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Asymmetry of salivary cortisol and a¢-amylase
responses to psychosocial stress in anorexia nervosa
but not in bulimia nervosa
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Background. The stress response involves the activation of the hypothalamic—pituitary-adrenal (HPA) axis and the
sympathetic nervous system (SNS). As a role for stress in determining of the onset and the natural course of eating
disorders (EDs) has been proposed, the study of the psychobiology of the stress response in patients with anorexia
nervosa (AN) and bulimia nervosa (BN) should be helpful in understanding the pathophysiology of these disorders.
The two neurobiological components of the stress response can be easily explored in humans by the measurement of
salivary cortisol and a-amylase response to a stressor. Therefore, we assessed salivary cortisol and a-amylase
responses to the Trier Social Stress Test (TSST) in symptomatic patients with AN and BN compared to healthy
controls.

Method. Seven AN women, eight BN women and eight age-matched healthy females underwent the TSST between
1530 and 1700 h. Salivary cortisol and a-amylase levels were measured by an enzyme-linked immunosorbent assay
(ELISA).

Results. Compared to healthy women, AN patients showed a normal cortisol response to the TSST, although this
occurred at significantly increased hormone levels, and an almost complete absence of response of a-amylase. BN
women, however, exhibited enhanced pre-stress levels of salivary a-amylase but a normal response of the enzyme
and cortisol to the TSST.

Conclusions. These findings demonstrate, for the first time, the occurrence of an asymmetry between the HPA axis
and SNS components of the stress response in the acute phase of AN but not in BN. The pathophysiological
significance of this asymmetry remains to be determined.

Received 3 November 2010; Revised 4 December 2010; Accepted 22 December 2010 First published online 2 February 2011

Key words: Alpha-amylase, anorexia nervosa, bulimia nervosa, cortisol, stress.

Introduction patients with EDs could be helpful in understanding
the pathophysiology of AN and BN.

The stress response has two principal neurobio-
logical components. The first involves activation of the

hypothalamic—pituitary-adrenal (HPA) axis and the

Anorexia nervosa (AN) and bulimia nervosa (BN) are
eating disorders (EDs) whose aetiopathogenesis is
complex and poorly understood, although both gen-
etic and environmental factors are thought to be im-

secretion of cortisol into the circulation. The second
plicated (Fairburn & Harrison, 2003). A role for stress

and faster-acting component involves activation of the
sympathetic branch of the locus ceruleus/autonomic
nervous system and the release of catecholamines
(Chrousos & Gold, 1992). Glucocorticoids participate
in the control of whole-body homeostasis and the
organism’s response to stress (Tsigos & Chrousos,
2002), and have a key inhibitory role in the control of
HPA axis activity, favouring the termination of the
stress response, which limits the duration of the total
tissue exposure to glucocorticoids, minimizing their

in determining the onset and the natural course of
these disorders has been suggested (Hagan et al. 2002;
Fairburn & Bohn, 2005; Corstorphine et al. 2007), and
an association between stressful life events and the
onset of AN or BN has been demonstrated (Jacobi et al.
2004; Pike et al. 2006; Rojo et al. 2006). Therefore, the
study of the psychobiology of the stress response in
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suppressive effects (Habib et al. 2001; Adam & Epel,
2007). The sympathetic component is responsible for
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the elevation of cardiovascular tone, respiratory rate,
blood flow to muscles, and blood glucose, a host of
effects commonly referred to as the “fight of flight’
response (Cannon, 1914).

Although dysregulations in the HPA axis and auto-
nomic nervous system functioning have been reported
in EDs (Kreipe et al. 1994; Petretta et al. 1997; Rechlin
et al. 1998; Murialdo et al. 2007; Lo Sauro ef al. 2008),
so far no study has assessed simultaneously both
neurobiological components of the stress response in
patients with AN and BN. An easy way to assess both
components of the stress response in humans is to
measure salivary cortisol and a-amylase secretion
after exposure to a stressful condition. Indeed, salivary
cortisol is responsive to stress and closely reflects the
concentrations of free cortisol in plasma (Kirschbaum
& Hellhammer, 1989). Similarly, levels of salivary
a-amylase have been reported to increase under both
physically and psychologically stressful conditions
and have been shown to be associated with norepi-
nephrine (NE) change in response to stress (Chatterton
et al. 1996). Although most studies have so far failed
to find significant correlations between stress-induced
changes in peripheral NE levels and salivary a-
amylase (Rohleder et al. 2004; Nater et al. 2006), two
pharmacological challenges have provided direct
evidence that the salivary enzyme reflects central NE
release instead of peripheral NE secretion under
stressful conditions (Ehlert et al. 2006; Van Stegeren
et al. 2006). Therefore, salivary a-amylase has been
proposed as a marker of the central sympathetic ner-
vous system (SNS) component of the stress response
(Chatterton et al. 1996, 1997).

