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Stress can cause psychological and physiological changes. Many studies revealed that massage can decrease
stress. However, traditional Thai massage has not been well researched in this regard. The purpose of this study
was to investigate the immediate effects of traditional Thai massage (TTM) on salivary alpha-amylase levels
(sAA), heart rate variability (HRV), autonomic nervous system (ANS) function, and plasma renin activity (PRA).
Twenty-nine healthy participants were randomly allocated into either a traditional Thai massage (TTM) group
or Control (C) group, after which they were switched to the other group with a 2-week wash-out period. Each
of them was given a 10-minute mental arithmetic test to induce psychological stress before a 1-hour session
of TTM or rest.

Within-groups comparison revealed that SAA was significantly decreased (p<0.05) in the TTM group but not in
the C group. HRV and ANS function were significantly increased (p<0.05) and PRA was significantly decreased
(p<0.05) in both groups. However, low frequency per high frequency ratio (LF/HF ratio) and ANS balance sta-
tus were not changed. Only sAA was found to be significantly different between groups (p<0.05).

We conclude that both TTM and rest can reduce psychological stress, as indicated by decreased sAA levels, in-
creased parasympathetic activity, decreased sympathetic activity, and decreased PRA. However, TTM may have
a modest effect on stress reduction as indicated by a reduced sAA.
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Background

Stress affects all body systems (e.g., cardiovascular, respira-
tory, neuromuscular, and endocrine), resulting in psycholog-
ical and physiological changes. During stress, the cerebral
cortex sends signals to the autonomic nervous system. The
sympathetic nervous system becomes activated and sympa-
thetic activity increases, resulting in increased HR and chang-
es in HRV [1-5], decreasing peripheral blood flow and renal
blood flow, and increased blood pressure and vascular resis-
tance [6-10]. Moreover, preganglionic nerves of the sympa-
thetic nervous system send signals to epithelial acinar cells in
the salivary gland, leading to increases saliva secretion and
sAA levels [11-13].

Furthermore, in the stress condition many sympathetic nerve
signals into the kidney increase renal sympathetic nerve activ-
ity (RSNA), which consequently and complexly leads to a de-
creased blood circulation to the kidney. Increased RSNA leads
to glomerular afferent arteriole contraction and results in in-
creased vascular resistance. This also stimulates the rennin-
angiotensin-aldosterone system (RAAS) to release renin, be-
cause since rennin hydrolyzes angiotensinogen released from
the liver and then converts it to angiotensin | (Al). Al is con-
verted to angiotensin Il (All) by angiotensin converting en-
zyme (ACE), which is released from the lung. All causes glo-
merular afferent arteriole contraction, resulting in increased
BP and decreased blood circulation [14,15]. In addition, previ-
ous studies also found that mental stress can decrease renal
blood flow (RBF) [6~10].

The main treatments of stress include psychiatric treatment
and pharmacotherapy. Another choice that has been suggest-
ed to reduce stress is massage [16,17]. Traditional Thai mas-
sage (TTM) is an alternative treatment using the thumbs to
apply deep massage, often combined with muscle stretch-
ing at the end of the session. The benefits of massage have
been found to include increased skin temperature and blood
flow [18-20], decreased anxiety [21-24], decreased depres-
sion [24], increased RBF [25], decreased sympathetic activity and
increased parasympathetic activity [22,26,27], and decreased
cortisol levels [26,28]. It has been suggested that the mecha-
nism by which massage causes these physiological changes is
the gentle mechanical pressure applied during massage, which
may increase muscle compliance, blood flow, muscle temper-
ature, and parasympathetic activity, and decrease neuromus-
cular excitability, anxiety, and stress hormone level, thus, re-
sulting in a relaxation response [29].

Although many studies reported the effects of massage on
physiological mechanisms, none have explored the effects of
massage on plasma renin activity, which may be associated
with changes in psychological stress. The current study aimed
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to determine whether TTM decreases sAA levels, increases
HRV, increases ANS function, decreases stress, and decreas-
es plasma renin activity.

