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Is salivary chromogranin A a valid psychological stress biomarker 

during sensory stimulation in people with advanced dementia? 

Vanessa Valdiglesias
a
, Ana Maseda

b
, Laura Lorenzo-López

b
, Eduardo Pásaro

a
, José C. 

Millán-Calenti
b
 and Blanca Laffon

a
 

a Universidade da Coruña, DICOMOSA Group, Department of Psychology, Area of Psychobiology, A Coruña, Spain 
b Universidade da Coruña, Gerontology Research Group, Instituto de Investigación Biomédica de A Coruña 

(INIBIC), Complexo Hospitalario Universitario de A Coruña (CHUAC), SERGAS, A Coruña, Spain 

Abstract 
Salivary chromogranin A (sCgA) is gaining attention as a biomarker of psychological stress. The objective of this 

work was to determine whether individualized music intervention and multisensory stimulation environment (MSSE) 

in a Snoezelen room produce changes in sCgA in severely demented older patients, and to assess the possible 

existence of differences in sCgA levels between the two types of interventions. Older adults with severe dementia (n 

= 22) were randomly assigned to two intervention groups. They participated in MSSE or individualized music 

interventions in 30-min weekly sessions for 16 weeks. Levels of sCgA were evaluated before and after a session, or 

30-min interval, at four different time points: before starting the trial, in the middle and end of the intervention 

period, and two months later. Comparison of sCgA values obtained after each session with those obtained before (or 

at the same hour in before trial and follow-up samplings) showed no significant differences either in the 

individualized music or in the MSSE group at any sampling time. Comparison between the two types of 

interventions, both before and after each session, in the four sampling times, did not produce any significant 

difference either. Furthermore, no significant correlation was obtained between agitation, anxiety, cognitive function, 

and dementia severity with sCgA levels. In conclusion, despite beneficial effects of both individualized music and 

MSSE interventions being previously reported on neuropsychiatric outcomes for older patients with dementia, sCgA 

seems to not be a good indicator of these benefits.  
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INTRODUCTION 

Chromogranin A (CgA) is an acidic phosphorylated secretory protein belonging to the granin family. 

It is co-stored and co-released with catecholamines into the circulation from secretory vesicles in the 

sympathetic nerve endings and adrenal medulla [1]. In clinical medicine, CgA is routinely used as a 

diagnostic marker of cancer and neurodegenerative diseases [2, 3]. It has also been demonstrated that 

CgA is secreted into saliva under autonomic control from the granular convoluted tubule of the 

submandibular gland [4]. Salivary CgA (sCgA) is a sensitive and quantitative index of the activity of the 

sympathetic nervous system [1, 5]. It has received attention in the last decade as a marker of 

psychological stress, as alternative to catecholamines, which are considered to be poor markers of acute 

changes in sympathoadrenal medullary activity [6, 7]. When a stressor occurs, sympathetic activation is 

immediate; thus, CgA is degranulated and secreted into saliva simultaneously and immediately. Increases 

in sCgA had been reported in response to different stressors, e.g., noise [8], living in microgravity [9], 

sport competition [10], and social or emotional stressful situations such as speaking in public [11, 12], 

taking an academic exam [13], a venipuncture intervention [14], or car driving [12].  

 

Multisensory Stimulation Environment (MSSE) is one of the most popular sensory interventions for 

older adults with severe dementia, which typically occurs in a room known as a “Snoezelen” room [15]. 

Snoezelen intervention stimulates the primary senses, allowing the patient to freely explore a variety of 

stimulation devices. On the other hand, individualized music, defined as music that was integrated into 

the individual’s life based on personal preferences, may have a soothing effect and alleviate or decrease 

agitated behaviors [16, 17]. Previous results from our research group showed that MSSE interventions 

were beneficial for improving agitation scores (Cohen- Mansfield Agitation Inventory, CMAI) in older 

adults with severe dementia. MSSE intervention also produced significant improvements in anxiety 

(Rating Anxiety in Dementia, RAID) and overall severity of dementia (Bedford Alzheimer Nursing 

Severity Scale, BANS-S) scores as compared with music intervention, revealing that MSSE could have 

better effects than music intervention on anxiety symptoms and dementia severity in demented older 

patients [18]. Nevertheless, the development of a biomarker which may effectively reflect the 

improvement in neuropsychological parameters in demented older adults subjected to MSSE or 

individualized music interventions would be very useful to assess rapidly and objectively the valuable 

effects of these therapies.  

