
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright

http://www.elsevier.com/copyright


Author's personal copy

Chronic stress, salivary cortisol, and a-amylase in children

with asthma and healthy children

Jutta M. Wolf *, Erin Nicholls, Edith Chen

University of British Columbia, Department of Psychology, 2136 West Mall, Vancouver, BC V6T 1Z4, Canada

Received 6 October 2007; accepted 12 December 2007

Available online 23 December 2007

Abstract

The present study examined whether chronic stress is related to daily life levels of salivary a-amylase (sAA), a marker for sympathetic activity,

and cortisol in healthy children versus children with asthma.

Children’s sAA and cortisol levels were measured repeatedly over 2 days. Chronic stress measures included interviews with children about

chronic home life stress and interviews with parents about one marker of socioeconomic status, parental education.

Among children with asthma, higher chronic stress was associated with lower daily sAA output, while among healthy children, higher chronic

stress was associated with flatter cortisol slopes.

In conclusion, chronically stressed children with asthma showed lower salivary a-amylase output, indicating lower sympathetic activity, and

implying a possible mechanism for increased susceptibility to symptom exacerbations. In contrast, higher cortisol levels in healthy children with

chronic stress may indicate, for example, an increased risk for infectious diseases. This dichotomy emphasizes the different biological effects of

chronic stress depending on illness status.

# 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Stress is known to activate two major biological systems,

the hypothalamus-pituitary-adrenal (HPA) axis and the

sympatho-adrenal medullary (SAM) axis. In humans, activa-

tion of the hypothalamus-pituitary-adrenal axis results in an

enhanced secretion of the hormone cortisol. Cortisol has a

typical circadian pattern with higher levels in the morning and

lower evening levels (Van Cauter, 1995). Activation of the

SAM axis, on the other hand, results in the release of

epinephrine and norepinephrine from the adrenal medulla as

well as norepinephrine from nerve terminals of the sympa-

thetic nervous system (Goldstein, 2000; Kvetnansky and

McCarty, 2000). While both cortisol and catecholamines can

be measured in plasma, the field of psychoneuroendocrinology

(PNE) has sought to develop non-invasive markers of both

axes. In the case of cortisol, salivary cortisol has become a

widely used and important tool (Kirschbaum and Hellhammer,

1994). Salivary cortisol levels correlate highly with serum

levels (Kirschbaum and Hellhammer, 2007) and reflect the

free/unbound fraction of total cortisol, which is thought to be

the biological active fraction (Mendel, 1992; Pearson-Murphy,

2000).

The search for a similar non-invasive and easily obtainable

marker of the SAM axis has raised salivary a-amylase (sAA)

as a promising candidate. Salivary a-amylase is an enzyme

important for carbohydrate digestion and its secretion is

under strong neurohormonal control (i.e., released upon

sympathetic stimulation; Baum, 1993; Smith, 1996). Strong

evidence for the assumption of salivary a-amylase reflecting

sympathetic activity has come from pharmacological studies.

van Stegeren et al. (2006) were able to reduce stress-induced

salivary a-amylase increases by application of a b-adrenergic

receptor blocker and Ehlert et al. (2006) recently reported

that stimulation of the sympathetic nervous system using the

a2-adrenergic receptor antagonist yohimbine increased

salivary a-amylase levels. Hence, salivary cortisol levels

reflect the activity of the HPA axis, whereas salivary a-

amylase activity can be considered a marker of sympathetic

activity.
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1.1. Relevance of salivary a-amylase and cortisol for

health

Changes in salivary a-amylase and cortisol levels are

thought to have implications for health. For example, two

studies by Granger et al. (2006, 2007a) suggest a link between

salivary a-amylase and disease. One study found that greater

salivary a-amylase increases in response to laboratory

challenges were observed in children with more parent-

reported illnesses. The second study revealed that higher levels

of salivary a-amylase after acute laboratory stressors were

associated with increased health problems, such as respiratory

problems, in children. With respect to cortisol, there is a large

body of evidence linking it to disease. Changes in basal as well

as stimulated cortisol levels are reported to be associated with

different disease processes or susceptibilities towards different

diseases (Chrousos, 1998), such that, for example, a decreased

HPA axis activity is found in individuals with fibromyalgia

(Chikanza et al., 1992) and atopic diseases (Buske-Kirschbaum

et al., 1998).

In the present study, we compared salivary a-amylase and

cortisol in children with asthma versus healthy children.

Asthma was chosen because it is the most common chronic

illness in childhood (Mannino et al., 1998), and has been linked

to alterations in cortisol responses to acute laboratory stressors

(Buske-Kirschbaum et al., 2003) as well as in autonomic

nervous system activity (Kallenbach et al., 1985). Hence our

first goal was to determine whether a chronic illness such as

asthma would be associated with different patterns of daily life

salivary a-amylase and cortisol in children.

1.2. Psychological factors linked to salivary a-amylase

and cortisol

As mentioned above, psychological stress activates both the

HPA axis as well as the SAM axis, which manifests as changes

in cortisol and salivary a-amylase output. For example,

salivary a-amylase has been found to respond to psychological

stress (Bosch et al., 1996, 2003; Nater et al., 2006, 2005;

Rohleder et al., 2006; Skosnik et al., 2000), a finding that is also

true in children (summarized in Granger et al., 2006, 2007a,b).

Interestingly, while a relatively large number of studies have

investigated laboratory stress reactivity and salivary a-

amylase, studies of salivary a-amylase variations during

individuals’ daily lives (basal levels) are relatively rare.

Rohleder et al. (2004) reported salivary a-amylase in

university students to show a diurnal pattern opposite that

of salivary cortisol, with lowest values shortly after awakening

followed by increases during the day. The same pattern was

reported by others (Jenzano et al., 1987; Nater et al., 2007;

Rantonen and Meurman, 2000). To our knowledge, however,

there have been no studies investigating basal salivary a-

amylase activity over the day in children and adolescents.

Furthermore, not only are studies investigating basal salivary

a-amylase levels rare, but even fewer studies have attempted to

link it to psychological factors such as chronic stress. Only one

study that we are aware of measured chronic stress and found a

positive association with salivary a-amylase levels over the

day in university students (Nater et al., 2007). One study that

investigated differences in socioeconomic status (SES) in

young children found salivary a-amylase reactivity to an acute

stressor to be negatively associated with SES (Granger et al.,

2006).

