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Abstract 

Background:  The purpose of the present study was to investigate the effects of bradycardia induced by pre-exercise 
acupuncture on heart rate responses during short-duration exercise.

Methods:  A total of 29 healthy subjects underwent two protocols: protocol 1 assessed the effects of manual 
acupuncture on heart rate response during rest, and protocol 2 tested the hypothesis that the bradycardic effects 
induced by pre-exercise acupuncture continue during low- and high-intensity exercise. Their average age, height, 
weight, and body mass index were 21.2 ± 2.0 years, 167.2 ± 8.8 cm, 63.8 ± 12.8 kg, and 22.7 ± 3.5 kg/m2, respectively. 
In acupuncture stimulations for protocols 1 and 2, an acupuncture needle was inserted into the lower leg and manual 
acupuncture stimulation was performed at 1 Hz.

Results:  In protocol 1 (resting condition), acupuncture stimulation induced a bradycardic response, which continued 
for 4 min after the cessation of acupuncture stimulation (p < 0.05). In protocol 2, the bradycardic response induced by 
pre-exercise acupuncture stimulation remained during low-intensity exercise and in the beginning of high-intensity 
exercise performed immediately after the cessation of acupuncture stimulation (p < 0.05). However, the effects disap‑
peared when post-acupuncture exercise was performed when the heart rate was approximately 140 beats/min dur‑
ing high-intensity exercise. The rating of perceived exertion after exercise differed significantly between the acupunc‑
ture stimulation task (7.9 ± 1.6) and no-stimulation task (8.5 ± 2.0) (p = 0.03) only in the low intensity group.

Conclusion:  This study may provide new insights into the effect of acupuncture stimulation on psycho-physiological 
conditions during exercise.
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Introduction
Acupuncture has been used to affect cardiovascular 
regulatory function through modulation of the auto-
nomic nervous system. Our study in humans suggested 
that electroacupuncture at the Ximen acupuncture 
point (acupoint) (WHO; PC4) elicits significant depres-
sor and bradycardic responses [1]. In addition, in our 

recent study, acupuncture stimulation at the lower leg, 
ear, abdomen, and forearm elicited different blood pres-
sure and heart rate responses in humans [2]. In particu-
lar, a significant depressor response was observed only 
by lower leg stimulation, whereas significant bradycardic 
responses were observed by stimulation at all target acu-
points. Nishijo et  al. [3] also reported that manual acu-
puncture stimulation at the PC4 acupoint for 30–60  s 
induced a bradycardic response.

An animal study by Michikami et  al. [4] demon-
strated that electroacupuncture stimulation reduces 
arterial blood pressure and sympathetic nerve activity. 
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Electroacupuncture stimulation shifted the sympathetic 
nerve activity‒intracarotid sinus pressure relationship 
(neural arc) to lower sympathetic nerve activity, sug-
gesting that electroacupuncture reduces sympathetic 
nerve activity by resetting the arterial baroreflex neural 
arc. In humans, Nishijo et al. [3] also proposed that the 
bradycardic response induced by acupuncture stimula-
tion is mediated by both an increase in cardiac vagal 
activity and a decrease in sympathetic nerve activ-
ity because the response was attenuated by sequential 
autonomic blockade with atropine and propranolol.

Acupuncture has also been regarded as an effec-
tive method to improve exercise performance. Indeed, 
Gentil et al. [5] reported that subjects who underwent 
acupuncture and moxibustion sessions twice a week for 
a period of 5  weeks had a lower heart rate associated 
with an increased velocity in the anaerobic threshold 
during treadmill exercise after the intervention period. 
They suggested that the improvement of exercise per-
formance is associated with decrease in the heart rate 
resulting from modulation of the autonomic nervous 
system by acupuncture treatment. Lin et al. [6] reported 
that acupuncture beginning 15  min prior to exercise 
induced the rapid recovery of heart rate and blood lac-
tic acid after exercise. White and Raven [7] reported 
that the increase in heart rate elicited by dynamic exer-
cise depended on the balance between the influences of 
the parasympathetic and sympathetic branches of the 
autonomic nervous system. These studies suggest that 
modulation of the autonomic nervous system elicited 
by pre-exercise acupuncture stimulation continues dur-
ing exercise that activates sympathetic vasoconstric-
tor outflow and tachycardia. In addition, the reduction 
in heart rate elicited by acupuncture stimulation may 
play an important role in regulating myocardial oxy-
gen utilization during exercise, especially submaximal 
exercise. Indeed, a previous study found that the heart 
rate is correlated with myocardial oxygen consumption 
[8, 9]. Therefore, it can be reasonably assumed that the 
reduction in heart rate elicited by acupuncture stimula-
tion will improve cardiac energy efficiency during exer-
cise. However, it remains unclear whether acupuncture 
stimulation immediately before exercise induces car-
diovascular benefits during exercise and whether the 
effects depend on exercise intensity.

