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Abstract
Anxiety disorders are among the most common of all 
mental disorders and their pathogenesis is a major 
topic in psychiatry, both for prevention and treat-
ment. Early stressful life events and alterations of 
hypothalamic pituitary adrenal (HPA) axis function 
seem to have a significant role in the onset of anxiety. 
Existing data appear to support the mediating effect 
of the HPA axis between childhood traumata and post-
traumatic stress disorder. Findings on the HPA axis ac-
tivity at baseline and after stimuli in panic disordered 
patients are inconclusive, even if stressful life events 
may have a triggering function in the development of 
this disorder. Data on the relationship between stress, 
HPA axis functioning and obsessive-compulsive disor-
der (OCD) are scarce and discordant, but an increased 
activity of the HPA axis is reported in OCD patients. 
Moreover, normal basal cortisol levels and hyper-
responsiveness of the adrenal cortex during a psycho-
social stressor are observed in social phobics. Finally, 

abnormal HPA axis activity has also been observed in 
generalized anxiety disordered patients. While several 
hypothesis have attempted to explain these findings 
over time, currently the most widely accepted theory is 
that early stressful life events may provoke alterations 
of the stress response and thus of the HPA axis, that 
can endure during adulthood, predisposing individuals 
to develop psychopathology. All theories are reviewed 
and the authors conclude that childhood life events 
and HPA abnormalities may be specifically and trans-
nosographically related to all anxiety disorders, as well 
as, more broadly, to all psychiatric disorders.
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INTRODUCTION
Anxiety disorders are among the most common of  all 
mental disorders[1]. The diagnostic and statistical manual 
of  mental disorders (DSM-IV-TR)[2] includes generalized 
anxiety disorder (GAD; a chronic form of  anxiety char-
acterized by excessive, uncontrollable worry), panic 
disorder (PD; with recurrent, unexpected paroxysms of  
anxiety, somatic and autonomic symptoms and fear), 
phobic disorders [e.g., specific phobias, agoraphobia, so-
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cial phobia (SP)], posttraumatic stress disorder (PTSD; 
characterized by unwanted, intrusive remembrances - as 
daytime thoughts and night-time dreams and nightmares - 
and avoidance of  activities and other cues associated with 
prior life-threatening trauma) and obsessive-compulsive 
disorder (OCD; with recurrent obsessions and compul-
sions) in this category.

Exposure to stressors (i.e., early stressful life events) 
and sensitivity to stress have been strongly implicated in 
the manifestation or exacerbation of  these syndromes[3-11]. 
Accordingly, the available literature reports that adults 
with an history of  adverse childhood experiences develop 
anxiety disorders more frequently than adults without 
early stress[3-5,12].

However, studies about early life stress have inves-
tigated different periods of  childhood and different 
adverse experiences. In the present review, the authors 
will consider the following early stressful life events, or 
adverse experiences: parental neglect; physical, emotional 
and sexual abuse; separation or death of  a parent; and 
living with a mentally ill parent likely to be unable to pro-
vide continuous parental care. Frequency and duration 
of  abuse, abuse involving penetration, force or violence, 
and a close relationship to the perpetrator, as well as early 
parental loss, appear to be the most harmful factors in 
terms of  long-lasting effects on the child[4,6,7,10]. Usually, 
stressful events will be considered traumatic when they 
involve actual or threatened death or serious injury to 
oneself, or another threat to one’s physical integrity, to 
which the subjects respond with intense fear, helpless-
ness or horror (or in children, the response must involve 
disorganized or agitated behavior)[2].

Preclinical studies in animals and humans suggest 
that an early-life stressor (e.g., maternal separation during 
infancy, childhood abuse and neglect) is associated with 
marked long-term changes in brain circuitry regulating 
stress reactivity, mood and behavior (e.g., corticotropin 
releasing factor-containing neurons)[3].

Several clinical models suggest that early stressful life 
events may provoke dysfunctions in the central nervous 
system[13] and alterations of  the stress response that can 
endure during adulthood[14-16]. In fact, physical and psy-
chological stress experiences activate the hypothalamic 
pituitary adrenal (HPA) axis[17] through the secretion of  
corticotropin releasing hormone (CRH) and arginine 
vasopressin (AVP) by the parvocellular neurons of  the 
paraventricular nucleus of  the hypothalamus. These 
neuropeptides activate the synthesis and the release of  
adrenocorticotropin hormone (ACTH) from the anterior 
pituitary, which successively stimulates the adrenal cortex 
to synthesize glucocorticoids, i.e., cortisol in humans. 
Cortisol influences several physiological processes and the 
synthesis of  neurotrophic factors, with effects on mood 
and behavior[18,19].

Several methods evaluate HPA axis functioning 
through dosage of  cortisol in a 24 h urine collection, in 
plasma/serum, in saliva or in cerebrospinal fluid (CSF), 

both in a basal condition and after stimuli. The main 
difference between these dosages is that less than 10% 
of  plasmatic cortisol is free and thus biologically active, 
whereas salivary and urinary cortisol consists completely 
of  the free (bioactive) fraction. On the other hand, the 
majority of  plasmatic cortisol is bound to cortisol-bind-
ing globulin or to other proteins and is biologically inac-
tive. As plasma free cortisol is in equilibrium with salivary 
cortisol, the latter is preferred as it is an easily obtainable 
biofluid and noninvasive source for evaluating the HPA 
axis.

