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A surgeon operating near the 
front line in the Korean War 

started suffering severe abdomi-
nal pain, which he knew indi-
cated acute appendicit is .  As 
incoming wounded needed his 
help, the surgeon asked a nurse 
to inject him with morphine. 
Returning to duty after his appen-
dectomy, the surgeon looked 
through the operating room 
records and found that ‘since he 
appeared distressed’ the nurse 
had injected saline, probably to 
avoid effects on cognition. The 
surgeon, however, expected the 
nurse to follow his instructions, 
which helped invoke placebo 
analgesia powerful enough to 
c o u n t e r  t h e  p a i n  o f  a c u t e  
appendicitis.1,2 
 The placebo response is a 
complicated and complex social, 
cultural, psychological and bio-
logical phenomenon that con-
tributes to every drug effect, 
complicates every clinical trial 
and influences every interaction 
between healthcare professionals 

(HCP) and patients. Even worms 
and flies, a recent paper notes, 
show placebo-like effects,3 sug-
gesting that the response, in part, 
reflects a fundamental biological 
process essential for survival. 

A ubiquitous response
The term placebo derives from 
the Latin phrase meaning ‘I shall 
please’. By 1811, placebo had 
come to  mean a  ‘medic ine 
adapted more to please than ben-
efit the patient’. Indeed, doctors 
in the early 20th century used a 
variety of multicoloured sugar 
pills, bread pills and subcutane-
ous water injections as placebos, 
e spec ia l l y  for  pat ients  they 
regarded as ‘unintelligent, neu-
rotic or inadequate’.4 
 Countless studies now show 
that the placebo response is not 
confided to the credulous. In ran-
domised controlled trials (RCT), 
f o r  e x a m p l e ,  t h e  p l a c e b o 
response rate can range from less 
than 10% to more than 60%, 
‘even within single clinical enti-
ties’.5 For example: 
• In epilepsy, between 9.9% and 
15.2% of patients in the placebo 
arm of clinical studies show at 
least a 50% improvement of sei-
zures compared to baseline.6 
• 26% and 16% of patients with 
diabetic neuropathic pain and 
dental pain respectively reported 
a 50% reduction in pain.5

• Placebo responses are common 
in fibromyalgia (45%), migraine 
(29%) and pancreat ic  pa in 
(20%).5 
• Placebo response rates can 
reach 60% in sleep disorders 

assessed using polysomnography 
and 25% in active Crohn’s disease 
based on the Crohn’s Disease 
Activity Index or endoscopy.5

Taboos and adverse events
In the mid-19th century, a Maori 
woman accidently ate fruit har-
vested from a place covered by a 
taboo (tapu). When, in the after-
noon, she learnt that she had bro-
ken the tapu, she claimed that the 
chief’s spirit would kill her. She was 
dead by noon the following day. In 
an classic article, American physiol-
ogist Walter Cannon from Harvard 
Medical School describes the tapu 
as ‘a fatal power of the imagination 
working through unmitigated  
terror’.7 
 Just  as  the Maori  woman 
believed that the tapu would cause 
her harm, patients often believe 
that drugs cause adverse events. So, 
patients experience adverse events 
or non-specific effects when taking 
a placebo – the so-called ‘nocebo 
response’. 
 A meta-analysis of 21 RCTs, for 
example, assessing antidepressants 
found that 44.7% of patients taking 
placebo reported adverse events 
(such as headache, nausea and diz-
ziness) compared with 40.9% of 
those receiving active drugs. More-
over, 4.5% and 6.9% of the placebo 
and active arms discontinued treat-
ment because of adverse events. 8 
Other studies confirm the nocebo 
response is widespread: 
• An analysis of 56 studies of multi-
ple sclerosis found that 74.4% of 
patients in the placebo arm devel-
oped adverse events and 2.1% 
stopped treatment as a result. 
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The placebo response is a 
complicated and complex social, 
cultural, psychological and 
biological phenomenon that 
contributes to every drug 
effect, complicates every clinical 
trial and influences every 
interaction between healthcare 
professionals and patients. 
Researchers now have an 
unprecedented understanding 
of the biological basis for the 
phenomenon, although, 
important questions remain.
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• In 41 studies of Parkinson’s dis-
ease, 64.7% developed adverse 
events and 8.8% stopped treatment; 
the figures were 62.9% and 9.5% 
respectively in 16 fibromyalgia  
rials.8 
• An analysis of seven RCTs assess-
ing antiepileptic drugs in paediatric 
refractory focal epilepsies reported 
a placebo response rate of 19.7%, 
while 81.3% experienced at least 
one adverse event, usually head-
ache (11.4%), somnolence (9.6%) 
or ataxia (4.6%). Indeed, 3.6% of 
children taking placebo withdrew 
due to adverse events.9 

Researchers now have an unprec-
edented understanding of the bio-
logical basis for these responses, 
although, as we will see, important 
questions remain.3