 

A previous study carried out in a small group of older patients with dementia treated with music 

intervention and compared with controls showed changes in the Gottfries-Brane-Steen Scale (GBS) and 

the Behavioral Pathology in Alzheimer’s Disease Rating Scale (BEHAVE-AD), together with a 

statistically significant decrease in stress index as measured by sCgA concentration at the end of 25 1-h 

sessions conducted twice weekly for three months, comparing samples taken immediately before and 

after the sessions [19].  

 

On the basis of these previously reported results, the objective of the current study was to determine 

whether individualized music intervention and MSSE in a Snoezelen room produce changes in the stress 

biomarker sCgA in severely demented older patients, and to assess the possible existence of differences in 

sCgA levels between the two types of interventions.  

MATERIALS AND METHODS  

Study sample  

A non-probabilistic sample was selected from among the residents of a specialized dementia elderly 

center in A Coruña (Spain). The inclusion criteria were having a diagnosis of dementia and the presence 

of severe or very severe cognitive decline (Global Deterioration Scale, GDS 6–7) [20]. Dementia 

diagnosis was noted on the medical history, provided by a neurologist before placement in the 

gerontological complex, and corroborated by the elder care center’s medical doctor. A clinical 

psychologist with wide experience in assessing demented patients administered the GDS to determine 

their level of severity: severe (GDS 6) or very severe (GDS 7) cognitive decline. The exclusion criteria 



were the presence of a hearing impairment or other sensory disorder that would adversely affect 

interactions with the multisensory stimulation objects (e.g., severe vision impairment) and being 

bedridden.  

 

After this evaluation, the clinical psychologist checked the participants’ eligibility based on the 

inclusion and exclusion criteria, using an initial sample of 22 participants. A computer-based random 

number generator was used to randomly divide the sample into 2 groups of 11 subjects according to GDS 

score. Although a total of 22 subjects were initially involved in the study, only 18 individuals remained 

until the end: one was lost after the pretrial (MSSE group), two subjects after the mid-trial (MSSE and 

individualized music groups), and one was lost after the post-trial (individualized music group). The final 

sample consisted of 18 participants, with 9 participants in each group. A previous article with the same 

sample size as this study includes a Consolidated Standards of Reporting Trial (CONSORT) diagram, 

describing the sample selection and the MSSE and individualized music sessions in detail [18]. Data on 

the individual differences in sensorial preferences and interests were previously assessed to design each 

individualized session and minimize the behavioral problems that some participants could present within 

the MSSE and individualized music context.  

 

The study protocol was approved by the Ethics Committee at the University of A Coruña, and it 

conformed to the principles embodied in the Declaration of Helsinki. Before data collection began, all 

participants’ proxies were informed about the study, and the proxies were used as legally authorized 

representatives to provide informed consent for the older patients with dementia to participate in the 

research.  

Procedure and measures 

Participants from both groups took part in two weekly sessions for a period of 16 weeks, until they 

completed 32 sessions (MSSE or music intervention). Sessions lasted 30 min unless the participant 

expressed a desire to leave (no attrition occurred during the study). Evaluations were carried out at 

baseline (pre-trial), in the middle (mid-trial), at the end of the interventions (post-trial), and 2 months after 

the intervention (follow-up).  

 

Agitation (CMAI), anxiety (RAID), cognitive function (Severe Mini Mental State Examination) and 

dementia severity (BANS-S) were assessed. A detailed description of these instruments is found in our 

previous article with this study sample [18].  

 

Psychophysiological stress was evaluated by determining sCgA concentration in saliva samples 

collected immediately before and after each 30- min MSSE or music intervention. Evaluations were 

carried out at pre-trial, mid-trial, post-trial, and follow-up. Since in the pre-trial and follow-up 

assessments there was no intervention, two samples were also collected in a 30-min interval, at the same 

hour than the MSSE or music interventions for each individual. The first sampling time in this study was 

10 : 00 am, approximately 1.5–2 h after patients awakening, and each subject was sampled always at the 

same half an hour interval throughout the study.  

 

Saliva samples were collected using cotton rolls (Salimetrics children’s swabs) and salivary collection 

tubes (Salimetrics swab storage tubes), and maintained refrigerated until processing (less than 4 h). 

Samples were centrifuged at 1500×g 5 min at 4ºC, aliquoted, and stored at –80º Cuntil analysis. All 

samples were coded at the moment of collection to ensure a blind study.  

 

Before starting the study, in order to try to avoid additional stress as far as possible, a fake saliva 

sample collection was carried out with all participants so that they were familiarized with the procedure. 

 

Evaluation of sCgA was carried out by enzymelinked immunosorbent assay (ELISA) using a 

commercial kit (manufactured by Yanaihara Institute Inc., distributed by BioVendor Laboratories Ltd.). 

