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Research Highlights

(1) Immediate stimulation of auricular pressing elevated heart rate variability among students with
pre-exam anxiety and normal controls.

(2) Auricular pressing transiently restored balance between sympathetic and vagus nerves in
students with pre-exam anxiety.

(3) Auricular pressing was able to simultaneously excite sympathetic and vagus nerves in normal
students.

(4) Compared with normal controls, auricular pressing increased the root mean square of standard
deviation of normal to normal intervals and vagus nerve excitation in students with pre-exam
anxiety.

(5) Elevation of heart rate variability appears to be a potential mechanism for auricular pressing to
treat pre-exam anxiety.
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INTRODUCTION

Pre-exam anxiety is a type of acute stress disorder™”.
The disorder typically manifests as nervousness and
increased heart rate, and can affect students’ exam
results™. Severe pre-exam anxiety causes a clear
physiological and psychological reaction, directly
affecting examination results, and can even influence
quality of life and learning ability™.

Presently used methods for treating pre-exam anxiety
include drugs, acupuncture, auricular point therapy, and
psychotherapy™®. Auricular point therapy is very popular
in China, because of its significant curative effect. In
addition, auricular point therapy is convenient to learn,
has a low price, and no known adverse effects. Auricular
pressing is one type of auricular point therapy, in which
cowherb seed is fixed on the auricular point using tape,
to perform compression stimulation®*®!. Auricular
pressing has been reported to have significant curative
effects in the treatment of chronic disease®*.,

Pre-exam anxiety is a special type of anxiety'®, and
anxiety disorders in childhood and adolescence are
strongly associated with autonomic nervous system
disorders™®. The sympathetic and vagus nerves are
thought to be distributed on the auricle™”. As such, we
determined if auricular pressing could correct the
disordered state of the autonomic nervous system and
restore balance between sympathetic and vagus nerve
tensions to treat pre-exam anxiety.

Heart rate variability is a quantitative index of autonomic
nervous system function, and can reflect the tension and
dynamic balance of the sympathetic and vagus
nerves®2%,

The present study compared the effects of auricular
pressing on heart rate variability between healthy
pre-exam students and students with pre-exam anxiety
using an Actiheart electrocardiogram recorder.

RESULTS

Quantitative analysis of subjects

A total of 60 subjects were included, consisting of 30
students with pre-exam anxiety (anxiety group) and 30
normal control students (normal group). Two subjects
from the anxiety group were excluded because data
collection was interrupted. Thus, a total of 58 subjects
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were included in the final analysis.

Basic data of pre-exam anxiety students and normal
control students

No significant differences in gender, age, height, body
mass, body mass index and heart rate were found
between the two groups (P > 0.05). However, Test
Anxiety Scale scores were significantly higher in the
anxiety group than in that the control group (Table 1).

Table 1 Comparison of general data of pre-exam anxiety
students and normal control students

Anxiety Normal
Item group group Xt P
(n = 28) (n=30)
Gender (male/female, n) 14/14 15/15 0.000 1.000
Age (year) 22.04+0.92 21.63+0.89 1.691 0.096
Height (cm) 164.71+6.46 166.20+7.37 -0.814 0.419

Body mass (kg) 52.75+6.54 55.70+8.55 -1.468 0.148
Body mass index (kg/m?) 19.42+1.96 20.08+1.99 —1.266 0.211
Heart rate (times/min) 61.86+8.06 63.53+6.25 —0.888 0.378
Test Anxiety Scale 15.3242.42  6.70+1.75 15.469 0.000

Results are expressed as mean + SD. t-test and chi-square tests
revealed no significant differences in gender, age, height, body
mass, body mass index and heart rate between the two groups.
High scores on Test Anxiety Scale represent increased anxiety.