Many more studies have investigated the effects of acute

stressors on cortisol secretion. Acute stressors are known to

elicit a delayed increase in cortisol secretion with a slow

decrease after the offset of the stressor, reaching baseline levels

approximately 1 h later (for a review see Dickerson and

Kemeny, 2004). However, the literature on the effects of

chronic stress on basal cortisol levels is less consistent. Both

elevated levels of diurnal cortisol output (Arnetz et al., 1987;

Baum et al., 1983; Kosten et al., 1984; Schaeffer and Baum,

1984) as well as a reduced cortisol output (Heim et al., 2000;

Miller et al., 2002; Vedhara et al., 2002; Yehuda, 2000) over the

day were found to be associated with chronic stress.

Furthermore, a recent meta-analysis highlighted the importance

of taking stressor and person features into account (Miller et al.,

2007). For example, stressors that elicited a flat diurnal cortisol

profile with high afternoon and evening levels were character-

ized as ones that threatened physical integrity, involved trauma,

and were uncontrollable.

The second aim of the present study was thus to compare the

effects of chronic stress on basal salivary a-amylase and

cortisol levels in children with asthma and healthy children,

thus testing whether psychosocial factors could be linked to

daily life profiles of these two biological markers.

1.3. Study aims

In summary, the goal of the present study was twofold. First,

we aimed to compare basal salivary a-amylase activity and

basal salivary cortisol levels in healthy children versus children

with asthma. Second, we aimed to test the relationships

between chronic stress and salivary a-amylase as well as

cortisol. Chronic stress was defined in two ways in this study,

the experiences of chronic stress in home life, as well as low

family SES, based on parental education.

2. Methods

2.1. Subjects

A total of 92 children and adolescents were recruited from the Vancouver,

BC community through advertisements in newspapers, magazines, and physi-

cians’ offices. 47 children and adolescents were physician-diagnosed with

asthma according to NHLBI guidelines (NHLBI, 1997, 2002) and 45 children

and adolescents were medically healthy. Children with any other chronic

medical (besides asthma) or psychiatric illness were excluded. To assess this,

during the telephone-screening interview, parents were asked about any chronic

medical or psychiatric illnesses their child had as well as about any acute

illnesses in the past month and any medications the child was taking. During

their visit at the laboratory, parents were queried again about any major health

problems, physical, emotional, or other types the child had. Furthermore, a

differential blood count from the child was used to ensure that children were not

having any acute health problems. Children with upper-respiratory illness

during the past 4 weeks were rescheduled.
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Table 1 summarizes information on sex distribution, age, and body mass

index (BMI: kg/m2) of all study participants as well as details on asthma severity

and medication for children and adolescents with asthma. Neither sex nor BMI

differed significantly between the two groups (sex: x2 = 1.52, p = .22; BMI:

t90 = 0.75, p = .46). Furthermore, age did not differ significantly between boys

and girls in each of the two groups (asthma: t45 = �1.03, p = .31; healthy:

t43 = �1.53, p = .14). We also did not find differences between healthy children

and children with asthma with regard to ethnic descent (x2 = 11.24, p = .08;

European: 30 asthma/32 healthy; Chinese: 7 asthma/6 healthy; other Asian:

3 asthma/0 healthy; other: 3 asthma/6 healthy).

2.2. Protocol

Upon arrival at our research center, the study procedure was explained in

detail and written consent was obtained from the accompanying parent. The

child was asked for assent and then taken into a separate room and interviewed

in depth regarding chronic stress (see below). Simultaneously, the parent was

asked questions about the educational attainment (see below).

Subsequently, the child was familiarized with the Salivette device (Sarstedt,

Nuembrecht, Germany) and asked to collect saliva samples over the course of

the following 2 days by chewing on the cotton roll and move it around in the

mouth for 60 s. On each day, saliva had to be collected 1, 4, 9, and 11 h after

awakening. These sampling times were chosen both based on the recommenda-

tions by the MacArthur Research Network of Socioeconomic Status and Health

(2000) with regard to cortisol sampling and further, to best reflect the salivary a-

amylase daily profile established by Nater et al. (2007). MEMS 6 TrackCap

Monitors (Aardex Ltd., Switzerland) were used to test compliance, defined as

collecting a saliva sample within 1 h of the intended time. We found compliance

to be satisfactorily high with 88.2%. We further checked how compliant

subjects were based on their self-reported times of collecting saliva, and found

that 86.7% collected their saliva samples within 1 h of the intended time,

suggesting that participants self-report of compliance with saliva collection

procedures was similar to electronic monitoring reports. To avoid false high or

low values, participants were additionally asked to refrain from brushing their

teeth, smoking, eating, and drinking (except water) at least 30 min prior to

collecting saliva. After chewing on the cotton roll, the participants placed the

roll in the Salivette device and then in a refrigerator as soon as possible. Samples

were mailed back to the laboratory once data collection was finished.

2.2.1. Life stress interview

The UCLA life stress interview for children was used to assess the child’s

exposure to stressful experiences over the past 6 months (Hammen and

Rudolph, 1999). This semi-structured interview covers chronic stress in various

domains such as family relationships, friendships, school, and home life. Levels

of chronic stress are rated by the interviewer in each domain with ratings

ranging from no difficulties (1) to severe and persistent difficulties (5). The

present study focused on home life stress, which captures factors such as

parents’ work stress and persistent health problems among family members.

Dimensions of home and family life have consistently been found to predict

biological markers in previous research (Chen et al., 2006; Miller and Chen,

2006).

The interview has been used successfully in children as young as eight, and

has been shown to have good reliability and validity (Hammen, 1991).

2.2.2. Parent education

Parent education was measured as one indicator of family SES. The parent

was questioned about the number of years of education each parent in the

household had received. In two parent families, the higher of the two was used.

