
Volume X Issue X (2025)	 1� doi: 10.36922/JCBP025360069

PERSPECTIVE ARTICLE

Complementary action of nocebo and placebo 
effects
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Abstract
The placebo effect exists and is accounted for by regulatory agencies, which require 
new medications to demonstrate efficacy beyond a placebo. The person-dependent 
nature of the placebo effect has made it challenging for practitioners trained solely 
in allopathic medicine—often focused on the suppression of symptoms without 
accounting for the uniqueness of patients—to fully grasp its significance. Advances in 
cognitive science have shed light on how memories are stored and how they interact 
with an individual’s interpretation of the world situation, effectively generating 
the placebo effect as a byproduct of this processing. Neuroscience further reveals 
how cortical maps involved in cognition interact with lower-level neural networks 
responsible for homeostatic regulatory loops, enabling an “idea” to produce 
physiological changes. In the context of optimization theory, the placebo effect can be 
understood as a straightforward hill-climbing strategy. Conversely, the nocebo effect 
is just the opposite strategy. However, both effects can be harnessed therapeutically 
to promote positive outcomes. Although this may seem counterintuitive regarding 
the nocebo effect, it can nevertheless prove valuable, particularly for patients who 
do not respond to a placebo.
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1. Introduction
The placebo effect improves a patient’s condition, while the nocebo effect exacerbates 
it.1 These effects are usually considered complementary, and great efforts are made to 
avoid the nocebo effect. Both placebo and nocebo are patient-dependent, relying heavily 
on the individual’s (memorized) previous experiences.2 This study focuses on these two 
effects.

Any health condition is essentially the result of a homeostatic loop that operates 
outside the boundaries of good health, which, at a minimum, requires the absence 
of symptoms.3 A health condition is abnormal and arises because the mechanisms 
responsible for feedback control are no longer optimal. Each homeostatic loop is, at least 
in part, regulated by a neural network devoted to this function.4

Given that homeostasis involves neural networks and their dynamical behavior, this 
study introduces the concept of basins of attraction—borrowed from artificial neural 
networks and optimization theory—to explain placebo and nocebo effects and to clarify 
how cortical activations induced by memory events affect the neural networks governing 
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various homeostasis loops.5 This framework allows us to 
conceive the placebo and nocebo effects as two sides of 
the same coin, both capable of improving patient health 
through a shared mechanism—a conclusion that may 
appear counterintuitive but holds practical significance.

Section 2 presents the concept of the basin of attraction, 
a central component in the dynamics of artificial neural 
networks. Section 3 demonstrates that the placebo effect 
emerges as a side effect of the automatic and perpetual 
memorization that occurs within the hierarchy of cortical 
maps. Optimal dynamics—characterized by escaping 
local minima (chronic condition) toward a global minima 
(good health)—underpin the placebo effect. Section 
4 describes how the opposite strategy—escaping local 
minima toward states opposite the global minima—
characterizes the nocebo effect. Section 5 explores the 
therapeutic application of the nocebo effect through the 
Law of Similars, a pillar of homeopathic medicine. It also 
provides explanations for the influence of belief, optimism, 
and hypnotism on the placebo and nocebo effects. Section 
6 concludes by advocating that a better understanding of 
both effects may advance the development of personalized 
medicine.

2. Using the framework of computational 
neuroscience and optimization methods
In biology, homeostasis refers to the steady internal 
physical and chemical conditions maintained by living 
systems.6 It represents the state of optimal functioning for 
the organism and involves keeping numerous variables, 
such as body temperature and fluid balance, within defined 
physiological limits (the homeostatic range).

Homeostasis is maintained through a natural resistance 
to change when conditions are already optimal, and 
equilibrium is preserved by several regulatory mechanisms. 
It is thought to be the central motivation for all organic 
action.7 All homeostatic control mechanisms have at least 
three interdependent components: a receptor, a control 
center, and an effector.5

In many cases, control centers include neurons 
distributed across various regions. For example, the 
hypothalamus regulates core body temperature8 and fluid 
balance,9 while the medulla oblongata contains centers 
that regulate arterial blood pressure10 and levels of blood 
gases (including blood pH).11 The neuroendocrine system 
provides further evidence of neural involvement in 
systemic regulation.

