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Aims: Stress is known to be a potential contributor to the development of diabetes and hypertension. However, 
the biological mechanisms underlying the association between cardiometabolic risk markers and the biological 
stress response have not yet been determined. Therefore, we examined salivary alpha-amylase and heart rate vari-
ability in relation to cardiometabolic status in a sample of healthy Japanese men and women.  

Methods: Participants (473 men and 1,029 women aged 30-84) underwent a 75 g oral glucose tolerance test 
after a 10-hr fast. The homeostasis model assessment index for insulin resistance was based on fasting and 2-hr 
postload glucose and insulin concentrations. Sitting blood pressure was measured twice after rest. A saliva sample 
was collected in the morning and salivary alpha-amylase was assayed. A 5-min heart rate variability recording was 
evaluated using time-domain indices of standard deviations of normal-to-normal intervals and root mean square 
of successive differences. Multivariate linear regression models were used to estimate associations between sali-
vary alpha-amylase and each outcome measure.

Results: Salivary alpha-amylase was associated with fasting glucose (β=0.008; 95% CI=0.002, 0.014), 2-hr 
postload glucose (β=0.023; 95% CI=0.004, 0.041), homeostasis model assessment index for insulin resistance 
(β=0.032; 95%CI=0.000, 0.064), systolic (β=1.603; 95% CI=0.479, 2.726) and diastolic (β=0.906; 95% 
CI=0.212, 1.600) blood pressures among women. These associations remained significant after further adjust-
ment for heart rate variability measures.

Conclusions: The elevation of salivary alpha-amylase may reflect a dysfunction of the sympathetic nervous sys-
tem associated with cardiometabolic abnormalities in women. 

of type 2 diabetes and the population attributable 
fraction for cardiovascular disease have increased 
markedly2). Stress is a potential contributor to chronic 
hyperglycemia in diabetes3, 4). Previous epidemiologi-
cal studies have confirmed the association of stress 
with a higher risk of developing type 2 diabetes melli-

Introduction

The prevalence of type 2 diabetes is increasing 
rapidly worldwide, and fasting plasma glucose levels 
have risen globally since 1980 1). Even in Japan, where 
body mass index (BMI) is typically low, the prevalence 
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Methods

Study Population
The THS has been described in detail else-

where20). In brief, the THS is a longitudinal study 
established in 2009-2013 to investigate new risk fac-
tors for diabetes and cardiovascular disease and 
involves 2,032 community-dwelling men and women 
from Toon City, Ehime Prefecture, Japan who were 
aged 30–79 years at the time of entry. Toon City is in 
a rural area located in the southern part of Japan with 
a population of ~22,000. Participants were voluntarily 
recruited by newspaper advertisements, posters, or 
invitations. Participants have been asked to return for 
onsite physical examinations and questionnaires every 
5 years. A total of 1,777 individuals (n=1,396 
enrolled since 2009; n=381 newly enrolled) partici-
pated in the 5-year follow-up study between 2014–
2017; therefore, our study population was slightly dif-
ferent form the original THS population. Individuals 
who did not have sAA measured (n=19) or an oral 
glucose tolerance test (OGTT) performed (n=98), 
were previously diagnosed with coronary heart disease 
or stroke (n=143), or had atrial fibrillation on an 
ECG at the time of sAA measurement (n=15) were 
excluded from the present study. The OGTT was not 
performed if an individual had a prior history of gas-
trectomy to avoid the occurrence of dumping syn-
drome after the glucose load (n=15), or if his/her fast-
ing blood glucose level measured by a portable glucose 
monitor was ≥ 7.8 mmol/L, high enough to be diag-
nosed as diabetes (n=18) or was on medication for 
diabetes (n=65). Finally, 1,502 (473 men and 1,029 
women) individuals aged between 30 and 84 were 
included in the analysis. The study protocol was 
approved by ethics committees of Juntendo University 
and Ehime University. 

Measurements
Collection of chewing-gum-stimulated saliva and 
Assay for salivary alpha-amylase

All participants were required to fast for at least 
10 h before the study health examination. Saliva was 
collected for each participant in the morning after 
stimulation by chewing gum. The participants chewed 
1 g of bland and flavorless Salivar Gum (Tokyo Shizai-
sha, Tokyo, Japan) for 5 min. While they were chew-
ing, their saliva was collected into plastic tubes. Col-
lected saliva was weighed, and the salivary flow rate 
was calculated in g/min. The saliva collecting tubes 
were centrifuged at 3,000 rpm for 15 min at 4℃, and 
saliva samples were then stored at －80℃ until they 
were assayed. All samples were tested in the same 
series to avoid any variations between tests. A kinetic 

tus5-8). In an effort to understand the biological mech-
anisms underlying this, a recent study has investigated 
the association between diabetes and biological stress 
response measured by salivary alpha amylase (sAA)9).

Psychological stress leads to an increase in activa-
tion of the autonomic nervous system through a com-
bination of sympathetic and parasympathetic innerva-
tion of the salivary glands, leading to the release of 
sAA10, 11). A substantial literature reveals that sAA is a 
correlate of sympathetic nervous activity12) under con-
ditions of stress11, 13, 14). Moreover, sAA was negatively 
associated with root mean square of successive differ-
ences in the normal-to-normal (RR) intervals 
(RMSSD), suggesting a shift in autonomic balance in 
favour of sympathetic activation in stressful condi-
tions14). 

