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Abstract: The questions of for whom and why psychotherapy is effective have been the focus of
five decades of research. Most of this knowledge is based on self-report measures. Following
the biopsychosocial model of mental disorders, this article explores the potential of hormones in
answering these questions. The literature on cortisol, oxytocin, and oestradiol in psychotherapy
was systematically searched, focusing on (a) baseline hormonal predictors of who may benefit from
psychotherapy and (b) hormonal changes as indicators of therapeutic change. The search was limited
to depression and anxiety disorders. In sum, the findings show that, of all three hormones, the role
of cortisol is most established and that both cortisol and oxytocin are implicated in psychotherapy,
although a causal role is still waiting to be demonstrated. Moreover, there is a differential role of
hormones in the psychotherapy of depression versus anxiety. The directions of research mapped in
this article may elucidate how psychotherapy can be selected to match patients’ endocrine states and
how hormonal levels can be manipulated to improve outcomes.
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1. Introduction

Psychotherapy is a standard first-line treatment for some of the most prevalent mental
disorders, including depression and anxiety disorders [1–3]. In its early days, psychother-
apy research was mainly concerned with the efficacy and effectiveness of various therapies,
such as cognitive behavioural therapy (CBT) or psychodynamic psychotherapy. Recently,
its focus has shifted towards an improved understanding of the mechanisms underlying
successful treatments. This research is often referred to as “what works for whom and
why,” and has traditionally been divided into two lines of inquiry: (a) studies on predictors
of treatment response (addressing the “for whom”), and (b) studies on indicators of treat-
ment response (addressing the “why”). Pursuing these two lines of inquiry is pivotal as,
approximately, only 50% of patients with depression or anxiety disorders show sufficient
responses to standard first-line psychotherapy [4,5].

The vast majority of psychotherapy research focusing on the questions of “what works
for whom and why” has relied on self-report and clinical interviews, producing a wealth of
data on predictors and indicators of therapeutic change. Common prognostic factors include
illness severity or comorbidity with other mental disorders, whereas the most studied
process variable is the quality of the therapeutic alliance [6] The accumulated research
produced many mixed results and few consistent findings. A potential contributor is the
almost exclusive reliance on what individuals are able and interested in reporting when
they are answering questionnaires or participating in clinical interviews.

With the advent of the biopsychosocial model [7], mental disorders have begun to
be understood as the result of a complex interplay between biological, psychological, and
social factors. The last decades have witnessed an increasing interest in biological markers
of mental disorders. This trend is also evident in the proposition of the Research Domain
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Criteria, a framework to study biological signals and processes of mental disorders, along
with behaviour [8]. Whereas in the earlier days of biological research, there was mainly a
quest for markers of a specific diagnostic status (e.g., the presence of a major depressive
disorder), this was followed by the exploration of the prognostic and evaluative potential of
biological parameters in relation to treatment outcomes. One of the most fruitful research
areas in this regard is psychoneuroendocrinology, a cross-disciplinary field devoted to
the interactions between the mind, brain, and endocrine systems [9]. However, as with
biomarkers in general, the bulk of research in mental disorders has been conducted in an
etiological or diagnostic context, whereas the potential use of hormones in psychotherapy
has only recently begun to be recognised.

The aim of the present review is to provide an up-to-date account of the extent to
which hormones are predictive and indicative of psychotherapeutic changes. For this
purpose, the end products of three major endocrine systems (i.e., cortisol, oxytocin, and
oestradiol) are briefly described with respect to their most important trait- and state-like
determinants. This is followed by an outline of their links with cognitive, emotional, and
behavioural domains of functioning that are relevant in a therapeutic setting. Finally, the
current state of research on how these hormones affect psychotherapy and are affected
by it is synthesised. Apart from differentiating between baseline predictor and change
indicator studies, two levels of investigation are distinguished: the treatment level and the
session level (see Figure 1). Whereas the treatment level provides a global overview of the
changes that occur, the session level sheds light on potential mechanisms of action during
individual appointments. The review is restricted to depressive and anxiety disorders since,
to date, nearly all research on the relationship between hormones and psychotherapy has
been dedicated to these conditions.
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2. Cortisol

The release of the glucocorticoid cortisol from the adrenal cortex is the result of a
cascade of actions which take place within the hypothalamic–pituitary–adrenal axis [10].
After the secretion of corticotropin-releasing hormone (CRH) in the paraventricular nucleus
of the hypothalamus and its entering of the portal vasculature, adrenocorticotropic hormone
(ACTH) is released from the anterior pituitary, which, in turn, is transported via the
peripheral bloodstream to initiate the synthesis and secretion of cortisol. Cortisol not only
mediates metabolic and immune function in the periphery, but also inhibits the release of
CRH and ACTH at the central level by binding to mineralocorticoid and glucocorticoid
receptors, hence creating a self-regulatory negative feedback loop.
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2.1. Main Determinants

Cortisol is influenced by several trait- and state-like characteristics. Regarding trait-
like characteristics, both older age and male as opposed to female sex have been associated
with higher concentrations [11]. In addition, lifestyle factors, such as physical activity, diet,
smoking, and alcohol consumption have repeatedly been linked with altered cortisol [12].
Cortisol concentrations are also found to be changed after extreme and/or prolonged
psychosocial stress. Childhood trauma appears to be linked with lower basal cortisol in
concert with higher cortisol reactivity [13], whereas the findings on chronic stress point to
higher levels at the onset of stress and lower levels thereafter [14].

Regarding state-like characteristics, time of day is a strong determinant of cortisol,
with the highest levels observed immediately after awakening and the lowest around
16 h later [15]. In women, this daily rhythm is complemented by a monthly rhythm, with
evidence for higher cortisol reactivity around ovulation [12]. Several other behaviours,
such as physical exercise, eating, smoking, and drinking have immediate effects on cortisol
levels [12]. Finally, uncontrollable social interactions and social-evaluative threats are
well-known to elicit a rise in cortisol, with peak levels observed 20 to 30 min after their
onset [16]. Interestingly, these effects may extend to longer time periods in the case that
individuals ruminate about stressful episodes [17].

2.2. Effects on Cognition, Emotion, and/or Behaviour

Given that mineralocorticoid and glucocorticoid receptors are expressed in brain areas
such as the hippocampus, amygdala, and prefrontal cortex, it is physiologically plausible
that cortisol affects cognitive and emotional functioning. A considerable number of studies
have found that cortisol enhances inhibitory functioning while at the same time impairing
working memory [18]. An equally substantial amount of research has investigated long-
term memory [19]. This line of research has found that cortisol facilitates the consolidation
of emotional memories while at the same time impeding their retrieval.

Given these effects, it is not surprising that cortisol has been found altered in chronic
states of dysregulated cognitive and/or emotional functioning. Individuals with major
depressive disorder are typically characterised by enhanced basal cortisol concentrations
when compared to healthy controls [20]. Furthermore, cortisol has been linked to suicidal
behaviour, most likely through an impaired ability to make decisions [21]. In individu-
als with panic disorder, there is fairly consistent evidence in favour of enhanced basal
cortisol [22]. Findings in other anxiety disorders are less clear.

2.3. Role in Psychotherapy

In order to synthesise the literature on the role of cortisol in psychotherapy, a system-
atic search in PubMed was conducted until May 2021. The search terms included “cortisol”
and “depression” as well as “cortisol” and “anxiety disorder” (including related terms, e.g.,
“panic disorder”). The studies had to be conducted in a sample of adult patients with any
depressive disorder and/or with an anxiety disorder according to the International Classi-
fication of Diseases (ICD) [23] or the Diagnostic and Statistical Manual of Mental Disorders
(DSM) [24] and to include a trial of psychotherapy (mono-treatment). Three systematic
reviews/meta-analyses on the role of cortisol in psychotherapy for depression/anxiety,
which used these eligibility criteria and were published in 2017 and 2018, respectively, were
identified and their results were summarised and complemented by studies published
until May 2021. Studies in specific populations (e.g., pregnant women) were excluded. The
study results were extracted and reviewed between the two authors.