Based on previous studies, we hypothesized that 
acupuncture administered before exercise alters the 
autonomic nervous system and these effects continue 
during exercise performed after cessation of acupunc-
ture. Therefore, the present study investigated the effects 
of bradycardia induced by pre-exercise acupuncture on 
heart rate responses during low- and high-intensity exer-
cise. This study may provide new insights into the effects 

of acupuncture stimulation on physiological conditions 
in athletes and/or during exercise.

Methods
Subjects
Twenty-nine healthy subjects [16 men and 13 women; 
age, 21.2 ± 2.0 (mean ± SD) years; height, 167.2 ± 8.8 cm; 
weight, 63.8 ± 12.8  kg; body mass index, 22.7 ± 3.5  kg/
m2] participated in the present study. Participants were 
recruited with the following inclusion criteria: aged 
between 18 and 29 years old; and no cardiovascular and 
pulmonary disorders. The subjects were healthy seden-
tary subjects (n = 12), recreational soccer players (n = 4), 
recreational runners (n = 2), recreational baseball players 
(n = 2), recreational basketball players (n = 6), and rec-
reational Judoists. (n = 3). Written informed consent was 
received from all subjects after they were given full expla-
nations of the objectives, methods, and potential risks 
of the study. All protocols were reviewed and approved 
by The Ethics Committee of Morinomiya University of 
Medical Sciences (No. 2019-135) and were conducted 
according to the Declaration of Helsinki.

Height and weight were measured as standard practice 
on the first day of the experiment. The body mass index 
(BMI) was calculated as the ratio of weight to height 
squared (kg/m2).

Protocol 1 (n = 8)
Subjects and experimental protocols
The subjects had a mean (± SD) age of 22.9 ± 2.3  years, 
mean height of 165.8 ± 6.6  cm, mean weight of 
60.9 ± 14.1  kg, and mean BMI of 21.9 ± 4.2  kg/m2. This 
experiment was designed to observe the effects of acu-
puncture stimulation on heart rate response under rest-
ing conditions, comprising the effects during 10  min of 
stimulation and continuation of the effects for 10  min 
after the cessation of stimulation.

The subjects were requested to remain calm in a rest-
ing supine position for approximately 10 min to achieve 
a stable cardiovascular status before the experiment. 
Then, disposable electrocardiography (ECG) electrodes 
were attached to the chest to monitor the heart rate by 
a three-lead ECG telemeter (BSM-7201, Nihon Kohden 
Co., Tokyo, Japan). The heart rate was recorded for the 
last 2  min of the resting period (pre-stimulation). Each 
subject then received acupuncture stimulation for 10 min 
on the right side. A stainless-steel acupuncture needle 
(diameter, 0.16 mm; length, 40 mm; CE0123, Seirin) was 
inserted into the Zusanli acupoint (WHO; ST 36), which 
overlies the deep peroneal nerve and tibialis anterior 
muscle, to a depth of 5 mm.
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Acupuncture intervention
Acupuncture stimulation at an acupoint causes a reflex-
induced bradycardic response [2]. A previous study 
revealed that simulation of two sets of acupoints simulta-
neously does not cause additive cardiovascular responses 
[10]. Therefore, only the Zusanli acupoint on the right 
side was stimulated. The acupuncture needle was moved 
up and down by approximately 5  mm at a frequency of 
1  Hz during acupuncture stimulation [2]. The acupunc-
ture needle was removed immediately after 10  min of 
stimulation. Thereafter, each subject was again requested 
to remain calm in a resting supine position for 10  min 
(recovery period).

