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A B S T R A C T

In contrast to classical conditioning of physiological responses such as immune responses and drug effects, only a
limited number of studies investigated classical conditioning of endocrine responses. The present paper is the
first systematic review that integrates evidence from animal and human trials regarding the possibility to
condition the endocrine responses. Twenty-six animal and eight human studies were included in the review. We
demonstrated that there is accumulating evidence that classical conditioning processes are able to influence
specific endocrine responses, such as cortocosterone/cortisol and insulin, while more limited evidence exists for
other hormones. Animal and human studies were generally consistent in their findings; however, the limited
number of human studies makes it difficult to generalize and translate the results of animal research to humans.
Next to methodological recommendations for future studies, we suggest several ways how classically condi-
tioned endocrine responses can be used in clinical practice.

1. Introduction

Classical conditioning is a learning and memory phenomenon that
serves as a regulatory adaptive mechanism, helping to prepare the or-
ganism for recurrent changes in homeostasis, for example due to food
intake (Woods and Ramsay, 2000). Substantial research has been done
on this topic looking in various areas: from fear conditioning (e.g.,
Lissek et al., 2005; Sehlmeyer et al., 2009) to conditioning of immune
responses (e.g., Ader, 2003) and drug tolerance effects (Siegel, 1989).

Classical conditioning is a learning process where an association is
formed between a physiologically relevant stimulus (unconditioned
stimulus, US; e.g., food) and a neutral stimulus (conditioned stimulus,
CS; e.g., a sound of a bell). Initially, the biologically relevant stimulus
elicits a physiological reaction (unconditioned response, UR, e.g., sali-
vation), while the conditioned stimulus is biologically neutral and eli-
cits no response. However, after repeated contingent pairing of both
stimuli, the neutral stimulus will become a conditioned stimulus (CS)
and evoke a physiological response (conditioned response, CR; e.g.,
salivation) in the absence of the US.

Animal, and to a lesser extend human studies, have looked at the
effects of classical conditioning on the endocrine system. Hormone se-
cretion can be conceptualized as an UR to various US; for example, drug
intake. Stimuli occurring together with the US, for example the process
or environment of a drug administration, can be associated with the
hormonal responses and can become a CS.

Endocrine responses are involved in a variety of physiological pro-
cesses, from blood pressure regulation to digestion and stress respon-
siveness. Moreover, endocrine over- or underproduction underlie var-
ious diseases, such as diabetes, thyroid disease, adrenal insufficiency,
polycystic ovary syndrome and so on. Therefore, utilizing our under-
standing of endocrine conditioning to control hormone levels through
behavioral manipulation might have widespread clinical implications.
Future practice might benefit from enhancing certain endocrine reac-
tions by classical conditioning. Classical conditioning of endocrine
parameters may be one of the underlying mechanisms of placebo-con-
trolled dose reduction – a procedure in which a part of the pharma-
cological treatment is replaced by placebo while maintaining the effi-
cacy of the treatment (Rief et al., 2011). Another possible implication of
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conditioned endocrine responses is reduction of the nocebo effects of
medicines, unwanted treatment outcomes that are not due to the
treatment mechanism itself, as classical conditioning is hypothesized to
trigger this phenomenon (Benedetti et al., 2003). It might be possible to
prevent forming unwanted conditioned responses in the endocrine
system. For example, prior exposure to the conditioned cue or adding a
salient additional cue at the time of conditioning can prevent the de-
velopment of conditioned responses (Hall et al., 2016; Klosterhalfen
et al., 2005). In summary, there are several ways how classical con-
ditioning can be used in practice, however, a comprehensive summary
of the knowledge in this field is necessary to draw any clinical con-
clusions.

Although a few studies have summarized the findings of conditioned
endocrine responses, no systematic review covers both animal and
human studies on this topic. Several older reviews focus on animal
studies in a non-systematic manner (Stanton and Levine, 1988; Woods
and Burchfield, 1980); and two papers described human studies, with
one non-systematic report from more than a decade ago (Stockhorst,
2005) and one recent systematic review only incorporating human
studies (Tekampe et al., 2017). It currently remains unknown whether
the results of animal research can be translated to humans. The aims of
the current review are to systematically summarize the available
knowledge on conditioned endocrine responses in both animal and
human studies, to compare the results of animal and human trials, to
present an overview of the research designs used in previous studies, to
describe methodological caveats of conditioning research, and finally to
propose possible implications of using classical conditioning paradigms
in modifying hormonal responses.

