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Abstract

Stress is a common and often unavoidable aspect of daily life that can negatively impact the autonomic nervous
system, which controls the functions of internal organs and glands. Chronic stress has been associated with an imbalance
in autonomic nervous system function, leading to a range of health conditions. Acupuncture is a medical treatment
modality that has been applied to health care in different dimensions including physical, mental, and spiritual. This study
aimed to investigate the effect of acupuncture on blood pressure, heart rate, and salivary cortisol level in mild stress
university students, a population particularly vulnerable to stress. Twenty-eight university students were recruited and
divided into two groups, a real acupuncture group and a sham acupuncture group. Heart rate, blood pressure, and salivary
cortisol level were evaluated before and after a 30-minute acupuncture session on the ST36 acupoint. The results showed
that the real acupuncture group had a significant decrease in blood pressure and heart rate, whereas the sham acupuncture
group showed no change. Both groups had a slight decrease in salivary cortisol levels with no statistical significance.
There was a statistically significant difference in the decrease of systolic blood pressure and heart rate after acupuncture
between the two groups, but there was no significant difference between the groups in salivary cortisol level after
acupuncture. The findings suggest that acupuncture can be a valuable treatment for restoring balance to the symptoms of
the autonomic nervous system in university students experiencing stress. A larger sample size, non-intervention control,
as well as different sources and times of cortisol collection, could contribute to the validation of the findings in this study.

Keywords: Acupuncture; acupoint; autonomic nervous system; stress level; alternative medicine; traditional Chinese
medicine; cortisol level

1. Introduction students, leading to considerable consequences on

Stress is a common mental health disorder
that can lead to illness and disability among
adolescents. University or college students are
among the age group of adolescents which are at
greater risk of mental health conditions (Mohan et
al., 2022). Stress frequently affects university

their mental and physical well-being, along with
their academic achievements (Asif et al., 2020).
Prior research has shown strongly linked stress-
inducing factors among medical students included
personal relationships, physical well-being, mental
health, challenges in social interactions,
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contentment with academic performance, and
a sense of monotony in education (Phomprasith et
al., 2022). The stress experienced by university
students can be interpreted as the body's response,
both in terms of neurological and physiological
aspects, to acclimate to the unfamiliar situation
(Dyrbye et al., 2005). Previous study affirmed that
chronic stress and anxiety exert an adverse impact
on mental health, while also establishing a
connection to thoughts of suicide among medical
students (Rosiek et al., 2016). Numerous research
studies have documented a significant prevalence of
stress-related conditions in university students.
A cross-sectional study of university students in
Thailand revealed that the prevalence of high stress
levels among the students was found to be 44.3%,
with the main sources of stress being academic
demands, financial problems, and personal
relationships (Srichan et al., 2020). Similarly, the
prevalence of moderate to high stress levels among
medical students in Thailand was found to be 44.9%
and 38.6%, respectively (Norphun et al., 2020)
Moreover, those students with high stress levels
were significantly associated with their engagement
in ineffective coping techniques (Norphun et al.,
2020). Taken together, the literature reviewed
reiterated the importance of considering the need for
interventions to address stress among university
students in Thailand and to provide support for their
mental health needs.

The autonomic nervous system (ANS) has a
direct role in physical response to stress. The ANS
is in the peripheral division of nervous system
which controls the functions of internal organs and
glands (Goldstein et al., 2002). There are the
sympathetic nervous system (SNS) and the
parasympathetic nervous system (PNS) in ANS that
work in opposition to each other to maintain the
homeostasis of the body (Janig, 2006). Stress is a
prevalent and often unavoidable aspect of daily life
that can negatively impact the ANS and leads to
various health issues (McEwen, 2005). Chronic
stress has been linked to an imbalance in ANS
function, characterized by increased sympathetic
activity and decreased parasympathetic activity,
which has been associated with a range of health
problems, including hypertension, cardiovascular
disease, and gastrointestinal disorders (Esler et al.,
2003; Konturek et al., 2011). Therefore, assessment
of ANS parameters can be used to evaluate and
indicate individual’s stress (Bian et al., 2022).
Moreover, employing biological indicators is an