2.3.1. Cortisol as Predictor of Psychotherapeutic Changes

• Treatment level

A handful of studies have investigated the extent to which cortisol measured before
psychotherapy is associated with treatment outcome. In a meta-analysis of patients with
depressive disorders, six studies in adults including N = 495 patients were identified [25].
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The majority of these studies investigated CBT. The meta-analysis suggested that the
higher the patients’ pre-treatment cortisol levels, the higher their levels of depression
after psychological therapy. In the only study published on the matter since this meta-
analysis [26], lower rather than higher levels of cortisol predicted non-responses after
psychological therapy. However, this study was conducted in a naturalistic setting, using
Improving Access to Psychological Therapies (IAPT) service data, and the majority of
patients met diagnostic criteria for both depression and anxiety disorders.

Indeed, in anxiety disorders, the cortisol-treatment outcome pattern appears to differ
markedly from to the one observed in depression. Five studies (N = 158) conducted in
adults with different types of anxiety disorders were identified in a systematic review of the
literature [27]. Overall, endogenous cortisol before psychotherapy did not appear to relate
to treatment outcomes. In three additional studies on panic disorder published since the
systematic review the findings were equivocal, with both negative [28] and mixed [29,30]
relationships between cortisol and measures of treatment response reported. In contrast,
the systematic review revealed consistent evidence for higher cortisol levels during the
initial exposure sessions to predict better therapy outcomes [27]. One study in social
anxiety disorder, which was published since the systematic review, reported a somewhat
counterintuitive finding, namely that higher cortisol averaged across all exposure sessions
predicted reduced improvement in fear [31]. Complementing the line of research on
endogenous cortisol, a study in panic disorder and agoraphobia revealed that exposure
sessions scheduled at later times during the day, when cortisol is low, were linked with
fewer treatment gains than were sessions scheduled at earlier times during the day, when
cortisol is high [32]. Furthermore, there is consistent evidence of a greater reduction in
phobic fear when patients with specific phobia receive synthetic analogues of cortisol
immediately before their initial exposure sessions [33–35].

• Session level

No research has been devoted to examining whether endogenous cortisol measured
immediately before or during therapy sessions relates to the result of particular interven-
tions or processes. However, one study reported that patients with social anxiety disorder
who had received a synthetic analogue of cortisol had greater immediate decreases in fear
upon exposure to a phobic stimulus [33].

• Interim summary

Together, these findings suggest a differential role of cortisol in psychotherapy for
patients with depressive vs. anxiety disorders. In depression, elevated cortisol before
psychotherapy appears to render patients less capable of profiting from treatment. In
phobias, low cortisol during initial exposure sessions appears to facilitate patients’ retrieval
of fear memories and to impede the formation of extinction memories, ultimately leading
to suboptimal treatment outcomes.

2.3.2. Cortisol as Indicator of Psychotherapeutic Changes

• Treatment level

Several studies have investigated the extent to which cortisol changes over the course
of psychotherapeutic treatment. In a systematic review of the literature, seven studies
in adult patients with depressive disorders (N = 273) and eight studies in adult patients
with anxiety disorders (N = 243) were identified [36]. In studies on depressive disor-
ders, the majority of patients received some form of CBT. Yet, in employing a wide range
of different cortisol sampling and analysis protocols, this body of work proved too het-
erogeneous for meta-analysis. Interestingly, the majority of the included studies, did,
however, provide some indication for decreases in cortisol during or in the aftermath
of these therapies [37–43]. In anxiety disorders, all studies used CBT, but otherwise, the
literature was also highly heterogeneous, which prevented the authors from undertaking
a meta-analysis [36]. Interestingly, the included studies were consistent in showing de-
clines in cortisol over the course of CBT for generalised anxiety disorder [43–50]. The only
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study published since the systematic review [31] investigated social anxiety disorder and
confirmed an earlier null-finding regarding changes of cortisol during CBT [45].

• Session level

Few studies have attempted to determine whether cortisol varies as a consequence
of therapeutic interventions. Interestingly, confronting patients with phobic stimuli has
generally not been found to elicit a significant cortisol response [27,44,45,48]. A notable
exception is a recent study in social anxiety disorder, which observed significant increases
in cortisol within exposure sessions; however, these increases appeared to be driven by less
than a third of the patients [31]. Interestingly, in a study in which patients with agoraphobia
and their therapists were analysed concomitantly, differential trajectories of cortisol were
observed across exposure sessions: whereas patients’ cortisol levels were highest 60 min
after exposure, the therapists’ cortisol levels were highest shortly before exposure, with
steady declines thereafter [51]. In a follow-up study in patients with specific phobia, steady
declines in cortisol over the course of the exposure session were found in both patients and
therapists [52].

• Interim summary

Collectively, these findings suggest that psychotherapy may improve symptoms of
depression and generalised anxiety disorder by lowering cortisol levels. At least in gener-
alised anxiety disorder, this may be the end result of a gradual habituation process that
occurs during repeated confrontation with situations that previously caused stress.

3. Oxytocin

The neuropeptide oxytocin is produced by magnocellular and parvocellular neurons
in the supraoptic nucleus and in the paraventricular nucleus of the hypothalamus [53].
Oxytocin is transported to the posterior pituitary by axons, where it is stored and released
into blood vessels. In the periphery, the main effects of oxytocin are fostering uterine
contractions during labour and milk ejection during lactation by binding to G protein-
coupled oxytocin receptors. In the central nervous system, the same receptors are expressed
in areas including the amygdala, hippocampus, nucleus accumbens, and cerebral cortex.

3.1. Main Determinants

Oxytocin is influenced by several trait- and state-like characteristics. Its concentrations
are comparably elevated in older people and in women [54]. Positive interactions with
parental caregivers have been found to be followed by higher oxytocin levels in the long
term, whereas negative interactions appear to have an opposite effect [55]. Furthermore,
there is evidence that emotionally traumatic experiences are associated with lower oxytocin
levels [56]. Regarding state-like characteristics, time of day was repeatedly found to be
linked to oxytocin concentrations, with concentrations lowest at around 8 a.m. and highest
between 7 and 8 p.m. [54]. In women, this diurnal rhythm is complemented by a monthly
rhythm, with rises in oxytocin from the early follicular phase to ovulation, and subsequent
decreases into the mid-luteal phase [57]. Finally, intimate behaviours, such as sexual
intercourse, nursing a child, and affectionate touching have been linked with increases in
oxytocin levels [58].

3.2. Effects on Cognition, Emotions, and/or Behaviour

Oxytocin is known to exert numerous effects on social cognition and behaviour
through its centrally expressed G protein-coupled receptor. A prominent line of research
has found that oxytocin enhances the recognition of basic emotions, in particular of fear [59].
Moreover, oxytocin appears to negatively affect long-term memory performance regarding
non-emotional material, and to positively affect memory performance regarding emotional
material [60]. Further evidence suggests that oxytocin promotes in-group trust [61] and
facilitates the expression of positive emotions [59]. In contrast, research is inconsistent
about whether oxytocin is altered in individuals with mental disorders that present with
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difficulties in social cognition and behaviour. Although there is fairly consistent evidence in
favour of a role of oxytocin in social anxiety disorder [62], the evidence for its involvement
in depressive disorders is equivocal [63].

3.3. Role in Psychotherapy

To summarise the literature on the role of oxytocin in psychotherapy, a systematic
search in PubMed was conducted until May 2021. The key words were “oxytocin” and
“depression” as well as “oxytocin” and “anxiety disorder” (including related terms, e.g.,
“panic disorder”). All studies had to use a sample of adult patients with any depressive
disorder and/or with an anxiety disorder according to the ICD or DSM and to include a
prospective application of psychotherapy (mono-treatment) in order to be included in our
review. Studies in specific populations (e.g., pregnant women) were not considered. The
study results were extracted and reviewed between the two authors.

3.3.1. Oxytocin as Predictor of Psychotherapeutic Changes

• Treatment level

Scant research has investigated the extent to which endogenous oxytocin measured
before psychotherapy are linked to treatment response. Regarding depressive disorders,
one study was able to demonstrate that the lower the patients’ oxytocin, the lower their
degree of change in depression over the course of a cognitive behavioural analysis system
of therapy (CBASP) program [64]. Another study in patients with depressive disorders
showed that interpersonal difficulties at baseline were associated with lower oxytocin
synchrony between patients and therapists during psychodynamic psychotherapy, which,
in turn, predicted a less pronounced reduction in depressive symptoms over the course
of treatment [65]. Regarding anxiety disorders, one study in patients with social anxiety
disorder tested intranasal oxytocin as an adjunct to exposure therapy [66]. Although the
overall level of social anxiety at the end of treatment and at one-month follow-up did not
differ between the verum and the placebo group, the former group evaluated their own
appearance and speech performance more favourably over the course of the exposure
sessions. By contrast, a study in patients with spider phobia found no effects of exogenous
oxytocin on symptoms after exposure therapy; on the contrary, the placebo group had
better outcomes than the oxytocin group at one-month follow-up [67].