Moreover, since cortisol has a circadian rhythm, with 
low values at awakening, followed by peak values 30 min 
after awakening and a steady decline during the rest of  
the day, several measures across the day explore HPA 
axis activity and the efficacy of  the physiological evening 
downregulation.

Several stress tests can be applied: the most widely 
used method is the dexamethasone (Dex) suppression 
test (DST), which explores HPA axis functioning by mea-
suring the suppression of  cortisol levels induced by the 
administration of  Dex; the Dex suppression CRH stimu-
lation test (Dex/CRH test) explores pituitary and adrenal 
functioning by measuring ACTH and cortisol levels after 
a low-DST and subsequent stimulation with CRH; the 
combined administration of  CRH and AVP (CRH/AVP 
test) helps investigate the activity of  the HPA axis by mea-
suring both the response of  cortisol (adrenal) and ACTH 
(pituitary) to a stressor; and the ACTH stimulation test 
explores adrenal activity by measuring cortisol levels.

The relationship between stress, HPA axis hormones 
and psychopathology has been demonstrated in animal 
and human models.

Studies on rodents have shown that early social isola-
tion provokes behavioral abnormalities similar to human 
depression and anxiety disorders, while environmental 
enrichment displays an antidepressive and anxiolytic ef-
fect in animal models of  depression and anxiety[20]. 

Increased plasmatic ACTH and cortisol levels have 
been observed during behavioral despair in neonate non-
human primates when separated from the mother[21,22]. 

Furthermore, when CRH is injected into the cerebral 
nervous system of  laboratory animals, it produces ef-
fects reminiscent of  stress, depression, fear and anxiety 
through actions on specific brain regions[4,23-25]. 

Breier et al[14] observed 90 subjects exposed to early 
parental loss in childhood and found higher plasma cor-
tisol and ACTH concentrations in subjects who had ob-
tained a lifetime psychiatric diagnosis, compared to those 
who did not receive a psychiatric diagnosis.

More recently, some authors observed that children 
who experienced permanent or long-term separations 
from parents, or parental death, show a hyperactive HPA 
axis, with increased basal salivary cortisol concentra-
tions[26,27] and cortisol non-suppression after the DST[28], 
as well as the combined Dex/CRH test[29]. 

Moreover, alterations of  the HPA axis have been 
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widely reported in psychiatric disorders, including anxi-
ety disorders[30-39]. For instance, Vreeburg et al[40] showed 
a modest but significantly higher 1 h cortisol awakening 
response among anxious patients, especially in those with 
PD with agoraphobia and those with comorbid depres-
sion. However, if  the diagnosis of  current anxiety disor-
der was associated with higher awakening cortisol levels, 
remitted anxiety only showed a trend toward higher 
morning cortisol and any association was observed be-
tween anxious status and evening cortisol level or cortisol 
suppression after Dex administration[40]. 

However, neither the excess of  stressful events during 
childhood nor the abnormalities of  the HPA axis seem to 
be specific to any diagnostic group[11,41,42]. Moreover, data 
concerning the HPA axis in all anxiety diagnostic sub-
groups are scarce and few studies have examined the role 
of  the HPA axis as a mediating factor between childhood 
stressful life events and anxiety disorders[3,4,11]. 

The present paper aims at reviewing the data on HPA 
axis functioning in anxiety disorders and the relationship 
between childhood stressful life events and these neuro-
endocrine alterations. Moreover, a hypothesis attempting 
to explain these associations will be discussed.

CHILDHOOD STRESSFUL EVENTS, HPA 
AXIS AND PTSD
PTSD is a chronic psychiatric condition that may develop 
in subjects who have been exposed to or have witnessed 
an event or events that involve actual or threatened death 
or serious injury, or a threat to the physical integrity of  
oneself  or others, experiencing fear, helplessness or hor-
ror[2]. This psychiatric condition is frequent in subjects 
with a history of  adverse childhood experiences[4,12,43-45]. 

Data about HPA axis functioning and its relationship 
with early life stress in PTSD are reported in Table 1.

Preclinical evidence showed a long-term sensitiza-
tion of  the stress response after early life stress[14]. Other 
authors reported increased cortisol levels in women with 
PTSD who experienced a childhood abuse[46,47] and in 
prepubertal children with PTSD secondary to past child-
hood maltreatment experiences[48], compared to non trau-
matized subjects.

Recent studies have provided evidence for sustained 
increases in CRH activation in the CSF of  PTSD pa-
tients[49-51].

According to these findings, even in anticipation of  
and during a stressful cognitive challenge, PTSD patients 
with childhood abuse showed higher mean cortisol levels 
compared to healthy subjects[52-54]. Moreover, after CRH 
and ACTH administration, PTSD patients with child-
hood trauma had greater ACTH and cortisol responses, 
as well as a later cortisol peak[55,56].

On the other hand, Santa Ana et al[57] found that adults 
with PTSD had a less robust ACTH response to a cold 
pressor task compared to controls, regardless of  age of  
index trauma. Moreover, when trauma happened in child-

hood, cortisol at baseline and at all post-task measure-
ments was lower and did not display the decrease in cor-
tisol over the course of  the 2 h monitoring period, which 
was observed in subjects with adult index trauma and 
controls.