Protocol 2 (n = 21)
Subjects
This experiment was designed to observe the effects of 
acupuncture-induced bradycardia on heart rate response 
during subsequent low- and high-intensity exercise. 
The effects of pre-exercise acupuncture stimulation was 
assessed in a randomized crossover design (see Fig.  1). 
Subjects were randomly assigned to one of two groups by 
a lottery: high intensity group (n = 10) and low intensity 
group (n = 11). All subjects were assessed on 3 separate 
days. One week before scheduled data collection, all sub-
jects came to the experimental room in the laboratory to 
perform the maximal exercise test.

Maximal exercise test
The subjects underwent a maximal exercise test. A com-
puter-controlled bicycle ergometer (232CXL; Combi 
Co., Tokyo, Japan) with an incremental protocol was 
used to assess the maximal work rate. The work rate 
was set at 20  W initially and increased by 1  W every 
3  s until the subject was no longer able to maintain a 

pedaling frequency of 60  rpm despite strong verbal 
encouragement.

Experimental protocols
After arriving at the laboratory on the day of data collec-
tion, each subject wore a Polar chest strap and Polar heart 
rate monitor (V800; Polar, Kempele, Finland) to measure 
the heart rate, and was requested to remain calm in a 
resting supine position for approximately 10 min. Then, 
the heart rate was recorded during the last 2 min of the 
pre-experimental period (baseline value). Perceived exer-
tion (RPE, scale 6–20) was also rated immediately after 
all high- and low-intensity exercise tasks.

High‑intensity exercise
In the high intensity group, each subject performed two 
tasks after the baseline heart rate was measured: (task 
1) acupuncture stimulation under resting conditions in 
the supine position for 10  min, and upon cessation of 
acupuncture, perform high-intensity exercise at 100% of 
maximal work (acupuncture stimulation task); (task 2) 
rest in supine position for 10  min without undergoing 
acupuncture stimulation and then perform high-intensity 
exercise as in task 1 (no-stimulation task). Exercises were 
conducted using a bicycle ergometer at a constant load of 
100%. The pedaling speed was also maintained between 
55 and 60 rpm. Each subject performed the exercise for 
1 min. The study was conducted to examine the influence 
of pre-exercise acupuncture on short-duration, anaerobic 
exercise. A duration of 1  min was considered sufficient 
to assess anaerobic capacity, to avoid excessive contribu-
tion from the aerobic energy pathways, and ensured the 
completion of the test [11]. Subjects were also randomly 
assigned to one of two tasks by a lottery: task 1 and task 
2. The two tasks were tested on separate days with a 
7-day interval (washout period) [12].

Low‑intensity exercise
Each subject in the low intensity group performed two 
tasks after measuring the baseline heart rate: (task 1) 
acupuncture stimulation under resting conditions in the 
supine position for 10  min, followed by low-intensity 
exercise at 20% of maximal work (acupuncture stimula-
tion task); (task 2) rest in the supine position for 10 min 
without undergoing acupuncture stimulation, followed 
by low-intensity exercise as in task 1 (no-stimulation 
task). Exercises were conducted using a bicycle ergom-
eter at a constant load of 20% of the maximum work rate. 
Exercise protocols were the same as for high-intensity 
exercise.Fig. 1  Flow chart of the study design in protocol 2
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Acupuncture intervention
In the acupuncture stimulation task, a stainless-steel 
acupuncture needle (diameter, 0.16 mm; length, 40 mm; 
CE0123, Seirin) was inserted into the Zusanli acupoint 
(WHO; ST 36). The acupuncture stimulation was per-
formed as in protocol 1.

Data analysis
Protocol 1
The heart rate was sampled at 200  Hz and stored on a 
laboratory computer system throughout the entire exper-
imental period. The heart rate value was averaged in 
2-min segments as follows: last 2 min of pre-stimulation 
period (baseline); 0–2, 2–4, 4–6, 6–8, and 8–10  min of 
the acupuncture stimulation period; 0–2, 2–4, 4–6, 6–8, 
and 8–10 min of the recovery period.

Protocol 2
In protocol 2, the heart rate values were averaged as 
follows: last 2  min of baseline condition (baseline); 
0–10 min of resting condition with or without acupunc-
ture stimulation (resting); 20-s segments (0–20, 20–40, 
40–60 s) during low- or high-intensity exercise for 1 min 
(exercise).