The literature assessing sAA in relation to cardio-
metabolic status is limited. A small case-control study 
with 125 diabetes cases and 125 controls found no 
significant association between sAA and diabetes9). No 
previous studies have tested the association between 
sAA and fasting glucose and insulin resistance in a 
healthy population. Moreover, there was only a small 
experimental study that found a correlation between 
psychological stress induced changes in sAA and sys-
tolic blood pressure (SBP)15). The aim of our study 
was therefore to examine the association between car-
diometabolic risk markers and sAA in a large sample 
of Japanese men and women.

In contrast, lower heart rate variability (HRV) 
has been associated with increased risk of diabetes16), 
insulin resistance17) and hypertension18). A recent 
study from our group has also suggested that HRV, as 
indexed by the standard deviation of the RR intervals 
(SDNN) and RMSSD, is inversely associated with 
higher fasting glucose as well as blood pressure19). 
However, no previous study has examined autonomic 
nervous dysfunction classified by the combination of 
sympathetic and parasympathetic biomarkers in rela-
tion to glucose, insulin resistance, and blood pressure. 

Aim

To facilitate a more detailed examination of the 
role of autonomic nervous function, we examined sAA 
and HRV in relation to blood pressure level, and glu-
cose and insulin levels assessed during oral glucose tol-
erance tests (OGTT). We hypothesized that elevated 
sAA would be associated with higher levels of glucose 
and insulin as well as elevated blood pressure. We also 
conjectured that the associations might be modified 
by HRV. Data are from the Toon Health Study 
(THS), an ongoing cohort of healthy community-
dwelling men and women. 

Advance Publication Journal of Atherosclerosis and Thrombosis 
Accepted for publication: August 31, 2020    Published online: October 10, 2020



Alpha-Amylase and Cardiometabolism

3

insulin resistance (HOMA-IR) was calculated as fast-
ing serum insulin (FSI) (µU/mL)×fasting serum glu-
cose (FSG) (mg/dL)/405 22).

Blood pressure was measured twice in the sitting 
position after a rest of at least 5 min using an auto-
matic sphygmomanometer (BP-103iII; OMRON 
Colin Co., Tokyo, Japan). The mean of two measure-
ments was used for analysis. 

Covariates
A self-administrated questionnaire was used to 

assess medical history (presence of hypertension, dys-
lipidemia, or diabetes), smoking habits, alcohol con-
sumption, menopausal status, educational attainment 
level, marital status, employment status, and depres-
sive symptoms. The amount of alcohol consumed 
each week was evaluated by measuring the weekly fre-
quency of drinking and the type of alcoholic beverage 
consumed (beer, sake, whiskey, shochu, or wine). A 
regular alcohol drinker was defined as an individual 
with alcohol consumption greater than or equal to 1 
g/week. Physical activity levels were assessed using a 
validated questionnaire, which consisted of 14 ques-
tions on occupation, locomotion, housework, sleep 
time, and leisure time physical activities.23) Responses 
for each physical activity category were converted to 
metabolic equivalents (METs), according to the Com-
pendium by Ainsworth et al. (2000) and expressed as 
METs·h/day. BMI was calculated as weight divided by 
height squared. Overweight status was defined as hav-
ing a BMI greater than or equal to 25 kg/m2 24). 
Depressive symptoms were assessed with two self-
report questions that measured core aspects of depres-
sion: “Have you felt uninterested in doing things or 
been unable to enjoy anything in the past month?” 
and “Have you been feeling depressed or hopeless for 
the past month?” Participants who responded “yes” to 
either of these two questions were considered to have 
significant depressive symptoms. Another factor that 
may be relevant is periodontal disease. Probing depth 
(PD), a measure of the depth of periodontal pockets, 
was collected along with sAA in a subsample of the 
study population (n=783) in 2014–2015. PD was 
measured at six sites per tooth using an automated 
probe with a constant force (20 g) on all teeth present 
in the mouth, excluding the third molars. PD ≥ 4 mm 
was considered an indicator of chronic periodonti-
tis25). 

Statistical Analysis
We analyzed the concentration of sAA divided by 

the volume of saliva collected during the timed sam-
pling period. The values of glucose, HOMA-IR, sAA, 
SDNN, RMSSD, and LF/HF ratio were natural log-

reaction assay kit (Salimetrics, LLC, MA, USA) was 
used for sAA measurements. A plate reader (Vmax 
PowerWave XS, Bio-Tech Instruments, Tokyo, Japan) 
was used for salivary determination by 405 nm filters 
for sAA. The intra-assay coefficient of variation and 
inter-assay reproducibility for sAA were 5.47±1.49 
and 4.7±0.15%, respectively. 

Assessment of Autonomic Function
Analysis of HRV was used as a non-invasive tool 

to assess cardiac autonomic control (TAS9; YKC Co. 
Ltd, Tokyo, Japan). Pulse rate was recorded for 5 min 
using a fingertip pulse wave sensor, and the following 
time-domain measures of HRV were then determined: 
SDNN and RMSSD. The power spectrum was 
decomposed into its frequency components and quan-
tified in terms of the relative intensity (power) of each 
component. The power spectrum was divided into fre-
quency bands, and we determined the high frequency 
band (HF) (0.15–0.40 Hz) and the low frequency 
band (LF) (0.04–0.15 Hz). The HF and LF power 
and the LF/HF ratio were used for the analysis. 

