
Vol.:(0123456789)

Journal of Happiness Studies
https://doi.org/10.1007/s10902-020-00314-9

1 3

RESEARCH PAPER

Salivary Cortisol and α‑Amylase Production at Awakening 
is Associated with Positivity (POS) Levels in Healthy Young 
Subjects

Vittorio Pasquali1  · Cristina Mihaela Ghiciuc2 · Valeria Castellani1 · 
Gian Vittorio Caprara1 · Guido Alessandri1 · Raffaele D’Amelio3 · Vincenzo Ziparo4 · 
Fabio Scarinci5 · Francesca Romana Patacchioli5,6

Accepted: 15 September 2020 
© The Author(s) 2020

Abstract
A large variety of positive outcomes including social adjustment, psychological well-being 
and health, have been recently closely associated with positivity (POS). On the assumption 
that differences in the POS degree might be associated with different individual neuroen-
docrine assets that enables people to cope effectively with stress, the present study exam-
ined the association between POS, salivary cortisol and α-Amylase (α-Amy) production in 
a group of healthy male volunteers university students, respectively scoring high (POS-H, 
N = 10) and low (POS-L, N = 10) in POS. Participants were selected from a larger sample 
of 300 students of the Medical School at Sapienza University of Rome on the basis of their 
positivity level: POS was analysed and the upper and lower 25% were invited to participate 
in this new study. The findings report a distinct salivary cortisol and α-Amy production in 
the study population: in comparison to the POS-H group, the POS-L subjects presented a 
lower salivary cortisol awake response (CAR) and a flattened α-Amy production at 30 and 
60  min after awakening. In addition, salivary cortisol and α-Amy areas under the curve 
(AUCs), which were calculated as indicators of the two subclinical biomarkers produc-
tion during the first hour after awakening, resulted significantly lower in the POS-L group 
in comparison to the POS-H group. Further studies on larger and different populations 
are needed to definitively confirm that the different cortisol and α-Amy secretion patterns 
between POS-H and POS-L individuals is associated with a potentially better capacity to 
preserving an adequate quality of life in individuals being equipped with a system appar-
ently able to better respond to external and/or internal stimuli. Lastly, a better understand-
ing of the biological correlates of POS is crucial to design psychological interventions able 
to take advantage of individuals’ assets and thus to integrate and strengthen the efficacy of 
traditional medications.
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1 Introduction

A growing body of research has focused on the roles that individual differences in per-
sonality may play in promoting health and in moderating vulnerability to adversities and 
illness. Interest in the positive features of individual functioning linked with adjustment 
and resilience to life challenges has received continued attention throughout the history of 
psychology (Seligman and Csikszentmihalyi 2000). Several scholars have independently 
explored, at different times, the importance of approaching life experiences with a posi-
tive view. Scheier and Carver (1992) were among the first to propose positive thinking, or 
individuals’ basic confidence in their future, as the key for understanding the different ways 
in which humans approach and react to life. Later, Diener and colleagues (2000) suggested 
that people evaluate their lives on the basis of their basic level of positivity. Moreover, 
positive affect, i.e., the feelings that reflect a level of pleasurable engagement with the envi-
ronment, has been associated with physical health (Pressman and Cohen 2005). Among the 
individual characteristics that have been previously associated with a variety of positive 
outcomes are self-esteem (Baumeister et al. 2003), optimism (Carver et al. 2010) and life 
satisfaction (Pavot and Diener 2008). A large number of studies have corroborated the idea 
that positivity (POS) represents a common latent factor underlying self-esteem, life satis-
faction, and dispositional optimism in diverse samples and cultures (Caprara et al. 2010a). 
Twin studies have shown that heritability accounts for approximately 50% of the variance 
of this latent dimension, whereas unshared environment accounts for the remaining per-
centage (Fagnani et  al. 2014). Further studies have provided evidence of the stability of 
POS over the course of development and of its potential positive effect on people’s lives 
across diverse domains of functioning, including health, work performance, psychological 
well-being, and social adjustment (Alessandri et al. 2012; Fagnani et al. 2014). Of interest, 
little residual variance was explained in the above outcomes by self-esteem, life satisfac-
tion, and optimism once their common component was considered (Alessandri et al. 2015).