Auricular pressing elevated heart rate variability in
subjects

In the anxiety group, the Actiheart electrocardiogram
results revealed that the standard deviation of all normal to
normal intervals and the root mean square of standard
deviation of normal to normal intervals were significantly
increased in the first half (10 minutes) of auricular
pressing stimulation compared with baseline. Standard
deviation of all normal to normal intervals, logarithm of
very-low-frequency power and logarithm of low-frequency
power were significantly increased in the second half (10
minutes) of stimulation compared with baseline (P < 0.05).
In the normal group, standard deviation of all normal to
normal intervals, root mean square of standard deviation
of normal to normal intervals, logarithm of
very-low-frequency power and the ratio of low-frequency
to high-frequency power were significantly increased in
the first half (10 minutes) of the stimulation period
compared with baseline. Standard deviation of all normal
to normal intervals, logarithm of low-frequency power,
logarithm of very-low-frequency power and ratio of
low-frequency to high-frequency power were significantly
increased in the second half (10 minutes) of stimulation
compared with baseline (P < 0.05). Compared with the
first half (10 minutes) of the stimulation period, ratio of
low-frequency to high-frequency power was higher in the
second half (10 minutes) of stimulation in the normal
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control group (P < 0.05).

Compared with the normal control group in the same
time period, the increase in root mean square of
standard deviation of normal to normal intervals was
significantly greater in the anxiety group in both the first
half and second half of the stimulation period (P < 0.05;
Table 2).

DISCUSSION

According to traditional Chinese medicine, the onset of
pre-exam anxiety is associated with heart, liver and kidney
function. However, in Western medicine exam anxiety is
thought to be associated with an imbalance of excitation
and inhibition in the cerebral cortex® ?"!. The current study
examined six auricular points of the heart, liver, kidney,
Shenmen (HT7), endocrine and adrenal gland to observe
the influence of immediate effects on heart rate variability

in pre-exam anxiety students, and to explore the
mechanism of action of auricular point therapy.

A previous study reported that anxiety patients exhibited

autonomic nerve dysfunction, parasympathetic

hypofunction and sympathetic hyperfunction®®?. The
current results revealed that the standard deviation of all
normal to normal intervals and root mean square of
standard deviation of normal to normal intervals were
increased in the first half (10 minutes) of auricular
pressing stimulation. Previously, it has been reported
that standard deviation of all normal to normal intervals
reflects the tension of the autonomic nervous system,

and the root mean square of standard deviation of
normal to normal intervals reflects the tension of the
vagal system®?. The results discussed above suggest
that the treatment may have enhanced the regulatory
ability of the autonomic nervous system, possibly by
increased vagal nerve excitability. Taken together, the
current findings indicate that auricular pressing increased
standard deviation of all normal to normal intervals and
root mean square of standard deviation of normal to
normal intervals, possibly reflecting the mechanism of
action for treating pre-exam anxiety.

Standard deviation of all normal to normal intervals®®,
which reflects the tension of the autonomic nervous
system; very-low-frequency power?, which reflects the
function of the sympathetic nerve system; and low-
frequency power®!, a quantitative indicator of vagus-
sympathetic balance, were increased in the second half
(10 minutes) of auricular pressing. The intensity of
auricular pressing was presumably relatively weak, so
the sympathetic nerve and vagus nerve activity became
disordered again after transient recovery (i.e.
sympathetic hyperfunction). In contrast to the pre-exam
anxiety students, standard deviation of all normal to
normal intervals, root mean square of standard deviation
of normal to normal intervals, logarithm of very-low-
frequency power and ratio of low-frequency to high-
frequency power were all elevated in normal students in
the first half (10 minutes) of the stimulation period.
Moreover, the sympathetic and vagus nerves were
excited, and their total tension was increased. These
findings indicate that autonomic nerve function was in a
balanced state after stimulation.