We previously performed 24-hr Holter ECG 
monitoring (PMP400; Pacific Medico, Co., Ltd., 
Tokyo, Japan) in a subsample of study participants21). 
To validate the 5-min HRV measurements using the 
fingertip device, a power spectral analysis of RR inter-
vals from the ECG was performed every five minutes 
over a 24-hr period. For each 5-min interval, we cal-
culated LF, HF, and the LF/HF ratio in the same fre-
quency bands. The validation study suggested that the 
5-min HRV parameters (i.e., heart rate, LF, HF, and 
LF/HF) measured from fingertip pulse recordings 
were moderately associated with the HRV parameters 
from 24-hr Holter ECG recordings (r=0.53 for LF; 
r=0.59 for HF; r=0.53 for LF/HF).

Blood Measures 
Overnight fasting blood samples were drawn 

from the antecubital vein into vacuum tubes contain-
ing a serum separator gel. The serum tube was centri-
fuged immediately at 3000× g for 15 min, and the 
separated serum was sent to the laboratory for analy-
sis. 

All participants underwent OGTT after at least a 
10 hr fast, and 2-hr postload glucose and insulin con-
centrations were measured by standard laboratory 
methods. Serum glucose was measured by the hexoki-
nase method (Sysmex, Kobe, Japan) using an auto-
matic analyzer (7600-D; Hitachi Co., Tokyo, Japan). 
Insulin was measured using the electrochemilumines-
cence method with ECLusys (Roche Diagnostics, 
Tokyo, Japan). 

The homeostasis model assessment index for 
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did not drink had higher mean sAA. All of these asso-
ciations were attenuated after adjusting age; mean-
while, mean sAA remained higher in women who 
were unemployed or had part-time employment com-
pared with those who were full-time employed (data 
not shown). 

Some 783 participants had measures of both PD 
and sAA, and the mean sAA was 3.07(0.92) for men 
with chronic periodontitis and 2.91(0.89) for men 
without it (p=0.15). The mean sAA was 3.46(0.85) 
for women with chronic periodontitis and 3.45(0.77) 
for women without it (p=0.84).  

Multivariate adjusted linear associations between 
sAA per 1-tandard deviation (SD) and the levels of 
glucose (fasting, 2-hr OGTT), insulin resistance 
(HOMA-IR), and systolic and diastolic blood pres-
sures are shown in Table 3. There were significant 
positive associations between sAA and fasting glucose 
(β=0.008; 95% CI=0.002, 0.014), 2-hr postload 
glucose (β=0.023; 95% CI=0.004, 0.041), HOMA-
IR (β=0.032; 95%CI=0.000, 0.064) as well as sys-
tolic (β=1.603; 95% CI=0.479, 2.726) and diastolic 
(β=0.906; 95% CI=0.212, 1.600) blood pressures 
among women. These associations remained signifi-
cant after further adjustment for HRV measures (i.e., 
SDNN, RMSSD, LF/HF ratio). In men, sAA was not 
significantly associated with any of the outcomes we 
measured. 

We then checked for potential effect modifica-
tion by stratifying the analyses by SDNN, RMSSD, 
and LF/HF ratio (Supplemental Table 1). We found 
there were interactions by SDNN and RMSSD for 
the association between sAA and SBP. The positive 
association between sAA and SBP was more evident in 
women who had higher levels of SDNN (β=2.394; 
95% CI=0.848, 3.941) and RMSSD (β=2.300; 95% 
CI=0.792, 3.809) compared to those with lower lev-
els of SDNN (β=0.987; 95% CI= -0.676, 2.649; P 
for interaction: p=0.005) and RMSSD (β=0.916; 
95% CI= -0.750, 2.583; P for interaction: p=0.03). 
There were no statistically significant interactions 
related to the LF/HF ratio for any of the outcomes 
studied. 

Discussion

In this cross-sectional analysis in a Japanese pop-
ulation, we found a significant association between 
sAA and the level of glucose, insulin resistance, and 
blood pressure among Japanese women. We found 
evidence of effect modification by SDNN and 
RMSSD, with a stronger association between sAA and 
SBP among women with higher levels of SDNN or 
RMSSD, but there were no interactions for metabolic 

transformed in order to improve the normality of the 
data distribution. Analysis of variance (ANOVA) was 
used to compare mean values and the chi-square test 
to compare proportions in the descriptive analyses of 
men and women. ANOVA was also used to compare 
mean values of sAA by each covariate. Sex-specific 
multivariate linear regression models were used to esti-
mate associations between sAA and each outcome 
measure including fasting glucose, 2-hr postload glu-
cose, HOMA-IR, SBP, and diastolic blood pressure 
(DBP), and adjusting for age (years), education attain-
ment level (＜college education or greater than or 
equal to college education), employment status 
(unemployed, full-time, part-time, or self-employed), 
BMI (kg/m2), menopause (yes/no), use of antihyper-
tensive agents (yes/no), physical activity (metabolic 
equivalents, METs, in quartiles), smoking (non-
smoker or current smoker), and alcohol consumption 
status (non-drinker or current drinker). To check for 
effect modification in the sAA analyses, we also strati-
fied analyses according to SDNN (using the median 
cut points of 3.63 for men and 3.55 for women), 
RMSSD (using the median cut points of 3.22 for men 
and 3.26 for women), LF/HF ratio (using the median 
cut points of 1.14 for men and 1.04 for women). We 
checked for statistical interactions by using cross-
product terms of sAA and stratifying variables along 
with the main effects. Statistical significance was 
assumed at P＜0.05. All statistical analyses were per-
formed using SAS software, version 9.4 (SAS Institute, 
Inc., Cary, NC, USA).