2.3. Biochemical analysis

Saliva samples were centrifuged at 800 � g for 5 min, transferred to deep-

well plates, and stored at �30 8C until assayed. Cortisol has been shown to be

stable at room temperature for a period of 2 weeks (Kahn et al., 1988) and

salivary a-amylase for at least 96 h (Granger et al., 2006). Both cortisol and

salivary a-amylase were shown to be flow-rate independent (Vining et al., 1983;

Rohleder et al., 2006; respectively).

2.3.1. Salivary a-amylase

Salivary a-amylase activity was measured as described by Rohleder et al.

(2006). In short, 20 ml of standards and diluted saliva (1:625) were incubated

with 80 ml of substrate reagent (Roche Diagnostics, Mannheim, Germany) in a

waterbath at 37 8C for 90 s. Optical density was measured at 405 nm. After

second incubation (5 min) and measurement, increase in absorbance were

calculated and transformed to salivary a-amylase concentrations using a linear

regression calculated for each microplate (inter- and intra-assay variation

<10%).

2.3.2. Cortisol

Free cortisol levels in saliva were measured in duplicates using a commer-

cially available chemiluminescence assay (IBL, Hamburg, Germany). Inter- and

intra-assay variation was below 10%.

2.4. Control variables

Medical variables potentially influencing biological measures in asthma

were included as control variables. This included asthma severity and asthma

medication use.

Asthma severity was classified as mild intermittent asthma, mild persistent

asthma, moderate asthma, and severe asthma, according to the procedure

described by Bacharier et al. (2004), i.e., based on the NAEPP/EPR2 Guidelines

and the higher of symptom frequency and medication use.

Asthma medication was assessed by asking participants the number of times

during the past 2 weeks they had used asthma medications. Asthma medications

were divided into inhaled corticosteroids and b-agonists, and both the number

of days a participant used inhaled corticosteroids and the number of days a

participant used b-agonists were included as covariates.

Additional variables we controlled for in the present analyses were age and

sex. Both were included because it is well-known that asthma shows gender

differences in prevalence rates which changes over adolescence and early

adulthood (Sears, 1998). This is even true for asthma morbidity outcomes,

such as hospital admission rates (Skobeloff et al., 1992).

Table 1

Demographics of study participants

Asthma Healthy

Sex 31 male, 16 female 24 male, 21 female

Age 8–18 9–17

(13.1 � 2.6) (13.1 � 2.2)

Body mass index

(kg/m2)

14.1–32.5 15.9–29.4

(21.7 � 4.3) (21.1 � 3.8)

LSI–home life stress 1.5–4.0 1.0–4.5

(2.4 � 0.5) (2.4 � 0.8)

Years of parental

education

11–27 11–27

(16.8 � 3.1) (17.9 � 3.7)

Asthma severitya Mild intermittent: 9 –

Mild persistent: 16

Moderate: 14

Severe: 8

Asthma medicationb No medication: 6 –

b-Agonists: 39

Inhaled corticosteroids: 32

Both: 30

Means and standard deviations are given in parentheses; LSI, life stress inter-

view (Hammen and Rudolph, 1999).
a Based on asthma medication use and asthma symptoms (Bacharier et al.,

2004).
b Names and dosages of medications recorded directly from the label.

J.M. Wolf et al. / Biological Psychology 78 (2008) 20–2822
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2.5. Statistical analysis

Data were analyzed using the Statistical Package for the Social Science

Version 11.0.4 (SPSS Institute, Chicago, IL) by following a three-step

approach:

(1) Preliminary analyses: To increase stability, salivary a-amylase and

cortisol values were averaged over the 2 days. Further, to address

substantial skews, sAA and cortisol data were transformed by natural

log transformation (ln(x � 1)) (Tabachnick and Fidell, 2001). The

slope of the regression line as well as the area-under-the-curves (AUC;

trapezoid formula (Pruessner et al., 2003)) were calculated for cortisol

and sAA daily profiles according to Pruessner et al. (2003).

(2) Salivary a-amylase and cortisol trajectories and group differences:

With regard to the averaged sAA and cortisol trajectories, repeated

measures ANOVAs were computed to reveal possible time, group, and

time-by-group effects. Results were corrected by the Greenhouse–

Geisser procedure where appropriate. To test for group differences in

sAA and cortisol AUCs and slopes, univariate analyses were

computed. Both types of analyses controlled for asthma severity,

asthma medication, age, and sex. Asthma severity and asthma

medication were thereby coded 0 for healthy children. Partial

correlations including the above control variables were calculated to

test for associations between cortisol and sAA AUCs and slopes.

(3) Psychological factors linked to salivary a-amylase and cortisol: To test

for associations between physiological parameters and stress measures,

two sets of hierarchical regressions were calculated. For healthy

children, age and sex was controlled for (step 1) before adding the

variable of interest (i.e., chronic home life stress, years of parental

education; step 2). For children with asthma, all regressions

additionally controlled for asthma severity and asthma medications

(step 1), before entering one of the two stress measures (step 2).

For all analyses, p-values of p < .05 were considered significant.

3. Results

3.1. Preliminary analyses

The stability of cortisol levels over 2 days was rather low

with significant correlations for the first two time points (+1 h:

r = .273, p = .013; +4 h: r = .325, p = .003) and non-significant

correlations for the last two samples (+9 h: r = .066, p = .552;

+11 h: r = .181, p = .101). Hence, cortisol concentrations of the

corresponding samples were averaged for the 2 days to increase

stability. Interestingly, sAA levels showed a much higher

stability with correlations between r = .477 ( p < .001, +4 h)

and r = .653 ( p < .001, +11 h) (+1 h: r = .560, p < .001; +9 h:

r = .502, p < .001). Nevertheless, these data were averaged as

well in order to keep the following analyses comparable. Fig. 1

depicts the resulting trajectories of sAA and cortisol levels.

Data were then tested for skewness. To address the considerable

skew we found (sAA: skew = 1.72–2.69, S.D. = 0.25; cortisol:

skew = 1.25–3.47, S.D. = 0.25), data were subjected to a

natural log transformation (sAA: transformed skew = � 0.62

to 0.03, S.D. = 0.25; cortisol: transformed skew = 0.07–0.99,

S.D. = 0.25). These log transformed data were then used to

calculate AUCs and slopes for both sAA and cortisol

trajectories (sAA AUC: mean = 13.7, range = 5.2–21.7; sAA

slope: mean = 0.02, range = �0.05–0.10; cortisol AUC:

mean = 4.1, range = 0.4–8.9; cortisol slope: mean = �0.04,

range = �0.08 to 0.03).

