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Abstract 

Background: There is growing interest in examining objective markers for early 

identification and behavioral intervention to prevent dementia and mild cognitive 

impairment in clinical and community settings. 

Objective: To investigate the association between salivary alpha-amylase as an 

objective measure of psychological stress response and mild cognitive impairment for 

the implication of psychological stress in the development of mild cognitive 

impairment.  

Design, Setting, and Participants: This cross-sectional study involved 865 

participants aged ≥ 65 years. A saliva sample was collected in the morning, and the 

levels of salivary alpha-amylase were assayed. Mild cognitive impairment was 

evaluated using the Japanese version of the Montreal Cognitive Assessment; a score < 

26 was indicative of mild cognitive impairment. A multivariable logistic regression 

model was used to examine the association of salivary alpha-amylase and mild 

cognitive impairment after adjusting for age, sex, current drinking status, current 

smoking status, body mass index, hypertension, diabetes mellitus, physical activity, 

education, social support, social network, and heart rate variability. 

Results: Salivary alpha-amylase was associated with mild cognitive impairment (the 

multivariable-adjusted odds ratio [95% confidence interval] for the 1-standard 

deviation increment of log-transformed salivary alpha-amylase was 1.24 [1.07–1.44]). 

This significant association persisted after adjusting for various confounding factors. 

Conclusion: Elevation of salivary alpha-amylase was associated with mild cognitive 

impairment among Japanese community-dwelling older adults. This suggests that 

salivary alpha-amylase is a useful objective marker of psychological stress responses 

associated with mild cognitive impairment. 
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Introduction 

Approximately 50 million individuals have dementia worldwide, with nearly 10 

million new cases diagnosed annually (1). Hence, the prevention of dementia is an 

important challenge. Mild cognitive impairment (MCI), a state in between normal 

cognition and dementia, often progresses toward dementia. This has generated a 

growing interest in identifying MCI and intervening lifestyle-related behavior of the 

patients in clinical and community settings against its further development (2-4). 

 Previous studies have shown associations between psychological stress and a 

deterioration in cognitive function (5), increased risk of developing MCI (6), and 

dementia (7). Two major systems are involved in the human stress response (8, 9). 

Upregulation of the hypothalamic-pituitary-adrenal (HPA) axis increases secretion of 

stress hormones such as cortisol (10). Corticosteroids can cause cognitive deficits by a 

mechanism that is independent of hippocampal neural loss (11). HPA axis disturbance 

has been found among patients with MCI (12), and a previous study has suggested 

that morning salivary cortisol levels could be a marker for MCI (13). The other 

system of the human stress response involves the activation of the sympathetic-

adrenal-medullary (SAM) axis (8, 9). For instance, a previous cross-sectional study 

has found low heart rate variability (HRV) among MCI patients, which reflects 

dysfunction of the autonomic nervous system (14, 15). Moreover, salivary alpha-

amylase (sAA) is a biomarker for psychological stress that indicates SAM axis 

activation (16). Psychological stress increases beta-adrenergic activity through the 

activation of the SAM axis, which may lead to elevated sAA (16). Previous studies 

also showed that increased beta-adrenergic activity leads to the production of amyloid 

beta (Aβ) peptide (17, 18). The production and deposition of Aβ peptide is important 

in the pathogenesis of Alzheimer’s disease (AD) (19). Thus, sAA, an obfective marker 
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of the SAM axis, may be associated with MCI via beta-adrenergic activity, suggesting 

the contribution of psychological stress to cognitive decline. However, thus far, there 

have been no studies examining the association between sAA and MCI. Therefore, we 

conducted a large cross-sectional study to investigate the association between sAA 

and MCI in older adults. 
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Materials and Methods 

Participants 

This cross-sectional study was part of the Toon Health Study – a prospective cohort 

study initiated in Toon City, Ehime Prefecture, Japan in 2009. The Toon Health Study 

involved > 2,000 middle-aged and older adult community residents and aimed to 

determine risk factors for the development of cardiovascular diseases (20). For the 

present study, we recruited 1,778 participants between 2014 and 2017. We excluded 

participants aged < 65 years (n = 858). In addition, participants with missing data on 

sAA (n = 11) or the Japanese version of Montreal Cognitive Assessment (MoCA-J) (n 

= 3) or heart rate variability (HRV) (n=2), and those who had history of stroke (n = 

19) or receiving medication for stroke (n = 20) were excluded. Finally, 337 men and 

528 women were eligible for inclusion in the analysis. This study was approved by 

the Institutional Review Board of Ehime University Hospital, Toon, Japan and the 

Ethics Committee of Juntendo University, Tokyo, Japan. All participants provided 

informed consent. 