• Session level

No studies have tried to determine whether oxytocin concentrations immediately
before or during therapy sessions are correlated with therapeutic processes. One study
in patients with depressive disorders demonstrated that intranasal oxytocin enhanced
state anxiety, and, in patients with higher levels of depression, decreased non-verbal flight
behaviour in a mock psychotherapy session in which patients were asked to disclose
personal information [68].

• Interim summary

In sum, these studies suggest differential effects of oxytocin on psychotherapy de-
livered to patients with depressive vs. anxiety disorders. In depression, lower levels of
oxytocin appear to render patients incapable of benefitting from treatment, possibly by
affecting their behaviour toward the therapist. In social anxiety disorder, oxytocin augmen-
tation appears to have beneficial effects on maladaptive cognitions, although these seem to
be short- rather than long-term.

3.3.2. Oxytocin as Indicator of Psychotherapeutic Changes

Hardly any studies have looked into changes of oxytocin in relation to psychother-
apy. One study in patients with major depressive disorder undergoing psychodynamic
treatment showed that the higher the extent of within-session conflict and confrontational
ruptures with the therapist, the greater the patients’ increase in oxytocin [69]. Another
study in patients with major depressive disorder undergoing the same treatment showed
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that reduced proximity seeking toward the therapist was associated with greater increases
in oxytocin [70]. These studies suggest that, at least in depressive disorders, modulation
of the patients’ oxytocin levels is one mechanism by which the therapeutic alliance may
cause change.

4. Oestradiol

The gonadal hormone oestradiol is one of the end products of the hypothalamic-
pituitary-gonadal axis [71]. Gonadotropin-releasing hormone (GnRH) is released in the
hypothalamus, and upon its entering the portal vasculature, follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) are secreted from the anterior pituitary. These hor-
mones, in turn, precipitate the production of oestradiol in the ovaries and testes. Oestradiol
mainly mediates sexual function and reproduction. However, it also engages in a negative
feedback mechanism, with higher levels inhibiting the release of GnRH, LH, and FSH in the
brain by binding to oestrogen alpha, beta, and G protein-coupled receptors. Importantly, in
women, a switch to a positive feedback loop occurs shortly before ovulation, with increases
in oestradiol levels preceding increases in LH and, to a lesser extent, FSH.

4.1. Main Determinants

Oestradiol levels are subject to the influence of several trait- and state-like character-
istics. Age and sex are the most significant trait-like determinants of oestradiol: whereas
pre-menopausal women exhibit higher average oestradiol levels than men, they show
marked declines after menopause, thus approaching the concentrations normally found
in men [72]. Men, by contrast, appear to show more steady and less dramatic decreases
in oestradiol over the lifespan. Moreover, certain lifestyle behaviours also appear to affect
oestradiol concentrations. In women, physical activity has repeatedly been linked with
diminished oestradiol levels [73]. Furthermore, the intake of combined oral contraceptives
is well-known to lower endogenous oestradiol concentrations to levels usually observed
in the early follicular phase [74]. Regarding state-like determinants, oestradiol shows
pronounced monthly changes in women, being lowest during the early follicular phase,
peaking shortly before ovulation, and showing a second increase during the mid-luteal
phase. In women, physical exercise appears to evoke acute increases in oestradiol [75].

4.2. Effects on Cognition, Emotions, and/or Behaviour

Given that oestrogen receptors are widely expressed in the hippocampus and in the
prefrontal cortex, it is not surprising that there is emerging evidence for oestradiol serving
as a modulator of cognitive functioning. Several studies suggest that women perform better
in spatial and numeric tasks when oestradiol levels are low, and do better in processing,
verbal memory, and verbal fluency tasks when oestradiol levels are high [76,77]. Consistent
with these findings, there is evidence for altered oestradiol levels in individuals with
cognitive difficulties, such as those suffering from depressive disorders. In men, there is
tentative evidence for individuals with depressive disorders to have higher basal oestradiol
(and lower testosterone) concentrations than healthy controls [78]. In women, a systematic
review of the literature has shown that individuals with premenstrual dysphoric disorders
may have lower oestradiol levels in the luteal phase [79].

4.3. Role in Psychotherapy

To review the literature on the role of oestradiol in psychotherapy, PubMed was
searched systematically until May 2021. The key words used were “oestradiol” and “de-
pression” as well as “oestradiol” and “anxiety disorder” (including related terms, e.g.,
“panic disorder”). In order to be eligible for inclusion, studies had to use a sample of
adult patients with any depressive disorder and/or with an anxiety disorder according
to the ICD or DSM and to include a trial of any form of psychotherapy (mono-treatment).
Studies in special populations (e.g., pregnant women) were excluded. The study results
were extracted and reviewed between the two authors.
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Oestradiol as Predictor of Psychotherapeutic Changes

• Treatment level

Relatively little research has been conducted on the extent to which endogenous
oestradiol before psychotherapy relates to treatment response. One study in female patients
with spider phobia found that lower oestradiol levels were linked to more phobic fear and
avoidance after exposure therapy [80]. In the same study, it was found that the intake of
hormonal contraceptives was associated with worse behavioural outcomes after therapy
and at follow-up. This finding was complemented by another study in female patients with
spider phobia undergoing exposure therapy, which observed smaller reductions in phobic
fear in women on hormonal contraceptives, although significant differences emerged
only at follow-up [81]. By contrast, in a third study with the same patient population,
endogenous oestradiol levels did not predict treatment response to cognitive therapy [82].

• Session level

Only one study has attempted to determine whether oestradiol is associated with the
efficacy of particular psychological interventions. This study found that, in female patients
with spider phobia, lower oestradiol and the intake of hormonal contraceptives were linked
with slower improvements during an exposure session [80].

• Interim summary

When taken together, these findings suggest that, in women with spider phobia, lower
oestradiol levels during exposure may hamper fear extinction, hence leading to suboptimal
treatment outcomes.

5. Discussion

The aim of this review was to evaluate the potential of different endocrine systems
in enhancing our understanding of for whom different forms of psychotherapy work and
why. We report three main findings (see Tables 1 and 2). First, based on the available litera-
ture, a case can be made for a role of cortisol in psychotherapy, with considerably fewer
studies shedding light on the involvement of oxytocin, and hardly any work published on
oestradiol to date. Second, hormones are likely to modulate the psychotherapeutic process,
whereas the extent to which they are affected by it remains more unclear. Third, the rele-
vance of different hormones in predicting and indicating changes related to psychotherapy
varies considerably between patients with depression and those with anxiety.

Table 1. Summary of studies investigating the relationship between hormones and psychotherapy in
individuals with depression.

Predictor of Outcomes Indicator of Outcomes

Treatment Session Treatment Session

Hormone

Cortisol High levels predict
worse outcomes [25,26] - Levels decrease over

treatment [37–43] -

Oxytocin

Low levels predict
worse outcomes [64]
Low synchrony with
therapists predicts
worse outcomes [65]

Low levels predict lower
state anxiety and
increased non-verbal
flight behaviour during
disclosure of personal
information [68]

-

Levels increase with conflict and
confrontational ruptures [69]
Levels increase with reduced
proximity seeking [70]

Oestradiol - - - -
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Table 2. Summary of studies investigating the relationship between hormones and psychotherapy in
individuals with anxiety disorders.