3.2. Salivary a-amylase and cortisol profiles and group

differences

Controlling for age, sex, asthma severity, and asthma

medication, repeated measures ANOVA using the averaged and

log-transformed individual time point values revealed sig-

nificant group differences in sAA concentration over time

(group: F1,85 = 3.96, p = .05), with healthy children showing

higher sAA values throughout the day. No significant changes

over time or group-by-time interaction (time: F3,255 = 0.37,

p = .77; interaction: F3,255 = 0.182, p = .91) were found.

Cortisol trajectories, on the contrary, did show significant

changes over time (F3,255 = 2.82, p = .039), but no group

differences or group-by-time interaction (group: F1,85 = 0.98,

p = .33; interaction: F3,255 = 0.24, p = .87). Similarly, when

summary variables across the day were used, group differences

were only found for sAA AUC (sAA AUC: F1,85 = 4.15,

p = .045; sAA slope: F1,85 = 0.21, p = .65; cortisol AUC:

F1,85 = 1.35, p = .25; cortisol slope: F1,85 = 0.06, p = .81).

Furthermore, there were no significant correlations between

sAA and cortisol for either AUC or slope (AUC: r = .13 p = .22;

slope: r = �.07, p = .49; partial correlations controlling for

group, age, sex, asthma severity, asthma medication: AUC:

r = �.019, p = .86; slope: r = �.08, p = .45).

3.3. Psychological factors linked to salivary a-amylase

and cortisol

Next, separate regression analyses were computed for

children with asthma and healthy children to test for associations

between basal salivary measures (i.e., cortisol and sAA) and

chronic stress measures (i.e., chronic home life stress and

parental education). All regressions controlled for age and sex.

Regressions computed for children with asthma additionally

controlled for asthma severity and asthma medication.

3.3.1. Children with asthma

First, we tested whether chronic stress influenced sAA

output variables in children with asthma. For this, sAAvariables

Fig. 1. Salivary a-amylase and cortisol trajectories in children (n = 92). Graph

shows means and standard errors of values averaged over day 1 and day 2 (+1,

+4, +9, and +11 h corresponds to 0928, 1248, 1729, and 1949 h, respectively).
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were regressed on scores of home life stress and years of parental

education (see Table 2). We found a significant relationship

between stress ratings and sAA AUCs, indicating that higher

home life stress was associated with lower overall sAA output

over the day in children with asthma (b = � .31, p = .027; see

Fig. 2), explaining 9.3% of variance in sAA AUC values

(DF (1,40) = 5.28). Furthermore, parental education was related to

sAA AUCs as well, such that lower parental education predicted

lower overall sAA output ( p = .048, DR2 = .075,

DF (1,40) = 4.14). No such associations were found for sAA

slopes (home life stress: p = .41; parental education: p = .63).

In contrast, none of the cortisol output variables were

associated with either home life stress (AUC: p = .52; slope:

p = .65) or parental education (AUC: p = .95; slope: p = .51).

3.3.2. Healthy children

Next, we tested whether chronic stress influenced sAA

output variables in healthy children (see Table 2). Contrary to

the results in children with asthma, no associations between

chronic home life stress and sAA output variables were

found (AUC: p = .56, slope: p = .17). The same was true for

parental education and sAA variables (AUC: p = .18, slope:

p = .87).

However, both chronic home life stress and parental

education did show strong relationships with cortisol slopes.

Higher chronic home life stress was associated with flatter

cortisol slopes in healthy children (b = .43, p = .005), explain-

ing 16.6% of variance in cortisol slope values (DF (1,41) = 5.89).

Furthermore, parental education was related to cortisol slopes,

such that lower parental education predicted flatter cortisol

slopes (b = �.40, p = .010, DR2 = .14, DF (1,41) = 7.25; see

Fig. 3).

4. Discussion

This is the first study that we are aware of to examine

simultaneously basal salivary a-amylase and cortisol trajec-

tories throughout the day in healthy children as well as children

with asthma. As expected, salivary a-amylase and cortisol

were found to have opposite diurnal patterns. Furthermore, no

significant correlations were found between daily salivary a-

amylase levels and daily cortisol levels, emphasizing the

distinctiveness of the two parameters being indicators of

sympathetic activity versus HPA axis activity, respectively.

Interestingly, only salivary a-amylase but not cortisol

trajectories differed between children with asthma and healthy

children. Additionally, there were differences in associations

with chronic stress variables between children with asthma and

healthy children. Among healthy children, having higher

chronic home life stress and parents with less years of

education predicted flatter cortisol slopes. In contrast, among

children with asthma, higher chronic home life stress and

having parents with less years of education were associated

with a lower total amount of salivary a-amylase secreted over

the day. Each of these findings will be discussed in more detail

below.

Table 2

Regression analyses predicting salivary a-amylase and cortisol area-under-the-

curves and slopes from chronic stress ratings

Asthma (n = 47) Healthy (n = 45)

b t p b t p

Chronic home life stress

sAA AUC �.31 S2.30 .027* �.09 �0.59 .56

sAA slope .13 0.84 .41 �.22 �1.39 .17

Cort AUC �.10 �0.65 .52 .09 0.61 .55

Cort slope .07 0.45 .65 .43 2.98 .005**

Years of parental education

sAA AUC .29 2.04 .048* .22 1.36 .18

sAA slope .08 0.48 .63 .03 0.17 .87

Cort AUC �.01 �0.07 .95 .19 1.24 .22

Cort slope .11 0.66 .51 S.40 S2.69 .010*

Regression for healthy children controlled for age and sex; regression for

children with asthma controlled for age, sex, asthma severity, and asthma

medications. Abbreviations: sAA, salivary a-amylase; cort, cortisol; AUC, area-

under-the-curve. *p < .05. **p < .01.

Fig. 2. (A) Chronic home life stress and (B) years of parental education predict salivary a-amylase trajectories (i.e., area-under-the-curve) in children with asthma

(n = 47). Figures show means and standard errors. Ratings of chronic home life stress and years of parental education were categorized by median split.
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4.1. Salivary a-amylase and cortisol profiles in children

The preliminary analyses showed that the stability of single

salivary a-amylase measures was very high throughout the day.

