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Elektrosensibilität –  
reale Symptome, unklare Ursachen

'LH�(OHNWURVHQVLELOLWlW��(+6��LVW�HLQ�KlX¿J�XQG�LQWHQVLY�GLVNXWLHUWHV�7KHPD�LP�=XVDPPHQ-
hang mit elektromagnetischer Strahlung. Elektrosensible Menschen leiden an sog. unspe-
]L¿VFKHQ� 6\PSWRPHQ� ZLH� 0�GLJNHLW�� .RSIZHK�� 8QZRKOVHLQ�� .RQ]HQWUDWLRQVVFKZlFKHQ��
Schlafstörungen etc. Als Ursache dieser Symptome machen sie elektromagnetische Feld-
er (EMF) verantwortlich, sowohl niederfrequente Felder von Stromanwendungen als auch 
hochfrequente Strahlung von Funkdiensten. EHS ist keine anerkannte ärztliche Diagnose, 
sondern eine Selbstdiagnose von Betroffenen.

Aus medizinischer Sicht wäre es hilfreich, wenn EMF als Ursache nachgewiesen oder aus-
geschlossen werden könnte, um therapeutische Massnahmen gezielt zu verschreiben. Ein 
Blick in die Forschung zeigt, dass es bislang nicht gelungen ist, einen kausalen Zusammen-
hang zwischen elektromagnetischen Feldern und EHS zu belegen.

Am Science Brunch wird EHS aus einer ärztlichen Sicht charakterisiert, der Stand der 
)RUVFKXQJ�]XVDPPHQJHIDVVW��XQG� LP�.RQWH[W�YRQ�3ODFHER�XQG�HYLGHQ]EDVLHUWHU�0HGL]LQ� 
diskutiert.
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Abstract
Background: Placebo interventions can have meaningful effects for patients. However, little is
known about the circumstances of their use in clinical practice. We aimed to investigate to what
extent and in which way Swiss primary care providers use placebo interventions. Furthermore we
explored their ideas about the ethical and legal issues involved.

Methods: 599 questionnaires were sent to general practitioners (GPs) and paediatricians in
private practice in the Canton of Zurich in Switzerland. To allow for subgroup analysis GPs in
urban, suburban, and rural areas as well as paediatricians were selected in an even ratio.

Results: 233 questionnaires were completed (response rate 47%). 28% of participants reported
that they never used placebo interventions. More participants used impure placebos therapeutically
than pure placebos (57% versus 17%, McNemar's �2 = 78, p < 0.001). There is not one clear main
reason for placebo prescription. Placebo use was communicated to patients mostly as being "a drug
or a therapy" (64%). The most frequently chosen ethical premise was that they "can be used as long
as the physician and the patient work together in partnership" (60% for pure and 75% for impure
placebos, McNemar's �2 = 12, p < 0.001). A considerable number of participants (11–38%) were
indecisive about statements regarding the ethical and legal legitimacy of using placebos.

Conclusion: The data obtained from Swiss primary care providers reflect a broad variety of views
about placebo interventions as well as a widespread uncertainty regarding their legitimacy. Primary
care providers seem to preferentially use impure as compared to pure placebos in their daily
practice. An intense debate is required on appropriate standards regarding the clinical use of
placebo interventions among medical professionals.

Background
Numerous studies demonstrate that placebo interven-
tions can have an influence on outcomes and may benefit
the patient [1-5]. On the other hand, the evidence that
placebo interventions can significantly alter clinical out-
comes has been questioned, and some authors have cau-

tioned against their possible negative effects [6-8]. This
unsettled dispute about the appropriate role of placebo
interventions in clinical settings is reflected by the regula-
tory situation: While the use of placebos in research is
extensively regulated by national and international guide-
lines, their use in clinical practice often occurs in a legal
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Frontal-Brainstem Pathways Mediating Placebo Effects on
Social Rejection

X Leonie Koban,1,2 X Ethan Kross,3 X Choong-Wan Woo,4,5 Luka Ruzic,1,2 and X Tor D. Wager1,2

1Institute of Cognitive Science and 2Department of Psychology and Neuroscience, University of Colorado, Boulder, Colorado 80309, 3Department of
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Placebo treatments can strongly affect clinical outcomes, but research on how they shape other life experiences and emotional well-being
is in its infancy. We used fMRI in humans to examine placebo effects on a particularly impactful life experience, social pain elicited by a
recent romantic rejection. We compared these effects with placebo effects on physical (heat) pain, which are thought to depend on
pathways connecting prefrontal cortex and periaqueductal gray (PAG). Placebo treatment, compared with control, reduced both social
and physical pain, and increased activity in the dorsolateral prefrontal cortex (dlPFC) in both modalities. Placebo further altered the
relationship between affect and both dlPFC and PAG activity during social pain, and effects on behavior were mediated by a pathway
connecting dlPFC to the PAG, building on recent work implicating opioidergic PAG activity in the regulation of social pain. These findings
suggest that placebo treatments reduce emotional distress by altering affective representations in frontal-brainstem systems.

Key words: emotion regulation; nociception; opioid; placebo; resilience; social

Introduction
Placebo effects are improvements in symptoms caused by treat-
ment cues, expectations, and the psychosocial context in which
treatment takes place. Placebo effects are especially important in
the treatment of pain and depression, although their effects ex-
tend to a large number of other conditions as well (Kirsch and
Sapirstein, 1998; Benedetti, 2008; Weimer et al., 2015). Placebo
effects tap into endogenous brain processes that promote healing;
thus, understanding them can help us understand the central
mechanisms by which therapies may work across disorders (Price

et al., 2008; Wager and Fields, 2013). Yet, although placebo effects
on physical pain have been relatively well studied, they have sel-
dom been compared with placebo effects on other affective pro-
cesses and clinical disorders.

A literature on the neurophysiological mechanisms of placebo
effects on affective states is emerging, with recent studies on depres-
sion (Leuchter et al., 2002; Mayberg et al., 2002; Peciña et al., 2015),
negative emotion (Petrovic et al., 2005; Schienle et al., 2014; Meyer et
al., 2015), and pleasure and value (Plassmann et al., 2008; Ellingsen
et al., 2013). This literature suggests potential common mechanisms
across disorders, based on placebo-induced reductions in stress and
negative affect, and engagement in positive appraisal (Flaten et al.,
2011; Wager and Atlas, 2015). Recent findings suggest transfer
from placebo effects on pain to reductions in negative emotional
states (Zhang and Luo, 2009; Rütgen et al., 2015). Yet, placebo
effects on many of the affective processes central to the develop-
ment of psychopathology have not been studied. Among these,
the “pain” of social rejection is particularly important and among
the most aversive events humans experience. It is long-lasting
(Chen et al., 2008) and associated with depression, substance use,
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Significance Statement

Placebo effects are improvements due to expectations and the socio-medical context in which treatment takes place. Whereas they
have been extensively studied in the context of somatic conditions such as pain, much less is known of how treatment expectations
shape the emotional experience of other important stressors and life events. Here, we use brain imaging to show that placebo
treatment reduces the painful feelings associated with a recent romantic rejection by recruiting a prefrontal-brainstem network
and by shifting the relationship between brain activity and affect. Our findings suggest that this brain network may be important
for nonspecific treatment effects across a wide range of therapeutic approaches and mental health conditions.
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increased stress-induced inflammation,
and other negative health outcomes
(Eisenberger and Cole, 2012; Murphy et
al., 2015). Individuals who experience a
targeted romantic rejection are 20 times
more likely to develop depression than the
general population (Slavich et al., 2010).
Rejection may also be particularly amena-
ble to interventions that target appraisal
processes (Kross et al., 2007), making it an
important process to study at the brain
and psychological levels. The present
study compared the brain mechanisms of
placebo effects on social rejection-related
distress (“social pain”) with those on heat
pain (placebo analgesia).

Neuroimaging studies of placebo effects
on physical pain suggest that activation of
prefrontal areas, including dorsolateral
(dlPFC), rostral anterior cingulate cortex
(rACC), orbitofrontal (OFC), and ventro-
medial prefrontal cortex (vmPFC), influ-
ences pain by activating descending pain
regulatory pathways in the brainstem, espe-
cially opioidergic mechanisms in the periaq-
ueductal gray (PAG) (Vogt et al., 1993;
Benedetti et al., 1999; Petrovic et al., 2002;
Bingel et al., 2007; Wager et al., 2007; Scott et
al., 2008; Eippert et al., 2009; Wager and At-
las, 2015). Prefrontal-PAG pathways are im-
portant in animal models of pain control as
well. PAG pathways mediate multiple types
of behavioral context effect on pain (Fields
et al., 2006), and prefrontal stimulation in
rats evokes PAG- and opioid-mediated an-
algesia (Zhang et al., 1997).

Effects of placebo treatment on social
rejection-related pain have not been stud-
ied, and no studies have directly com-
pared them with placebo effects on physical pain, although
previous work has implicated the opioid system in social pain
(Panksepp et al., 1980; Way et al., 2009). A recent PET study (Hsu
et al., 2013) suggests that increased opioidergic activation of lim-
bic and brainstem areas during social rejection is associated with
resilience, implying opioid involvement in the endogenous reg-
ulation of rejection and other negative emotions (Zubieta et al.,
2003; Ribeiro et al., 2005).

We therefore hypothesized that the PAG might be recruited by
frontal regions that represent placebo-induced beliefs and expec-
tations, especially the dlPFC and the vmPFC/OFC/rACC (Fig.
1A). We predicted that activation of these prefrontal and brains-
tem regions would mediate placebo responses to social and phys-
ical pain.

Materials and Methods
Participants
Forty right-handed participants (19 male, 21 female, mean age 20.8
years, range 18 –28 years) who experienced an unwanted breakup of
their romantic relationship within the past 6 months (mean ! 2.74
months, SD ! 1.7 months) were recruited for the experiment (base-
line data reported in Kross et al., 2011). All participants were screened
for neurological and psychiatric illnesses, psychoactive medication,
and MRI exclusion criteria. Experimental groups (Placebo vs Con-
trol) were matched with respect to demographic variables, clinical

questionnaire scores, and characteristics of the romantic relationship
and breakup. Twenty additional participants were tested at a later
time point and assigned to a distancing manipulation after baseline.
Because of potential cohort effects, and to focus on placebo effects
only, data from this additional group (Woo et al., 2014) are not
reported here. All participants gave written informed consent and
were paid for their time. The study was approved by the Institutional
Review Board of Columbia University.