Hormone as Predictor of Therapeutic Change Hormone as Indicator of Therapeutic Change

Treatment Level Session Level Treatment Level Session Level

Hormone

Cortisol
Phobias: Low levels during
exposure predict worse
outcomes [27,31–35]

Social anxiety disorder:
Low levels predict
greater fear during
exposure [33]

Generalised anxiety
disorder: Levels decrease
over treatment [43–50]
Social anxiety disorder: No
change [31,45]

Phobias: No change with
exposure [27,31,44,45,48]

Oxytocin

Phobias: High levels predict
worse outcomes [67]
Social anxiety disorder: No
effects on outcomes, but high
levels predict better evaluation
of appearance and speech
performance [66]

- - -

Oestradiol

Phobias: Low levels predict
worse outcomes to exposure
therapy but not cognitive
therapy [80–82]

Phobias: Low levels
predict slower
improvement during
exposure [80]

- -

The finding that cortisol is the most well-researched hormone is not surprising, given
the abundant evidence of elevated concentrations in depression, in particular in patients
of the melancholic subtype [20]. The finding of higher cortisol predicting non-response
to psychotherapy may be interpreted as interference with patients’ ability to benefit from
cognitive restructuring or interpretations by an impaired working memory. Should this hy-
pothesis be confirmed by future research, it may be sensible to use behavioural rather than
cognitive interventions in the initial sessions of psychotherapy for depression. Fortunately,
on average, psychotherapy appears to be able to reduce cortisol levels in this population.
This finding is consistent with the notion of depression as a stress-related disorder [83] and
with the fact that most modern psychotherapies help patients to better cope with chronic
and/or traumatic stress. Further research may test whether treatments with a specific focus
on stress and/or treatments that support patients in renouncing lifestyle behaviours with
negative effects on cortisol (e.g., smoking and drinking) may accelerate this decrease. In
anxiety disorders, there is less consistent evidence for altered cortisol secretion, with the
exception of elevated levels in panic disorder [22]. However, as in depression, psychother-
apy seems to lower cortisol in generalised anxiety disorder. It would be interesting to
know whether this adaptation occurs during repeated “rehearsing” of situations that were
causing chronic worrying before therapy. In phobias, cortisol levels do not appear to be
changed as a result of therapy, but findings of cortisol as a mediator of fear extinction [84]
have prompted researchers to test whether scheduling exposure sessions to match patients’
peak concentrations of cortisol has the potential of improving treatment outcomes. Further
developing this notion, it would be sensible to explore whether behaviours known to cause
a significant rise in cortisol (e.g., physical exercise) may be used to render the encounters
with phobic stimuli more efficacious.

Oxytocin was studied mainly in patients with depressive disorder and social anxiety
disorder. The role of oxytocin in depression is still being debated, with a recent meta-
analysis of case–control comparisons yielding a null finding [63]. The finding of lower
oxytocin predicting less pronounced change in depressive symptoms may be interpreted as
resulting from a lower-quality therapeutic alliance. More specifically, attenuated levels of
oxytocin in patients may render them less capable of detecting emotions in their therapist,
of placing trust in them, and of expressing positive emotions, thus hampering the formation
of a sustainable relationship. Interestingly, exogenous oxytocin levels before a mock therapy
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session were followed by increases in anxiety, and, in patients with more severe depression,
by acute decreases in socially avoidant behaviours. These findings are concordant with the
social salience hypothesis of oxytocin, according to which its effects are highly dependent
on both the context and the person [85–87]. They may imply that at least in a subgroup
of patients with depressive disorders, special emphasis should be placed on building a
strong therapeutic alliance, starting with the early sessions. It remains to be determined
whether oxytocin levels may be permanently altered by psychotherapy, and whether
certain types of therapies may be more suited to achieve this goal than others. Initial
studies have shown that oxytocin varies as a function of the patient-therapist relationship.
This observation echoes the notion of the therapeutic relationship as a vehicle to enable
corrective interpersonal experiences [88]. In social anxiety disorder, the available evidence
is more uniform in showing a beneficial effect of oxytocin on social cognition. Building on
this observation, future inquiries may try and utilise endogenous fluctuations in oxytocin
or use behaviours that cause acute increases in oxytocin to optimise treatment outcomes
in this population. Interestingly, preliminary findings suggest that oxytocin may hamper
treatment success if administered to patients with specific phobias before exposure therapy.
Further research into how, exactly, oxytocin interferes with the consolidation and retrieval
of emotional memories is thus warranted in this population.

Research into the role of oestradiol has only burgeoned in recent years. Although
the role of gonadal hormones in depression is increasingly recognized [78,79,89,90], no
research has yet examined their role in psychotherapy. By contrast, the results obtained
in patients with specific phobia consistently demonstrate that low-oestradiol milieus may
interfere with extinction learning, impeding optimal treatment outcomes [91]. As with
cortisol, one implication of this observation is that because certain women (e.g., those on
hormonal contraceptives) may be less likely to benefit from some interventions for anxiety,
such as exposure, other interventions, such as cognitive restructuring, should be prioritised.
Alternatively, the exploitation of natural endocrine rhythms or specific behaviours (e.g.,
physical exercise) may facilitate therapeutic gains in this population.

In sum, this article illustrates the potential of hormones in elucidating for whom and
why psychotherapy works (see Figure 2). The knowledge that is accumulating from this
research may ultimately be used to modify psychotherapy to match patients’ endocrine
states and/or to manipulate hormonal levels to achieve better therapy outcomes. However,
several potential paths of investigation in this area remain underexplored, and we are
therefore far from a complete picture of the role of hormones in psychotherapy.
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baseline alterations within a specific biological system, may exhibit changes in the very
same system in parallel with symptom improvement. Likewise, at the session level, only
specific hormonal states may allow for fluctuations in response to the therapeutic process.
Second, barely any research has so far taken a dyadic approach to shed light on how
hormones and psychotherapy are intertwined. An exception is the study by Levi et al. [92],
which has recently shown for the first time that both patient and therapist cortisol con-
centrations predicted patient post-session affect. Similarly, Zilcha-Mano, Shamay-Tsoory,
Dolev-Amit, Zagoory-Sharon, and Feldman [70] have explored for the first time to what
extent the patient’s and the therapist’s oxytocin levels were coupled before treatment,
and how this evolved as treatment progressed. Furthermore, very little research in this
area has studied centrally secreted components of hormonal axes and/or their genetic
underpinnings. Related to this, there is a lack of research that has considered interactions
between endocrine systems, despite extensive evidence for mutual cross-talk. For instance,
hyperactivity within the hypothalamic–pituitary–adrenal axis is often paralleled by hy-
poactivity within the hypothalamic–pituitary–gonadal axis [93,94]. Luckily, the advent of
non-invasive sampling methodologies has paved the way for multi-level assessments of
multiple hormonal systems in a way that only minimally interferes with the therapeutic
process. The most promising tissues for psychotherapy research to date are saliva [95] and
hair [96]. The repeated incorporation of such measures across and within therapy sessions
will hopefully allow for a more nuanced answers to the question for whom psychotherapy
works and why in the future.

Author Contributions: S.F. and S.Z.-M. conceived and designed the article; S.F. searched the literature;
S.F. drafted the article; S.Z.-M. revised the article critically for important intellectual content. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank Tara von Grebel for providing the figures for
this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. National Institute for Health and Care Excellence. Depression in Adults: Recognition and Management. Available online:

https://www.nice.org.uk/guidance/CG90 (accessed on 5 June 2022).
2. National Institute for Health and Care Excellence. Generalised Anxiety Disorder and Panic Disorder in Adults: Management.

Available online: https://www.nice.org.uk/guidance/cg113 (accessed on 5 June 2022).
3. National Institute for Health and Care Excellence. Social Anxiety Disorder: Recognition, Assessment and Treatment. Available

online: https://www.nice.org.uk/guidance/cg159 (accessed on 5 June 2022).
4. Cuijpers, P.; Karyotaki, E.; Weitz, E.; Andersson, G.; Hollon, S.D.; van Straten, A. The effects of psychotherapies for major

depression in adults on remission, recovery and improvement: A meta-analysis. J. Affect. Disord. 2014, 159, 118–126. [CrossRef]
[PubMed]

5. Carpenter, J.K.; Andrews, L.A.; Witcraft, S.M.; Powers, M.B.; Smits, J.A.J.; Hofmann, S.G. Cognitive behavioral therapy for anxiety
and related disorders: A meta-analysis of randomized placebo-controlled trials. Depress. Anxiety 2018, 35, 502–514. [CrossRef]
[PubMed]

6. Cuijpers, P.; Reijnders, M.; Huibers, M.J.H. The role of common factors in psychotherapy outcomes. Annu. Rev. Clin. Psychol.
2019, 15, 207–231. [CrossRef] [PubMed]

7. Engel, G.L. The need for a new medical model: A challenge for biomedicine. Science 1977, 196, 129–136. [CrossRef]
8. Insel, T.; Cuthbert, B.; Garvey, M.; Heinssen, R.; Pine, D.S.; Quinn, K.; Sanislow, C.; Wang, P. Research domain criteria (RDoC):

Toward a new classification framework for research on mental disorders. Am. J. Psychiatry 2010, 167, 748–751. [CrossRef]
9. Wolf, J.M.; Saucier, E. Psychoneuroendocrinology; Springer: New York, NY, USA, 2013.
10. Chrousos, G.P. Stress and disorders of the stress system. Nat. Rev. Endocrinol. 2009, 5, 374–381. [CrossRef]
11. Gaffey, A.E.; Bergeman, C.S.; Clark, L.A.; Wirth, M.M. Aging and the HPA axis: Stress and resilience in older adults. Neurosci.

