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ARTICLE INFO ABSTRACT

Keywords: Cognitive reappraisal is an emotional regulation strategy by which the individual changes the perspective on a
Reappraisal situation to alter its emotional impact. Similar reinterpretation mechanisms have been associated with the
PlacePo . placebo effect in which beliefs about the efficacy of a treatment modulate subjective experience and physio-
g;[";lnon regulation logical responses. This analogy raises the hypothesis that reappraisal and placebo may share neural networks.

However, despite previous efforts to identify these networks separately, there has been no recent systematic
comparison using a whole-brain meta-analytic approach. To fill this gap, in the current study, we performed a
coordinate-based ALE meta-analysis of task-based fMRI studies investigating reappraisal and placebo. Results
show that both processes recruit the dorsolateral prefrontal cortex (DLPFC), highlighting the shared cognitive
control mechanisms by which they modify the emotional response. However, reappraisal primarily engages the
left portion of the DLPFC, along with the ventrolateral PFC and dorsomedial PFC, while placebo primarily en-
gages the right portion of the DLPFC. These results show that despite common general aspects, reappraisal and
placebo are different in nature and rely on different neuropsychological mechanisms. We discuss possible ex-
planations and their implications for clinical practice and future research.

Meta-analysis
Activation likelihood estimation (ALE)

1. Introduction Nolen-Hoeksema, 2012; Eisenberg et al., 2000), we do not compare here

their efficacy. Instead, we review neuroimaging studies to evaluate how

Emotions shape every aspect of our lives, from how we connect with
others to how we make decisions and handle challenges. But what
happens when emotions, especially negative ones, run too high or
become overwhelming? Emotion regulation is the brain’s built-in
balancing system, helping us to navigate emotional ups and downs. It
enables individuals to cope with stress and adapt to challenges, while
difficulties in this process can contribute to the development and
maintenance of various psychological disorders (e.g., Aldao et al.,
2010). Despite significant theoretical efforts to classify emotion regu-
lation strategies (Braunstein et al., 2017; Gross, 2002; Thompson, 1994),
they remain nuanced, particularly regarding their neural underpinnings.
As their effectiveness varies by context and individual (e.g., Aldao and
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well empirical findings align with theoretical models, focusing on po-
tential neural mechanisms shared across strategies. Unraveling the
mechanisms by which the brain regulates emotions offers valuable in-
sights into effective clinical interventions and, more broadly, into
mental health.

One well-established and adaptive strategy for modulating emotions
is reappraisal, which involves changing the meaning of a stimulus to
alter its emotional impact, particularly by reframing negative or dis-
tressing situations in a more positive or less negative perspective (Gross,
2002). Reappraisal proved to be crucial in maintaining psychological
well-being, helping individuals to cope with negative or painful emo-
tions and fostering resilience and mental health (Aldao et al., 2010;
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Grecucci et al., 2013a, 2020; Monachesi et al., 2023).

According to the most prominent theoretical model of emotion
regulation (Gross, 1998), reappraisal belongs to the antecedent-focused
class of strategies. In contrast to response-focused strategies, which aim
to modify emotional responses after they have been fully elicited,
antecedent-focused strategies as reappraisal intervene at an earlier
stage, and allow individuals to manage their emotions pre-emptively by
changing their initial perception of an event (i.e., before an emotional
response has been fully generated).

