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Elevated salivary alpha-amylase 
levels at awakening in patients 

with depression 



Abstract

Introduction
Specific Major Depressive Disorder (MDD) biomarkers could help improve our 
understanding of MDD pathophysiology and aid in the refinement of current MDD 
criteria. While salivary cortisol (SC) can differentiate between healthy controls and 
patients with psychiatric disorders, salivary alpha amylase (sAA), may be a putative 
candidate biomarker for MDD specifically. 

Methods
In a naturalistic cohort of consecutive out-patients and healthy controls, sAA and 
SC were determined in 833 participants (97 MDD patients, 142 patients with other 
mood, anxiety, and/or somatoform (MAS-) disorders, and 594 healthy controls). 
Samples were collected at 7 different time points (at awakening, after 30, 45, and 
60 min, at 10:00 p.m., at 11:00 p.m., and at awakening on day 2). 

Results
The mean age of the sample was 43.8 years (SD=12.9; 63.9% female). Concerning 
sAA, MDD patients had higher sAA levels upon awakening on two consecutive days 
(p=0.04, p=0.01 respectively), as well as a higher area under the curve with respect 
to the increase (AUCi; p=0.04) in comparison to both controls and the other MAS-
disorders group. Regarding SC, mean levels of evening SC were elevated in MDD 
patients (p=0.049) in comparison to both controls and the other MAS-disorders 
group. SC values on day 2 after ingestion of dexamethasone were elevated in both 
MDD patients and the other MAS-disorders group (p=0.04, p=0.047 respectively). 

Conclusions
sAA at awakening and not cortisol differentiates MDD from other psychiatric 
disorders in outpatients. This suggests that sAA may be a valuable candidate 
biomarker specifically for MDD.
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1. Background

Major depressive disorder (MDD) is one of the most common psychiatric disorders 
and the leading cause of disability worldwide (WHO, 2017). Despite extensive 
research, no specific biomarkers for MDD have been identified to date (Fried and 
Nesse, 2015). Although the mean level of salivary cortisol (SC; a hormone reflecting 
hypothalamus-pituitary-adrenal (HPA) axis activity) has often been found to be 
elevated in patients with mood, anxiety, and somatic disorders (MAS-disorders), 
this possible biomarker lacks the potential to distinguish among these disorders 
(Rief et al., 1998; Hellhammer et al., 2009). Recent studies suggest that salivary 
alpha amylase (sAA), a newer candidate biomarker that involves the autonomic 
nervous system (ANS) axis, may differentiate MDD from other MAS-disorders more 
specifically than SC (van Veen et al., 2008; Ishitobi et al., 2010; Booij et al., 2015). 

sAA is an enzyme that is secreted under autonomic regulation in the oral cavity and 
accounts for 40–50% of salivary protein content (Rohleder et al., 2004; Schumacher 
et al., 2013). Studies with healthy controls have demonstrated that sAA presents 
a distinct diurnal cycle opposing that of SC (Nater et al., 2007; Rohleder et al., 
2004), with lower levels in the morning and higher levels in the early evening. The 
enzymatic activity and quantity of sAA have been found to vary among individuals 
in relation to certain environmental factors, such as stress levels and circadian 
rhythms (Granger et al., 2007; Chatterton et al., 1996). Elevations of sAA levels 
are indicative of increased autonomic activity and have been found to occur in 
response to neurotransmitter (i.e. norepinephrine) stimulation (Garrett, 1999; 
Nater et al., 2005). Studies with healthy controls have shown that sAA is highly 
sensitive to acute stress-related changes, with increasing levels during psychosocial 
stress tasks (i.e. Trier Social Stress Test, Kirschbaum et al., 1993; Nater et al., 2005, 
2006; Rohleder et al., 2004). Within the MAS-patient population, interventional 
studies using psychosocial stress tasks in the afternoon (between 12:00 and 5:00 
p.m.) have provided evidence that sAA levels in patients with anxiety disorders and 
MDD increase more than those of healthy controls (Tamura et al., 2013; Tanaka et 
al., 2012a, 2012b).