Biobehav. Rev. 2016, 68, 928–945. [CrossRef]
12. Strahler, J.; Skoluda, N.; Kappert, M.B.; Nater, U.M. Simultaneous measurement of salivary cortisol and alpha-amylase: Applica-

tion and recommendations. Neurosci. Biobehav. Rev. 2017, 83, 657–677. [CrossRef]
13. Fogelman, N.; Canli, T. Early life stress and cortisol: A meta-analysis. Horm. Behav. 2018, 98, 63–76. [CrossRef]

https://www.nice.org.uk/guidance/CG90
https://www.nice.org.uk/guidance/cg113
https://www.nice.org.uk/guidance/cg159
http://doi.org/10.1016/j.jad.2014.02.026
http://www.ncbi.nlm.nih.gov/pubmed/24679399
http://doi.org/10.1002/da.22728
http://www.ncbi.nlm.nih.gov/pubmed/29451967
http://doi.org/10.1146/annurev-clinpsy-050718-095424
http://www.ncbi.nlm.nih.gov/pubmed/30550721
http://doi.org/10.1126/science.847460
http://doi.org/10.1176/appi.ajp.2010.09091379
http://doi.org/10.1038/nrendo.2009.106
http://doi.org/10.1016/j.neubiorev.2016.05.036
http://doi.org/10.1016/j.neubiorev.2017.08.015
http://doi.org/10.1016/j.yhbeh.2017.12.014


Biomedicines 2022, 10, 1361 12 of 15

14. Miller, G.E.; Chen, E.; Zhou, E.S. If it goes up, must it come down? Chronic stress and the hypothalamic-pituitary-adrenocortical
axis in humans. Psychol. Bull. 2007, 133, 25–45. [CrossRef]

15. Miller, R.; Stalder, T.; Jarczok, M.; Almeida, D.M.; Badrick, E.; Bartels, M.; Boomsma, D.I.; Coe, C.L.; Dekker, M.C.; Donzella, B.;
et al. The CIRCORT database: Reference ranges and seasonal changes in diurnal salivary cortisol derived from a meta-dataset
comprised of 15 field studies. Psychoneuroendocrinology 2016, 73, 16–23. [CrossRef] [PubMed]

16. Dickerson, S.S.; Kemeny, M.E. Acute stressors and cortisol responses: A theoretical integration and synthesis of laboratory
research. Psychol. Bull. 2004, 130, 355–391. [CrossRef] [PubMed]

17. Zoccola, P.M.; Dickerson, S.S. Assessing the relationship between rumination and cortisol: A review. J. Psychosom. Res. 2012, 73,
1–9. [CrossRef] [PubMed]

18. Shields, G.S.; Bonner, J.C.; Moons, W.G. Does cortisol influence core executive functions? A meta-analysis of acute cortisol
administration effects on working memory, inhibition, and set-shifting. Psychoneuroendocrinology 2015, 58, 91–103. [CrossRef]
[PubMed]

19. Het, S.; Ramlow, G.; Wolf, O.T. A meta-analytic review of the effects of acute cortisol administration on human memory.
Psychoneuroendocrinology 2005, 30, 771–784. [CrossRef] [PubMed]

20. Stetler, C.; Miller, G.E. Depression and hypothalamic-pituitary-adrenal activation: A quantitative summary of four decades of
research. Psychosom. Med. 2011, 73, 114–126. [CrossRef]

21. O’Connor, D.B.; Ferguson, E.; Green, J.A.; O’Carroll, R.E.; O’Connor, R.C. Cortisol levels and suicidal behavior: A meta-analysis.
Psychoneuroendocrinology 2016, 63, 370–379. [CrossRef]

22. Elnazer, H.Y.; Baldwin, D.S. Investigation of cortisol levels in patients with anxiety disorders: A structured review. In Behavioral
Neurobiology of Stress-Related Disorders; Springer: New York, NY, USA, 2014; Volume 18, pp. 191–216. [CrossRef]

23. World Health Organization. The ICD-10 Classification of Mental and Behavioural Disorders—Clinical Descriptions and Diagnostic
Guidelines; World Health Organization: Geneva, Switzerland, 1992.

24. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; APA: Washington, DC, USA, 2013.
25. Fischer, S.; Strawbridge, R.; Vives, A.H.; Cleare, A.J. Cortisol as a predictor of psychological therapy response in depressive

disorders: Systematic review and meta-analysis. Br. J. Psychiatry J. Ment. Sci. 2017, 210, 105–109. [CrossRef]
26. Fischer, S.; King, S.; Papadopoulos, A.; Hotopf, M.; Young, A.H.; Cleare, A.J. Hair cortisol and childhood trauma predict

psychological therapy response in depression and anxiety disorders. Acta Psychiatr. Scand. 2018, 138, 526–535. [CrossRef]
27. Fischer, S.; Cleare, A.J. Cortisol as a predictor of psychological therapy response in anxiety disorders-Systematic review and

meta-analysis. J. Anxiety Disord. 2017, 47, 60–68. [CrossRef]
28. Masdrakis, V.G.; Legaki, E.M.; Papageorgiou, C.; Markianos, M. Stress hormones as predictors of response to cognitive behavior

therapy in panic disorder. Neuropsychobiology 2021, 80, 401–410. [CrossRef] [PubMed]
29. Wichmann, S.; Bornstein, S.R.; Lorenz, T.; Petrowski, K. Stress hormone response to the DEX-CRH test and its relation to

psychotherapy outcome in panic disorder patients with and without agoraphobia. Transl. Psychiatry 2018, 8, 37. [CrossRef]
[PubMed]

30. Wichmann, S.; Kirschbaum, C.; Lorenz, T.; Petrowski, K. Effects of the cortisol stress response on the psychotherapy outcome of
panic disorder patients. Psychoneuroendocrinology 2017, 77, 9–17. [CrossRef] [PubMed]

31. Kuhlman, K.R.; Treanor, M.; Imbriano, G.; Craske, M.G. Endogenous in-session cortisol during exposure therapy predicts
symptom improvement: Preliminary results from a scopolamine-augmentation trial. Psychoneuroendocrinology 2020, 116, 104657.
[CrossRef] [PubMed]

32. Meuret, A.E.; Rosenfield, D.; Bhaskara, L.; Auchus, R.; Liberzon, I.; Ritz, T.; Abelson, J.L. Timing matters: Endogenous cortisol
mediates benefits from early-day psychotherapy. Psychoneuroendocrinology 2016, 74, 197–202. [CrossRef] [PubMed]

33. Soravia, L.M.; Heinrichs, M.; Aerni, A.; Maroni, C.; Schelling, G.; Ehlert, U.; Roozendaal, B.; de Quervain, D.J. Glucocorticoids
reduce phobic fear in humans. Proc. Natl. Acad. Sci. USA 2006, 103, 5585–5590. [CrossRef] [PubMed]

34. Soravia, L.M.; Heinrichs, M.; Winzeler, L.; Fisler, M.; Schmitt, W.; Horn, H.; Dierks, T.; Strik, W.; Hofmann, S.G.; de Quervain,
D.J. Glucocorticoids enhance in vivo exposure-based therapy of spider phobia. Depress. Anxiety 2014, 31, 429–435. [CrossRef]
[PubMed]

35. de Quervain, D.J.; Bentz, D.; Michael, T.; Bolt, O.C.; Wiederhold, B.K.; Margraf, J.; Wilhelm, F.H. Glucocorticoids enhance
extinction-based psychotherapy. Proc. Natl. Acad. Sci. USA 2011, 108, 6621–6625. [CrossRef] [PubMed]

