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ABSTRACT

Objective: During acupuncture stimulation, heart rate (HR) transiently decreases and autonomic nervous
system (ANS) function becomes parasympathetic-dominant. To clarify the effect of acupuncture sensations
(pain, De Qi), the effects of deep acupuncture sensations on HR and ANS functions were determined.
Materials and Methods: In this comparative study at Teikyo Heisei University, Tokyo, Japan, 40 healthy,
male student volunteers rested for 20 minutes before undergoing manual acupuncture to the Shousanli (LI 10)
acupoint on the left forearm for 2 minutes at a frequency of 1 Hz, with concurrent electrocardiography. Depth of
stimulation was 15-20 mm. These subjects described their subjective acupuncture sensations. Calculations were
performed, using HR variability analysis to find HR and low-frequency (LF) normalized units (nu), the ratio of
LF components to total components (as an index of sympathetic nervous system function), high-frequency
(HF)nu, the ratio of HF components to total components (as an index of parasympathetic nervous system
function), and LF/HF (as an index of sympathetic and parasympathetic balance).

Results: For the final analysis, data were available for 32 subjects. Compared to before acupuncture, HR
decreased during acupuncture. HR decreased when no acupuncture sensations or when weak De Qi sensations
were perceived, and remained unchanged when acupuncture sensations without De Qi or strong De Qi were
perceived. LFnu decreased, HFnu increased, and LF/HF decreased, regardless of pain or De Qi.
Conclusions: Acupuncture stimulation reduced HR even without De Qi sensations and caused ANS function to
be parasympathetic-dominant, irrespective of the perception of acupuncture sensations.
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INTRODUCTION ment of parasympathetic nervous system function (PNS),*?

or both.* By analyzing heart rate (HR) variability (HRV),

T RANSIENT DECREASES IN HEART RATE (HR) occur during  several of the current authors previously confirmed the shift

acupuncture stimulation.'™ Pharmacologic studies toward parasympathetic dominance during acupuncture,

have revealed that these changes are mediated by inhibition  while affirming a lack of correlation between HR changes
of sympathetic nervous system (SNS) function,' enhance- (AHR) and HRV indices among subjects.’
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RELATION OF ACUPUNCTURE SENSATION TO ANS

Acupuncture induces various sensations, including pain
and De Qi. Considering their different effectsf’9 the influ-
ences of both De Qi and pain on HR and HRV were ex-
amined. Pain induced by acupuncture is communicated to
the sensory cortex via the lateral spinothalamic tract by Ad-
fibers (sharp pricking or fast pain afferent signals) and C-
fibers (dull burning or slow pain afferent signals). Some of
the C-fibers project to the brainstem or hypothalamus via
paths that circumvent the sensory cortex (e.g., spinobulbar
projections, the spinomesencephalic tract, or the spinohy-
pothalamic pathway).'”

De Qi is a key acupuncture sensation™
described using the words ‘‘soreness,”” ‘‘aching,” ‘‘deep
pressure,” “‘heaviness,”” ‘‘fullness/distention,”” ‘‘tingling,”’
“numbness,” ““dull pain,” ‘“‘warmth,” ““cold,” and ‘‘throb-
bing”;® “sharp pain” is usually not considered part of this
sensation.'" The De Qi sensation can be mainly explained
by C-fiber sensations (“‘pressing,” “‘numb,” “‘dull,”” *‘cold,”
and “‘throbbing’’), whereas ‘‘aching” is the only descriptor
that is more related to Ad-fibers.'> On electroencephalog-
raphy, the latency of De Qi, without pain, exceeds that of
painful stimulation,"® which is reminiscent of pain trans-
mitted by C-fibers. Deep pain, transmitted by C-fibers, tends
to radiate like De Qi'* because of the wide distribution of
C-fibers within the spinal cord.'® Kawakita et al. suggested
that there were close relationships among De Qi, deep pain,
and polymodal C-fiber receptors that induce afferent nerve
impulses, even without sensation, and regulate autonomic
nervous system (ANS) functioning.'®"’

Yu et al. reported passive correlations between De Qi in-
tensity and changes to the low-frequency (LF) and high-
frequency (HF) ratio (LF/HF), as a sympathetic index, and
HR.'® Sakai et al. observed significant correlations between
the number of acupuncture sensations and changes in LF/HF
or HE."” Zhu et al. suggested that acupuncture-induced De Qi
sensation influenced ANS functions.” Streitberger and
Kleinhenz reported that De Qi due to acupuncture seemingly
leads to specific changes in HRV.?° In contrast, Kurono et al.
reported that acupuncture without De Qi reduced HR and
decreased HF (parasympathetic) function.?' Thus, the influ-
ence of De Qi on HR and ANS functions remains unclear.