2. Methods

2.1. Protocol registration

The systematic review was done following the guidelines of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Moher et al., 2009). The review protocol was
registered on PROSPERO (registration number CRD42017058783).

2.2. Inclusion criteria

Original experimental studies were included in which classically
conditioned hormonal responses were reported. Classically conditioned
hormonal responses were defined as hormonal changes in response to a
CS that was previously coupled with a US. The studies had to be written
in English, had to be published in a peer-reviewed journal, and had to
include a minimum of one control group. Single case studies and con-
ference abstracts were excluded. Furthermore, studies on anticipatory
hormone release (incidental learning as a response to naturally occur-
ring stimuli, such as time of the day) were excluded from this review.
The current review did not include the studies done on glucose con-
ditioning (e.g., Siegel, 1972; Woods, 1976), as glucose is not a hor-
mone. Even though it was sometimes speculated in these studies that
conditioned changes in glucose were triggered by conditioned insulin
responses, insulin was not measured directly. Also, studies on fear
conditioning were not included in this review even if they measured
corticosterone or cortisol. These studies are aimed at conditioning of
fear and hormonal responses are measured as indicators of fear and not
as a primary CR. No limitations regarding the year of publication were
set.

2.3. Data search and study selection

The electronic bibliographic databases PubMed, EMBASE,
PsycINFO, and CINAHL were searched from the inception until January
2017, using the key words and connectors endocrine OR hormonal in
combination with conditioning OR associative learning OR anticipatory

release and specific names of the hormones such as for example insulin,
cortisol, testosterone. The full search terms per database are presented in
Supplementary material. The search included both human and animal
trials that measured hormonal responses to conditioned stimuli. In
addition, the search included trials on anticipatory hormone release
that will be published separately.

The search was done by two authors (A.S. and I.K.) independently.
The two authors screened the search results for eligibility based on the
titles, abstracts, and finally full texts of the reports. The results of the
search process were compared between the two authors and the final
list of the included studies was made. Classification of the studies into
intentional conditioning studies or anticipatory incidental learning
studies were done by two authors (A.S. and I.K). Studies that employed
a two-phase experimental design with acquisition and evocation phases
were labeled as intentional conditioning studies and included in the
current review. Studies that measured anticipatory hormone release by
incidental learning as a response to naturally occurring stimuli (such us
time of the day), will be included in another review and discussed
elsewhere. The inconsistencies were resolved by consulting with the
second author (D.V.).

2.4. Data extraction and risk of bias assessment

The data from the studies were extracted using a standardized data
extraction form. The following data were extracted from each eligible
study: first author’s name, year of publication, journal name, study
design, sample characteristics, number of acquisition sessions, number
of evocation sessions, US, UR, CS, CR, groups, hormonal outcome,
timing of outcome assessment, and main study results.

The two authors (A.S. and I.K.) assessed for risk of bias using the
Cochrane Collaboration’s tool for assessing risk of bias in human trials
(Higgins et al., 2011). For assessing risk of bias in animal studies, the
guidelines from O'Connor and Sargeant (2014) and the SYstematic
Review Centre for Laboratory animal Experimentation (SYRCLE)
(Hooijmans et al., 2014) were used. Selection bias (randomization
process and allocation concealment), performance bias (blinding of
participants and research personnel), detection bias (blinding of the
outcome assessment), attrition bias (reasons for withdrawal in all
conditions), and reporting bias (handling of missing data) were assessed
by using these guidelines. In case of inconsistencies in the assessment of
the two reviewers, the second author (D.V) was consulted. In case no
information was provided about a certain bias, unclear risk of bias was
chosen. In case the study protocol was not pre-registered, the reporting
bias was selected to be unclear as well.