Material and Methods

Study design and participants

This study was a crossover randomized controlled trial, which
was approved by the ethics committee of Khon Kaen University,
Thailand (HE561485). Thirty participants were recruited in
this study; 1 participant dropped out at the beginning of the
study because of personal obligations, leaving 29 healthy par-
ticipants (male=7, female=22), average age 35.17+6.35 years
old, and they participated in and completed all procedures.
Each signed informed consent to participate. All of the partic-
ipants had mild stress levels (21.72+1.41) as assessed by the
Suanprung Stress Test-20. The participants were advised to
refrain from eating, drinking alcohol, smoking, and consuming
caffeine for at least 2 hours before participating in this study.
The participants were excluded from this study if during the
study they had any kind of medication or other medical treat-
ments, moderate to severe of muscle or joint pain, impaired
skin sensation or hypersensitivity to massage, history of seri-
ous disease that must be treated by a doctor, or who had mod-
erate-to-severe stress recently as assessed by the Suanprung
Stress Test-20, or menopause.

Procedure and protocol

Twenty-nine healthy participants were randomly allocated into
either traditional the Thai massage (TTM) group or the Control
(C) group, after which they were switched to the other group,
with a 2-week wash-out period (Figure 1). They were given a
10-minute mental arithmetic test to induce mental stress be-
fore a 1-hour session of TTM or rest. Immediately after men-
tal arithmetic and TTM or rest, we measured the participants’
HR, SDNN, RMSSD, HF, LF, LF/HF ratio, ANS activity, ANS bal-
ance status, stress index, stress resistance, mental stress, and
PRA and sAA levels.

Salivary alpha-amylase (sAA) levels assessment

The participants were asked to spit before assessment in order
to get newly-produced saliva. Then after chewing cotton wool
for 1 minute to induce excretion of saliva, participants put the
edge of the test strip (saliva-collecting paper) into the mouth,
and left it underneath the tongue (sublingual) for 2 minutes.
After that, the test strip was fit into the handle sleeve and slid
into the Cocoro meter (NiproCo., LTD., Japan). The outcome ap-
peared as a numerical display on the screen, with the unit of
measurement in KU/L.
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Figure 1. Diagram on crossover design used in this study. TTM
and C group: 1 hour for each protocol, 1 trial per
protocols, and 2 weeks of wash out period. TTM:
traditional Thai massage, C: Control or rest.

Heart rate variability (HRV), autonomic nervous system
(ANS) function and stress assessment

The participants sat on a comfortable chair with a backrest,
with eyes opened and breathing normally throughout the 5
minutes of data collection. The HRV parameters were measured
by use of a SA-3000P device (Medicore Co., LTD., Korea) and
the measurement procedures followed the SA-3000P Operation
Manual Version 2.8. HR, SDNN, RMSSD, HF, LF, and LF/HF ra-
tio were used to evaluate HRV. ANS activity, ANS balance sta-
tus, stress resistance, and stress index were used to reflect
ANS function and stress, respectively. Psychological stress was
measured by Faces Rating Scale, which consisted of 10 scales.

Plasma renin activity (PRA) assessment
The participants lay on the bed for 5 minutes, after which

5 ml of blood was drawn from the median cubital vein. The
blood sample was delivered for measurement of plasma renin
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activity and was tested at a standard laboratory center at King
Chulalongkorn Memorial Hospital.

Traditional Thai massage (TTM) and rest

The participants received a 1-hour session of the TTM or rest
in the control experimental room (25-26°C). Moderate thumb
and palm pressure of the TTM was applied along the meridian
lines on all parts of the body, including lower limbs, back, neck,
head, and upper limbs. The massage was performed in supine,
lying on the left side, and lying on the right side (Figure 2).
At the end of the massage for each part, the participants had
passive stretches for the corresponding muscle groups. In the
C group, the participants lay on the bed in supine or side-ly-
ing positions, based on their preferences.