Neurons operate in ensembles, processing input and 
generating output signals. Their connectivity continually 
self-organizes through synaptic plasticity mechanisms, 

succinctly summarized by Hebb’s rule.12 Adjustments 
in synaptic efficacy shape neural network behavior by 
reinforcing effective connections and pruning those that 
are unnecessary.13

A neural network is a dynamical system whose states 
evolve within a phase space and tend to converge toward 
stable configurations known as attractors. The region of 
phase space from which trajectories converge to a given 
attractor is called the basin of attraction.14 Neural behavior 
thus consists of either exploring the interior of a basin of 
attraction or transitioning between basins.

The collection of basins structuring dynamics may be 
conceptualized as a 3D map, with hollows representing 
basins of varying width and depth (Figure 1). The deeper 
and broader a basin, the more likely the system is to remain 
within it.

The validity of this attraction-based framework for 
neural dynamics is supported by the development of 
efficient computational methods such as the Monte 
Carlo method and simulated annealing.15 Originating in 
the 1980s, both methods enabled numerous industrial 
applications and relied solely on stochastic search to 
explore the solution space and identify global optima. 
By contrast, the later emergence of efficient learning 
strategies, such as error-gradient backpropagation16 and 
reinforcement learning,17 uses local information relative 
to the current position within a basin of attraction to 
iteratively reduce error and move the dynamics toward 
more optimal states. Backpropagation, despite being more 
than half a century old, is central to the development of 

Figure 1. Basins of attraction that are available to the dynamics of a given 
neural network. Assume that “good health” is the deepest basin (the 
global minimum), while all other basins represent sub-optimal health 
conditions (local minima). The dynamics of the system are dependent 
on the regulatory mechanisms that push the system evolution toward the 
attractor at the center of whichever basin it currently occupies. Escaping 
a basin requires climbing its walls—i.e., moving against the direction 
imposed by regulatory mechanisms.
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current artificial intelligence (AI) systems,18 including 
large language models such as Grok and ChatGPT.

Returning to the clinical domain, this study proposes 
that the largest basin of attraction corresponds to good 
health (the symptom-free state), whereas the other basins 
of attraction correspond to various symptomatic or 
pathological conditions. As time passes, neural dynamics 
reinforce the structure of the basin in which they reside. 
When the system occupies a sub-optimal basin, ongoing 
reinforcement makes escape increasingly difficult, leading 
to chronic health conditions.

The placebo effect is clinically observed as a transition 
from poorer health to better health. In the context of 
basins of attraction, the placebo effect is moving from 
a sub-optimal basin of attraction toward the optimal 
basin, following a trajectory of progressively diminishing 
symptoms. Conversely, the nocebo effect corresponds to 
movement toward basins associated with worse health—an 
increase in symptoms and a shift toward even more sub-
optimal attractor states.

3. Placebo effect
A placebo is a substance (e.g., sugar pill) or a sham 
procedure that should have no therapeutic effect, as it “is 
objectively without specific activity for the condition being 
treated.”19(p471]) Nonetheless, placebos are effective in a 
tremendous number of health conditions, as evidenced 
by the requirement that new pharmaceutical drugs must 
demonstrate efficacy beyond that of a placebo to be 
considered effective.20

The placebo effect is highly individualized; one may 
respond to one placebo but not another, and the magnitude 
and consistency of the response vary widely. Studies have 
shown that factors such as a placebo’s form, color, and 
price—and even the patient’s country of residence—
modulate placebo responsiveness.20 A compelling argument 
that individual experiences shape placebo responsiveness 
is the observed rise in placebo effects among the United 
States population following the legalization of direct-to-
consumer pharmaceutical advertising (DTCPA) in 1997.21 
This phenomenon has prompted many contemporary 
placebo-controlled trials to be conducted in locations 
where DTCPA is prohibited or ineffective, such as rural 
India or Iran.

To say that the placebo effect is “highly individualized” 
means that it depends on personal experiences, which, by 
definition, are not shared universally. These experiences 
are encoded in the cortex and distributed across as many 
cortical maps as dimensions present in the original 
situations.22 A memory is the joint activation of several 

cortical columns, each belonging to a particular cortical 
map; together, these activations form a distributed 
pattern spanning the cortex.23 This cortical activity 
pattern interacts with lower-level neural networks, i.e., 
neurons that do not belong to the cortex. Although the 
cortex occupies approximately 80% of brain volume, it 
only accounts for 20% of the neurons.24 Therefore, the 
majority of neurons lie outside the cortex, many directly 
or indirectly connected to cortical circuits and involved in 
homeostatic regulation.