Some studies have suggested that acupuncture-related re-
sponses are only reflections of the ordinary brain process of
somatosensory stimulation®** and that acupuncture-induced
HR changes are autonomic concomitants of deep pain stim-
ulation.”® Furthermore, a significant correlation between hy-
pothalamic and brainstem-nuclei activity and LF/HF during
acupuncture has been demonstrated previously.?? In animal
studies, impulses from C-nociceptors to the hypothalamus or
brainstem mediate reduction of HR and the onset of para-
sympathetic dominance.”**° Muscle stimulation activates
proportionately more C-nociceptors than Af-nociceptors,
due to their respective distributions.”®?® In contrast, transient
cutaneous stimulation activates more Ad-nociceptors, in-
creases HR, and causes a shift toward sympathetic domi-

'""and is usually
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nance, whereas persistent cutaneous stimulation generally
results in parasympathetic dominance.?®?° Such responses
have been observed in both nondecerebrate and decerebrate
animals.”® Beisssner suggested that acupuncture-related cor-
tical activation might simply reflect the brain’s somatosensory
processing of pain stimuli.*

Therefore, the aim of this study was to clarify the rela-
tionships between acupuncture sensations and both transient
reductions in HR and changes in the sympathetic—para-
sympathetic ANS dominance during acupuncture.

MATERIALS AND METHODS

Participants

All of the subjects in this study were healthy student
volunteers in the department of acupuncture and moxibustion
at Teikyo Heisei University, Tokyo, Japan. These subjects
were recruited by word-of-mouth and the use of posters.
Before participating in this study, the subjects were pro-
vided with a written explanation about the study and written
informed consents were obtained. The Teikyo Heisei Uni-
versity ethics committee approved this study (Approval
Number 27-093-2).

Sample Size

There were 40 healthy male subjects.

Study Protocol

HR measurements commenced after electrodes were af-
fixed to the subjects. After a 20-minute rest, acupuncture
was applied for 2 minutes, and measurements continued for
15 minutes after acupuncture cessation. Afterward, the sub-
jects were asked to describe their acupuncture sensations.

Acupuncture Rationale

Each subject underwent acupuncture at the LI 10
(Shousanli) acupoint (located proximal to the radial nerve in
the radial side of the forearm, between the extensor carpi
radialis brevis and the extensor carpi radialis longus) on the
left forearm. Although it was already reported that HR-
decrease responses during acupuncture were not particular
to specific acupoints and nonacupoints,” selected LI 10 was
chosen based on a previous study about HR reduction during
acupuncture. !

Needling Details

Acupuncture was applied on the left forearm using the
sparrow-pecking method wherein the needle is inserted and
moved vertically, at a frequency of 1 Hz—not twirled—to a
depth of 15-20 mm, for 2 minutes. Sterile acupuncture nee-
dles that were 40 mm, No. 18, (Seirin Corporation, Shizuoka,
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Japan) were used. The study was performed at Teikyo Heisei
University between 11:00 am and 4:00 pMm, in a quiet, dark
room with a temperature between 18°C-23°C while the
subjects were in a semiseated position, angled at ~ 120°.

Practitioner’s Background

One acupuncturist, with 6 years of experience after ac-
quiring a license, performed all the acupuncture stimuli.

Electrocardiography Measurements and Analysis

Disposable silver—silver chloride electrodes were placed
under each subject’s right collarbone (—ve electrode), left
chest (+ve electrode), and abdomen (earth electrode). Dur-
ing the measurement, subjects were instructed to breathe
normally. Signals were low-pass filtered at 60 Hz, with a
time constant of 0.3. After amplification via a bio-amplifier
(Model ML132, AD Instruments, Australia), the data were
transmitted to an alternating/direct (AD) converter (Power
Lab, AD Instruments) at a sampling rate of 1 k/s. In-
stantaneous HR was calculated from R-wave intervals using
Lab Chart™ software (version 5.4.2, AD Instruments).

