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Background. The specificity of acupuncture points (acupoints) is one of the key concepts in traditional acupuncture theory, but
the question of whether there is adequate scientific evidence to prove or disprove specificity has been vigorously debated in recent
years. Acupoint laterality is an important aspect of acupoint specificity. Data is particularly scarce regarding the laterality of the same
channel, namesake acupoint located on opposite sides of the body. Our previous study results suggest that Neiguan acupoint (PC6)
has the laterality. The aim of this study was to investigate whether Hegu (LI4) also has laterality from the perspective of heart rate
variability. Methods. A total of twenty-eight healthy female volunteers were recruited for this study and were randomly separated
into the group I (𝑛 = 14) and the group II (𝑛 = 14) according to the register order. In the group I, left LI4 was stimulated in the first
epoch and the right LI4 was stimulated in the second epoch. In the group II, right LI4 was stimulated in the first epoch and left LI4
was stimulated in the second epoch. Electrocardiogram was recorded and heart rate variability was analyzed. Results. The results
show that therewere no significant differences of heart rate variablity between the group I and the group II in the time domain and in
the frequency domain.Conclusions. BilateralHegu acupoints have the same effect on the heart rate variability of the healthy subjects.

1. Background

In the traditional Chinese medicine (TCM) theory, acupoint
specificity is an essential principle [1, 2] which means that
the therapeutic efficacy mainly resulted from the correct
acupoint choice. However, it is still not clear whether right
or left acupoint should be selected for the purpose of treating
a particular disease. From the perspective of acupuncture
analgesia, stimulation of specific acupuncture points will
promote the release of analgesic substances in the central
nervous system such as opioid peptides [3, 4], and the targets
of these substances locate in the central nervous system and
result in the systemic analgesic effect, which means that the
bilateral acupoints might have the same effect. On the other
hand, there are such records as “if someone has disease
related with the left side, the treatment point is the right side,
and vice versa,” “巨刺” and “缪刺” in the Yellow Emperor
Neijing, which emphasized that specific lateral side acupoint
stimulation might lead to the therapeutic advantages under

the specific conditions. Particularly, this idea was developed
into the concept of contralateral acupuncture in recent years
[5, 6] and we summarized the acupoint laterality [7]. From
our previous study, we found that ipsilateral stimulation of
Hegu (LI4) corresponded to the increased blood perfusion
in the contralateral Hegu (LI4) [8]. Moreover, the increased
degree of bloodperfusionwas asymmetrical, which suggested
that the LI4 has the laterality in the perspective of blood
distribution [9]. Further study indicated that acupuncture
different side Neiguan (PC6) had the different effect on the
heart rate variability, which means that PC6 also has the
laterality [10]. Recently, theQuchi (LI11) effects on theHRV in
patients with hypertension were investigated and the results
partly supported our result [11]. However, there is still scarcity
of the evidence that every acupoint has the laterality from the
perspective of HRV modulation. The aim of this study is to
explore whether different side LI4 stimulation can result in
the different effect on the heart rate variability.
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2. Materials and Methods

2.1. Ethics Statement. This study was reviewed and approved
by the Institutional Review Board at the Institute of Acupunc-
ture and Moxibustion, China Academy of Chinese Medical
Sciences. Each participant read and signed an informed
consent form.

2.2. Subjects and Design. Twenty-eight (28) healthy female
volunteers were recruited in this study. All subjects were stu-
dents from the China Academy of Chinese Medical Sciences
and Beijing University of TCM. None of the subjects had a
history of prior disease nor had they taken any medication in
the six months prior to the study. Each subject was provided
with informed consent and had an adequate understanding of
the procedure and purpose of this study. Basic characteristics
of the participants are shown in Table 1. The subjects were
randomly separated into the group I (𝑛 = 14) and the group
II (𝑛 = 14) according to the register order. In the group I, left
LI4 was stimulated in the first epoch and the right LI4 was
stimulated in the second epoch. In the group II, right LI4 was
stimulated in the first epoch and left LI4 was stimulated in the
second epoch.

2.3. Electrocardiogram Measurement Protocol. Before the
laboratory procedure began, subjects were placed in a
temperature-controlled room (24–26∘C) to rest for 10 min-
utes. The standard lead II ECG was recorded with NeurOne
system (NeurOne, MEGA electronics Ltd., Finland) [10].
The data were digitized with a sampling rate of 1000Hz.
In the first epoch, the successive ECG were recorded and
symbolized as C1. In the second epoch, the successive ECG
were recorded and symbolized as C2. In each epoch, a
30min ECG recording was obtained (shown in Figure 1).The
interval of two experimental epochs is at least 7 days.