Results

The characteristics of the study sample are pre-
sented in Table 1. Men were likely to be older, mar-
ried, highly educated, and have full-time employment 
compared with women. The levels of smoking, drink-
ing and obesity were also higher in men than women. 
The means of glucose, HOMA-IR, and both systolic 
and diastolic blood pressures were higher in men than 
women. The mean of sAA was lower in men than 
women.  

The sex-specific mean differences in sAA in rela-
tion to descriptive characteristics are shown in Table 2. 
For both men and women, mean sAA was higher in 
older and less educated persons. Mean sAA were also 
higher in both men and women who were unem-
ployed, employed part-time, or self-employed com-
pared with those who were employed full-time. Men 
who were more physically active had lower sAA. 
Women who were obese and had higher parasympa-
thetic activity (i.e., lower SDNN or RMSSD) had 
higher mean sAA. Women who did not smoke and 
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Table 1. Demographic, behavioral, and biomedical factors separated by participant sex

Men
(n =473)

Women
(n =1,029)

P-for
difference

Age, y
30-49, n (%)
50-59, n (%)
60-69, n (%)
≥ 70, n (%)

91 (19.2)
66 (14.0)

168 (35.5)
148 (31.3)

 
229 (22.3)
210 (20.4)
341 (33.1)
249 (24.2)

 
0.002

Education attainment level
＜college education, n (%)
≥ college education, n (%)

  
281 (59.4)
192 (40.6)

 
876 (85.1)
153 (14.9)

  
＜0.001

Marital status
Non-married, n (%)
Married, n (%)

 
45 (9.5)

428 (90.5)
220 (21.4)
806 (78.6)

 
＜0.001

Employment Status
Unemployed, n (%)
Full-time, n (%)
Part-time, n (%)
Self-employed, n (%)

 
176 (37.5)
118 (25.2)

52 (11.1)
123 (26.2)

 
545 (53.5)

82 (8.1)
303 (29.8)

88 (8.6)

 
＜0.001

Depression
No, n (%)
Yes, n (%)

  
427 (90.5)

45 (9.5)

  
927 (90.5)

97 (9.5)

 
0.97

Smoking status
Non-smoker, n (%)
Current smoker, n (%)

 
405 (85.6)

68 (14.4)
1006 (97.8)

23 (2.2)
＜0.001

Alcohol intake
Non-drinker, n (%)
Current drinker, n (%)

113 (23.9)
360 (76.1)

 
609 (59.2)
420 (40.8)

 
＜0.001

Physical Activity (Women), Mets
＜24.2 (＜26.2), n (%)
24.2-26.8 (26.2-28.4), n (%)
26.9-30.1 (28.4-30.8), n (%)
＞30.1 (＞30.8), n (%)

 
117 (24.7)
118 (24.9)
119 (25.2)
119 (25.2)

 
256 (24.8)
258 (25.1)
257 (25.0)
258 (25.1)

 
0.99

Menopause
No, n (%)
Yes, n (%)

 
259 (25.2)
770 (74.8)

Obesity
BMI＜25
BMI ≥ 25

 
331 (70.0)
142 (30.0)

 
826 (80.3)
203 (19.7)

 
＜0.001

Chronic periodontitis (Probing depth ≥ 4 mm)＊＊

No, n (%)
Yes, n (%)

 
123 (50.4)
121 (49.6)

 
335 (62.2)
204 (37.8)

 
0.002

SDNN＊, quartiles in men (in women)
＜3.33 (＜3.25), n (%)
3.33-3.62 (3.25-3.54), n (%)
3.63-3.93 (3.55-3.84), n (%)
＞3.93 (＞3.84), n (%)

  
116 (24.6)
120 (25.4)
117 (24.8)
119 (25.2)

 
251 (24.4)
264 (25.7)
255 (24.8)
259 (25.1)

 
0.99
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(Cont. Table 1)

Men
(n =473)

Women
(n =1,029)

P-for
difference

RMSSD＊, quartiles in men (in women)
＜2.83 (＜2.83), n (%)
2.83-3.14 (2.83-3.22), n (%)
3.15-3.64 (3.23-3.58), n (%)
＞3.64 (＞3.58), n (%)

 
122 (25.9)

92 (19.4)
136 (28.8)
122 (25.9)

 
248 (24.1)
264 (25.7)
239 (23.2)
278 (27.0)

 
0.02

LF/HF Ratio＊, quartiles in men (in women)
＜1.00 (＜0.93), n (%)
1.00-1.12 (0.93-1.04), n (%)
1.13-1.30 (1.05-1.18), n (%)
＞1.30 (＞1.18), n (%)

 
122 (25.9)
114 (24.1)
117 (24.8)
119 (25.2)

 
248 (24.1)
272 (26.4)
258(25.1) 

251 (24.4)

 
0.76

Heart Rate, quartiles in men (in women)
＜60.0 (＜64.0), n (%)
60.0-65.0 (64.0-68.0), n (%)
66.0-71.0 (69.0-74.0), n (%)
＞71.0 (＞74.0), n (%)

 
112 (23.7)
118 (25.0)
122 (25.9)
120 (25.4)

 
262 (25.4)
247 (24.0)
260 (25.3)
260 (25.3)

 
0.90

Fasting glucose＊ mmol/L, mean (SD)
2-hr postload glucose＊ mmol/L, mean (SD)

HOMA-IR＊, mean (SD)
Systolic Blood Pressure mmHg, mean (SD)
Diastolic Blood Pressure mmHg, mean (SD)
Salivary α-Amylase＊＊＊ U/mL, mean (SD)

1.69 (0.10)
1.98 (0.31)
0.27 (0.63)

