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Background: Bipolar disorder (BP) is often associated with a change in hypothalamus–

pituitary–adrenal axis function change due to chronic stress. Salivary α-amylase (sAA) levels 

increase in response to psychosocial stress and thus function as a marker of sympathoadrenal 

medullary system activity. However, sAA has been studied less often than salivary cortisol in 

BP patients. 

Method: We measured Profile of Mood States and State-Trait Anxiety Inventory scores, heart 

rate variability, and salivary cortisol levels during electrical stimulation stress in 25 BP patients 

and 22 healthy volunteers. 

Results: Tension–anxiety, depression–dejection, anger–hostility, fatigue, and confusion scores in 

BP patients significantly increased compared with those of the healthy controls. In contrast, the 

vigor scores of BP patients significantly decreased compared with those of the healthy controls. 

Significant difference in the sAA levels was observed between BP patients and healthy controls. 

sAA of female patients was significantly higher than that of female healthy controls, and sAA 

in male patients tended to be higher than that of male healthy controls. No difference in salivary 

cortisol was observed between BP patients and the healthy controls. Only three time points were 

measured before and after the electrical stimulation stress. Furthermore, sAA secretion by BP 

patients increased before and after electrical stimulation.

Conclusion: These preliminary results suggest that sAA may be a useful biological marker 

for BP patients.
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Introduction
A number of studies1,2 have focused on the specific interaction between bipolar disorder 

(BP) and stress in the field of psychiatry. Extensive research has been conducted on 

dysregulation of the hypothalamus–pituitary–adrenal (HPA) axis and its association with 

BP.3 This dysregulation has become a promising target for drug therapy in BP patients.4 

However, the role of the HPA axis in BP is poorly understood. One possibility is that 

the HPA axis plays an important role in dysregulated systemic cortisol metabolism.

The HPA axis plays an important role in maintaining body homeostasis in response 

to stress5,6 and is involved in therapy for manic episodes and depression in adults and 

youth. The HPA axis is also associated with an increase in cortisol levels in saliva, 

urine, and serum during the daytime. Overactivation of cortisol is associated with lack 

of suppression of adrenocorticotropic hormone release by corticotrophin-releasing 

hormone (CRH) challenge, which is not inhibited by dexamethasone (DEX) challenge, 

and continues to occur during DEX pretreatment.7 Enhancement of the HPA axis 
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activity is due to hyperactivity of CRH in the hypothalamus 

of BP patients; these findings are based on the failure of 

suppression with cortisol in glucocorticoid receptors (GR) 

in the hypothalamus and pituitary gland.

Fluoxetine, amitriptyline, desipramine, and electric shock 

treatment have been used to normalize CRH levels.8 However, 

the likelihood of relapse is high in BP patients with sustained 

dysregulation of the HPA axis.9 HPA hyperactivity has been 

used as an indicator of BP recurrence.

The sympathoadrenal medullary (SAM) is related to 

anxiety and awakening.10 It has been suggested that salivary 

α-amylase (sAA) is an index of SAM activity, because 

branches of the sympathetic and the parasympathetic nerves 

are distributed in the salivary glands. Stimulation of sympa-

thetic nerves increases salivary protein secretion; however, 

stimulation of parasympathetic nerves increases the flow 

of saliva.11 sAA activity is connected with the sympathetic 

nervous system stress response.12 Unlike most salivary ana-

lytes, such as cortisol and testosterone, that are transported 

from the plasma, sAA is an enzyme produced locally in the 

salivary glands that line the mouth. A nerve is resonated and 

distributed over the salivary glands by the parasympathetic 

nerve, and salivary secretion from various glands (situated 

at the bottom of the jaw and the hypoglottis at the parotid) 