Outcomes

All analysis duration was 2 minutes, starting from 4 and 2
minutes before acupuncture, going to the start of acupunc-
ture, or immediately afterward, and ending 2 minutes after
the completion of acupuncture. Values before and after
acupuncture were averaged to determine pre- and post-
acupuncture values. The instantaneous average HR per
minute was also calculated. Fast Fourier transform was
performed using HRV analysis software (Lab Chart,”™
version 8.04) and the spectrum was visualized. The analy-
sis frequency was 0.04-0.50Hz, of which 0.04-0.15Hz
power was LF and 0.15-0.45Hz power was HF. The re-
spective percentages in the overall power included LFnu
(LF normalized unit, sympathetic) and HFnu (HF normal-
ized unit, parasympathetic). LFnu, HFnu, and LF/HF
(sympathetic—parasympathetic balance) were calculated.
For each index, first, the values of all subjects obtained
during acupuncture were compared with the pre- and post-
acupuncture values. The values of the subjects in each group
related to differences in acupuncture sensation were then
compared with the pre-acupuncture values. The specific
dependent variables included AHR, ALFnu, AHFnu, and
ALF/HF.

Pain intensity was measured using a visual analogue scale
(VAS), with a score of 100 indicating the ‘‘most intense’’
pain and O indicating ‘‘no pain.”” De Qi was evaluated, using
a categorical scale based on 5 levels; namely the following
responses: (1) ““I perceived nothing (i.e., acupuncture
performed ‘‘without any sensation’); (2) “‘I perceived the
stimulation, but not De Qi”’ (i.e., acupuncture performed
“with no De Qi, but with some sensation’’); (3) *‘Although
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weak, I perceived the De Qi sensation’ (i.e., acupuncture
performed ‘‘with weak De Qi”’); (4) “‘I perceived the De Qi
sensation very strongly”’ (i.e., acupuncture performed ‘‘with
strong De Qi’’); and (5) ““The De Qi sensation I perceived
was unbearably strong’’ (i.e., acupuncture performed ‘‘with
unbearably strong De Qi’’).

Comparisons

The first comparison was made among the average HRs
per minute of pre-, during-, and post-acupuncture stimula-
tion. The second comparison was made between HR and the
HRYV indices of pre-, during-, and post-acupuncture stimu-
lation. After that, between-groups were defined by weaker
and stronger pain (Weak pain group: subjects whose pain
VAS value was included in the lower half of the VAS values
of all subjects; Stronger pain group: subjects whose pain
VAS values were included in the upper half of the VAS
values of all subjects). Between-groups were also defined by
the absence or presence of De Qi sensation (without De Qi:
“without any sensation” group; ‘‘with no De Qi but with
some sensation’’ group; with De Qi: “with weak De Qi”’
group; “‘with strong De Qi”” group; and “‘with unbearably
strong De Qi group). Finally, comparisons were made
among the groups of perceived De Qi intensity.

Statistical Analysis

Data are shown as median (first quartile, third quartile).
Friedman’s and Tukey’s tests were used to analyze changes
in HR and HRYV indices. Correlations were determined via
the Spearman test. Pre- and during-acupuncture compari-
sons were performed using Wilcoxon or Mann—Whitney-U
tests. A y° test was used to determine goodness of fit.
JSTAT™ software (Japan)*, was used to perform all sta-
tistical analyses. P <0.05 was considered to be statistically
significant.

RESULTS

Of the initially recruited 40 subjects, 2 became agitated
after acupuncture was started, and unexpected background
noises from surrounding construction sites hampered the
measurement in 6 subjects; therefore, final analyses were
performed on the data obtained from 32 subjects (mean age:
20.9£0.84 years).

Changes in HR and HRYV Indices
During Acupuncture

Figure 1 depicts the average HR per minute.

Compared with the pre- (P <0.01) and post-acupuncture
(P<0.05) HRs, HRs obtained during acupuncture were
lower. There were significant changes in LFnu (decreased:
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FIG. 1. Measurement of the average HR per minute in 32 healthy volunteers for 4 minutes pre-, 2 minutes during, and 4 minutes post-
acupuncture at LI 10. The average HRs per minute in pre- and post-acupuncture were stable. HR decreased during acupuncture and