objective approach to the diagnosis of stress and
mental illnesses. Cortisol, a hormone synthesized
by the adrenal cortex, is frequently employed as a
stress biomarker. Examination of saliva cortisol is
highly preferred because of its quickness, cost-
effectiveness, and non-invasiveness. However,
caution should be exercised when utilizing saliva to
identify markers, given that its composition can
fluctuate based on variables such as circadian
rhythms, age, gender, dietary habits, tobacco
consumption, and medication usage (Chojnowska et
al., 2021).

Acupuncture is a traditional Chinese
medicine technique that involves the insertion of
thin needles into specific points on the body to
stimulate the flow of energy and restore the balance
of the body. Acupuncture has been used to treat a
wide range of mental health conditions, including
chronic pain, anxiety, and depression (Sniezek, &
Siddiqui, 2013; You et al., 2021). It's important to
note that acupuncture is a personalized treatment
that involves a comprehensive diagnosis and
individualized treatment plan. Therefore, numerous
specific acupoints were selected based on principles
from traditional Chinese medicine. The aim was to
target the diagnostic patterns associated with
Shaoyin and Jueyin syndromes, which commonly
observed in individuals experiencing heightened
levels of stress (Fleckenstein et al., 2018; Huang et
al., 2011; Oh et al., 2012). This study selected Zu-
San-Li (ST36) acupoint according to the
acupuncture theory as this point is believed to have
calming and balancing effects on the mind and
body, and may help to reduce symptoms of stress,
anxiety, and insomnia (Eshkevari et al., 2012).

Acupuncture has been proposed as a
potential therapy for autonomic nervous system
(ANS) imbalances, which can manifest as a variety
of conditions such as hypertension, anxiety, and
digestive disorders. Some studies have suggested
that acupuncture may help to regulate ANS activity
and restore balance. Acupuncture has been applied
in  addressing diverse ailments, including
cardiovascular disorders like hypertension. Many
investigations have indicated that acupuncture can
reduce blood pressure (BP) in individuals with
hypertension (Liu et al., 2015; Wang et al., 2013).
In cases of chronic stress, levels of the sympathetic
neuropeptide, neuropeptide Y (NPY), have been
observed to rise, leading to the suggestion that it
plays a role in the body's physiological reaction to
stress. There are literatures explaining that the
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Hypothalamic-Pituitary-Adrenal (HPA) axis is a
key component of the stress response system related
to NPY. When the brain perceives stress, the
hypothalamus releases  corticotropin-releasing
hormone (CRH), which stimulates the pituitary
gland to release adrenocorticotropic hormone
(ACTH). ACTH then triggers the release of cortisol
from the adrenal glands. NPY has been shown to
inhibit the release of CRH in the hypothalamus,
reducing the activation of the HPA axis. This
modulation helps regulate the release of stress
hormones such as cortisol, thereby influencing the
body's overall stress response (Smith & Vale,
2006). Cortisol takes on the role of the primary
adrenal stress hormone in humans whereas
corticosterone (CORT) serves as the primary
corticosteroid hormone in rodents (Joéls et al.,
2018). The aforementioned mechanism was
investigated in a rat model of ethanol withdrawal.
Acupuncture was employed to investigate its impact
on plasma levels of CORT, ACTH, and the protein
levels of CRH in the paraventricular nucleus of the
hypothalamus. The study revealed that acupuncture
at the ST36 point prevented the rise in plasma
CORT and ACTH levels during ethanol withdrawal
and counteracted the excessive expression of CRH
protein in the hypothalamus (Zhao et al., 2014).
NPY is produced and secreted in the central and
peripheral nervous systems. In the peripheral
nervous system, it acts as a neurotransmitter
influencing the release of norepinephrine. This can
lead to vasoconstriction, increased heart rate, and
other physiological responses associated with the
stress response (Ruohonen et al.,, 2012). In the
central nervous system, NPY interacts with Y1
receptor in the brain which causes vasoconstriction
leading to high blood pressure. Thus, regulation of
NPY is associated with heart rate and blood
pressure (Vella, 2016). Previous mouse model study
reported that the treatment of chronic stress using
electroacupuncture (EA) on ST36 acupoint, both
administering EA to the ST36 acupoint before and
simultaneously with the cold stress effectively
inhibited the elevation of both peripheral and central
neuropeptide Y (NPY) levels after a 14-day period
(P < 0.05) (Eshkevari et al., 2012). In summary,
diminishing heart rate and blood pressure through
NPY and cortisol levels which are related to stress
were mostly studied in animal models. In a systemic
review of six randomized control trials reports only
two studies exhibited the reduction on cortisol level
after receiving acupuncture; however, no studies