Procedures
Task design. All participants performed multiple separate runs that con-
tained eight trials of either a social rejection task or a heat pain task (Fig.
1B), presented in counterbalanced order (Kross et al., 2011). Each trial in
the social rejection task started with the presentation of a fixation cross
for 7 s. Then participants were presented with a photo of their ex-partner
or a friend (15 s) and subsequently had to rate (5 s) how they felt using a
5 point scale (from 1 ! very bad to 5 ! very good). Trials were separated
by short epochs of a visuospatial control task to prevent carryover effects
(Kross et al., 2011). The heat pain task had a parallel design, with either
painful or nonpainful thermal stimulation administered to the left volar
forearm for 15 s, again followed by the participants’ affect rating and the
visuospatial control task. Affect, rather than pain intensity, was rated in
both modalities to make them more comparable with each other. Past
placebo studies have identified placebo effects on intensity, affect, or
both, but they are often highly correlated under normative conditions
(r " 0.9) (Wager et al., 2004).

Figure 1. Study overview. A, Hypothetical and simplified brain network mediating placebo effects on affective states, adapted
from current models of placebo effects on somatic pain. Placebo analgesia in somatic pain is mediated at least partially by the
opioidergic descending pain modulatory system. dlPFC may represent treatment context and expectations, thereby modulating
value and appraisal processes in vmPFC, which in turn recruits brainstem regions, such as the PAG, to regulate bodily and brain
responses to emotional events. Bottom row represents the extent of corresponding ROIs used for the main fMRI analysis. B, Ex-
perimental task design. Participants performed the social rejection and heat pain tasks in separate runs (counterbalanced order)
before (Pre) and after (Post) a Placebo or Control intervention. Each trial started with the presentation of a fixation cross, followed
by 15 s presentation of a picture of the Ex-Partner or a Friend, together with a short prompt that reminded participants to relive the
emotions associated with the respective event. They then had to rate how they felt on a 1–5 Likert scale (1 ! very bad; 5 ! very
good). The visuospatial control task between trials served to reduce washover effects to the next trial. The heat pain task had a
parallel trial structure, but instead of the pictures, included a 15 s painful (Heat) or nonpainful (Warm) thermal stimulation.
C, Behavioral results demonstrate a strong placebo effect on “social pain” and a moderate placebo effect on heat pain. Participants
in the Placebo group experienced a greater improvement in affect than participants in the Control group. D, To investigate the brain
mechanisms underlying these behavioral placebo effects, we used a multilevel mediation approach, with Postintervention versus
Preintervention as a predictor, single-trial brain activity as mediator, and affect ratings as an outcome. Group (Placebo vs Control)
was included as a second-level moderator, to investigate placebo-induced changes specifically.
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Placebos are valuable for clinical science in at least two ways. First, they help to scrutinize speci!c e"ects of 
medical interventions in the so-called gold standard of clinical investigation, i.e. randomized placebo-controlled 
trials1. Next, genuine placebo research helps to elucidate placebos’ true e"ects and mechanisms of treatment com-
ponents caused by anything other than the active verum, which in turn can be clinically harnessed2,3.

In general, placebos are thought to mimic their active counterparts up to the point of indistinguishability, 
thus controlling for anything but the purposely active ingredient. But whereas placebos in the context of medical 
interventions, i.e. the classical ‘sugar pill’ provided with a biomedical treatment rationale “#is is a potent pain 
killer, which will reduce in$ammation and thus pain”, are extensively tried and tested, placebos provided with a 
psychological treatment rationale, such as “Working through your con$ict will reduce your pain”, have received 
considerably less empirical scrutiny. Of course, so-called ‘placebo control conditions’, ‘attention controls’, ‘active 
controls’ or ‘non-directive controls’ are commonly used in trials testing psychological interventions, but have 
been found to be ripe with conceptual as well as pragmatic problems4. Accordingly, this led to varying esti-
mates of speci!city relative to the operationalization of the placebo condition and researchers’ allegiance1,5–8. 
Placebo conditions in trials of psychological interventions are not only structurally di"erent and thus clearly 
distinguishable from its assumed verum comparator, but they o%en also lack components which are clearly not 
speci!c to psychological interventions, such as talking about emotional problems. For example, in a clinical trial 
of cognitive behavior therapy for depressed elderly patients, therapists in the control condition were instructed 
to discuss ‘neutral topics such as hobbies, sports, and current a"airs. (…)’ with ‘little focus on emotional issues.’ 
(cited from9). Accordingly, the validity of placebos in clinical research on psychological interventions has been 
questioned10 as the main prerequisite for placebo-controlled trials – single or preferable double blinding – is not 
applicable, ridiculing the goal of the attempt.

ͷDivision of Clinical Psychology and Psychotherapy, Department of Psychology, University of Basel, Basel, Switzerland. 
Department of Anesthesiology, Critical Care, and Pain Medicine, Boston Children’s Hospital, Harvard Medical School, 
Boston, USA. Division of Clinical Psychology and Psychotherapy, Institute of Psychology, University of Zürich, Zürich, 
Switzerland. Correspondence and requests for materials should be addressed to J.G. (email: jens.gaab@unibas.ch)
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Placebos are valuable for clinical science in at least two ways. First, they help to scrutinize speci!c e"ects of 
medical interventions in the so-called gold standard of clinical investigation, i.e. randomized placebo-controlled 
trials1. Next, genuine placebo research helps to elucidate placebos’ true e"ects and mechanisms of treatment com-
ponents caused by anything other than the active verum, which in turn can be clinically harnessed2,3.

In general, placebos are thought to mimic their active counterparts up to the point of indistinguishability, 
thus controlling for anything but the purposely active ingredient. But whereas placebos in the context of medical 
interventions, i.e. the classical ‘sugar pill’ provided with a biomedical treatment rationale “#is is a potent pain 
killer, which will reduce in$ammation and thus pain”, are extensively tried and tested, placebos provided with a 
psychological treatment rationale, such as “Working through your con$ict will reduce your pain”, have received 
considerably less empirical scrutiny. Of course, so-called ‘placebo control conditions’, ‘attention controls’, ‘active 
controls’ or ‘non-directive controls’ are commonly used in trials testing psychological interventions, but have 
been found to be ripe with conceptual as well as pragmatic problems4. Accordingly, this led to varying esti-
mates of speci!city relative to the operationalization of the placebo condition and researchers’ allegiance1,5–8. 
Placebo conditions in trials of psychological interventions are not only structurally di"erent and thus clearly 
distinguishable from its assumed verum comparator, but they o%en also lack components which are clearly not 
speci!c to psychological interventions, such as talking about emotional problems. For example, in a clinical trial 
of cognitive behavior therapy for depressed elderly patients, therapists in the control condition were instructed 
to discuss ‘neutral topics such as hobbies, sports, and current a"airs. (…)’ with ‘little focus on emotional issues.’ 
(cited from9). Accordingly, the validity of placebos in clinical research on psychological interventions has been 
questioned10 as the main prerequisite for placebo-controlled trials – single or preferable double blinding – is not 
applicable, ridiculing the goal of the attempt.
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Placebos are valuable for clinical science in at least two ways. First, they help to scrutinize speci!c e"ects of 
medical interventions in the so-called gold standard of clinical investigation, i.e. randomized placebo-controlled 
trials1. Next, genuine placebo research helps to elucidate placebos’ true e"ects and mechanisms of treatment com-
ponents caused by anything other than the active verum, which in turn can be clinically harnessed2,3.

In general, placebos are thought to mimic their active counterparts up to the point of indistinguishability, 
thus controlling for anything but the purposely active ingredient. But whereas placebos in the context of medical 
interventions, i.e. the classical ‘sugar pill’ provided with a biomedical treatment rationale “#is is a potent pain 
killer, which will reduce in$ammation and thus pain”, are extensively tried and tested, placebos provided with a 
psychological treatment rationale, such as “Working through your con$ict will reduce your pain”, have received 
considerably less empirical scrutiny. Of course, so-called ‘placebo control conditions’, ‘attention controls’, ‘active 
controls’ or ‘non-directive controls’ are commonly used in trials testing psychological interventions, but have 
been found to be ripe with conceptual as well as pragmatic problems4. Accordingly, this led to varying esti-
mates of speci!city relative to the operationalization of the placebo condition and researchers’ allegiance1,5–8. 
Placebo conditions in trials of psychological interventions are not only structurally di"erent and thus clearly 
distinguishable from its assumed verum comparator, but they o%en also lack components which are clearly not 
speci!c to psychological interventions, such as talking about emotional problems. For example, in a clinical trial 
of cognitive behavior therapy for depressed elderly patients, therapists in the control condition were instructed 
to discuss ‘neutral topics such as hobbies, sports, and current a"airs. (…)’ with ‘little focus on emotional issues.’ 
(cited from9). Accordingly, the validity of placebos in clinical research on psychological interventions has been 
questioned10 as the main prerequisite for placebo-controlled trials – single or preferable double blinding – is not 
applicable, ridiculing the goal of the attempt.
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Figure 1. Change scores in MDBF subscale and short- and medium-term change scores PSS score between 
groups in the green dot- (top), green !ux- (middle) and green morph-experiment (bottom). To allow 
comparability with the results of the green dot-experiment, di"erences scores in the green !ux- and green 
morph-experiments were inversed, thus positive di"erences scores indicate reductions in perceived stress. Bars 
represent mean values and error bars represent standard error of mean.

Experiment Condition
Perceived 
Empathy

Perceived 
Plausibility

Green dot
Placebo only 8.8 (0.2) 6.8 (0.4)
Placebo plus 9.5 (0.2) 6.8 (0.4)

Green !ux
Placebo only 8.8 (0.2) 6.8 (0.3
Placebo plus 9.5 (0.2) 6.7 (0.4)

Green morph
Control plus 6.8 (0.5) 5.3 (0.5)
Placebo only 6.0 (0.5) 5.6 (0.5)
Placebo plus 6.9 (0.5) 5.5 (0.5)

Table 1. Perceived empathy and plausibility in all experiments (mean (standard error of mean)).

Gaab et al. 2019 Scientific Reports

Placebo

Placeboeffekte ohne Placebo. Open/hidden adminstration.

7

aus: Colloca 2004 Lancet Neurol

For personal use. Only reproduce with permission from Elsevier Ltd

680

drug administration is hidden, participants believe that
nothing is being given. For example, postoperative patients
are told that they could receive either a painkiller or nothing
depending on their postoperative state and that they will not
necessarily be informed when any analgesic treatment will be
started. In this way, patients do not know if or when the
treatment will be given. This is what happens sometimes in
routine clinical practice; patients agree to receive a painkiller
but they do not know when the infusion machine will start

delivering the drug. The patients with
Parkinson’s disease who come to our
department, at various times after
surgical implantation of chronic
electrodes, for checks of the
stimulation variables provide another
example. They give full, informed
consent to manipulation of stimulus
intensity, but are not necessarily told
the type of stimulus intensity
manipulation (an increase or decrease)
and when it is done.