Statistical analysis
In protocol 1, differences in heart rate among the 11 
segments (baseline; 0–2, 2–4, 4–6, 6–8, and 8–10  min 
of the acupuncture stimulation period; 0–2, 2–4, 4–6, 
6–8, and 8–10  min of the recovery period) were exam-
ined using a repeated-measures one-way analysis of 
variance (ANOVA) with Dunnett’s post hoc test. In 
protocol 2, the baseline heart rate and RPE after exer-
cise were compared between the acupuncture stimula-
tion task and no acupuncture stimulation task using the 
paired Student’s t-test. Changes in heart rate relative to 
the baseline value at different periods during the task 
were compared between acupuncture stimulation and no 
acupuncture stimulation using two-way analysis of vari-
ance (ANOVA). Independent variables were stimulation 
(with or without acupuncture stimulation) and condition 
(resting condition; 0–20, 20–40, and 40–60  s of exer-
cise condition). A p-value less than 0.05 was considered 
significant.

Results
Protocol 1
Representative traces of the heart rate response recorded 
in one subject are shown in Fig.  2A. The heart rate 
decreased immediately after acupuncture was started 
and the decrease persisted during the acupuncture 

stimulation period. After acupuncture stimulation, the 
heart rate returned to the pre-stimulation level gradually 
during the recovery period.

Heart rates averaged for all subjects during the pre-
stimulation period, acupuncture stimulation period, and 
recovery period are shown in Fig. 2B. ANOVA revealed 
a significant main effect [F(10, 70) = 3.16, p = 0.02]. Post 
hoc test revealed significant decreases in heart rate dur-
ing the entire acupuncture stimulation period and for the 
first 4 min of the recovery period compared with the pre-
stimulation period. However, no significant differences 
were observed for the last 6 min of the recovery period 
compared with the pre-stimulation period.

Protocol 2
Subject characteristics and maximal work rate during the 
incremental exercise protocol are shown in Table 1. Heart 
rate responses in each condition during the no-stimula-
tion task and acupuncture task are shown in Table 2. In 
the high intensity group, there was no significant differ-
ence in baseline resting heart rate between the no-stim-
ulation task and acupuncture stimulation task (54.3 ± 6.5 
beats/min and 53.0 ± 7.3 beats/min, respectively). In the 
low intensity group, there was also no significant differ-
ence in baseline resting heart rate between the no-stim-
ulation task and acupuncture stimulation task (53.8 ± 5.0 
beats/min and 55.2 ± 5.5 beats/min, respectively).

Fig. 2  Representative traces of heart rate responses obtained in 
one subject (A) and heart rate averaged during pre-stimulation, 
acupuncture stimulation, and recovery periods for all subjects (B) 
in protocol 1. *p < 0.05: significantly different from pre-stimulation 
period
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The mean changes in heart rate relative to the base-
line value of all subjects, in the 10-min resting condition 
(with or without acupuncture), and at 0–20, 20–40, and 
40–60  s during high-intensity exercise for the acupunc-
ture stimulation and no-stimulation tasks are presented 
in Fig. 3A. ANOVA revealed a significant main effect of 
stimulation [F(1, 9) = 14.3, p = 0.004] and condition [F(3, 

27) = 436.2, p < 0.001] for heart rate. However, there was 
no significant interaction between stimulation and con-
dition. Post hoc test demonstrated significantly smaller 
changes in heart rate during the acupuncture stimulation 
task than during the no-stimulation task in the 10-min 
resting condition (p = 0.02), and at 0–20 (p = 0.02) and 
20–40  s (p = 0.04) of exercise. However, the change in 
heart rate at 40–60 s of exercise was not significantly dif-
ferent between the acupuncture stimulation task and no-
stimulation task.

In the high intensity group, the RPE after exercise did 
not differ significantly between the acupuncture stim-
ulation task (15.4 ± 2.0) and the no-stimulation task 
(15.2 ± 1.8).

