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ABSTRACT: Placebo-controlled trials are the gold standard of evaluating treatment efficacy in clinical research. Neuromodulation is emerging
as an important treatment pathway for many neuropsychiatric conditions, and placebo control arms of these trials require careful design with
unique considerations (e.g., sham devices that mimic active stimulation, blinding effectiveness). Inherent to placebo-controlled trials are eth-
ical concerns, such as deception, and potential harm of not receiving the active treatment. In this article, we outline important ethical con-
siderations of placebo-controlled trials across neuromodulation approaches and provide recommendations on how ethical principles can be
adhered to going forward. We specifically address issues of autonomy and respect for persons, beneficence, and justice. Within the context of
this ethical framework, we also discuss factors influencing placebo effects in neuromodulation, the importance of adequate blinding, and
alternative trial designs that could be considered.

RÉSUMÉ : Les effets placebo en lien avec la neuromodulation : considérations éthiques et recommandations. Les essais contrôlés par
placebo constituent la norme par excellence de l’évaluation de l’efficacité des traitements en recherche clinique. De son côté, la neuromo-
dulation apparaît comme une avenue de traitement importante pour de nombreuses affections neuropsychiatriques. Les « bras » comparateurs
par placebo (placebo control arms) de ces essais nécessitent par ailleurs une conceptionminutieuse avec des considérations uniques (par exem-
ple, des dispositifs fictifs qui imitent la stimulation active, l’efficacité des procédures d’insu). Soulignons enfin que les essais contrôlés par
placebo soulèvent des questions éthiques telles que la duperie et le préjudice potentiel lié au fait de ne pas bénéficier d’un traitement actif.
Dans cet article, nous souhaitons d’abord mettre en relief les considérations éthiques importantes liées aux essais contrôlés par placebo dans
toutes les approches en matière de neuromodulation. Dans un deuxième temps, nous entendons fournir des recommandations sur la façon
dont les principes éthiques peuvent être respectés à l’avenir. À cet égard, nous aborderons spécifiquement les questions d’autonomie et de
respect des personnes, de bienfaisance et de justice. Finalement, nous nous pencherons également, dans le contexte de ce cadre éthique, sur les
facteurs influençant les effets placebo dans la neuromodulation, sur l’importance de procédures d’insu adéquates et sur les conceptions alter-
natives d’essais pouvant être envisagées.
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Introduction

Placebo effects can be defined as beneficial effects generated by the
context surrounding the administration of a treatment rather than
due to the specific treatment itself. These effects depend on a com-
plex interaction between internal factors such as the patient’s
expectations and previous experiences associated with similar
medical treatments and external factors such as environmental
cues, and the patient–physician relationship. In clinical research
trials, placebo responses are observed by participants in the placebo

arm that are given an inert treatment, such as a sugar pill or sham
device. This overall placebo response includes placebo effects and
other nonspecific effects such as spontaneous improvement,
regression to the mean, and Hawthorne effects (i.e., differences
in performance/behavior by virtue of being observed in a trial).1

Despite not receiving active treatment, placebo responses can
sometimes rival the effect sizes associated with medical treatments
for some neuropsychiatric conditions.2,3,4 While placebo effects
have long been viewed as a nuisance for clinical trials, research
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demonstrating activation of brain regions and networks by placebo
effects has opened up a new line of scientific inquiry.5 This includes
reconceptualizing placebo effects as a powerful neurobiological
phenomenon that can be harnessed for clinical therapeutic appli-
cations. Furthermore, the evolving understanding of placebo
effects has critical implications for trial design in clinical research,
particularly with regard to neuromodulation.5,6,7

Historically, the ethics of placebo groups in research trial design
has been controversial due to concern of infringing upon patient
autonomy by way of deception and by inadvertently posing harm
due to not receiving the bona fide test treatment.8 Ethical consid-
erations may differ depending on technological considerations,
invasiveness, and other factors that may impact the trial design pla-
cebo group. Neuromodulation is a prime example of a field where
trials cannot be properly blinded with a simple sugar pill and
instead often require the development of elaborate sham devices
or procedures for the placebo group. Neuromodulation
approaches, such as transcranial direct current stimulation
(TDCS), transcranial magnetic stimulation (TMS), electroconvul-
sive therapy (ECT) and magnetic seizure therapy (MST), vagus
nerve stimulation (VNS), focused ultrasound (FUS), and deep
brain stimulation (DBS), are becoming increasingly researched
and used in the care pathways of many complex, and often treat-
ment refractory, neuropsychiatric illnesses.9