One approach is an unknown time
sequence of drug administration. The
patients give informed consent for the
administration of a medical procedure
but they do not know when it will be
given. For example, the patient is in a
bed with an intravenous line attached
to a preprogrammed infusion machine
and the drug can be delivered at the
first, fourth, or tenth hour without the
patient’s knowledge. If the drug is
really effective, symptom reduction
should be temporally correlated with
drug administration. We also use this
approach for hidden interruptions of
drugs. The patients know that the
medical procedure will be stopped but
they do not know when.

Open versus hidden injections
of analgesic and antianxiety
drugs
In the 1980s and 1990s, some studies
were done in which analgesic drugs
were delivered by machines through
hidden infusions.8–11 Infusion of a drug
can be hidden by use of a computer-
controlled infusion pump that is
preprogrammed to deliver the drug at
the desired time. Importantly, the
patient does not know that any drug is
being injected. This hidden procedure
is done easily in the postoperative
phase; the computer-controlled
infusion pump delivers the painkiller
automatically, without any doctor or
nurse in the room, and with the patient
completely unaware that an analgesic

treatment has been started. Levine and colleagues8 and
Levine and Gordon10 found that, for postoperative pain after
extraction of the third molar, telling the patients that a
painkiller is being injected and actually giving a saline
solution is as potent as a 6–8 mg dose of morphine. The
researchers concluded that an open injection of morphine,
which represents usual medical practice, is more effective
than a hidden one because in the latter the placebo
component is absent.

Personal view Overt versus covert treatment

Neurology Vol 3  November 2004    http://neurology.thelancet.com
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Figure 2. Top: Open versus hidden administration of morphine treatment (10 mg) for postoperative
pain. The broken line indicates time of injection. Whereas the open group knew when they received
their morphine, the hidden group did not know when morphine was given. Note the slower decrease
in pain intensity in the hidden group compared with the open one, suggesting that most of the initial
benefit in the open group is attributable to a placebo effect. Bottom: Open versus hidden
interruption of a morphine treatment. The broken line shows the time of morphine interruption. Note
the early relapse of pain in the open group but not in the hidden one. NRS=numerical rating scale.
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The recent introduction of covert administration of
treatment to biomedical research has produced some
interesting results, with many clinical and ethical
implications. Concealed treatment has been used in
people with nervous system conditions including pain,
anxiety, and Parkinson’s disease. The main finding is that
when the patient is completely unaware that a treatment is
being given, the treatment is less effective than when it is
given overtly in accordance with routine medical practice.
The difference between open and hidden administrations
is thought to represent the placebo component of the
treatment, even though no placebo has been given. The
decreased effectiveness of hidden treatments indicates
that knowledge about a treatment affects outcome and
highlights the importance of the patient–provider
interaction. In addition, by use of covert administration,
the efficacy of some treatments can be assessed without
the use of a placebo and associated ethical issues.

Lancet Neurol 2004; 3: 679–84

Benefits of standard medical treatments have two
components, the specific effects of the treatment itself and the
perception that the therapy is being given (figure 1). The latter
is better known as the placebo, or non-specific, effect. In order
to study the placebo component of a treatment and to
eliminate the specific effects of the treatment, a dummy
treatment (the placebo) is administered. This approach is
common in clinical trials and has also shown the underlying
biological mechanisms of the placebo effect in disorders like
Parkinson’s disease1,2 and pain.3–5

A radically different approach to the analysis of placebo
effects has been implemented, in which placebo effects are
assessed without placebo groups.6,7 In this experimental
approach, the placebo component is eliminated and the
specific effects of the treatment are maintained (figure 1). In
order to eliminate the placebo component, patients must not
be aware that a treatment is being given. The difference
between outcomes on hidden treatment and on open
treatment is the placebo component.

All of the studies done with the covert closing method
were on disorders that involve the nervous system, such as
pain, anxiety, and Parkinson’s disease. We review the
therapeutic outcomes of treatments given covertly and discuss
the implications of this treatment method.

Informed consent
Informed consent is an important issue in open versus
hidden treatment methods. Different approaches are used to

obtain full, informed consent and there is no general rule.
Most study participants are told that they could receive
either an active drug, a placebo, or nothing, thus giving their
informed consent to receive different treatments. When

Personal viewOvert versus covert treatment

LC, LL, ML, and FB are at the University of Turin Medical School,
Turin, Italy.

Correspondence: Prof Fabrizio Benedetti, Dipartimento di
Neuroscienze, Università di Torino, Corso Raffaello 30, 10125
Torino, Italy. Tel +39 011 670 7709; fax +39 011 670 7708;
email fabrizio.benedetti@unito.it

Overt versus covert treatment for pain, anxiety,
and Parkinson’s disease

Luana Colloca, Leonardo Lopiano, Michele Lanotte, and Fabrizio Benedetti

Neurology Vol 3  November 2004    http://neurology.thelancet.com

Routine medical practice

Treatment simulation with placebo 

Outcome

Active treatment Knowledge about
treatment

Specific effect Non-specific effect

Outcome

Active treatment Knowledge about
treatment

Hidden dose of active treatment

Outcome

Active treatment Knowledge about
treatment

Figure 1. Every treatment in clinical practice has a specific and a non-
specific effect. The non-specific effect comes from the knowledge that a
treatment is being given. The effectiveness of the active treatment can be
assessed either by eliminating its specific effect (placebo study) or by
eliminating the non-specific effects (hidden treatment).
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Placebo effect in antidepressants. Strong and getting stronger…

—-

Has the rising placebo response impacted antidepressant clinical
trial outcome? Data from the US Food and Drug
Administration 1987-2013

Arif Khan1,2, Kaysee Fahl Mar1, Jim Faucett1, Shirin Khan Schilling1,3, Walter A. Brown4

1Northwest Clinical Research Center, Bellevue, WA, USA; 2Department of Psychiatry, Duke University School of Medicine, Durham, NC, USA; 3Department of Psychiatry, Uni-
versity of Connecticut, Hartford, CT, USA; 4Department of Psychiatry and Human Behavior, Brown University, Providence, RI, USA

More than fifteen years ago, it was noted that the failure rate of antidepressant clinical trials was high, and such negative outcomes were
thought to be related to the increasing magnitude of placebo response. However, there is considerable debate regarding this phenomenon and
its relationship to outcomes in more recent antidepressant clinical trials. To investigate this, we accessed the US Food and Drug Administra-
tion (FDA) reviews for sixteen antidepressants (85 trials, 115 trial arms, 23,109 patients) approved between 1987 and 2013. We calculated the
magnitude of placebo and antidepressant responses, antidepressant-placebo differences, as well as the effect sizes and success rates, and com-
pared these measures over time. Exploratory analysis investigated potential changes in trial design and conduct over time. As expected, the
magnitude of placebo response has steadily grown in the past 30 years, increasing since 2000 by 6.4% (r50.46, p<0.001). Contrary to expecta-
tions, a similar increase has occurred in the magnitude of antidepressant response (6.0%, r50.37, p<0.001). Thus, the effect sizes (0.30 vs. 0.29,
p50.42) and the magnitude of antidepressant-placebo differences (10.5% vs. 10.3%, p50.37) have remained statistically equivalent. Further-
more, the frequency of positive trial arms has gone up in the past 15 years (from 47.8% to 63.8%), but this difference in frequency has not
reached statistical significance. Trial design features that were previously associated with a possible lower magnitude of placebo response were
not implemented, and their relationship to the magnitude of placebo response could not be replicated. Of the 34 recent trials, two imple-
mented enhanced interview techniques, but both of them were unsuccessful. The results of this study suggest that the relationship between the
magnitude of placebo response and the outcome of antidepressant clinical trials is weak at best. These data further indicate that anti-
depressant-placebo differences are about the same for all of the sixteen antidepressants approved by the FDA in the past thirty years.

Key words: Antidepressants, clinical trials, placebo response, antidepressant-placebo difference, effect size, success rate, enhanced inter-
view techniques

(World Psychiatry 2017;16:181–192)

Fifteen years following the advent of several new antide-

pressants in the mid-1980s, it became evident that the

“success” rate of antidepressant clinical trials was low; less

than 50% of trials demonstrated statistical superiority for anti-

depressants over placebo1,2. Following Walsh et al’s finding3 of

a rising placebo response, it was assumed that the clinical trial

failure rate was related to this phenomenon4.

Investigators have attempted to determine if the increasing

placebo response in antidepressant clinical trials observed by

Walsh et al3 continues to this day. Meta-analytic reviews of

antidepressant clinical trials5,6, or psychotropic trials in general7,

as well as patient-level data in trials for major depression8

have converged in showing that the placebo response has con-

tinued to grow over the past 15 years. Furthermore, Khin et al9

conducted an internal review for the US Food and Drug

Administration (FDA), which seemed to confirm that the mag-

nitude of placebo response was continuing to increase.

Although this group of investigators had access to specific

data, they did not identify the antidepressant trials that they

reviewed.

One discordant voice is a study published by Furukawa

et al10, which contradicts the observation of an increase in pla-

cebo response rate in more recent trials. These investigators

conducted a review of 252 depression studies, examining the

rate of therapeutic response to placebo using various depen-

dent measures. They surmised that the proportion of placebo

responders, defined as patients with 50% or greater reduction

in depressive symptoms, had remained the same after 1991.

However, no mechanism was offered to explain this shift from

a growing placebo response to a steady one11, nor did the

authors evaluate the effect of such a phenomenon on the out-

come of antidepressant clinical trials.

Concern over the impact of increasing placebo response on

antidepressant clinical trials has fueled a line of inquiry look-

ing for variables predicting higher rates of placebo response,

based on post-hoc analyses12,13. Several hypotheses, such as

the idea that more severely depressed patients might be rela-

tively non-responsive to placebo, have been proposed on the

basis of associative observations from these analyses14,15. How-

ever, prospectively selecting more severely depressed patients

for antidepressant clinical trials has neither resulted in a reduc-

tion in magnitude of the placebo response nor in enhanced

antidepressant-placebo differences16.

Research has illuminated other possible variables, such as

the flexible dosing of the investigational antidepressant, poten-

tially showing a relationship to reduction of placebo response17.

This flexible dosing schedule has been suggested for use in anti-

depressant clinical trials but, as of now, not fully implemented.

Furthermore, retrospective analysis of earlier trials has found

that placebo response is higher in trials of longer duration18

compared to shorter ones, although this phenomenon has not

been tested prospectively.
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the arthroscopic procedures have a small but clinically important
benefit.
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RESULTS

 

A total of 180 patients underwent randomization;
60 were assigned to the placebo group, 61 to the la-
vage group, and 59 to the débridement group. Base-
line characteristics were similar in the three study
groups (Table 1).