The mean changes in heart rate relative to baseline 
value of all subjects, during the 10-min resting con-
dition (with or without acupuncture), and at 0–20, 
20–40, and 40–60 s during low-intensity exercise for the 

Table 1  Physiological characteristics for subjects in protocol 2

Data are expressed as mean ± standard deviation (SD)

Hight intensity group 
(n = 10)

Low intensity 
group (n = 11)

Age (year) 20.5 ± 1.6 20.7 ± 1.5

Height (cm) 168.0 ± 8.8 167.9 ± 9.1

Weight (kg) 66.4 ± 12.5 66.4 ± 12.9

Maximal work load 
(Watt)

274.9 ± 53.2 274.9 ± 54.9

Table 2  Heart rate responses during each condition both no-stimulation task and acupuncture stimulation task

Data are expressed as mean ± standard deviation (SD)

Group Variable No stimulation task Acupuncture stimulation task

Resting value Exercise Resting value Exercise

0–20 s 20–40 s 40–60 s 0–20 s 20–40 s 40–60 s

High intensity 
group

Heart rate (beats/
min)

55.6 ± 4.9 100.1 ± 10.1 130.0 ± 10.4 145.1 ± 6.6 51.6 ± 7.5 94.0 ± 11.2 124.0 ± 9.9 142.0 ± 7.4

Low intensity 
group

Heart rate (beats/
min)

55.5 ± 4.3 81.0 ± 6.6 90.0 ± 6.1 97.5 ± 6.0 52.8 ± 4.1 80.0 ± 5.0 87.0 ± 5.6 94.8 ± 4.0

Fig. 3  The mean heart rate for all subjects during rest, and 0–20, 20–40, and 40–60 s of high- (A) or low-intensity exercise (B) during two 
experimental tasks. All data represent changes from baseline resting values. In the high-intensity exercise condition, ANOVA revealed a significant 
main effect of stimulation (F(1, 9) = 14.3, p = 0.004) and condition (F(3, 27) = 436.2, p < 0.001) on heart rate. However, there were no significant 
stimulation x condition interaction effects. In the low-intensity exercise condition, ANOVA revealed a significant main effect of stimulation (F(1, 
10) = 13.9, p = 0.004) and condition (F(3, 30) = 745.2, p < 0.001) on heart rate. However, there were no significant stimulation x condition interaction 
effects. Data are the mean ± standard deviation. *p < 0.05 significant difference between acupuncture stimulation and no-stimulation tasks



Page 6 of 9Nakahara et al. BMC Sports Sci Med Rehabil          (2021) 13:129 

acupuncture stimulation and no-stimulation tasks are 
depicted in Fig. 3B. ANOVA revealed a significant main 
effect of stimulation [F(1, 10) = 13.9, p = 0.004] and con-
dition [F(3, 30) = 745.2, p < 0.001] on heart rate. However, 
there was no significant interaction effect between stimu-
lation and condition. Post hoc test revealed significantly 
lower changes in heart rate with the acupuncture stimu-
lation task than with the no-stimulation task during the 
resting period (p < 0.001), and at 0–20 (p < 0.05), 20–40 
(p = 0.03), and 40–60 s (p < 0.05) of exercise.

In the low intensity group, the RPE after exercise dif-
fered significantly between the acupuncture stimulation 
task (7.9 ± 1.6) and the no-stimulation task (8.5 ± 2.0) 
(p = 0.03).

Discussion
The present study observed significant bradycardic 
responses during acupuncture stimulation in the lower 
leg and continuation of the effects for 4  min after the 
cessation of acupuncture stimulation. Furthermore, the 
acupuncture-induced bradycardic effects remained dur-
ing 1-min low-intensity exercise and in the beginning of 
1-min high-intensity exercise performed after the cessa-
tion of acupuncture. However, the effects were masked 
when the heart rate increased to approximately 140 
beats/min during high-intensity exercise (Table 2).

The animal study conducted by Uchida et al. [13] found 
that the heart rate decreased significantly within 20–40 s 
after the start of acupuncture stimulation in the hindlimb 
for 1  min and that acupuncture-induced bradycardia 
continued for 20–40  s after acupuncture stimulation 
was terminated. Yamamoto et al. [14] demonstrated that 
manual acupuncture stimulation elicited decreases in 
arterial pressure and heart rate in rats, and that the mini-
mum arterial pressure and heart rate were reached near 
the end of the acupuncture stimulation period. They also 
reported that manual acupuncture stimulation reduced 
the heart rate, which gradually returned to the baseline 
value after the cessation of acupuncture stimulation.

In a human study, Nishijo et  al. [3] proposed that the 
acupuncture-elicited bradycardic response is medi-
ated by both an increase in cardiac vagal activity and 
a decrease in sympathetic nerve activity because the 
response was attenuated by sequential autonomic block-
ade with atropine and propranolol. Michikami et  al. [4] 
reported that acupuncture stimulation at ST36 resets the 
arterial baroreflex neural arc to reduce sympathetic nerve 
activity. In addition the reflex pathway of the acupunc-
ture-elicited heart rate decrease involves mainly group IV 
muscle afferent fiber activity, which leads to the activa-
tion of GABA receptors in the brainstem [13, 15].

