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ABSTRACT 

The psychological stress of most perioperative patients 
has been reduced by many interventions. In order to 
evaluate the effects of these interventions, biomarkers 
are being considered as objective assessment tools in 
addition to the subjective assessment tools. It has 
been thought that salivary α-amylase (sAA) activity is 
associated with sympathetic nervous system activity, 
which reflects psychological stress. We examined the 
relationship between sAA, self-reported data, and 
autonomic nervous system activity to assess the 
reliability of sAA as a marker for relaxing response in 
surgery-related stress. The sAA, the State anxiety, 
Visual Analogue Scale (VAS) of pain, and heart rate 
variability were used to assess prior to and after the 
relaxation on the day before surgery, and on post- 
operative days (POD) 1, 2, 3, and 7. A total of 75 pa- 
tients participated and 301 relaxing response read- 
ings were obtained. We found that the sAA signifi- 
cantly decreased depending upon the pain and anxi- 
ety by relaxation, but they were unrelated to sympa- 
thetic nervous system activity. There was weak cor- 
relation between the change in sAA, and anxiety and 
VAS pain. Thus, sAA appears to be an easy-to-use, 
non-invasive and good marker for relaxing response 
within a short period in surgery-related stress pa- 
tients.  
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1. INTRODUCTION 

The psychological stress that most perioperative patients 
feel has been reduced by many interventions, including 
providing information [1,2], relaxation [3,4], hypnosis 
[5], and massage therapy [6]. In order to evaluate the 

effects of these interventions, subjective assessment tools 
such as patient self-reporting have been utilized to meas-
ure the relaxation response. However, when patients do 
not reliably report, these subjective assessment tools 
have limited and disputable value. Given these limita-
tions, biomarkers are being considered as objective as-
sessment tools. Since the act of drawing blood itself in-
duces stress, it cannot be used to reliably measure a 
stress response. Instead, salivary biomarkers, which can 
be sampled noninvasively, have been evaluated as stress 
markers. There are many advantages to using salivary 
biomarkers, including the rapid appearance of proteins in 
the saliva in response to stimuli, and the ability to easily 
measure salivary α-amylase (sAA) at a patient’s bedside 
using a portable measuring instrument [7]. An increase in 
stress level increases sympathetic activity and decreases 
parasympathetic activity [8]. This results in secretion of 
sAA because of the activation of the autonomic nervous 
system, which controls the activity of the salivary glands 
[9,10]. 

Some studies have indicated that sAA increase during 
the psychological stress of skydiving [11], memory test 
and viewing a stressful video [12], playing a stressful 
video game [13], the noise of nurses working in an in- 
tensive care unit [14], Trier Social Stress Test [15], 
mental arithmetic stress [16] and viewing a stressful 
video [17]. sAA might be a good indicator for psycho- 
logical stress and can be a useful assessment tool to 
evaluate the effects of nursing interventions for patients 
under stress. Some studies have already used sAA as an 
index to evaluate treatments such as epidural block in 
chronic pain [18], reflexology in dementia [19], and ex- 
posure to natural sound while undergoing epidural anes- 
thesia surgery [20]. However, there are only few reports 
evaluating the relationship between sAA and relaxation 
response in patients who experience surgery-related 
stress. The aim of this current study is to investigate the 
relationships between sAA, self-reported pain and anxi- 
ety, and autonomic nervous system function in periopera- 
tive patients. 
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2. METHODS 

2.1. Participants 

Patients were recruited from the Asama General Hospital 
and Saku Central Hospital between March 2009 and 
March 2012 in this prospective experimental study. En- 
rollment eligibility included: 1) scheduled breast cancer 
surgery under general anesthesia; 2) age of ≥20 yrs; 3) 
female; 4) not having metastasis; 5) first cancer surgery; 
6) ability to read, hear, write, and speak Japanese to an- 
swer the questionnaire questions. Breast cancer patients 
were enrolled because they already have high anxiety 
before surgery, and their anxiety remains high even after 
the surgery [21,22]. Precisely, it is estimated that they 
are in high stress condition during the measurement pe- 
riod. 

2.2. Study Protocol 

Participants were informed of the study purpose, proce- 
dures, and risks and benefits, as well as that collected 
data did not include identifying information, and that 
they could withdraw at any time without influencing 
medical treatment or nursing care. The study protocol 
was approved by the Saku University Ethics Committee, 
the Asama General Hospital Ethics Committee, and the 
Saku Central Hospital Ethics Committee. All participants 
signed an informed consent form. 