occurs according to neurotransmitter activation. Thus, sAA 

is a prime candidate for specifying autonomic activity.13 Fur-

thermore, Chatterton et al14 linked sAA to the sympathetic 

nervous system component of stress response. In particular, 

Chatterton et al suggest that the plasma norepinephrine level 

is related to locus coeruleus nucleus/autonomic nervous 

system activity and that sAA concentration can estimate the 

stress response in humans. Patients with borderline person-

ality disorder have low salivary cortisol and increased sAA 

 activity in response to psychological stress.15 Ishitobi et al 

recently reported the levels of sAA and cortisol in unremit-

ted patients.16 sAA levels were positively associated with 

Hamilton Rating Scale for Depression17 (HAM-D) scores in 

unremitted patients with major depressive disorder (MDD).16 

Tanaka et al also reported that sAA levels in females with 

MDD significantly increased compared with female controls 

before and after an electric stimulus, although no difference in 

salivary cortisol levels was observed between MDD patients 

and controls before or after an electric stimulus.18

In this study, we electrically activated the SAM and HPA 

axis in BP patients and examined the results of composite 

neuroendocrinology. We hypothesized a difference in sAA 

and cortisol responsiveness between the patients and control 

groups. Changes in autonomic measures were expected to 

parallel changes in sAA and salivary cortisol levels in BP 

patients.

Materials and methods
Participants
Twenty-eight BP patients and 22 healthy controls participated 

in this study. Patients were interviewed by a psychiatrist 

using the semistructured interview in the Diagnostic and 

Statistical Manual of Mental Disorders (DSM)-IV (the 

 Mini-International Neuropsychiatric Interview [MINI]).19 

The control group comprised healthy volunteer staff mem-

bers of the Oita University Hospital, Oita, Japan. Exclusion 

criteria for controls included the use of any medicine, pres-

ent tobacco use, a history of BP, body mass index $32, or 

steroid use within the last 3 years. All subjects were requested 

to refrain from eating within 3 hours of arrival; BP patients 

were also requested to refrain from taking medications within 

5 hours of arrival. All subjects provided informed consent fol-

lowing description of the procedures and had an opportunity 

to ask questions about the research.

Patients with a main diagnosis of BP were enrolled. 

Diagnostic exclusion criteria included any acute and/or 

chronic medical illness as assessed by physical examina-

tion and routine laboratory testing. Patients were carefully 

matched with healthy control subjects for sex and age 

(except for the use of pharmaceutical drug treatments). 

A total of 22 patients were eligible; four patients did not 

meet the inclusion criteria. Moreover, two patients refused 

the procedures.

The final study sample comprised 25 patients with a main 

diagnosis of BP; nine of these patients had a second diag-

nosis of panic disorder and 12 patients suffered from social 

anxiety disorder. The average age of BP onset was 43.6 years 

(standard deviation [SD] 12.7 years). The patients were under 

medication at the time of testing, and these medications 

included selective serotonin reuptake inhibitors (n=19) and 

selective norepinephrine reuptake inhibitors (n=3).

Healthy sex- and age-matched control subjects (n=22) were 

enrolled at Oita University, Oita, Japan. Of 184 volunteers, 

eleven were excluded due to a present or whole-life major 

mental disorder according to the MINI. Of the 173 remain-

ing volunteers, 22 were appropriate age- and sex-matched 

controls for the 25 patients. Table 1 shows the characteristics 

of the patients and their matched controls. The research pro-

tocol was approved by the ethics committee of the medical 

department of Oita University.
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stimulation
Subjects wore a stimulator coil on the wrist connected to 

a stimulator. This equipment supplied current to the motor 

and sensory fibers of the median nerve of the right wrist. The 

subject was stimulated in increasing steps until a threshold 

value stimulus was reached. We determined the threshold 

stimulus during the experiment. We gave the following 

instruction to the subject to determine their strongest tolerable 

stimulus: “If you cannot take the pain, please tell us.” The 

strongest stimulus continued 40 seconds. The thresholds of 

the electric stimulus were between 16 and 27 mA (Table 2). 