This finding argues for the usefulness of salivary a-amylase

measures from a methodological point of view (e.g.,

practicality, cost effectiveness). In line with former stress-

related findings (Chatterton et al., 1996; Granger et al., 2006;

Nater et al., 2006, 2005), no correlation was found between

basal salivary a-amylase and cortisol parameters. This endorses

basal salivary a-amylase activity as a measure clearly distinct

from cortisol with salivary a-amylase and cortisol outputs

representing different systems, i.e., the SAM axis and the HPA

axis, respectively. The daily pattern of salivary a-amylase and

cortisol activity in children parallels previous findings as well

(Rohleder et al., 2004), such that in adults, the trajectory of

salivary a-amylase activity over the course of a day was

opposite of that observed for cortisol, with lowest levels 1 h

after awakening and increasing levels over the day.

Interestingly, compared to healthy children, children with

asthma showed lower salivary a-amylase levels throughout the

day. This finding suggests that salivary a-amylase levels may

be an indicator that can distinguish chronically ill from healthy

children. Furthermore, since lower salivary a-amylase levels

indicate lower sympathetic activity, this suggests that increas-

ing sympathetic activity may serve a protective function in

asthma. This hypothesis is discussed in more detail below.

Children with asthma did not show any differences in cortisol

trajectories compared to healthy children. Since altered cortisol

levels have been found to have implications for health (see

introduction), this lack of a difference is somewhat surprising.

One hypothesis may be that compensatory processes (e.g.,

altered regulation of HPA activity by feedback inhibition;

Dallman et al., 1994; De Kloet et al., 1998) are still successful

because of the young age of this sample, such that overall daily

output of cortisol is still similar across children with asthma and

healthy children. We might than expect to see that over time as

children age, compensatory processes may not be sufficient and

differences in cortisol output may emerge, which would be

expected to translate into differences in health outcomes.

Alternatively, although cortisol levels do not differ, compensa-

tory processes vary by illness status. For example, the sensitivity

of target tissues, such as airway epithelial cells, to signals may be

changed causing symptoms only in children with asthma (e.g.,

via changes in receptor expression level, hormone binding

affinity, and/or repression by transcription factors; for cortisol see

Bamberger et al., 1996; for catecholamines/sympathetic nervous

system see Elenkov et al., 2000; Sanders et al., 1997).

4.2. Patterns of salivary a-amylase and cortisol with

chronic stress

With respect to psychological variables, an interesting

dichotomy was found whereby associations of chronic stress

variables (i.e., chronic home life stress and years of parental

education) with cortisol were found in healthy children but not

in children with asthma, whereas associations of chronic stress

variables with salivary a-amylase were found in children with

asthma but not in healthy children. These findings could not be

explained by nor were they moderated by sex or age (data not

shown).

First, children and adolescents with asthma reporting high

levels of chronic home life stress and having parents with less

years of education showed lower salivary a-amylase activity

throughout the day (AUC), suggesting lower sympathetic

activity. In the clinical asthma literature, psychological stress

is usually associated with negative clinical outcomes. Sandberg

et al. (2000), for example, reported an increased risk for an

asthma attack within 2 weeks of an acute negative life event in

chronically stressed children with asthma. This raises the

question of how elevated salivary a-amylase output might

translate into changes in asthma outcomes. Asthma is a disease

associated with increased parasympathetic activity (Kallenbach

et al., 1985). In children and adolescents with persistent asthma,

sympathetic activity may help counter-regulate asthma-asso-

ciated increases in parasympathetic activity. If true, this would

Fig. 3. (A) Chronic home life stress and (B) years of parental education predict cortisol trajectories (i.e., slopes) in healthy children (n = 45). Figures show means and

standard errors. Ratings of chronic home life stress and years of parental education were categorized by median split.
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argue for greater sympathetic activity being protective against

asthma. Our findings of high chronic stress being associated with

low sympathetic activity (low levels of salivary a-amylase)

would then suggest a physiological vulnerability that could

explain the clinical observations that high chronic stress is

associated with greater asthma morbidity. This theory could also

explain why associations with salivary a-amylase are only

present in children with asthma but not healthy children, since it

suggests that a chronic illness accompanied by changes in

autonomic nervous system activity is necessary for detecting

systematic variation in basal salivary a-amylase activity.

It should be noted that, in children with asthma, there were

no associations between chronic stress variables and cortisol.

One obvious explanation might be the medications that children

and adolescents with asthma were on, especially inhaled

corticosteroids used for long-term asthma control. However,

patterns were the same regardless of whether we controlled for

medication use or not.

Secondly, in healthy children, higher home life stress as well

as parents having less years of education predicted flatter

cortisol slopes. Thus far, reports linking blunted morning

cortisol levels or flatter cortisol rhythms throughout the day

with chronic stress exist mainly for adults. The types of chronic

stressors that have been linked to flatter cortisol profiles in

adults include burnout (Pruessner et al., 1999), work stress

(Caplan et al., 1979), parenting a child with cancer (Miller

et al., 2002), and SES (Cohen et al., 2006a,b). A study in

adolescents, whose ages ranged from 15 to 19, reported a

similar pattern of lower cortisol in association with low SES

(Chen and Paterson, 2006). The meta-analysis by Miller et al.

(2007) found that one of the characteristics associated with flat

diurnal cortisol profiles was chronic stressors that were

uncontrollable. From a child’s point of view, chronic home

life stress, which captures in part parents’ work stress and

persistent health problems among family members, may have a

strong component of uncontrollability. Hence, consistent with

the patterns found in adults, children showed a flatter cortisol

profile under conditions of chronic stress as well. As mentioned

above, changes in HPA activity are associated with increased

susceptibility to various diseases (Chrousos and Gold, 1998).

With regard to the immune system, for example, a lack of the

modulatory activities of cortisol may put physically healthy but

chronically stressed children at an increased risk for

inflammatory diseases (Sapolsky et al., 2000).