3. Results

3.1. Search results and studies’ characteristics

The number of articles found on each step of the systematic search
are presented in the Flow Diagram (Fig. 1). In total 108 eligible studies
were identified of the 17,899 initially identified unique articles that
matched the search criteria; 34 of these were found eligible for inclu-
sion in the current review, whereas 74 studies will be included in a
separate review on anticipatory endocrine responses by incidental
learning. The overview of the study characteristics and study findings of
all included studies is presented in Tables 1 and 2, for animal and
human studies separately.

The vast majority of animal studies were performed in males (20 out
of 26), two studies- in females, two- in mixed groups and other two
studies did not report the gender of the animals. Half of the human
studies included only males as participants, two studies included both
males and females, and two studies only females. Three (out of 8)
human studies were performed in the same lab and written by the same
first author (Stockhorst et al., 1999, 2004, 2011). The far majority of
both the animal and human studies (31 out of 34) were published

A. Skvortsova et al. Frontiers in Neuroendocrinology 52 (2019) 206–218

207



before 2008.

3.2. Endocrine parameters

Most commonly measured hormones in the studies involving ani-
mals were corticosterone (in rodents) and cortisol (in other species).
Over half of animal studies (15 out of 26) measured conditioned
changes in either corticosterone or cortisol using various US. Thirteen
of these studies found significant changes in the corticosterone or cor-
tisol levels after conditioning (Ader, 1976; Barreto and Volpato, 2007;
Buske-Kirschbaum et al., 1996; Coover et al., 1977, 1980; Davis et al.,
2005; Dyck et al., 1990; Exton et al., 1995; Janz et al., 1996; Kreutz
et al., 1992; Pacheco-Lopez et al., 2004; Smotherman and Levine, 1980;
Smotherman et al., 1980), while 2 studies could not demonstrate con-
ditioned corticosterone and cortisol alterations (Janz et al., 1991;
Natelson et al., 1984). The studies reported variable conditioned

responses: increased or decreased responses were found depending on
various factors, including the US used. For example, cyclophosphamide
injection as a US (Ader, 1976) led to conditioned corticosterone in-
crease, while food as a US (Coover et al., 1977) led to a conditioned
decrease of corticosterone. Six animal studies investigated conditioned
insulin release: five of them found significant increases in insulin levels
(Detke et al., 1989; Morrell et al., 1988; Roozendaal et al., 1990;
Woods, 1972a,b; Woods et al., 1977), while one found null results
(Surwit et al., 1985). Oxytocin was investigated in two of animal trials
(Onaka and Yagi, 1998; Tancin et al., 2001) of which both found a
significant increase in conditioned oxytocin release. There were also
single studies that demonstrated conditioned release of adrenaline,
noradrenaline, and dopamine (Kassil et al., 1998), testosterone and
luteinizing hormone (Graham and Desjardins, 1980) and melatonin
(Golombek et al., 1994).

Human trials measured conditioned responses of several hormonal

Fig. 1. Flow diagram with the number of included and excluded studies.
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systems and almost all of them included measurements of several
hormones at the same time. Consistent with animal trials, most of the
human trials looked at conditioned responses of cortisol (5 out of 8).
Four of these studies found significant conditioned decreased or in-
creased cortisol levels (Benedetti et al., 2003; Hall et al., 2016; Sabbioni
et al., 1997; Stockhorst et al., 2004) and one study had null results
(Stockhorst et al., 1999). Insulin conditioning was the subject of interest
in four the human studies: 2 of these studies demonstrated conditioned
insulin increases (Stockhorst et al., 2004, 2011), while 2 found no
conditioned changes in insulin (Overduin and Jansen, 1997; Stockhorst
et al., 1999). Two human studies measured noradrenaline: one of these
demonstrated a significant conditioned increase in noradrenaline
(Stockhorst et al., 2004), while the other reported null results
(Stockhorst et al., 1999). Significant increases in growth hormone was
reported in two the studies (Benedetti et al., 2003; Stockhorst et al.,
2004). Two human studies measured glucagon and both of them failed
to find conditioned glucagon release (Stockhorst et al., 1999, 2004).
One human study demonstrated significant conditioned decreases in
adrenaline (epinephrine) (Stockhorst et al., 2011), and one study failed
to find conditioned changes in endocrine indicators of nausea (adre-
nocorticotrophic hormone, antidiuretic hormone, pancreatic polypep-
tide) (Klosterhalfen et al., 2000). In general, there were more null re-
sults found in human studies than in animal studies.