Besides the taxonomy based on temporal occurrence, reappraisal is
also a clear example of an explicit, controlled emotion regulation
strategy within the “multi-level framework of emotion regulation”
(Braunstein et al., 2017). In this framework, strategies are categorized
along two orthogonal dimensions: the awareness of the regulation goal
(implicit vs. explicit) and the nature of the change process (automatic vs.
controlled). This means reappraisal involves conscious effort and
top-down cognitive control processes. The central role of top-down
cognitive control in reappraisal strategy is reflected in the involve-
ment of widespread and complex recruitment of prefrontal regions
(Ochsner et al., 2012). Previous meta-analytic work on fMRI studies
investigating the neural basis of reappraisal has identified the contri-
bution of several brain regions ranging from the dorsolateral prefrontal
cortex (DLPFC) to the ventromedial prefrontal cortex (VMPFC) (Buhle
et al., 2014; Frank et al., 2014; Grecucci et al., 2020; Messina et al.,
2015; Monachesi et al., 2023; Morawetz et al., 2017). Furthermore, the
left ventrolateral portion of the prefrontal cortex (VLPFC), which is
involved in response selection and inhibition (Hermann et al., 2021),
has emerged as a crucial hub, especially for the mechanisms of reap-
praisal compared to other cognitive, controlled strategies, such as
distancing (Ochsner et al., 2012), or distraction (Dorfel et al., 2014, but
see Morawetz et al., 2017, in which the VLPFC emerged as an area
consistently activated regardless of the regulation strategy).

In addition to evidence that reappraisal may be associated with the
activation of a qualitatively different network among similar controlled
emotion regulation strategies (Dorfel et al., 2014), a complementary line
of research suggests that its psychological processes are shared by other
apparently different forms of coping with aversive situations, such as
those seen in the placebo effect, including placebo analgesia (PA) (Chiffi
et al., 2019, 2021; Geers et al., 2021). Indeed, the placebo effect rep-
resents another intriguing mechanism for modulating negative affect.
Particularly, placebo analgesia is a specific type of placebo referring to
the phenomenon whereby a patient’s pain is relieved following the
administration of an inert substance or treatment (i.e., the placebo).

According to the multi-level framework of emotion regulation
(Braunstein et al., 2017), placebo may also be considered part of the
explicit regulation class. However, unlike reappraisal, placebo lies to-
ward the more automatic end of the top-down/bottom-up continuum, as
it engages less top-down cognitive control to achieve the goal of regu-
lation. Placebo effects are typically triggered by embodied expectations
and interoceptive predictions, and thus recruit more generative,
bottom-up processes. This distinction is not surprising, as other forms of
emotion regulation also rely on more bottom-up or generative processes
(e.g., acceptance emotion regulation strategy, Frederickson et al., 2018;
Messina et al., 2021; Monachesi et al., 2023). Therefore, while both
placebo and reappraisal involve explicit goals, reappraisal requires
sustained top-down control, while placebo operates more automatically
once expectations are set, thus engaging “few to no top-down control
processes” (Braunstein et al., 2017, pg. 1547). A valuable approach to
examining and comparing these strategies is to consider the three levels
of the multi-level framework - behavior, psychological processes, and
brain systems (Braunstein et al., 2017). However, since the psycholog-
ical process level is inherently unobservable, insights into its mecha-
nisms must be inferred from behavioral and neuroimaging measures.

According to a classic definition, placebos are treatments whose
“characteristic features” have no therapeutic effect on the target medical
condition (Griinbaum, 1981; Howick, 2017). From the perspective of the
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“meaning model” (Brody and Brody, 2000; Moerman, 2002; Moerman
and Jonas, 2002), the placebo effect is conceptualized as the body’s
reaction to a signal from the environment. The environment has certain
“healing properties” that affect and act through our mind. Therefore, the
placebo effect is seen as a semiotic interaction between mind and body
within a healing environment that can positively influence the patient’s
construction of meaning. The placebo treatment highlights the mind’s
ability to shape physical sensations, allowing individuals to modulate
their physiological response and the subjective experience of negative
affect associated with pain, therefore changing the way they think and
feel about their illness or condition (Benedetti et al., 2005; Tracey, 2010;
Wiech et al., 2014). Of particular relevance is the idea that the change in
the patient’s belief state, which is due to the placebo effect, must be
accompanied by observable psychological and neurophysiological phe-
nomena that activate multiple brain regions (Brody, 2018). The neural
basis of placebo is known to involve several brain regions, including the
anterior cingulate cortex (ACC), the periaqueductal grey (PAG) and the
prefrontal cortex (Amanzio et al., 2013; Diekhof et al., 2011; Zun-
hammer et al., 2021). The ACC is involved in the modulation of pain
perception, the PAG is part of the descending pain control system, while
the PFC is implicated in the cognitive aspects of belief and expectation
that are crucial for the placebo effect.