completely recovered after acupuncture was completed. The median (minimum value, first quartile, third quartile, maximum value) are
indicated. HR, heart rate, bpm, beats per minute.
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FIG. 2. (A) Correlation between De Qi and AHR for 4 minutes before and 2 minutes during acupuncture at LI 10. No significant
correlations were found among pain intensity, De Qi intensity, and AHR (rs=0.0848; P=0.626). (B) HR in subjects who perceived
weaker pain (n=16). HR decreased during acupuncture, compared with before acupuncture. (C) HR in subjects who perceived stronger
pain (n=16). HR decreased during acupuncture, compared with before acupuncture. (D) Comparison of AHR between the subjects with
weaker or stronger pain. There were no significant between-group differences in AHR. Data represent the median (first quartile; third
quartile). HR, heart rate; bpm, beats per minute; VAS, visual analogue scale; N.S., not significant; A, delta (changes of the index during
acupuncture compared to pre-acupuncture levels).
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P <0.01), HFnu (increased: P <0.01), and LF/HF (decreased:
P <0.01) during acupuncture, compared with levels obtained
during pre-acupuncture stimulation. There were also signifi-
cant changes in LFnu (decreased: P <0.01), HFnu (increased:
P <0.05), and LF/HF (decreased: P <0.05) during acupunc-
ture, compared with post-acupuncture stimulation levels.
There were no significant changes in LFnu, HFnu, and LF/HF
when pre- and post-acupuncture data were compared. Both
HR reductions and HRV indices shifted toward parasympa-
thetic dominance.

Correlation Between Subjective Pain Intensity
and Changes in HR and HRYV Indices

Figure 2A depicts the relationships among pain intensity,
De Qi intensity, and AHR. There was no significant correla-
tion between pain intensity and AHR (r,=0.0848; P=0.626)
in the total cohort.

Therefore, the subjects were divided into 2 groups based
on ratings of perceived pain intensity (Fig. 2A) and then
group-specific AHR was examined. Within both the weaker-
pain (n = 16) and stronger-pain groups (n=16), HR decreased
significantly during acupuncture (weaker pain: P=0.0063;
stronger pain: P=0.0013), compared with pre-acupuncture
HRs (Fig. 2B and C). <F2B&2C> There was no significant
between-group difference in AHR (Fig. 2D).

In the weaker-pain group, LFnu decreased significantly
(P=0.011), HFnu increased significantly (P=0.011), and
LF/HF decreased significantly (P=0.0076) during acupunc-
ture, compared with pre-acupuncture values. In the stronger-
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pain group, similar and significant changes were observed
(LFnu: P=0.0010; HFnu: P=0.0052; LF/HF: P=0.0013).
There were no significant between-group differences for
ALFnu, AHFnu, and ALF/HF (P=0.547, P=0.547, and
P=0.407, respectively). HRV indices showed that the ob-
served changes shifted the ANS toward parasympathetic
dominance, irrespective of the perceived pain intensity.

Correlation Between the Existence of De Qi
and Changes in HR and HRYV Indices

Figure 3A shows the relationship between De Qi intensity
and AHR. Parts B and C of Figure 3 show <F3B&3C> AHR
of the group without De Qi and of the group with De Qi. In
the group without De Qi, pre-acupuncture HR averages did
not change significantly during acupuncture (Fig. 3B). In the
group with De Qi, pre-acupuncture HR averages were re-
duced significantly during acupuncture (Fig. 3C). Notably,
HR decreased only in the presence of the De Qi sensation.

Figure 4 shows the changes of HRV indices, between pre-
acupuncture and during acupuncture, for the 2 De Qi groups.
LFnu decreased significantly in the group without (Fig. 4A)
and in the group with De Qi (Fig. 4B). HFnu increased
significantly in the group without (Fig. 4C) and in the group
with De Qi (Fig. 4D). LF/HF significantly decreased in the
group without (Fig. 4E) and with De Qi (Fig. 4F). For
ALFnu (P=0.711), AHFnu (P=0.458), and ALF/HF
(P=0.592) there were no significant between-group differ-
ences. HRV indices showed a shift toward parasympathetic
dominance, regardless of De Qi sensation.
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(A) Correlation between De Qi and AHR for 4 minutes before and for 2 minutes during acupuncture at LI 10. (B) AHR in

subjects without De Qi sensation (n=9). Pre-acupuncture HR values did not change significantly during acupuncture. (C) AHR in
subjects with De Qi sensation (n=23). Pre-acupuncture HR values were reduced significantly during acupuncture. Data represent the
median (first quartile; third quartile). HR, heart rate; bpm, beats per minute; N.S., not significant; A, delta (changes of the index during

acupuncture compared to pre-acupuncture levels).
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compared with pre-acupuncture levels).