3.3. Study designs

The two-phase conditioning design of the studies included acquisi-
tion and evocation trials. In acquisition trials, a US that triggered cer-
tain hormonal changes (UR) was associated with an initially neutral
stimulus (becoming the CS). In the evocation trial(s), only the CS was
presented and conditioned hormonal responses (CR) were measured.

The number of acquisition and evocation trials varied across the
studies. Animal trials in general had many acquisition trials, varying
from 1 (e.g. Ader, 1976; Pacheco-Lopez et al., 2004) up to 28 (Detke
et al., 1989), while human studies had between 1 (Klosterhalfen et al.,
2000) and 6 (Overduin and Jansen, 1997; Stockhorst et al., 2011) ac-
quisition trials. In contrast, the majority of studies included only 1
evocation trial: 19 animal studies (e.g., Barreto and Volpato, 2007;
Buske-Kirschbaum et al., 1996) and 7 human studies (e.g., Benedetti
et al., 2003; Hall et al., 2016). The maximum number of evocation trials
in animal studies was 8 (Detke et al., 1989) and in human studies 6
(Stockhorst et al., 2011).

Most of the studies employed a between-subject design: 21 of an-
imal studies (e.g., Ader, 1976; Barreto and Volpato, 2007) and 7 human
studies (e.g., Benedetti et al., 2003; Klosterhalfen et al., 2000; Overduin
and Jansen, 1997). In general, animal studies included multiple control
groups, including an undisturbed control (no manipulations done)
(Barreto and Volpato, 2007), a CS only (Barreto and Volpato, 2007), a
US only (Janz et al., 1991), an unpaired (US and CS are presented in an
uncoupled manner) (Janz et al., 1996), a conditioned not re-exposed
(CS is not presented during the evocation) (Pacheco-Lopez et al., 2004),
or a placebo control group (a placebo was used instead of a US) (Dyck
et al., 1990). Most human studies (6 out of 8) included a placebo
control group (Benedetti et al., 2003; Overduin and Jansen, 1997;
Sabbioni et al., 1997; Stockhorst et al., 1999, 2004, 2011). One other
study included a control group in which the CS was given an hour
before the US (Klosterhalfen et al., 2000) and one study employed a
within-group comparison (Hall et al., 2016).

The US used to elicit hormonal changes varied between the studies.
For example, food was often used as a US in order to elicit insulin re-
lease (e.g., Coover et al., 1977; Natelson et al., 1984), while adminis-
tration of various agents including cyclophosphamide (Ader, 1976),
nicotine bitartrate (Buske-Kirschbaum et al., 1996; Davis et al., 2005),
and corticotrophin-releasing factor (Kreutz et al., 1992) were used for
the conditioning of hormone release (e.g., corticosterone).

The CS also varied across the studies. Most of the animal studies

used taste (10 out of 26) (e.g., Ader, 1976; Dyck et al., 1990), smell (6
out of 26) (e.g., Buske-Kirschbaum et al., 1996; Dyck et al., 1990), or
sound (6 out of 26) (e.g., Coover et al., 1977; Detke et al., 1989) as a CS.
In two animal studies, distinctive surroundings, such as placing animal
in an unknown room, were used as a CS (Davis et al., 2005; Tancin
et al., 2001). Single animal studies used other CS such as restricting
water availability (Golombek et al., 1994), switching off the aeration in
the fish tank (Barreto and Volpato, 2007) and intra-arterial injection of
sodium saccharin solution (Kreutz et al., 1992). Among human studies,
also smell (3 out of 8) (Stockhorst et al., 1999, 2004, 2011) and taste (2
out of 8) (Klosterhalfen et al., 2000; Sabbioni et al., 1997) were the
most commonly used CS. Single human studies used other CS: both
smell and taste (Overduin and Jansen, 1997), an injection procedure
(Benedetti et al., 2003) and an experimental context (Hall et al., 2016).