Similarly, after a CRH stimulation test, De Bellis et al[58] 
and Bremner et al[54] reported that childhood abused 
women with PTSD exhibited a significantly smaller 
ACTH response and no difference in cortisol response, 
than the healthy control group. Moreover, an excessive 
suppression of  cortisol in response to a low dose of  Dex 
(0.5 mg) was reported in similar groups of  patients, com-
pared to controls[31,59-61].

In contrast, other studies found no difference be-
tween women with PTSD and healthy subjects in terms 
of  circadian rhythm of  cortisol, baseline cortisol and 
ACTH levels[56,62] and in cortisol levels after DST[47].

In summary, these data show high baseline CRH lev-
els and low plasma cortisol levels in PTSD patients and 
seem to confirm the mediating effect of  the HPA axis 
between childhood traumata and PTSD[14,55,63].

A possible explanation for this finding is that high 
cortisol levels reflect an initial sensitization to the persis-
tent intrusive nature of  the memories and the continued 
sense of  threat experienced by these individuals[64], while 
the following blunted response may reflect a physiologi-
cal adaptation of  the HPA axis to chronic stress, with the 
downregulation of  the pituitary CRH-receptors[65]. Thus, 
the hypothalamic CRH hypersecretion may be due to the 
early life stress[4]. 

According to these hypotheses, several studies have 
documented a reduced hippocampal volume in adult pa-
tients with PTSD related to childhood abuse[66], as if  the 
long-term overexposure to glucocorticoids would lead to 
cell atrophy, loss or decreased neurogenesis[67].

Moreover, different activation of  corticolimbic path-
ways may induce an “overcoming” negative feedback in-
hibition, which causes a blunted ACTH/cortisol response 
after a psychosocial and not chemical stressor[4].

Another hypothesis is that the higher availability of  
glucocorticoid receptors on pituitary cells of  PTSD pa-
tients induces an enhanced negative feedback signal on 
cortisol production[68,69].

An insufficient pituitary and/or adrenal response to 
central stimulation, or a reduced sensitivity in response to 
low cortisol levels, may also explain HPA axis hypersup-
pression[69].

Furthermore, de Kloet et al[69] hypothesized that sub-
jects with PTSD display an enhanced bioavailability of  
Dex or an inadequate vasopressin reaction to a low dose 
Dex administration. 

Moreover, other factors can be involved in the altered 
stress regulation of  PTSD patients: hormone binding 
proteins (e.g., CRH binding protein and corticosteroid 
binding globulin); the immune factors; sample differences 
(e.g., age, gender, inclusion and exclusion criteria, presence 
of  a comorbidity like major depressive disorder, medica-
tion use); the diurnal rhythm and pulsatile secretion of  
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adrenal hormones; the time passed since the traumatic 
event occurred; experienced stress during the assessment; 
the subjectivity of  the perception of  stressors; and altera-
tions in the activity of  the central nervous system and/or 
in hormone bioavailability and/or in hormone receptor 
function[69].

None of  these hypotheses is considered completely 
exhaustive; thus more studies are needed in order to ex-
plain the altered functioning of  the HPA axis in PTSD 
patients. 

CHILDHOOD STRESSFUL EVENTS, HPA 
AXIS AND PD
Findings on HPA axis abnormalities in patients suffering 
from PD are conflicting and inconsistent[36], but stressful 
life events are known to be contributing factors[6].

Several studies have investigated the relationship be-
tween anxiety, panic attacks (PAs) and the activation of  
the HPA axis. In fact, anxiety and panic seem to be quali-
tatively different: the former is an emotional state related 
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Table 1  Hypothalamic pituitary adrenal axis functioning and its relationship with childhood traumata and psychopathology in post-
traumatic stress disordered patients

Author Control group Sample Cortisol levels ACTH 
levels

Suppression 
(DST)

Stress 
test

Correlations with 
childhood traumata and 
psychopathology

Lemieux 
et al[46], 1995

9 non abused 
women; 8 abused 
women w/o PTSD

11 abused women 
with PTSD

↑ Basal urinary levels - - - ↑ Scores on Impact Event 
Scale related to cortisol 
levels in PTSD sample

De Bellis 
et al[48], 1999

10 non-traumatized 
children; 24 healthy 
controls

18 children 
with PTSD due 
to childhood 
maltreatment

↑ Basal urinary levels - - - ↑ Psychopathology

Bremner 
et al[66], 2003

18 HC 23 patients with 
abuse-related 
PTSD

Salivary cortisol: 61% 
higher

- - Cognitive 
challenge

Neurohormonal 
response to stress in 
PTSD subjects is not 
impaired

Waiting for test; 46% 
higher during test

Luecken[52], 
1998

31 HC 30 students who 
lost one parent 
before age 16

↑ Salivary levels post 
task

- - Video clip 
depicting 
the death of 
a parent + 
speech task

Altered neurohormonal 
responses to stress in 
those who lost one 
parent

Elzinga 
et al[53], 2003

12 abused women 
without PTSD

12 abused 
women with 
PTSD

Salivary cortisol: 60% 
higher waiting for test; 
122% higher during 
test; 69% higher during 
recovery