While placebo is a multifaceted mechanism, here we focused on
paradigms in which participants received a dummy treatment (e.g., pill,
cream or sham device) coupled with verbal suggestion or contextual
cues that created an expectation of relief. We included both pain-related
placebos (classic PA using noxious stimuli), and affective placebos (inert
treatments administered before non-noxious but unpleasant stimuli,
such as aversive images). This form of placebo implies a mechanism of
expectation-based reinterpretation that is comparable with the reinter-
pretation associated with cognitive reappraisal.

In behavioral terms, then, both placebo and reappraisal alter the
subjective experiences of distress or pain, through mechanisms of rein-
terpretation, making their potential overlap an increasingly key area of
investigation in both clinical and psychological research (e.g., Benedetti
et al., 2005; Tracey, 2010; Wiech et al., 2014; van der Meulen et al.,
2017). This growing interest has raised the hypothesis — or stimulating
confirmatory evidence, that the neural mechanisms underlying placebo
also overlap with those involved in reappraisal (Chiffi et al., 2019, 2021;
van der Meulen et al., 2017). However, whether placebo and reappraisal
share similar brain networks remains an open question at present. The
PFC is the most likely brain area for the potential overlap in the neural
mechanisms of reappraisal and placebo (van der Meulen et al., 2017). A
recent fMRI study provides evidence in this sense, showing that the
activation in the DLPFC during a PA task correlated with the reduction
in participants’ pain intensity ratings as well as in their reappraisal
ability score (van der Meulen et al., 2017). In contrast, other authors
found that learning-based placebo effect and cognition-based reap-
praisal rely on partially distinct regulatory circuits, sharing activation in
the VLPFC, but with reappraisal additionally involving the DLPFC.

So far, considerable efforts have been devoted to identify the neural
mechanisms underlying reappraisal and placebo analgesia separately.
No recent studies have systematically compared these findings using a
meta-analytic approach. In 2011, Diekhof and colleagues (Diekhof et al.,
2011) published a meta-analysis focused more broadly on emotion
regulation mechanisms, including placebo, reappraisal, and fear
extinction. Their conjunction analysis between placebo and reappraisal
showed an overlap in the ACC and the insula. Unfortunately, the authors
included in their analysis not only whole-brain studies but also those
using region-of-interest (ROI) approaches, a limitation that they them-
selves acknowledged as a potential source of inflated results (Miiller
etal., 2018). As shown by Gentili and colleagues (2019), the inclusion of
ROI-based fMRI studies in a meta-analysis may significantly influence
the results, especially in the context of affective processes. The inclusion
of ROI-findings in Diekhof et al. (2011), then, not only is a flawed
practice (Muller et al., 2018; Yeung et al., 2023) but it may also affect
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our current knowledge on the neurobiology of these emotion regulation
strategies.

The present study aims to address this gap by employing a
coordinate-based Activation Likelihood Estimation (ALE; Laird et al.,
2005) method and selecting fMRI studies that specifically investigate
reappraisal and placebo using whole-brain analysis. Building on more
than a decade since the last published work on this topic (Diekhof et al.,
2011), our meta-analysis also benefits from a significantly increased
available sample size, providing more robust and comprehensive in-
sights into the neural mechanisms underlying these processes.

We expect to replicate previous reappraisal findings showing
increased activity in DLPFC, VMPFC and VLPFC (Buhle et al., 2014;
Frank et al., 2014; Ochsner et al., 2012). Similarly, an increase of ac-
tivity in the ACC and PFC is expected for placebo (Amanzio et al., 2013;
Zunhammer et al., 2021). Furthermore, if the two coping strategies
overlap, we expect to see shared activity in the DLPFC (van der Meulen
et al., 2017), VLPFC or in specific portions of them. Alternatively, a null
result (i.e., no overlap) would provide the first evidence that the two
strategies primarily engage on different neural mechanisms and related
psychological processes.