It is appropriate to conceive of the nervous system as a 
whole, with no neuron acting in isolation or independent of 
the activity of others (either directly with neurotransmitters, 
or indirectly with neurohormones). This continuity implies 
that Hebb’s rule applies not only to cortical neurons but 
also to all the other neurons. Consequently, a memory is 
not restricted to the cortex; rather, it extends to all neural 
networks co-activated repeatedly within a narrow temporal 
window of a few milliseconds.25

Such a memory process explains why “naïve” patients 
do not exhibit a placebo effect—or only a small one—
compared to patients who are already acquainted with the 
drug (to be replaced by the placebo). One of the earliest 
documented studies of the placebo effect demonstrated 
how placebo-induced endorphins mimic the action 
of morphine by binding opioid receptors, inhibiting 
ascending pain pathways, altering pain perception, and 
producing central nervous system depression.26

When are the neural mechanisms responsible for 
endorphin synthesis and release encoded? As soon as a 
patient starts receiving intravenous (IV) morphine, new 
patterns of neural activities—those corresponding to the 
transition to a pain-free state—are formed and consolidated. 
Despite being altered in their functioning, neurons 
continue to follow Hebb’s rule,12 reinforcing the synapses 
involved in this new activity pattern. The subsequent 
placebo effect (associated with a fake “morphine” IV) is 
simply the reactivation of this memorized neural pattern.

Since a neural network is an associative memory,27 
it can reconstruct an entire neural activity pattern from 
a partial cue or probe (Figure  2). If the cue is merely 
an IV of physiological saline (a placebo), the system 
can nevertheless recruit the full pattern, including the 
components responsible for inhibiting ascending pain 
pathways, allowing the patient to experience pain-free 
despite receiving no active drug. In this way, a cognitive 
expectation—I am going to be pain-free thanks to this IV 
of morphine—is instantiated physiologically through 
the reactivation of the neural activity pattern previously 
associated with actual morphine-induced analgesia.

https://dx.doi.org/10.36922/JCBP025360069
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4. Nocebo effect
The example presented in the previous chapter, the case of 
pain management with morphine, illustrates the placebo 
effect well, but it is not representative of a chronic health 
condition. In chronic disorders, regulatory mechanisms 
actively maintain the system within a sub-optimal basin 
of attraction. Looking at the map showing the various 
hollows (Figure 3), the “good health” basin may lie nearby, 
yet remain inaccessible: whenever the system attempts to 
climb in the desired direction, regulatory mechanisms pull 
it back into the “chronic condition” hollow.

Escaping a local minimum corresponding to a non-
optimal hollow is a classical problem in local search 
methods used in mathematical optimization.28 Heuristic 
methods attempt to infer a direction that will allow the 
system to escape the local minimum and approach the 
global minimum.29 The heuristic may be a score, such as 
the depth of the hollow, exploring only moves that reduce 
this score.

Figure  3 translates these concepts into the clinical 
domain. The placebo effect can be viewed as moving the 
neural dynamics toward the desired symptom-free basin, 
while the nocebo effect moves dynamics in the opposite 
direction. In doing so, the nocebo effect may ultimately 
allow the system to exit its current basin and arrive at a 
new position from which movement toward the healthy 
basin is possible—and sometimes easier.

The difference between placebo and nocebo effects is 
that, in escaping the local basin of attraction, the nocebo 
pattern of neural activities does not guide the neural 
dynamics toward the healthy basin. Therefore, it is normal 

to observe worsening of symptoms—even the development 
of new symptoms. However, this deterioration does not 
necessarily imply a poorer long-term prognosis. The 
previous health condition was chronic in the sense that 
the dynamics were trapped within a specific basin of 
attraction. The nocebo effect may dislodge the dynamics 
from that basin and move it into a new location. Even if 
this new position initially worsens the health condition, it 
may reduce the dominance of the chronic attractors and 
increase the relative influence of the healthy attractor.

Attractors are neural-based; their efficiencies depend 
on how frequently they have been reinforced through 
learning. Therefore, the length of time spent in a condition 
defines the number of neural co-activations retained in 
memory, thereby influencing the depth and size of the 
associated basin of attraction. In general, the healthy 
condition has a longer learning history compared to the 
chronic condition. Therefore, once the system escapes a 
chronic basin of attraction, there is a substantial chance 
that the dynamics will drift toward a better condition.

5. Therapeutic application of and factors 
affecting placebo and nocebo effects
Having matured over 40  years, the framework of 
computational neurocomputing and optimization is useful 
in explaining the placebo and nocebo effects. In particular, 
it presents the similarities and differences: opposite escapes 
of local minima, with (placebo) or without (nocebo) 
guidance toward the global minimum once escaped.