- - Personalized 
trauma 
scripts

Altered neurohormonal 
responses to stress in 
PTSD abused women

Rasmusson 
et al[56], 2001

11 HC 12 outpatients 
with PTSD

= Plasma basal levels; 
↑ plasma and urinary 
post tests levels

= Basal 
levels;
↑ post CRF 
levels

- CRF and 
ACTH 
stimulation 
tests

Altered neurohormonal 
responses to stress in 
PTSD subjects

Santa Ana 
et al[57], 2006

31 HC 58 subjects with 
PTSD (25 with 
childhood trauma)

↓ Plasma basal and post ↓ Post task - Cold Pressor 
Task

-
Task, if childhood 
trauma

De Bellis 
et al[58], 1994

13 HC girls 13 sexually 
abused girls

= Plasma and salivary 
basal and post CRH

↓ Basal and 
post CRH

- CRH 
stimulation 
test

↑ Adult 
psychopathology 
and altered hormonal 
responses to stress

Stein 
et al[61], 1997

21 non abused 
women

19 children and/or 
adolescent with 
sexual abuse

- - ↑ Low dose 
DST (0.5 mg)

↑ Adult 
psychopathology

Yehuda 
et al[31], 2004

10 non traumatized 
subjects

52 traumatized 
subjects

- - ↑ Low dose 
DST (0.5 mg)

-

Jovanovic 
et al[59], 2010

61 traumatized non 
PTSD subjects

29 traumatized 
PTSD subjects

= Basal plasma levels; 
↓ post Dex plasma levels 

↓ Post Dex ↑ Low dose 
DST (0.5 mg)

Abnormalities of 
HPA feedback and ↑ 
psychopathology

Altemus 
et al[62], 2003

15 HC 16 women with 
PTSD due to 
childhood abuse

= Basal plasma and 
salivary levels

- - - -

Lindley 
et al[47], 2004

17 HC 17 subjects with 
PTSD (88% due to 
childhood trauma)

↑ Basal salivary levels - = Low dose 
DST (0.5 mg)

No correlations between 
cortisol, childhood abuse 
and psychopathology

HC: Healthy controls; DST: Dexamethasone suppression test; PTSD: Posttraumatic stress disorder; ACTH: Adrenocorticotropin hormone; CRH: 
Corticotropin releasing hormone; CRF: Corticotropin releasing factor.

Faravelli C et al . Stress and anxiety disorders: A review



to a potential threat, mostly activating HPA and the sym-
pathoadrenal axes; the latter is an emotion evoked by the 
perception of  an actual danger that causes major sympa-
thetic activation with small effects on the HPA axis[70]. 

Several authors have reported no increased salivary or 
plasma cortisol levels during the PA[70,71] (Table 2), maybe 
due to a successful habituation to the repeated experi-
ences of  panic[72]. However, probably due to anticipatory 
anxiety, higher salivary cortisol levels have been reported 
at the beginning of  the PA[73,74] (Table 2).

Furthermore, several findings indicated that real life 
PAs and selective panicogen stimuli (e.g., sodium lactate 
and carbon dioxide) do not activate the HPA axis, while 
non-selective agents (e.g., agonists of  the colecholecysto-
kinin receptor B) induce the release of  stress hormones, 
regardless of  the occurrence of  the PA[70]. On the other 
hand, Flumazenil and benzodiazepine receptor antago-
nists seem not to activate the HPA axis or induce PAs[70]. 
Finally, other agents, like yohimbine, mCCP and Fenflu-
ramine, increase anticipatory anxiety and the release of  
stress hormones, without inducing a true PA[70].

Findings on baseline HPA axis activity and its reactiv-
ity to some stressors in panic disordered patients seem 
to be inconclusive (Table 2). In fact, during a resting 
state, both normal[74,75] and elevated cortisol levels have 
been reported[76-78]. On the other hand, a clear escape or 
hypersuppression after Dex administration has not been 
demonstrated[76,79], but some DST abnormalities exist and 
predict risk of  relapse and long term disability in panic 
disordered subjects[30,80,81]. 

Furthermore, Schreiber et al[30] and Erhardt et al[33] re-
ported a hyperresponsivity of  the HPA axis to Dex/CRH 
test in patients with PD (Table 2), unlike Petrowski et al[82] 
who showed a lack of  cortisol responsivity to acute un-
controllable stress in PD patients (Table 2).

As far as stressful life events are concerned, only  
Safren et al[5] found higher rates of  childhood abuse 
among women with PD, than among subjects with other 
anxiety disorders. In fact, in most of  the literature, no sig-
nificant differences were found in terms of  early stressful 
life events between PD and GAD[83], SP[84] or depres-
sion[85]. 
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Table 2  Hypothalamic pituitary adrenal axis functioning in panic disordered patients

Author Control group Sample Cortisol levels ACTH levels  DST Stress test

Woods 
et al[71], 1987

13 HC 18 drug-free 
agoraphobic 
patients

Plasma cortisol not 
increased during PA

- - Exposure to phobic 
situations

Goldstein 
et al[76], 1987

61 HC; 38 
outpatients 
with MDE

24 outpatients 
PD

↑ Basal plasma cortisol 
vs HC; = plasma cortisol 
vs MDE

- = Dex 1 mg

Cameron 
et al[74],1987

4 HC 8 PD patients = In basal conditions; 
↑ during spontaneous PA

- - -

Kathol 
et al[77], 1988

37 HC 65 PD subjects ↑ Urinary cortisol - - -

Uhde 
et al[75], 1988

12 HC 12 drug-free 
PD patients

= Basal cortisol - - -

Abelson 
et al[78], 1996

12 HC 20 PD subjects ↑ Overnight plasma 
cortisol; ↑ amplitude 
of ultradian secretory 
episodes

If low frequency of PA→ 
↑ daytime ACTH levels 
and ↑ ACTH ultradian 
amplitude. If high 
frequency of PA→ shifted 
ACTH circadian cycles