Such an approach can provide a comprehensive understanding of the
common and distinct neural circuits involved in each process, helping to
clarify whether the overlap in terms of psychological processes can be
explained by overlapping neural networks. Insights in this regard carry
significant implications for both clinical practice and research.

2. Method

The study adhered to the recommendations for conducting
coordinate-based meta-analyses (Costa et al., 2024; Eickhoff et al., 2016;
Miiller et al., 2018; Yeung et al., 2023). A checklist provided as a
guideline for neuroimaging meta-analyses, as suggested by Miiller et al.
(2018), is available in Table S1 (see Supplementary material).

PRISMA REAPPRAISAL
[ Identification of studies via databases ]
—\
c Studies removed before screening
2 (n = 644):
3 Studies identified by PubMed »
= (n=2878) * Duplicate records (n = 454)
& « Records marked as ineligible by
o) automation tools (non-
humans/non-adults, n = 166)
__J l « Reviews/meta-analysis (n = 24)
o
Studies screened . Studies excluded
(n=234) v (n=166):
* No fMRI (n = 41)
* No healthy adults (n = 4)
- Different paradigm/type of
reappraisal (n = 121)
g
8
g Studies assessed for eligibility and
o contacted with authors for missing o Studies excluded
information » (n = 44):
(n=68)
* No relevant contrasts (n = 12)
* ROl analysis (n= 15)
« No reported MNI/Talairach (n = 1)
« No separate contrast for negative
stimuli (n=7)
— + No separate contrast for down-
regulation (n = 6)
) * No provided information when
o requested (n = 3)
S Studies included
73, (n = 24 with a total of 25 relevant
= contrasts)
_J
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A comprehensive literature search using PubMed (https://www.
ncbi.nlm.nih.gov/pubmed/) was conducted separately for studies on
placebo and reappraisal. Both screening processes followed the PRISMA
guidelines (Page et al., 2021; see Fig. 1 for the PRISMA flowcharts).
Inclusion decisions and data extraction for reappraisal and placebo
datasets were independently performed by B.M. and E.P., respectively.
Both researchers mutually double-checked selected articles and reported
coordinates. Discrepancies and questionable articles were resolved by a
consensus among the authors, including A.G. This procedure allowed to
reduce the chances of selection bias (Muller et al., 2018) and “guarantee
the accuracy of the coordinates entered into the meta-analysis” (Yeung
et al., 2023, pg. 1880). No prior registration or protocol was prepared.

The general inclusion criteria for the two selections were as follows:
(i) English-language peer-reviewed fMRI studies; (ii) studies performing
univariate whole-brain analysis. Studies or analysis using ROI approach
or small volume correction (SVC) were excluded to prevent inflated
results as fMRI meta-analyses require testing convergence across ex-
periments against the null hypothesis of random spatial associations
across the whole brain, assuming that each voxel has an equal proba-
bility of activation a priori (Costa et al., 2024; Eickhoff et al., 2012;
Miiller et al., 2018); (iii) studies reporting Talairach and Montreal
Neurological Institute (MNI) coordinates (coordinates from experiments
using FSL or SPM were considered MNI coordinates, see this link https
://brainmap.org/forum/viewtopic.php?f=3&t=683&sid=12a8a
fff661a84a6454bf6e938el11bc7 for the unremarkable effect in this
choice); (iv) studies reporting significant foci (see Miiller et al., 2018 for
the sensitivity of the coordinate-based algorithm to non-significant re-
sults); (v) studies reporting increased brain activity (as this
meta-analysis focused on the type rather than the efficiency of the
mechanisms involved in reappraisal and placebo, decreased brain ac-
tivity is not considered); (vi) studies including healthy participants with
age > 18 years, who were drug-free and without neurological diseases to

avoid potential variations in brain activity resulting from
PRISMA PLACEBO
[ Identification of studies via databases ]
5
E=4 Studies removed before screening:
_E Studies identified by PubMed >
’.E (n=3165) « No English (n = 30)
()
=
o .
Studies screened R Studies excluded
(n=3135) » (n=1454):
« No humans (n = 443)
+ No adults (n = 647)
« Review/meta-analysis (n = 17)
« Connectivity (n = 347)
o
c
5
g Studies assessed for eligibility and
(] contacted with authors for missing o Studies excluded
information » (n = 1662):
(n=1681) .
« No whole brain analysis (n = 1611)
« No healthy subjects (n = 30)
« No relevant contrast (n = 21)
)
-3
S Studies included
7’, (n =19 with a total of 22 relevant
= contrasts)
—J