In the present study, to explore both neurobiologi-
cal components of the stress response in AN and BN,
we measured salivary cortisol and a-amylase re-
sponses to a psychosocial stress, using the Trier Social
Stress Test (TSST; Kirschbaum et al. 1993), in sympto-
matic patients with AN or BN compared to age- and
sex-matched healthy controls.

Method
Patients

Twenty-three women were recruited for the study:
15 were out-patients attending the Eating Disorder
Centre of the Department of Psychiatry of the
University of Naples SUN and eight were healthy
controls. According to DSM-IV criteria, seven patients
fulfilled the diagnosis of AN restricting subtype and
eight the diagnosis of BN purging subtype. Diagnostic
assessment was made by a trained interviewer using
the Structured Clinical Interview for Axis I DSM-IV
Disorders — Patient Edition (SCID-I/P; First et al.
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1995). At the time of the study, the patients had never
taken psychotropic medications and had no co-morbid
Axis I disorders. BN patients were all vomiters; none
of them abused laxatives or diuretics.

Control women were drug free and mentally
healthy, as assessed by the SCID-I Non-Patient Edition
(SCID-I/NP; First et al. 1996); information on their
eating habits was collected by an ad hoc structured
clinical interview to exclude EDs, which could have
occurred at subclinical severity and thereby con-
founded the results. The controls were menstruating
regularly. Both BN patients and healthy women were
tested in the follicular phase of their menstrual cycle
(day 5-10 from menses).

Procedure

The experimental protocol was approved by the local
ethics committee and all subjects gave their written
consent after being fully informed of the nature and
procedures of the study. All subjects were recruited by
asking them to participate into a study in which they
had to undergo a psychological stressful condition to
assess their HPA axis and SNS responses to stressors,
but the stressful procedure was not explained until
the stress session. None of the subjects refused to
participate.

The TSSTs were performed between 1530 and
1700 h because HPA axis activity is relatively stable
at that time of the day, and changes induced by ex-
perimental challenges would therefore be more evi-
dent. Subjects arrived at our unit at 1530 h and spent
about 20 min resting in experimental room no. 1. At
the end of the resting period, the experimenter ex-
plained to the subjects that they first had to deliver a
speech for a job application to a committee, for which
they would have 5 min to prepare and 5 min to deliver
it, and that their performance would be recorded on a
video cassette recorder to enable the interview and
their non-verbal behaviour to be analysed later. Then,
subjects were led to experimental room no. 2, where a
group of three people, referred to as “the committee’,
were seated behind a table. The committee members
were dressed in white coats and were introduced as
psychiatrists and psychologists specially trained to
monitor and analyse verbal and non-verbal behaviour.
If a subject finished her speech in less than 5 min,
standardized questions were asked. Immediately after
finishing the speech, the participants were asked to
serially subtract the number 13 from 2083 as fast and
as accurately as possible within 5 min. On every fail-
ure, one member of the commission interfered and the
participants had to start again at 2083. Saliva samples
were collected at the end of the rest period (T=-10),
after explaining the procedure (T =0), at the end of the
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Table 1. Clinical and hormone characteristics of the study sample and stress-induced changes in heart rate (HR)

Healthy women Women with AN Women with BN
Age (years) 23.6+2.2 20.2+2.22 25.8+3.1
BW (kg) 55.9+8.5 43.6+3.0° 63.7+15.7
BMI (kg/m?) 21.1+24 16.3+1.2°¢ 23.1+4.0
Past minimum BMI (kg/m?) 18.6+3.0 15.8+12.24 19.1+2.5
Past maximum BMI (kg/m?) 227425 249450 258452
Duration of illness (years) - 58+4.2 8.7+3.6
Pre-stress salivary cortisol (nmol/I) 71+3.1 13.6 +4.0° 52426
Pre-stress salivary a-amylase (U/ml) 109.6+46.1 93.7+17.5 175.6+71.1f
Pre-stress HR (beats/min) 64.5+10.5 63.8+11.5 64.5+8.5
Post-stress HR (beats/min) 775+3.7 64.24+12.88 72.0+9.1

AN, anorexia nervosa; BN, bulimia nervosa; BW, body weight; BMI, body mass index.