Participants were evaluated the day before operation, 
and on postoperative days (POD) 1, 2, 3, and 7 during 
their hospital stay. All participants were evaluated for 
prior to and after the relaxation of 10 - 20 min between 
13:00 and 18:00 hrs to minimize circadian rhythm vari- 
ability [23]. Relaxation consisted of rest with their eyes 
closed or listening to CD. At least 1 h before their 
evaluation, participants were required to refrain from 
eating and brushing their teeth, but they could take their 
pain medication. 

2.3. Measurements 

Demographic and clinical data were collected from the 
electronic medical chart. 

2.3.1. Salivary Alpha Amylase (sAA) 
sAA was measured using a portable salivary amylase 
monitor (Nipro Co., Japan). Saliva was collected by a 
test strip placed under the tongue for approximately 30 s, 
and immediately measured; the result was displayed in 
60 s. The salivary amylase monitor used in this study has 
been thoroughly examined and assessed to be valid and 
reliable [24-26]. Stress level was considered high when 
the value was ≥40 kU/L. The coefficient of variation was 
less than 9% [7]. If an error was displayed twice due to 
less saliva after surgery or the patient could not place the 

test strip placed in the mouth because of nausea, the test 
was aborted to avoid any further stress on the patient.  

2.3.2. State-Trait Anxiety Inventory (STAI) 
Anxiety is the biggest factor of stress in breast cancer 
patients, and it has been known to reduce as a response 
to relaxation. Spielberger et al. defined STAI-s as the 
current emotional state that exists at the time, while trait 
anxiety (STAI-t) is a personal characteristic which does 
not change depending upon the situation. The STAI-s 
questionnaire involves a 20-item scale based upon self- 
reporting measures and typically requires a very short 
time to complete. Items are rated on a 4-point scale, with 
scores ranging from 20 to 80, with 80 indicating high 
anxiety [27]. This scale is widely used and is considered 
to be valid and reliable. We used STAI translated into 
Japanese, which is also considered valid and reliable [28]. 
Researchers evaluated the questionnaire according to the 
manual of the questionnaire STAI. 

2.3.3. Visual Analogue Scale of Pain (VAS Pain) 
Pain is one of the significant factors of stress in breast 
surgery patients, and pain is reduced by breaking of the 
pain-anxiety-tension cycle by relaxation. 

This scale consisted of a 100 mm horizontal line with 
the phrases “no pain at all” on the left end of the line and 
“the worst pain I have ever felt” on the right end of the 
line. Participants indicated their current level of pain by 
marking on the horizontal line [29,30].  

2.3.4. Heart Rate Variability (HRV) 
sAA has been proposed as a measure of sympathetic 
nervous system (SNS) activity. Psychological stress can 
induce a “fight or flight” response, resulting in a rise in 
the activation of sympathetic adrenal modular system 
[15,31]. HRV is determined by measuring the change 
over time of cardiac beats per minute; the change in 
power spectra is analyzed and translated into a frequency 
component, and is then used as an index of the activity of 
heart autonomic nervous system [32]. High frequency 
(HF: 0.15 - 0.4 Hz) is thought to reflect parasympathetic 
nervous system activity while low frequency (LF: 0.04 - 
0.15 Hz) is thought to reflect both parasympathetic and 
sympathetic nervous system activity. The low-to-high 
frequency ratio (LF/HF) is thought to reflect SNS activ- 
ity. Electrocardiograph was recorded with LRR-03 
(GMS Co., Tokyo, Japan) and the data was transferred to 
computer, where a software was used to calculate heart 
rate, LF and HF values, and the LF/HF of HRV by the 
maximum entropy method (MemCalc/Tarawa, Suwa 
Trust, Tokyo, Japan). Although parasympathetic nervous 
system activity was influenced by breathing, we did not 
perform a control, but no patients had respiratory rate of 
≤10 breathing/min during measurement.  
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2.3.5. Systolic Blood Pressure  
Systolic blood pressure was measured using an auto- 
mated sphygmomanometer on the upper arm furthest from 
the surgical site. 

2.4. Statistical Analysis  

All data were tested for normality using the Kolmo- 
gorov-Smirnov test prior to analysis. Non-parametric analy- 
sis was carried out to test for the association between 
sAA and the subjective and objective data using Spear- 
man’s correlation test. They were presented as the me- 
dian [25, 75% IQR], and we used Wilcoxon’s signed- 
rank test to determine significant differences between 
data collected prior to and after relaxation. Parametric 
data were presented as mean ± standard deviation, and 
Student’s t-test was used to determine significant differ- 
ences between data collected prior to and after relaxation.  