Table 2 Comparison of immediate effects of heart rate variability after auricular pressing between anxiety and normal groups
Item Group  Pre-stimulation First 10 minutes of stimulation ~ Second 10 minutes of stimulation
Standard deviation of all normal to normal Anxiety 70.94+27.38 79.64+33.25% 77.95+28.84%
intervals (ms) Normal 60.34+23.35 65.43+24.15% 68.06+23.35%
Standard deviation of the averages of normal  Anxiety 22.59+19.39 24.32+24.82 20.91+18.10
to normal intervals (ms) Normal 20.48+26.98 17.23+13.45 19.42+16.74
Root mean square of standard deviation of Anxiety  70.86+45.65 78.55+43.40%° 77.28+44.13°
normal to normal intervals (ms) Normal 54.49+24.04 58.86+25.03% 57.43+25.65
Heart rate variability triangular index Anxiety 15.7145.18 16.89+4.65 16.46+4.38
Normal 14.50+4.65 15.27+4.43 15.13+3.98
Logarithm of very-low-frequency power (ms) Anxiety 7.07+0.84 7.2940.93 7.54+0.65%
Normal 6.77+0.87 7.28+0.77% 7.48+0.86%
Logarithm of low-frequency power (ms) Anxiety 7.09+0.87 7.27+0.88 7.41+0.73%
Normal 6.93+1.02 7.07+0.84 7.24+0.87%
Logarithm of high-frequency power (ms) Anxiety 7.13+1.04 7.28+1.08 7.28+0.96
Normal 6.94+0.80 6.92+0.84 6.91+0.85
Ratio of low-frequency to high-frequency Anxiety 1.32+1.23 1.30+0.85 1.57+1.49
power Normal 1.20+0.75 1.43+0.96% 1.77+1.23%
Results are expressed as mean * SD. There were 28 subjects in the anxiety group and 30 subjects in the normal group. P < 0.05, vs.
pre-stimulation; °P < 0.05, vs. first 10 minutes of stimulation (analysis of variance/Friedman test); °P < 0.05, vs. normal group (analysis of
variance/Mann-Whitney U test).
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Compared with normal controls, auricular pressing
affected root mean square of standard deviation of
normal to normal intervals significantly more in pre-exam
anxiety students. Pre-exam anxiety students have been
previously reported to suffer from autonomic nerve
dysfunction, parasympathetic hypofunction and
sympathetic hyperfunction®®. Root mean square of
standard deviation of normal to normal intervals was
clearly increased and the vagus nerve was excited
during stimulation.

The current findings revealed changes in heart rate
variability indices between pre-exam anxiety students
and normal control students after auricular pressing,
demonstrating that immediate stimulation of auricular
pressing could elevate heart rate variability, particularly
increasing the root mean square of standard deviation of
normal to normal intervals, which may represent a
mechanism for the treatment of pre-exam anxiety.
However, the present study had several limitations,
including small sample size, short course of treatment,
and students susceptible to outside influence. These
limitations should be addressed in future studies.

SUBJECTS AND METHODS

Design
Electrophysiological, clinical case-controlled study.

Time and setting

Experiments were conducted in the Laboratory of
Acupuncture and Manipulation, TCM School of Southern
Medical University, China from March to May 2011.

Subjects

A total of 60 subjects were recruited from Southern
Medical University, including 30 normal controls and 30
students with pre-exam anxiety. Students were recruited
through posters at the University.

Inclusion criteria

Normal control group: (1) no heart diseases, such as
valvular heart disease, myocarditis or arrhythmia, no
history of organic disease or psychiatric history; (2) did
not take drugs that can impair cardiac rhythm such as
receptor blocker or digitalis; (3) no thrombocytopenia,
hemophilia or coagulation disorders; (4) did not receive
acupuncture treatment within the previous 1 month; did
not have fear about acupuncture; (5) have examination
within 1 week from testing; (6) scoring < 12 points on the
Test Anxiety Scalel®?2%,
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Anxiety group: As well as the first five inclusion criteria
for the normal control group, the anxiety group had a
score of 12—20 points on the Test Anxiety Scale, and
experienced anxiety over 24 hours before the
examination, as well as meeting the diagnostic criteria of
acute stress disorder™™: (1) suffering from a stressful life
event suddenly before onset, and no other mental
disorders; (2) a clear correlation between symptom
occurrence and stress source; onset within several
minutes or several hours; (3) clinically exhibiting
psychomotor excitement, i.e. fearful emotions and other
autonomic nervous system symptoms; (4) short course
of symptoms, typically between several hours to 1 week,
with good prognosis.

Exclusion criteria

(1) Secondary anxiety following hyperthyroidism,
hypertension and coronary atherosclerotic heart disease;
(2) analeptic drug overdose, sedatives or anti-anxiety
drugs, anxiety combined with compulsion, phobia,
hypochondria, neurasthenia, mania, depression or
schizophrenia.