To our knowledge, five previous observational studies on sAA have been conducted 
in patients with mood and anxiety disorders: two in a laboratory setting and three in 
a naturalistic setting. The laboratory studies found low baseline sAA levels in MDD 
patients in the morning (Cubala and Landowski, 2014), and elevated sAA levels in the 
afternoon (Ishitobi et al., 2010) in comparison to healthy controls. Two naturalistic 
studies were conducted with MDD patients and found higher sAA levels in the 
morning (no time specified), afternoon (six hours later), and early evening (six hours 
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after the afternoon sample) in comparison to healthy controls (Booij et al., 2015), as 
well as elevated levels of sAA in MDD patients using tricyclic antidepressants (but 
not SSRIs) in the late evening (between 10:00 and 11:00 p.m; Veen et al., 2013). In 
a naturalistic study with generalized anxiety disorder (gSAD) patients, elevated sAA 
levels were found in the area under the curve with respect to the ground (AUCg) 
on day 1 and at 4:00 p.m. on day 2 in comparison to healthy controls (van Veen et 
al., 2008). In sum, based on the small amount of naturalistic observational research 
carried out to date, it seems morning, afternoon, and early evening sAA levels may 
differentiate between MDD and healthy controls, whereas late evening sAA levels 
are less successful in doing so. Furthermore, gSAD patients seem to have elevated 
AUCg and afternoon sAA values in comparison to healthy controls. However, no 
studies have investigated sAA levels in patients with MAS-disorders at awakening 
to date.

In this study, we investigated awakening and diurnal levels of basal sAA and SC in 
patients with MDD, other MAS-disorders, and healthy controls. Our main aim was to 
determine whether sAA may differentiate MDD from other MAS-disorders at certain 
time points. Due to the naturalistic nature of our study, SC levels were determined 
to compare our samples to the distinct diurnal pattern of SC found in earlier studies. 
Replicating these SC diurnal patterns indicate adherence to the sampling protocol 
to a certain extent, and thus increase the validity of the saliva samples collected. 
We hypothesized that MDD patients would have the same diurnal sAA patterns 
as those found in healthy controls. However, based on the existing literature, we 
expected that the morning levels of sAA would be higher in the MDD patient group 
than in the other MAS-disorders patient group and the healthy controls group. 
Furthermore, we expected to find an elevation of sAA in the AUCg in both the MDD 
and other MAS-disorders patient groups in comparison to healthy controls. Finally, 
as previous studies have found the differences in SC levels to be most pronounced 
after a low-dose dexamethasone-suppression test (DST; Pruessner et al., 2003a; 
Stetler and Miller, 2005; Vreeburg et al., 2009, 2010; Wardenaar et al., 2011), we 
expected both the MDD group and other MAS-disorders group to have higher SC 
levels in comparison to the healthy controls upon the DST.

2. Methods

2.1. Participants
Participants were recruited from two different sources: The Routine Outcome 
Monitoring (ROM) and NormQuest cohorts. Patients who were recruited 
participated in ROM interviews between 2007 and 2011. A detailed description of 
the ROM protocol has previously been published elsewhere (De Beurs et al., 2011). 
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These were ambulatory patients who were referred to one of three Riverduinen 
Mental Health Clinic locations (GGZ Leiden RijnVeste, GGZ Lisse, or GGZ Katwijk 
mental health clinics), or the Department of Psychiatry in the Leiden University 
Medical Center (LUMC). These patients all underwent extensive ROM interviews 
as part of routine patient care and the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM IV) diagnoses were assessed by means of the Mini 
International Neuropsychiatric Interview (MINI-Plus; van Vliet and De Beurs, 2007). 
Healthy controls were recruited from the NormQuest cohort, a study that was 
initiated to obtain a reference group for the ROM patients (Schulte-van Maaren et 
al., 2013). NormQuest participants were recruited from the general population via 
medical practitioners. The NormQuest sample was stratified for gender, age, and 
urbanization to reflect the ROM patient group. The majority of the complete Norm-
Quest sample (> 90%) did not have a psychiatric diagnosis according to the Mini 
International Neuropsychiatric Interview (MINI-Plus; van Vliet and De Beurs, 2007). 