Fig. 1. Flowcharts of the literature search and study selection process, based on PRISMA template (Page et al., 2021). “Studies” denotes each independent fMRI
experiment included from our systematic review, while “Contrasts” refers to the specific task comparisons.
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pharmacological interventions or neuropsychiatric conditions. When
clinical studies reported results separately for the control and patient
groups, only the results from the healthy control group were considered.

In order to control for the within-group effect on the ALE scores
(Turkeltaub et al., 2002), studies with two or more relevant contrasts (i.
e., anticipation and pain in placebo studies, e.g., van der Meulen et al.,
2017; Lui et al., 2010; Theysohn et al., 2014), or separate analyses be-
tween conditions (e.g., Ziv et al., 2013 for reappraisal) were merged into
one experiment (these studies are marked with an * in Table 1 and the
specific contrast is reported in full in Table S2 in Supplementary
material).

2.1. Literature search and study selection for reappraisal effect

For the reappraisal strategy, a systematic online database search was
performed by one of the authors (B.M.) under the supervision of E.P. and
A.G. up to June 2024. The search used the keywords such as “emotion
regulation” AND “reappraisal”’/“cognitive reappraisal”’/“reinterpreta-
tion”, AND “fMRI”/“neuroimaging”/“functional magnetic resonance”.
We only included studies in which participants were (i) shown negative
visual stimuli and (ii) instructed to down-regulate their emotion by
reappraising these stimuli (i.e., using specifically reinterpretation
strategy). Typically, this task alternates between blocks in which par-
ticipants are instructed to maintain the negative emotion elicited by the
stimuli and blocks in which they are instructed to reappraise. Our
contrast of interest was the comparison between these two conditions
(reappraise vs. maintain/no-regulation).

Specific exclusion criteria were: (i) studies that did not report specific
contrasts of emotion regulation > no-regulation; (ii) studies that did not
define reappraisal in terms of reinterpretation; (iii) neural contrasts
including up-regulation or positive stimuli or correlations with indi-
vidual differences measures.

2.2. Literature search and study selection for placebo effect

For the placebo, a systematic online database search was performed
by one of the authors (E.P.) under the supervision of B.M. and A.G. up to
June 2024 using the following keywords: “placebo effect” AND “func-
tional magnetic resonance imaging” OR “fMRI”. To investigate brain
activity related to the placebo effect, we selected only those types of
contrasts in which a placebo-induced condition was compared with a
control condition, i.e., the same condition without placebo. The tasks
typically involved two scenarios: one in which participants received a
placebo treatment (e.g., a pill) before exposure to the stimuli, and
another in which no treatment was given. In order to provide a
comprehensive investigation and gather a meaningful dataset on the
placebo effect, we included both the pain-related studies, in which
noxious stimuli were administered to induce pain, and the non-pain-
related studies, in which non-noxious stimuli were used, such as aver-
sive affective pictures (i.e., alleviating the unpleasantness of the content
depicted in the image).

Finally, the placebo-related brain activity has typically been studied
considering three temporal stages (Kong et al., 2007): (1) expect-
ation/anticipation, the period of expected analgesia before the onset of
pain; (2) noxious stimuli delivery, the period of pain stimulation; (3)
subjective pain intensity rating, the appraisal of pain. Again, since our
interest was in the nature rather than the efficacy of the mechanisms
involved, we focused only on the first and second stages, which relate to
pain expectation analgesia before stimulation, and changes in brain
activity during noxious stimulation, respectively.