There may be cases where no placebo effect is able to 
escape local minima. In such a case, an efficient nocebo 

Figure  2. An associative memory, i.e., a neural network allows the 
reconstruction of an entire activity pattern using a probe that is only a 
subset of its features. The number of dimensions shown here is 10. The 
cortex comprises 360 specialized cortical maps, each constituting a 
distinct dimension. However, not all 360 cortical maps are implicated for 
a single remembrance.

Figure  3. Blue arrow: the placebo effect drives the dynamics of the 
system toward the global minimum (good health), enabling it to escape 
the local hollow and continue moving toward the desired symptom-free 
hollow. Red arrow: the nocebo effect shifts the dynamics in the opposite 
direction—away from “good health”—until escaping the local hollow. 
From this new location, the system may be able to find an alternative way 
(in orange) to reach the global minimum (good health) more easily.

https://dx.doi.org/10.36922/JCBP025360069
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effect is beneficial. One can even envisage that once escaped 
from local minima with a nocebo effect, the placebo 
effect kicks in to guide the dynamics toward the healthy 
minimum. In this case, nocebo and placebo effects are 
no longer opposed but complement each other, achieving 
results neither can achieve alone for the betterment of the 
patient.

It seems that the Law of Similars30 may be—at least 
partially—based on this observation. At first sight, using 
ingredients known to induce symptoms similar to those 
targeted for treatment appears counterintuitive. However, 
there is logic in recruiting the nocebo effect in specific 
situations.

The Law of Similars has been integrated into the 
proposal of Hahnemann31,32 and is a pillar of homeopathic 
medicine. It is well known that the homeopathic remedy is 
selected because it produces the same symptoms as those 
of the patient (i.e., pathogenesis). The patient is therefore 
well informed of a potential nocebo effect, but he (or she) 
also has faith in the homeopathic practitioner and believes 
in a positive outcome (placebo effect). In conclusion, 
homeopathy—whatever its intrinsic effectiveness—is also 
calling on the complementary action of a nocebo effect 
followed by a placebo effect.

Kent’s 12 Observations33 are a set of guidelines 
formulated by the renowned homeopath James Tyler Kent 
in 1900. These observations serve as a valuable framework 
for assessing the progress of a homeopathic case and 
making informed decisions at the second prescription. 
Mastery of Kent’s 12 Observations is fundamental for 
homeopathic clinicians to interpret complex remedy 
reactions accurately, thereby enhancing the precision and 
success of homeopathic treatment.34,35 Each observation 
focuses on specific aspects of the patient’s response to 
the initial remedy and provides crucial insights into the 
dynamic nature of the case. Two of these observations 
(Numbers 2 and 3) describe situations in which the remedies 
initially worsen the condition before improvement occurs. 
If one remembers that a patient using a homeopathic 
remedy may be well informed of the Law of Similars, it is 
legitimate to conclude that the situations following Kent’s 
second and third observations could be concrete examples 
of situations where a positive harnessing of the nocebo 
effect is summoned.

It is worth mentioning that the Law of Similars was 
already referred to in the writings of ancient healers30 such 
as Charaka, the Indian father of medicine (c. 1000 B.C.), 
Hippocrates, the father of Western medicine (Greece, c. 
400 B.C.), and Paracelsus, the father of toxicology (Europe, 
1493–1541).

The connection between our description of the placebo 
and nocebo effects and homeopathy, specifically the Law 
of Similars, is potentially controversial, particularly for 
advocates of an evidence-based-only medicine. This 
medicine only targets symptoms (i.e., allopathy) and 
denies the benefits of personalized medicine. One could 
argue that homeopathic medicine is more than 200 years 
old and practiced worldwide, such as in India where 
there are more than 300,000 homeopathic registered 
practitioners36 (to be compared to 1,386,136 registered 
Indian allopathic doctors37), and therefore the number of 
patients that fall into Kent’s second and third observations 
over the last 200 years is anything but small. It is important 
to note that this work does not have to rely on the efficacy 
of homeopathic remedies. On the contrary, the most 
informative case for demonstrating the usefulness of this 
study’s framework is to assume that homeopathic remedies 
are ineffective and that homeopathy relies only on placebo 
and nocebo effects.