All of the recruited participants were asked to collect seven saliva samples on a 
regular working day for our biobank for Mood, Anxiety, and Somatoform disorders 
and the HPA-axis (MASHbank). In line with the protocol used in the Netherlands 
Study of Depression and Anxiety (NESDA, Vreeburg et al., 2010), participants were 
instructed to refrain from eating, drinking, smoking, or brushing teeth within the 
preceding 15 min of sampling. The protocol was approved by the LUMC Ethical 
Review Board. Of the 949 saliva samples collected from the patient and reference 
groups, 44 forms were returned without a date or lacked a ROM interview date. 
Cases that sampled>=60 days after the ROM interview were also removed from 
the dataset (n=23) as were cases missing Brief Symptom Inventory (BSI; Derogatis, 
1975) total scores (n=15). Furthermore, we excluded NormQuest controls using 
psychotropic medication (n=26), participants from all groups whose medication 
use was unknown (n=7), as well as all participants lacking demographic information 
(n=6), resulting in a total of 39 excluded subjects. The final sample (N=828) was 
then categorized into three groups, namely 594 controls, 95 MDD patients, and 
139 “other MASdisorders” patients with predominately current anxiety and/or 
somatoform disorders (43 patients in this group either did not receive a diagnosis on 
the MINI-Plus or were diagnosed with other psychiatric disorders such as remitted 
MDD with comorbid alcohol and/or drug abuse).

2.2. Saliva sampling
To determine the diurnal patterns, seven samples were obtained by means of 
Salivettes® (Sarstedt, Germany). A Salivette is a cotton wad in a plastic tube. 

2

Elevated salivary alpha-amylase levels at awakening in patients with depression 



38

Participants were asked to remove the wad from the tube, chew on it gently for 
at least 2 min, place the wad back into the tube, and store it in the refrigerator. 
The instructions stated to collect morning saliva prior to breakfast at four time 
points: at awakening (T1), after 30 min (T2), after 45 min (T3), and after 60 min 
(T4). The fifth (T5) and sixth (T6) samples were to be collected at 10:00 p.m. and 
11:00 p.m. respectively. After the sixth sample, participants were asked to prepare 
for a DST by ingesting 0.5 mg of dexamethasone. At awakening the next morning, 
participants were asked to collect the final saliva sample (DST/ T7). At each time 
point, participants were instructed to write down the exact time that saliva was 
collected on the sampling form. After return by mail, Salivettes were centrifuged, 
and the saliva was aliquoted and stored at −80 °C.

2.3. Laboratory analysis of salivary cortisol and sAA
Cortisol analysis was performed by the Cortisol (gen 1) competitive 
electrochemiluminescence immunoassay (ECLIA, Modular E170 immunoanalyser, 
Roche Diagnostics, Basel, Switzerland), as described in van Aken et al. (2003). The 
functional detection limit was 2.0 nmol/l and the intra- and interassay variability 
coefficients in the measuring range were less than 10%. Assays were repeated if 
cortisol levels were very high (> 80 nmol/l) or very low (< 1 nmol/l). All very high 
samples remained high and the mean of both values was used. In 80% of the very 
low samples, the repeated cortisol value was within the normal range and used for 
analysis, otherwise the mean was used. Three cortisol indicators were used: 1-hour 
awakening cortisol; evening cortisol; and DST.

After overnight thawing of the saliva at 4 °C, samples for alphaamylase analysis 
were diluted 50-fold with a Hamilton Microlab 500 B/ C dilutor in physiological 
saline solution (Versylene® Fresenius, Cat. Nr. B230551). Analyses were performed 
using a kinetic colorimetric assay for total amylase activity (Cat Nr. 03183742, Roche 
Diagnostics, Mannheim, Germany) on a routine clinical chemistry analyzer. The 
total amylase assay is standardized to the IFCC reference measurement procedure 
(Lorentz, 1998), guaranteeing worldwide comparability of the data. Amylase activities 
are measured and expressed in IU/L at 37 °C. Within-run imprecision for the control 
pool ranged from 0.7% to 2.7% for the combined predilution step and the analysis 
across the entire study period. Between-run analytical imprecision was lower than 
5% throughout this study.