use single ST36 acupoint for the intervention (Lim
et al., 2010). Thus, the evaluation of using single
acupoint made it an interesting topic to study as this
will be beneficial for stress management.

2. Objectives

This study aimed to evaluate the potential of
ST36 acupoint with manual acupuncture to reduce
the salivary cortisol level and ANS parameters
(blood pressure and heart rate) in university students
with mild stress level.

3. Materials and methods
3.1 Clinical trial

This study was a randomized controlled trial
that employed a single-blind methodology with the
participants being blinded. Ethical approval was
obtained from the Mae Fah Luang Ethics
Committee on Human Research under Certificate
No. 110/202. The study was conducted at Mae Fah
Luang University Hospital. All participants were
offered one therapy session for their participation
and were required to sign an informed consent form.

3.2 Intervention and procedure

The participants were students at Mae Fah
Luang University—both genders, aged 18-23
years. On the first arrival for the screening meeting,
participants were given more detailed information
about the procedures of the study. The recruitment
was carried out by using Thai stress test to obtain
mild stress students, with no psychiatric disorders
(schizophrenia and other psychotic disorders,
bipolar disorder, obsessive-compulsive disorder
substance-related  disorders, and  addictive
disorders) or physical ailments that the researcher
considers significant and inappropriate or risky for
involvement in the study. Pregnant woman and
participants who had received acupuncture or
electroacupuncture treatment in the past 3 months
were excluded in this study. Preliminary
investigations, commonly known as pilot studies,
typically mark the initial phase of experimental
research. Conducted on a smaller scale, this study
provided insights into intervention development,
assess study feasibility, and offer a preview of how
the larger main study would unfold if undertaken.

Twenty-eight participants were evaluated
stress level by Thai stress test before the
intervention day and underwent the concealment of
group allocation using a computer-generated
number. The mild stress participants were provided
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with instructions and appropriate material for
salivary cortisol collection. The collection was done
at home prior to the experimental site, between 7.00
— 7.30 a.m., then keep in suitable container and
bring to the facility. The protocol for saliva
collection was done following the previous study
(Amorim et al., 2022). After saliva collection, ANS
physiological parameters (heart rate and blood
pressure) were collected by the researchers and then
the participants were blinded to the type of
intervention  (real acupuncture and sham
acupuncture), and the treatment session lasted for
30 minutes. After treatment session, salivary
cortisol, blood pressure, and heart rate were
collected immediately before 9.00 a.m. in the same
day.

3.3 Thai stress test

The self-report stress test used to evaluate
stress level of the participants was the Thai stress
test (Ngamthipwathana & Sukhatungkha, 2000).
The assessment comprises a set of 24 questions
depicting psychological responses (both positive
and negative) linked to everyday occurrences in the
lives of Thai individuals. All 24 questions within the
evaluation were utilized to gauge an individual's
emotions and thoughts (both positive and negative)
throughout the previous month. The score was
calculated following the matrix table of the Thai
stress test interpreting 4 levels of stress as excellent
mental health, normal mental health, mild stress and
stressful. People with mild stress were selected for
this study.