Intra-assay and inter-assay coefficients of variation were <10.5% and <14.0%, respectively (sensitivity, 

0.14 pmol/ml). All analyses were performed in duplicate.  

  



Statistical analysis  

A general description of the study population was performed through univariate analysis. The 

distribution within the study groups of sociodemographic factors was evaluated with the Student’s t-test 

for continuous variables and the Pearson’s Chi-square test for categorical variables.  

 

Normal distribution for sCgA data was verified using the Shapiro-Wilk test. As the assumption of 

normality was not met and the sample size was not large, non-parametric tests were considered 

appropriate for further analysis. Differences in sCgA before and after interventions were assessed using 

the Wilcoxon matched-pairs signed-ranks test. Differences between MSSE and individualized music 

interventions were evaluated by Mann-Whitney Utest. Associations between variables were analyzed by 

Spearman’s rank correlation.  

 

Statistical significance was set at a p-value below 0.05. Analyses were carried out using the SPSS 

software package V. 20.0 (SPSS, Inc.).  

RESULTS 

Table 1 presents the sociodemographic characteristics of the study population at the pre-trial. Females 

(68.2%) were slightly more abundant than males, age ranged between 77 and 102 years, most subjects 

(63.7%) had completed secondary or primary education, and most were widowed (68.2%), but 

distributions of gender, age, educational level, and marital status were not significantly different between 

the MSSE and the individualized music groups.  

 

The possible influence of gender, age, educational level, and marital status on sCgA was assessed, and 

no significant result was found. Comparison of sCgA values obtained after each session with those 

obtained before (or at the same hour in pre-trial and follow-up samplings) showed no significant 

differences either in the individualized music or in the MSSE group at any of the four different sampling 

times (Fig. 1).  

Table 1. Description of the study population at the beginning of the study (pre-trial) 

 Total  MSSE  Music 
p 

 n %  n %  n % 

          

Total individuals  22 100.0%  11 50.0%  11 50.0%  
Gender          0.170b 

Females  15 68.2%  6 54.5%  9 81.8  

Males  7 31.8%  5 45.5%  2 18.2  
Age years)a   88.4±6.9 (77-102)   88.1±6.8 (78-102)   88.7±7.4 (77-97) 0.835c 

Educational level          0.912b 

No formal education  5 22.7%  2 18.2%  3 27.3%  
Primary  6 27.3%  3 27.3%  3 27.3%  

Secondary  8 36.4%  4 36.3%  4 36.3%  

College or higher degree  3 13.6%  2 18.2%  1 9.1%  
Marital status          0.308b 

Single  4 18.2%  2 18.2%  2 18.2%  

Married/partner  2 9.1%  2 18.2%     
Separated/divorced  1 4.5%  1 9.1%     

Widowed  15 68.2%  6 54.5%  9 81.8%  

          

 
a mean±standard deviation (range); b Chi-square test (bilateral); c Student’s t-test (bilateral). 

  



 
 

 
Fig. 1. Results of salivary chromogranin A (sCgA) determinations in the individualized music sessions and the multisensory 

stimulation environment (MSSE) groups, comparing values obtained before and after each session (or 30-min period in pre-trial and 

follow-up). Bars indicate mean standard error. 

Moreover, as shown in Fig. 2, comparison between the two types of interventions, both before and 

after each session, in the four sampling times did not produce any significant difference either.  

 
 

 
Fig. 2. Results of salivary chromogranin A (sCgA) determinations before and after each session (or 30-min period in pre-trial and 

follow-up), comparing values obtained in the individualized music sessions and the multisensory stimulation environment (MSSE) 

groups. Bars indicate mean standard error. 

When sCgA values from each subject were considered separately (Figs. 3 and 4 for individualized 

music and MSSE group, respectively), a marked variation was observed at all sampling times, and no 

clear or regular pattern could be obtained for any of the two intervention groups.  

 

Since assessment of agitation, anxiety, cognitive function, and dementia severity was carried out for 

these subjects at the four sampling times (pre-trial, mid-trial, post-trial, and follow-up) (results published 

in a previous paper [18]), the possible existence of associations with sCgA levels was explored, but no 

significant correlation could be obtained at any sampling time.  

  



 
 

 
Fig. 3. Individual salivary chromogranin A (sCgA) determinations obtained in the individualized 

music sessions group. 

 
 

 
Fig. 4. Individual salivary chromogranin A (sCgA) determinations obtained in the multisensory 
stimulation environment group. 

DISCUSSION  

sCgA is a psychophysiological stress biomarker, reflecting sympathetic nervous system activity. 

Collecting saliva samples is an easy and non-invasive procedure that requires minimal manipulation. 