36. Laufer, S.; Engel, S.; Knaevelsrud, C.; Schumacher, S. Cortisol and alpha-amylase assessment in psychotherapeutic intervention
studies: A systematic review. Neurosci. Biobehav. Rev. 2018, 95, 235–262. [CrossRef] [PubMed]

37. Field, T.; Deeds, O.; Diego, M.; Hernandez-Reif, M.; Gauler, A.; Sullivan, S.; Wilson, D.; Nearing, G. Benefits of combining
massage therapy with group interpersonal psychotherapy in prenatally depressed women. J. Bodyw. Mov. Ther. 2009, 13, 297–303.
[CrossRef]

38. Field, T.; Diego, M.; Delgado, J.; Medina, L. Peer support and interpersonal psychotherapy groups experienced decreased prenatal
depression, anxiety and cortisol. Early Hum. Dev. 2013, 89, 621–624. [CrossRef] [PubMed]

39. Kim, W.; Lim, S.K.; Chung, E.J.; Woo, J.M. The effect of cognitive behavior therapy-based psychotherapy applied in a forest
environment on physiological changes and remission of major depressive disorder. Psychiatry Investig. 2009, 6, 245–254. [CrossRef]
[PubMed]

http://doi.org/10.1037/0033-2909.133.1.25
http://doi.org/10.1016/j.psyneuen.2016.07.201
http://www.ncbi.nlm.nih.gov/pubmed/27448524
http://doi.org/10.1037/0033-2909.130.3.355
http://www.ncbi.nlm.nih.gov/pubmed/15122924
http://doi.org/10.1016/j.jpsychores.2012.03.007
http://www.ncbi.nlm.nih.gov/pubmed/22691553
http://doi.org/10.1016/j.psyneuen.2015.04.017
http://www.ncbi.nlm.nih.gov/pubmed/25973565
http://doi.org/10.1016/j.psyneuen.2005.03.005
http://www.ncbi.nlm.nih.gov/pubmed/15919583
http://doi.org/10.1097/PSY.0b013e31820ad12b
http://doi.org/10.1016/j.psyneuen.2015.10.011
http://doi.org/10.1007/7854_2014_299
http://doi.org/10.1192/bjp.bp.115.180653
http://doi.org/10.1111/acps.12970
http://doi.org/10.1016/j.janxdis.2017.02.007
http://doi.org/10.1159/000514073
http://www.ncbi.nlm.nih.gov/pubmed/33735885
http://doi.org/10.1038/s41398-017-0081-7
http://www.ncbi.nlm.nih.gov/pubmed/29391399
http://doi.org/10.1016/j.psyneuen.2016.11.030
http://www.ncbi.nlm.nih.gov/pubmed/27987430
http://doi.org/10.1016/j.psyneuen.2020.104657
http://www.ncbi.nlm.nih.gov/pubmed/32244170
http://doi.org/10.1016/j.psyneuen.2016.09.008
http://www.ncbi.nlm.nih.gov/pubmed/27664810
http://doi.org/10.1073/pnas.0509184103
http://www.ncbi.nlm.nih.gov/pubmed/16567641
http://doi.org/10.1002/da.22219
http://www.ncbi.nlm.nih.gov/pubmed/24265104
http://doi.org/10.1073/pnas.1018214108
http://www.ncbi.nlm.nih.gov/pubmed/21444799
http://doi.org/10.1016/j.neubiorev.2018.09.023
http://www.ncbi.nlm.nih.gov/pubmed/30316721
http://doi.org/10.1016/j.jbmt.2008.10.002
http://doi.org/10.1016/j.earlhumdev.2013.04.006
http://www.ncbi.nlm.nih.gov/pubmed/23727060
http://doi.org/10.4306/pi.2009.6.4.245
http://www.ncbi.nlm.nih.gov/pubmed/20140122


Biomedicines 2022, 10, 1361 13 of 15

40. Kundermann, B.; Strate, P.; Hemmeter-Spernal, J.; Huber, M.T.; Krieg, J.C.; Lautenbacher, S. Mid-term effects of serial sleep
deprivation therapy implemented in cognitive-behavioral treatment on the neuroendocrine response to clomipramine in patients
with major depression. J. Psychiatr. Res. 2009, 43, 711–720. [CrossRef] [PubMed]

41. Mcknight, D.L.; Nelsongray, R.O.; Barnhill, J. Dexamethasone Suppression Test and Response to Cognitive Therapy and
Antidepressant Medication. Behav. Ther. 1992, 23, 99–111. [CrossRef]

42. Taylor, C.B.; Conrad, A.; Wilhelm, F.H.; Strachowski, D.; Khaylis, A.; Neri, E.; Giese-Davis, J.; Roth, W.T.; Cooke, J.P.; Kraemer, H.;
et al. Does improving mood in depressed patients alter factors that may affect cardiovascular disease risk? J. Psychiatr. Res. 2009,
43, 1246–1252. [CrossRef]

43. Wang, C.; Zhang, N.; Zhang, Y.L.; Zhang, J.; Yang, H.; Timothy, T.C. Comparison of the neurobiological effects of attribution
retraining group therapy with those of selective serotonin reuptake inhibitors. Braz. J. Med. Biol. Res. 2013, 46, 318–326. [CrossRef]

44. Alpers, G.W.; Abelson, J.L.; Wilhelm, F.H.; Roth, W.T. Salivary cortisol response during exposure treatment in driving phobics.
Psychosom. Med. 2003, 65, 679–687. [CrossRef]

45. Faucher, J.; Koszycki, D.; Bradwejn, J.; Merali, Z.; Bielajew, C. Effects of CBT versus MBSR treatment on social stress reactions in
social anxiety disorder. Mindfulness 2016, 7, 514–526. [CrossRef]

46. Gaab, J.; Jucker, P.; Staub, F.; Ehlert, U. Mind over matter: Psychobiological effects of exposure therapy in arachnophobia. Z. Klin.
Psychol. Psychother. 2005, 34, 121–132. [CrossRef]

47. Rosnick, C.B.; Wetherell, J.L.; White, K.S.; Andreescu, C.; Dixon, D.; Lenze, E.J. Cognitive-behavioral therapy augmentation of
SSRI reduces cortisol levels in older adults with generalized anxiety disorder: A randomized clinical trial. J. Consult. Clin. Psychol.
2016, 84, 345–352. [CrossRef]

48. Shiban, Y.; Peperkorn, H.; Alpers, G.W.; Pauli, P.; Muhlberger, A. Influence of perceptual cues and conceptual information on the
activation and reduction of claustrophobic fear. J. Behav. Ther. Exp. Psychiatry 2016, 51, 19–26. [CrossRef] [PubMed]

49. Tafet, G.E.; Feder, D.J.; Abulafia, D.P.; Roffman, S.S. Regulation of hypothalamic-pituitary-adrenal activity in response to cognitive
therapy in patients with generalized anxiety disorder. Cogn. Affect. Behav. Neurosci. 2005, 5, 37–40. [CrossRef] [PubMed]

50. Plag, J.; Gaudlitz, K.; Schumacher, S.; Dimeo, F.; Bobbert, T.; Kirschbaum, C.; Strohle, A. Effect of combined cognitive-behavioural
therapy and endurance training on cortisol and salivary alpha-amylase in panic disorder. J. Psychiatr. Res. 2014, 58, 12–19.
[CrossRef]

51. Schumacher, S.; Gaudlitz, K.; Plag, J.; Miller, R.; Kirschbaum, C.; Fehm, L.; Fydrich, T.; Strohle, A. Who is stressed? A pilot study
of salivary cortisol and alpha-amylase concentrations in agoraphobic patients and their novice therapists undergoing in vivo
exposure. Psychoneuroendocrinology 2014, 49, 280–289. [CrossRef] [PubMed]

52. Schumacher, S.; Miller, R.; Fehm, L.; Kirschbaum, C.; Fydrich, T.; Strohle, A. Therapists’ and patients’ stress responses during
graduated versus flooding in vivo exposure in the treatment of specific phobia: A preliminary observational study. Psychiatry Res.
2015, 230, 668–675. [CrossRef]

53. Meyer-Lindenberg, A.; Domes, G.; Kirsch, P.; Heinrichs, M. Oxytocin and vasopressin in the human brain: Social neuropeptides
for translational medicine. Nat. Rev. Neurosci. 2011, 12, 524–538. [CrossRef]