POS likely plays an important biological function because thinking that life is worth liv-
ing and that the future is promising allows people to cope with adversities and losses in life 
(Caprara et al. 2009). Accordingly, individual differences in POS can play a fundamental 
role in ensuring the best balance between conservative and aversive adaptive tendencies 
(Caprara et al. 2012). High POS can be beneficial to well-being as it helps individuals to 
draw the best from their potential and from situational opportunities (see Caprara et  al. 
2010b, c, 2012).

Research findings have preliminarily attested to the protective function that POS may 
exert at the very basic level of the immune system by countering the disturbing effect of 
stress (Caprara et al. 2017) and contributing to maintaining an adequate quality of life even 
under condition of severe illness (Caprara et al. 2016). Daily hassles and life events may 
result in allostatic overload and lead to erratic neuroendocrine responses. This situation 
led us to hypothesize that differences in POS degree might be associated with different 
neuroendocrine assets of the hypothalamic–pituitary–adrenal (HPA) axis and sympathetic 
adrenal-medullar (SAM) system activities.

Measurements of salivary cortisol and salivary α-amylase (α-Amy) as biomarkers of the 
HPA axis and SAM system activities, respectively, are increasingly used for noninvasive 
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monitoring of the human body’s neuroendocrine response to life challenges under various 
physio-pathological conditions (Bosch et al. 2011; Cozma et al. 2017; Delle Chiaie et al. 
2013; Ghiciuc et al. 2011, 2013; Nater et al. 2006, 2013; Nater and Rohleder 2009; Patac-
chioli et al. 2015; Schumacher et al. 2013; Simeoni et al. 2011).

The cortisol awakening response (CAR) reflects the increase of cortisol concentration 
that occurs over the first hour after waking (Pruessner et al. 1997; Stalder et al. 2016). The 
CAR is a useful index of HPA axis function—an indicator of the major endocrine stress 
response system—and has been found to be reduced among people with posttraumatic 
stress, fatigue symptoms, burnout, or exhaustion. A lower CAR has also been described in 
depressive patients with a higher risk of developing chronic depression (Chida and Steptoe 
2009; Vreeburg et al. 2009, 2010; Proulx et al. 2017).

Salivary α-Amy, the secretion of which is under strong neurohormonal control, has been 
proposed as a “cortisol-like” noninvasive and easily obtainable marker of SAM system 
modifications in basal conditions and under stress (Chatterton et  al. 1996; Cozma et  al. 
2017; Li and Gleeson 2004; Wolf et  al. 2008). Significant diurnal fluctuations in sali-
vary α-Amy have been observed that are opposite to those of cortisol, with low values at 
awakening (Nater et  al. 2007) and progressively significantly higher values over the day 
(Ghiciuc et al. 2011; Nater et al. 2007; Yamaguchi et al. 2006), confirming that these two 
systems are distinct (Wolf et al. 2008).

Based on this assumption, the present study examined the associations among POS, 
salivary cortisol, and α-Amy production in a select group of healthy male university stu-
dent volunteers who had high (POS-H) or low (POS-L) POS scores. Salivary CAR, sali-
vary awakening α-Amy levels, and area under the curve (AUC)s of salivary cortisol and 
α-Amy production were measured at awakening and at 30 and 60  min thereafter under 
basal conditions.

2  Methods

2.1  Study Population

The participants were selected from a larger sample of 300 students of the Medical School 
at Sapienza University of Rome on the basis of their positivity level. The study protocol 
was approved by the research ethics committee of the Azienda Ospedaliera Sant’Andrea 
(CE n. 353/2012).

The participants received all measures by mail and returned them after completion. 
Experimenters informed the participants that their responses would be absolutely confiden-
tial and offered clarification regarding the variables measured. The eight-item POS scale, 
with 5-point Likert scales ranging from 1 (strongly disagree) to 5 (strongly agree) and a 
Cronbach’s alpha of 0.79 (95% confidence interval: 0.76, 0.82), was used to select enrolled 
participants (Caprara et al. 2012).