2.4. Data cleaning
SC and sAA samples with values higher than 3 SD from the mean were denoted 
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as missing (SC n=66; sAA n=114) as they exceed the realistic range for SC and sAA 
and are likely to be the result of measurement issues (e.g. gingivitis or bleeding 
gums). Missing data was imputed for cases that remained in the dataset by means 
of linear regression for both missing SC values (n=170; 2.9%), and for sAA values 
(n=129; 2.2%). Participants missing>=2 morning saliva samples and/or>=1 evening 
saliva sample were excluded (cortisol n=27; sAA n=20). Participants that did not 
note a sampling time and those that sampled outside of the sampling time ranges 
(for details of sampling times, see Appendix) were also excluded (morning SC and 
sAA n=29; evening SC and sAA n=34). Participants that did not ingest the 0.5 mg 
of dexamethasone (n=87) were excluded from the SC DST analyses. No cases were 
removed from the sAA samples in this regard, as no negative feedback effect is to 
be expected upon DST.

2.5. Saliva sample indicators
Three sAA indicators were used: the AUCg, and with respect to the increase (AUCi), 
and evening sAA levels. The AUCg and the AUCi were calculated in accordance with 
Pruessner’s et al. formulas (2003b), and evening sAA levels were calculated using 
the T5 and T6 samples (T5+T6/2). Five salivary cortisol indicators were used: two 
measures reflecting the cortisol awakening response (CAR), the evening cortisol 
value, DST, and the cortisol suppression ratio (CSR). The CAR measures the increase in 
cortisol over four fixed time points within the first hour after awakening (e.g. T1-T4; 
Fries et al., 2009). These morning cortisol values allow for the calculation of the AUCg, 
and AUCi, which are used to reflect the dynamics of the CAR (Pruessner et al., 2003b; 
Fekedulegn et al., 2007). The low-dose DST assesses the (dis-)inhibition of the HPAaxis 
(Carroll et al., 1976), and the CSR indicates the cortisol suppression ratio (T1/T7).

2.6. Other measurements and covariates
The BSI (Derogatis, 1975), is a 53-item self-report questionnaire that was designed 
as a rapid screening method for symptoms of psychological disorders. In this study, 
the BSI total score was used as an index of general psychopathology. The total score 
is the mean score of all of the 53 items, whereby each item can range between 0–4 
(a higher score indicates more general psychopathology). The BSI has been found to 
be both a reliable and valid measurement instrument (Croog et al., 1986; Conoley 
and Kramer, 1989). 

Certain specific factors have been found to influence sAA levels and should be taken 
into account as potential confounders in epidemiological studies. There is evidence 
that carbohydrate intake increases sAA response in individuals whose ancestors 

2

Elevated salivary alpha-amylase levels at awakening in patients with depression 



40

consumed starch-rich diets. Thus, those of Southern European ancestry experience 
a larger increase in sAA levels in comparison to those of Northern European ancestry 
(Perry et al., 2007; Rigaud et al., 2015). Furthermore, a study conducted in a sample 
of healthy participants (N=487), found that sAA levels are influenced by age and 
alcohol use (Veen et al., 2012). In addition to ancestry status, age was entered as a 
continuous variable and alcohol use the day of testing as a dichotomous variable. 
Additionally, we adjusted for gender and education level (no/low education versus 
middle/high education). Analysis of covariance (ANCOVA) was used to adjust for 
these sociodemographic factors. 

Regarding SC, the following covariates were entered into the model: gender, age, 
Northern European (NE) ancestry, education level (to adjust for social economic 
status; no/low education versus middle/high education), season (more daylight 
hours versus less daylight hours), time of awakening (continuous), hours of sleep 
(< 6 h of sleep,>6 h of sleep),weekday versus weekend, and alcohol use the day of 
testing in adherence, where possible, to the expert consensus guidelines denoted 
by Stalder et al. (2016) to yield adjusted means.

2.7. Statistical analysis
Both the cortisol values and the sAA values showed positively skewed distributions 
and were therefore naturally loge transformed before analyses. Back-transformed 
geometric means and 95% confidence intervals (CI) of the mean are presented in the 
tables. The baseline characteristics of the three groups (MDD, other MAS-disorders, 
and healthy controls) were compared by means of χ2–tests for categorical variables 
and analyses of variance statistics (ANOVA) for continuous variables. These variables 
were expressed by means, percentages, and standard deviations (see Table 1 for 
further details). A twosided p-value<0.05 was considered statistically significant. No 
adjustments were made for multiple comparisons. IBM SPSS Statistics for Windows 
version 23 (IBM Corp. Armonk, N.Y., USA) was used for dataanalysis.