3.4 Salivary cortisol collection and analysis
Participants  were  given  guidance,
demonstration and appropriate materials to collect
saliva samples before the collection date at the
experimental site by researchers. The first collection
process took place at home, and the sample was kept
in a suitable container upon reaching the facility.
Participants were instructed as follows: (1) Refrain
from physical activity for 3 hours before collecting
the sample; (2) Avoid eating, drinking, chewing
gum, or brushing teeth in the 30 minutes prior to
sample collection; (3) Inform researchers of any
medication being taken; (4) If experiencing oral
diseases, inflammation, injuries, or recent tooth
extraction, refrain from sample collection to prevent
contamination with blood; (5) Do not use
substances that could increase saliva production
during sample collection; (6) Rinse mouth, drink

half a glass of water, and wait 5 minutes before
collecting the sample; (7) Wash hands with soap
and water, and dry with a clean towel before starting
collection; (8) Initiate the first saliva collection 30
minutes after waking, using the provided container;
(9) Gather small amounts of saliva in the mouth and
transfer to the collection container, ensuring at least
2.5 mL of saliva is collected; (10) Store samples in
the refrigerator (2°C-8°C) until delivering to
researchers; (11) Note the collection time on the
label of the container; (12) Inform researchers if any
deviations from these instructions occur. The
second collection of saliva samples after treatment
session took place at the experimental site by the
researchers. The concentration of cortisol in saliva
was analyzed using ELISA (range 0.005-3 pg/dl,
IBL International Cortisol Saliva ELISA, RE52611,
Hamburg, = Germany) according to the
manufacturer's procedure. Saliva samples were
tested in duplicates and the mean coefficient of
variation was <10%. The samples acquired from an
individual were examined together in a single batch
to prevent any discrepancies between different
analysis runs.

3.5 Acupuncture session

Both groups of participants were blinded to
the type of intervention (real acupuncture and sham
acupuncture), and the treatment session lasted for
30 minutes. The participants received the
intervention in the seated knee flexion position.
They were kept unaware of the intervention, with a
hospital trolley table arranged over their knees to
obstruct their view of the intervention. In the real
acupuncture group, a disposable stainless-steel
needle (diameter 0.25 mm, length: 25 mm,
BOENMED brand, China) was used. After
disinfecting the acupoint area with alcohol, the
needle was inserted bilaterally into the ST36
acupoint over the tibialis anterior muscle to a depth
of approximately 1 cm. The needle was then left in
place for 30 minutes without additional
manipulation and was then removed. In the sham
acupuncture group, a non-penetrating needle was
used to simulate acupuncture without actually
puncturing the skin. The non-penetrating needle
was placed on the skin surface of the ST36 acupoint
without insertion, and the same concealment
technique and time duration as the real acupuncture
group was performed.
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3.6 Evaluation of ANS physiological parameters

At the arrival of the experimental site,
participants were asked to rest for 5 minutes before
blood pressure and heart rate measurement. The
recording of ANS physiological parameters (blood
pressure and heart rate) were measured by the
Biolight M7000 Multiparameter Patient Monitor
(BIOM7000) before and after an intervention in the
same participants.

3.7 Data analysis

Changes in each variable were examined for
significance using a t-Test. SPSS version 22 was
used for data analysis. The comparison between
and within the real and sham acupuncture groups

was performed by a paired t-test (parametric). A p-
value less than 0.05 was considered statistically
significant. Values were presented as mean and
standard deviation.

4. Results

A total of 28 university students who were
evaluated as having mild stress level, aged 18-23
years, participated in the study. Majority of students
were female in both groups (Table 1). All recruited
participants completed the trial and there was no
report of adverse effects associated with the data
collection process.

Table 1 Baseline characteristics of mild stress level participants.

Real acupuncture

Sham acupuncture

Characteristics (n=14) (n=14) p-value
Age (years), mean = S.D. 20.00 £ 0.63 20.28 £0.75 0.65
Gender, Male/Female 2/12 2/12 1.00
BMI, mean £ S.D. 20.73+ 2.11 20.67+ 2.04 0.94
Systolic BP, mean + S.D. 117.93 £ 16.00 102.93 +13.18 1.08
Diastolic BP, mean = S.D. 77.21+11.34 68.57 £ 12.10 0.06
Heart rate, mean + S.D. 88.14 £11.34 77.07 £ 8.55 0.81
Cortisol, mean + S.D. 069+ 0.18 0.67+ 0.18 0.82

Measurement of body mass index in kg/m?, blood pressure in mmHg (BP); Heart rate in beat per minute; salivary cortisol

concentration in pg/dL

Table 2 Pre-Post intervention outcome of real and sham acupuncture groups.