Previous discussion on the intersection of placebo effects and
neuromodulation has primarily focused on blinding considera-
tions for sham devices and has been limited in scope.10 In this

article, we begin by reviewing the potential ethical issues that
may arise in placebo-controlled research and apply these consid-
erations toward neuromodulation treatment trials. We then dis-
cuss the unique aspects of placebo effects in neuromodulation
that are important to be aware of, with an extended discussion
on the importance of blinding effectiveness, and considerations
of alternative trial designs. Finally, while an extended discussion
on the mechanisms of placebo effects is beyond the scope of this
review, we have briefly highlighted common misconceptions asso-
ciated with placebo effects (Table 1). A summary of strengths and
limitations of study designs for neuromodulation trials with a focus
on placebo effects is also included (Table 2). Ethical considerations
neurotechnology more broadly (e.g., neural interfaces, assistive
technologies) is beyond the scope of this review and will not be
discussed.

Case Study

Neuromodulation Research

Placebo-Control Group
Three overarching ethical principles govern clinical research: 1)
autonomy and respect for persons, 2) beneficence, and 3) justice.24

Incorporation of a placebo-control group has been an essential
component of advancing clinical research to determine effective
treatments, and as such the methodology of neuromodulation tri-
als with placebo/sham intervention must adhere to these ethical
principles to minimize potential harm to patients.

Table 1: Summary of common misconceptions of placebo effects and countering evidence

Misconception Evidence Against References

Placebo effects are not
therapeutically meaningful

Considerable improvement of symptoms is often seen in the
placebo arm of trials for a variety of medical disorders. This
includes psychiatric disorders (e.g., depression or anxiety),
neurological disorders (e.g., Parkinson’s disease, migraine),
and other medical conditions (e.g., asthma, IBS)

Goetz et al., 2008;2 Polich et al., 20183

Placebo effects may alter activity in brain regions that process
expectation, reward prediction, and hope

Burke et al., 2021;7 Lidstone et al., 201011

The placebo-control group is
the only group deriving
benefits of placebo effects

It is often forgotten that overall effect seen in the active
treatment arm is actually a combination of specific treatment
effects and the placebo response (placebo effects and other
nonspecific effects)

Benedetti et al., 2003;12

Enck et al., 201313

Furthermore, open-hidden paradigms whereby active treatment
is delivered devoid of expectation and other contextual cues
substantially lower the efficacy of the active treatment

Pollo et al., 200114

Patients will no longer benefit if
told they are receiving
placebo

Placebo response may persist even in the absence of deception,
as seen in OLP trials for IBS, back pain, and cancer-related
fatigue

Kaptchuk et al 2010;15 Carvalho et al 2016;16

Hoenemeyer et al 2018;18 Kleine-Borgmann et al
2019;19 Zhou et al 2018;20 Kaptchuk 201820

Placebo effects are transient
and short-lived

While the durability of placebo effects remains a topic with
relatively limited research, some studies from patients
receiving sham surgery have demonstrated benefits that
persist at 1-year follow-up

Marks et al., 2010;22 McRae et al., 200422

IBS = irritable bowel syndrome; OLP = open-label placebo.

HIGHLIGHT BOX: OPPORTUNITIES FOR ACTION

• Proper care in the trial design of placebo-controlled neuromodulation studies is essential to ensure valid scientific rationale, minimize risk, and properly
attain informed consent.