3. Results

3.1. Demographic characteristics
Characteristics of the three groups, (i) MDD patients (N=95, of whom 6 patients were 
diagnosed with dysthymia), (ii) patients with other MAS-disorders (N=139), and (iii) 
healthy controls (N=594), are presented in Table 1. The mean age of this sample was 
43.8 years (SD=12.9), of which 63.9% was female. Gender distribution was similar 
amongst the three groups. MDD patients and patients with the other MAS-disorders 
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were more often less educated, less often of Northern European ancestry, less likely 
to have a partner, less likely to have a job, more likely to smoke, sleep fewer hours at 
night, and collect samples more often during the weekend in comparison to healthy 
controls. Use of alcohol on sampling days, sampling season, and time of awakening 
did not differ significantly between the groups. MDD patients had higher mean 
BSI total scores in comparison to both of the other groups. Of the patients in the 
MDD group, 34 patients had a comorbid anxiety disorder (35.1%), 8 patients had 
a comorbid somatic disorder (8.2%), and 11 patients had both disorders (11.3%). 
Regarding the time-interval between the interview and saliva sampling, patients in 
the other MAS-disorders group had the most days between the interview and saliva 
sample return, followed by the MDD group. The median time between the ROM 
interview and the sampling was 7.0 days (25th-75th percentile: 3–14). Regarding 
medication use, patients in the MDD group used more medication than those in the 
other MAS-disorders group (see Table 1).

3.2. Salivary alpha-amylase (sAA)
Comparisons of sAA levels between groups are presented in Table 2. sAA levels were 
found to be significantly elevated in the MDD group at T1, AUCi, and T7 (p= 0.01; 
p= 0.04; p < 0.001), in comparison to the sAA levels in healthy controls (see Fig. 1A). 
After multivariate adjustment (i.e. adjusted for gender, age, Northern European 
ancestry, education level, and alcohol use), these sAA levels remained significantly 
elevated in comparison to the control group (T1: p= 0. 04 AUCi: p= 0.04; T7: p= 0.01 
respectively). sAA levels in the other MAS-disorder group were lower than those 
of healthy controls at all time points, although none of these differences were 
statistically significant. These differences remained statistically insignificant after 
adjusting for confounders (see Table 2). Pearson correlations between mean sAA 
levels at awakening were found to be significantly associated with BSI depression 
subscale scores (p=0.015), indicating that there is a relationship between sAA levels 
and depression symptom severity. Finally, sAA levels were able to differentiate 
between the MDD group and the other MAS-disorders group at these sampling 
points after multivariate adjustment (T1: p= 0.005; AUCi: p= 0.009; T7: p= 0.01).
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Table 1. Comparison of demographic and clinical characteristics between controls, 
patients with MDD, and patients with other MAS-disorders.
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Table 2. Comparison of morning and evening salivary alpha amylase (sAA) variables 
between controls and MDD patients and controls and other MAS-disorders patients.
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Figure 1. Unadjusted mean values of salivary alpha amylase [A] and salivary cortisol [B] le-
vels according to psychiatric diagnoses presented in Table 1. Figure A and B show awakening, 
diurnal, and awakening day 2 sAA and SC levels (± S.E.M.) in MDD patients, patients with 
other MAS-disorders, and healthy controls. Error bars represent standard errors. * = p < 0.05.
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3.3. Salivary cortisol
Comparisons of SC levels between groups are presented in Table 3. We found 
no significant differences with regard to the CAR between the three groups in the 
unadjusted model. Comparisons of unadjusted evening SC levels between the three 
groups showed that patients in both the MDD group and other MAS-disorders group 
presented significantly higher T5 (p= 0.004; p= 0.02), T6 (p < 0.001; p= 0.03), and 
mean evening cortisol levels (p < 0.001; p= 0.01). DST levels were also elevated in both 
patient groups (p= 0.001; p= 0.02 respectively) in comparison to the control group 
(see Table 3 and Fig. 1B). Patients in the MDD group also had a significantly elevated 
CSR in comparison to the other MAS-disorders group and healthy controls (p= 0.03). 
After multivariate adjustment (i.e. adjusted for gender, age, Northern European 
ancestry, education level, season, time of awakening, hours of sleep, weekday versus 
weekend, and alcohol use), SC levels at T6 and mean evening cortisol levels remained 
significantly higher in the MDD group (T6: p= 0.04; mean evening cortisol: p= 0.049) in 
comparison to the other MAS-disorders group and the healthy controls group. 