Values given as mean + standard deviation.

aF, 15=8.04,p=0.01;F, ;3=13.14, p=0.003; < F, 15=21.84, p=0.0004; * F, ;3=5.32, p=0.03;  F; 13=12.20, p=0.004; | F, ,, =4.84,
p=0.04 compared to healthy women; & p <0.001 compared to healthy women (Tukey’s post-hoc test).

TSST (T =15) and after a further 15 (T =30) and 35 min
(T=>50). Heart rate (HR) was measured at the end
of the rest period (T=-10) and at the end of the TSST
(T=30).

Participants were instructed to remove lipstick and
refrain from eating, drinking (except water), smoking
and brushing teeth at least 60 min before sampling
and also during the testing session. Saliva samples
were collected into Salivette tubes and stored at
—20°C until assayed for cortisol and a-amylase levels.
Patients and controls were tested in the same setting
with identical procedures and the same staff present.

Biochemical analyses

Saliva cortisol concentrations were determined by
using a commercially available enzyme-linked im-
munosorbent assay (ELISA) kit (Biochem Immuno-
system, Italy); intra- and inter-assay coefficients of
variation (CVs) were less than 8% and 8.7 % respect-
ively. Saliva a-amylase concentrations were also
determined by a commercially available ELISA kit
(Salimetrics, USA), for which intra- and inter-assay
CVs were less than 7.2% and 5.8 %, respectively.

Data analysis

The BMDP statistical software package (Dixon, 1985)
was used for data analysis. A two-way repeated-
measures ANOVA was used to test differences in HR
and saliva cortisol and a-amylase responses to the
TSST in ED patients compared to healthy controls.
Between-group differences at each time point were
evaluated by Tukey’s post-hoc test. One-way ANOVA
was used to assess differences in demographic and
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anthropometric variables and pre-stress hormone
levels among groups.

Results

Compared to healthy controls, AN patients had sig-
nificantly lower current body weight (BW), current
body mass index (BMI), minimum past BMI and age.
No significant difference was found in clinical and
demographic parameters between BN patients and
healthy women (Table 1).

Pre-stress levels of salivary cortisol were enhanced
significantly in underweight AN patients but not in
BN individuals; instead, pre-stress levels of salivary
a-amylase were increased significantly in BN patients
but not in AN (Table 1).

Compared to controls, no significant effect for
group (Fi13=2.13, p=0.1), but a significant effect for
time (Fy13=6.50, p<0.025) and group x time inter-
action (F;,,3=>5.70, p<0.035), emerged for AN patients
in TSST-induced changes in HR. Indeed, in the AN
group, the post-stress mean HR value did not differ
significantly from the pre-stress value and was sig-
nificantly lower than in the control group (Table 1).
Instead, no significant effect for group (Fi14=0.63,
p=0.4) and no significant group x time interaction
(F1,14=1.33, p=0.2) but a significant effect for time
(F1,14=18.50, p<0.0008) emerged for BN subjects, in-
dicating that the timing of the HR response to the TSST
did not differ significantly between BN and control
women.

Saliva cortisol response to the TSST

In the three-group comparison, the group xtime
repeated-measures ANOVA yielded a significant
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Fig. 1. Salivary cortisol response to the Trier Social Stress Test (TSST) in drug-free patients with anorexia nervosa (AN), bulimia
nervosa (BN) and healthy controls. Data are expressed as mean + standard error of the mean (s.e.M.). * p<0.02, ** p <0.005,