 

Measurement of sAA 

 A saliva sample was collected from each participant in the morning with stimulation 

provided using a chewing gum. The participants chewed 1 g of bland and flavorless 

Salivar Gum (Tokyo Shizaisha, Tokyo, Japan) for 5 min. While chewing, their saliva 

was collected into plastic tubes.  

  Collected saliva was stored at −80 °C. An sAA kinetic enzyme assay kit 

(Salimetrics, LLC, State College, PA, USA) was used to measure the levels of sAA. A 

plate reader (Vmax PowerWave XS; BioTek Instruments, Tokyo, Japan) was used for 

salivary determination with 405-nm filters for sAA. An amylase intra-assay 
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coefficient of variation of 5.47 ± 1.49% and inter-assay reproducibility of 4.7 ± 0.15% 

were accepted. 

 

Assessment of MCI  

The MoCA-J was used to evaluate the cognitive function of participants. The MoCA-J 

includes measurements for attention, working memory, short-term memory, delayed 

recall, visuospatial abilities, executive functioning, language, and orientation to time 

and place (21, 22). The MoCA-J consists of the following 12 tasks: a five-item 

delayed recall task, a clock-drawing task, a cube-copying task, a trail-making task, a 

phonemic fluency task, a two-item verbal abstraction task, a target-tapping task, a 

serial subtraction task, a two-item digit-reading task, a three-item naming task, a two-

item sentence-repeating task, and a six-item temporal and locational orientation task. 

Furthermore, for individuals with ≤ 12 years of formal education, 1 point was added 

to the total score of the cognitive tasks. The full score of the test was 30 points. A 

MoCA-J score < 26 points was indicative of MCI (21). 

 

Assessment of confounding factors 

Height and weight were measured in stocking feet and light clothing, and the body 

mass index (BMI) was calculated as weight (kg) divided by the square of height (m²). 

Blood pressure was measured twice in the sitting position after a rest of ≥ 5 min using 

an automatic sphygmomanometer (BP-103iII; OMRON Colin Co, Tokyo, Japan). The 

mean of the two measurements was used for analysis. The study physicians also 

questioned participants regarding their history and any current medications taken for 

hypertension, diabetes mellitus (DM), or stroke. Participants taking antihypertensive 

medication or having a systolic blood pressure ≥ 140 mmHg or a diastolic blood 
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pressure ≥ 90 mmHg were defined as hypertensive. We carried out an oral glucose 

tolerance test after at least a 10-h fast. Participants taking antidiabetic medication or 

having a fasting and 2-h-postload glucose ≥ 7.0 mmol/L and ≥ 11.1 mmol/L, 

respectively, at the oral glucose tolerance test were defined as diabetic. Investigators 

asked questions to determine the drinking status (current/non-drinker), smoking habits 

(current/non-smoker), educational level, physical activity, social support, and social 

networks of participants. Social support was assessed using the ENRICHD Social 

Support Instrument, which consists of seven items evaluating the four defining 

attributes of social support: emotional, instrumental, informational, and appraisal (23). 

Social networks were assessed using the Social Network Index, which includes four 

items related to the number of ties and their relative importance (24). The individual 

items of the ENRICHD Social Support Instrument and the Social Network Index were 

summed to obtain the total score. Scores in the lowest quartile denoted low social 

support and small social networks. To evaluate physical activity, the Japan 

Arteriosclerosis Longitudinal Study Physical Activity Questionnaire, which assesses 

the metabolic equivalents of different activities including occupational, household, 

and leisure-time was administered (25). Participants reported the frequency and 

duration of physical activity, and each physical activity was expressed as metabolic 

equivalents-hours per day. A noninvasive cardiac autonomic control assessment tool 

(TAS9; YKC Co. Ltd, Tokyo, Japan) was used to analyze HRV. Pulse rate was 

recorded with a fingertip pulse wave sensor for 5 minutes. The power spectrum was 

decomposed into frequency components and quantified by the relative intensity 

(power) of each component. The power spectrum was divided into high-frequency 

(HF; 0.15–0.40 Hz) and low-frequency (LF; 0.04–0.15 Hz) bands. The natural log-

transformed LF/HF ratio was used for the analysis. 