126.5 (17.4)
79.3 (10.1)
2.75 (0.92)

1.63 (0.10)
1.93 (0.30)
0.11 (0.57)

120.8 (19.5)
72.7 (11.2)
3.27 (0.91)

＜0.001
0.005

＜0.001
＜0.001
＜0.001
＜0.001

＊Natural log-transformed; ＊＊Used a sample of the study population (n=783) in 2014–2015; ＊＊＊Natural log-trans-
formed and divided by total saliva volume

Table 2. Association of salivary α-amylase＊ with demographic, behavioral, and biomedical factors

Men (n =473) Women (n =1,029)

n Mean SD P-for 
difference

n Mean SD P-for 
difference

Age, y
30-49
50-59
60-69
≥ 70

 
91
66

168
148

 
2.40
2.43
2.77
3.09

 
0.92
0.84
0.87
0.88

 
＜0.001

 
229
210
341
249

 
2.88
3.12
3.35
3.63

 
0.90
0.83
0.81
0.94

 
＜0.001

Education attainment level
＜college education
≥ college education

281
192

 
2.85
2.61

 
0.93
0.88

 
0.006

 
876
153

 
3.31
3.05

 
0.90
0.92

 
0.001

Marital status
Non-married
Married

45
428

 
2.92
2.74

 
0.91
0.92

 
0.19

 
220
806

 
3.36
3.24

 
1.03
0.87

 
0.09

Employment Status
Unemployed
Full-time
Part-time
Self-employed

 
176
118

52
123

 
2.97
2.45
2.81
2.72

 
0.92
0.90
0.83
0.89

 
＜0.001

  
545

82
303

88

  
3.40
2.84
3.14
3.28

  
0.91
0.85
0.90
0.83

  
＜0.001
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(Cont. Table 2)

Men (n =473) Women (n =1,029)

n Mean SD P-for 
difference

n Mean SD P-for 
difference

Depression
No
Yes

 
427

45

 
2.76
2.65

 
0.92
0.89

 
0.42

 
927

97

 
3.26
3.30

 
0.90
0.91

 
0.71

Smoking status
Non-smoker
Current smoker

 
405

68

 
2.78
2.62

 
0.91
0.96

 
0.20

  
1006

23

 
3.28
2.86

 
0.91
0.75

 
0.03

Alcohol intake
Non-drinker
Current drinker

113
360

2.86
2.72

 
0.96
0.90

 
0.17

 
609
420

 
3.35
3.16

 
0.89
0.92

 
0.001

Physical Activity Mets, quartiles in men (in women)
＜24.2 (＜26.2)
24.2-26.8 (26.2-28.4)
26.9-30.1 (28.4-30.8)
＞30.1 (＞30.8)

 
117
118
119
119

 
3.02
2.74
2.70
2.57

 
0.96
0.86
0.88
0.92

 
0.002

 
256
258
257
258

 
3.25
3.26
3.35
3.21

 
1.02
0.88
0.88
0.84

 
0.34

Menopause
No
Yes

259
770

 
2.96
3.37

 
0.92
0.88

 
＜0.001

Obesity
BMI ＜25
BMI ≥ 25

 
331
142

 
2.77
2.71

 
0.91
0.93

 
0.53

 
826
203

 
3.22
3.49

 
0.90
0.92

 
＜0.001

Chronic periodontitis (Probing depth ＞4 mm)＊＊

No
Yes

 
123
121

 
2.91
3.07

  
0.89
0.92

 
0.15

 
335
204

 
3.45
3.46

  
0.77
0.85

 
0.84

SDNN＊＊＊, quartiles in men (in women)
＜3.33 (＜3.25)
3.33-3.62 (3.25-3.54)
3.63-3.93 (3.55-3.84)
＞3.93 (＞3.84)

 
116
120
117
119

 
2.91
2.71
2.66
2.73

 
0.87
0.82
1.02
0.93

 
0.19

 
251
264
255
259

 
3.43
3.25
3.21
3.19

 
0.91
0.90
0.94
0.86

 
0.01

RMSSD＊＊＊, quartiles in men (in women)
＜2.83 (＜2.83)
2.83-3.14 (2.83-3.22)
3.15-3.64 (3.23-3.58)
＞3.64 (＞3.58)

 
122

92
136
122

 
2.89
2.77
2.61
2.75

 
0.96
0.89
0.83
0.98

 
0.11

 
248
264
239
278

 
3.41
3.26
3.14
3.27

 
0.91
0.93
0.90
0.87

 
0.01

LF/HF Ratio＊＊＊, quartiles in men (in women)
＜1.00 (＜0.93)
1.00-1.12 (0.93-1.04)
1.13-1.30 (1.05-1.18)
＞1.30 (＞1.18)

 
122
114
117
119

 
2.85
2.73
2.62
2.81

 
0.85
0.97
0.87
0.97

 
0.22

 
248
272
258
251

 
3.26
3.20
3.29
3.34

 
0.89
0.87
0.97
0.88

 
0.32

Heart Rate, quartiles in men (in women)
＜60.0 (＜64.0)
60.0-65.0 (64.0-68.0)
66.0-71.0 (69.0-74.0)
＞71.0 (＞74.0)

 
112
118
122
120

 
2.67
2.78
2.75
2.80

 
0.97
0.88
1.02
0.79

 
0.72

 
262
247
260
260

 
3.24
3.20
3.21
3.42

 
0.88
0.82
0.95
0.95

 
0.03

＊Natural log-transformed and divided by total saliva volume; ＊＊Used a sample of the study population (n=783) in 2014–2015; ＊＊＊Natural log-
transformed. Advance Publication Journal of Atherosclerosis and Thrombosis 
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insulin resistance, and alteration of glucose homeosta-
sis28, 29). The present study further showed that these 
associations remained statistically significant even after 
adjustment for HRV measures. We also found that the 
association between sAA and SBP was more evident in 
women with normal sympathetic activity as defined 
by a higher level of SDNN or RMSSD (Supplemen-
tal Table 1). Taken together, the elevation of sAA may 
reflect a dysfunction of the sympathetic nervous sys-
tem-associated with cardiometabolic abnormalities, 
such that the expected association between sAA and 
SBP breaks down among people with greater sympa-
thetic drive. 