At no point did either arthroscopic-intervention
group have greater pain relief than the placebo group
(Fig. 1, Table 2, and Supplementary Appendix 2). For
example, there was no difference in knee pain between
the placebo group and either the lavage group or the
débridement group at one year (mean [±SD] KSPS
scores, 48.9±21.9, 54.8±19.8, and 51.7±22.4, re-
spectively; P=0.14 for the comparison with the la-
vage group, and P=0.51 for the comparison with
the débridement group) or at two years (mean KSPS
scores, 51.6±23.7, 53.7±23.7, and 51.4±23.2, re-
spectively; P=0.64 and P=0.96, respectively). Sim-
ilarly, there was no significant difference in arthritis
pain between the placebo group and the lavage
group or the débridement group at one or two years
(Table 2).

Furthermore, at no time point did either arthro-
scopic-intervention group have significantly greater
improvement in function than the placebo group
(Fig. 2, Table 3, and Supplementary Appendix 2). For
example, there was no significant difference between
the placebo group and either the lavage group or the
débridement group in the self-reported ability to
walk and bend at one year (mean AIMS2-WB scores,
49.4±25.5, 49.6±29.1, and 56.4±28.4, respectively;
P=0.98 for the comparison with the lavage group,
and P=0.19 for the comparison with the débride-
ment group) or at two years (mean AIMS2-WB score,
53.8±27.5, 51.1±28.3, and 56.4±29.4, respectively;
P=0.61 and P=0.64, respectively). Indeed, objective-
ly measured walking and stair climbing were poorer in
the débridement group than in the placebo group at
two weeks (mean PFS score, 56.0±21.8 vs. 48.3±
13.4; P=0.02) and one year (mean PFS score, 52.5±
20.3 vs. 45.6±10.2; P=0.04) and showed a trend to-
ward worse functioning at two years (mean PFS score,
52.6±16.4 vs. 47.7±12.0; P=0.11) (Table 3).

Lacking evidence of the superiority of the arthro-
scopic treatments over the placebo procedure in re-
lieving pain or improving function, we considered
whether the 95 percent confidence intervals for the

 

Figure 1.

 

 Mean Values (and 95 Percent Confidence Intervals) on the Knee-Specific Pain Scale.
Assessments were made before the procedure and 2 weeks, 6 weeks, 3 months, 6 months, 12 months, 18 months, and
24 months after the procedure. Higher scores indicate more severe pain.
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Analgesia
Pain relief, which can be 
caused by many factors, 
including medical treatments 
(for example, opioid analgesia), 
features of the treatment 
context (placebo analgesia) 
and affective states (for 
example, stress-induced 
analgesia).

Nociceptive
Receiving input from stimuli 
that can cause damage to 
tissues.

of placebo effects. Over the past 12 years, nearly 40 PET 
and fMRI studies of placebo effects on pain have pro-
vided an emerging picture of the brain systems that are 
involved in placebo analgesia and hyperalgesia (FIG. 3; see 
Supplementary information S2 (box)). These are accom-
panied by a small but growing literature on the effects 
of placebo on emotion80–84, PD44,45,85 and depression86,87, 
which provides converging evidence on the functions of 
the brain systems affected by placebo.

There are three major aims of these studies. One aim 
is to provide direct measures of the brain processes that 
give rise to pain and other clinical symptoms, providing 
objective targets for studies of placebo effects and other 
interventions. The second aim is to identify the func-
tional systems that are engaged by placebo treatments 
and thus provide information on the mechanisms by 
which context can influence health and well-being. The 
third aim is to identify the factors that differentiate pla-
cebo responders from non-responders — or, equivalently, 
identify brain features that predict the magnitude of an 
individual’s placebo response.

Placebos reduce pain-related brain responses. Among 
the processes that show substantial placebo effects, pain 
is particularly amenable to study, because of its broad 
clinical relevance, experimental tractability and well-
studied neural circuits and mechanisms. Established 
‘pain-processing’ systems, which receive direct or indi-
rect input from spinal nociceptive pathways (BOX 1) and 
encode the intensity of painful stimulation88, provide 
pain-related targets for tests of placebo interventions. 
These targets include the medial thalamus, the primary 
somatosensory cortex (S1) and the secondary soma-
tosensory cortex (S2), as well as the dorsal posterior 
insula (dpINS), the mid- and anterior insula (aINS) and 
the dorsal anterior cingulate cortex (dACC) (FIG. 3).

Placebo treatments can reduce pain-related activity 
in all of these regions, with the most consistent effects 
occurring in the dACC53,61,89–95, the thalamus90,94,96 and 
the aINS53,61,90,97,98 (FIG. 3). In many of these studies, large 
placebo analgesic responses were correlated with large 
decreases in brain responses to noxious stimulation in 
specific regions (the dACC53,90,94, the thalamus53,61,99–101 and 

Figure 3 | The neurophysiology of placebo analgesia. a | An overview 
of the brain regions involved in the placebo effects on pain and their 
potential functions in this context. The areas shown in blue respond to 
painful stimuli and, on that basis, are expected to show reduced 
responses to pain after placebo treatment. These areas include the 
medial thalamus (mThal), anterior insula (aINS), dorsal anterior cingulate 
cortex (dACC), periaqueductal grey (PAG) and secondary somatosensory 
cortex–dorsal posterior insula (S2–dpINS). Areas shown in red are 
associated with increases in response to placebo treatment (either 
before or during painful stimulation), and activity in these regions is 
thought to be involved with the maintenance of context information and 
the generation of placebo-related expectations and appraisals. They 
include the ventromedial prefrontal cortex (vmPFC), dorsolateral PFC 
(dlPFC), lateral orbitofrontal cortex (lOFC), nucleus accumbens–ventral 
striatum (NAc–VS), PAG and rostroventral medulla (RVM). Some regions, 
including the PAG and dACC, show different effects depending on the 
study and timing relative to painful stimulation. b | Results from 
neuroimaging studies of placebo-induced analgesia. Each point 

represents a finding from an individual study, reported in standard 
Montreal Neurological Institute space (all studies are listed in 
5WRRNGOGPVCT[�KPHQTOCVKQP|5� (box)). Red points show increases in 
activity under placebo versus control treatment (that is, the same cream 
without the belief that it is a painkiller), and blue points identify 
decreases in activity under placebo. These comparisons involved 
randomized assignment to placebo or control conditions, and so they 
can test the causal effects of placebo treatment on brain activity. Some 
studies also examined correlations between the magnitude of placebo 
analgesia and the magnitude of placebo-induced changes in brain 
responses. Orange points identify positive correlations between the 
magnitude of an individual’s activity increases under placebo versus 
control treatment and the magnitude of placebo analgesia. Light blue 
points identify negative correlations. These correlations do not 
necessarily reflect causal effects of placebo on brain activity but can 
provide important information on the nature of the individual differences 
that predispose a person towards showing a larger versus a smaller 
placebo response.

dlPFC: 
goal context; expectancy

S2–dpINS:
somatic pain 
intensity

mThal:
RCKP�CPF�CȭGEV�
integration

aINS:
motivation; 
FGEKUKQP��CȭGEV

lOFC

dACC:
avoidance value

vmPFC:
meaning ‘schema’

NAc–VS:
motivational 
and hedonic 
value

RVM:
spinal control of 
pain and autonomics

PAG:
emotion; regulation 
of pain and autonomics

a b

lOFC

REVIEWS

NATURE REVIEWS | NEUROSCIENCE  VOLUME 16 | JULY 2015 | 407

© 2015 Macmillan Publishers Limited. All rights reserved

Schmerz

Placebo

—-

I would rather know the person who has the disease 
than the disease the person has. Hippocrates

Modern medicine has been very successful at treating 
many forms of disease, particularly those for which the 
physiological mechanisms can be identified and the 
pathology objectively assessed. However, it has proved 
difficult to treat the pain and psychological distress that 
are integral to many diseases1 and to treat related dis-
orders such as depression, chronic pain, anxiety and 
fatigue. Unlike diseases in which the pathology occurs 
primarily in peripheral organs, pain and distress are 
rooted in complex brain functions. They are influenced 
by brain pathology, internal thoughts and brain states, 
and conceptions of the social and environmental context. 
As a result, we lack objective physiological measures for 
disorders that are characterized by pain and distress, and 
a comprehensive understanding of the brain mechanisms 
underlying their generation and regulation.

New inroads are being made through the multi-
disciplinary study of placebo effects — that is, the effects 
of manipulating the informational context surrounding a 
medical treatment. Placebos are drugs, devices or other 
treatments that are physically and pharmacologically 
inert. Placebo interventions do not, by definition, have 
any direct therapeutic effects on the body. However, all 
treatments are delivered in a context that includes social 

and physical cues, verbal suggestions and treatment his-
tory (FIG. 1). This context is actively interpreted by the 
brain and can elicit expectations, memories and emotions, 
which in turn can influence health-related outcomes in 
the brain and body. Placebo effects are thus brain–body 
responses to context information that promote health 
and well-being. When brain responses to context infor-
mation instead promote pain, distress and disease, they 
are termed nocebo effects.

Understanding placebo and nocebo effects is impor-
tant for both clinicians and neuroscientists. Placebo 
responses are substantial across diverse clinical dis-
orders2–4 and, in some cases, are related to objective 
pathology5 and survival6. A large part of the overall 
therapeutic response to drugs7–10, surgery11,12, psycho-
therapy13 and other treatments may be due to the treat-
ment context — and thus mechanisms shared with 
placebo effects — rather than the specific treatment 
itself. Even when attempting to understand the effects 
of drugs or other treatments is the primary goal, con-
sidering placebo effects is crucial, as drug effects occur 
alongside or even interact with internal psychological 
and brain processes7,14–18. In some cases, individuals who 
show the largest drug effects also show the largest pla-
cebo effects19, which is one indicator that some drugs 
and placebos may share mechanisms. If so, obtaining 
reliable drug effects may require establishing a suitable 

Context
The combination of all of the 
elements surrounding a given 
event that can be 
psychologically meaningful, 
including interpersonal 
dynamics, situational features 
owing to a place or location, 
memories, goals for the future 
and internal body or brain 
states.