2.4. Acupuncture Protocol. For every participant, either the
right or left LI4 was stimulated during the first epoch of
the study and the opposite side LI4 was stimulated during
the second epoch. The interval time between the two epochs
was at least 8 days. For the acupuncture procedure, a small
acupuncture needle, 0.25 × 25mm (100112, Zhen Huan), was
gently inserted into a depth of 15mm in LI4. The needle
was slowly rotated every 5min for a total of 30min during
the acupuncture session in order to maintain the soreness
and numbness sensation of De-Qi [8, 12]. The acupuncture
process is illustrated in the figure.

2.5. Data Analysis. The raw data recorded by NeurOne
system was exported with ASC format and then imported
into Kubio HRV software and analyzed [13]. The analy-
sis parameter was default. In the time domain, the mean
RR interval (RR), the standard deviation of RR intervals
(STDRR), the root mean square of successive differences
(RMSSD), the number of successive intervals differing more
than 50ms (NN50), and the corresponding relative amount
of NN50 (pNN50) were analyzed. In the frequency domain,
the power spectrum density was analyzed with AR spectrum

Table 1: Basic characteristics of the study participants.

Characters Group I (𝑛 = 14) Group II (𝑛 = 14)
Age (years) 26.14 ± 1.19 25.93 ± 1.39
High (cm) 164.93 ± 3.92 162.21 ± 4.35
Body weight (kg) 54.64 ± 6.96 52.64 ± 4.92
Body mass index (BMI) 18.69 ± 5.61 20.01 ± 1.7

method in normalized units. The low frequency (LF) and
high frequency (HF) were defined as 0.04–0.15Hz and 0.15–
0.4Hz, respectively. Data are expressed as mean ± SD. For
each parameter, the difference of C1-C2 was calculated and
then 𝑡-test was performed between group I and group II. The
level of significance was defined as 𝑃 < 0.05. Statistical analy-
ses were performed using SPSS (SPSS Inc., Chicago, IL, USA).

3. Results

Table 2 presents the results of time domain analysis and
frequency domain analysis. In the time domain, mean RR,
STD RR, RMSSD, NN50, pNN50, SDANN, and SDNN index
were analysed and therewas no significant difference between
the group I and the group II. In the frequency domain, the
power of VLF, LF, and HF, the power percentage of VLF,
LF, and HF, the normalized LF and HF, the total power, and
LF/HF ratio were analyzed and there were no significant
differences between the group I and the group II.

4. Discussion

Heart rate variability (HRV) analysis by Fourier transform is
a noninvasive method to investigate autonomic balance [14].
The variance in the high frequency (HF) range (0.15–0.40)Hz
is thought to primarily reflect vagal activity while the variance
in the low frequency (LF) range (0.04–0.15Hz) is influenced
both by the vagus and the sympathetic nervous system [15].
When a needle is inserted into a point on the body various
neural and neuroactive components are activated [16, 17].
Mechanism explore has been shown that acupuncture have
the clear central nervous system and autonomic nervous
system effects both in humans [18, 19] and in animals [20].
Because the electroacupuncture can mimic the direct vagus
stimulation effect [21], the analysis of HRV provides quanti-
tative information regarding autonomic control mechanisms
in the body [22]; thus, HRV has recently been adopted as an
index used to evaluate the effects of acupuncture [23].

Previous study indicated that the cardiacmodulatory bal-
ance differs between genders and is characterized by a greater
influence of the autonomic vagal component in women and
by the sympathetic component in men [24]. Another study
investigated the influence of age and gender on the short-term
HRV indices and revealed significant modifications of the
indices especially by age but partly also by gender especially
in the younger groups [25]. To exclude gender bias, we only
recruited the healthy adult females in our study [10].

Previous studies demonstrated that acupuncture manip-
ulation significantly decreased the LF spectral component
of HRV and significantly reduced LF/HF, which is an index



Evidence-Based Complementary and Alternative Medicine 3

Table 2: Results of heart rate variability.