Inclusion criteria were POS mean level ≥ 75° percentile (POS-H) or POS mean 
level ≤ 25° percentile (POS-L). In the a priori sample size calculation, we estimated that 
at least 7 subjects per group were required to detect a mean absolute difference of approxi-
mately 50% for the expected changes in salivary cortisol concentrations between the values 
measured at awakening and at 30 min later, with an α of 0.05, β = 0.2, and statistical power 
of 80%.
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Only male participants were included in the present preliminary study to avoid the con-
founding of our dependent variables by sex-related factors (Kirschbaum et  al. 1999). In 
addition, all the participants were medication-free. The subjects who met the inclusion cri-
teria were contacted by phone and invited to participate in this study.

Ultimately, 10 POS-H (mean POS: 4.56 SD 0.23; mean age: 21.2 SD 1.3 range 20–23) and 
10 POS-L (mean POS: 2.84 SD 0.32; mean age: 21.5 SD 1.3 range 19–24) Caucasian males 
agreed to participate in the subsequent session of the study, and written informed consent was 
obtained from all the participants during a preliminary informative meeting.

2.2  Salivary Sampling Procedure; Salivary Cortisol and α‑Amylase Measurement

During the three days before the “saliva sampling day”, the participants were asked to main-
tain a quiet resting state without engaging in any intense physical activity or receiving any 
significant psychological input. The diet was similar among the study population. The subjects 
were asked to avoid food, coffee or alcohol consumption, teeth brushing, smoking, and any 
physical exercise for 30 min prior to each saliva collection (Hackney and Viru 2008; Hanrahan 
et al. 2006).

After they completed the informed consent to participate in the study, the participants were 
instructed on how to collect their saliva at home using the Salivette sampling device (Sarstedt, 
Italy). All of the participants underwent three salivary collections: the saliva was collected at 
awakening and at 30 and 60 min thereafter. The participants were asked to store the samples 
in their home refrigerators and to deliver the samples to the laboratory on the day after collec-
tion. The saliva was recovered from the polyester swab devices by centrifugation at 3000 rpm 
for 15 min (Gröschl et al. 2008). The salivary samples were immediately frozen at a tempera-
ture of -20 °C until they were analyzed.

Salivary cortisol was assayed on duplicate 25-μl samples using a commercial immuno-
enzymatic kit (DiaMetra, Italy). The inter- and intra-assay were < 10% and < 7%, respectively, 
with a minimum detectable concentration of 0.5  ng/ml. On the same sample, the salivary 
α-amylase activity was quantified via a commercially available colorimetric kit (DiaMetra, 
Italy); the interassay coefficient variation was < 1.5%, and the minimum detectable concentra-
tion of α-amylase that could be distinguished from the blank standard at a 95% confidence 
interval was 2.5 U/ml.

2.3  Statistical Analysis

All of the data are reported as the means ± SEM unless otherwise specified. The statistical 
analyses and graphs were performed using SigmaPlot 11 (S x T.it, Italy) and Statistica 6 (Stat-
Soft Inc.) software.

The GROUP, TIME, and GROUP × TIME effects on salivary cortisol and salivary 
α-Amy diurnal trajectories measured in the study population were determined using the 
two-way ANOVA for repeated measures followed by the post hoc Tukey’s test for multiple 
comparisons.

The salivary cortisol and salivary α-Amy diurnal production were calculated from the area 
under the curve (AUC) of the salivary cortisol (ng/ml/h) and the α-Amy (U/ml/h) calculated 
for each subject using the trapezoidal method, with respect to ground, for the three samples 
collected at awakening and at 30 and 60 min thereafter (Fekedulegn et al. 2007; Pruessner 
et al. 2003). The statistical significance was set at p < 0.05.
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3  Results

3.1  Characteristics of the Study Population

No significant differences were detected between the two groups with respect to the pop-
ulation characteristics. The subjects had a similar mean age [POS-H: 21 (19–24  years); 
POS-L: 22 (20–27 years)]. The body mass index (BMI), which compares height to weight, 
indicated no detectable differences between the two groups in the study population (22.1 in 
POS-H subgroups and 22.5 in POS-L subgroups), with all the participants within the nor-
mal zone (Yumuk et al. 2015).