Pre-test Post-test

Parameters t p-value

X SD X SD
Real acupuncture
-Systolic BP 11793 16.00 10771 1303 320 o0or
-Diastolic BP 7721 1134 7221 1138 265 002
-Heart rate 88.14 1134 79.14 1266 299 o0or
-Cortisol 069 0.18 0.68 0.19 216 025
Sham acupuncture
-Systolic BP 10293 1318 100.64 1530 144 018
-Diastolic BP 6857 1210 66.71 1171 0.89 040
-Heart rate 7707 855 76.79 820 0.27 0.80
- Cortisol 067 0.18 0.66 0.20 216 082

Measurement of blood pressure in mmHg (BP); Heart rate in beat per minute; salivary cortisol concentration in pg/dL
evaluated before (Pre) and after (Post) a 30-minute acupuncture session on the ST36 acupoint.
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Table 3 Comparison the decrease of each parameter between the real and sham acupunctures

Real acupuncture

Sham acupuncture

Parameters t p-value
X SD. X SD.
Systolic BP 10.21 11.94 2.29 5.95 2.22 0.04
Diastolic BP 5.00 7.06 186 78 111 0.28
Heart rate 9.00 11.27 0.29 3.93 46.00 0.02*
Cortisol 0.01 0.02 0.01 0.16 043 0.67

Comparison of the reduction in blood pressure in mmHg ( BP); Heart rate in beat per minute; salivary cortisol
concentration in ug/dL compared in real acupuncture and sham acupuncture on the ST36 acupoint.

4.1 Results of ANS parameters and salivary
cortisol analysis

The ANS parameters in the real acupuncture
group revealed statistically significant decreases in
systolic blood pressure ( SBP), diastolic blood
pressures (DBP) and heart rate (HR) (p-value <
0.05). However, there was a slight decrease in
salivary  cortisol levels without statistical
significance ( p- value = 0. 25). In the sham
acupuncture group, there were no significant
differences in ANS parameters and salivary cortisol
level, as shown in table 2. The comparison of the
differences in all parameters between the real and
sham acupuncture groups was demonstrated in table
3. It was found that the systolic BP (p-value = 0.04)
and heart rate ( p- value = 0. 02 in the real
acupuncture group were significantly lower than
those in the sham acupuncture group.
Unfortunately, there was no significant difference
observed in the minor decrease of salivary cortisol
levels between the real acupuncture group and the
sham acupuncture group.

5. Discussion

This study aimed to investigate the
effectiveness of acupuncture on ST36 acupoint to
treat university students with mild stress. When the
body senses stress, the hypothalamic-pituitary-
adrenal axis produces a steroidal hormone cortisol
and excreted into saliva during periods of stress
(Aguilar Cordero et al., 2014). The high level of
salivary cortisol can cause an increase in heart rate
and blood pressure. Concerning the slight decrease
in salivary cortisol levels observed during this
study, no statistically significant findings were
present when comparing values before and after the
tests in both sets of participants. There are numerous
factors cause the variation of cortisol level including
collecting time, duration of the therapy, and
acupoint (Lim et al.,, 2010). Previous study of

acupuncture treatment applied ST36 acupoint along
with 7 different acupoints in patients with irritable
bowel syndrome revealed the reduction of cortisol
level (Schneider et al., 2007). Thus, the use of
various acupoints along with ST36 acupoint may
have more potential in cortisol level reduction than
that of single acupoint in this study. Moreover,
longer duration of the treatment may assist in the
reduction of cortisol level.