*** p <0.001, versus healthy women (Tukey’s post-hoc test).

main effect for group (Fz2=9.81, p <0.0015) and time
(F4, 80=3.43, p<0.015) but no significant group x time
interaction (Fgg=0.58, p=0.7), indicating that saliva
cortisol levels changed significantly after the TSST and
quantitative differences over the samplings existed
among the groups, whereas the timing of the hormone
response to the TSST did not differ significantly. When
each patient group was compared to control women
(Fig. 1), a significant main effect for group (F,:3=8.23,
p<0.015) and time (Fy5=2.56, p<0.05) but no sig-
nificant group X time interaction (F;5,=0.54, p=0.7)
emerged for AN patients; by contrast, no significant
effect for group (F;14=2.41, p=0.1) and no significant
group x time interaction (Fy3=0.22, p=0.9) but a sig-
nificant effect for time (Fyz=4.01, p <0.007) emerged
for BN subjects. Compared to control women, AN
patients showed significantly higher saliva cortisol
levels immediately before (T=0) and at each time
point after the TSST test whereas no significant differ-
ences were found between BN and control women.
The saliva cortisol response to the TSST, evaluated as
the area under the curve (AUC), was significantly
higher in AN patients (F;3=7.49, p=0.017) but not in
BN (Fy14=226, p=0.1) (Fig. 1). ANCOVAs showed
no significant effects of both age (F;19=0.53, p=0.4)
and current BMI (F, 1=0.09, p=0.7) on saliva cortisol
response to the TSST.

Saliva a-amylase response to the TSST

In the three-group comparison, the group x time
repeated-measures ANOVA yielded a significant
main effect for group (Fy2="7.95, p<0.003) and time
(Fys0=3.67, p<0.009) but only a trend towards a sig-
nificant group x time interaction (Fgg=1.87, p=0.07),
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indicating that saliva a-amylase levels changed signifi-
cantly after the TSST and quantitative differences over
the samplings existed among the groups, whereas the
timing of the hormone response to the TSST was only
significant by trend. When each patient group was
compared to the control women (Fig. 2), a significant
main effect for group (Fi13=>5.04, p<0.05) and time
(Fy52=4.50, p<0.004) and a significant group x time
interaction (Fy3=5.12, p<0.002) emerged for AN
patients; by contrast, no significant effect for group
(F1,14=248, p=0.1) and no significant group x time
interaction (Fys5=1.33, p=0.2) but a significant effect
for time (Fy3=4.30, p<0.005) emerged for BN sub-
jects. Compared to control women, AN patients
showed significantly lower saliva a-amylase levels
immediately before (T'=0) and 15 and 30 min after the
TSST test whereas no significant differences were
found between BN and control women. The saliva
a-amylase response to the TSST, evaluated as the
AUC, was significantly lower in AN patients
(F1,13=5.44, p=0.03) but not in BN (F;,;4=1.56, p=0.2)
(Fig. 2). ANCOVAs showed no significant effects of
both age (F1:9=0.07, p=0.7) and current BMI (Fy 9=
0.77, p=0.3) on saliva a-amylase response to the TSST.

Discussion

To the best of our knowledge, this is the first study to
explore simultaneously the HPA axis and SNS re-
sponses to psychosocial stress in symptomatic patients
with AN or BN. We found that, in healthy women,
salivary a-amylase levels increased slightly before
starting the TSST, peaked 15 min after stress and re-
turned to baseline by 35 min post-stressor. By contrast,
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Fig. 2. Salivary a-amylase response to the Trier Social Stress Test (TSST) in drug-free patients with anorexia nervosa (AN),
bulimia nervosa (BN) and healthy controls. Data are expressed as mean +standard error of the mean (s..m.). * p <0.035,
** p<0.005, *** p<0.001, versus healthy women (Tukey’s post-hoc test).

cortisol levels did not peak until 30 min post-stressor
and were still elevated at the end of the experimental
session. This is consistent with the reported faster
reactivity of the autonomic nervous system relative
to the HPA axis (Takai ef al. 2004). Compared to the
control subjects, underweight AN women exhibited a
preserved cortisol response to the TSST, although this
occurred at significantly higher hormone levels, but
a completely absent response of salivary a-amylase.
No significant changes in both salivary cortisol and
a-amylase responses occurred in symptomatic BN
individuals, although they showed significantly en-
hanced pre-stress levels of the enzyme compared to
healthy subjects. These findings demonstrate that, in
acute AN patients, the activity of the HPA axis was
basically increased (as supported by enhanced pre-
stress levels of salivary cortisol) and its reactivity to
psychosocial stress was preserved, although occurring
at a higher level; by contrast, stress-induced activation
of the SNS was completely lacking. Conversely, in
symptomatic BN individuals, both neurobiological
components of the stress response seemed to be nor-
mally activated by a psychosocial stressor and normal
pre-stress levels of salivary cortisol, but significantly
enhanced salivary a-amylase concentrations were
present.