Saliva samples can be obtained without difficulty from children, individuals with physical or mental 

handicaps, and in situations of regular monitoring with repeated samplings. A significant advantage of 

sCgA with respect to other salivary biomarkers of stress, such as cortisol [21], alpha-amylase [22], and 

IgA [23], is that it is not influenced by circadian variation during a wide interval of time. sCgA levels 

were shown to peak upon awakening and then quickly decrease within 1 h, to remain at a low level 

throughout the day [24]. The first sampling time in this study was 10 : 00 am, approximately 1.5–2 h after 

patients awakening; thus sCgA variations due to circadian rhythm were avoided; besides, each subject 

was sampled always at the same half an hour interval throughout the study.  



sCgA has been used to evaluate psychophysiological changes in stressful situations or activities 

already mentioned [8, 9, 11–14], usually reporting fast increases in this biomarker concentration. sCgA 

has been also employed to assess improvement resulting from healthcare modalities—such as 

aromatherapy [25–27], consumption of green tea [28], ingestion of enzyme-treated asparagus extract [29], 

and Cimifuga racemosa extract administration [30]—or from stress-relieving activities, such as laughter 

[31, 32], gum chewing [33], woodland walking [34, 35], short leisure trips [36], spa bathing [37], or 

exposure to negative air ions [38]. Nevertheless, results obtained in some of these studies are 

controversial. Whereas expected decreases in sCgA [25, 26, 29, 32, 33, 38], or attenuation of sCgA 

increases [28, 30] were observed in some studies, others report raises in sCgA concentrations [27, 31, 34–

36], and mostly explain the increase as related to positive eustress or stress relieving characteristics of the 

performed activity. Moreover, the effect of a relaxing activity such as spa bathing on sCgA has been 

described as dependent on the subjects’ background stress level: the high-stress group showed lower 

sCgA levels after spa bathing while the low-stress group presented higher sCgA levels in the same 

conditions [37].  

The influence of individualized music intervention on sCgA concentrations in older patients with 

dementia was evaluated by Suzuki et al. [19]. They found a significant decrease in this stress biomarker 

after three months of 1-h session series (total sessions = 25) by comparing samples taken immediately 

before and after the intervention, with no differences in the control group. This decrease was neither 

observed before the intervention period nor maintained one month later (period without interventions). 

Nevertheless, the size of both music and control groups was limited (n = 6) and, according to the 

individual data reported, marked decreases in sCgA were obtained only in two subjects. Contrary to these 

results, no significant differences were observed in the current study when comparing values of sCgA 

obtained before and after each 30-min intervals, either in the absence of intervention (pre-trial and follow-

up) or in the presence of intervention (mid-trial and post-trial), regardless the type of intervention 

(individualized music or MSSE). Therefore, our data do not support previous results by Suzuki et al. [19], 

and indicate that sCgA does not seem to reflect the previously demonstrated beneficial effects of 

individualized music or MSSE interventions on neuropsychiatric outcomes in these older patients with 

severe or very severe dementia [18, 39]. MSSE could be an appropriate intervention in these patients 

because its positive effects on neuropsychiatric symptoms [40, 41], improvement in the physiological 

rates—heart rate decrease and peripheral capillary oxygen saturation (SpO2) increase [42] —and also on 

dementia severity [41]. Individualized music has also shown benefits in decreasing agitation [43] and 

anxiety [17, 44] in people with moderate to severe dementia.  

 

However, it is noteworthy that our sample size was larger (n = 11 at the beginning and 9 at the end), 

and current intervention programs were longer (total of 32 sessions carried out in 16 weeks). Besides, a 

possible influence of the severe dementia status on physiological mechanisms of sympathetic nervous 

system activation and consequent sCgA secretion, which might contribute to the absence/presence of 

effect of individualized music or MSSE interventions on sCgA, cannot be ruled out.  

 

Different potentially favorable interventions carried out in older patients were previously investigated 

for their effect on sCgA levels. Toda and Ichikawa [32] evaluated the consequence of watching a comedy 

video after performing a stress task (an arithmetic test), and found significantly higher salivary flow rates 

after watching the video but no influence on sCgA. Shimizu et al. [45] did not observe significant 

variations in sCgA when assessing the effects of movement music intervention in female older adults. 

And, similarly, no effect of hand massage prompted relaxation was obtained in sCgA from female 

geriatric facility residents [46]. No indication was given in these mentioned studies on dementia status of 

participants. All these results, together with the ones in the current study, indicate that sCgA is not a 

suitable sign to detect positive relaxing/comforting effects in the older population.  