Subjects were told that the level of the electric stimulus was 

sufficient to cause pain but would not cause any other injury. 

All participants were tested between 1 and 5 pm. Participants 

were instructed not to smoke, exercise, eat, or consume any 

caffeine-containing drinks at least 1 hour before testing and 

1 hour after the electric stimulus was administered.

statistical analysis
We adjusted all analyses in agreement with sex and age. Data 

are shown as the mean ± SD. We analyzed the data using SPSS 

software (version 19; IBM Corporation, Armonk, NY, USA). 

We used the χ2 test and t-test for the descriptive characteristics. 

A two-way analysis of variance followed by Dunnett’s least 

significant difference test was used to compare sAA and cor-

tisol responses. P,0.05 was considered significant.

Procedures
We measured sAA and salivary cortisol levels three 

times (before stimulation, immediately after stimulation 

and 20 minutes after stimulation), similar to previous 

reports.17,18,20 Exposure to the physical stress and saliva col-

lection were performed between 1 and 5 pm to control for 

circadian variations in sAA and cortisol levels. sAA was mea-

sured using the Dry Chemistry System (Nipro Corporation, 

Tokyo, Japan) according to the manufacturer’s instructions. 

Saliva was sampled by directly dipping a saliva-sampling strip 

under the tongue for 30 seconds.21,22 The strip was immedi-

ately placed in an automatic saliva transfer system, and the 

saliva was transferred by compression to the α-amylase test 

paper on the reverse side of the strip sleeve. The α-amylase 

test paper contained the substrate 2-chloro-4-nitrophenyl-

4-O-β-D-galactopyranosylmaltoside (Gal- G2-CNP). The 

enzyme reaction was begun by transfer and compression, 

and free Gal-G2-CNP levels were optically measured within 

20 seconds. The α-amylase activity that reduced sugars 

equivalent to 1 µmol/minute of maltose was defined as one 

unit. The concentration of salivary cortisol was analyzed by 

enzyme-linked immunosorbent assay,23 with intra- and inter-

assay coefficients of variation of 3% and 10%, respectively. 

Samples were stored at –20°C until analysis.

We recorded the high- and low-frequency heart rate 

variability (HRV) and HRV low-/high-frequency ratio imme-

diately after electrical stimulation by use of the APG Heart-

Rater SA-3000P (Tokyo Iken Co, Ltd, Tokyo, Japan).

We administered the State-Trait Anxiety Inventory 

(STAI)24 and Profile of Mood States (POMS)25 tests before 

conducting the electrical stimulation protocol.  Furthermore, 

we determined the HAM-D scores before electrical 

stimulation. BP patients scored $8 points on HAM-D.

Results
Tension–anxiety, depression–dejection, anger–hostility, 

fatigue, and confusion POMS scores in BP patients were sig-

nificantly increased compared with those in healthy  controls 

Table 1 Demographic and medical characteristics by group

Control Bipolar P or χ2

N 22 25
age (years) 36.8 ± 4.0 43.1 ± 13.0 0.10
sex (female/male) 11/11 11/14 0.68
haM-D17 score 1.0 ± 1.1 16.8 ± 5.5 0.00

Note: Values are expressed as number, mean ± sD.
Abbreviations: haM-D, hamilton rating scale for Depression; sD, standard 
deviation.

Table 2 characteristics of bipolar disorder patients and controls

Control 
(n=22)

Bipolar  
(n=25)