3.4. Risk of bias assessment

The results of the risk of bias assessment are presented in Figs. 2 and
3, for animal and human studies separately. Most animal studies lack
important information to evaluate risk of bias and were assigned an
unclear risk of bias. Human studies provide more details regarding the
procedures and, therefore, in general have lower risk of bias. The results
of the studies with the higher risk of bias did not differ from the results
of the studies with the lower risk of bias: several studies that demon-
strated null results (Janz et al., 1991; Klosterhalfen et al., 2000;
Natelson et al., 1984; Overduin and Jansen, 1997; Stockhorst et al.,
1999; Surwit et al., 1985) had the same risk of bias as other studies that
reported significant findings.

4. Discussion

This is the first review systematically summarizing findings of stu-
dies on intentional conditioning of the endocrine system in both ani-
mals and humans. Findings of classical conditioning studies using a
two-phase design incorporating acquisition and evocation trials were
systematically reviewed. This review demonstrates that there is an ac-
cumulating evidence from both animal and human studies that classical
conditioning processes are able to influence specific endocrine re-
sponses. Some endocrine responses have been more thoroughly studied,
such as corticosterone/cortisol and insulin, while fewer studies looked
at other hormones, such as testosterone, luteinizing hormone, oxytocin,
growth hormone, glucagon and melatonin, adrenaline, and nora-
drenaline. Most notably, animal and human studies were generally
consistent in their findings: conditioned responses were found in the
same endocrine systems in both animal and human trials. Nevertheless,
some methodological caveats exist that need attention in future re-
search.

The present review demonstrated that not all endocrine systems
were investigated equally in the context of classical conditioning. The
majority of the studies focused on hypothalamus-pituitaryadrenal axis
and on insulin responses, while evidence for other hormones is very
limited or absent. Future studies should focus on other endocrine
parameters, especially those that play a possible role in the treatment of
diseases, such as thyroid hormone, growth hormone, prolactin, adre-
nocorticotropic hormone etc.

Additionally, the majority of the studies were performed in males
and none of them looked at the possible moderation of the conditioned
response by gender. So far there is no evidence that gender moderates
placebo effects (Weimer et al., 2015). Nevertheless, considering the
gender specificity of the endocrine responses, future research should
examine possible differences in endocrine conditioning between males
and females.

We have also documented that the results of the animal studies are
more extensive than the results of the human studies and most of the
animal studies found coherent conditioned endocrine responses. The
human studies vary more in this respect. Only two human studies
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reviewed here found conditioned cortisol changes and since the review
search was done, one newly appeared study failed to condition the
cortisol response in humans (Petrakova et al., 2017). Also conditioning
of insulin responses was less successful in human studies compared to
animal studies. Possibly, conditionability of insulin responses in hu-
mans depends more on the US Stockhorst et al. (2011) demonstrated
that it is possible to condition insulin release using intranasal insulin
spray as a US, but not when using an intravenous insulin injection
(Stockhorst et al., 1999). Another difference between animal and
human research that might lead to different findings, is the number of
acquisition trials. Animal studies in general have more acquisition trials
than human studies. Possibly, a low number of acquisition trials in
human research might lead to more contradictory results, as a small
number of acquisition trials might not always be enough to establish the
association between the US and the CS.

In general, the limited number of human studies makes it difficult to
generalize the results of the animal research to humans. Several
methodological limitations exist that complicate human endocrine
conditioning experiments. First of all, application of a two-phase design
is time consuming, since it implies several sessions with the adminis-
tration of pharmacological agents and acquiring biological samples,
which is done easier in animals than in humans. Moreover, the en-
vironment in animal studies is more controllable in comparison to
human studies. Various factors that are difficult to strictly control in
humans over a period of time, such as food consumption, physical ac-
tivity, and psychogenic stressors, can confound human research, po-
tentially creating noise in the outcomes. Finally, cognitions and ex-
pectations might play an additional role in the conditioned hormone
release in humans. Although Benedetti et al. (2003) showed that giving
verbal suggestions regarding the change of cortisol and growth hor-
mone levels did not influence the secretion of these hormones, other
studies with an experimental classical conditioning design did not take
the expectations of the participants in consideration. Presentation of the
CS can trigger cognitive expectations that have to be taken into account
while interpreting the results. For future research, it is important to
further identify the role of expectancies and cognitions in the classically
conditioned hormone release, because these can be possibly manipu-
lated in clinical practice.