2.3. Activation likelihood estimation (ALE)
The Activation Likelihood Estimation (ALE) method (Turkeltaub

et al., 2002) is one of the most used coordinate-based meta-analysis
approach (Acar et al., 2018) and is based on an algorithm designed to
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Table 1

Studies included in the meta-analysis. F= Female; M= Mean; SD = Standard
Deviation; Coord.= coordinates; MNI = Montreal Neurological Institute co-
ordinates; Tal = Talairach coordinates. (*) refers to experiments with merged
contrasts.

Studies N Age M Contrast N Coord.
(SD) foci space
1 Ashar et al., 2021 36 28.53 (6) Placebo 1 MNI
(22F)
2 Bhattacharyya 35 24.58 Placebo 3 Tal
et al., 2018 (18F) (4.68)
3 Craggs et al., 9F 27.7 Placebo 10 MNI
2008 (9.6)
4 Jensen et al., 24 25 (5) Placebo 1 MNI
2015 (10F)
5 Kong et al., 2006 16 28.4 Placebo 12 MNI
(7F) (6.6)
6 Lee et al., 2020 19 23.6 Placebo 5 MNI
(9F) 3.4
7 Leechetal, 2013 17 23.4 Placebo 14 MNI
(7F) (6.6)
8 Liu et al., 2012 19 25.7 Placebo 1 Tal
(9F) 3.7
9 Lu et al., 2010 14 23.9 Placebo 1 Tal
(9F) 3.9
10 Lui et al., 2010* 31 23.5 Placebo 7 MNI
(18F)
11 Schmid et al., 17 36.9 Placebo 3 MNI
2015 (7F) (3.6)
12 Theysohn et al., 15F 34.7 Placebo 6 MNI
2014* (3.2)
13 van der Meulen 30 25.7 Placebo 11 MNI
etal., 2017* (17F) (5.5)
14 Wager et al., 47 Young Placebo 10 MNI
2011 adults
15 Watson et al., 11 19-36 Placebo 6 MNI
2009 (6F)
16  Yue and Collaku 18 45+ Placebo 4 MNI
2018
17 Zeidan et al., 19 27.42 Placebo 3 MNI
2015 (9F) (5.22)
18 Zhang et al., 13 20.64 Placebo 2 Tal
2011 (12F) (1.09)
19 Zhao et al., 2020 24 22.88 Placebo 4 MNI
(18F) (1.96)
1 Che et al., 2015 29 (15 22.62 Reappraisal 8 MNI
F) (1.59)
2 Dixon et al., 2020 35 (22 32.1 Reappraisal 19 MNI
F) (8.70)
3 Dorfel et al., 2014 19F 18 -39 Reappraisal 17 MNI
4 Fitzgerald et al., 49 25.24 Reappraisal 13 MNI
2020 (67% (7.98)
F)
5 Gianaros et al., 157 30-54 Reappraisal 21 MNI
2014 (88 F)
6 Goldin et al., 17 F 22.7 Reappraisal 18 Tal
2008 (3.5
7 Goldin et al., 35 32.2 Reappraisal 13 Tal
2019 (57% 8.9
F)
8 Golkar et al., 58 (32 24.02 Reappraisal 11 MNI
2012 F) (2.26)
9 Harenski et al., 10F 18-29 Reappraisal 7 MNI
2006
10  Herwigetal., 18 23-36 Reappraisal 2 MNI
2007
11  Kelleretal, 2022 34 39.38 Reappraisal 19 MNI
(17F) (12.1)
12 Macdonald et al., 19 27 Reappraisal 8 MNI
2020
13 Morawetz et al., 59 (20 32.47 Reappraisal 2 MNI
2016 F) (11.25)
14  New et al., 2009 14F 31.7 Reappraisal 14 MNI
(10.3)
15  Ochsner et al., 15F 21.9 Reappraisal 12 MNI
2002

(continued on next page)
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Table 1 (continued)