Further analyses were then performed with a goodness-
of-fit test with subjects grouped according to the perceived
intensity of their De Qi sensations. No subjects reported
“‘unbearably strong De Qi.”” Table 1 shows AHR for each of
the De Qi groups. The proportion of subjects with decreased
HR was significantly larger in the groups ‘‘without any
sensation’” and ‘‘with weak De Qi.”” In contrast, there were
no significant changes in HR observed in subjects belonging
to the ““with no De Qi but with some sensation’’” and ‘‘with
strong De Qi’” groups.

Table 2 shows changes in HRV indices for each of the
De Qi groups. Although the proportion of subjects with
decreased LFnu or increased HFnu was not statistically
significant in the groups, the proportion of subjects with
decreased LF/HF ratios was significantly large in all
groups.

TABLE 1. RATIO OF SUBJECTS WITH SIGNIFICANT CHANGES
IN HR FOR 2 MINUTES DURING ACUPUNCTURE AT LI 10,
COMPARED WITH 4 MINUTES BEFORE ACUPUNCTURE,
ACCORDING TO DETAILED SUBJECTIVE RATINGS
OF D1 Q1 SENSATION

Acupuncture sensation Subjects with

during stimulation HR reduction P-value
Without De Qi
Without any sensation 4/4 (100%) P=0.0046*
With no De Qi but 2/5 (40%) P=0.65 (N.S.)
with some sensation
With De Qi
With weak De Qi 11/12 (91.7%) P=0.0039*
With strong De Qi 8/11 (72.7%) P=0.13 (N.S.)

*P<0.01.
HR, heart rate; N.S., not significant.
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TABLE 2. RATIO OF SUBJECTS WITH SIGNIFICANT CHANGES IN HRV INDICES* FOR 2 MINUTES DURING ACUPUNCTURE
AT LI 10, COMPARED WITH AVERAGE VALUES OF THE INDICES FOR 2 MINUTES FROM AND 4 MINUTES BEFORE ACUPUNCTURE,
AND FOR 2 MINUTES FROM AND 2 MINUTES BEFORE ACUPUNCTURE, ACCORDING TO DETAILED SUBJECTIVE
RATINGS OF DE Q SENSATIONS.

Acupuncture sensation Subjects with LFnu reduction

Subjects with HFnu increase

Subjects with LF/HF reduction

Without Di Qi
Without any sensation
With no de-qi, but
with some sensation
With De Qi
With weak De Qi
With strong De Qi

3/4 (75%); P=0.32 (N.S.)
5/5 (100%); P=0.025*

10/12 (83.3%); P=0.021*
10/11 (90.9%); P=0.0067**

3/4 (75%); P=0.32 (N.S.)
4/5 (80%); P=0.18 (N.S.)

9/12 (75.0%); P=0.083 (N.S.)
9/11 (81.8%); P=0.035*

4/4 (100%); P=0.046*
5/5 (100%); P=0.025*

10/12 (83.3%); P=0.021*
10/11 (90.9%); P=0.0067**

“Normalized low-frequency (LF) component, normalized high-frequency (HF) component, LF/HF.

#p<0.05; **p<0.01.

HRYV, heart rate variability; LFnu, low-frequency normalized units; HFnu, high-frequency normalizd units; N.S., not significant.

DISCUSSION

The average HR per minute (Fig. 1) showed that, during
the second half of the acupuncture period, there was a sig-
nificant decrease in HR, compared with almost all other
time points, pre- and post-acupuncture. This was not the
case in the first half of the acupuncture period. Just as acute
pain increased HR transiently,' acupuncture increased LF/
HF significantly (albeit briefly), indicating a transient shift
toward sympathetic dominance, accompanied by a corre-
sponding increase in HR.?® Animal studies have shown that
transient cutaneous nociceptive stimulation increases
HR.?’?® Acupuncture comprises two main phases: (1)
needle skin puncture and (2) subsequent needle manipula-
tion.*> Acupuncture might thus increase HR transiently
because HR is likely influenced by the acute cutaneous
stimulation generated upon needle insertion. Therefore,
based on the result of the second half of the acupuncture
period, the current authors suggest that deep acupuncture, in
fact, decreases HR.

Next, the data, which were obtained at 4 minutes pre-, 2
minutes during, and 4 minutes post acupuncture confirmed
that, when HR decreased, ANS function shifted transiently
toward parasympathetic dominance. To obtain sufficient re-
liability during HRV analyses, it might be beneficial to an-
alyze HR over a 3-minute or longer period. In a previous
study, Streitberger and Kleinhenz collected 1-minute, short-
term HRV measures to obtain a higher temporal resolution.””
Referring to that study by Streitberger and Kleinhenz, the
current authors collected data every 2 minutes to produce a
higher temporal resolution while obtaining reliability.