Statistical analysis

The data were presented as mean +SD. Shapiro-Wilk test was
used to evaluate for normal distribution. Crossover study de-
sign analysis was used to compare the mean within group and
between groups. ANCOVA using baseline as covariate was cal-
culated to compare between groups in case of carry over ef-
fect (HR and mental stress). Statistical significance was set
at the p<0.05.

Results

Table 1 shows within-groups comparison, showing that sAA
was significantly decreased (p<0.05) in the TTM group but not
in the C group. SDNN, RMSSD, HF, LF, stress resistance, and

-‘o...lt\

Figure 2. The points on the meridian lines
massage of TTM as depicted by Wichai
Eungpinichpong [32].
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Table 1. Comparison on the outcome measures within each group (compare between immediately after mental arithmetic test and

after each protocol).

TTM group (n=29)

Outcome

Control group (n=29)

sAA levels (KU/L) 5.00£1.95 3.69+2.35** 4.41+1.24 4.9+1.26
CHRGPm) 7828994 739956 781:ll6  74034993"
CSONN(ms) 422842365 5L6742009% 38631556 4996:1695%
CRMSSD(ms)  27.44x1537  3438:1957  27.1841641 32941683
CHEms) 4816103 s25s107% 4768127  S27sl1v
WF(ms)  ssss084 614£102 5501080 606£0.97
fHFrato 284822 3694348 3458327 3464373
ANSactiviy  9548s1951 104:1528* 932841524 1036241486
CANSbalance 57144394 6586+4084 522844322 567644613
CStressindex 967941487 88.10£166™ 1007241761 91868955
Stressresistance 96664171 1052841637 9200£1485 103.03413.87"
Mentalstress 49r184 Lls1s7 4626192 le6zlazv
CPRA(ME/MU) 6556565 5261468 858:563 618853

Data are expressed as mean +SD. TTM — traditional Thai massage; sAA levels — salivary alpha-amylase levels; HR — heart rate;
SDNN - the standard deviation of the normal-to normal intervals; RMSSD — the square root of the mean squared differences of
successive normal R-R intervals; HF — high frequency; LF — low frequency; LF/HF ratio — low frequency per high frequency ratio;
ANS activity — autonomic nervous system activity; ANS balance — autonomic nervous system balance; PRA — plasma renin activity.

Significant change within group, * p<0.05, ** p<0.01.

ANS activity were significantly increased (p<0.05), whereas
HR, stress index, psychological stress, and PRA were signifi-
cantly decreased (p<0.05) in both groups. However, low fre-
quency per high frequency ratio (LF/HF ratio) and ANS balance
status were not changed. When comparing the outcomes be-
tween groups, we found that only sAA was significantly dif-
ferent (p<0.05) and other variables showed no significant dif-
ferences between the comparison groups (Table 2).

Discussion

Stress stimulates sympathetic activity and causes increased
HR and HRV changes [1-5]. In addition, it can increase blood
pressure, increase vascular resistance, decrease renal blood
flow [6-10], and sAA levels [11-13]. This study showed that
TTM can significantly reduce psychological stress, as well as
decrease sAA levels, increase HRY, increase ANS activity, and
decrease plasma renin activity (Table 1).

Salivary glands respond to stress by increasing saliva secre-
tion from stimulation of the sympathetic nervous system. The
present study showed that sAA was significantly decreased af-
ter TTM. Although the decreased sAA was also found in the C

This work is licensed under a Creative Commons
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group, the between-group comparison revealed that the de-
crease of sAA was also significantly different. It is possible that
TTM can decrease stress and sympathetic activity and lead to
decreased sAA levels.