- -

Schreiber 
et al[30], 1996

10 MDE 
subjects, 
10 HC

13 PD subjects 
wth 
agoraphobia

↑ Plasma cortisol versus 
controls

= Levels in PD vs 
controls and MDE 
subjects

92% non 
suppressors (higher 
than MDE subjects 
and controls)

69% abnormal Dex-
CRH test (more than 
controls, but lesser 
than MDE subjects)

Bandelow 
et al[73], 2000

23 HC 23 PD patients ↑ Urinary and salivary 
cortisol

- - -

Coryell 
et al[81], 1989

38 HC 82 PD patients - - 25.6% non 
suppressors

Dex 1 mg

Coryell 
et al[80], 1991

- 72 PD patients - - 36% non 
suppressors

Erhardt 
et al[33], 2006

30 HC 30 PD subjects ↑ Basal plasma levels ↑ Basal - 17% hyperresponder 
to Dex-CRH

Petrowski 
et al[82], 2010

34 HC 34 PD subjects = Basal salivary levels; 
abnormally absent cortisol 
awakening response

- - Absent cortisol 
response to Trier 
Social Stress Test

Lieberman 
et al[79], 1983

22 MDE 10 PD ↑ Plasma cortisol - = DST

HC: Healthy controls; DST: Dexamethasone suppression test; PA: Panic attack; MDE: major  depressive episode; ACTH: Adrenocorticotropin hormone; PD: 
Panic disorder; Dex: Dexamethasone; CRH: Corticotropin releasing hormone.
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In conclusion, stressful life events may have a trig-
gering function but they are not a conditio sine qua non that 
supports the development of  PD[6] and data concerning 
HPA axis functioning are discordant, as both normal and 
increased hormonal activity have been reported[70,73]. 

CHILDHOOD STRESSFUL EVENTS, HPA 
AXIS AND OCD
A large number of  studies reported that the onset of  
OCD is often preceded by stressful events, like increased 
responsibility (e.g., job promotion, birth of  a child), 
losses (e.g., death of  a family member, dismissal from 
employment) and traumata, such as abuse or combat[86]. 
Moreover, it is well documented that OCD symptoms 
increase under stressful situations[87] and that patients 
with OCD suffer from daily life stress more than healthy 
controls[87,88].

However, data about the relationship between stress, 
HPA axis functioning and OCD are scarce and discord-
ant[86], even if  several studies have shown an increased ac-
tivity of  the HPA axis in OCD disordered patients[86,89-91] 
(Table 3).

For instance, Kluge et al[86] demonstrated that nocturnal 
plasma cortisol and ACTH levels were significantly elevat-
ed in patients with OCD, compared to healthy controls. 
The circadian rhythm of  cortisol was preserved in OCD 
patients, although at a higher level compared with normal 
controls and proportional to the severity of  obsessive-
compulsive symptoms[91]. Furthermore, CRH and AVP lev-
els have been found significantly elevated in the CSF and 
plasma of  these patients, compared to healthy controls[90] 
(Table 3). Catapano et al[89] observed that a subgroup of  
OCD patients, particularly males, may escape the DST 
independently from the coexistence of  depressive features. 
On the other hand, Coryell et al[92] reported normal sup-
pression after 1 mg Dex (Table 3).

Moreover, the role of  the stress responsive neurohor-

mone AVP in the onset and maintenance of  compulsive 
behaviors (e.g., hand-washing, cleaning and trichotilloma-
nia) has been studied in rats. The intracerebroventricular 
administration of  ACTH or CRH in rats prolongs the 
maintenance of  conditioned behaviors acquired during 
a period of  stress (i.e., induction of  aversive stimuli, like 
shocks and loud noises), and promotes grooming, which 
is considered a behavioral model for OCD[86,93]. In hu-
mans, the intranasal administration of  vasopressin seems 
to narrow the focus of  attention and influence cognitive 
processes, similar to the focused-obsessive thoughts and 
compulsive rituals of  obsessive-compulsive patients[90].

Finally, structural neuroimaging studies observed dys-
functioning in OCD patients’ anterior cingulated gyrus, 
which is known to be involved in the regulation of  the 
HPA axis[94,95].

In conclusion, obsessive-compulsive disordered 
subjects show a hyperactivity of  the HPA axis but the 
increased hormonal levels might be a consequence of  
stress[7] or, vice versa, they might be involved in the 
pathophysiology of  OCD, sustaining clinical features like 
perseverative or grooming behaviors[86].

CHILDHOOD STRESSFUL EVENTS, HPA 
AXIS AND SP
Several authors hypothesized that early stressful life 
events (including separation from parents, parents’ mari-
tal discord, sexual/physical/emotional abuse, familial vio-
lence, childhood diseases) and parental rearing styles (such 
as neglect and family history of  psychiatric disorders, like 
anxiety disorders, depression and suicidality) have a role 
in the onset of  SP and may increase the severity of  social 
phobic symptoms[5,55,96-98]. 