 

Even though previous results obtained with MSSE suggest that this type of intervention could be a 

better option than music intervention for improving anxiety symptoms and dementia severity in demented 

older adults [18], significant differences in sCgA were not obtained in this study when comparing MSSE 

and individualized music groups; thus sCgA is not a good indicator to discriminate between the different 

effects of the two types of interventions. Moreover, no significant associations were observed between 

sCgA concentrations and agitation, anxiety, cognitive function, or dementia severity scores.  

  



Levels of sCgA obtained throughout this study were highly variable. However, gender, age, 

educational level, and marital status were homogeneously distributed in the two groups, and no 

significant effect of any of these factors on sCgA was obtained, agreeing with previous studies [47–49]. 

Additionally, it has been reported that human sCgA is not influenced by food intake [36].  

 

On the contrary, personal patterns of behavior were found to influence sCgA concentrations evaluated 

during stress relieving activities, such as woodland walking [34], and recently two polymorphisms in 

CgA gene (rs9658635 in the promoter region, and rs9658655 in exon 6, Glu264Asp) were also reported 

to modify sCgA [50]. A possible influence of all these factors on our results cannot be completely 

excluded, since patterns of behavior and genetic polymorphisms were not assessed. Furthermore, sCgA 

concentrations were described to be affected by several pathologies, such as aggressive [48] or chronic 

periodontitis [51], bruxism [52], type 2 diabetes [53], or xerostomia (dry mouth) [54]; in general the 

presence of these pathologies was associated with higher sCgA level. In addition, as our study 

participants were older subjects, they are administrated a wide variety of medications which may also 

affect the sCgA secretion.  

 

Another possible source of variation in sCgA levels is the methodology used, as it has been reported 

that measuring sCgA with ELISA technique is strongly investigator-dependent [55]. Still, in this study, 

all analyses were carried out by the same well-trained investigator and the accuracy of the ELISA 

technique used is adequate, according to its intra- and inter-assay variation. Besides, the range of sCgA 

concentrations obtained in the current work (0–40 pmol/ml, excluding two extremely high values) was 

wider than the ones reported in most studies determining sCgA carried out in Japanese populations 

(highest values usually lower than 5 pmol/ml) [19, 24, 26, 31, 49]. Similar lower values were reported in 

Brazilian [50, 53] and Indian subjects [51]. And contrarily, concentrations analogous to the ones in the 

present study were described in Italians [56], Austrians [48, 55], French [11], and Koreans [57]. 

Nevertheless, most of these works used the same ELISA kit manufactured by a single commercial 

company to carry out sCgA analyses. This may be an indication that different socio-cultural features may 

influence sCgA values in some way.  

 

In conclusion, despite beneficial effects of both individualized music and MSSE interventions being 

previously reported on neuropsychiatric outcomes for older patients with dementia, sCgA seems not to be 

a good indicator of these benefits. In fact, sCgA did not detect any difference between the two types of 

interventions tested.  

 

This study has some limitations. First, the population size explored was relatively modest, but subjects 

were selected on a rigorous basis and randomly assigned to the corresponding intervention group ensuring 

their homogeneity; therefore, we consider that results reported are valuable, particularly considering the 

difficulty in recruiting this specific type of older individuals with severe or very severe dementia.  

 

A second limitation may be related to the technique used for saliva sampling collection. This non-

invasive technique is easy and perfectly valid for psychologically healthy subjects. However, although a 

simulated sample collection was carried out to familiarize patients with the procedure, it may introduce an 

additional stressful element in severely demented patients (who may not understand the safe nature of the 

technique), which may modify the basal level of stress biomarker to be evaluated. Moreover, in studies 

like the current one getting severe demented subjects’ collaboration for obtaining the samples is 

sometimes difficult and takes several minutes. This involves a delay the moment for sample collection 

and possibly influences the level of sCgA (rapid response biomarker) in the particular sample.  

 

And thirdly, high inter- and intra-individual variability in sCgA levels may have been influenced by 

different factors not controlled in this study, such as background levels of stress, individual patterns of 

behavior, genetic factors, and certain pathologies or medications. Nevertheless, most of these factors are 

not feasible to be controlled in patients with severe or very severe dementia.  

  



ACKNOWLEDGMENTS  

This work was supported by Xunta de Galicia (grant numbers GPC2013-058 and GPC2014/082). V. 

Valdiglesias was supported by a Xunta de Galicia postdoctoral fellowship (reference ED481B 2016/190-

0). We thank the users and staff of the Gerontology Complex La Milagrosa (managed by the Association 

of Pensioners and Retired People (UDP) from A Coruña, Spain), without whom the study would not have 

been possible.  

 

Authors’ disclosures available online (http://j-alz. com/manuscript-disclosures/16-0893r1).  