• Although there are challenges with blinding neuromodulation, placebo-controlled studies must have adequate blinding with sham devices and procedures.
• To maximally combat challenges, adopt standardized methods and acquire blinding validity assessments.
• In the future, placebo effects may be better defined through using alternative placebo-informed trial designs.
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Autonomy and respect for persons: Aspects of placebo-con-
trolled research that may infringe upon autonomy and respect
for persons include deception and an inadequate consent proc-
ess.24 Patients randomized to placebo groups and discover they
are not getting the test treatment could be disappointed or angered,
and this may in turn undermine patient–doctor trust and cause
undue influence on overall trial results.25,26 Ways that deception
can be minimized and deemed ethically justifiable are if patients
are clearly advised in advance that they may be randomized into
either active treatment or a placebo group, coupled with a protocol
to debrief them as soon as their own individual participation is
complete.26 Another potential strategy to mitigate deception in
research focused specifically on placebo effects is to use an
open-label placebo (OLP) trial design (discussed in more detail
below), whereby patients are truthfully told they will be receiving
placebo.21 In all scenarios, each patient is owed a robust consent
process outlining the risks of receiving placebo/sham intervention,
such as forgoing active and potentially more effective treatment,
periprocedural risks for more invasive neuromodulation (e.g.,
VNS, DBS) that still occur as part of the sham procedures, or
both.25,27 Importantly, for certain vulnerable populations (e.g.,
children, intellectual disability, cognitive impairment), additional

efforts to communicate placebo randomization and possible risks
are required.

Beneficence: The goal of maximizing benefit and minimizing or
eliminating harm is an essential principle guiding ethically justifi-
able research and medical practice. One ethical argument against
placebo arms of trials is the perceived withholding of treatment to
the patient, thus exposing them to harms of an untreated ill-
ness.26,28 For conditions with increasing severity and risk of mor-
tality, such as refractory anorexia nervosa or acute suicidality, the
implications of untreated illness would certainly be weighed differ-
ently.28 However, inclusion criteria for neuromodulation interven-
tions (particularly the more invasive interventions) typically
require a level of treatment resistance, whereby several standard
lines of intervention have been tried and failed.28,29 Another
important consideration is that active treatment, particularly with
surgical intervention, carries its own risks and adverse effects that
need to be clearly communicated.28

Use of a sham stimulation control group to evaluate efficacy of
neuromodulation against serious conditions (e.g., acute suicidal-
ity) could be deemed ethically justifiable if appropriate monitoring
(e.g., inpatient unit) and alternative treatment offered for non-
responders are clearly outlined and offered, such as with recent

Table 2: Strengths and limitations of study designs for neuromodulation trials with a focus on placebo effects

Study design Strengths Limitations

Randomized sham-controlled trial

Active treatment versus sham control
group

Considered gold standard in evaluating effectiveness of
active treatment

Requires careful design of sham technology to replicate
the experience of active stimulation protocols, as well
as assessment of blinding integrity

Placebo run-in trial

All participants receive placebo prior
to trial initiation

Potential to exclude patients with high placebo
responsiveness in an attempt to increase the ability
to find significant differences between active and
placebo groups

Greater risks of unblinding and decreased external
validity63

Recently found to be no more effective in finding
differences between drug and placebo groups than
trials without placebo run-in periods for
antidepressants65

Three-arm trial with no-treatment control

Active treatment versus sham control
versus no treatment

Would help delineate the magnitude of placebo effects
from the magnitude of other nonspecific effects in
placebo trial arms (e.g., spontaneous changes,
regression to the mean, elevation bias, Hawthorne
effects)

More cumbersome trial design that may impact
statistical power

Ethical concerns regarding beneficence given those
assigned to no-treatment control would potentially
be exposed to relatively more harms than active
treatment or placebo control

Non-inferiority trial

A new intervention is compared with
an established treatment as
opposed to placebo control

Allows more ethical evaluation of treatment
effectiveness for patients with more severe illness
(e.g., acute suicidality) as participants would not be
randomized to a placebo group.

Bypasses need to develop sham stimulation that would
replicate complex protocols (e.g., MST, FUS)

In order to achieve sufficient power, the sample size
may need to be larger, and this would influence the
costs associated with a trial.

Provides no data on placebo response magnitude
(placebo effects could drive improvement in both
groups)

Open-label placebo

Participants are truthfully told they will
be receiving placebo, typically in
comparison to a no-treatment
control

Used for studying the efficacy of placebo effects, while
avoiding the need for deception

Has not been used for evaluating the efficacy of
neuromodulation interventions

Requires careful controlling to ensure the effect
measured is attributable to taking a placebo, rather
than elements of the study design66

Non-standardized script with potential to alter
expectations of a positive response

Cannot blind investigator delivering the script
OLP research remains in its early stages

FUS = focused ultrasound; MST = magnetic seizure therapy; OLP = open-label placebo.
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trials of ketamine for acute suicidality.30 However, in some circum-
stances it may be more appropriate to use an equivalency, or non-
inferiority trial design, whereby a new intervention is compared
with an established treatment as opposed to placebo control, such
as comparing the emerging MST with eECT,31 or FUS with DBS.32

Also, methodology for certain neuromodulation trials (e.g., TMS)
may suggest a washout period for medications in order to evaluate
the true effect of the intervention.33 In these instances, special care
must be taken with close follow-up in place and a contingency plan
in the event of acute clinical deterioration either before or during
the intervention in order to minimize harms.

