through a direct ef-
fect on the heart. Such speculation will require confir-
mation by measurement of cardiac volumes and cardiac
output. However, these data are consistent with our pre-
vious studies in experimental animals [7, 14, 17].

We found that approximately 70 % of the healthy sub-
jects responded to EA with a reduction in the exercise-
evoked pressor response; regardless of whether the ex-
ercise workload increased or remained constant. These
observations are consistent with previous studies show-
ing that acupuncture acts in the majority but not in all
patients treated with this modality [1, 25, 29].

Our initial working hypothesis was that P 5–6 would
be an active acupuncture while LI 4-L7 and G 37–39
would serve as control points that would not influence
the hemodynamic response to exercise.However,our re-
sults showed that LI 4-L7 acupoints were as effective as
P 5–6 in inhibiting the exercise-induced pressor re-
sponse.After examining the neural anatomy underlying
LI 4-L 7 acupoints, we realized that these acupoints are
served by branches of both the median and ulnar nerves
[24]. Furthermore, our recent experimental studies have
shown that both acupoints modulate sympathetic pre-
motor cardiovascular neuronal activity in the rVLM is

Fig. 3 Effect of EA on maximal rate-pressure product (RPP) during ramp protocol. a Effect of EA on RPP before and after exercise. Open bar: rest; Black bar: peak of exer-
cise. b Effect of EA on change of RPP from rest to peak exercise. * P < 0.05 compared to control exercise. Control exercise, n = 12; exercise after EA at P 5–6, n = 12; LI 4-L7,
n = 9; G 37–39, n = 5

a b

N = 6 Rest Exercise Rest + EA P 5–6 Exercise + EA P 5–6

MBP (mmHg) 90±4 120±6† 85±5 105±6*

HR (b/min) 81±5 166±4† 70±7 160±6

RPP 106±13 344±22† 81±9 269±20*

† P < 0.05 compared to rest
* P < 0.05 compared to after exercise without EA

Table 1 Effect of EA on hemodynamic responses to
constant load exercise
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as well as cardiovascular excitatory reflexes [16, 27, 28].
Thus, it is understandable that this pair of acupoints
modulates the blood pressure response during exercise.
We did find that G 37–39 acupoints, located over the su-
perficial peroneal nerve, do not influence the exercise-
induced pressor response, suggesting that the influence
of EA on the cardiovascular response to exercise is not
simply a non-specific or a placebo-type response result-
ing from placement of an acupuncture needle anywhere
in the body. Interestingly, this acupoint has been shown
experimentally to provide less input into the rVLM [28].

The rate-pressure product is a commonly used index
of myocardial oxygen demand [13]. Our results demon-
strate that EA inhibits mean arterial pressure as well as
the rate-pressure product, thereby, confirming our ini-
tial working hypothesis that EA can decrease oxygen de-
mand. Patients with symptomatic coronary artery dis-
ease can develop an imbalance between oxygen supply
and demand during stress, which in turn, may induce
myocardial ischemia [11]. By reducing myocardial oxy-
gen demand, EA may be beneficial clinically. This sug-
gestion is consistent with our previous experimental
studies in which EA was shown to reduce demand-in-
duced ischemia [14] as well as in studies that have sug-
gested a beneficial influence of acupuncture in patients
with coronary artery disease [2–4, 22]. It is of interest to
note that our experimental studies have shown that
acupuncture does not increase coronary flow during
stress [14].

Our results demonstrated that the workload was im-
proved by EA at P 5–6 as well as at LI 4-L7. Therefore the

decrease in the blood pressure response during exercise
was not due to a reduction in workload. Also, since the
order of the protocol was randomized, the increase of
workload after EA was not an ordering effect. We spec-
ulate that the reason for the increase in workload may
involve a reduction in cardiac after load or vasodilata-
tion of vessels supplying active muscle. However, the
mechanism of the increase in workload requires further
investigation.

In summary, the present study demonstrates that in
approximately 70 % of the patients, EA reduces the exer-
cise-induced blood pressure response as well as myo-
cardial oxygen demand during stress, in comparison to
exercise without acupuncture or exercise and acupunc-
ture at control (inactive) acupoints. Interestingly, this re-
duction in hemodynamic response occurred following
stimulation of two separate sets of acupoints and was
unrelated to the exercise protocol. The active acupoints
share a common denominator, stimulation of the un-
derlying median nerve. This modulatory effect of EA
may have clinical significance in patients with ischemia
heart disease, a hypothesis that requires further testing.
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