The associations between sAA and cardiometa-
bolic dysregulation differ by gender in the present 
study. Previous studies have reported that women tend 

outcomes. However, the effect modification by SDNN 
and RMSSD could be a chance finding given the mul-
tiple testing: this finding needs to be replicated in 
another sample. Among Japanese men, we found no 
significant association between sAA and any of out-
comes we studied. 

Our study suggests that sAA is associated with an 
increase in the level of fasting glucose, insulin resis-
tance, and blood pressure in women. sAA has often 
been used as a marker of β-adrenergic activity during 
stress26) given that the secretion of sAA is predomi-
nantly stimulated by β-adrenergic receptors (β
-ARs)27). The pathological conditions characterized by 
excessive activation of sympathetic nervous system and 
sustained stimulation of β-ARs due to stress were 
associated with the development of hypertension and 

Table 3. Association of salivary α-amylase with cardiometabolic status

Men (n =473) Women (n =1,029)

Coefficient 95% CI Standardized 
Coefficient

P-value Coefficient 95% CI Standardized 
Coefficient

P-value

Fasting glucose, mmol/L 
Multivariate model
Multivariate model＊

Multivariate model＊＊

Multivariate model＊＊＊

 
0.003
0.003
0.003
0.003

 
(-0.007, 0.012)
(-0.007, 0.013)
(-0.007, 0.013)
(-0.007, 0.013)

 
0.025
0.028
0.027
0.028

 
0.59
0.56
0.57
0.55

 
0.008
0.008
0.008
0.008

 
(0.002, 0.014)
(0.002, 0.014)
(0.003, 0.014)
(0.002, 0.014)

 
0.080
0.083
0.085
0.082

 
0.008
0.006
0.005
0.007

2-hr postload glucose, mmol/L
Multivariate model
Multivariate model＊

Multivariate model＊＊

Multivariate model＊＊＊

-0.006
-0.005
-0.005
-0.005

  
(-0.033, 0.022)
(-0.033, 0.023)
(-0.033, 0.022)
(-0.033, 0.022)

 
-0.018
-0.016
-0.017
-0.017

 
0.69
0.71
0.71
0.70

 
0.023
0.023
0.023
0.022

 
(0.004, 0.041)
(0.004, 0.041)
(0.005, 0.041)
(0.004, 0.041)

 
0.073
0.073
0.074
0.072

 
0.02
0.02
0.01
0.02

HOMA-IR
Multivariate model
Multivariate model＊

Multivariate model＊＊

Multivariate model＊＊＊

 
0.022
0.024
0.022
0.023

 
(-0.026, 0.071)
(-0.024, 0.072)
(-0.026, 0.070)
(-0.025, 0.072)

 
0.035
0.037
0.035
0.037

 
0.37
0.33
0.36
0.34

 
0.032
0.032
0.034
0.032

 
(0.000, 0.064)
(0.000, 0.064)
(0.002, 0.065)
(0.000, 0.064)

 
0.054
0.055
0.057
0.054

 
0.05
0.05
0.04
0.05

SBP, mmHg
Multivariate model
Multivariate model＊

Multivariate model＊＊

Multivariate model＊＊＊

 
0.291
0.341
0.315
0.327

 
(-1.295, 1.877)
(-1.237, 1.920)
(-1.258, 1.888)
(-1.252, 1.905)

 
0.016
0.019
0.018
0.018

 
0.72
0.67
0.69
0.68

 
1.603
1.604
1.626
1.573

 
(0.479, 2.726)
(0.480, 2.728)
(0.503, 2.749)
(0.451, 2.696)

 
0.079
0.079
0.080
0.078

 
0.005
0.005
0.005
0.006

DBP, mmHg
Multivariate model
Multivariate model＊

Multivariate model＊＊

Multivariate model＊＊＊

 
-0.091
-0.058
-0.084
-0.070

 
(-1.044, 0.862)
(-0.999, 0.883)
(-1.018, 0.849)
(-1.015, 0.875)

 
-0.009
-0.006
-0.008
-0.007

 
0.85
0.90
0.86
0.88

 
0.906
0.941
0.963
0.916

 
(0.212, 1.600)
(0.250, 1.632)
(0.273, 1.653)
(0.224, 1.608)

 
0.078
0.081
0.083
0.079

 
0.01
0.008
0.006
0.01

Salivary α-amylase was natural log-transformed and divided by total saliva volume; Difference in outcomes is based on each 1-SD increase in α
-amylase value; Glucose and HOMA-IR were natural log-transformed; Adjusted for age (years), BMI (kg/m2), physical activity (METs, quartiles), 
menopause (yes or no), employment status (full-time, part-time or self-employed), college education (yes or no), smoking status (current smoker or 
not), drinking status (current drinker or not) and hypertension medication use. ＊Further adjusted for SDNN; ＊＊Further adjusted for RMSSD; ＊＊＊

Further adjusted for the LF/HF ratio.
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psychobiological stress responses related to cardiomet-
abolic dysfunction in population studies as well.