The bradycardic effects induced by pre-exercise acu-
puncture remained during low-intensity exercise and the 

beginning of high-intensity exercise performed imme-
diately after the cessation of acupuncture stimulation. 
Previous studies suggested that acupuncture improves 
exercise performance and expedites post-exercise recov-
ery [5, 6]. Cheung and Jones [16] reported that transcu-
taneous electrical nerve acupuncture stimulation at the 
PC6 acupoint both before and immediately after exercise 
facilitates heart rate recovery after high-intensity exer-
cise. Furthermore, the long-term effects of acupuncture 
on cardiovascular responses during exercise have been 
reported. Lin et  al. [6] demonstrated that acupuncture 
stimulation at PC6 and ST36 acupoints 15  min prior 
to exercise induces the rapid recovery of heart rate and 
blood lactic acid after exercise. Gentil et al. [5] proposed 
that an acupuncture session twice a week for 5  weeks 
reduces the heart rate response in association with an 
increase in velocity in anaerobic threshold during tread-
mill exercise. Good aerobic fitness is beneficial for cardi-
ovascular autonomic function [17]. The increase in heart 
rate during submaximal exercise is also related to lower 
maximal oxygen uptake [18]. Autonomic modulation 
induced by acupuncture stimulation before exercise may 
improve exercise performance. In addition, Toma et  al. 
[19] reported that acupuncture stimulation attenuates 
the increase in skin sympathetic nerve activity elicited 
by handgrip exercise. They also observed that this sup-
pression of exercise-induced increase in skin sympathetic 
nerve activity was maintained throughout the handgrip 
exercise. Therefore, acupuncture stimulation may sup-
press exercise-induced tachycardia through alteration of 
autonomic nervous activity.

The lower heart rate response observed during low-
intensity exercise and at the beginning of high-intensity 
exercise in this study suggests that the efficiency of myo-
cardial oxygen utilization is increased during exercise 
after pre-exercise acupuncture. Improvement of aerobic 
fitness leads to a lower heart rate response during sub-
maximal exercise [20] and the heart rate response is 
strongly correlated with myocardial oxygen consumption 
[8, 9]. Jorgensen et  al. [8] stated that the heart rate is a 
good index of the metabolic demands of the heart dur-
ing normal exercise. Therefore, the modulation of auto-
nomic nervous activity by pre-exercise acupuncture may 
be attributable to altered myocardial metabolism leading 
to more efficient energy utilization during exercise.

On the other hand, the effects of acupuncture stimula-
tion on heart rate response during exercise disappeared 
when post-acupuncture high-intensity exercise was 
performed at a heart rate of approximately 140 beats/
min. The relative influence of the sympathetic and para-
sympathetic branches of the autonomic nervous system 
changes during resting conditions (acupuncture stimula-
tion) and exercise. First, acupuncture stimulation at rest 
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induces parasympathetic dominant influence. Then, as 
exercise workload increases, there is a gradual shift to 
greater sympathetic influence at a higher workload [7]. 
This suggests that the effects of pre-exercise acupuncture 
stimulation on the heart rate response during exercise 
depend on the sympathetic/parasympathetic (vagal) bal-
ance induced by the intensity of exercise.