Self-fulfilling prophecies 
The doctor in the Korean War 
expected the nurse to follow his 
instructions, which helped invoke 
potent placebo analgesia.1,2 Cer-
tainly, expectation can have a 
strong influence on the response 
to treatment: expecting a benefit 
or a side effect can become a 
self-fulfilling prophecy.  
 For instance, in an excellent 
review, Jakovljevic offers a useful 
list of self-fulfilling prophecies 
that could contribute to placebo 
and nocebo responses.10 To take 
just two examples: The ‘halo effect 
of uncontrolled novelty’ means 
that receiving a new treatment 
may change a person’s expecta-
tions, stimulate them to be more 
alert or change another behav-
iour.10 After all, some people 
embrace novelty. Others fear 
change. In therapeutic interac-
tions, the HCP could subtly com-
municate their expectations. In 
turn, patients alter their behav-
iour to conform with the HCP’s 
expectations.10

 Indeed, the therapeutic alli-
ance – such as the extent to which 
HCPs provide a meaningful expla-
nation and express care and con-
cern – can have an important 
influence on placebo responses.10 
Leuchter et al. randomised 88 peo-
ple with major depression to eight 
weeks of supportive care either 
alone or combined with dou-
ble-blind treatment with placebo 
or an antidepressant. Medication 
or placebo were not significantly 
different. Both, however, were sig-
nificantly more effective than sup-
portive care alone. The ‘strength’ 
of the therapeutic alliance pre-
dicted the response to medication 
and placebo. Expectations of effi-
cacy predicted the response to 
placebo only.11

 Similarly, patients can learn 
what to expect with a certain drug, 
which can again become a self-ful-
filling prophecy. Giving a placebo 
after conditioning with repeated 
administration of aspirin pro-
duces an aspirin-like effect. Simi-
larly,  giv ing a placebo after 
conditioning with ketorolac or 
morphine produces analgesic 
effects similar to ketorolac or mor-
phine respectively. In the latter 
case, patients may also experience 
morphine-like adverse events.12 
 In other words, patients who 
expect adverse events may be 
especially prone to experience the 
nocebo response. So, information 
about adverse events provided 
before treatment, negative experi-
ences, stress and anxiety also seem 
to increase the likelihood of a 
nocebo response.8 
 One study, which enrolled 46 
healthy people, used red, yellow 
and green cues to alert subjects 
that an upcoming thermal pain 
would be high, medium and low 
intensity respectively. After a con-
ditioning phase, the researcher 
kept  (wi thout  the  subject s ’  

knowledge)  the pain set  a t 
‘medium’ but changed the cues to 
measure placebo and nocebo 
effects.13

 Together motivation and sug-
gestibility accounted for the 51% 
of  the  var iance  in  p lacebo 
responses. Anxiety, openness, 
extraversion and depression 
accounted for 49.1% of the vari-
ance in nocebo responses. The 
study confirmed that expectations 
correlated highly with placebo 
and nocebo effects. However, psy-
chological factors did not influ-
ence a person’s expectation of a 
change in pain intensity.13

Introducing the placebome
Studies are clarifying the neurochem-
ical changes evoked by these cues. For 
example, the ‘placebome’ refers to 
the various genome-related or derived 
molecules – such as genes, proteins, or 
microRNA (small non-coding RNA 
that regulates gene expression) – that 
seem to affect an individual’s placebo 
response.14 In a compelling review, 
Hall et al. ‘speculate that the place-
bome comprises multiple intersecting 
pathways that have upstream or down-
stream effects on dopamine and opi-
oid function, depending on the 
disease or disorder being treated’. 
The observations raise the prospect of 
developing biomarkers that indicate 
which people might have a propensity 
towards a placebo response. If con-
firmed, such biomarkers could have 
implications for clinical trial design.14

 Certainly, placebo analgesia 
changes the activity of several CNS 
regions that seem to process pain, 
including the dorsolateral pre-
frontal cortex, the anterior cingu-
late cortex and periaqueductal 
grey as well as reducing nocicep-
tive processing in the spinal cord. 
This suggests that ‘top-down 
mechanisms suppress pain pro-
cessing in the central nervous  
system at the earliest stages’.12
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 In other neurological condi-
tions, such as Parkinson’s disease, 
dopaminergic reward mechanisms 
may mediate the placebo response. 
One study, for example, found that 
placebos induced an increase in 
endogenous synaptic dopamine lev-
els in the striatum of people with 
Parkinson’s disease. The experi-
ment did not include a direct 
reward. Nevertheless, dopamine 
release in the nigrostriatal system 
may reflect the expectation of clin-
ical benefit.6

 Placebo analgesia is associated 
with the release of several neuro-
transmitters, including opioids, 
cholecystokinin (implicated in anx-
iety and hyperalgesia), oxytocin 
and cannabinoids. For example, 
naloxone can antagonise placebo 
analgesia driven by an expectation 
of benefit. Rimonabant, a cannabi-
noid receptor 1 antagonist, blocks 
placebo analgesia conditioned  
by ketorolac.12 
 