Further emphasizing the dichotomy found in the present

results, in healthy children, there were no associations between

chronic stress and salivary a-amylase. Under acute stress

conditions, in contrast, some evidence for SES-dependent

differences in salivary a-amylase were found (Granger et al.,

2006). However, as mentioned above, it might be that disease-

related autonomic nervous system dysfunction is necessary to

detect stable differences in salivary a-amylase.

4.3. Limitations

This study has several limitations: First, studies are needed

which include other measures of autonomic nervous system

(ANS) activity. Including measures of both sympathetic and

parasympathetic activity would allow researchers to test the

hypothesis of salivary a-amylase indicating sympathetic

counter-regulation. Second, future studies including asthma

outcome measures (e.g., clinical symptoms, pulmonary

function) are needed to test the predictive value of salivary

a-amylase. That is, are children and adolescents who have high

salivary a-amylase more likely to have decreased asthma

morbidity over time? If so, this would have important

implications for the clinical assessment and management of

asthma. Lastly, it has to be pointed out that in the present study,

we operationalized chronic stress by measuring chronic home

life stress and years of parental education. Since there are many

other domains of chronic stress besides chronic home life stress

as well as other ways to capture SES (e.g., resource-based

indicators, such as family income or parental occupation, or

prestige-based indicators, such as social status in the

community), the present results are limited in terms of their

generalizability.

4.4. Summary

In summary, healthy children and adolescents showed the

expected pattern of a flatter cortisol rhythm being associated

with higher levels of chronic stress. Over the long-term, such

increased cortisol levels may have negative health effects,

rendering healthy children, for example, at increased risk for

infectious diseases. In contrast, in children and adolescents

with asthma, high levels of chronic stress were associated with

low levels of salivary a-amylase. This clearly distinct pattern

of associations suggests that salivary a-amylase is more

sensitive to social characteristics in chronic diseases involving

altered ANS activity. Salivary a-amylase may thus serve both

as a useful measure in PNE research on children and

adolescents, as well as a relevant marker of sociobiological

effects in asthma, since attenuated salivary a-amylase activity

associated with chronic stress in children with asthma may

indicate risk for future susceptibility to asthma attacks and

symptom exacerbations. Ultimately, both findings emphasize

that there are pronounced, but distinct, biological effects of

chronic stress not only in children with asthma, but also in

healthy children.

Acknowledgements

Funding for this study was provided by the Canadian

Institutes of Health Research (CIHR) and the Michael Smith

Foundation for Health Research (MSFHR).

References

Arnetz, B.B., Wasserman, J., Petrini, B., Brenner, S.O., Levi, L., Eneroth, P.,

Salovaara, H., Hjelm, R., Salovaara, L., Theorell, T., et al., 1987. Immune

function in unemployed women. Psychosomatic Medicine 49, 3–12.

Bacharier, L.B., Strunk, R.C., Mauger, D., White, D., Lemanske Jr., R.F.,

Sorkness, C.A., 2004. Classifying asthma severity in children: mismatch

between symptoms, medication use, and lung function. American Journal of

Respiratory and Critical Care Medicine 170, 426–432.

J.M. Wolf et al. / Biological Psychology 78 (2008) 20–2826



Author's personal copy

Bamberger, C.M., Schulte, H.M., Chrousos, G.P., 1996. Molecular determinants

of glucocorticoid receptor function and tissue sensitivity to glucocorticoids.

Endocrine Reviews 17, 245–261.

Baum, A., Gatchel, R.J., Schaeffer, M.A., 1983. Emotional, behavioral, and

physiological effects of chronic stress at three mile island. Journal of

Consulting and Clinical Psychology 51, 565–572.

Baum, B.J., 1993. Principles of saliva secretion. Annals of the New York

Academy of Sciences 694, 17–23.

Bosch, J.A., Brand, H.S., Ligtenberg, T.J., Bermond, B., Hoogstraten, J., Nieuw

Amerongen, A.V., 1996. Psychological stress as a determinant of protein

levels and salivary-induced aggregation of Streptococcus gordonii in human

whole saliva. Psychosomatic Medicine 58, 374–382.

Bosch, J.A., de Geus, E.J., Veerman, E.C., Hoogstraten, J., Nieuw Amerongen,

A.V., 2003. Innate secretory immunity in response to laboratory stressors

that evoke distinct patterns of cardiac autonomic activity. Psychosomatic

Medicine 65, 245–258.

Buske-Kirschbaum, A., Jobst, S., Hellhammer, D.H., 1998. Altered reactivity of

the hypothalamus-pituitary-adrenal axis in patients with atopic dermatitis:

pathologic factor or symptom? Annals of the New York Academy of

Sciences 840, 747–754.

Buske-Kirschbaum, A., von Auer, K., Krieger, S., Weis, S., Rauh, W., Hell-

hammer, D., 2003. Blunted cortisol responses to psychosocial stress in

asthmatic children: a general feature of atopic disease? Psychosomatic

Medicine 65, 806–810.

Caplan, R.D., Cobb, S., French Jr., J.R., 1979. White collar work load and

cortisol: disruption of a circadian rhythm by job stress? Journal of

Psychosomatic Research 23, 181–192.

Chatterton Jr., R.T., Vogelsong, K.M., Lu, Y.C., Ellman, A.B., Hudgens, G.A.,

1996. Salivary alpha-amylase as a measure of endogenous adrenergic

activity. Clinical Physiology 16, 433–448.

Chen, E., Hanson, M.D., Paterson, L.Q., Griffin, M.J., Walker, H.A., Miller,

G.E., 2006. Socioeconomic status and inflammatory processes in childhood

asthma: the role of psychological stress. The Journal of Allergy and Clinical

Immunology 117, 1014–1020.

Chen, E., Paterson, L.Q., 2006. Neighborhood, family, and subjective socio-

economic status: how do they relate to adolescent health? Health Psychol-

ogy 25, 704–714.

Chikanza, I.C., Petrou, P., Kingsley, G., Chrousos, G., Panayi, G.S., 1992.

Defective hypothalamic response to immune and inflammatory stimuli in

patients with rheumatoid arthritis. Arthritis and Rheumatism 35, 1281–

1288.

Chrousos, G.P., 1998. Stress as a medical and scientific idea and its implica-

tions. Advances in Pharmacology 42, 552–556.