The neuroscience of placebo effects: 
connecting context, learning  
and health
Tor D. Wager1 and Lauren Y. Atlas2

Abstract | Placebo effects are beneficial effects that are attributable to the brain–mind 
responses to the context in which a treatment is delivered rather than to the specific 
actions of the drug. They are mediated by diverse processes — including learning, 
expectations and social cognition — and can influence various clinical and physiological 
outcomes related to health. Emerging neuroscience evidence implicates multiple brain 
systems and neurochemical mediators, including opioids and dopamine. We present an 
empirical review of the brain systems that are involved in placebo effects, focusing on 
placebo analgesia, and a conceptual framework linking these findings to the mind–brain 
processes that mediate them. This framework suggests that the neuropsychological 
processes that mediate placebo effects may be crucial for a wide array of therapeutic 
approaches, including many drugs.
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Is the rationale more important than deception?
A randomized controlled trial of open-label
placebo analgesia
Cosima Lochera,*, Antje Frey Nascimentoa, Irving Kirschb, Joe Kossowskya,c, Andrea Meyerd, Jens Gaaba

Abstract
Research on open-label placebos questions whether deception is a necessary characteristic of placebo effects. Yet, comparisons
between open-label and deceptive placebos (DPs) are lacking. We therefore assessed effects of open-label placebos and DPs in
comparison with no treatment (NT) with a standardized experimental heat pain paradigm in a randomized controlled trial in healthy
participants. Participants (N5 160)were randomly assigned toNT, open-label placebowithout rationale (OPR-), open-label placebo
with rationale (OPR1), and DP. We conducted baseline and posttreatment measurements of heat pain threshold and tolerance.
Apart from the NT, all groups received an application of a placebo cream. Primary outcomeswere planned comparisons of heat pain
tolerance and the corresponding intensity and unpleasantness ratings. Objective posttreatment pain tolerance did not differ among
groups. However, for subjective heat pain ratings at the posttreatment tolerance level, groups with a rationale (OPR1 and DP)
reported diminished heat pain intensity (t(146) 5 22.15, P 5 0.033, d 5 0.43) and unpleasantness ratings (t(146) 5 22.43, P 5
0.016, d5 0.49) compared with the OPR-group. Interestingly, the OPR1 and the DP groups did not significantly differ in heat pain
intensity (t(146)521.10,P5 0.272) or unpleasantness ratings (t(146)520.05,P5 0.961) at the posttreatment tolerance level. Our
findings reveal that placebos with a plausible rationale are more effective than without a rationale. Even more, open-label placebos
did not significantly differ in their effects from DPs. Therefore, we question the ubiquitously assumed necessity of concealment in
placebo administration.

Keywords: Pain, Open-label placebos, TSA-II, Rationale, Deception, Heat pain paradigm

1. Introduction

A vast body of research corroborates the substantial benefit of
placebos on healthy participants25,67 as well as on certain clinical
conditions,26,33,36,40,49 and for some disorders, placebo effects
are even as effective as active medication.72 Yet, the implemen-
tation of deceptive placebos (DPs) in clinical practice is ethically
unfeasible and incompatible with key principles of openness and
patient autonomy.6 However, recent evidence generally ques-
tions whether deception is indeed a necessary characteristic of

the placebo effect and suggests the possibility of openly
prescribed placebos with full transparency.1,10,31,32,35,48,52,61

Several open-label placebo studies have been conducted with
full disclosure and the provision of a scientific rationale, that is,
explanations of the effects and mechanisms of placebos,31,32,35

and thereby aimed to alter subjective expectation by themeans of
verbal suggestions.53 Open-label placebo administration led to
symptom reduction of irritable bowel syndrome32 and juvenile
attention-deficit hyperactivity disorder61,62 when compared with
no treatment (NT), and 2 further studies underpinned the
effectiveness of open-label placebos compared with treatment
as usual conditions in patients suffering from rhinitis63 and
chronic lowback pain.10 By contrast, a pilot open-label studywith
patients suffering from major depression did not find any
significant improvement compared with a waiting list control
group; yet, a medium effect size for open-label placebos was
reported, exceeding standardized drug–placebo differences
found in antidepressant randomized controlled trials (RCTs).35

Despite these promising results, open-label placebos with full
disclosure have not been directly compared with DP administra-
tion, and they have yet to be studied in an experimental analgesia
paradigm, although pain is the best examined condition in placebo
research3 and a current meta-analysis emphasizes the high
susceptibility of pathological pain to placebo effects.15 We
therefore set out to examine the effects of open-label placebos in
a standardized heat pain experiment23,38,41 with healthy partic-
ipants. We compared open-label placebo administration with
a rationale (OPR1) and without a rationale (OPR2) with DP
administration and an NT. We decided to use heat pain tolerance
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Open-label placebo treatment in chronic low back
pain: a randomized controlled trial
Cláudia Carvalhoa,*, Joaquim Machado Caetanob, Lidia Cunhac, Paula Reboutac, Ted J. Kaptchukd, Irving Kirschd

Abstract
This randomized controlled trial was performed to investigate whether placebo effects in chronic low back pain could be harnessed
ethically by adding open-label placebo (OLP) treatment to treatment as usual (TAU) for 3 weeks. Pain severity was assessed on three
0- to 10-point Numeric Rating Scales, scoring maximum pain, minimum pain, and usual pain, and a composite, primary outcome,
total pain score. Our other primary outcomewas back-related dysfunction, assessed on the Roland–Morris Disability Questionnaire.
In an exploratory follow-up, participants on TAU received placebo pills for 3 additional weeks. We randomized 97 adults reporting
persistent low back pain for more than 3 months’ duration and diagnosed by a board-certified pain specialist. Eighty-three adults
completed the trial. Compared to TAU, OLP elicited greater pain reduction on each of the three 0- to 10-point Numeric Rating Scales
and on the 0- to 10-point composite pain scale (P , 0.001), with moderate to large effect sizes. Pain reduction on the composite
Numeric Rating Scales was 1.5 (95% confidence interval: 1.0-2.0) in the OLP group and 0.2 (20.3 to 0.8) in the TAU group. Open-
label placebo treatment also reduced disability compared to TAU (P , 0.001), with a large effect size. Improvement in disability
scores was 2.9 (1.7-4.0) in the OLP group and 0.0 (21.1 to 1.2) in the TAU group. After being switched to OLP, the TAU group
showed significant reductions in both pain (1.5, 0.8-2.3) and disability (3.4, 2.2-4.5). Our findings suggest that OLP pills presented in
a positive context may be helpful in chronic low back pain.

1. Introduction

Low back pain (LBP) causes more disability than any other
medical condition worldwide.2,31 It is the most common
occupational disorder globally30 and, in the United States, is
ranked third among all diseases by disability-adjusted life-
years.24 Researchers and clinicians have identified a pressing
need for innovative treatments and management tools.11

Recent studies have demonstrated that some commonly
prescribed front-line therapies for LBP are actually not superior
to placebo controls in double-blind randomized clinical trials
(RCTs)22,33 or are of only marginal increased efficacy.26 In
themselves, placebo responses in trials for LBP can be large
and clinically significant.5,10 Undoubtedly, some of these
improvements are due to normal waxing and waning of
symptoms and regression to the mean.27 Recent evidence
suggests that beyond such spontaneous improvement,

a significant percentage of these responses are due to placebo
effects: ie, the psychosocial effects of the therapeutic encoun-
ter, including its interactions, rituals, and symbols.18

Administrating fake pills to harness placebo effects poses an
ethical conundrum for physicians in clinical practice due to the
widespread belief that deception is necessary for placebo pills to
work (eg, pretending sugar pills are drugs or, more commonly,
giving genuine medications that have no known effect on the
condition).29 However, 4 studies have directly tested the effect of
an open-label placebo (OLP) prescription, and all indicated that
patients reported benefits after taking pills presented honestly as
placebos. Three were small pilot studies.19,25,28 The fourth was
a controlled trial in irritable bowel syndromeandshowed significant,
clinically meaningful benefits over no-treatment controls.17

The received wisdom is that clinical administration of a placebo
requires deception (or double-blind conditions) to be effective.
How is it that a placebo treatment is able to produce effects even
when the participants know that the pill is inert? One possibility is
that the positive rationale with which the placebo was presented
was convincing enough to allow participants to suspend their
disbelief.21 Participation in the study and then in the follow-up for
TAU participants implies a belief or hope that the treatment might
be helpful. Engendering hope when participants feel hopeless
about their condition can be therapeutic.8 Although placebo
analgesia has been associated with expectancy,21 it is possible
that pill-taking, including bodily sensations such as twisting bottle
tops and swallowing, can produce associations of placebo
analgesia independent of conscious expectancies.1 Consistent
with that hypothesis, recent evidence suggests that noncon-
scious processes actively contribute to placebo responses.15,16 It
is also possible that spontaneous fluctuations in pain might be
interpreted as evidence that the placebo is working, thereby
strengthening expectations of relief and setting inmotion a benign
cycle between expectancy and change.20
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of the pills, 30 reported that “it was not an active substance” (eg,
“sugar,” “flour,” nothing in it,” or “what you said it would be”).
Three participants reported that the pills were “pain killers” (eg, “it
worked so well that it has to contain something”). In response to
the question, whether the participants initially thought the
treatment would work or were skeptical, of the 30 participants
in the OLP, 21 said “skeptical” or “a little,” 9 said they believed it
would work. In the TAU arm, most respondents were not
disappointed about assignment “because I knew I will have it
later.”

3.2. Outcomes of TAU participants who took placebo pills
after the main study

At their last treatment session, participants in the TAU groupwere
invited to participate in a follow-up continuation, during which
they would receive OLP. Of the 38 TAU participants who
completed the main study, 7 declined follow-up OLP, leaving
31 participants entering the follow-up phase. Two of these
participants discontinued after entering the follow-up phase. We
replaced missing data from these 2 dropouts using the last
observation carried forward method. One participant neglected
to rate minimum pain at the end of the follow-up. Thus, analyses
of minimum pain and composite pain intensity included 30
participants.

Table 3 reports the mean change in outcomes from the end of
the 3-week treatment period to the end of the 3-week follow-up.
After being given OLP for 3 weeks, participants in TAU who had
entered the follow-up showed significant pain relief on all
outcome measures (P # 0.001 for each), with moderate to large
effect sizes. Pain reductions ranged from 1.3 to 1.7 on a 0 to 10
scale. Percent pain reduction ranged from 29% for maximum
pain to 46% for minimum pain. Back pain–related disability
decreased by 40% and pain bothersomeness decreased
by 34%.

4. Discussion

The study is the first to demonstrate potential clinically significant
benefits of OLP treatment in cLBP. We found that adding OLP to
TAU resulted in significantly greater reductions in cLBP and pain-
related disability than TAU alone (Table 2). The amount of
additional pain reduction produced by OLP was approximately
30% of baseline pain and disability ratings.

Almost 90% of the participants in this trial were taking pain
medication, primarily NSAIDs, before and during the trial.
Although NSAIDs are reported to reduce LBP more than
double-blind placebo, the difference amounts to less than 1
point on a 0 to 10 pain scale.26 In this study, OLP enhanced pain
reduction by 1.49 points on a 0 to 10 scale compared to a 0.24

Table 2

Adjustedmean (SD) improvement and percent changes onoutcomemeasures at 3-week endpoint, with effect sizes and analysis
of covariance summary statistics.