DST remained significantly elevated in both the current MDD group and the other 
MAS-disorders group in comparison to the control group (p= 0.04 and p= 0.047; see 
adjusted values in Table 3). There were no significant differences in SC levels between 
the MDD group and the other MAS-disorders group at any of the sampling times.
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Table 3. Comparison of morning and evening cortisol variables between 
controls and MDD patients and controls and other MAS-disorders patients.
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4. Discussion

The current study examined the characteristics of diurnal sAA and SC in a naturalistic 
sample of psychiatric out-patients and healthy controls. We found consistent 
elevated sAA levels at awakening over two days in MDD patients in comparison to 
healthy controls and patients with other MAS-disorders, indicating increased early 
morning sympathetic nervous system activation in this patient group. Evening SC 
at 11.00 p.m. and mean evening SC levels were found to be significantly increased 
in MDD patients. Elevated levels of SC after dexamethasone ingestion on day two 
were found in both the MDD patient group and in the other MAS-disorder group. 
Our findings suggest that sAA levels at awakening may be a putative new candidate 
biomarker for MDD specifically. 

Research has indicated that the parotid glands contribute most to sAA, reflecting 
ANS, and in particular sympathetic nervous system (SNS) activation via synergistic 
sympathetic-parasympathetic interactions (Bosch et al., 2011). Increases of sAA in 
MAS-patients have been recorded in response to both psychological and physical 
stress (Schumacher et al., 2013), suggesting that sAA may be a promising marker 
of SNS dysregulations in MAS-disorders in general. However, previous studies 
investigating sAA levels in the MAS-disorder patient population have been few, 
whereof none have determined the diurnal profile of sAA (Tamura et al., 2013; 
Tanaka et al., 2012a, 2012b; van Veen et al., 2008; Cubala and Landowski, 2014; 
Booij et al., 2015; Ishitobi et al., 2010; Veen et al., 2013). Moreover, the study 
designs employed have been heterogeneous. For example, sample sizes ranged 
from 30 (Booij et al., 2015) to 1683 participants (Veen et al., 2013), sampling settings 
differed (i.e. naturalistic setting versus laboratory setting), as did sampling times 
(morning, afternoon, early evening, late evening), numbers of samples collected (1–
90), and patient populations (MDD, remitted MDD, gSAD patients, panic disorder, 
and healthy controls).

Our study is the first to investigate sAA levels at awakening in a larger sample of 
MDD patients and patients with other MAS-disorders. This, along with the multiple 
sampling points in the morning and in the evening, makes it possible to extend 
our current knowledge regarding naturalistic sAA levels in patients with MAS-
disorders. To date, three previously conducted naturalistic studies investigating sAA 
levels in MDD patients found elevated sAA levels in MDD patients in comparison to 
healthy controls, which is partially in line with the results of this study. Specifically, 
significantly elevated morning, afternoon, and early evening sAA levels were found 

2

Elevated salivary alpha-amylase levels at awakening in patients with depression 



48

in MDD patients in comparison to healthy controls (Booij et al., 2015), significantly 
elevated afternoon sAA levels in MDD patients in comparison to healthy controls 
(Ishitobi et al., 2010), and significantly elevated levels of late evening sAA in MDD 
patients using tricyclic antidepressants in comparison to MDD patients not using 
this medication and healthy controls (Veen et al., 2013). We were unable to replicate 
these results with regard to potential differences in sAA levels between participants 
using TCAs and those who were antidepressant medication free, as our sample 
size consisted of only 8 participants using TCAs (n=5 in the MDD group and n=3 in 
the other MAS disorders group). A sensitivity analysis excluding these participants 
did not alter our results significantly. We were able to replicate the absence of 
differences in sAA levels between MDD patients and healthy controls in the late 
evening (Veen et al., 2013). One study found significantly lower morning sAA levels 
in MDD patients in comparison to healthy controls (Cubala and Landowski, 2014). 
We did not find any significant differences between the groups in morning sAA 
levels, with the exception of the novel finding of differences between the groups 
directly after awakening. 