Accordingly, sexual and/or physical abuse were most 
specifically associated with SP and childhood abuse 
seems to be an important risk factor for the development 
of  this disorder[4,97,98]. 
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Table 3  Hypothalamic pituitary adrenal axis functioning and its correlation with psychopathology in obsessive compulsive disordered 
patients

Author Control group Sample Cortisol levels Other hormones 
levels

DST Correlations with 
psychopathology

Monteleone 
et al[91], 1994

13 HC 13 drug-free OCD 
patients

↑ Plasma cortisol 
cyrcadian rhythm

- - ↑ Severity of OCD 
symptoms

Kluge 
et al[86], 2007

9 HC 9 OCD inpatients w/o 
comorbid depression

↑ Plasma levels ↑ Plasma ACTH - -

Catapano 
et al[89], 1990

20 HC 18 OCD patients - - 27.7% non-
suppression

Correlated with sex (all 
non suppressors were 
males) and independently 
of depression

Coryell 
et al[92], 1989

82 panic disordered 
patients

20 OCD outpatients - - = -

Altemus 
et al[90], 1992

25 HC 12 OCD subjects - ↑ CSF CRH; ↑ plasma 
and CSF AVP

- ↑ Psychopathology

HC: Healthy controls; DST: Dexamethasone suppression test; CSF: Cerebrospinal fluid; CRH: Corticotropin releasing hormone; AVP: Arginine vasopressin; 
OCD: Obsessive-compulsive disorder; ACTH: Adrenocorticotropin hormone.
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Moreover, in line with the hypothesis that SP is a 
stress-related condition, HPA axis hyperactivity can rep-
resent the linkage between stressful events and the onset 
and development of  this disorder[4,11].

Elzinga et al[99] found a significant association be-
tween a history of  childhood abuse (emotional, physical 
or sexual abuse) and enhanced cortisol reactivity to a 
psychosocial stress task in patients with SP, although any 
difference in baseline cortisol levels has been reported 
between SP patients, PTSD patients and healthy controls 
(Table 4).

Moreover, several authors reported normal basal HPA 
axis functioning in adult social phobics[100,101] (Table 4). 
Mean basal morning plasma cortisol levels were signifi-
cantly lower in patients with SP, than in healthy control 
subjects, and a significant correlation between cortisol 
plasma levels and trait but non state anxiety scores seems 
to exist[102] (Table 4). 

Conflicting results are reported after a stress test 
(Table 4). Levin et al[103] found decreased plasma cortisol 
levels in response to a public speaking task, both in adult 
patients with SP and normal controls. Furlan et al[104] 

found that SP patients display a bimodal salivary cortisol 
response and a larger increase in salivary cortisol levels 

following a speech task, but any difference from normal 
subjects has been reported, under physical stress or basal 
conditions (Table 4). 

Martel et al[105] observed similar salivary cortisol levels 
in social phobic adolescent girls and controls, in response 
to a modified trier social stress test (TSST), even if  corti-
sol levels appeared to be a sensitive measure of  anticipa-
tory anxiety prior to the performance task in both groups 
(Table 4). On the other hand, van West et al[106] reported 
that prepubertal subjects with social anxiety show elevat-
ed salivary cortisol response to a psychosocial stressor 
(Table 4).

The hyper-responsiveness of  the adrenal cortex dur-
ing the psychosocial stressor and the similar basal levels 
of  cortisol with respect to controls were also confirmed 
by Condren et al[32] (Table 4).

Recently, Roelofs et al[107] provided the first evidence 
for a direct link between increased cortisol stress-respon-
siveness and social avoidance behavior in SP patients 
(Table 4). During a social approach avoidance task in a 
social stress condition (provided by the TSST), social 
phobics showed increased cortisol responses compared 
to healthy participants and PTSD patients. Moreover, so-
cial stress elicited increased avoidance tendencies towards 

Table 4  Hypothalamic pituitary adrenal axis functioning and its correlation with psychopathology and childhood traumata in social 
phobia patients

Author Control group Sample Cortisol levels CRH levels Stress test Correlations with 
childhood traumata and 
psychopathology

Potts et al[100], 1991 15 HC 10 SP = Urinary - - -
Levin et al[103], 1993 14 HC 36 (28 generalized 

SP + 8 specific SP)
= Plasma - Ten-minute talk -

Uhde et al[101], 1994 - 54-64 SP patients = Plasma and urinary - = DST (Dex 1 mg) -
Martel et al[105], 
1999

21 HC 27 SP = Salivary basal and 
task-related

- Modified TSST Correlated to anticipatory 
anxiety in both groups

Furlan et al[104], 
2001

17 HC 18 SP After speech task: ↑ 
90% increase in salivary 
levels in 7 SP; ↓ 32% in 
salivary LE in 11 SP. 
After exercise task: =

- Public speaking 
task and physical 
exercise task

-

Condren et al[32], 
2002

15 HC 15 SP ↑ Plasma cortisol
after test; = plasma 
cortisol
basal

= Basal and 
after test

Public mental 
arithmetic and 
short term 
memory test

-

van West 
et al[106], 2008

25 HC 25 SP ↑ Salivary cortisol after 
test

- Public speaking 
test

Correlated to trait but not 
state anxiety levels

Roelofs 
et al[107], 2009

22 HC, 
17 patients 
with PTSD

18 SP ↑ Salivary cortisol after 
test

- Social approach-
avoidance task 
in social stress 
condition (TSST)