3.2  Salivary Cortisol and α‑Amylase Awakening Responses in the Study Population

We hypothesized that POS-H and POS-L can be associated with distinct HPA axis 
as well as SAM system activities at awakening. The upper portion of Fig.  1 shows the 
mean levels ± SE of salivary cortisol measured on the sampling day in the POS-H 

Fig. 1  Salivary Cortisol 
and α-Amylase Awaken-
ing Responses in the study 
population. Data are expressed as 
mean ± SE. Post hoc Tukey’s test 
for multiple comparisons: * and 
**p < 0.01 and p < 0.001, respec-
tively, vs awake; # and ##p < 0.05 
and p < 0.001, respectively, 
versus POS-H
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(awake: 4.6 ± 0.8 ng/ml; + 30 min: 9.1 ± 0.9 ng/ml; + 60 min: 7.2 ± 0.8 ng/ml) and POS-L 
(awake: 5.1 ± 0.6  ng/ml; + 30  min: 6.3 ± 0.7  ng/ml; + 60  min: 4.4 ± 0.6  ng/ml) groups. 
Two-way repeated-measures ANOVA revealed the following values: for factor GROUP: 
F(1,59) = 3.415, p = 0.081; for factor TIME F(2,59) = 21.452, p < 0.001; for interaction 
GROUP x TIME F(2,59) = 9.157, p < 0.001.

The lower portion of Fig. 1 shows the mean levels ± SE of salivary α-amylase measured 
on the sampling day in the POS-H (awake: 25.5 ± 4.4 U/ml; + 30  min: 38.6 ± 3.9 U/ml; 
47.8 ± 5.5 U/ml) and POS-L (awake: 25.8 ± 3.4 U/ml; + 30 min: 26.3 ± 2.4 U/ml; 25.8 ± 1.7 
U/ml) groups. Two-way repeated-measures ANOVA revealed the following values: for fac-
tor GROUP: F(1,59) = 6.855; p = 0.070; for factor TIME F(2,59) = 8.123, p = 0.001; for 
interaction GROUP × TIME F(2,59) = 7.978, p = 0.001.

Confirming the stated hypotheses, both groups show a significant difference in the awak-
ening responses for cortisol and α-amylase associated with differences in the POS degree.

3.3  AUCs for Salivary Cortisol and α‑Amylase Awakening Responses in the Study 
Population

Table 1 reports that the production of salivary cortisol at awakening is higher in the POS-H 
group than in the POS-L. In addition, there is a statistically significantly lower production 
of salivary α-Amy in the POS-L group compared with the POS-H group upon awakening…

4  Discussion

Under basal nonchallenging conditions, the protocol of the present study provided a mul-
tiple-time-point assessment of salivary cortisol and α-Amy production characterizing the 
activity of the HPA axis and SNS system in the first hour after waking in young healthy 
subjects with low and high POS scores. The main finding of this pilot study is that, com-
pared to the POS-H group, the POS-L subjects presented a lower salivary CAR and a flat-
tened α-Amy production at 30 and 60 min after awakening.

In the present study, POS-H subjects showed a CAR higher than POS-L. The CAR, a 
sharp rise in cortisol levels in the first 30 min after awakening (Stalder et al. 2016), has 
been related to multiple psychosocial factors: both enhanced and reduced CARs are asso-
ciated with various diseases (Chida and Steptoe 2009; Delle Chiaie et  al. 2013; Kirsch-
baum et al. 1995), including depression and anxiety disorders (Bhattacharyya et al. 2008; 

Table 1  AUCs for salivary 
cortisol and α-amylase upon 
awakening in the study 
population

Data are shown as the mean values ± SEM
AUC  Area under the curve of salivary biomarker production

POS-H (n = 10) POS-L (n = 10) Student t-test

Salivary 
cortisol 
AUC (ng/
ml x h)

7.6 ± 0.8 5.5 ± 0.6 t = 2.138, p = 0.047

Salivary 
α-amylase 
AUC (U/
ml x h)