Previous studies have shown that massage can increase ANS
activity [21], decrease sympathetic activity, and increase para-
sympathetic activity [22,26,27]. The results found in the cur-
rent study, although we used a different type of massage,
were in line with those found in previous studies, which can
be seen from the decreased HR, and increased SDNN, RMSSD,
HF, and ANS activity. These results indicate that TTM can in-
crease parasympathetic activity and decrease sympathetic ac-
tivity. Although LF was shown to be significantly increased af-
ter TTM, it des not measure sympathetic activity directly, but
the increase in LF represents the increased baroreflex function
[30,31]. The LF/HF ratio and ANS balance status were not sig-
nificantly changed, but they were slightly increased after TTM.
This could be because both variables increased to maintain the
balance between sympathetic and parasympathetic activity.

This study found that stress index and psychological stress
were decreased and stress resistance was increased after
TTM. Stress resistance is the adaptability of the body against
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Table 2. Comparison on the outcome measures between the groups (compare between immediately after mental arithmetic test and
the protocols).

Compared after test

Compared after protocols

Outcome

sAA levels (KU/L) 5.00£1.95 4.41+1.24 3.69+2.35 4.9+1.26*
CHRGPm) 7828994 7816116 7398956 74034993
CSONN(ms) 422842365 386341556 516742009  4996:1695
CRMSSD(ms) 27441537 27.18+1641 343841957  3294+1683
CHEms) 481£103 4768127 5254107 527411
CWF(me) 5581084 5506080 614£102 606:097
fHFrato 284822 3154327 3698348 3464373
CANSactiviy 954841951 93281524 1041528 1036241486
CANSbalance 57144394 522844322 658624084 56764613
CStressindex 967941487 1007241761 8810£1166 91861955
CStressresistance 96664171 9200£1485 1052841637 103.0341387
Mentalstress 49:184 4626192 11s157  le6sld2
CPRA(ME/MU) 6556565 8581563  526:468 618:53

Data are expressed as mean +SD. TTM — traditional Thai massage; sAA levels — salivary alpha-amylase levels; HR — heart rate;
SDNN - the standard deviation of the normal-to normal intervals; RMSSD — the square root of the mean squared differences of
successive normal R-R intervals; HF — high frequency; LF — low frequency; LF/HF ratio — low frequency per high frequency ratio;
ANS activity — autonomic nervous system activity; ANS balance — autonomic nervous system balance; PRA — plasma renin activity.

* Significant difference between the groups (p<0.05).

stress, whereas the stress index is the level of stress in the
body. Thus, TTM could increase parasympathetic activity, lead-
ing to relaxation and reduced stress.

Stress affects the renal sympathetic activity, stimulating ren-
nin-angiotensin-aldosterone system (RAAS) to release rennin.
Renin is an important substrate to increase All, which causes
an increase in blood pressure and decreased blood circula-
tion [14,15]. The present study found that TTM can decrease
stress and sympathetic activity and increase parasympathet-
ic activity, resulting in decreased PRA.

Although many variables were found significantly changed af-
ter TTM, only sAA was found to be significantly different from
the C group. When compared between groups, TTM seemed
to have better effects than rest. We calculated the sample size
from salivary cortisol, which was similar to salivary alpha-am-
ylase, thus, only the sAA levels showed a significant difference
between the comparison groups. The current study focused on
the immediate effects of massage, and we do not know wheth-
er long-term and cumulative effects of TTM would alter these
parameters. Therefore, studies in the future should verify the
long-term effects of TTM on HRV, ANS function, mental stress,

This work is licensed under a Creative Commons
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and PRA. If TTM has these long-term effects, it may be use-
ful as a complementary therapy for patients who have chron-
ic stress, anxiety, and depressive disorders.

Conclusions

The current study has demonstrated that TTM can reduce psy-
chological stress, as indicated by decreased sAA levels. We
also found that TTM can increase HRVY, as indicated by the in-
crease of SDNN, RMSSD, HF, and LF. The increase in ANS func-
tion was indicated by increased ANS activity and stress resis-
tance, and decreased stress index and plasma rennin activity.
Further studies should focus on long-term effects of TTM on
these parameters.
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