 

10 
 

 

Statistical analysis 

We computed the concentration of sAA divided by the collected volume of saliva 

(U/mL). In this study, women showed significantly higher sAA levels than men. 

Therefore, the participants were divided into sex-specific quartiles according to their 

sAA levels. The Kruskal–Wallis test and chi-squared test were used to compare the 

characteristics according to the sex-specific quartiles of sAA. The chi-squared test and 

t-test were used to compare the means or proportions of participants according to the 

diagnosis of MCI. The odds ratio (OR) and 95% confidence interval (CI) of MCI 

were calculated using multivariable logistic regression according to the sex-specific 

quartiles of sAA after adjusting for age (years), sex (model1), current drinking status 

(yes/no), current smoking status (yes/no), BMI (kg/m²), hypertension, DM, physical 

activity (low/high), education (high school or lower/college or higher), social support 

(low/high), social network (small/large), and HRV (model2). Linear trends were 

tested using a 1-standard deviation increment of log-transformed sAA as an 

independent variable in the multivariable logistic regression model. P-values < 0.05 

denoted statistically significant differences. The SAS statistical package version 9.4 

(Statistical Analysis System, Cary, NC, USA) was used for these analyses. 
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Results  

Participant’s characterization  

Table 1 shows the characteristics of participants according to the sex-specific quartiles 

of sAA. The mean age and proportion of those with MCI were higher in the highest 

sAA quartile compared to the lowest sAA quartile (72.4 ± 5.1 vs. 70.6 ± 4.3 years, and 

52.3% vs. 38.4%, respectively). On the other hand, the proportion of smokers was 

lower in the highest sAA quartile compared to the lowest sAA quartile (4.6% vs. 

7.9%). However, there were no differences in the other characteristics. 

MCI and risk factors are associated  

Table 2 shows the associations between MCI and possible risk factors. Risk factors 

that were higher in cases of MCI compared to controls included mean BMI (23.6 ± 

3.2 vs. 23.0 ± 2.9), the proportion of males (48.4% vs. 32.1%), DM (23.9% vs. 

17.2%), and those with low social support (30.2% vs. 20.0%). There were no 

differences between MCI cases and controls in the other risk factors. 

Association between MCI and sAA 

The multivariable-adjusted ORs and 95% CIs of MCI according to the sex-specific 

quartiles of sAA are presented in Table 3 and Figure1. The age- and sex-adjusted OR 

(95% CI) of MCI for the highest quartile group of sAA compared with the lowest 

quartile group was 1.56 (1.05–2.32) (Model 1). The age- and sex-adjusted OR (95% 

CI) for each 1-standard deviation increment of log-transformed sAA was 1.24 (1.07–

1.43). Following further adjustments for current smoking status, BMI, hypertension, 

DM, physical activity, social support, social network, and HRV, the association 

between sAA and MCI remained statistically significant (Model 2). 
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Discussion 

In the present study, significant associations between higher levels of sAA and MCI 

were found among Japanese community-dwelling older adults. These associations 

were independent of demographic, lifestyle, biological factors, and social 

relationships. This is a study to investigate the association between sAA and MCI and 

demonstrate the possible contribution of psychological distress in cognitive decline.  

  Our results are strongly congruent with those of previous studies that found 

associations of high levels of self-reported psychological distress with cognitive 

impairment (5) and dementia (7). The mechanisms underlying the association 

between the elevation of sAA as a consequence of high levels of psychological 

distress and MCI have not been completely elucidated. However, plausible 

explanations include engaging in unhealthy behaviors (i.e., smoking, heavy drinking, 

sedentary lifestyle, poor diet) (26), as well as through potentially toxic direct effects 

on the autonomic nervous system (17). High levels of psychological distress have 

been linked to activation of the sympathetic nervous system (8, 9). The activation of 

SAM axis elevates beta-adrenergic activity and increases the levels of sAA (16). The 

activated beta-adrenergic receptors increase the production of Aβ peptide (a major 

feature of AD pathogenesis) by enhancing gamma-secretase activity in the brain (17, 

18). Moreover, a previous study revealed an increase in the activity of the glycogen-

degrading enzyme alpha-amylase in hippocampal homogenates of patients with AD 

and the alpha-amylase immunoreactivity in astrocytes adjacent to Aβ42 plaques (27). 