Outcome TAU (n 5 42)* OLP (n 5 41) Effect size, g Mean square F(1,80) P

Mean (SD) % Change Mean (SD) % Change Between Error

Pain (10-point scale)
Minimum 20.56 (1.80) 225 0.54 (1.73) 16 0.62 22.60 3.03 7.45 0.008
Usual 0.44 (2.13) 9 1.48 (1.79) 30 0.53 21.87 3.73 5.87 0.018
Maximum 1.12 (2.09) 16 2.15 (2.45) 30 0.45 21.45 4.91 4.37 0.040
Composite 0.24 (1.61) 5 1.49 (1.68) 28 0.76 30.10 2.73 11.02 ,0.001

Disability (RDQ) 0.02 (3.73) 0 2.86 (3.91) 29 0.74 162.71 13.45 12.10 ,0.001

Bothersomeness* 0.78 (2.61) 14 1.44 (2.46) 24 0.66 8.94 5.25 1.71 0.195

* n 5 41 in the TAU group, df 5 1,70 due to missing baseline data for 1 participant.
OLP, open-label placebo; RDQ, Roland–Morris Disability Questionnaire; TAU, treatment as usual.

Figure 2.Outcomes by treatment group at 21-day endpoint. (A) Mean adjusted change scores on the composite pain measure. (B) Mean adjusted change scores
on the 24-item Roland–Morris Disability Questionnaire. Error bars represent standard errors of the mean.
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Differences in Adverse Effect Reporting
in Placebo Groups in SSRI and Tricyclic
Antidepressant Trials
A Systematic Review and Meta-Analysis

Winfried Rief,1 Yvonne Nestoriuc,1Anna von Lilienfeld-Toal,1 Imis Dogan,1 Franziska Schreiber,1

Stefan G. Hofmann,2 Arthur J. Barsky3 and Jerry Avorn4

1 Department of Clinical Psychology and Psychotherapy, Philipps University, Marburg, Germany
2 Boston University, Boston, Massachusetts, USA
3 Brigham and Women’s Hospital, Department of Psychiatry, Harvard Medical School, Boston,

Massachusetts, USA
4 Division of Pharmacoepidemiology and Pharmacoeconomics, Brigham and Women’s Hospital and

Harvard Medical School, Boston, Massachusetts, USA

Abstract Background:Biases in adverse effect reporting in randomized controlled trials

(RCTs) [e.g. due to investigator expectations or assessment quality] can be

quantified by studying the rates of adverse events reported in the placebo

arms of such trials.

Objective: We compared the rates of adverse effects reported in the placebo

arms of tricyclic antidepressant (TCA) trials and placebo arms of selective

serotonin reuptake inhibitor (SSRI) trials.

Methods: We conducted a literature search for RCTs across PUBMED,

Scopus and the Cochrane Central Register of Controlled Trials (CENTRAL).

Only studies allowing adverse effect analysis were included. Publication year

ranged from 1981 to 2007.

Results: Our systematic review and meta-analysis included 143 placebo-

controlled RCTs and data from 12742 patients. Only 21% of studies used struc-

tured and systematic adverse effect ascertainment strategies. The way in which

trials recorded adverse events influenced the rate of adverse effects substantially.

Systematic assessment led to higher rates than less systematic assessment. Far

more adverse effects were reported in TCA-placebo groups compared with

SSRI-placebo groups, e.g. dry mouth (odds ratio [OR]= 3.5; 95% CI 2.9, 4.2);

drowsiness (OR= 2.7; 95%CI 2.2, 3.4); constipation (OR= 2.7; 95%CI 2.1, 3.6);

sexual problems (OR=2.3; 95%CI 1.5, 3.5). Regression analyses controlling for

various influencing factors confirmed the results.

Conclusion: Adverse effect profiles reported in clinical trials are strongly

influenced by expectations from investigators and patients. This difference
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cating an anti-CCK action in the CNS at the level of affec-
tive mechanisms (Harro et al., 1990; Harro and Vasar,
1991; van Megen et al., 1994).

The antagonist action of CCK on endogenous opioids
(Benedetti, 1997) is particularly interesting in light of the
opposing effects of placebos and nocebos. In fact, today
there is general agreement that placebo analgesia is me-
diated by endogenous opioids, specifically the mu-opioid
receptors (Zubieta et al., 2005), at least in some circum-
stances (Benedetti et al., 2005; Colloca and Benedetti,
2005). Therefore, the findings on the involvement of CCK
in nocebo hyperalgesia suggest that the opioidergic and
the CCKergic systems may be activated by opposite
expectations of either analgesia or hyperalgesia, re-
spectively. In other words, as shown in Fig. 3, verbal
suggestions of a positive outcome (pain decrease) acti-
vate endogenous mu-opioid neurotransmission, while
suggestions of a negative outcome (pain increase) activate
CCK-A and/or CCK-B receptors. This neurochemical view
of the placebo–nocebo phenomenon, in which two oppo-
site systems are activated by opposite expectations about
pain, is in keeping with the opposite action of opioids and
CCK in other studies (Benedetti, 1997; Hebb et al., 2005).

The involvement of CCK in both pain modulation and
anxiety is particularly relevant to the nocebo effect. It is
worth noting that some CCK-B receptor antagonists, like
L-365,260, have a benzodiazepine-based chemical struc-
ture that is similar to the anxiolytic drug diazepam, which
suggests a similarity of action of CCK-antagonists and

anti-anxiety drugs. However, it should be stressed that the
study by Benedetti et al. (2006) suggests that nocebo
suggestions activate two different and independent bio-
chemical pathways, one blocked by proglumide and the
other by diazepam (Fig. 2).

On the basis of all these considerations and the in-
volvement of CCKergic systems in pain and anxiety mech-
anisms, nocebo hyperalgesia represents an interesting
model to better understand when and how the endogenous
pro-nociceptive systems are activated. In the case of CCK,
besides the studies described above, the pro-nociceptive
and anti-opioid action of this neuropeptide has been doc-
umented more recently in the brainstem. For example, it
has been shown that CCK is capable of reversing opioid
analgesia by acting at the level of the rostral ventromedial
medulla, a region that plays a key role in pain modulation
(Mitchell et al., 1998; Heinricher et al., 2001). It has also
been shown that CCK activates pain facilitating neurons
within the rostral ventromedial medulla (Heinricher and
Neubert, 2004). The similarity of the pain facilitating ac-
tion of CCK on brainstem neurons on the one hand and
on nocebo mechanisms on the other hand, can stimulate
and guide further research into the neurochemical
mechanisms underlying nocebo-induced and/or anxiety-
induced hyperalgesia.

It is also worth noting that CCK has been found to play
a role in placebo analgesia. In fact, the CCK-antagonist
proglumide has been found to potentiate placebo-induced
analgesia, an effect that is probably due to the blockade of

Fig. 3. Placebo and nocebo modulation of pain. Whereas placebo suggestions activate mu-opioid neurotransmission which inhibits pain, nocebo
suggestions induce anxiety which activates CCK-A and/or CCK-B receptors that, in turn, enhance pain.
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WHEN WORDS ARE PAINFUL: UNRAVELING THE MECHANISMS
OF THE NOCEBO EFFECT

F. BENEDETTI,* M. LANOTTE, L. LOPIANO
AND L. COLLOCA

Department of Neuroscience, University of Turin Medical School,
Corso Raffaello 30, 10125 Turin, Italy

Abstract—The nocebo effect is a phenomenon that is op-
posite to the placebo effect, whereby expectation of a
negative outcome may lead to the worsening of a symp-
tom. Thus far, its study has been limited by ethical con-
straints, particularly in patients, as a nocebo procedure is
per se stressful and anxiogenic. It basically consists in
delivering verbal suggestions of negative outcomes so
that the subject expects clinical worsening. Although some
natural nocebo situations do exist, such as the impact of
negative diagnoses upon the patient and the patient’s dis-
trust in a therapy, the neurobiological mechanisms have
been understood in the experimental setting under strictly
controlled conditions. As for the placebo counterpart, the
study of pain has been fruitful in recent years to under-
stand both the neuroanatomical and the neurochemical
bases of the nocebo effect. Recent experimental evidence
indicates that negative verbal suggestions induce antici-
patory anxiety about the impending pain increase, and this
verbally-induced anxiety triggers the activation of chole-
cystokinin (CCK) which, in turn, facilitates pain transmis-
sion. CCK-antagonists have been found to block this
anxiety-induced hyperalgesia, thus opening up the possi-
bility of new therapeutic strategies whenever pain has an
important anxiety component. Other conditions, such as
Parkinson’s disease, although less studied, have been
found to be affected by nocebo suggestions as well. All
these findings underscore the important role of cognition
in the therapeutic outcome, and suggest that nocebo and
nocebo-related effects might represent a point of vulnera-
bility both in the course of a disease and in the response to
a therapy. © 2007 IBRO. Published by Elsevier Ltd. All
rights reserved.

Key words: placebo, cholecystokinin, endogenous opioids,
anxiety, pain, Parkinson’s disease.
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Top-down control of sensory input plays a fundamental
role in shaping global perceptual experience. Whereas this
is well recognized and studied in many sensory modalities,
such as the visual, somatosensory and auditory systems
(Frith and Dolan, 1997; Mesulam, 1998; Pessoa et al.,
2003), new lines of experimental evidence suggest that
this top-down cognitive and emotional modulation also
occurs in the clinical setting, whereby the intensity and
severity of symptoms can be shaped by the psychological
state of the patient. Early studies showed that complex
psychological factors can modulate both the patient’s per-
ception of pain and his/her response to an analgesic treat-
ment. For example, it was shown that pretreating patients
with placebos, i.e. inert substances that the patient be-
lieves to be effective, lowered the effectiveness of painkill-
ers, while pretreatment with active painkillers enhanced
the analgesic effect of placebos (Kantor et al., 1966; Laska
and Sunshine, 1973). Likewise, it was found that verbal
suggestions can change the direction of nitrous oxide’s
action from analgesia to hyperalgesia (Dworkin et al.,
1983).

Most research of this kind has been pursued in the field
of pain and analgesia, and the study of placebo and no-
cebo effects has been crucial to unravel the neurobiolog-
ical mechanisms of this top-down modulation. Since many
reviews have been written on the placebo effect in the past
few years (Benedetti et al., 2005; Colloca and Benedetti,
2005; Hoffman et al., 2005; Pacheco-Lopez et al., 2006),
the present review describes only what we know today
about the mechanisms of the nocebo effect, a phenome-
non whereby anticipation and expectation of a negative
outcome may induce the worsening of a symptom. As
these effects occur in the clinical setting, they have impor-
tant implications for both therapy and patient–provider in-
teraction.