Studies N Age M Contrast N Coord.
(SD) foci space
16 Quetal, 2017 29 (14 19.2 Reappraisal 11 MNI
P
17  Silveretal, 2015 30 (13 21.97 Reappraisal 65 MNI
F)
18  Simsek etal., 15F 22.53 Reappraisal 8 MNI
2017 (1.80)
19  van der Velde 51 (47 37.1 Reappraisal 21 MNI
et al, 2015 F) (10.3)
20 vanderhasselt 42 F 21.26 Reappraisal 7 MNI
etal, 2013 (2.29)
21 Wager et al., 30 (18 22.3 Reappraisal 8 MNI
2008 F)
22 Wuetal, 2019 15 21-27 Reappraisal 10 MNI
23 Yoshimura et al., 15 (9 23.3(2.2) Reappraisal 7 MNI
2014 F)
24 Ziv et al., 2013* 27 (12 31.1 Reappraisal 12 Tal
F) (7.6)

deal with the spatial uncertainty inherent in neuroimaging studies. The
ALE method firstly models each focus coordinate of a study as the center
of a 3-D Gaussian spatial probability distribution, using the mask, the
foci and a Gaussian kernel with a Full Width Half Maximum (FWHM)
empirically derived from the sample size (Eickhoff et al., 2009). This
ALE experiment-level image is called Modelled Activation (MA) map
(Turkeltaub et al., 2002). Consequently, the voxel-wise ALE scores
represent the spatial convergence of activation probabilities across
different MA maps from multiple studies. A permutation test is used to
distinguish true convergence from random clustering by comparing the
ALE scores against an empirical null-distribution, created by the random
spatial association between experiments (Eickhoff et al., 2012). The
resulting non-parametric p-values for each individual meta-analysis are
thresholded at cluster-level, and corrected for multiple comparisons
using the family-wise error (FWE) method (Eickhoff et al., 2016; Miiller
et al.,, 2018). The cluster-level FWE correction represents the best
compromise between sensitivity and specificity relative to other
correction approaches, e.g., False Discovery Rate (FDR) or voxel-level
FWE (Eickhoff et al., 2016).

For our ALE analyses, we used the GingerALE v3.02 software (http
://brainmap.org/ale), which does not contain bugs (Eickhoff et al.,
2017) and performs analysis on the base of the ALE algorithm as
described in Eickhoff et al. (2009). As a first step, all focal points were
transformed into MNI coordinates using the icbm2tal transformation
(Lancaster et al., 2007). We then performed separate ALE analyses on
the following contrasts: (a) reappraisal vs. no-regulation, to create the
ALE map showing increased brain activity during reappraisal; (b) pla-
cebo vs. control (no-placebo), to create the ALE map showing increased
brain activity during placebo. For each analysis, an uncorrected
cluster-forming threshold of p = 0.001 was applied, and we assessed
statistical significance and corrected for multiple comparisons using the
cluster-level FWE, with a threshold of p < 0.05 and 1000 permutations.
The values of the cluster-forming threshold and the FWE alpha level are
those suggested for no underpowered analysis (N>17 studies) and rec-
ommended in all the recent fMRI meta-analysis guidelines (Costa et al.,
2023, 2024; Eickhoff et al., 2016; Miiller et al., 2018).

After generating the two ALE images, we performed both contrast
and conjunction analyses between them. The contrast analysis involved
subtracting one ALE image (e.g., placebo) from the other (e.g., reap-
praisal) and vice versa, to produce two ALE contrast images (i.e., reap-
praisal > placebo and placebo > reappraisal), showing the brain regions
uniquely associated with each regulation mechanism. The conjunction
analysis identified the overlap or similarity between datasets using the
voxel-wise minimum value of the ALE images. To adjust for variations in
study size, a study size correction method (Eickhoff et al., 2012) was
applied using GingerALE. Foci datasets were randomly divided into two
groups of the same size as the original datasets, and ALE images were
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generated for each new dataset. These images were subtracted from each
other and compared to the actual data after 1000 permutations. A
voxel-wise p-value image indicates the location of the actual data values
within the distribution of values at each voxel. Results were thresholded
at p = 0.01, with a default cluster size greater than 200 mm?. Z-score
values were used for the cluster analysis of contrast images. The
resulting brain maps were plotted using Surf Ice software (https://www.
nitrc.org/projects/surfice/).