Group I (𝑛 = 14) Group II (𝑛 = 14)
𝑡 𝑃

C1 C2 C1 C2
Mean RR (ms) 876.72 ± 90.13 843.27 ± 54.87 913.64 ± 142.68 865.18 ± 106.56 −0.5474 0.5888
STD RR (ms) 55.9 ± 16.66 54.85 ± 16.24 55.19 ± 13.26 53.62 ± 20.08 −0.1349 0.8938
RMSSD (ms) 45.93 ± 21.62 41.4 ± 17.62 45.48 ± 18.95 41.89 ± 26.63 0.1772 0.8607
NN50 (count) 464.86 ± 362.08 446 ± 371.65 476.64 ± 316.35 395.43 ± 409.93 −0.7654 0.4509
pNN50 (%) 23.48 ± 19.79 21.47 ± 18.56 25.21 ± 17.83 19.92 ± 21.39 −0.7206 0.4776
VLF (ms2) 1602.75 ± 925.69 1567.78 ± 1097.23 1379.81 ± 585.48 1401.52 ± 578.8 0.2157 0.8309
LF (ms2) 601.15 ± 389.84 586.25 ± 374.28 568.15 ± 555.34 549.14 ± 528.43 −0.0463 0.9634
HF (ms2) 966.4 ± 862.48 834.81 ± 713.49 1046.1 ± 823.59 1059.35 ± 1425.28 0.5885 0.5613
VLF (%) 54.53 ± 16.2 54 ± 15.25 50.17 ± 19.04 56.03 ± 16.78 1.5706 0.1284
LF (%) 18.04 ± 6.66 19.11 ± 6.8 17.8 ± 11.91 17.21 ± 5.69 −0.6633 0.513
HF (%) 27.39 ± 13.85 26.86 ± 13.96 32 ± 15.89 26.72 ± 14.51 −1.267 0.2164
LF (n.u.) 41.44 ± 12.61 44.12 ± 16.84 35.73 ± 18.11 41.17 ± 12.98 0.6232 0.5386
HF (n.u.) 58.47 ± 12.62 55.81 ± 16.84 64.2 ± 18.11 58.76 ± 12.99 −0.6254 0.5372
Total power (ms2) 3171.55 ± 1873.31 2989.72 ± 1860.04 2994.95 ± 1327.92 3011.03 ± 2345 0.4523 0.6548
LF/HF ratio 0.78 ± 0.37 1.01 ± 0.83 0.76 ± 0.81 0.8 ± 0.53 −0.8358 0.4109
RR: RR intervals; STDRR: standard deviation of RR intervals; RMSSD: root mean square of successive differences between RR intervals; NN50: the number of
successive intervals differing more than 50ms; pNN50: the corresponding relative amount of NN50 (pNN50); LF: low frequency; HF: high frequency; VLF:
very low frequency; data are expressed as mean ± SD. For each parameter, the difference of C1-C2 was calculated and then 𝑡-test was performed between the
group I and the group II.
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Figure 1: Procedure of acupuncture and measurement. ECG recording time point; IN: insert needle; SA: stop acupuncture; SR: slowly rotate
the needle every 5min. The needle was slowly rotated every 5min for a total of 30min during the C1 and C2 acupuncture sessions; RT: rest
time between two epochs.

of sympathetic activity [26]. Related results suggested that
appropriate stimulation at the PC6 can modulate the HRV in
healthy subjects [27]. In our previous study, acupuncture dif-
ferent side PC6 results in lateral effect, and this effect on heart
rate variability mainly occurred in the acupuncture period.
After acupuncture was discontinued, this effect disappeared
[10].

In this study, the laterality of LI4 was explored. From the
previous study, manual stimulation of Hegu (LI4) resulted in
specific changes in alpha EEG frequency and in HRV param-
eters [28]. We originally expected that stimulate different
side LI4 also can result in the different effect on HRV, but

the results are apparently at odds with our prospective. One
possible explanation is according to traditional acupuncture
theory: PC6 is a relative specific acupoint for cardiovascular
disease and is one of the most commonly used acupoints in
classical texts [29–31]; however, LI4 belongs to large intestine
meridian and is not sensitive to modulate the cardiovascular
function.

5. Conclusions

BilateralHegu acupoints have the same effect on the heart rate
variability of the healthy subjects.



4 Evidence-Based Complementary and Alternative Medicine

Conflict of Interests

The authors declare that they have no conflict of interests.

Authors’ Contribution

Wang Guangjun carried out the design and participated in
data collection. Tian Yuying, Jia Shuyong, and ZhouWenting
participated in data collection. Zhou Wenting led the design
and participated in data collection. Professor Zhang Weibo
led the design and participated in data collection. All authors
contributed to the final paper and approved the final version.

Acknowledgments

This research was supported by the National Natural Sci-
ence Foundation of China (81001553) and the Fundamental
Research Funds for the Central Public Welfare Research
Institutes (ZZ070806).