The increase in alpha-amylase activity occurs due to fibril Aβ42 stimulation, which 

can be inhibited by treatment with a beta-adrenergic receptor antagonist (27). Luong 

et al. (2013) reported that long-term treatment of hypertensive patients with beta-

adrenergic antagonists reduced the risk of AD (28). Taken together, the elevation of 
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sAA, which reflects the beta-adrenergic activity of the sympathetic nervous system, is 

associated with cognitive decline, probably due to the enhanced production of Aβ 

peptide.   

  Our study also suggests that psychological stress increases the risk of 

cardiovascular disease (CVD), which in turn causes vascular dementia (VaD). 

Psychological stress is an important risk factor for CVD (9). Previous studies and 

reviews have shown that vascular risk factors are associated with VaD, AD, mixed 

dementia, and amnestic MCI (29). Although this study excluded individuals with a 

history of stroke or taking stroke medication, and adjusted for major CVD risks, it has 

been hypothesized that subclinical cerebrovascular disease may lead to dysfunction of 

the neurovascular unit, which disrupts the ability of cerebrovascular microvessels to 

dilate in response to increased neuronal activity. This could lead to neuronal 

dysfunction and reduced neuronal activity, which causes cognitive dysfunction and 

Aβ accumulation (30).  

  sAA is a well-validated and reliable stress marker (31) compared to other 

stress markers in saliva, such as catecholamine and cortisol. This is because sAA can 

reflect exposure to not only acute but also chronic psychological stress, and is stable 

in collected saliva samples (32). Moreover, Nater et al (2006) found that stress 

elevated sAA levels; however, alpha-amylase responses were not closely related to 

catecholamine and cortisol responses under stressful condition (33). We also found 

that the association between sAA and MCI remained statistically significant after 

adjustment for HRV. Therefore, sAA can serve as a useful biomarker for stress in 

human studies, and has an independent association with MCI, as suggested in this 

study. 

  This study involved a large, well-characterized sample of men and women. 
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The collected data included amylase concentrations, MCI, social relationship 

measures, and numerous lifestyle variables. However, a major limitation of this study 

is its cross-sectional design, which limits our ability to draw causal inferences. 

Although we have interpreted the findings in relation to the possible role of 

psychological distress in the development of MCI, it is plausible that awareness of 

cognitive impairment elicits increased distress. Additionally, sAA was assessed on a 

single occasion; hence, we could not examine the dynamic relationship between the 

sympathetic nervous system and MCI in a longitudinal design. In addition to further 

longitudinal studies, behavioral interventions to reduce stress may also be necessary 

for patents with high sAA in clinical and community settings. In the analysis, we 

adjusted for various possible confounding factors. Nevertheless, there is a possibility 

of residual confounding by unmeasured variables, such as genetic factors (34), which 

may influence the MCI causality cascade. Finally, we used the MoCA-J rather than 

clinical diagnosis to measure MCI in the present study. According to Petersen’s 

criteria, clinical diagnosis is established based on: 1) memory complaint, preferably 

corroborated by an informant; 2) impaired memory function for age and education; 3) 

preserved general cognitive function; 4) intact activities of daily living; and 5) 

absence of dementia.3 The MoCA-J has been widely used in the epidemiological field, 

exhibiting good sensitivity (93.0%) and specificity (87.0%) (21).  

 In summary, we found that elevation in the levels of sAA was associated with 

MCI among Japanese community-dwelling older adults. This finding suggests that 

sAA is a useful measure of psychobiological stress responses related to MCI in 

population studies. The relationship between sAA and MCI was maintained after 

adjusting for a standard set of biological and behavioral factors, implying that other 

mechanisms should also be considered. Moreover, further studies are needed to 
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confirm the association between sAA and MCI in other populations (i.e., Alzheimer’s 

patients) or in longitudinal settings. 
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Table1. Participant’s characterization. 

  salivary alpha-amylase*/saliva volume (sex-specific)   

  Quartile†1 Quartile2 Quartile3 Quartile4 p value‡ 

N 216 216 217 216  

Median (IQR for men), U/mL 7.5 (1.6-10.8) 15.1 (10.9-20.0) 26.5 (20.0-34.0) 57.2 (34.5-464.8)  

Median (IQR for women), U/mL 13.9 (1.1-20.6) 27.1 (20.7-35.4) 42.5 (35.5-54.0) 90.8 (54.6-1437.8)  