Numerous applications of the placebo/nocebo 
effects target conditions that evolutionary medicine (or 
Darwinian medicine38) points out to be body responses 
adapted to the current health situation. Since many of 
these responses are unpleasant, many people (aware or 
unaware of evolutionary medicine) prefer to avoid them 
as much as possible, despite the fact that these responses 
help them return to a healthy state. Many of these body 
responses involve symptoms that have a neural origin. It 
is, for example, the case after an infection or injury with 
symptoms such as fever,39 pain,40 or sickness behavior.41 
Given their neural origins, it is easy to understand why 
these conditions are also prone to placebo/nocebo effects.

Clinical results demonstrated that dispositional 
optimism predicts placebo analgesia.42 It is clear that 
if a person does not believe in the remedy, it forbids his 
visualization of good health, and the change in neural 
activity patterns toward a healthier state does not occur. 
People with such a pessimistic attitude may be more prone 
to exhibit a nocebo effect, which could be useful.

Belief is a major component of the placebo effect 
because it accounts for the number of neurons activated by 
the same “idea.”43 When a huge number of cortical neurons 
embed an “idea,” a vast number of lower-level neurons get 
activated and act on the regulatory loops.

Hypnosis is a similar procedure for belief manipulation. 
Using movements unknown to the patient (i.e., ideomotor 
movements) but predicted by the hypnotist, the patient’s 
belief in his own ability to correctly interpret reality 
declines. On the other hand, the patient’s belief in the 
hypnotist’s “power” increases until the hypnotist states 
new ideas that are not questioned, nor challenged and 
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verified by the patient anymore. Hypnosis silences pain, 
often more effectively than other recognized treatments,44 
and is part of treatment programs used against many 
chronic psychological and physiological conditions.45 In 
the context of the work presented here, hypnotism may be 
seen as a method to boost optimism and belief, allowing a 
significant placebo effect.

6. Conclusion
The explanations presented in this study are hoped to 
demystify the placebo/nocebo effects and promote their 
conscious use by therapists.46 It is counterproductive that 
placebos are still not officially prescribed in cases that 
would benefit from them.47 Some therapists even consider 
placebo prescription as unethical and call for “deceptive 
medicine.”48 As presented here, even a nocebo effect may 
be beneficial for the patient’s health.

A placebo or a nocebo is a trigger that evokes memories. 
The cortical map activations encoding these memories 
are linked to low-level neural circuits responsible for 
homeostatic regulation through feedback loops. The cue 
that summons the full memory pattern must include at 
least one dimension relevant to that memory—activation 
of the entire pattern follows automatically since our brain 
is an associative memory. This cue need not be a pill of a 
particular color, size, or price. It could be as simple as a 
word, a sentence, or advice, greatly simplifying therapeutic 
application. It is believed that demystifying placebo/nocebo 
effects will foster their adoption, transform patient care, 
and advance personalized medicine without moralizing or 
stigmatizing their use.

The potential limitation of the framework presented 
here is the simplification inherent in Figures 1 and 3, which 
depict a 3D surface to represent patient health. The actual 
number of dimensions associated with health is much 
bigger. The same consideration applies to Figure 2, which 
shows only 10 dimensions related to a memory. Here 
again, the actual number of dimensions is much bigger but 
should not exceed 360.

How could our description of the placebo and 
nocebo effects be tested? As with any intervention deeply 
intertwined with a patient’s personal history (i.e., patient’s 
memories), the gold standard of evidence-based medicine, 
which relies on group statistics, can be challenging to 
yield meaningful results. Nonetheless, evidence-based 
clinical trials on placebo effects do exist.49 To validate the 
mechanisms of action of placebo and nocebo effects, a 
study of the benefit of a nocebo effect should be conducted 
only among patients who are not responding to a placebo. 
If health improvement occurs, it could be taken as evidence 
in favor of validating our description.

Last but not least, the framework of health as a 
multidimensional landscape—with optimal and sub-
optimal basins of attraction governing the dynamics 
of health over time—is of tremendous importance. It 
encourages viewing the medical history of a patient as a 
trajectory, recognizing that there is a hierarchy/chronology 
to the diseases. For example, approximately one-third of 
children with eczema will develop asthma.50 Conventional 
allopathic medicine, which tends to treat diseases as 
isolated entities, might consider eczema and asthma 
as distinct psychosomatic pathologies. In contrast, the 
framework presented in this study clarifies that the “eczema 
basin” of attraction lies between the “good health basin” 
and the “asthma basin,” indicating that asthma reflects 
a further deterioration of health compared to eczema. 
Allowing allopathic physicians, accustomed to a one-drug-
fits-all model, to recognize a hierarchy among pathologies 
is one of the required steps toward the development of 
personalized medicine.
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