The regression coefficients relating sAA to the 
measures of glucose metabolism are relatively small. In 
the present study, each 1-SD increase in sAA was asso-
ciated with a 0.08 mmol/L increase in fasting glucose 
and a 0.07mmol/L increase in 2-hr postload glucose. 
Similarly, a previous study has also documented sig-
nificant, but small standardized regression coefficients 
of fasting glucose (β=0.09, p＜0.01) and of post 
OGTT glucose (β=0.07, p＜0.05) on chronic psy-
chological stress45). This confirms that psychological 
stress and its biological correlates are not the primary 
determinants of impaired glucose metabolism.

An increase in the concentration of sAA may 
occur along with a decrease in flow rate due to peri-
odontitis46). sAA was therefore divided by total saliva 
volume in our present analysis. Presence of chronic 
periodontitis was not associated with sAA in the sub-
sample of the study population in which this was 
tested. We therefore conclude that the association 
between sAA and cardiometabolic status was not con-
founded by periodontal disease in the present study.

There was no association between LF/HF ratio 
and sAA in this study. While the LF/HF ratio is some-
times regarded as a measure of sympathetic drive, 
many authorities consider that it reflects the balance 
of sympathetic and parasympathetic activity47). How-
ever, this view has been challenged48), and interpreta-
tion of measures taken over the short time period used 
in this study and 24-hr recordings may differ49). Con-
sequently, the lack of association with sAA is difficult 
to interpret in terms of autonomic activity.

This study was carried out in a large, well charac-
terized sample of men and women. The THS collected 
data on amylase concentrations, HRV measures, fast-
ing glucose, and insulin levels by OGTT as well as a 
large number of lifestyle variables. However, a major 
limitation of this study is the cross-sectional design, 
which limits our ability to draw causal inferences. 
Additionally, both sAA and HRV were assessed on a 
single occasion; therefore, we could not examine a 
dynamic relationship between sympathetic and para-
sympathetic nervous systems. Moreover, although we 
adjusted for various possible confounding factors in 
the current study, there is a possibility of residual con-
founding by unmeasured variables, such as genetic 
factors50, 51), which may influence the cardiometabolic 
disease causality cascade. In the present study, the 
association between depressive symptoms and sAA was 
not significant. However, this null association may be 
due to the limited data on depressive symptoms, and 
further investigations of the associations using a well-
established measure of depression such as the Centre 

to experience higher state anxiety and more negative 
mood than men30, 31). Studies of subjective emotion 
experience have found that women reported greater 
sadness32, 33) and anxiety/fear33, 34) than men. Moreover, 
previous laboratory studies have suggested that there 
are gender differences in the relationships between 
stress and behavioral arousal35) as well as some markers 
of cardiovascular arousal36-39). Moreover, a large cohort 
study of Japanese men (n=30,180) and women 
(n=43,244) found that women with high perceived 
stress had an excess risk of cardiovascular mortality 
compared to those with low perceived stress, but a 
similar association was not found in men40). These 
gender differences in response to stress may influence 
the effect of sAA on cardiometabolic dysregulation in 
the present study. However, there were fewer men 
compared with women in present study. Thus, further 
research is needed to confirm the gender difference in 
associations between sAA and metabolic abnormali-
ties. 

We found that individuals who were unemployed 
or had part-time employment had higher mean of sAA 
compared with full-time employed persons in the cur-
rent study. A cross-sectional study with a national rep-
resentative sample of employees in Japan found poorer 
mental health among people working as temporary 
contract workers41). Lower socioeconomic status (i.e., 
low household income level, low education level) pop-
ulations appear to experience more psychological dis-
tress42) probably through exposure to chronic stressors 
related to social and environmental conditions includ-
ing residential settings, poverty, underemployment, 
and economic constraints43). For women, earlier stud-
ies of stress and cardiovascular disease have empha-
sized the need to examine the effects of stress from 
multiple social roles such as marriage, motherhood, 
and caregiving for adult relatives, as well as the combi-
nations of multiple roles44). However, we were not 
able to consider all of these social roles in the present 
study. Our findings add to the literature on the poten-
tial of social stress processes to underly the association 
between stress and development of cardiovascular dis-
ease; however, a limited set of mechanisms through 
which sAA may be associated with cardiometabolic 
dysfunction were available for investigation in the cur-
rent study, and the direction of causality cannot be 
fully determined.

Nater et al. (2006) reported that experimental 
social stress, consisting of a mental arithmetic task and 
free speech in front of an audience, stimulated ele-
vated sAA; they also found that alpha-amylase 
responses were not closely related to responses in cate-
cholamines and cortisol in the stress condition11). Our 
findings suggest that sAA may be a useful measure of 
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Supplemental Table 1.  Associations between salivary α-amylase and each of cardiometabolic risk markers stratified by SDNN, 
RMSSD, and the LF/HF ratio

Men

Coefficient 95% CI Standardized
Coefficient

P-value Coefficient 95% CI Standardized
Coefficient

P-value P for 
Interaction

SDNN＜3.63 (n =236) SDNN ≥ 3.63 (n =236)

Fasting glucose, mmol/L
2 hr-postload glucose, mmol/L
HOMA-IR
SBP, mmHg
DBP, mmHg