References

[1] L. Zhao, J. Chen, C. Z. Liu et al., “A review of acupoint specificity
research in China: status Quo and prospects,” Evidence-Based
Complementary and Alternative Medicine, vol. 2012, Article ID
543943, 16 pages, 2012.

[2] P. J. Rong, J. J. Zhao, J. H. Gao et al., “Progress of research
on specificity of meridian acupoint efficacy,” Chinese Journal of
Integrative Medicine, vol. 19, no. 12, pp. 889–893, 2013.

[3] Z.-Q. Zhao, “Neural mechanism underlying acupuncture anal-
gesia,” Progress in Neurobiology, vol. 85, no. 4, pp. 355–375, 2008.

[4] J. S. Han, “Acupuncture: neuropeptide release produced by
electrical stimulation of different frequencies,” Trends in Neu-
rosciences, vol. 26, no. 1, pp. 17–22, 2003.

[5] M. K. Kim, T. Y. Choi, M. S. Lee, H. Lee, and C. Han, “Con-
tralateral acupuncture versus ipsilateral acupuncturein the
rehabilitation of post-stroke hemiplegic patients: a systematic
review,” BMC Complementary and Alternative Medicine, vol. 10,
article 41, 2010.

[6] Y. M.Woo, M. S. Lee, Y. Nam, H. J. Cho, and B. C. Shin, “Effects
of contralateral electroacupuncture on brain function: A
double-blind, randomized, pilot clinical trial,” Journal of Alter-
native and Complementary Medicine, vol. 12, no. 8, pp. 813–815,
2006.

[7] G. J. Wang, “Study on acupoint laterality: the important sup-
plement to acupoint specificity,” Chinese Acupuncture & Moxi-
bustion, vol. 32, no. 8, pp. 709–712, 2012.

[8] W. Guangjun, T. Yuying, J. Shuyong, H. Tao, and Z. Weibo,
“Change of blood perfusion in hegu acupoint after contralateral
hegu acupoint was stimulated,” Journal of Alternative and
Complementary Medicine, vol. 18, no. 8, pp. 784–788, 2012.

[9] G. Wang, J. Han, G. Litscher, and W. Zhang, “System identifi-
cation algorithm analysis of acupuncture effect on mean blood
flux of contralateral hegu acupoint,” Evidence-based Comple-
mentary and Alternative Medicine, vol. 2012, Article ID 951928,
7 pages, 2012.

[10] G. Wang, Y. Tian, S. Jia, W. Zhou, and W. Zhang, “Pilot study
of acupuncture point laterality: evidence from heart rate vari-
ability,” Evidence-Based Complementary and Alternative Medi-
cine, vol. 2013, Article ID 476064, 7 pages, 2013.

[11] G. Litscher, W.-P. Cheng, G.-Y. Cheng et al., “Acupuncture
point laterality: investigation of acute effects of Quchi (LI11)
in patients with hypertension using heart rate variability,” Evi-
dence-Based Complementary and Alternative Medicine, vol.
2014, Article ID 979067, 6 pages, 2014.

[12] N. Goldman, M. Chen, T. Fujita et al., “Adenosine A1 receptors
mediate local anti-nociceptive effects of acupuncture,” Nature
Neuroscience, vol. 13, no. 7, pp. 883–888, 2010.

[13] J. P. Niskanen, M. P. Tarvainen, P. O. Ranta-Aho, and P. A.
Karjalainen, “Software for advanced HRV analysis,” Computer
Methods and Programs in Biomedicine, vol. 76, no. 1, pp. 73–81,
2004.

[14] A. H. Kemp and D. S. Quintana, “The relationship between
mental and physical health: insights from the study of heart
rate variability,” International Journal of Psychophysiology, vol.
89, no. 3, pp. 288–296, 2013.

[15] P. K. Stein and R. E. Kleiger, “Insights from the study of heart
rate variability,”Annual Review ofMedicine, vol. 50, pp. 249–261,
1999.

[16] Z. J. Zhang, X.M.Wang, andG.M.McAlonan, “Neural acupun-
cture unit: a new concept for interpreting effects and mech-
anisms of acupuncture,” Evidence-based Complementary and
Alternative Medicine, vol. 2012, Article ID 429412, 2012.

[17] M. Kim, Y. Park, and U. Namgung, “Acupuncture-stimulated
activation of sensory neurons,” Journal of Acupuncture and
Meridian Studies, vol. 5, no. 4, pp. 148–155, 2012.