REFERENCES 

[1] Kanno T, Asada N, Yanase H, Iwanaga T, Ozaki T, NishikawaY, Iguchi K, Mochizuki T, Hoshino M,Yanaihara 

N (1999) Salivary secretion of highly concentrated chromogranin a in response to noradrenaline and 

acetylcholine in isolated and perfused rat submandibular glands. Exp Physiol 84, 1073-1083.   

[2] Nobels FR, Kwekkeboom DJ, Bouillon R, Lamberts SW (1998) Chromogranin A: Its clinical value as marker of 

neuroendocrine tumours. Eur J Clin Invest 28, 431-440.   

[3] Stridsberg M, Oberg K, Li Q, Engstrom U, Lundqvist G (1995) Measurements of chromogranin A, chromogranin 

B (secretogranin I), chromogranin C (secretogranin II) and pancreastatin in plasma and urine from patients with 

carcinoid tumours and endocrine pancreatic tumours. J Endocrinol 144, 49-59.   

[4] Saruta J, Tsukinoki K, Sasaguri K, Ishii H, Yasuda M, Osamura YR, Watanabe Y, Sato S (2005) Expression and 

localization of chromogranin A gene and protein in human submandibular gland. Cells Tissues Organs 180, 237-

244.   

[5] Taupenot L, Harper KL, O’Connor DT (2003) The chromogranin-secretogranin family. New Eng J Med 348, 

1134-1149.   

[6] Kennedy B, Dillon E, Mills PJ, Ziegler MG (2001) Catecholamines in human saliva. Life Sci 69, 87-99.   

[7] Schwab KO, Heubel G, Bartels H (1992) Free epinephrine, norepinephrine and dopamine in saliva and plasma of 

healthy adults. Eur J Clin Chem Clin Biochem 30, 541-544.   

[8] Miyakawa M, Matsui T, Kishikawa H, Murayama R, Uchiyama I, Itoh T, Yoshida T (2006) Salivary 

chromogranin A as a measure of stress response to noise. Noise Health 8, 108-113.   

[9] Rai B, Kaur J (2011) Salivary stress markers and psychological stress in simulated microgravity: 21 days in 6◦ 

head-down tilt. J Oral Sci 53, 103-107.   

[10] Diaz MM, Bocanegra OL, Teixeira RR, Soares SS, Espindola FS (2012) Response of salivary markers of 

autonomic activity to elite competition. Int J Sports Med 33, 763-768.   

[11] Hua J, Le Scanff C, Larue J, José F, Martin J-C, Devillers L, Filaire E (2014) Global stress response during a 

social stress test: Impact of alexithymia and its subfactors. Psychoneuroendocrinology 50, 53-61.   

[12] Nakane H, Asami O,YamadaY, Harada T, Matsui N, Kanno T, Yanaihara N (1998) Salivary chromogranin A as 

an index of psychosomatic stress response. Biomed Res 19, 401-406.   

[13] Takatsuji K, Sugimoto Y, Ishizaki S, Ozaki Y, Matsuyama E, Yamaguchi Y (2008) The effects of examination 

stress on salivary cortisol, immunoglobulin A, and chromogranin A in nursing students. Biomed Res 29, 221-224.   

[14] Lee YH, Kim YY, Chang JY, Kho HS (2015) Changes in oral mucosal MUC1 expression and salivary hormones 

throughout the menstrual cycle. Oral Dis 21, 962-968.   

[15] Sánchez A, Millán-Calenti JC, Lorenzo-López L, Maseda A (2013) Multisensory stimulation for people with 

dementia: A review of the literature Am J Alzheimers Dis Other Demen 28, 7-14.   

[16] Gerdner LA (2000) Effects of individualized versus classical “relaxation” music on the frequency of agitation in 

elderly persons with Alzheimer’s disease and related disorders. Int Psychogeriatr 12, 49-65.   

[17] Sung H-C, Chang AM, Lee W-L (2010) A preferred music listening intervention to reduce anxiety in older 

adults with dementia in nursing homes. J Clin Nurs 19, 1056-1064.   

[18] Sánchez A, Maseda A, Marante-Moar MP, de Labra C, Lorenzo-López L, Millán-Calenti JC (2016) Comparing 

the effects of multisensory stimulation and individualized music sessions on elderly people with severe dementia: 

A randomized controlled trial. J Alzheimers Dis 52, 303-315.   

[19] Suzuki M, Kanamori M, Nagasawa S, Tokiko I, Takayuki S (2007) Music therapy-induced changes in 

behavioral evaluations, and saliva chromogranin A and immunoglobulin A concentrations in elderly patients with 

senile dementia. Geriatr Gerontol Int 7, 61-71.   