We obtained informed consent from all subjects, and
conducted the study in accordance with the ethical
requirements of the Helsinki Declaration.

Methods

Experimental procedures

All experiments were performed from 19:00 to 24:00 in the
same quiet comfortable environment. Before the
experiment, all students wore Aearo-Expess ear plugs (lot
No. R5A018; Aearo Company, Indianapolis, IN, USA) and
a black eye shield (lot No. MRX003-C011, Annan Tanye
Technology Co., Ltd., Lishui, Zhejiang Province, China).
After the Actiheart equipment was set up, the students lay
on their back for 10 minutes, and the laboratory technician
began to record the time. 10 minutes later, the laboratory
technician removed the ear plug on one side, sterilized the
auricle, and then stuck a cowherb seed (Guangzhou
Suixin Medical Instruments Co., Ltd., Guangzhou,
Guangdong Province, China) onto a 0.5 x 0.5 cm? piece of
medical tape. The tape was stuck on the auricular point
using a forceps. The ear plug was then replaced. Auricular
pressing was conducted and heart rate variability was
monitored.

Auricular point selection and stimulation method
The main stimulation points included the heatrt, liver,
kidney, and Shenmen. Adjunct points included the
endocrine and adrenal gland. Acupoint locations were
chosen in accordance with the Nomenclature and
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Location of Auricular Points #".

The stimulation method was performed as follows:
auricular points were compressed by the same laboratory
technician using the forefinger and thumb, positioned
vertically, applying firm and well-distributed pressure, so
that some tenderness of the ear was felt. Stimulation was
applied with a frequency of twice per second, and each
acupoint was stimulated in order. Each main point was
stimulated for 4 minutes, and each adjunct point for 2
minutes. Compression was terminated 20 minutes later,
and the time was recorded. The students still lay on their
back for 20 minutes. The laboratory technicians removed
the equipment and recorded the time.

Monitoring heart rate variability

After the operational procedure was installed, the
Actiheart card reader connected to an USB interface of a
computer (Actiheart, Cambridge Neurotechnology Ltd.,
Cambridge, UK). “Short-range record” was selected to
record general conditions of each subject, including
name, date of birth, gender, height and weight. The
subjects lay on their back and rested for 10 minutes. An
Ambu electrocardiogram electrode slice (Ambu blue
sensor VL-00-S, Ambu A/S, Ballerup, Denmark) was
attached to the xiphoid process, and the Actiheart
electrocardio-monitor was placed on this electrode slice.
The wire from the monitor was spread out to the left and
kept horizontally straight, while another electrode slice
was attached at the end of this wire. Monitoring began
10 minutes before stimulation, and continued until the
end of 20-minute stimulation period. The record was
conducted by the same person for each subject®®?,

Data processing

The monitor was placed on the card reader, and the data
were read and stored. After entering the short-range
record procedure, sampling time was set at 5 minutes to
increase the comparability with pre-stimulation data. Three
time periods (pre-stimulation, first 10 minutes of
stimulation and second 10 minutes of stimulation) were
selected for analysis, and data were entered into Excel.
Time domain indices of heart rate variability were recorded,
consisting of standard deviation of all normal to normal
intervals, root mean square of standard deviation of
normal to normal intervals and heart rate variability
triangular index. The whole experiment was divided into
consecutive 5-minute time periods. The average normal to
normal interval was calculated for every 5-minute period,
followed by the standard deviation of the average of
normal to normal interval. Frequency domain indices were
recorded, containing very-low-frequency power, low-

frequency power and high-frequency power, and ratio of
low-frequency to high-frequency power® %, Logarithmic
transformation was carried out on very-low-frequency
power, low-frequency power and high-frequency power.

Statistical analysis

Using SPSS 13.0 software (SPSS, Chicago, IL, USA),
analysis of variance and non-parametric testing were
used to compare the difference in heart rate variability
indices before stimulation, the first 10 minutes of
stimulation and the second 10 minutes of stimulation in
both groups. Results were expressed as mean = SD. A
value of P < 0.05 was considered statistically
significant.
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