It is also important to point out that there was no consistency in the
reviewed studies regarding the exact study design or procedures that
were used to condition endocrine responses. Different number of ac-
quisition and evocation trials were used in different studies. To date it is
unclear what number of acquisition trials is optimal to develop condi-
tioned responses in the endocrine system, and whether this is depen-
dent on the species that is being examined, the conditioned drug of
interest, or other factors such as the context of conditioning. Only two
studies included in this review compared the effectiveness of different
numbers of acquisition trials in eliciting conditioned endocrine re-
sponses and both of them concerned conditioned corticosterone. Coover
et al. (1977) showed that conditioned corticosterone decreased in

response to a CS associated with feeding after 14 acquisition trials, but
that 6 trials were not enough to demonstrate this response. Davis et al.
(2005) demonstrated that conditioned corticosterone release already
developed after 5 pairing of nicotine bitartrate with a distinctive con-
text and this release increased marginally after 10 acquisition trials.
These results are generally in line with the research on conditioned
immune responses that demonstrated that more acquisition trials may
lead to a stronger conditioned response (Barrett et al., 2000), however
more research in the endocrine system is needed to confirm this pro-
position in relation to the nature and intensity of the US. The number of
evocation trials was significantly lower than the number of acquisition
trials: the majority of studies used only 1 evocation trial to test whether
conditioning took place. This general use of only 1 evocation trial
makes it unfortunately impossible to study the extinction process in the
endocrine system, since more evocation trials are needed to see how
fast the classically conditioned endocrine responses disappear.

A wide variety was found regarding the different types of the CS that
were used in the different studies. Most of the animal and human trials
used either gustatory (e.g.: Buske-Kirschbaum et al., 1992; Sabbioni
et al., 1997) or olfactory (e.g.: Overduin and Jansen, 1997; Stockhorst
et al., 2004) conditioned stimuli. It was previously reported that gus-
tatory and olfactory CS associate with visceral US stronger than other
types of CS (Domjan, 1973, 2005; Pacheco-Lopez et al., 2007). This can
be explained by the naturalistic association and biological importance
of such stimuli, because they are associated with food intake and are
important for survival. However, other types of CS were also employed
in a few studies and were successfully associated with endocrine
changes. For example, Benedetti et al. (2003) used an injection proce-
dure as a CS to condition changes in cortisol. Speculatively, the nature
of the CS seems of marginal significance since conditioned effects were
found with both biologically relevant and other types of CS, but future
studies may investigate this further and compare the efficiency of
various CSs.

Finally, only one of the reviewed studies looked into the neuronal
mechanisms of the conditioned endocrine responses. Roozendaal et al.
(1990) demonstrated that the central nucleus of the amygdala was in-
volved in the conditioned insulin release and its lesioning abolished this
conditioned response in rats. The most well-investigated neural path-
ways of conditioning are the mechanisms involved in the conditioning
of pain responses: it was demonstrated that the descending pain control
system gets activated during placebo analgesia (Eippert et al., 2009).
Possibly, these findings can be extended to endocrine conditioning in
that brain regions responsible for endocrine regulation are also re-
sponsible for the release of hormones during conditioning. Never-
theless, this remains only a speculation and future research should focus
on further identifying the neural pathways that underlie conditioned
endocrine responses in both animals and humans.

The main limitation of this review is heterogeneity of the included
studies that makes it difficult to compare them and make definitive
conclusions. There is no standard conditioning design established and,

Fig. 2. Risk of bias for animal studies. Risk of bias is presented as a percentage across all included studies and for each separate study.
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therefore, every experiment recruited a different procedure for the
conditioning of endocrine responses. In case of null results, such
variability in procedures makes it difficult to conclude whether the
failure to find conditioned responses was caused by an unappropriated
experimental design or by the fact that the certain endocrine system is
not malleable to conditioning.