Arguments against the use of placebo as control in randomized
trials primarily suggest that a breach of clinical equipoise may be
occurring, and that comparing new interventions for conditions
that have an established or standard treatment with placebo results
in substandard, and thus unethical care.34 However, clinical prac-
tice for individual patients often differs from the goals of research,
which is to determine safety, therapeutic efficacy, and potential
generalizability of proposed interventions.25,29 Furthermore, given
findings of robust placebo responses for disorders such as treat-
ment-resistant depression (large, pooled effect size [g = 1.05])4

and in many neuromodulation trials more broadly,6 being ran-
domized to receive a placebo intervention would not be equivalent
to having an illness be entirely untreated in a research trial.
Although there would be important ethical considerations, a no-
treatment group would help to better understand the magnitude
of placebo effects in neuromodulation studies, which is important
for determining the true efficacy of the active intervention.6 A
three-arm trial with active, placebo, and no-treatment control
may thus be better suited for less invasive interventions with rel-
atively lower disease severity so as tominimize the harms of the no-
treatment group. Following a clear consent process and thoughtful
trial design, patients randomized to no-treatment control should
be offered active intervention after the shortest duration of time
possible. Active treatment should also be offered to those random-
ized to the placebo group if found to be more effective.

Another important consideration pertaining to beneficence in
placebo-controlled trial design is the “lessebo effect,” whereby
there is a reduction in the magnitude of treatment effect in the
active intervention group that is associated with the presence of
a placebo group in the trial.35,36 This phenomenon may be due
to the negative expectations associated with potentially being ran-
domized to a placebo group.26 To our knowledge, the lessebo effect
has not been thoroughly evaluated in neuromodulation trials. The
potential risk that the lessebo effect carries would be a Type II error
(i.e., a failure to detect a significant difference between active and
placebo intervention groups when one actually exists).26 Whether,
or how, this phenomenon impacts neuromodulation trials is
unclear at this time and is a topic that necessitates further research.

Justice: As an ethical principle in clinical research, justice serves
to uphold trust at the patient–doctor–-researcher interface and
demands that all people receive equal and fair treatment.24

Recruitment for research trials must be without undue influence,
and participants need to know they can withdraw without their
medical care being affected. Given the potential for harms outlined
above, particularly with more invasive neuromodulation interven-
tions, it is imperative that the research question addressed is clin-
ically important and will potentially result in a significant
difference to clinical practice.28 Furthermore, results of any pub-
licly funded research must be disseminated and shared with not
only the participants or subjects in the trial but also all of society,
even if the results are those not expected or hoped for.24 Ensuring

that appropriate and diverse groups are recruited in trials is an
important tenet of justice in research design, as certain populations
may be underrepresented. For example, indigenous or rural/
remote communities often experience enormous systemic barriers
accessing standard medical care. Unfortunately, neuromodulation
trials mostly take place at tertiary academic care centers, which
would result in underrepresentation of these populations and rep-
resents an important inequity to work toward overcoming in
future trial designs.

Summary: For a randomized controlled trial (RCT) using neu-
romodulation with a sham stimulation group to be ethically justi-
fiable, the trial must: 1) have a valid scientific rationale with clinical
relevance, 2) ensure that potential risks do not outweigh potential
benefits, and 3) involve informed consent with sufficient disclosure
of information so that misconception of the purpose of the trial is
avoided and the potential risks of being randomized to a placebo
intervention group are clear and transparent (see Figure 1).25,26,28,29

Placebo Effects
Many contextual factors modulate the magnitude of placebo
effects. These factors can relate to the intensiveness of treatment,
elaborate or innovative clinical settings, practitioner–patient rela-
tionships, societal perceptions (i.e., hype), and many other varia-
bles.37 Many of these factors are heightened in the setting of
neuromodulation studies, which may inadvertently magnify pla-
cebo effects. For example, neuromodulation interventions are
often inherently complex; they have lengthy procedures involving
screening and calibration, sophisticated and expensive technology,
and elaborate equipment requiring specialized technicians. The
studies are often conducted in academic hospitals or laboratories
filled with various credibility cues such as institutional logos, lab
coats, and medical paraphernalia. The studies can involve lengthy
discussions with physicians and researchers about the benefits and
risks of the intervention, which provide the opportunity for posi-
tive and warm therapeutic relationships. Patients may even have
developed positive expectations about the neuromodulation from
seeing it featured in the media.