PLACEBO AND NOCEBO EFFECTS

The placebo effect has been studied extensively from both
a psychological and biological perspective, but in recent
times placebo research has focused on the neural mech-
anisms, both from the neurochemical and the neuroana-
tomical viewpoint. Placebos are known to powerfully affect
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drug administration is hidden, participants believe that
nothing is being given. For example, postoperative patients
are told that they could receive either a painkiller or nothing
depending on their postoperative state and that they will not
necessarily be informed when any analgesic treatment will be
started. In this way, patients do not know if or when the
treatment will be given. This is what happens sometimes in
routine clinical practice; patients agree to receive a painkiller
but they do not know when the infusion machine will start

delivering the drug. The patients with
Parkinson’s disease who come to our
department, at various times after
surgical implantation of chronic
electrodes, for checks of the
stimulation variables provide another
example. They give full, informed
consent to manipulation of stimulus
intensity, but are not necessarily told
the type of stimulus intensity
manipulation (an increase or decrease)
and when it is done.

One approach is an unknown time
sequence of drug administration. The
patients give informed consent for the
administration of a medical procedure
but they do not know when it will be
given. For example, the patient is in a
bed with an intravenous line attached
to a preprogrammed infusion machine
and the drug can be delivered at the
first, fourth, or tenth hour without the
patient’s knowledge. If the drug is
really effective, symptom reduction
should be temporally correlated with
drug administration. We also use this
approach for hidden interruptions of
drugs. The patients know that the
medical procedure will be stopped but
they do not know when.

Open versus hidden injections
of analgesic and antianxiety
drugs
In the 1980s and 1990s, some studies
were done in which analgesic drugs
were delivered by machines through
hidden infusions.8–11 Infusion of a drug
can be hidden by use of a computer-
controlled infusion pump that is
preprogrammed to deliver the drug at
the desired time. Importantly, the
patient does not know that any drug is
being injected. This hidden procedure
is done easily in the postoperative
phase; the computer-controlled
infusion pump delivers the painkiller
automatically, without any doctor or
nurse in the room, and with the patient
completely unaware that an analgesic

treatment has been started. Levine and colleagues8 and
Levine and Gordon10 found that, for postoperative pain after
extraction of the third molar, telling the patients that a
painkiller is being injected and actually giving a saline
solution is as potent as a 6–8 mg dose of morphine. The
researchers concluded that an open injection of morphine,
which represents usual medical practice, is more effective
than a hidden one because in the latter the placebo
component is absent.

Personal view Overt versus covert treatment
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Figure 2. Top: Open versus hidden administration of morphine treatment (10 mg) for postoperative
pain. The broken line indicates time of injection. Whereas the open group knew when they received
their morphine, the hidden group did not know when morphine was given. Note the slower decrease
in pain intensity in the hidden group compared with the open one, suggesting that most of the initial
benefit in the open group is attributable to a placebo effect. Bottom: Open versus hidden
interruption of a morphine treatment. The broken line shows the time of morphine interruption. Note
the early relapse of pain in the open group but not in the hidden one. NRS=numerical rating scale.

—-

For personal use. Only reproduce with permission from Elsevier Ltd

679

The recent introduction of covert administration of
treatment to biomedical research has produced some
interesting results, with many clinical and ethical
implications. Concealed treatment has been used in
people with nervous system conditions including pain,
anxiety, and Parkinson’s disease. The main finding is that
when the patient is completely unaware that a treatment is
being given, the treatment is less effective than when it is
given overtly in accordance with routine medical practice.
The difference between open and hidden administrations
is thought to represent the placebo component of the
treatment, even though no placebo has been given. The
decreased effectiveness of hidden treatments indicates
that knowledge about a treatment affects outcome and
highlights the importance of the patient–provider
interaction. In addition, by use of covert administration,
the efficacy of some treatments can be assessed without
the use of a placebo and associated ethical issues.

Lancet Neurol 2004; 3: 679–84

Benefits of standard medical treatments have two
components, the specific effects of the treatment itself and the
perception that the therapy is being given (figure 1). The latter
is better known as the placebo, or non-specific, effect. In order
to study the placebo component of a treatment and to
eliminate the specific effects of the treatment, a dummy
treatment (the placebo) is administered. This approach is
common in clinical trials and has also shown the underlying
biological mechanisms of the placebo effect in disorders like
Parkinson’s disease1,2 and pain.3–5

A radically different approach to the analysis of placebo
effects has been implemented, in which placebo effects are
assessed without placebo groups.6,7 In this experimental
approach, the placebo component is eliminated and the
specific effects of the treatment are maintained (figure 1). In
order to eliminate the placebo component, patients must not
be aware that a treatment is being given. The difference
between outcomes on hidden treatment and on open
treatment is the placebo component.

All of the studies done with the covert closing method
were on disorders that involve the nervous system, such as
pain, anxiety, and Parkinson’s disease. We review the
therapeutic outcomes of treatments given covertly and discuss
the implications of this treatment method.

Informed consent
Informed consent is an important issue in open versus
hidden treatment methods. Different approaches are used to

obtain full, informed consent and there is no general rule.
Most study participants are told that they could receive
either an active drug, a placebo, or nothing, thus giving their
informed consent to receive different treatments. When

Personal viewOvert versus covert treatment
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Figure 1. Every treatment in clinical practice has a specific and a non-
specific effect. The non-specific effect comes from the knowledge that a
treatment is being given. The effectiveness of the active treatment can be
assessed either by eliminating its specific effect (placebo study) or by
eliminating the non-specific effects (hidden treatment).
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Infrasound has health benefits: 
• Release endorphins necessary to reduce pain 
• Relieve muscle spasms 
• Provides fast relief from general soreness 
• Improves tissue quality 
• Releases natural cortisone to reduce swelling 
• Reduces swelling and inflammation 
• Helps relieve discomfort of arthritic joints 
• Increases blood circulation

Wind turbines are directly responsible for a number of non-specific symptoms, such 
as headache, fatigue and nausea.
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Objective: The Internet has expanded the scope for creating health scares and increased the risk of nocebo
responding in individuals exposed to misinformation about threats to personal health posed by aspects of mod-
ern life, such as exposure to new technologies. It was the aim of this experiment to investigate whether the de-
livery of positive expectations might reduce or reverse symptoms triggered by negative expectations formed
from such misinformation.
Method: In the context of a study investigating symptoms during exposure to windfarm sound, 64 volunteers
assessed their symptomatic experiences during two discrete sessions, throughout which they listened to wind
turbine sound containing audible and sub-audible (infrasound) components. Participants were randomly
assigned to watch either positive or negative information about the health effects of infrasound prior to their
first infrasound exposure session. They were then shown the alternate information and exposed to infrasound
during their second session.
Results: Participants receiving negative expectations were less symptomatic during exposure if they had previ-
ously received positive expectations about infrasound. Further, participants given positive expectations after
the earlier delivery of negative expectations exhibited a placebo response, reversing the nocebo response exhib-
ited in their first exposure session.
Conclusion: Results suggest accessing positively framed health information may reverse or dilute the effect of
negative expectations formed from exposure to media warnings about health risks posed by new technologies,
such as wind turbines.

© 2015 Elsevier Inc. All rights reserved.

Introduction

The advent of the Internet has expanded the scope for creating, cir-
culating and perpetuating health scares, and has dramatically increased
the potential for consequent psychogenic responses in the community
[1]. The Internet is now a pervasive source of misinformation about
threats to personal health including those posed by outbreaks of infec-
tious disease, such as H1N1 and Ebola [2], the dangers posed by public
health interventions, such as fluoridation programmes [3], as well as
possible health problems arising from new technologies [4,5]. Common
modern technology fears include the risks to health of vaccinations [6],
genetically modified food [7], exposure to weak electromagnetic fields
from cell phones and wifi [8], as well as health concerns about new
forms of energy production, such as wind turbines [9]. The reporting
of symptoms, as a result of being exposed to and accessingmisinforma-
tion about modern technologies, can cause opposition to public health
initiatives designed to improve community health, such aswater fluori-
dation [e.g. 3]; reinforce irrational and sometimes socially damaging

health behaviours, such as the avoidance of vaccinations [e.g. 10]; and
result in on-going symptomatic experiences and distress in the commu-
nity [11].

The availability of misinformation on the Internet can be very diffi-
cult to correct [12]. This has important public health implications be-
cause the dissemination of information, suggesting that adverse health
effects may be induced by exposure to modern technologies and
perceived environmental hazards, has been shown to create negative
expectations prompting symptom reporting, during periods when ex-
posure is irrefutably benign [e.g. 13,14]. Reported health impacts can
be explained on the basis that such information provokes nocebo-
related effects, where it is the expectation of ill effects that causes peo-
ple to experience symptoms [15,16].

One solution to the use of the Internet to misrepresent science, and
promote counterproductive health behaviours and expectation related
responses,might be to employ the Internet to present alternative narra-
tives [17]. Evidence indicates individuals are increasingly using the In-
ternet to source health related information [18], so effective strategies
designed to address the potential for consequential nocebo responding
are likely to involve counteracting or mitigating the effect of accessing
negative health messages, rather than attempting to prevent exposure
to negative messages altogether. As expectations have been shown to
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.002) and negative mood (p b .001), as well as a return to baseline in symptom intensity
and positive mood.

We alsowanted to assesswhether prior positive expectations had a dampening effect
on the influence of subsequent negative expectations in relation to symptomatic experi-
ences andmood. To evaluate this we next conducted 2 (type of expectation session: mea-
surement during negative sessions versus measurement during positive sessions) × 2
(group: negative first versus positive first) mixed design ANCOVA, controlling for baseline
scores.

Symptom and mood reporting by each group during positive and negative listening
sessions is depicted in Fig. 1. Therewas a significantmain effect of type of expectation ses-
sion in terms of reported symptoms F(1,61)= 27.64, p b .001, ηp2 = .31; symptom inten-
sity F(1,61) = 24.62, p b .001, ηp2 = .29; and negative mood F(1,62) = 4.84, p = .032,
ηp2= .07. Controlling for baseline scores removed any significantmain effect of type of ex-
pectation on positivemood scores. Analysis also revealed significant interactions between
group and type of expectation session in relation to reported symptoms F(1,61) = 12.70,
p= .001, ηp2 = .17; symptom intensity F(1,61) = 8.30, p= .005, ηp2 = .12; and negative
mood F(1,61) = 12.65, p = .001, ηp2 = .17.