Chrousos, G.P., Gold, P.W., 1998. A healthy body in a healthy mind – and vice

versa – the damaging power of ‘‘uncontrollable’’ stress. The Journal of

Clinical Endocrinology and Metabolism 83, 1842–1845.

Cohen, S., Doyle, W.J., Baum, A., 2006a. Socioeconomic status is associated

with stress hormones. Psychosomatic Medicine 68, 414–420.

Cohen, S., Schwartz, J.E., Epel, E., Kirschbaum, C., Sidney, S., Seeman, T.,

2006b. Socioeconomic status, race, and diurnal cortisol decline in the

coronary artery risk development in young adults (CARDIA) study. Psy-

chosomatic Medicine 68, 41–50.

Dallman, M.F., Akana, S.F., Levin, N., Walker, C.D., Bradbury, M.J., Suemaru,

S., Scribner, K.S., 1994. Corticosteroids and the control of function in the

hypothalamo–pituitary–adrenal (HPA) axis. Annals of the New York Acad-

emy of Sciences 746, 22–31 Discussion 31-22, 64-27.

De Kloet, E.R., Vreugdenhil, E., Oitzl, M.S., Joels, M., 1998. Brain corticos-

teroid receptor balance in health and disease. Endocrine Reviews 19, 269–

301.

Dickerson, S.S., Kemeny, M.E., 2004. Acute stressors and cortisol responses: a

theoretical integration and synthesis of laboratory research. Psychological

Bulletin 130, 355–391.

Ehlert, U., Erni, K., Hebisch, G., Nater, U., 2006. Salivary alpha-amylase levels

after yohimbine challenge in healthy men. The Journal of Clinical Endo-

crinology and Metabolism 91, 5130–5133.

Elenkov, I.J., Wilder, R.L., Chrousos, G.P., Vizi, E.S., 2000. The sympathetic

nerve—an integrative interface between two supersystems: the brain and the

immune system. Pharmacological Reviews 52, 595–638.

Goldstein, D.S., 2000. Sympathetic nervous system. In: Fink, G. (Ed.), En-

cyclopedia of Stress. Academic Press, San Diego, pp. 558–565.

Granger, D.A., Kivlighan, K.T., Blair, C., El-Sheik, M., Stroud, L.R., 2006.

Integrating the measurement of salivary alpha-amylase into studies

of child health, development, and social relationships. JSPR 23, 267–

290.

Granger, D.A., Kivlighan, K.T., El-Sheik, M., Gordis, E.B., Stroud, L.R., 2007a.

Assessment of salivary alpha-amylase in biobehavioral research. In:

Luecken, L.J., Gallo, L. (Eds.), Handbook of Physiological Research

Methods in Health Psychology. Sage, New York.

Granger, D.A., Kivlighan, K.T., el-Sheikh, M., Gordis, E.B., Stroud, L.R.,

2007b. Salivary alpha-amylase in biobehavioral research: recent develop-

ments and applications. Annals of the New York Academy of Sciences

1098, 122–144.

Hammen, C., 1991. Generation of stress in the course of unipolar depression.

Journal of Abnormal Psychology 100, 555–561.

Hammen, C., Rudolph, K., 1999. UCLA Life Stress Interview for Children:

Chronic Stress and Episodic Life Events. Manual. University of Illinois.

Heim, C., Ehlert, U., Hellhammer, D.H., 2000. The potential role of hypocor-

tisolism in the pathophysiology of stress-related bodily disorders. Psycho-

neuroendocrinology 25, 1–35.

Jenzano, J.W., Brown, C.K., Mauriello, S.M., 1987. Temporal variations of

glandular kallikrein, protein and amylase in mixed human saliva. Archives

of Oral Biology 32, 757–759.

Kahn, J.P., Rubinow, D.R., Davis, C.L., Kling, M., Post, R.M., 1988. Salivary

cortisol: a practical method for evaluation of adrenal function. Biological

Psychiatry 23, 335–349.

Kallenbach, J.M., Webster, T., Dowdeswell, R., Reinach, S.G., Millar, R.N.,

Zwi, S., 1985. Reflex heart rate control in asthma. Evidence of parasympa-

thetic overactivity. Chest 87, 644–648.

Kirschbaum, C., Hellhammer, D.H., 1994. Salivary cortisol in psychoneur-

oendocrine research: recent developments and applications. Psychoneur-

oendocrinology 19, 313–333.

Kirschbaum, C., Hellhammer, D.H., 2007. Salivary cortisol. In: Fink, G. (Ed.),

Encyclopedia of Stress. Academic Press, Oxford, pp. 405–409.

Kosten, T.R., Jacobs, S., Mason, J.W., 1984. The dexamethasone suppression

test during bereavement. The Journal of Nervous and Mental Disease 172,

359–360.

Kvetnansky, R., McCarty, R., 2000. Adrenal medulla. In: Fink, G. (Ed.), En-

cyclopedia of Stress. Academic Press, San Diego, pp. 63–70.

MacArthur Research Network on Socioeconomic Status and Health, 2000.

Salivary cortisol measurement. Available from <www.macses.ucsf.edu/

Research/Allostatic/notebook/salivarycort.html>. Accessed September

2007.

Mannino, D.M., Homa, D.M., Pertowski, C.A., Ashizawa, A., Nixon, L.L.,

Johnson, C.A., Ball, L.B., Jack, E., Kang, D.S., 1998. Surveillance for

asthma—United States, 1960–1995. MMWR CDC Surveillance Summaries

47, 1–27.

Mendel, C.M., 1992. The free hormone hypothesis. Distinction from the

free hormone transport hypothesis. Journal of Andrology 13, 107–

116.

Miller, G.E., Chen, E., 2006. Life stress and diminished expression of genes

encoding glucocorticoid receptor and beta2-adrenergic receptor in children

with asthma. Proceedings of the National Academy of Sciences of the

United States of America 103, 5496–5501.

Miller, G.E., Chen, E., Zhou, E.S., 2007. If it goes up, must it come down?

chronic stress and the hypothalamic–pituitary–adrenocortical axis in

humans. Psychological Bulletin 133, 25–45.