Cortisol increase correlated 
to the social avoidance 
behavior

Elzinga 
et al[99], 2010

16 SAD w/o CA, 
16 HC, 16 PTSD 
with CA

9 SAD with CA ↑ Salivary cortisol after 
test; = salivary cortisol 
basal

- TSST CA is associated with ↑ 
cortisol reactivity to TSST

Lanzenberger 
et al[102], 2010

18 HC 12 subjects 
with SP

↓ Plasma levels - - Negative correlations with 
5HT binding in brain 
regions and positive 
correlation with trait anxiety

HC: Healthy controls; DST: Dexamethasone suppression test; TSST: Trier social stress test; SAD: Separation anxiety disorder; CA: Childhood abuse; SP: 
Social phobia; PTSD: Posttraumatic stress disorder; Dex: Dexamethasone.
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social threat stimuli in SP patients and this behavior was 
predicted by cortisol responses[107]. 

Moreover, stating that shyness, separation anxiety 
disorder (SAD) and behavioral inhibition (BI) have been 
postulated to be precursors of  SP[108], high cortisol lev-
els have been reported in shy children and adults[29,109], 
in children suffering from SAD[110], and in children with 
BI[111]. Some authors have hypothesized that the increased 
CRH and cortisol levels of  these children can exacerbate 
their fearfulness and predispose them to develop SP[109]. 

In conclusion, a hyper-responsiveness of  the adrenal 
cortex has been reported in social phobics, mainly dur-
ing a psychosocial stressor[32,104,106,107], while findings at 
baseline are similar to those of  controls[32,107]. However, 
several authors have hypothesized that HPA axis hyper-
activity may link early stressful events to the development 
of  SP[11,40,99].

CHILDHOOD STRESSFUL EVENTS, HPA 
AXIS AND GAD
Few studies have examined HPA axis activity in GAD, 
even if  the persistent excessive anxiety and uncontrol-
lable worry about a variety of  events and situations that 
characterize GAD patients[2] suggest that these subjects 
are exposed to repeated stressful experiences, which 
could consequently lead to an altered cortisol secretory 
pattern. 

The first investigations on HPA axis functioning in 
GAD used the DST (Table 5). Non-suppression rates of  
27% were reported[112,113], suggesting a reduced negative 
feedback sensitivity of  the HPA axis. 

More recently, Mantella et al[114] showed that elderly 
individuals with GAD exhibited a 40%-50% increase in 
basal salivary cortisol levels, with higher peak cortisol 
levels and larger areas under the curve, compared to 

matched control subjects (Table 5). Additionally, severity 
of  GAD, as measured by psychometric instruments, was 
positively correlated with cortisol levels[114]. Also Tafet 
et al[115] and Pomara et al[116] observed that patients with 
GAD presented increased levels of  circulating cortisol 
(Table 5). Tafet et al[115] reported that cognitive therapy 
(CT) was effective in improving distressful clinical symp-
toms of  GAD and in recovering psychoneuroendocrino-
logical functions of  these subjects. In fact, after a maxi-
mum of  24 sessions of  CT, a significant decrease in the 
Hamilton Anxiety Rating Scale and a significant decrease 
in previously increased levels of  circulating cortisol were 
observed[115]. Pharmacological therapy also showed its 
efficacy in the treatment of  GAD: reductions of  anxiety 
symptoms and plasma cortisol levels were reported after 
acute and chronic diazepam treatment, even if  indepen-
dent of  GAD status and drug dosage[116].

On the other hand, other studies failed to show aber-
rant adrenocortical activity in GAD: similar 24 h urinary 
cortisol levels[117] and plasma cortisol levels[118] were ob-
served in GAD patients and healthy controls (Table 5).

Finally, Steudte et al[118] studied cortisol secretion using 
hair analysis, which provides a retrospective reflection of  
cortisol secretion for a period up to 6 mo. Results showed 
significantly lower (50%-60%) cortisol levels in the first 
and second 3 cm hair segments of  GAD patients, com-
pared to those of  controls, while no group difference in 
salivary diurnal cortisol profiles was observed (Table 5). 
An attempt to explain this finding is that, under natural-
istic conditions, GAD may be associated with hypocorti-
solism, similar to healthy individuals living under chronic 
stress conditions and to patients with several bodily 
disorders (like chronic fatigue syndrome, fibromyalgia, 
other somatoform disorders, rheumatoid arthritis and 
asthma)[119,120].

In conclusion, different studies suggest that GAD 

Table 5  Hypothalamic pituitary adrenal axis functioning and its correlations with psychopathology in generalized anxiety disordered 
patients

Author Control group Sample Cortisol levels DST Correlations with 
psychopathology

Mantella et al[114], 2008 42 HC 71 GAD subjects ↑ Morning basal and peak 
salivary cortisol 

- ↑ Psychopathology

Steudte et al[118], 2011 15 HC 15 GAD patients ↓ Cortisol in the first and second 
3-cm hair segments; = salivary 
diurnal cortisol profiles

- -

Schweizer et al[112], 1986 - 79 GAD subjects - 27% non-
suppression

-

Tiller et al[113], 1988 13 HC 30 GAD patients - 27% non-
suppression

Normalization of HPAA 
suppression after successful 
non drug behavioral treatment