Post hoc analyses using Bonferroni corrections demonstrated that, in the course of
negative sessions, participants in both groups were more symptomatic and experienced
greater negative mood. During negative sessions, positive first participants recorded
more symptoms (p = .001), greater symptom intensity (p b .001) and greater negative
mood (p= .017), than recorded during positive sessions. This patternwas also seen in re-
lation to negative first participants, whereby during negative sessions they reportedmore
symptoms, greater symptom intensity and greater negative mood (ps b .001) than in pos-
itive sessions.

Importantly, post hoc analyses evaluating differences between the groups showed
that, during negative listening sessions, positive expectation first participants had fewer
symptoms (p = .026), lower symptom intensity (p = .047), and less negative mood
(p = .006), than negative expectation first participants. This indicates that there was an
ameliorating effect of receiving positive expectations prior to receiving negative expecta-
tions. Interestingly, during positive listening sessions, negative expectation first partici-
pants experienced fewer symptoms than positive expectation first participants (p =
.041), and less negative mood (p = .009), although there was no difference in symptom
intensity. Therefore the influence of positive expectations on symptom reporting was

not undermined by the earlier delivery of negative expectations andwas evenmore effec-
tive in reducing the number of symptoms experienced.

Discussion

The results of the study indicated that the framing health informa-
tion about wind farm noise in a positive way can dilute or reverse the
effects of negative expectations formed from accessing misinformation
about the health effects of such technologies. The data were consistent
with an ameliorating effect of receiving positive expectations prior to
receiving negative expectations. During negative sessions, positive ex-
pectation first participants had fewer symptoms, lower symptom inten-
sity, and less negativemood than negative expectation first participants.
Further, participants receiving positive expectations following the earli-
er delivery of negative expectations exhibited a placebo response,
which reversed the nocebo response exhibited in their first exposure
session.

In the age of the Internet there is unprecedented community expo-
sure to negative information about the speculated health risks posed
by aspects of modernity, such as the use of renewable energy technolo-
gies and implementation of vaccination programmes, even when such
technological advancement is designed to improve health outcomes.
Our study confirms that accessing such negative information can create
negative expectations leading to symptom reporting and negative
mood effects. This is in line with both field and experimental evidence
demonstrating that media messages, creating or exacerbating concern
that exposure to modern technologies is harmful, can lead to symptom
reporting, even during periods of benign exposure. In one such case,
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Fig. 1. Symptom and mood reporting by each group at baseline and during negative expectation (NE) and positive expectation (PE) listening sessions.
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Background: A number of people are reporting an environmental sensitivity to sub-audible windfarm
sound (infrasound), characterised by the experience of recurrent non-specific symptoms. A causal link
between exposure and symptoms is not indicated by empirical evidence. Research indicates symptoms
may be explained by the nocebo response, whereby health concerns and negative expectations, created
from social discourse and media reports, trigger symptom reporting.
Objective: The experimental aim was to test whether providing a nocebo explanation for symptoms, to
individuals reporting symptomatic experiences during infrasound exposure, would ameliorate symp-
toms during further exposure.
Method: Sixty-six volunteers were randomly assigned to nocebo explanation or biological explanation
groups. Participants were concurrently exposed to infrasound and audible windfarm sound, while re-
porting on current symptoms and mood, during two exposure sessions. Preceding session one, partici-
pants watched a presentation integrating media warnings about purported health risks posed by
windfarm infrasound. Before session two, nocebo explanation participants viewed material outlining
how nocebo responding could explain symptom reporting. Instead biological explanation participants
watched material presenting pathophysiological theories for symptoms.
Results: During session one, participants reported increased symptoms and mood deterioration from
baseline assessment. During session two symptom reporting and mood deterioration was maintained by
biological explanation participants, while mood and symptoms reported by nocebo explanation parti-
cipants returned to baseline levels.
Conclusion: Results indicate that providing an explanation of the nocebo response, followed by exposure
to infrasound, has the potential to operate as an intervention to reduce symptomatic experiences in
people reporting symptoms attributed to windfarm generated infrasound.

& 2015 Elsevier Inc. All rights reserved.

1. Introduction

While harnessing wind power is widely considered to be a vital
component of global energy policies designed to address climate
change, the construction of wind farms has become increasingly
contentious in many local communities (Knopper et al., 2014). This
is often because of assertions that sensitive individuals, living in
the environs of a wind farm, risk developing an environmental
illness (Knopper and Ollson, 2011). This environmental illness,
often referred to as wind turbine syndrome, is said to be char-
acterised by the experience of recurrent non-specific symptoms
triggered by exposure to the low frequency sub-audible sound
(infrasound) generated by wind turbines (Pierpont, 2009). That

some individuals report a sensitivity to infrasound has public
health implications given associations between perceived en-
vironmental sensitivities and poorer subjective health (Baliatsas
et al., 2014); increased health care utilisation (Rubin et al., 2008);
decreased occupational performance (Peachey-Hill and Law,
2000); reduced quality of life (Nordin et al., 2013); psychological
distress (Skovbjerg et al., 2012); and social withdrawal (Boyd et al.,
2012).

Treating individuals reporting symptoms attributed to wind
turbine generated infrasound exposure is complicated by the fact
the evidence does not support a direct pathophysiological re-
lationship between infrasound and the symptoms experienced
(Bolin et al., 2011; Ellenbogen et al., 2012; Merlin et al., 2014).
Infrasound is consistently present in the external environment
created by natural phenomena, such as air turbulence and ocean
waves, and machinery, such as traffic and air-conditioning units
(Leventhall, 2006). Further, comprehensive assessment of levels of
infrasound at residences close to wind farms has shown
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was carried out to determine whether the groups differed sig-
nificantly on any demographic variable. This analysis was under-
taken using independent t tests for parametric data, and chi-
square tests for categorical data. Further, a mixed design analysis
of variance (ANOVA) was conducted to test within and between
group differences in health concerns at baseline, after viewing the
expectation video, and at the end of the experiment. To evaluate
differences in symptom and mood reporting over the course of
experiment mixed design analyses of covariance (ANCOVA), con-
trolling for baseline scores, were undertaken to assess any within
and between group differences at baseline and during exposure
sessions. All p values in multiple comparisons were adjusted using
Bonferroni corrections.

3. Results

3.1. Randomisation check

There were no significant differences between the groups in
relation to any of the demographic variables assessed.

3.2. Concern about health effects of sound produced by wind farms

In relation to concern about the health effects of sound pro-
duced by wind farms, results showed a significant group by time
interaction F(2, 128)¼38.90, po0.001, p

2η ¼0.38. Analysis showed
concern significant increased from baseline in both groups when
assessed immediately after viewing the negative expectation DVD
(pso0.001). This concern increased over the course of the ex-
periment in the biological explanation group, with a further sig-
nificant increase in concern from viewing the negative expectation

DVD to assessment at the end of the experiment (p¼0.006). This
indicated that the experience of biological explanation partici-
pants was consistent with the provision of negative expectations,
and that a biological explanation for adverse health effects in-
creased concern over and above the provision of information that
infrasound was causing symptoms in people living close to wind
farms. In relation to nocebo explanation participants, by the end of
the experiment, there was a significant decrease in concern from
assessment after watching the negative expectation DVD
(po0.001), and there was a further reduction in concern from
baseline which approached significance (p¼0.057). Thus results
indicated that the nocebo explanation given was reassuring to
those in the nocebo explanation group. The influence of the dif-
ferent explanations provided to each group was also highlighted
by differences in concern, as assessed at the end of the experi-
ment, with biological explanation participants being significantly
more concerned than nocebo explanation participants about the
health effects of sound produced by wind farms (po0.001). Re-
sults are depicted in Fig. 1.

3.3. Coherence and plausibility of explanations for health effects

There were no differences between the groups in relation to
assessment of the coherence and plausibility of the explanation for
the experience of health effects provided. Participants in both
groups found the explanation provided easy to understand (bio-
logical explanation group: M¼83.09, SD¼18.23; nocebo explana-
tion group: M¼90.79, SD¼16.91); made sense (biological ex-
planation group: M¼83.55, SD¼15.60; nocebo explanation group:
M¼88.76. SD¼18.33); was convincing (biological explanation
group M¼83.15, SD¼14.40; nocebo explanation group: M¼82.42,
SD¼20.24); and was correct (biological explanation group: 77.52,

Fig. 1. Concern about the health effects of sound produced by windfarms assessed at baseline, after viewing the negative expectation DVD, and at the end of the experiment.
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• After baseline: Audio-visual presentation featuring material from the internet about the purported health risks posed by 
infrasound produced by wind farm  

• Nocebo explanation: Audio-visual material which explained that the scientific evidence did not support a direct link 
between symptoms reported and infrasound, and then described how the nocebo effect could pro- vide a pathway for 
symptom reporting  

• Biological explanation: Audio-visual material which presented pathophysiological theories for symptom reporting
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Elektrosensibilität –  
reale Symptome, unklare Ursachen

'LH�(OHNWURVHQVLELOLWlW��(+6��LVW�HLQ�KlX¿J�XQG�LQWHQVLY�GLVNXWLHUWHV�7KHPD�LP�=XVDPPHQ-
hang mit elektromagnetischer Strahlung. Elektrosensible Menschen leiden an sog. unspe-
]L¿VFKHQ� 6\PSWRPHQ� ZLH� 0�GLJNHLW�� .RSIZHK�� 8QZRKOVHLQ�� .RQ]HQWUDWLRQVVFKZlFKHQ��
Schlafstörungen etc. Als Ursache dieser Symptome machen sie elektromagnetische Feld-
er (EMF) verantwortlich, sowohl niederfrequente Felder von Stromanwendungen als auch 
hochfrequente Strahlung von Funkdiensten. EHS ist keine anerkannte ärztliche Diagnose, 
sondern eine Selbstdiagnose von Betroffenen.

Aus medizinischer Sicht wäre es hilfreich, wenn EMF als Ursache nachgewiesen oder aus-
geschlossen werden könnte, um therapeutische Massnahmen gezielt zu verschreiben. Ein 
Blick in die Forschung zeigt, dass es bislang nicht gelungen ist, einen kausalen Zusammen-
hang zwischen elektromagnetischen Feldern und EHS zu belegen.

Am Science Brunch wird EHS aus einer ärztlichen Sicht charakterisiert, der Stand der 
)RUVFKXQJ�]XVDPPHQJHIDVVW��XQG� LP�.RQWH[W�YRQ�3ODFHER�XQG�HYLGHQ]EDVLHUWHU�0HGL]LQ� 
diskutiert.
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Plassmann et al., 2008, Proceedings of the National Academy of Sciences



Placebo
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$5 $45 $10 $90 $35
Wahrer Preis
Wein 1= $5
Wein 2= $90
Wein 3= $35

Plassmann et al., 2008, Proceedings of the National Academy of Sciences