54. Engel, S.; Laufer, S.; Miller, R.; Niemeyer, H.; Knaevelsrud, C.; Schumacher, S. Demographic, sampling- and assay-related
confounders of endogenous oxytocin concentrations: A systematic review and meta-analysis. Front. Neuroendocrinol. 2019, 54,
100775. [CrossRef]

55. Alves, E.; Fielder, A.; Ghabriel, N.; Sawyer, M.; Buisman-Pijlman, F.T. Early social environment affects the endogenous oxytocin
system: A review and future directions. Front. Endocrinol. 2015, 6, 32. [CrossRef]

56. Donadon, M.F.; Martin-Santos, R.; Osorio, F.L. The associations between oxytocin and trauma in humans: A systematic review.
Front. Pharmacol. 2018, 9, 154. [CrossRef]

57. Engel, S.; Klusmann, H.; Ditzen, B.; Knaevelsrud, C.; Schumacher, S. Menstrual cycle-related fluctuations in oxytocin concentra-
tions: A systematic review and meta-analysis. Front. Neuroendocrinol. 2019, 52, 144–155. [CrossRef]

58. Crockford, C.; Deschner, T.; Ziegler, T.E.; Wittig, R.M. Endogenous peripheral oxytocin measures can give insight into the
dynamics of social relationships: A review. Front. Behav. Neurosci. 2014, 8, 68. [CrossRef] [PubMed]

59. Leppanen, J.; Ng, K.W.; Tchanturia, K.; Treasure, J. Meta-analysis of the effects of intranasal oxytocin on interpretation and
expression of emotions. Neurosci. Biobehav. Rev. 2017, 78, 125–144. [CrossRef] [PubMed]

60. Brambilla, M.; Manenti, R.; de Girolamo, G.; Adenzato, M.; Bocchio-Chiavetto, L.; Cotelli, M. Effects of intranasal oxytocin on
long-term memory in healthy humans: A systematic review. Drug Dev. Res. 2016, 77, 479–488. [CrossRef] [PubMed]

61. Van IJzendoorn, M.H.; Bakermans-Kranenburg, M.J. A sniff of trust: Meta-analysis of the effects of intranasal oxytocin adminis-
tration on face recognition, trust to in-group, and trust to out-group. Psychoneuroendocrinology 2012, 37, 438–443. [CrossRef]

62. Yoon, S.; Kim, Y.K. The role of the oxytocin system in anxiety disorders. In Anxiety Disorders; Springer: Singapore, 2020; Volume
1191, pp. 103–120. [CrossRef]

63. Engel, S.; Laufer, S.; Knaevelsrud, C.; Schumacher, S. The endogenous oxytocin system in depressive disorders: A systematic
review and meta-analysis. Psychoneuroendocrinology 2018, 101, 138–149. [CrossRef]

64. Jobst, A.; Sabass, L.; Hall, D.; Brucklmeier, B.; Buchheim, A.; Hall, J.; Sarubin, N.; Zill, P.; Falkai, P.; Brakemeier, E.L.; et al.
Oxytocin plasma levels predict the outcome of psychotherapy: A pilot study in chronic depression. J. Affect. Disord. 2018, 227,
206–213. [CrossRef]

http://doi.org/10.1016/j.jpsychires.2008.09.004
http://www.ncbi.nlm.nih.gov/pubmed/18930473
http://doi.org/10.1016/S0005-7894(05)80311-9
http://doi.org/10.1016/j.jpsychires.2009.05.006
http://doi.org/10.1590/1414-431X20122658
http://doi.org/10.1097/01.PSY.0000073872.85623.0C
http://doi.org/10.1007/s12671-015-0486-4
http://doi.org/10.1026/1616-3443.34.2.121
http://doi.org/10.1037/a0040113
http://doi.org/10.1016/j.jbtep.2015.11.002
http://www.ncbi.nlm.nih.gov/pubmed/26687921
http://doi.org/10.3758/CABN.5.1.37
http://www.ncbi.nlm.nih.gov/pubmed/15913006
http://doi.org/10.1016/j.jpsychires.2014.07.008
http://doi.org/10.1016/j.psyneuen.2014.07.016
http://www.ncbi.nlm.nih.gov/pubmed/25127086
http://doi.org/10.1016/j.psychres.2015.10.020
http://doi.org/10.1038/nrn3044
http://doi.org/10.1016/j.yfrne.2019.100775
http://doi.org/10.3389/fendo.2015.00032
http://doi.org/10.3389/fphar.2018.00154
http://doi.org/10.1016/j.yfrne.2018.11.002
http://doi.org/10.3389/fnbeh.2014.00068
http://www.ncbi.nlm.nih.gov/pubmed/24672442
http://doi.org/10.1016/j.neubiorev.2017.04.010
http://www.ncbi.nlm.nih.gov/pubmed/28467893
http://doi.org/10.1002/ddr.21343
http://www.ncbi.nlm.nih.gov/pubmed/27633648
http://doi.org/10.1016/j.psyneuen.2011.07.008
http://doi.org/10.1007/978-981-32-9705-0_7
http://doi.org/10.1016/j.psyneuen.2018.11.011
http://doi.org/10.1016/j.jad.2017.10.037


Biomedicines 2022, 10, 1361 14 of 15

65. Zilcha-Mano, S.; Goldstein, P.; Dolev-Amit, T.; Shamay-Tsoory, S. Oxytocin synchrony between patients and therapists as a
mechanism underlying effective psychotherapy for depression. J. Consult. Clin. Psychol. 2021, 89, 49–57. [CrossRef]

66. Guastella, A.J.; Howard, A.L.; Dadds, M.R.; Mitchell, P.; Carson, D.S. A randomized controlled trial of intranasal oxytocin as an
adjunct to exposure therapy for social anxiety disorder. Psychoneuroendocrinology 2009, 34, 917–923. [CrossRef]

67. Acheson, D.T.; Feifel, D.; Kamenski, M.; McKinney, R.; Risbrough, V.B. Intranasal oxytocin administration prior to exposure
therapy for arachnophobia impedes treatment response. Depress. Anxiety 2015, 32, 400–407. [CrossRef]

68. MacDonald, K.; MacDonald, T.M.; Brune, M.; Lamb, K.; Wilson, M.P.; Golshan, S.; Feifel, D. Oxytocin and psychotherapy: A
pilot study of its physiological, behavioral and subjective effects in males with depression. Psychoneuroendocrinology 2013, 38,
2831–2843. [CrossRef]

69. Zilcha-Mano, S.; Porat, Y.; Dolev, T.; Shamay-Tsoory, S. Oxytocin as a neurobiological marker of ruptures in the working alliance.
Psychother. Psychosom. 2018, 87, 126–127. [CrossRef] [PubMed]

70. Zilcha-Mano, S.; Shamay-Tsoory, S.; Dolev-Amit, T.; Zagoory-Sharon, O.; Feldman, R. Oxytocin as a biomarker of the formation
of therapeutic alliance in psychotherapy and counseling psychology. J. Couns. Psychol. 2020, 67, 523–535. [CrossRef] [PubMed]

71. Melcangi, R.C.; Giatti, S.; Garcia-Segura, L.M. Levels and actions of neuroactive steroids in the nervous system under physiological
and pathological conditions: Sex-specific features. Neurosci. Biobehav. Rev. 2016, 67, 25–40. [CrossRef] [PubMed]

72. Fiacco, S.; Walther, A.; Ehlert, U. Steroid secretion in healthy aging. Psychoneuroendocrinology 2019, 105, 64–78. [CrossRef]
73. Ennour-Idrissi, K.; Maunsell, E.; Diorio, C. Effect of physical activity on sex hormones in women: A systematic review and

meta-analysis of randomized controlled trials. Breast Cancer Res. 2015, 17, 139. [CrossRef]
74. Hampson, E. A brief guide to the menstrual cycle and oral contraceptive use for researchers in behavioral endocrinology. Horm.

Behav. 2020, 119, 104655. [CrossRef]
75. Cano Sokoloff, N.; Misra, M.; Ackerman, K.E. Exercise, training, and the hypothalamic-pituitary-gonadal axis in men and women.

Front. Horm. Res. 2016, 47, 27–43. [CrossRef]
76. Beltz, A.M.; Moser, J.S. Ovarian hormones: A long overlooked but critical contributor to cognitive brain structures and function.