Miller, G.E., Cohen, S., Ritchey, A.K., 2002. Chronic psychological stress and

the regulation of pro-inflammatory cytokines: a glucocorticoid-resistance

model. Health Psychology 21, 531–541.

Nater, U., Rohleder, N., Schlotz, W., Ehlert, U., Kirschbaum, C., 2007.

Determinants of the diurnal course of salivary alpha-amylase. Psychoneur-

oendocrinology 32, 392–401.

Nater, U.M., La Marca, R., Florin, L., Moses, A., Langhans, W., Koller, M.M.,

Ehlert, U., 2006. Stress-induced changes in human salivary alpha-amylase

activity—associations with adrenergic activity. Psychoneuroendocrinology

31, 49–58.

J.M. Wolf et al. / Biological Psychology 78 (2008) 20–28 27



Author's personal copy

Nater, U.M., Rohleder, N., Gaab, J., Berger, S., Jud, A., Kirschbaum, C.,

Ehlert, U., 2005. Human salivary alpha-amylase reactivity in a psycho-

social stress paradigm. International Journal of Psychophysiology 55,

333–342.

NHLBI, 1997. Guidelines for the Diagnosis and Management of Asthma.

National Asthma Education and Prevention Program. Vol. publication

no. 97-4051. National Institutes of Health (NIH), National Heart, Lung,

and Blood Institute (NHLBI). US Department of Health and Human

Services, Bethesda MD. Expert Panel Report 2.

NHLBI, 2002. Guidelines for the Diagnosis and Management of Asthma.

National Asthma Education and Prevention Program. National Institutes

of Health (NIH), National Heart, Lung, and Blood Institute (NHLBI). US

Department of Health and Human Services, Bethesda MD. Expert Panel

Report—update on selected topics.

Pearson-Murphy, B.E., 2000. Glucocorticoids, Overview, Encyclopedia of

Stress. Academic Press, pp. 244–261.

Pruessner, J.C., Hellhammer, D.H., Kirschbaum, C., 1999. Burnout, perceived

stress, and cortisol responses to awakening. Psychosomatic Medicine 61,

197–204.

Pruessner, J.C., Kirschbaum, C., Meinlschmid, G., Hellhammer, D.H., 2003.

Two formulas for computation of the area under the curve represent

measures of total hormone concentration versus time-dependent change.

Psychoneuroendocrinology 28, 916–931.

Rantonen, P.J., Meurman, J.H., 2000. Correlations between total protein,

lysozyme, immunoglobulins, amylase, and albumin in stimulated whole

saliva during daytime. Acta Odontologica Scandinavica 58, 160–165.

Rohleder, N., Nater, U.M., Wolf, J.M., Ehlert, U., Kirschbaum, C., 2004.

Psychosocial stress-induced activation of salivary alpha-amylase: an indi-

cator of sympathetic activity? Annals of the New York Academy of

Sciences 1032, 258–263.

Rohleder, N., Wolf, J.M., Maldonado, E.F., Kirschbaum, C., 2006. The psy-

chosocial stress-induced increase in salivary alpha-amylase is independent

of saliva flow rate. Psychophysiology 43, 645–652.

Sandberg, S., Paton, J.Y., Ahola, S., McCann, D.C., McGuinness, D., Hillary,

C.R., Oja, H., 2000. The role of acute and chronic stress in asthma attacks in

children. Lancet 356, 982–987.

Sanders, V.M., Baker, R.A., Ramer-Quinn, D.S., Kasprowicz, D.J., Fuchs, B.A.,

Street, N.E., 1997. Differential expression of the beta2-adrenergic receptor

by Th1 and Th2 clones: implications for cytokine production and B cell

help. Journal of Immunology 158, 4200–4210.

Sapolsky, R.M., Romero, L.M., Munck, A.U., 2000. How do glucocorticoids

influence stress responses? Integrating permissive, suppressive, stimulatory,

and preparative actions. Endocrine Reviews 21, 55–89.

Schaeffer, M.A., Baum, A., 1984. Adrenal cortical response to stress at three

mile island. Psychosomatic Medicine 46, 227–237.

Sears, M.R., 1998. Evolution of asthma through childhood. Clinical and

Experimental Allergy 28 (Suppl. 5), 82–89 Discussion 90-81.

Skobeloff, E.M., Spivey, W.H., St Clair, S.S., Schoffstall, J.M., 1992. The

influence of age and sex on asthma admissions. The Journal of American

Medical Association 268, 3437–3440.

Skosnik, P.D., Chatterton Jr., R.T., Swisher, T., Park, S., 2000. Modulation of

attentional inhibition by norepinephrine and cortisol after psychological

stress. International Journal of Psychophysiology 36, 59–68.

Smith, P.M., 1996. Mechanisms of secretion by salivary glands. In: Edgar,

W.M., O’Mullane, D. (Eds.), Saliva and Oral Health. BDJ Books, pp. 9–25.

Tabachnick, B.G., Fidell, L.S., 2001. Using Multivariate Statistics, 4th edition.

Allyn and Bacon, Boston, MA.

Van Cauter, E., 1995. Endocrine rhythms. In: Becker, K.L. (Ed.), Principles and

Practice of Endocrinology and Metabolism. J.B. Lippincott Company,

Philadelphia, pp. 41–50.

van Stegeren, A., Rohleder, N., Everaerd, W., Wolf, O.T., 2006. Salivary alpha

amylase as marker for adrenergic activity during stress: effect of betablock-

ade. Psychoneuroendocrinology 31, 137–141.

Vedhara, K., McDermott, M.P., Evans, T.G., Treanor, J.J., Plummer, S., Tallon,

D., Cruttenden, K.A., Schifitto, G., 2002. Chronic stress in nonelderly

caregivers: psychological, endocrine and immune implications. Journal of

Psychosomatic Research 53, 1153–1161.

Vining, R.F., McGinley, R.A., Symons, R.G., 1983. Hormones in saliva: mode

of entry and consequent implications for clinical interpretation. Clinical

Chemistry 29, 1752–1756.

Yehuda, R., 2000. Biology of post-traumatic stress disorder. Journal of Clinical

Psychiatry 61, 14–21.

J.M. Wolf et al. / Biological Psychology 78 (2008) 20–2828