Several methodological aspects of the present review have to be

mentioned. The review has not included studies on anticipatory hor-
mone release induced by incidental learning: that is considered to be a
conditioned response to naturally occurring conditioned stimuli such as
a particular time of the day, called “Zeitgeber” (Ehlers et al., 1988).
Incidental classical conditioning in this case is established naturally
already before the start of the experiment, as for example, increase in
insulin levels in response to a food taste without the food ingestion
(e.g., Berthoud et al., 1981). Instead, in this review we focused on in-
tentional conditioning studies that included acquisition and evocation
phases and established a connection between initially neutral stimulus
and an US. Additionally, the present review did not include glucose
conditioning studies (e.g., Siegel, 1972; Woods, 1976) even though
conditioned changes in glucose levels might indicate conditioned in-
sulin response. This link between conditioned insulin and glucose re-
sponses not always seem to exist, as for example, Stockhorst et al.
(1999) found a conditioned glucose decrease during conditioning with
intravenous insulin but no conditioned changes in insulin levels. As it is
not possible to prove that conditioned changes in glucose are triggered
by conditioned insulin response, studies that measured only glucose –
and therefore no hormonal outcomes – were not included in this re-
view.

This review shows promising results for applying mechanisms of
classical conditioning in clinical practice. For instance, it was demon-
strated that cortisol levels can be increased (Sabbioni et al., 1997) using
the classical conditioning procedures. Administration of cortisone (a
prodrug of cortisol) can have fear-reducing effects in phobic patients
(Soravia et al., 2006) and might prevent the occurrence or reduce the
severity of post-traumatic stress disorder after a traumatic event (Amos
et al., 2014). Therefore, speculatively, using the classical conditioning
procedure to elicit endogenous cortisol release might be beneficial for
these groups of patients. Another clinically relevant example could be
applying classical conditioning of insulin responses as demonstrated by
Stockhorst et al (2011) in healthy control subjects to patients with
diabetes type-2 who suffer from dysfunctional insulin system and
heightened glucose levels.

Also, placebo-controlled dose reduction is based on the principles of
classical conditioning (Rief et al., 2011). It was demonstrated that
placebo-controlled dose reduction can be as efficient as full treatment
for ADHD and psoriasis (Ader et al., 2010; Sandler et al., 2010). Al-
though these two studies did not measure endocrine parameters and the
mechanisms of the symptoms reduction remain therefore unclear, it
might be possible that the classical conditioning procedure triggered
endocrine changes that lead to the reduction of symptoms.

Finally, unwanted side effects of medications, nocebo effects, can be
triggered by classically conditioned endocrine and other pharmacolo-
gical responses (Benedetti et al., 2003). For example, Hall et al. (2016)
showed that nausea as well as cortisol release can be simultaneously
classically conditioned and that there effects can be diminished using
overshadowing (presentation of a salient additional cue at the time of
conditioning). This principle could be applied to other unwanted side
effects, for example, nausea caused by chemotherapy in cancer patients,
that has been proposed to be triggered by classical conditioning and
shown to be related to heightened cortisol levels (Stockhorst et al.,
1998). Presenting a salient cue such as a distinctive drink along with
chemotherapy, might decrease the conditioned nausea and cortisol le-
vels. It would be also worthwhile for future studies to look into possi-
bilities of using overshadowing for the modification of other endocrine
conditioned responses.

Overall, despite the heterogeneity of the described studies, this
systematic review delivers supportive evidence that endocrine levels
can be influenced by classical conditioning mechanisms, at least for
certain endocrine parameters (e.g., insulin and cortisol) in animal stu-
dies and to a lesser extent in human studies. Nevertheless, to be able to
use classical conditioning in clinical practice, several concrete questions
still have to be answered by future research. First, it is important to
investigate if all hormones can be influenced by conditioning and how

Fig. 2. (continued)
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Fig. 3. Risk of bias for human studies. Risk of bias is presented as a percentage across all included studies and for each separate study.
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conditioned hormone responses generalize to the other hormonal and
immune parameters. Second, more insight is needed in the extinction of
the conditioned hormonal responses and the optimal way to reinforce
them. Moreover, individual differences and possible predictors of en-
docrine responses remain underexplored. Finally, more knowledge is
needed about how the conditioned responses influence various health
outcomes and behavior. It is important that laboratory studies focus on
investigating classical conditioning phenomena in various hormonal
systems and use controlled designs of high methodological quality.
Clinical trials may further explore the possibilities of applying the
conditioning paradigms in clinical settings for dose reductions, en-
hancements of treatment favorable endocrine parameters, and reduc-
tion of unfavorable conditioned endocrine responses.
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