Ann. N. Y. Acad. Sci. 2020, 1464, 156–180. [CrossRef]
77. Hamson, D.K.; Roes, M.M.; Galea, L.A. Sex hormones and cognition: Neuroendocrine influences on memory and learning. Compr.

Physiol. 2016, 6, 1295–1337. [CrossRef]
78. Fischer, S.; Ehlert, U.; Amiel Castro, R. Hormones of the hypothalamic-pituitary-gonadal (HPG) axis in male depressive

disorders—A systematic review and meta-analysis. Front. Neuroendocrinol. 2019, 55, 100792. [CrossRef]
79. Amiel Castro, R.T.; Ehlert, U.; Fischer, S. Variation in genes and hormones of the hypothalamic-pituitary-ovarian axis in female

mood disorders—A systematic review and meta-analysis. Front. Neuroendocrinol. 2021, 62, 100929. [CrossRef] [PubMed]
80. Graham, B.M.; Li, S.H.; Black, M.J.; Ost, L.G. The association between estradiol levels, hormonal contraceptive use, and

responsiveness to one-session-treatment for spider phobia in women. Psychoneuroendocrinology 2018, 90, 134–140. [CrossRef]
[PubMed]

81. Raeder, F.; Heidemann, F.; Schedlowski, M.; Margraf, J.; Zlomuzica, A. No pills, more skills: The adverse effect of hormonal
contraceptive use on exposure therapy benefit. J. Psychiatr. Res. 2019, 119, 95–101. [CrossRef] [PubMed]

82. Li, S.H.; Graham, B.M. Progesterone levels predict reductions in behavioral avoidance following cognitive restructuring in
women with spider phobia. J. Affect. Disord. 2020, 270, 1–8. [CrossRef] [PubMed]

83. Hammen, C. Stress and depression. Annu. Rev. Clin. Psychol. 2005, 1, 293–319. [CrossRef]
84. de Quervain, D.; Schwabe, L.; Roozendaal, B. Stress, glucocorticoids and memory: Implications for treating fear-related disorders.

Nat. Rev. Neurosci. 2017, 18, 7–19. [CrossRef]
85. Shamay-Tsoory, S.G.; Abu-Akel, A. The social salience hypothesis of oxytocin. Biol. Psychiatry 2016, 79, 194–202. [CrossRef]
86. Olff, M.; Frijling, J.L.; Kubzansky, L.D.; Bradley, B.; Ellenbogen, M.A.; Cardoso, C.; Bartz, J.A.; Yee, J.R.; van Zuiden, M. The

role of oxytocin in social bonding, stress regulation and mental health: An update on the moderating effects of context and
interindividual differences. Psychoneuroendocrinology 2013, 38, 1883–1894. [CrossRef]

87. Bartz, J.A.; Zaki, J.; Bolger, N.; Ochsner, K.N. Social effects of oxytocin in humans: Context and person matter. Trends Cogn. Sci.
2011, 15, 301–309. [CrossRef]

88. Castonguay, L.G.; Hill, C.E. Transformation in Psychotherapy: Corrective Experiences across Cognitive Behavioral, Humanistic, and
Psychodynamic Approaches; American Psychological Association Press: Washington, DC, USA, 2012.

89. Soares, C.N.; Zitek, B. Reproductive hormone sensitivity and risk for depression across the female life cycle: A continuum of
vulnerability? J. Psychiatry Neurosci. 2008, 33, 331–343.

90. Studd, J.; Nappi, R.E. Reproductive depression. Gynecol. Endocrinol. 2012, 28 (Suppl. S1), 42–45. [CrossRef] [PubMed]
91. Tang, S.; Graham, B.M. The role of hormonal and reproductive status in the treatment of anxiety disorders in women. In Anxiety

Disorders; Springer: Singapore, 2020; Volume 1191, pp. 523–541. [CrossRef]
92. Levi, E.; Fischer, S.; Fisher, H.; Admon, R.; Zilcha-Mano, S. Patient and Therapist In-Session Cortisol as Predictor of Post-Session

Patient Reported Affect. Brain Sci. 2021, 11, 1483. [CrossRef]
93. Viau, V. Functional cross-talk between the hypothalamic-pituitary-gonadal and -adrenal axes. J. Neuroendocr. 2002, 14, 506–513.

[CrossRef] [PubMed]

http://doi.org/10.1037/ccp0000619
http://doi.org/10.1016/j.psyneuen.2009.01.005
http://doi.org/10.1002/da.22362
http://doi.org/10.1016/j.psyneuen.2013.05.014
http://doi.org/10.1159/000487190
http://www.ncbi.nlm.nih.gov/pubmed/29510397
http://doi.org/10.1037/cou0000386
http://www.ncbi.nlm.nih.gov/pubmed/32614232
http://doi.org/10.1016/j.neubiorev.2015.09.023
http://www.ncbi.nlm.nih.gov/pubmed/26657814
http://doi.org/10.1016/j.psyneuen.2018.09.035
http://doi.org/10.1186/s13058-015-0647-3
http://doi.org/10.1016/j.yhbeh.2019.104655
http://doi.org/10.1159/000445154
http://doi.org/10.1111/nyas.14255
http://doi.org/10.1002/cphy.c150031
http://doi.org/10.1016/j.yfrne.2019.100792
http://doi.org/10.1016/j.yfrne.2021.100929
http://www.ncbi.nlm.nih.gov/pubmed/34171352
http://doi.org/10.1016/j.psyneuen.2018.02.019
http://www.ncbi.nlm.nih.gov/pubmed/29482136
http://doi.org/10.1016/j.jpsychires.2019.09.016
http://www.ncbi.nlm.nih.gov/pubmed/31590077
http://doi.org/10.1016/j.jad.2020.03.039
http://www.ncbi.nlm.nih.gov/pubmed/32275214
http://doi.org/10.1146/annurev.clinpsy.1.102803.143938
http://doi.org/10.1038/nrn.2016.155
http://doi.org/10.1016/j.biopsych.2015.07.020
http://doi.org/10.1016/j.psyneuen.2013.06.019
http://doi.org/10.1016/j.tics.2011.05.002
http://doi.org/10.3109/09513590.2012.651932
http://www.ncbi.nlm.nih.gov/pubmed/22394303
http://doi.org/10.1007/978-981-32-9705-0_26
http://doi.org/10.3390/brainsci11111483
http://doi.org/10.1046/j.1365-2826.2002.00798.x
http://www.ncbi.nlm.nih.gov/pubmed/12047726


Biomedicines 2022, 10, 1361 15 of 15

94. Acevedo-Rodriguez, A.; Kauffman, A.S.; Cherrington, B.D.; Borges, C.S.; Roepke, T.A.; Laconi, M. Emerging insights into
hypothalamic-pituitary-gonadal axis regulation and interaction with stress signalling. J. Neuroendocrinol. 2018, 30, e12590.
[CrossRef] [PubMed]

95. Kirschbaum, C.; Hellhammer, D.H. Salivary cortisol in psychoneuroendocrine research: Recent developments and applications.
Psychoneuroendocrinology 1994, 19, 313–333. [CrossRef]

96. Stalder, T.; Kirschbaum, C. Analysis of cortisol in hair–state of the art and future directions. Brain Behav. Immun. 2012, 26,
1019–1029. [CrossRef] [PubMed]

http://doi.org/10.1111/jne.12590
http://www.ncbi.nlm.nih.gov/pubmed/29524268
http://doi.org/10.1016/0306-4530(94)90013-2
http://doi.org/10.1016/j.bbi.2012.02.002
http://www.ncbi.nlm.nih.gov/pubmed/22366690

	Introduction 
	Cortisol 
	Main Determinants 
	Effects on Cognition, Emotion, and/or Behaviour 
	Role in Psychotherapy 
	Cortisol as Predictor of Psychotherapeutic Changes 
	Cortisol as Indicator of Psychotherapeutic Changes 


	Oxytocin 
	Main Determinants 
	Effects on Cognition, Emotions, and/or Behaviour 
	Role in Psychotherapy 
	Oxytocin as Predictor of Psychotherapeutic Changes 
	Oxytocin as Indicator of Psychotherapeutic Changes 


	Oestradiol 
	Main Determinants 
	Effects on Cognition, Emotions, and/or Behaviour 
	Role in Psychotherapy 

	Discussion 
	References