Current research and available evidence
show that acupuncture has the potential to decrease
blood pressure through various pathways, including
acupoints, afferent nerves, the central nervous
system, efferent nerves, and neurotransmitters (Fan
et al., 2020). Systematic analyses revealed a broad
spectrum of outcomes regarding the impact of
acupuncture on lowering BP. The degree of BP
reduction varied from 3 to 40 mm Hg. Nevertheless,
the overall credibility of these findings is
compromised due to the generally inadequate
quality of the trials encompassed in these systematic
reviews (Kim, & Zhu, 2010; Li et al., 2014; Wang
etal., 2013; Zhao et al., 2015). Regarding the results
of BP and HR in this present study, systolic BP,
diastolic BP, and HR were significantly lower after
30-min acupuncture session on the ST36 acupoint
in mild stress university students. The finding is
similar to the previous study of sixteen healthy
medical students who received 15-min period of
two different frequencies EA (2 Hz and 100 Hz) on
the ST36 acupoint while resting. It was found that
the application of both frequencies to the ST36
acupoints led to a reduction in HR, which possibly
causes by triggering increased parasympathetic
nerve activity in heartbeats (Hsieh et al., 1999).
Similar effect on lowering BP was found in
previous study of ST36 acupuncture on normal
adults. The mechanism of ST36 acupoint to
diminish BP, HR, and muscle sympathetic nerve
activity (MSNA) were studied in eight healthy adult
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males. Microneurography was used to evaluate the
reduction of MSNA. MSNA  causes
vasoconstriction, thus lowering MSNA induces a
reduction of BP (Katayama & Saito, 2019). After
15-min period of acupuncture, there was a
significant reduction in BP comparing to the sham
acupuncture group (p < 0.05). However, no
significant reduction of HR and MSNA was found
in this study. Hence, the lowering BP in this study
was not associated with MSNA reduction (Kimura
et al., 2017). Another EA study using the
combination of many acupoints (P5, P6, ST37) with
ST36 acupoint was studied with hypertensive
patients with no medication. It was found that the
reduction of systolic BP and diastolic BP was long-
lasting for 24 hours when compared to patients in
control group (Li et al, 2015). Obviously,
combination of many acupoints with ST36 acupoint
or single use of ST36 acupoint can lower the BP.
Previous studies in animal models might be the
potential scenario to explain the mechanism of the
fall in BP. The mechanism of lowering BP in
laboratory animals receiving acupuncture at the
ST36 acupoint might causes by regulation of NPY
level (Eshkevari et al., 2012) and/or regulation of a
major neuroendocrine system, HPA axis that
controls reactions to stress (Zhao et al., 2014).
Although the result of a fall in BP in this study were
consistent with previous research; however, the
effect of ST36 acupuncture on the HR remains
controversial.

There are limitations in this pilot study that
should be noted. Firstly, placebo controls are
frequently employed to eliminate psychological
variables. Research indicates the challenge of
implementing appropriate controls in clinical
acupuncture studies, leading to skepticism about
acupuncture's efficacy. Selecting a point and
demonstrating its lack of impact on the body is
highly challenging, given that the human body is
viewed as a network interwoven with meridians in
traditional Chinese medicine theory. If sham
acupuncture is not a truly inactive control and has
the potential to influence outcomes, and the primary
goal is to assess acupuncture's effectiveness, a
nonintervention control or relaxation control might
be more appropriate. Secondly, previous systemic
review of cortisol level after acupuncture revealed
that source of cortisol and cortisol sampling time
exhibited different results (Lim et al., 2010).
Therefore, different source and sampling time for

cortisol collection should be investigated in the
future.

6. Conclusion

Acupuncture using only ST36 acupoint in
university students with mild stress level leads to a
fast reduction of the ANS parameters including
blood pressure and heart rate. Cortisol is commonly
known as the stress hormone, and it results in an
elevation of your heart rate and blood pressure;
however, a minor reduction of salivary cortisol level
was found in this study. Thus, future studies with
larger sample size with nonintervention group as
well as comparison of different source and sampling
time for cortisol collection may help confirm the
current study's results.
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