[20] Reisberg B, Ferris SH, de Leon MJ, Crook T (1988) Global Deterioration Scale (GDS). Psychopharmacol Bull 

24, 661- 663.   

[21] Obayashi K (2013) Salivary mental stress proteins. Clin Chim Acta 425, 196-201.   

[22] Harmon AG, Towe-Goodman NR, Fortunato CK, Granger DA (2008) Differences in saliva collection location 

and disparities in baseline and diurnal rhythms of alpha-amylase: A preliminary note of caution. Horm Behav 54, 

592-596.   



[23] Muneta Y, Yoshikawa T, Minagawa Y, Shibahara T, Maeda R, Omata Y (2010) Salivary IgA as a useful non-

invasive marker for restraint stress in pigs. J Veterinar Med Sci 72, 1295-1300.   

[24] Den R, Toda M, Nagasawa S, Kitamura K, Morimoto K (2007) Circadian rhythm of human salivary 

chromogranin A. Biomed Res 28, 57-60.   

[25] MatsumotoT, Asakura H, HayashiT(2015) Effects of olfactory stimulation from the fragrance of the Japanese 

citrus fruit yuzu (Citrus junos Sieb. ex Tanaka) on mood states and salivary chromogranin a as an endocrinologic 

stress marker. J Alternat Complement Med 20, 500-506.   

[26] Toda M, Morimoto K (2008) Effect of lavender aroma on salivary endocrinological stress markers. Arch Oral 

Biol 53, 964-968.   

[27] Toda M, Morimoto K (2011) Evaluation of effects of lavender and peppermint aromatherapy using sensitive 

salivary endocrinological stress markers. Stress Health 27, 430-435.   

[28] Yoto A, Murao S, Nakamura Y, Yokogoshi H (2014) Intake of green tea inhibited increase of salivary 

chromogranin A after mental task stress loads. J Physiol Anthropol 33, 20-20.   

[29] Ito T, Goto K, Takanari J, Miura T, Wakame K, Nishioka H, Tanaka A, Nishihira J (2014) Effects of enzyme-

treated asparagus extract on heat shock protein 70, stress indices, and sleep in healthy adult men. J Nutr Sci 

Vitaminol 60, 283-290.   

[30] Nadaoka I, Yasue M, Kitagawa Y, Koga Y (2012) Oral administration of Cimicifuga racemosa extract attenuates 

psychological and physiological stress responses. Biomed Res 33, 145-152.   

[31] Toda M, Kusakabe S, Nagasawa S, Kitamura K, Morimoto K (2007) Effect of laughter on salivary 

endocrinological stress marker chromogranin A. Biomed Res 28, 115-118.   

[32] Toda M, Ichikawa H (2012) Effect of laughter on salivary flow rates and levels of chromogranin A in young 

adults and elderly people. Environ Health Prevent Med 17, 494-499.   

[33] Nishigawa K, Suzuki Y, Matsuka Y (2015) Masticatory performance alters stress relief effect of gum chewing. J 

Prosthodont Res 59, 262-267.   

[34] Toda M, Takeshita T (2015) The influence of personal patterns of behavior on the physiological effects of 

woodland walking. Adv Mind Body Med 29, 14-18.   

[35] Toda M, Den R, Hasegawa-Ohira M, Morimoto K (2013) Effects of woodland walking on salivary stress 

markers cortisol and chromogranin A. Complement Ther Med 21, 29-34.   

[36] Toda M, Makino H,Kobayashi H, Nagasawa S, Kitamura K, MorimotoK(2004) Medical assessment of the 

health effects of short leisure trips. Arch Environ Health 59, 717-724.   

[37] Toda M, Morimoto K, Nagasawa S, Kitamura K (2006) Change in salivary physiological stress markers by spa 

bathing. Biomed Res 27, 11-14.   

[38] Nakane H, Asami O, Yamada Y, Ohira H (2002) Effect of negative air ions on computer operation, anxiety and 

salivary chromogranin A-like immunoreactivity. Int J Psychophysiol 46, 85-89.   

[39] Strøm BS, Ytrehus S, Grov E-K (2016) Sensory stimulation for persons with dementia: A review of the 

literature. J Clin Nurs 25, 1805-1834.   

[40] Maseda A, Sánchez A, Marante MP, González-Abraldes I, Buján A, Millán-Calenti JC (2014) Effects of 

multisensory stimulation on a sample of institutionalized elderly people with dementia diagnosis: A controlled 

longitudinal trial. Am J Alzheimers Dis Other Demen 29, 463-473.   