However, Li et  al. [21] noted that although 30  min of 
electrical acupuncture at rest did not alter blood pres-
sure, the electroacupuncture reduced systolic blood pres-
sure and mean blood pressure during an incremental 
exercise test. They also found that the exercise-related 
heart rate response was not affected by pre-exercise elec-
troacupuncture stimulation. Karvelas et  al. [22] dem-
onstrated that 10 min of acupuncture stimulation at six 
acupoints, Baihui (WHO; Gv20), Juiwei (WHO; Co15), 
Zhongmen (WHO; Li13), Sanyinjiao (WHO; SP6), Nei-
guan (WHO; PC6), and Zusanli (WHO; ST36), had 
no effect on physiological responses, including oxygen 
uptake and heart rate, during submaximal exercise after 
acupuncture. In addition, Middlekauff et al. [23] reported 
that acupuncture did not attenuate heart rate or blood 
pressure responses during hand grip exercise and the 
cold pressure test. Different acupuncture points, stimula-
tion duration, and stimulation intensity used in different 
studies may explain the discrepant results. Middlekauff 
et  al. [23] stimulated the inserted acupuncture needles 
manually for approximately 15 s and then left the needles 
in place for 15 min. The duration of acupuncture stimula-
tion used in our study was 10 min. Yamamoto et al. [14] 
reported that the stretch-activated channel blocker gado-
linium significantly attenuated the acupuncture-induced 
bradycardic response, suggesting that mechanoreceptors 
play an important role in the sensory mechanism of both 
manual and electrical acupuncture. The insertion depth 
of the needle may influence the magnitude of cardiovas-
cular responses to acupuncture. Acupuncture stimulation 
of the skin or muscle alone may also produce differ-
ent effects on cardiovascular responses [13, 24]. Previ-
ous studies demonstrated that acupuncture stimulation 
applied to the muscle alone produced depressor [24] and 
bradycardic [13] responses, whereas that of skin alone 
did not induce these responses. Moreover, the heart rate 
response monitored within seconds and minutes may be 
a factor related to the different findings in studies. The 
cardiovascular responses elicited by acupuncture stimu-
lation are reflex-mediated via somatic afferent nerves and 
autonomic efferent nerves [13, 15]. Therefore, the effects 
of acupuncture stimulation may strongly affect the heart 
rate response within a few seconds.

RPE is one of the most common methods of assess-
ing internal load during exercise [25]. A previous study 

noted the relationship between RPE and physiological 
measurements, including heart rate, during exercise 
[26]. Stephen and Trenske [27] reported that RPE was 
influenced by physiological and psychological factors. 
RPE was also significantly lower under music condi-
tions, which attenuated the feeling of discomfort during 
low-intensity exercise, but was not different between 
music and sensory deprived conditions during both 
moderate and high-intensity exercises. In our study, 
RPE was affected by acupuncture stimulation during 
low-intensity exercise, but not during high-intensity 
exercise. This suggests that acupuncture stimulation 
before exercise effectively influences physiological and 
psychological loads during low-intensity exercise.

Possible implications
The acupuncture-induced heart rate-reducing effects 
remained during low-intensity exercise and at the 
beginning of high-intensity exercise. As mentioned 
above, the modulation of autonomic nervous activity 
elicited by pre-exercise acupuncture may be attribut-
able to more efficient myocardial oxygen utilization 
during exercise. Moreover, the alteration in the subjec-
tive feeling of fatigue during exercise elicited by pre-
exercise acupuncture stimulation was observed during 
low-intensity exercise, suggesting that pre-exercise 
acupuncture stimulation may be beneficial for exer-
cise-induced feeling states during exercise. This study 
provides new insight into the effects of acupuncture 
stimulation on psycho-physiological conditions and 
performance during exercise.

Study limitations
Several limitations of the study should be mentioned. 
First, blood pressure was not measured in this study. 
Previous human and animal studies reported that acu-
puncture stimulation elicits a depressor response [2, 4]. 
Kitamura et al.[9] also reported that heart rate and aor-
tic blood pressure strongly correlated best with myo-
cardial oxygen consumption, but the heart rate alone 
correlated almost as well. Further studies are needed to 
examine whether the pre-exercise acupuncture stimu-
lation affects other cardiovascular parameters associ-
ated with exercise performance. Second, our study only 
evaluated the effects of pre-acupuncture stimulation 
on heart rate response during short-duration exercise 
(1  min) at two exercise intensities. Further studies are 
thus needed to assess the effects of pre-exercise acu-
puncture stimulation on heart rate responses during 
long-duration exercise and at other exercise intensities.



Page 8 of 9Nakahara et al. BMC Sports Sci Med Rehabil          (2021) 13:129 

Conclusions
Acupuncture stimulation induced a bradycardic response 
at rest, and the acupuncture-induced heart rate-reducing 
effects remained during low-intensity exercise and in the 
beginning of high-intensity exercise performed imme-
diately after the cessation of acupuncture stimulation. 
The effects disappeared when post-acupuncture exercise 
was performed when the heart rate was approximately 
140 beats/min during high-intensity exercise. This study 
may provide valuable information on the effects of acu-
puncture stimulation on exercise performance and the 
factors involved.
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