All of these factors combined can enhance placebo effects in the
setting of therapeutic neuromodulation.6,38 To build on themes
introduced above, elaborate and complex treatments tend to pro-
duce stronger placebo effects than simpler ones. Studies have
shown that treatments involving acupuncture or medical devices
tend to produce stronger effects than inert pills.39,40,41 Similarly,
placebo procedures that appear more costly tend to be more effec-
tive.42,43 The various objects in the physical setting as well as the
experimenter’s behavior can demonstrate cues of credibility and
competence, which additionally can promote placebo effects.44,45

Lengthy discussions about the procedure can allow physicians to
develop a connection with patients and demonstrate engagement
and warmth, further boosting these effects.45,46 Also, expectations
about the effectiveness of high-profile neuromodulation interven-
tion can be modulated in participants who observe improvements
of other patients.38,47,48

An additional complicating factor on this topic concerns the
implications of potential shared neurobiological mechanisms
between how placebo effects modulate the brain and how neuro-
modulation modulates the brain. A recent neuroimaging meta-
analysis by Burke and colleagues identified a common set of brain
regions demonstrating changes in activity when healthy individ-
uals and patient populations experience placebo effects.7 This
included activation of the left dorsolateral prefrontal cortex and
the subgenual anterior cingulate cortex. They then showed that
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these activation clusters overlap with regions that are targeted by
TMS and DBS to treat depression. There are many implications of
the potential shared mechanism on conventional measurements of
efficacy, and models of these impacts may help explain some of the
variability in trial results that have been observed. For example, if
placebo effects are particularly high (e.g., due to factors described
above), the effect that TMS has on activating the dorsolateral pre-
frontal cortex brain target may effectively be stolen by placebo
effects, which have already activated that brain circuit making it
hard to show the incremental specific effect of TMS.

Blinding in placebo-controlled neuromodulation trials:
Achieving satisfactory blinding in placebo-controlled neuromodu-
lation trials is essential for proper assessment of placebo and treat-
ment effects. Poor blinding may lead patients randomized to the
placebo group to have decreased placebo effects by lowering par-
ticipants’ expectations of a positive outcome.50 Conversely, poor
blinding can also lead those randomized to the active group to have
elevated placebo effects as they may have increased confidence and
expectation that they are indeed receiving the active intervention.51

This unequal distribution of placebo effects across trial arms can
lead to major issues with interpreting clinical trial efficacy.51

However, determining what constitutes adequate blinding in such
trials is complex and varies by intervention studied. In the gold
standard double-blind RCT, both participant and investigator
are blinded to whether the participant is in the active or placebo
arm. As most neurostimulation interventions are elaborate in
nature (i.e., exposing patients to advanced machinery and compli-
cated procedures), intricate sham controls are required to achieve
even single blinding of the participant.

For noninvasive neurostimulation techniques including TMS,
TDCS, and noninvasive vagus nerve stimulation (nVNS), blinded
trials generally involve a sham control arm where the active treat-
ment environment (e.g., appearance, sound, sensation) is mim-
icked, but little or no meaningful stimulation is received. For
example, in TMS, specific sham coils have been developed that look
indistinguishable from the active coil and make similar clicking
sounds.10,52 In TDCS, pruritis under scalp electrodes may occur
with stimulation onset or, less often, throughout treatment.10,53

Sham controls may therefore involve brief activations of current
to cause a similar feeling and pattern of itchiness.53,54 However,

current sham TDCS protocols are heterogenous and may be con-
founded by separate neurobiological mechanisms enacted by
seemingly inert brief activations from the electrodes, and further
research is required to improve quality of sham procedures for
TDCS.55 Active TDCS can also lead to local vasodilation and scalp
redness that could be observed by raters, although sham stimula-
tion over 30 seconds may also cause redness.56 To further improve
blinding, many trials may rightfully exclude patients who have
received previous treatment with a given neuromodulation as they
will likely be able to note the difference of the sham procedures and
experience.