Worms and flies
Despite such advances, as Harvey 
and Beedie noted, ‘important 
ques t ions  remain ’ ,  such  a s 
whether the placebo response ‘is 
an evolved, and potentially ubiq-
uitous trait, or an unpredictable 
side effect of another evolved 
process’. 3 It is of more than aca-
demic interest. Answering the 
question may, in the future, allow 
clinicians to module the physiol-
ogy underly ing placebo and 
nocebo responses to optimise 
outcomes with drugs and other 
treatments. Moreover, if the trait 
is ubiquitous, researchers may be 
able to develop animal models to 
investigate hypotheses that would 
be ethically or practically impos-
sible in human studies.3

 Studies in the nematode worm 
Caenorhabditis elegans and the fruit 
fly Drosophila melanogaster that 
undermine the rel iabil i ty  of  

predictable cues suggest the trait 
might be highly conserved. For 
instance, studies using C. elegans 
show that cold perception, rather 
than the effects on cellular func-
tion, are critical for the worm’s 
survival.3 
 Prolonged exposure to tempera-
tures below 5ºC kills adult C. elegans. 
Exposing the worms to low, but 
non-stressful, temperatures habitu-
ates the nematode and markedly 
reduces or even blocks the mortality 
from low temperature. Disrupting 
specific neurons can replicate the 
habituation response even when the 
temperature remains constant. In 
other words, habituation reflects 
temperature perception rather than 
the environment. In other words, 
Harvey and Beedie write, ‘we can 
observe placebo effects’ in worms 
and flies: ‘there is an expectation of 
something and a subsequent set of 
changes that (should) optimize fit-
ness under the expected condition’.3

 Of course, such traits are only 
one aspect of the placebo response. 
Communicated expectations, previ-
ous experience (learning), manipu-
lated learning (conditioning), 
context – such as the ‘white coat 
effect’ (blood pressure rises when 
measured in the clinic) – emotions 
(including hope and anxiety, per-
sonality), health attitudes and belief 
systems3,11 are among the diverse fac-
tors that seem to contribute to pla-
cebo and nocebo responses. Studies 
assessing placebo and nocebo effects 
also need to account, for example, 
for spontaneous remission, intrinsic 
variations in disease severity over 
time and regression to the mean.6,14

 Overall, however, recent stud-
ies – the examples above barely 
scratch the surface – show that 
our understanding of and investi-
gations into these enigmatic 
effects are moving ‘away from 
vague self-reported and subjective 
responses towards robust and 

directly  measured biological 
events’.3 Nevertheless, there is still 
a need for much more research 
into these enigmatic responses. In 
the meant ime,  placebo and 
nocebo responses will continue, as 
Jakovljevic comments, to ‘fasci-
na te ,  confuse ,  mys t i f y  and  
challenge’.10 

Mark Greener is a freelance medical 
writer.

References
1. Wall PD. Pain and the placebo response. 
Ciba Found Symp 1993;174:187–211; discussion 
212–6.
2. Greener M. The Holistic Health Handbook. 
London: Sheldon Press, 2013. 
3. Harvey SC, Beedie CJ. Studying placebo 
effects in model organisms will help us 
understand them in humans. Biol Lett 
2017;13(11)pii:20170585.
4. de Craen A, Kaptchuk T, Tijssen J, et al. 
Placebos and placebo effects in medicine: 
historical overview. J R Soc Med 1999;92: 
511–15.
5. Schedlowski M, Enck P, Rief W, et al. Neuro-
bio-behavioral mechanisms of placebo and 
nocebo responses: implications for clinical 
trials and clinical practice. Pharmacol Rev 
2015;67:697–730.
6. Zaccara G, Giovannelli F, Schmidt D. Placebo 
and nocebo responses in drug trials of epilepsy. 
Epilepsy  Behav 2015;43:128–34.
7. Cannon W. ‘Voodoo’ death. American 
Anthropologist, 1942;44(new series):169–81. 
Am J Public Health 2002;92(10):1593–6; 
discussion 1594–5.
8. Mitsikostas DD, Mantonakis L, Chalarakis N. 
Nocebo in clinical trials for depression: a meta-
analysis. Psychiatry Res 2014;215:82–6.
9. Zaccara G, Giovannelli F, Franco V, et al. 
Adverse events, placebo and nocebo effects 
in placebo-treated paediatric patients with 
refractory focal epilepsies. Analysis of double-
blind studies. Epilepsy Res 2014;108:1685–93.
10. Jakovljevic M. The placebo-nocebo 
response: Controversies and challenges 
from clinical and research perspective. Eur 
Neuropsychopharmacol 2014;24:333–41.
11. Leuchter AF, Hunter AM, Tartter M, et al. 
Role of pill-taking, expectation and therapeutic 
alliance in the placebo response in clinical 
trials for major depression. Br J Psychiatry 
2014;205:443–9.
12. Colloca L, Grillon C. Understanding placebo 
and nocebo responses for pain management. 
Curr Pain Headache Rep 2014;18:419.
13. Corsi N, Colloca L. Placebo and nocebo 
effects: the advantage of measuring 
expectations and psychological factors. Front 
Psychol 2017;8:308.
14. Hall KT, Loscalzo J, Kaptchuk TJ. Genetics 
and the placebo effect: the placebome. Trends 
Mol Med 2015;21:285–94.