P

cormorbidity
 Panic disorder 0 9 ,0.01
 social anxiety disorder 0 12 ,0.01
POMs25 points
 Tension–anxiety 43.7 ± 5.0 65.0 ± 13.8 ,0.01
 Depression–dejection 45.8 ± 5.2 67.7 ± 15.0 ,0.01
 anger–hostility 44.1 ± 5.8 56.0 ± 14.5 ,0.01
 Vigor 54.0 ± 13.4 35.8 ± 10.3 ,0.01
 Fatigue 43.3 ± 10.5 62.2 ± 13.8 ,0.01
 confusion 43.2 ± 10.5 66.4 ± 18.3 ,0.01
sTai24 scores
 Trait anxiety 39.4 ± 7.5 56.3 ± 14.4 ,0.01
 state anxiety 38.0 ± 6.5 53.3 ± 12.6 ,0.01
Maximum electrical stimulation 21.2 ± 15.8 23.1 ± 18.3 0.36
heart rate variability
 lF 60.1 ± 19.7 59.3 ± 18.4 0.44
 hF 39.9 ± 19.7 40.7 ± 18.4 0.44
 lF/hF ratio 4.0 ± 8.3 2.5 ± 3.0 0.19

Note: Data are expressed as number or mean ± sD.
Abbreviations: HF, high-frequency; LF, low-frequency; POMS, Profile of Mood 
states; sD, standard deviation; sTai, state-Trait anxiety inventory.
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(Table 2). In contrast, vigor scores in BP patients were 

significantly decreased compared with those in healthy con-

trols. The STAI state and trait scores significantly increased 

in BP patients compared with those in healthy controls. No 

differences were observed in any HRV measure between BP 

patients and healthy controls. No difference was observed in 

the threshold of electrical stimulation between BP patients 

and healthy controls (Table 2). Significant differences in 

sAA levels were observed between BP patients and healthy 

controls (F
[1, 45] 

=6.96, P,0.01). Significantly higher sAA 

levels were observed in female BP patients versus female 

controls (F
[1, 20] 

=4.38, P<0.05) (Figure 1A). A trend toward 

higher sAA levels was observed in male BP patients versus 

male controls (F
[1, 23] 

=2.65, P=0.12) (Figure 1B). Finally, no 

differences in salivary cortisol levels were observed between 

BP patients and controls (F
[1, 45] 

=0.54, P=0.48) (Figure 2).

Discussion
In the present study, we showed that an acute physical stress 

induced increased sAA levels in BP patients. sAA levels in BP 

patients were significantly elevated compared with  controls 

both before and after electrical stimulation. sAA levels have 

been proposed as a marker of sympathetic nervous system 

activity, and sAA levels also seem to be a useful measure 

of SAM axis activation. This study suggests a possible role 

of sAA before and after electrical stimulation as a potential 

biomarker of BP.

The influence of physical stress on sAA levels has been 

reported previously.17,18 In the present acute stress study, we 

found sAA levels were significantly higher in BP patients than 

in healthy controls after the stimulation. These results sug-

gest that BP patients may experience fundamentally higher 

anxiety even before the electrical stimulation. Therefore, 

sAA levels before an electric stimulus may increase due to 

anticipatory anxiety in BP patients. The decrease in the vigor 

score in this group may also support this observation.

We considered a sex difference in the sAA response 

before and after the electric stimulus. sAA levels in 

female BP patients significantly increased compared with 
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those in the female controls. A trend toward higher sAA 

levels before and after the stimulus was observed in male 

patients with BP compared with male controls. Tanaka et al 

previously reported that sAA levels in females with MDD are 

significantly higher than those in healthy controls.18 Filaire 

et al suggests that there are no sex differences between sAA 

levels and stress,26 whereas van Stegeren et al suggests that 

men displayed higher sAA levels compared with women 

during stressful tasks.27 Thus, further studies are required to 

examine the relationship between stress and sAA levels in 

BP patients of both sexes.