Despite progress, there remain significant challenges to main-
taining blinding integrity in neurostimulation trials. For instance,
it can be challenging to reproduce the unpleasant scalp sensation
and facial twitching that may occur with repetitive TMS.10 There
has also been debate whether tilting active coils off the scalp (a
sham technique used inmany early TMS studies) may bemore sus-
ceptible to unblinding than sham controls.10 To improve blinding,
many trials may rightfully exclude patients who have received pre-
vious treatment with a given neuromodulation as they will likely be
able to note the difference of the sham procedures. Along similar
lines, conventional crossover design studies are generally discour-
aged as patients receiving active first may then be aware of the
switch to sham. A final complicating factor is that in instances
where the sham protocol involves low-dose stimulation, it could
be argued whether the stimulation itself exerts an effect, a docu-
mented issue in previous nVNS trials.57 In addition, operator
blinding is generally very challenging, as the administrators must
be familiar with the treatment protocols they are giving. Though
novel protocols are trying to mitigate the impacts of this, it is
important to have device administrators who are not involved
in outcome evaluation. The lack of standardization and methodo-
logical heterogeneity sham protocols can impede assessment and
meta-analyses of placebo responses across studies and between dif-
ferent treatment modalities.4

Invasive neuromodulation techniques, such as DBS and VNS,
also employ sham stimulation controls. While historically best
medical treatment was commonly used as a control in DBS trials,58

it would not control for the greater placebo responses expected in
the DBS arm due to the elaborate nature of the intervention. In

Figure 1: Ethical principles for the
use of placebo controls in neuromo-
dulation research trials. This figure
was created using BioRender.
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sham stimulation trials, the medical device being studied is
inserted in both treatment and sham groups, but stimulation is
only activated to therapeutic levels in the treatment group. This
allows treatment crossover to occur, which largely circumvents
ethical concerns associated with having an invasive sham surgery
control. Blinding of a sham surgery would be additionally difficult
in DBS, as patients are awake during the procedure. One challenge
with the sham stimulation approach in DBS is the lesion effect,
whereby clinical changes are derived from the lesion created by
DBS lead placement itself. This can lead to a temporary physiologic
effect in the sham group, as well as difficulty distinguishing stimu-
lation benefit from the lesion effect. A strategy to combat this is by
providing a washout period after device implantation where nei-
ther group is stimulated, thereby allowing time for the lesion effect
to diminish. However, lesion effects are not entirely predictable;
they have been shown to last months and likely vary depending
on location and target symptoms.58 Given the wide variety of ill-
nesses under study for treatment with DBS and VNS, there are
unique considerations for each condition that can impact blinding
integrity. For instance, in trials of DBS for Parkinson’s disease,
patients may require down-titration of anti-parkinsonian medica-
tions alongside DBS adjustments.58 This could alert the patient to
positive treatment response, unless a placebo pill is substituted.

The combination of elevated placebo effects and inherent chal-
lenges for blinding neuromodulation makes it critical to measure
blinding validity in clinical trials. If blinding is inadequate, placebo
effects can be erroneously attributed to the specific effects of the
intervention and muddle the interpretation of trial results.
Blinding validity is typically measured by determining whether
participants and assessors can accurately deduce treatment alloca-
tion more often than by chance.59 Assessing the success of blinding
in placebo-controlled trials is a key step in evaluating internal val-
idity that is frequently overlooked. For instance, a study by
Fergusson et al. found that only 2% of RCTs reviewed in their
analysis (of 191 trials) reported blinding validity in both partici-
pants and assessors/investigators.50 Unfortunately, in 2010,
international clinical trial guidelines (CONSORT) removed
requirements to measure blinding validity. Reasoning behind this
decision included that such measures may rely on hunches on side
effects or efficacy and even that patients may not answer truth-
fully.60 This remains a controversial topic with many who oppose
this position.61

Consistent evaluation and reporting of blinding success are
critical to the proper evaluation of neuromodulation in clinical trial
settings.