HR decreased during acupuncture in the presence—but
not in the absence—of a De Qi sensation. Thus, De Qi was
associated with the shift toward parasympathetic domi-
nance. In contrast, HRV analysis showed a shift toward
parasympathetic dominance, regardless of the presence or
absence of De Qi. Thus, these results were contradictory. To

elucidate this apparent contradiction, AHR and HRV indices
were analyzed qualitatively, focusing on more-detailed
sensory perception. In the “weak De Qi”’ group, a signifi-
cantly greater number of subjects had HR reductions, indi-
cating a shift toward parasympathetic dominance. In this
group, HRV indices also supported a shift toward para-
sympathetic dominance. In the ‘I perceived nothing’’ group,
changes in HR and HRV indices also supported a shift to-
ward parasympathetic dominance. Therefore, even in the
absence of any sensation, acupuncture caused a shift toward
parasympathetic dominance and reduced HR. The reason for
this result may be explained because the change to para-
sympathetic dominance observed in this study was caused by
the impulses of acupuncture stimulation but was caused by
the impulses that did not project on the sensory cortex among
those impulses.

In the “without De Qi but with some sensation’” group,
AHR was nonsignificant, indicating no shift toward para-
sympathetic dominance; however, HRV indices did show a
change toward parasympathetic dominance. It is possible
that acupuncture caused the HRV-related shift toward
parasympathetic dominance, but that the balance of para-
sympathetic nerve dominance failed to exceed some thresh-
old value and, therefore, was not sufficient to decrease HR. In
addition, impulses that caused sensation but no De Qi might
have inhibited the shift toward parasympathetic dominance.
This hypothesis could account for the observed contradiction
between AHR and HRYV indices seen in the ‘‘strong De Qi”
group. Although most acupuncture impulses induced a shift
toward parasympathetic dominance, some produced sharp
pain and not De Qi; these impulses might inhibit the shift
toward parasympathetic dominance and HR reduction.
Therefore, further detailed studies that analyze ratios of De
Qi and sharp pain quantitatively are needed.

Previous studies revealed that noxious stimuli can change
ANS function; impulses from C-nociceptors incite parasym-
pathetic dominance, whereas impulses from Ad- nociceptors
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incite sympathetic dominance.”® Beissner et al. concluded that
acupuncture might produce a special pain stimulus that ac-
tivates C-nociceptors.”? In the current study, the current
authors propose that the observed changes in ANS function
during acupuncture were mostly produced by impulses
transmitted by C-fibers projecting to the hypothalamus and
the brainstem, rather than via the sensory cortex. Further-
more, impulses transmitted by AJ-fibers might inhibit AHR.
The current authors suppose that acupuncture stimulation
can alter ANS function by supraspinal reflection, regardless
of the acupuncture-related sensations.

A previous study found that changes in parasympathetic
nervous activity correlated with the number of De Qi sen-
sations.'” Although De Qi is caused only by C-fiber im-
pulses projected to the sensory cortex, De Qi might be an
indicator of the presence of C-fiber impulses generated by
acupuncture stimulation. This hypothesis justifies why De
Qi has been regarded as an indicator of acupuncture-related
ANS effects.

The current study investigated the effects of acupuncture-
related pain and De Qi sensations on HR and HRV indices
as a measure of ANS function. The results suggested that
deep acupuncture stimulation reduced HR even without De
Qi, and caused a shift in ANS toward parasympathetic
dominance, irrespective of the acupuncture sensation that
was perceived.

Limitations

This study had several limitations. The principal limita-
tion was the relatively small sample size. Therefore, addi-
tional well-powered studies are needed. In addition, this
study only demonstrated the effect of ‘‘deep’ acupuncture
sensation on ANS function. The effects of acupuncture
sensation on post-stimulation ANS function and the effects
of cutaneous acupuncture sensation on ANS function were
not identified in this study. Hence, additional studies are
needed.

CONCLUSIONS

In this study, the aim was to clarify the relationship be-
tween subjectively perceived acupuncture sensations and
AHR and ANS functions during acupuncture. Deep acu-
puncture reduced HR significantly, even in the absence of
sensation, and shifted ANS function toward parasympa-
thetic dominance, regardless of perceived levels of pain and
De Qi.
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