Our findings of increased pre-stress levels of
salivary cortisol in underweight AN patients and of
normal pre-stress levels of salivary cortisol in symp-
tomatic BN women compared to control women are
consistent with a large body of literature showing hy-
peractivity of the HPA axis in the acute phase of AN
but not in BN (Lo Sauro et al. 2008). To our knowledge,
the salivary cortisol response to the TSST has never
been explored in BN and only one previous study
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found a blunted salivary cortisol response to the TSST
in adolescent females with AN (Zonnevylle-Bender
et al. 2005). However, in that study AN patients were
younger than ours, had co-morbid depressive and
anxiety disorders, were tested when they had already
partially recovered their BW, and the TSSTs were
performed between 1200 and 1800 h. These clinical
and methodological differences may explain the dis-
crepancy between their results and ours.

As expected, consistent with literature data in ser-
um and saliva (Blinder & Hagman, 1986; Gwirtsman
et al. 1989; Kronvall et al. 1992), pre-stress levels
of salivary a-amylase were increased in our binge-
purging bulimic patients but not in restricting under-
weight AN individuals, because purging is known
to increase salivary a-amylase levels. Although our
findings are not exactly comparable to the literature
data, the almost complete lack of a-amylase response
to the TSST, probably mirroring a decreased activation
of the sympathetic component of the stress response, is
consistent with the observed lack of stress-induced HR
increase in our AN patients and the reported de-
creased sympathetic control of cardiovascular activity
in underweight patients with AN (Kreipe et al. 1994;
Petretta et al. 1997; Rechlin et al. 1998 ; Murialdo et al.
2007). Therefore, literature cardiovascular data and
present findings support the evidence of an overall
decrease in the activity of the sympathetic branch
of the autonomic nervous system in the acute phase
of AN.

As salivary cortisol and a-amylase had different
reaction profiles in our malnourished AN patients in
response to a psychosocial stressor, the occurrence
of an asymmetry between the HPA axis and the sym-
pathetic component of the stress response may be
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indicated in the acute phase of AN. The factors re-
sponsible for this asymmetry are largely unknown.
One possible explanation could lie in the different
habituation rates of the two systems to the prolonged
stress exposure represented by the patients’ chronic
malnutrition. In support of this idea, evidence has
been provided that, in experimental animals, repeated
stress exposure leads to a decreased response over
time in the SNS with sustained HPA axis response
(Britton et al. 1992). Whatever the causes, it has been
suggested that asymmetry between these two biologi-
cal systems may have unhealthy consequences,
especially in young subjects (Bauer et al. 2002). In fact,
El-Sheikh et al. (2008) reported that dissociation in
children’s salivary a-amylase and cortisol reactivity to
challenges was associated with some degree of cog-
nitive dysfunction. The extent to which the asymmetry
between the two biological components of the stress
response could contribute to the pathogenesis, main-
tenance and/or outcome of AN remains to be
determined. Moreover, although the increased tonic
activity of the HPA axis in underweight AN patients
seems to be secondary to malnutrition because it re-
verts with the recovery of BW (Lo Sauro et al. 2008),
at present it is not possible to establish whether
the asymmetry between the HPA axis and the SNS
responses to the TSST is a primary or a secondary
phenomenon in AN. As the reported decreased sym-
pathetic control of heart activity in symptomatic AN
patients is related to low weight status (Kreipe et al.
1994 ; Petretta et al. 1997 ; Rechlin et al. 1998 ; Murialdo
et al. 2007), it is conceivable that the decreased SNS
response, as reflected by the lack of salivary a-amylase
increase after stress, could also revert with BW gain.
Studies in recovered AN patients could help to clarify
this issue.

One limitation of our study lies in the low number
of subjects in each group, which could be responsible
for false positive results because of the high inter-
individual variability in the HPA axis and autonomic
responses to stressors. Moreover, salivary a-amylase is
an enzyme that hydrolyses starch to glucose and
maltose. Given this function, salivary a-amylase levels
may not be a reliable indicator of SNS activity in
our AN subjects, who restrict food ingestion and
especially carbohydrate consumption repeatedly.
Finally, salivary gland abnormalities can occur in
patients with EDs, and this may represent a further
variable affecting salivary levels of both cortisol and
a-amylase. Therefore, our results should be regarded
as preliminary.

In conclusion, this study demonstrates that, in
underweight AN individuals but not in symptomatic
BN patients, salivary cortisol and a-amylase have dif-
ferent reaction profiles in response to a psychosocial
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stressor, suggesting that asymmetry between these
two components of the stress response occurs in the
acute phase of AN.
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