All analyses were performed using SPSS Advanced 
Statistics 18; p < 0.05 was considered significant. 

3. RESULTS 

3.1. Sample Characteristics 

Seventy-five patients participated in the study and 301 
relaxation response data were obtained (the day before 
operation, n = 71; POD1, n = 60; POD2, n = 65; POD3, 
n = 62; POD7, n = 43). Table 1 shows demographic and 
medical characteristics of participants. None of the pa- 
tients were in stage 0 of breast cancer; 43 (57.3%) pa- 
tients were in stage I, which was the most frequent stage; 
21 (28.0%) in stage II; 9 (12.0%) in stage III; and 2 
(2.7%) in stage IV, which was the least frequent stage. 

The most common surgical procedure was breast- 
conserving surgery (n = 36, 48.0%), followed by mas- 
tectomy (n = 27, 36.0%), and immediate reconstruction 
following mastectomy (n = 12, 16.0%).  

3.2. Association between sAA, STAI-s, and  
VAS Pain 

Table 2 shows the association of the sAA, STAI-s, and 
VAS pain. The sAA was high (54.0 ku/l) the day before 
operation and also on POD7 (44.0 ku/l) prior to relaxa- 
tion. This indicates that the patients were in stress during 
the perioperative period. The sAA was found to be sig- 
nificantly different between pre-test and post-test on all 
days (p < 0.05), except POD1 (p = 0.367) and were re- 
flected by STAI-s the day before operation, POD1 and 
POD3 (p < 0.05) or VAS pain reflected by POD1, POD2 
and POD7 (p < 0.05). The sAA significantly decreased 
(p < 0.05) on significant decrease (p < 0.05) in either 
STAI-s or pain. 

The change in sAA did not show significant correla- 
tion with the changes in STAI-s (r = −0.134 - 0.267) and 

the change in VAS pain (r = −0.002 - 0.231).  

3.3. Association between sAA and the Autonomic 
Nervous System Activity 

Table 3 shows the association of the sAA and auto- 
nomic nervous system activity. The autonomic nervous 
system activity measured by pre-post test of heart rate (p 
= 0.025 - 0.485), systolic blood pressure (p = 0.016 - 
0.660), and HF (p = 0.013 - 0.191), partially reflected sAA, 
though LF/HF (p = 0.233 - 0.812) did not reflect sAA.  

There was no significant relationship between percent 
change in sAA and percent change in heart rate (r = 
−0.021 - 0.232), percent change in systolic blood pres- 
sure (r = −0.073 - 0.129), percent change in HF (r = 
−0.114 - 0.192), and mean difference in LF/HF (r = 
−0.037 - 0. 075). 

4. DISCUSSION 

The aim of this study was to investigate the application 
of sAA in assessing the relaxation response in periopera- 
tive patients. We demonstrated a significant association 
between sAA and relaxation response depending on 
STAI-s and VAS pain. Our results are consistent with 
some of the previous studies. Hodgson & Andersen [19] 
reported that sAA was associated with decrease in pain 
intensity under reflexology treatment for 4 weeks in pa- 
tients with dementia. Takai et al. [17] also showed de- 
creased sAA associated with STAI after viewing soothing 
video. In addition, Arai et al. [20] reported that intraop- 
erative natural sound decreased sAA in patients under- 
going inguinal hernia under epidural anesthesia. Similar  
 
Table 1. Demographic and medical characteristics. 

Variable mean ± SD range 

Age (years) 55.5 ± 11.2 32 - 77 

Body mass index  22.5 ± 3.7 15.7 - 32.1

Duration of operation  193.8 ± 120.4 37 - 527

Trait-anxiety score 43.6 ± 11.2 20 - 72 

 n % 

Stage of breast cancer   

  Stage 0 0 0 

  Stage I 43 57.3  

  Stage II 21 28.0  

  Stage III 9 12.0  

  Stage IV 2 2.7  

Surgical procedure    

  Breast-conserving surgery 36 48.0  

  Mastectomy  27 36.0  

  Mastectomy & immediate reconstruction 12 16.0  
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to previous studies, this study showed that sAA is de- 
creased by relaxation depending on the objective re- 
sponse. 