Placebo-informed trial designs for neuromodulation studies: In
order to better characterize placebo effects in neuromodulation
studies, alternative trial designs should be considered (see
Table 2). Few prospective studies have been designed to research
the potential differential placebo effects between types of treatment
modalities, and none to our knowledge have done so in sham-con-
trolled trials of neuromodulation.6 Such a trial would include an
active arm, sham stimulation arm, and additional placebo arm
(e.g., an inert placebo pill). While this added placebo pill control
would help characterize differential placebo responses, a no-treat-
ment control group would be needed to delineate other nonspecific
effects in placebo trial arms, including spontaneous changes,
regression to the mean, elevation bias (whereby symptom severity
is overreported at initial assessment),62 and theHawthorne effect.63

Though imperfect, the difference between responses in the pla-
cebo-control and no-treatment control would represent the mag-
nitude of placebo effects distinct from the overall placebo response.

A potential strategy for reducing the large placebo effects
observed in neuromodulation trials is by using a placebo run-in
period. A placebo run-in includes a period at study onset where
all participants receive a placebo, prior to randomization to active
or placebo groups. The goal is to detect participants with high pla-
cebo responsiveness and exclude them from the trial. However,
there are significant potential pitfalls of placebo run-ins, including
risk of unblinding and decreased external validity.64 Furthermore,
run-in trial design for antidepressants was recently found to be no
more effective for finding differences between drug and placebo
groups than trials without placebo run-in periods, and the authors
advocated for cessation of run-in trial design in RCTs for anti-
depressants.65 Use of this debated protocol in neuromodulation tri-
als should therefore be considered with caution.

As previously mentioned, an ethical consideration frequently
encountered in the study of placebo effects is that of participant
deception. This issue can be avoided in trials that use the OLP
design. Emerging evidence from small randomized trials suggests
placebo responses may persist even in the absence of deception, as
seen in OLP trials for IBS,15 back pain,16,19 and cancer-related
fatigue.18,20 Several recent reviews have addressed the current sta-
tus of OLP studies in detail.20,65-68 Briefly, the mechanism respon-
sible for benefits seen in honestly administered placebos is poorly
understood. Kaptchuk et al suggest that commonly proposed
mechanisms of OLP response (e.g., expectation and conditioning)
provide insufficient explanation, and that OLPs may act through
disrupting central sensitization, abnormal signaling, and/or prin-
ciples of the Bayesian brain.68 There are several challenges to
designing and evaluating OLPs. Careful controlling must occur
to ensure the effect measured is attributable to taking a placebo,
rather than elements of the study design (e.g., patient–provider
interaction time).67 The script that explains the OLP concept to
trial participants is not standardized, and different wording may
alter expectations of a positive response. In addition, the investiga-
tor or clinician delivering the script cannot be blinded.
Nonetheless, OLP research remains in its early stages and further
investigation is warranted. To the best of our knowledge, OLP
designs have not been used in neuromodulation studies. This could
be a future direction for expanding the scope of OLPs studied.

Challenges and Opportunities

For placebo-controlled neuromodulation studies, care must be
taken in trial design to ensure that the study has valid scientific
rationale with clinical relevance, that steps are taken to prevent
exposure to excessive risk, and that researchers provide informed
consent with disclosure of information. Placebo responses in neu-
romodulation trials can be robust and efforts must be taken to try
to ensure adequate blinding with sham devices and procedures.
Given inherent challenges of blinding neuromodulation, standard-
ized methods should be used, and blinding validity should be
assessed to ensure proper interpretation of clinical trial results.
Looking forward, alternative placebo-informed trial designs, such
as the addition of a no-treatment control group, will better delin-
eate themagnitude of placebo effects from other nonspecific effects
in neuromodulation trials.

Conclusion

Considerations related to placebo effects have many important
implications for the study and development of neuromodulation.
Ethical justifiability of placebo-control groups in advancing neuro-
modulation research is contingent on adherence to three principles
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of ethical research: autonomy and respect for persons, beneficence,
and justice. Vulnerability, trust, and meaningfulness of different
procedures add a layer of complexity to an already complex ethical
landscape, particularly when considering the need to incorporate
marginalized and underrepresented populations in neuromodula-
tion studies. Moreover, the risk-benefit ratio for different trial
participants will change based on severity of illness and the inva-
siveness of the interventions.
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