With regard to SC, we did not find any differences in morning SC levels between 
MDD patients, patients with other MAS-disorders, and healthy controls. This is not 
surprising as study findings have shown a high level of variability regarding CAR 
activity. On the one hand, studies have found similar morning SC concentrations in 
depressed patients and healthy controls (e.g. Strickland et al., 2002), as was the case 
in the current study. On the other hand, studies have also found a blunted cortisol 
response in patients with MDD in comparison to healthy controls (Burke et al., 2005; 
Stetler and Miller, 2005). Again, other studies have found an increased CAR for both 
AUCg and AUCi variables in MDD patients in comparison to healthy controls (e.g. 
Bhagwagar et al., 2005; Pruessner et al., 2003a; Vreeburg et al., 2009; Wardenaar et 
al., 2011). Our study did find significantly elevated levels of evening cortisol in both 
the MDD patient group as well as other MAS-disorders patient groups in comparison 
to healthy controls before adjustment. This difference remained significant for the 
MDD group after adjusting for influential covariates (Stalder et al., 2016). These 
results support the findings from two earlier studies conducted with MDD patients 
and healthy controls in which evening cortisol levels were found to be (partially) 
increased in depressed subjects (Young et al., 1994; Vreeburg et al., 2009). We also 
found that SC levels post-dexamethasone intake remained elevated in both the 
MDD patient group and other MAS-disorders group after adjustment for covariates. 
These findings provide further evidence for differences in HPA stress-axis regulation 
among patients with MAS-disorders and healthy controls, however again highlight 
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the inability of SC to clearly distinguish between MAS disorders. 

Our findings are relevant to the ongoing search for possible biomarkers differentiating 
between MAS-disorders as it seems that basal sAA levels at awakening may distinguish 
MDD patients from patients with other MAS-disorders. The identification of a 
putative biomarker that might distinguish MDD from other psychiatric disorders has 
both scientific and clinical implications in that it may improve our understanding of 
MDD pathophysiology, may function as an aid in predicting or interpreting response 
to treatment, and may help in improving current MDD criteria. 

We believe that a strength of our study was that we included a MDD and other MAS-
disorders, therefore likely reflecting the general MAS-disorder patient population 
to a reasonable extent and thus increasing the external validity of the findings. 
Secondly, we were also able to compare our clinical sample to a large sample of 
healthy controls that were specifically recruited as a reference group for the ROM 
participants, from which the patient sample in this study was derived. Thirdly, the 
two saliva samples collected directly after awakening on day 1 and day 2 allowed 
us to verify our initial finding of sAA differentiating between MDD patients and 
patients with other MAS-disorders and healthy controls by means of our day 2 
sample. Finally, we collected saliva samples using a non-invasive and inexpensive 
sampling method, which is suitable for clinical use (Nater and Rohleder, 2009).