Age§, years 70.6 ± 4.3 71.3 ± 4.8 71.9 ± 4.9 72.4 ± 5.1 0.001 

Maleǁ 84 (38.9) 84 (38.9) 85 (39.2) 84 (38.9) 1.00 

Current drinker 108 (50.0) 97 (44.9) 95 (43.8) 91 (42.1) 0.39 

Current smoker 17 (7.9) 4 (1.9) 8 (3.7) 10 (4.6) 0.02 

Physical activity, METs h/day 35.1 ± 5.5 35.0 ± 4.2 34.8 ± 4.1 34.9 ± 4.0 0.91 

BMI 23.3 ± 3.1 22.9 ± 2.8 23.1 ± 3.1 23.7 ± 3.2 0.14 
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Hypertension  110 (50.9) 106 (49.1) 128 (59.0) 128 (59.3) 0.06 

Diabetes mellitus 37 (17.1) 38 (17.6) 47 (21.7) 51 (23.6) 0.26 

Low social support 54 (25.0) 58 (26.9) 46 (21.2) 52 (24.1) 0.58 

Small social network 52 (24.1) 43 (19.9) 40 (18.4) 46 (21.3) 0.52 

Heart rate variability{ 1.08 ± 0.2 1.07 ± 0.2 1.10 ± 0.3 1.10 ± 0.3 0.65 

≥College education 81 (37.5) 73 (33.8) 78 (35.9) 74 (34.3) 0.85 

MoCA Score<26 83 (38.4) 76 (35.2) 92 (42.4) 113 (52.3) 0.002 

*Salivary alpha-amylase was divided by total saliva volume; †Sex-specific quartile; ‡Statistical significance by Kruskal-Wallis and chi-

square test; §mean ±SD for continuous variables; ǁN (%) for categorical variables; {natural log-transformed LF/HF ratio. Abbreviations: 

BMI, body mass index; IQR, inter quartile range; METs, metabolic equivalents; MoCA, Montreal Cognitive Assessment; SBP, systolic 

blood pressure.
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Table 2. Association between MCI and its risk factors. 

MCI control  case p value* 

Male‡ 161 (32.1) 176 (48.4) <0.001 

Current drinker 217 (43.3) 174 (47.8) 0.19 

Current smoker 23 (4.6) 16 (4.4) 0.89 

Physical activity†, METs h/day 35.2 ± 4.6 34.6 ± 4.3 0.05 

BMI 23.0 ± 2.9 23.6 ± 3.2 0.01 

Hypertension 268 (53.5) 204 (56.0) 0.46 

Diabetes mellitus 86 (17.2) 87 (23.9) 0.01 

Low social support 100 (20.0) 110 (30.2) 0.0005 

Small social network 95 (19.0) 86 (23.6) 0.10 

Heart rate variability 1.10 ± 0.3 1.07 ± 0.2 0.15 

≥ College education 175 (34.9) 131 (36.0) 0.75 

*Statistical significance by chi-square test or t-test; †mean ±SD for continuous variables; ‡N 

(%) for categorical variables. Abbreviation: BMI, body mass index; MCI, mild cognitive 

impairment; METs, metabolic equivalents; MoCA, Montreal Cognitive Assessment. 
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Table 3. Association between MCI and sAA. 

  sAA*   

  Quartile†1 Quartile2 Quartile3 Quartile4 
1SD increment for  

log-transformed sAA 

N (case) 216 (83) 216 (76) 217 (92) 216 (113)  

Model1 OR‡ (95% CI) 1.00 0.81 (0.54,1.22) 1.07 (0.72,1.59) 1.56 (1.05,2.32) 1.24 (1.07,1.43) 

Model2 OR (95% CI) 1.00 0.80 (0.53,1.21) 1.11 (0.74,1.66) 1.56 (1.04,2.33) 1.24 (1.07,1.44) 

*Salivary alpha-amylase was divided by total saliva volume; †Sex-specific quartile; ‡Statistical significance by multivariable logistic 

regression; Adjustments for model1: age, sex; Adjustments for model2: age, sex, current drinker, current smoker, BMI, hypertension, 

diabetes mellitus, physical activity, education, social support, social network, heart rate variability. Abbreviation: BMI, body mass index; 

CI, confidence interval; OR, odds ratio; sAA, salivary alpha-amylase; SD, standard deviation.  
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Figure1. Association between MCI and sAA 

 

*p for trend for 1SD increment for log-transformed sAA 

Abbreviation: MCI, mild cognitive impairment; sAA, salivary alpha-amylase; OR, odds ratio. 
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