Differences might exist between psychological status and 

hormonal responses. Anticipatory anxiety presumably caused 

increases in sAA levels in BP patients, whereas prolonged 

stress suppressed SAM activity in healthy controls. In contrast, 

prolonged stress did not suppress SAM activity in BP patients, 

suggesting the maintenance of hormonal responsiveness in 

these individuals. However, there is not one clear reason for 

the observed differences between these groups. One pos-

sibility is that the duration of BP may have influenced the 

results. A second possibility is that individual biological or 

genetic backgrounds in BP patients may have affected the 

results, since specific genetic polymorphisms are associated 

with stress sensitivity.28,29 No differences in HRV values or 

strength of the applied electrical stimulation were observed 

between the two groups, so biological background did not 

influence the different hormonal reaction. A third possibility 

is that the genetic backgrounds of the depressed patients may 

have influenced the results. We did not check for genetic dif-

ferences, such as single nucleotide polymorphisms, between 

the two groups; however, we will be evaluating the influence 

of SNPs on stress, HPA axis activity, and SAM axis activity 

in future studies. Further studies are necessary to evaluate the 

relationships between hormonal responsiveness in relation to 

depression and genetic composition.

We did not find any differences in salivary cortisol levels 

between BP patients and controls before or after electrical 

stimulation. HPA axis functions are usually measured by 

responses to the combined DEX/CRH test, the DEX suppres-

sion test, and basal cortisol levels. It has been reported that 

the function of the HPA axis is abnormal in BP patients.30 

The DEX/CRH test clarifies dysregulated HPA axis function 

in both remitted and unremitted BP patients. In particular, 

BP patients show an enhanced cortisol response in the DEX/

CRH test in comparison with controls, and this reaction does 

not significantly differ between remitted and unremitted 

patients.30 As our participants were examined in the after-

noon, between 1 and 5 pm, we may not have observed basic 

cortisol changes in BP patients. Furthermore, the strength of 

electrical  stimulation may have been insufficient to change 

cortisol levels, as BP patients and controls in our study did not 

significantly differ in response to the electrical stimulation.

When we checked the differences in POMS and STAI 

scores between the BP and control groups, we found that 

the tension–anxiety, depression–dejection, anger–hostility, 

fatigue, and confusion scores of the POMS significantly 

increased in BP patients compared with those in healthy con-

trols, whereas the vigor scores significantly decreased in BP 

patients. Our results agree with another study that the POMS 

depression–dejection scale exactly classifies persons with 

and without BP using the Structured Clinical Interview for 

DSM-IV diagnoses.18,30 STAI was chosen to evaluate state and 

trait anxiety. State and trait scores increased in BP patients in 

comparison with healthy controls, in agreement with another 

recent study.18 It is important to note that anticipatory anxiety 

might be related to increases in basal sAA levels. Finally, the 

Beck Depression Inventory31 and the STAI have correlation 

coefficients of 0.50 to 0.80,32 and an ongoing depressive state 

may also have influenced our results.

Our study had four major limitations. One is that the 

number of patients and healthy controls was relatively 

small; further studies with a larger study sample should be 

performed. The second limitation was that the number of 

hormonal assessments was limited, so the number of tested 

hormonal responses should be increased in future. The third 

limitation is that BP patients took medication some point 

prior to the study, and this may have influenced the results. 

A fourth limitation is that we set the time period prior to 

the stress as the baseline, and sAA and salivary cortisol 

levels may have been different based on the length of time 

a participant had been in the hospital.33 In future studies, 

we will try to include patients who are not undergoing drug 

treatment and make comparisons between treated and non-

treated patients.

Conclusion
These preliminary results suggest that sAA could be a bio-

logical marker of autonomic function in BP patients. It differ-

entiates between sympathetic and parasympathetic responses, 

and has been a confounder in autonomic biomarker research. 

It distinguishes between the generic stress response and 

the possibly specific stress response associated with BP. It 

seemed that the current electrical stimulation paradigm did 

not sufficiently activate the HPA axis, and further studies 

should consider the strength of the applied stress. The current 

stress consistently activated the SAM system but was not 
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strong enough to stimulate the HPA axis. Additional studies 

incorporating more frequent measurements and additional 

combinations of stress markers will be needed to examine 

the pathophysiology of BP patients.
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