Our study has a number of potential limitations that should be acknowledged. 
Firstly, due to the cross-sectional nature of this study we cannot determine the 
directionality of the relationship between sAA and MDD. However, findings of a 
prior study within remitted MDD patients (Bagley et al., 2011) seem to suggest that 
increased sAA levels reflect a state of current depression rather than a vulnerability 
factor. Secondly, in an ambulatory and naturalistic setting, compliance is more 
difficult to monitor than in a systematic clinical trial. Although strict instructions 
were given to the participants regarding protocol adherence (i.e. to refrain from 
eating, drinking, smoking, or brushing teeth within the preceding 15 min of 
sampling alongside the importance of adhering to the sampling time frames), we 
did not ask our participants to refrain from other factors such as the consuming 
of antioxidants and napping before sampling, as the potential bias through these 
factors had not yet been well established at the time of data collection. However, 
these factors are unlikely to influence sAA and SC concentrations at awakening. 
Additionally, and in accordance with the Salivette® instructions for use manual, 
participants were instructed to gently chew on the swab for at least two minutes. 
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This may have affected the levels of sAA recorded as chewing has been found to 
increase salivary flow rate and in turn sAA concentrations (Bosch et al., 2011). As 
we did not measure salivary flow rate we were unable to take this into account. 
Passive drool methods for saliva sampling (DeCaro, 2008) may have yielded more 
accurate values, although outcomes with regard to whether or not salivary flow rate 
is independent of stress-induced sAA increase have been inconsistent and evidence 
has been found supporting both theories (Rohleder et al., 2006; Bosch et al., 2003; 
Beltzer et al., 2010). Therefore, salivary flow rates should be taken into account 
in future studies. It should be noted that we instructed our participants to keep 
the swab in their mouths for two minutes, and research has indicated decreases in 
sAA concentration and output within the first several minutes of chewing-induced 
secretion (Proctor and Carpenter, 2001). Moreover, an objective verification 
method of participants’ awakening time (e.g. by means of wrist actigraphy), as well 
as electronic monitoring devices may have provided more accuracy in the cortisol 
assessments after awakening (e.g. Broderick et al., 2004; Stalder et al., 2016). 
However, this was not feasible in the current study, and may therefore have led 
to some (random) measurement error. A possible explanation for not finding any 
significant group differences in morning SC parameters could be due to errors in 
timing. However, a sensitivity analysis excluding samples with less strict timeframes 
(Stalder et al., 2016) was conducted and the AUCg and AUCi findings remained 
non-significant. Furthermore, although the samples were collected in a naturalistic 
setting, we found the distinct diurnal patterns of sAA and SC found in earlier studies 
(e.g. Nater et al., 2007; Rohleder et al., 2004; Kirschbaum and Hellhammer, 1989), 
supporting the validity of our results. A further potential limitation may be that we 
were unable to adequately adjust for psychotropic medication use in our analyses 
as there were no participants who used psychotropic medication in the healthy 
control group. Also, information with regard to (childhood and adulthood) trauma 
exposure was lacking for a large portion of the sample and we could therefore not 
take this into account. However, although several studies have found that trauma-
exposed individuals experience an increase in cortisol levels (e.g. Pico-Alfonso et 
al., 2004; Klaassens et al., 2010a, 2010b), other studies did not find this effect (e.g. 
de Kloet et al., 2007; Rohleder et al., 2004; Gill et al., 2008). Moreover, a meta-
analysis found that neither adulthood trauma nor PTSD were associated with 
differences in HPA-axis functioning (Klaassens et al., 2012). Still, this meta-analysis 
did not look into the effect of childhood trauma exposure on HPA-axis functioning. 
It is therefore of importance to include information on trauma exposure in future 
studies to further explore the possible relationship between trauma and HPA-axis 
and ANS-axis activation. A further limitation is that we did not record the day that 
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saliva samples were posted by participants and were therefore unable to correct 
for possible warming effects during postal delivery. However, if this were to have 
an effect it is likely to have added random measurement error, and thus result in 
findings approaching the null hypothesis. Finally, collecting samples at more time 
points over a number of days would have reflected the diurnal patterns of SC and 
sAA more accurately and further increased the reliability of the SC and sAA levels 
measured at each time point (Hellhammer et al., 2007).

In conclusion, our findings support earlier findings that sAA levels are increased in 
patients with current MDD and offer further evidence towards the recently emerging 
hypothesis that sAA may be a potential biomarker for MDD. Although this study 
indicates that sAA levels are higher at awakening only in patients with MDD, there 
is a possibility that these levels are also higher in patients with other psychiatric 
disorders. Further research is necessary in this regard. Future studies should 
replicate the elevated awakening sAA levels found in MDD patients in comparison 
to other MAS-disorders using larger sample sizes to further substantiate the validity 
of these findings. Furthermore, creating expert consensus guidelines with regard to 
assessing sAA, as has been done for the CAR (Stalder et al., 2016), may be supportive 
in obtaining consistent data in future studies. Also, samples should be collected at 
more time points throughout the day (i.e. during the course of the afternoon and 
the early evening), and ideally also over more days (Hellhammer et al., 2007).

Appendix

Sampling time frames morning:
Time between T1 and T2< =60 and>=15 min, time between T2 and T3< =45 min 
and>=5 min, time between T3 and T4< =45and>=5 min, and time between T1 and 
T4< =90 and>=44 min.

Sampling time frames evening:
Time between T5 and T6< =120 min and>=0 min.
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