37.6 ± 4.0 26.1 ± 1.3 t = 2.738, p = 0.014
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Vreeburg et al. 2010). Moreover, a reduced CAR has been described in subjects suffering 
from either posttraumatic stress disorder syndrome (Wessa et al. 2006) or fatigue-related 
symptoms (Nater et al. 2008). In addition, the CAR has been positively correlated with job 
stress and general life stress and negatively associated with fatigue, burnout, or exhaustion 
(Chida and Steptoe 2009). However, the relationship between the CAR and individual dif-
ferences in personality features associated with POS, such as optimism, is less consistently 
evidenced. Research by Jobin and colleagues (2014) found that older people with low opti-
mism had a lower CAR even if associated with higher daily cortisol production measured 
on the days when they reported higher stress. Low positive affect, assessed in a group of 
adult healthy men by ecological momentary assessment-derived ratings of happiness, was 
associated with higher cortisol early in the day and a heightened CAR (Steptoe et al. 2007). 
In contrast, studies with healthy older (Endrighi et al. 2011) and middle-aged adults (Lai 
et  al. 2005) reported that high optimism was related to a lower CAR but not to cortisol 
decline over the day or total cortisol output. No relationship between the CAR and being an 
optimist or a pessimist was reported in healthy older people (Puig-Perez et al. 2018). To a 
large extent, such discrepancies may reflect methodological differences in the assessment 
of outcome and the heterogeneity of the population under study.

We hypothesized that POS-H and POS-L can be associated with distinct SAM system 
activity. Under basal nonchallenging conditions, we have found a flattened trajectory of 
salivary α-Amy in the POS-L subjects during the first hour after awakening, which reflects 
a reduction in the SAM system activity. In contrast, the POS-H group showed significant 
physiological progressive diurnal increase in α-Amy production (Ghiciuc et al. 2011).

In general, the human body maintains its physiological balance and responds to over-
all life requirements by counterbalancing the activities of the HPA axis and SAM system 
(Cortelli et  al. 1994, 2012). Blunted levels of α-Amy production, which were originally 
highlighted in the present study, are directly related to the dysregulation of the SAM sys-
tem in the POS-L group and may affect individuals’ psychosocial health (Cozma et  al. 
2017; Ghiciuc et al. 2013; McEwen 1998, 2006).

Showing different salivary cortisol and α-Amy secretion patterns between POS-H and 
POS-L individuals, the current preliminary study suggested that POS-H subjects may ben-
efit from an attitude towards life that enables them to better respond to external and/or 
internal stimuli and indirectly confirmed the previous hypothesis that views POS among 
personal assets that exert a protective function providing the necessary support to better 
face life adversities, failures, and losses (Caprara et al. 2009, 2016). These findings accord 
with the literature, which points to positivity as a key factor that contributes to success at 
work, within the family, and in society at large (Fredrickson and Losada 2005; Lyubomir-
sky et  al. 2005; Pressman and Cohen 2005). Optimism is thought to be beneficial for 
health, and these effects may be mediated through modifications in psychophysiological 
stress reactivity (Puig-Perez et al. 2017).

The present report has several limitations worth noting. Only two small groups of stu-
dents were enrolled in the salivary biomarker assay, though they were selected from a 
larger sample of 300 undergraduate medical faculty students on the basis of their extreme 
positivity level (≤ 25° percentile and ≥ 75° percentile). The extent to which our results 
might be generalized if the study were also extended to women and/or to a larger non-
student population is unknown. Furthermore, since the sampling of saliva for biomarker 
measurement occurred only at awakening, the diurnal patterns need further exploration in 
larger samples.

We must also acknowledge, as a limitation of this study the possibility that partici-
pants may not have adhered properly to the protocol for the collection of salivary samples, 
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although, in accordance with recently published guidelines, the exact saliva sampling 
schedule was described verbally by the recruiter to each participant and supplemented with 
detailed written instructions (Stalder et al. 2016). Therefore, recommendations to monitor 
adherence to the saliva sampling protocol contributed, in the present study, to the obtain-
ment of valid cortisol and α-Amy values for awakening responses. However, there is no 
way to know whether subjects correctly followed other instructions (e.g., refraining from 
eating, smoking, etc., in the hour before and during the saliva collection time points).

5  Conclusions

The original findings from this study are preliminary until they can be replicated with a 
larger population. Deepening the knowledge on the biological correlates of POS will help 
us determine the actions that need to be taken to improve individuals’ assets.
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