Tafet et al[115], 2005 8 non treated 
GAD outpatients

17 treated GAD 
outpatients

= Morning plasma cortisol; 
↑ evening plasma cortisol

- ↓ Evening plasma cortisol level 
after cognitive treatment

Pomara et al[116], 2005 90 HC 41 GAD patients ↑ Plasma cortisol levels - ↓ Plasma cortisol after acute 
and chronic treatment with 
diazepam

Rosenbaum et al[117], 1983 22 HC 22 GAD subjects = 24 h urinary cortisol levels - -

HC: Healthy controls; DST: Dexamethasone suppression test; GAD: Generalized anxiety disorder; HPAA: Hypothalamic pituitary adrenal axis.
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is associated with hypercortisolism. A possible explana-
tion of  this finding is that chronic stress, along with the 
inadequacy to cope with it or the perceived loss of  con-
trollability, may lead to persistent HPA axis activation and 
the sustained increase of  cortisol levels[121]. Moreover, the 
unremitting activation of  the HPA axis is supposed to be 
mediated by changes in the sensitivity, or in the number, 
of  CRH and/or glucocorticoid receptors of  the hip-
pocampus, limbic system and cortical levels (brain areas 
associated with anxiety disorders). Thus, it is possible that 
the autoregulatory feedback of  GAD is not as efficient 
as in healthy subjects and cortisol hypersecretion is not 
downregulated[114]. 

Furthermore, GAD patients report a high rate of  
childhood physical or sexual abuse that can be associated 
with an alteration of  the HPA axis and can contribute to 
the onset and maintenance of  the disorder[5]. 

DISCUSSION
Data concerning the relationship between childhood 
stressful life events, HPA axis and anxiety disorders have 
been reviewed. 

The vast majority of  studies agreed on the hyperac-
tivity of  the HPA axis[40] and high rates of  early stressful 
life events[3-5,12] in anxiety disorders. However, conflict-
ing results on HPA axis functioning emerged from this 
review: patients with PTSD show baseline high CRH 
levels and low plasma cortisol levels; both normal and 
increased hormonal activity have been reported in PD 
patients[70,73]; OCD subjects show a hyperactivity of  HPA 
axis[86,89-91]; a hyper-responsiveness of  the adrenal cortex 
has been reported in social phobics after a psychosocial 
stressor[32,104,106,107], but normal levels have been observed 
at baseline[32,101]; and lastly, several studies suggest that 
GAD is associated with hypercortisolism[112-116].

Several hypotheses have been proposed in order to 
explain these discordant data. The first is the effect of  
comorbidity that might explain some of  the differences 
in HPA axis activity among comorbid depressed pa-
tients[122]. 

Another explanation is based on the cognitive/emo-
tional modulation, as some authors observed a normali-
zation of  the HPA axis of  panic patients after treat-
ment[36].

A third hypothesis develops from the habituation 
phenomena. In fact, individuals with high and persistent 
anxiety levels feel stressed regularly, showing a state of  
chronic adrenal stress hyper-reactivity and persistently 
elevated cortisol concentrations. These effects may influ-
ence HPA axis functioning, inducing a sort of  counter-
regulative adaptation and thus downregulating HPA axis 
stress responsivity[8,16]. Hence, high and persistent levels 
of  anxiety could be associated with low cortisol concen-
trations[123,124], reflecting resilience rather than a risk for 
psychopathology[8,16].

On the other hand, elevations in cortisol levels that 
persist across time could also tune HPA axis activity to 

a higher level and could result in damage of  the hip-
pocampal glucocorticoid receptors or even a loss of  hip-
pocampal neurons[66], reducing the negative feedback of  
CRH secretion and resulting in higher CRH and cortisol 
concentrations[124].

Furthermore, the link between childhood adverse ex-
periences, HPA axis abnormalities and anxiety disorders 
has not been studied carefully. A well accepted hypothesis 
is that stressful life events, not being specific of  any psy-
chiatric disorder, can act as triggers on HPA axis dysregu-
lation, predicting a general vulnerability to anxiety and 
mood disorders[4,5,11].

 In line with these observations, some authors have 
hypothesized that the neuroendocrine alterations after an 
early stress can result in a biological ‘wound’ that increas-
es the individual’s vulnerability to stressors later in life 
and, thus, predisposes an individual to develop mood or 
anxiety disorders that are known to manifest or worsen in 
relationship to acute or chronic life stress[3-5,7,11,96]. In fact, 
once the HPA axis is over-activated during the develop-
mental processes, it remains permanently unstable, over-
driven, vulnerable or dysfunctional[7,16,125], possibly due to 
transcriptional/epigenomic mechanisms[126,127]. 

However, a retrospective recall bias may influence the 
assessment of  early events in several ways[11]. The poor 
reliability of  the memories relevant to childhood[9,10], 
the “search for meaning”, by which the subjects tend to 
search for reasons for the present distress in their past 
experiences, and the attitude of  the interviewer, who may 
or may not encourage the patient, all affect the accurate 
retrieval of  past events[11].

In conclusion, the review of  the available literature 
supports an alteration of  the HPA axis in anxiety disor-
dered patients but the relationship with early stressful 
life events is still to be elucidated. Authors conclude that 
childhood life events and HPA abnormalities may be as-
pecifically and transnosographically related, not only to all 
anxiety disorders, but broadly to all psychiatric disorders. 
Thus, studying the role of  early stressful life events in the 
later development of  anxiety disorders may help clini-
cians in the prevention and treatment of  these disorders.
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