-0.001
-0.013
0.015
0.463
0.581

(-0.017, 0.016)
(-0.058, 0.033)
(-0.059, 0.089)
(-1.986, 2.911)
(-0.854, 2.015)

-0.005
-0.036
0.022
0.024
0.053

0.94
0.58
0.69
0.71
0.43

0.007
0.009
0.040

-0.042
-0.702

(-0.005, 0.018)
(-0.025, 0.044)
(-0.026, 0.105)
(-2.169, 2.085)
(-1.999, 0.595)

0.075
0.032
0.066

-0.003
-0.072

0.25
0.59
0.23
0.97
0.29

0.47
0.62
0.11
0.62
0.09

RMSSD＜3.22 (n =214) RMSSD ≥ 3.55 (n =258)

Fasting glucose, mmol/L
2 hr-postload glucose, mmol/L
HOMA-IR
SBP, mmHg
DBP, mmHg

-0.003
-0.023
-0.024
0.654
0.740

(-0.017, 0.012)
(-0.063, 0.017)
(-0.089, 0.040)
(-1.637, 2.945)
(-0.638, 2.119)

-0.025
-0.076
-0.044
0.038
0.074

0.73
0.26
0.46
0.57
0.29

0.008
0.014
0.059

-0.338
-1.014

(-0.006, 0.021)
(-0.025, 0.053)
(-0.013, 0.131)
(-2.588, 1.911)
(-2.339, 0.311)

0.071
0.040
0.085

-0.019
-0.099

0.27
0.49
0.11
0.77
0.13

0.16
0.38
0.03
0.94
0.26

LF/HF Ratio＜1.14 (n =236) LF/HF Ratio ≥ 1.14 (n =236)

Fasting glucose, mmol/L
2 hr-postload glucose, mmol/L
HOMA-IR
SBP, mmHg
DBP, mmHg

0.004
-0.025
0.062
0.938
0.142

(-0.010, 0.017)
(-0.064, 0.015)
(-0.007, 0.131)
(-1.501, 3.378)
(-1.250, 1.534)

0.037
-0.080
0.099
0.050
0.014

0.59
0.22
0.08
0.45
0.84

0.003
0.008

-0.031
-0.338
-0.280

(-0.012, 0.017)
(-0.032, 0.049)
(-0.101, 0.040)
(-2.502, 1.826)
(-1.647, 1.087)

0.025
0.025

-0.047
-0.020
-0.028

0.71
0.69
0.40
0.76
0.69

0.48
0.58
0.72
0.31
0.41

Women

SDNN＜3.55 (n =515) SDNN ≥ 3.55 (n =514)

Fasting glucose, mmol/L
2 hr-postload glucose, mmol/L
HOMA-IR
SBP, mmHg
DBP, mmHg

0.007
0.020
0.033
0.987
0.926

(-0.002, 0.016)
(-0.006, 0.047)
(-0.011, 0.078)
(-0.676, 2.649)
(-0.098, 1.949)

0.071
0.064
0.059
0.049
0.079

0.11
0.14
0.14
0.24
0.08

0.009
0.026
0.028
2.394
1.072

(0.000, 0.017)
(0.000, 0.053)

(-0.019, 0.075)
(0.848, 3.941)
(0.116, 2.028)

0.088
0.088
0.046
0.119
0.094

0.04
0.05
0.24
0.003
0.03

0.93
0.65
0.67
0.005
0.29

RMSSD＜3.26 (n =512) RMSSD ≥ 3.26 (n =517)

Fasting glucose, mmol/L
2 hr-postload glucose, mmol/L
HOMA-IR
SBP, mmHg
DBP, mmHg

0.009
0.029
0.042
0.916
0.649

(0.001, 0.018)
(0.004, 0.055)
(0.000, 0.084)

(-0.750, 2.583)
(-0.344, 1.642)

0.095
0.097
0.076
0.045
0.057

0.03
0.03
0.05
0.28
0.20

0.006
0.014
0.014
2.300
1.226

(-0.002, 0.015)
(-0.013, 0.040)
(-0.035, 0.062)
(0.792, 3.809)
(0.256, 2.197)

0.065
0.044
0.022
0.116
0.105

0.13
0.31
0.59
0.003
0.01

0.85
0.50
0.85
0.03
0.22

LF/HF Ratio＜1.04 (n =520) LF/HF Ratio ≥ 1.04 (n =509)

Fasting glucose, mmol/L
2 hr-postload glucose, mmol/L
HOMA-IR
SBP, mmHg
DBP, mmHg

0.002
0.010
0.012
1.893
1.131

(-0.006, 0.010)
(-0.017, 0.037)
(-0.037, 0.061)
(0.256, 3.531)
(0.111, 2.151)

0.021
0.031
0.019
0.091
0.095

0.63
0.47
0.64
0.02
0.03

0.011
0.030
0.042
1.032
0.688

(0.003, 0.020)
(0.005, 0.055)
(0.000, 0.085)

(-0.552, 2.615)
(-0.279, 1.656)

0.110
0.102
0.076
0.052
0.061

0.01
0.02
0.05
0.20
0.16

0.63
0.63
0.90
0.68
0.64

Salivary α-amylase was natural log-transformed and divided by total saliva volume; Difference in outcomes is based on each 1-SD increase in α
-amylase value; Glucose and HOMA-IR were natural log-transformed; Adjusted for age (years), BMI (kg/m2), physical activity (METs, quartiles), 
menopause (yes or no), employment status (full-time, part-time or self-employed), college education (yes or no), smoking status (current smoker or 
not), drinking status (current drinker or not) and hypertension medication use.
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