[41] Sánchez A, Marante-Moar MP, Sarabia C, de Labra C, Lorenzo T, Maseda A, Millán-Calenti JC (2016) 

Multisensory stimulation as an intervention strategy for elderly patients with severe dementia: A pilot randomized 

controlled trial.Am J Alzheimers Dis Other Demen 31, 341-350.   

[42] Maseda A, Sánchez A, Marante MP, González-Abraldes I, de Labra C, Millán-Calenti JC (2014) Multisensory 

stimulation on mood, behavior, and biomedical parameters in people with dementia: Is it more effective than 

conventional one-to-one stimulation? Am J Alzheimers Dis Other Demen 29, 637-647.   

[43] Sung H-C, Chang AM (2005) Use of preferred music to decrease agitated behaviours in older people with 

dementia: A review of the literature. J Clin Nurs 14, 1133-1140.   

[44] Sakamoto M, Ando H, Tsutou A (2013) Comparing the effects of different individualized music interventions 

for elderly individuals with severe dementia. Int Psychogeriatr 25, 775-784.   

[45] Shimizu N, Umemura T, Hirai T, Tamura T, Sato K, Kusaka Y (2012) Effects of movement music therapy with 

the naruko clapper on psychological, physical and physiological indices among elderly females: A randomized 

controlled trial. Gerontology 59, 355-367.   

[46] Ogawa N, Kuroda K, Ogawara S, Miyake N, Machida K (2014) Psychophysiological effects of hand massage in 

geriatric facility residents. Jpn J Hyg 69, 24-30.   

[47] Filaire E, Dreux B, Massart A, Nourrit B, Rama LM, TeixeiraA(2009) Salivary alpha-amylase, cortisol and 

chromogranin A responses to a lecture: Impact of sex. Eur J Appl Physiol 106, 71-77.   

[48] Haririan H, Bertl K, Laky M, Rausch W-D, Böttcher M, Matejka M, Andrukhov O, Rausch-Fan X (2012) 

Salivary and serum chromogranin a and α-amylase in periodontal health and disease. J Periodontol 83, 1314-

1321.   

[49] Toda M, Den R, Nagasawa S, Kitamura K, Morimoto K (2005) Relationship between lifestyle scores and 

salivary stress markers cortisol and chromogranin A. Arch Environ Occup Health 60, 266-269.   

[50] Kogawa EM, Grisi DC, Falcao DP, Amorim IA, Rezende TMB, da Silva ICR, Silva ON, Franco OL, de Amorim 

RFB (2016) Salivary function impairment in type 2 Diabetes patients associated with concentration and genetic 

polymorphisms of chromogranin A. Clin Oral Invest 20, 2083.   



[51] Reshma AP, Arunachalam R, Pillai JK, Kurra SB, Varkey VK, Prince MJ (2013) Chromogranin A: Novel 

biomarker between periodontal disease and psychosocial stress. J Ind Soc Periodontol 17, 214-218.   

[52] Abekura H, Tsuboi M, Okura T, Kagawa K, Sadamori S, Akagawa Y (2011) Association between sleep bruxism 

and stress sensitivity in an experimental psychological stress task. Biomed Res 32, 395-399.   

[53] Kogawa EM, Grisi DC, Falcao DP, Amorim IA, Rezende TMB, da Silva ICR, Silva ON, Franco OL, de Amorim 

RFB (2016) Impact of glycemic control on oral health status in type 2 diabetes individuals and its association 

with salivary and plasma levels of chromogranin A. Arch Oral Biol 62, 10-19.   

[54] Ohyama K, Moriyama M, Hayashida JN, Tanaka A, Maehara T, Ieda S, Furukawa S, Ohta M, Imabayashi Y, 

Nakamura S (2015) Saliva as a potential tool for diagnosis of dry mouth including Sjögren’s syndrome. Oral Dis 

21, 224-231.   

[55] Wagner J, Cik M, Marth E, Santner BI, Gallasch E, Lackner A, Raggam RB (2010) Feasibility of testing three 

salivary stress biomarkers in relation to naturalistic traffic noise exposure. Int J Hyg Environ Health 213, 153-

155.   

[56] Gallina S, Di Mauro M, D’Amico MA, D’Angelo E, Sablone A, Di Fonso A, Bascelli A, Izzicupo P, Di 

BaldassarreA( 2011) Salivary chromogranin A, but not _-amylase, correlates with cardiovascular parameters 

during high intensity exercise. Clin Endocrinol 75, 747-752.   

[57] Lee T, Shimizu T, Iijima M, Obinata K, Yamashiro Y, Nagasawa S (2006) Evaluation of psychosomatic stress in 

children by measuring salivary chromogranin A. Acta Pædiatrica 95, 935-939.  

 