Previous studies have shown the correlation between 
sAA and STAI. Noto et al. [16] found a correlation be- 
tween sAA and STAI (r = 0.589) within a short time 
prior to and after exposing the young healthy volunteers 
in a laboratory to mental arithmetic stress. Takai et al. 
[17] used a stressful video to induced stress and showed 
direct correlation between sAA and STAI. In both stud- 
ies, participants were young healthy volunteers, the par- 
ticipants were subjected to soft stress, and the change in 
sAA was compared within short time. Moreover, the 
studies were carried out under controlled special condi- 
tions, which differ from the clinical setting. Therefore, it 
is thought that sAA and STAI had a weak correlation in 
this study.  

The correlation of sAA and pain was shown by 
Shirasaki et al. [18], who evaluated the relationship be- 
tween pain intensity and sAA in patients with chronic 
lower back pain. Surgical patients were used as a control 
group. VAS pain levels and sAA were significantly de- 
creased after an epidural block was used as an anesthetic, 
and they showed significant correlation (r = 0.561). 
However, most of the studies found small correlation 
between sAA and pain like our study. Arai et al. reported 
that sAA and VAS pain levels had a positive, but small 
correlation in patients with cancer [33], while Campos et 
al. reported that there was no correlation between sAA 
and VAS pain levels in orthodontic patients [34]. Yet 
another study reported a small association between psy- 
chological scores and sAA in pregnancy wastage [35]. 
These reports indicate that sAA correlated with self-re- 
ported pain scores of patients with chronic pain and those 
subjected to soft stress, which were performed in a labo- 
ratory within a short time. However, a significant rela- 
tionship is not reported in a clinical setting, which can be 
useful for patients experiencing postoperative pain. 

Our results show that secretion of sAA is not associ- 
ated with SNS activity. Even though there was pain stress 
and sAA had increased, LF/HF decreased on POD1 from 
the day before surgery. Some studies found that both 
LF/HF and HF decreased after surgery [36-38], while 
other studies failed to identify relationship between SNS 
activity and pain [39-41]. Our study is consistent with 
earlier studies [9,42] that demonstrated that there were 
no or weak correlations between sAA and heart rate pa- 
rameters. The association of secretion of sAA and SNS 
activity is still not clear.  

The sAA is secreted from the parotid and is clearly a 
sympathetic activity [43]. Simultaneously, the amount of 
saliva produced is adjusted, and the parasympathetic 
nerves stimulate the secretion of saliva containing high 
levels of sAA, indicating that both branches of the auto- 

nomic nervous system participate in saliva secretion [10]. 
HRV, however, reflects heart autonomic nervous system 
activity, and sAA reflects the local autonomic nervous 
system activity of the salivary glands, which are mutu- 
ally exclusive. There may be an influence of anesthesia 
and analgesic on the concentration of sAA especially on 
the POD1. This complicated mechanism of secretion of 
sAA is one the factors that sAA level is not significantly 
difference.  

In this study, sAA always significantly decreased on 
significant decrease in either STAI or pain (p < 0.05) 
after relaxation. This indicates that sAA may be a sensi- 
tive marker. sAA is affected by various things; hence, it 
is believed that the change in sAA may be much higher 
than the change in the numbers representing STAI and 
VAS. As, stress and relaxation affect sAA immediately 
in a clinical situation, previous studies as well as this 
study failed to find correlation between sAA and subject- 
tive data.  

There are some limitations to this study. Participants 
were only women who had undergone breast cancer sur- 
gery; therefore, the result cannot be applied to general 
surgery patients. 

Previously, measurement of sAA required an analytic- 
cal instrument in a laboratory to perform an enzyme- 
linked immunosorbent assay (ELISA) and saliva samples 
were preserved by freezing. For this study, a portable 
apparatus was used to measure sAA at the patient’s bed- 
side within 1 - 2 min. Since measurements can be quickly 
obtained, results can be used in various ways in a clinical 
setting to improve the treatment of patients. 

Future research is should consider larger sample size, 
patients who have undergone general surgery such as 
pulmonary or abdominal surgery, sex difference, and 
comparison of sAA with other stress markers.  

5. CONCLUSION 

Our findings suggest that the sAA significantly de- 
creased by relaxation intervention in perioperative pa- 
tients, but they were unrelated to sympathetic nervous 
system activity. Thus, assessing sAA can be an easy to 
use, non-invasive, and good marker for relaxation re- 
sponse in patients with surgery-related stress in clinical 
settings and nursing research  
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