[18] K. Nishijo, H. Mori, K. Yosikawa, and K. Yazawa, “Decreased
heart rate by acupuncture stimulation in humans via facilitation
of cardiac vagal activity and suppression of cardiac sympathetic
nerve,” Neuroscience Letters, vol. 227, no. 3, pp. 165–168, 1997.

[19] J. D. Wang, T. B. J. Kuo, and C. C. H. Yang, “An alternative
method to enhance vagal activities and suppress sympathetic
activities in humans,”Autonomic Neuroscience: Basic & Clinical,
vol. 100, no. 1-2, pp. 90–95, 2002.

[20] X. Y.Gao, S. P. Zhang, B. Zhu, andH.Q. Zhang, “Investigation of
specificity of auricular acupuncture points in regulation of auto-
nomic function in anesthetized rats,” Autonomic Neuroscience:
Basic and Clinical, vol. 138, no. 1-2, pp. 50–56, 2008.

[21] R. Torres-Rosas, G. Yehia, G. Pena, P. Mishra, M. Del Rocio
Thompson-Bonilla, and M. A. Moreno-Eutimio, “Dopamine
mediates vagal modulation of the immune system by elec-
troacupuncture,” Nature Medicine, vol. 20, no. 3, pp. 291–295,
2014.

[22] “Heart rate variability: standards ofmeasurement, physiological
interpretation and clinical use. Task Force of the European
Society of Cardiology and the North American Society of
Pacing and Electrophysiology,” Circulation, vol. 93, no. 5, pp.
1043–1065, 1996.

[23] Z. Y. Li, C. T.Wang, A. F. T. Mak, and D. H. K. Chow, “Effects of
acupuncture on heart rate variability in normal subjects under
fatigue and non-fatigue state,” European Journal of Applied
Physiology, vol. 94, no. 5-6, pp. 633–640, 2005.

[24] S. G. Dutra, A. P. Pereira, G. C. Tezini, J. H. Mazon, M. C.
Martins-Pinge, and H. C. Souza, “Cardiac autonomic modula-
tion is determined by gender and is independent of aerobic phy-
sical capacity in healthy subjects,” PloS ONE, vol. 8, no. 10,
Article ID e77092, 2013.

[25] A. Voss, R. Schroeder, C. Fischer, A. Heitmann, A. Peters, and
S. Perz, “Influence of age and gender on complexity measures
for short term heart rate variability analysis in healthy subjects,”
in Conference Proceedings Annual International Conference of



Evidence-Based Complementary and Alternative Medicine 5

the IEEE Engineering in Medicine and Biology Society, pp. 5574–
5577, 2013.

[26] S. Sakai, E. Hori, K. Umeno, N. Kitabayashi, T. Ono, and H.
Nishijo, “Specific acupuncture sensation correlates with EEGs
and autonomic changes in human subjects,” Autonomic Neuro-
science: Basic & Clinical, vol. 133, no. 2, pp. 158–169, 2007.

[27] G. Litscher, L.Wang, X.Wang, and I. Gaischek, “Laser acupunc-
ture: two acupoints (Baihui, Neiguan) and two modalities of
laser (658 nm, 405 nm) induce different effects in neurovege-
tative parameters,” Evidence-based Complementary and Alter-
native Medicine, vol. 2013, Article ID 432764, 6 pages, 2013.

[28] K. Streitberger, J. Steppan, C. Maier, H. Hill, J. Backs, and K.
Plaschke, “Effects of verum acupuncture compared to placebo
acupuncture on quantitative EEG and heart rate variability in
healthy volunteers,” Journal of Alternative and Complementary
Medicine, vol. 14, no. 5, pp. 505–513, 2008.

[29] Y. C. P. Arai, N. Kato,M.Matsura et al., “Transcutaneous electri-
cal nerve stimulation at the PC-5 and PC-6 acupoints reduced
the severity of hypotension after spinal anaesthesia in patients
undergoing Caesarean section,” British Journal of Anaesthesia,
vol. 100, no. 1, pp. 78–81, 2008.

[30] C. M. Witt, K. Meissner, D. Pach et al., “Stimulation of gastric
slow waves with manual acupuncture at acupuncture points
ST36 and PC6—a randomized single blind controlled trial,”
Neurogastroenterology and Motility, vol. 24, no. 5, pp. 438–445,
2012.

[31] J. H. Lin, C. H. Shih, K. Kaphle et al., “Acupuncture effects
on cardiac functions measured by cardiac magnetic resonance
imaging in a feline model,” Evidence-Based Complementary and
Alternative Medicine, vol. 7, no. 2, pp. 169–176, 2010.