2.4. Quality assessment of fMRI studies

To assess the quality of included studies, we adapted the rating
system assessment of functional MRI studies used in Khalil et al. (2022)
to the recommendations for the standardized reporting of fMRI studies
(Poldrack et al., 2008, 2017). Thus, we extracted 11 parameters (see also
Pando-Naude et al., 2021): reported (i) age, (ii) gender and (iii) hand-
edness of the sample, (iv) ethic approval; description of (v) fMRI design,
image (vi) description and (vii) processing, (vii) statistical fMRI analysis;
reported (ix) software package, (x) multiple comparison correction, and
(xii) figures and tables. Each parameter was rated on a scale of 0 (= not
reported) and 1 (= reported) and then the total of the 11 ratings was
used to assess article quality. All studies that had a total of 7 or more on
the previous criteria were labeled high in quality while studies below 7
were labeled low in quality (see for similar threshold in Khalil et al.,
2022).

2.5. Publication bias

In order to control for the publication bias, that is, the trend resulting
from the greater likelihood of positive findings being published
compared to negative ones (i.e., “file drawer” issue; Acar et al., 2018;
Jennings and Van Horn, 2012; Samartsidis et al., 2020), we employed
two distinct methods. Firstly, we examined the relationship between the
number of participants in a study and the number of significant findings
reported (e.g., detected foci) (Alegria et al., 2016; David et al., 2013,
2018). According to this method, a negative correlation between these
two variables is taken as an index of publication bias, whereby studies
with small samples are published only if their results match a priori
hypotheses (David et al., 2013).

Secondly, to corroborate the robustness of our main ALE meta-
analyses against publication bias, we calculated the Fail-Safe N (FSN)
for each cluster. This method allows to determine the amount (i.e., FSN
value) of contra-evidence (i.e., “noise studies™) are needed before spatial
convergence of foci over studies in a specific area (i.e., cluster) is no
longer statistically significant. Interestingly, this method also provides
insight about the individual study contribution on final results. Indeed,
although a high FSN number indicates that the cluster is robust and
remains stable even if many noise studies are taken into account, FSN
values extremely high might turn out to be an index of a single study
contributor for a specific cluster. As such, according to Acar et al.
(2018), a cluster is reliable when the associated FSN value falls between
two predefined lower and upper boundaries.

A recent examination of BrainMap data (Samartsidis et al., 2020)
indicates that the proportion of null contrasts differs somewhat based on
the specific topic/characteristic of an experiment. However, on average,
at least 6 experiments are missing for every 100 that are published (and
this estimate is notably above zero). Then, for a randomly selected
coordinate-based meta-analysis consisting of x contrasts, it is expected
that 6x/100 null contrasts are missing due to the publication bias
(Samartsidis et al., 2020). Based on this formula, we set the FSN low
boundary for each meta-analysis (see also Dijkstra et al., 2020 for the
same procedure). The FSN upper boundary, instead, was calculated for
each cluster using the formula: (number of studies contributing to a
cluster)/0.1 — (total number of studies included in ALE meta-analysis)
(Acar et al., 2018; Lo Presti et al., 2023).

To compute the number of contributing studies, we first extracted
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the .nii image of each reappraisal and placebo foci file using the “Export
Foci Image” function in GingerAle. In this foci image, the value assigned
to each coordinate point corresponds to the experiment number in the
foci file. In the GingerAle text output, the "contributing clusters" section
lists only the experiments with foci inside the cluster boundaries.
However, foci located outside a cluster can still contribute to an ALE
cluster (see https://www.brainmap.org/forum/viewtopic.php?f=3
&t=180&sid=88ec496ed1641028d5d0d3317fca8a7b for discussion on
this point). To account for these near-cluster contributions, we expanded
each cluster by one voxel using the fslmaths command from FSL soft-
ware (https://fsl.fmrib.ox.ac.uk/fsl/docs/#/). Finally, we calculated
the number of experiments whose foci in the exported foci file fell within
the dilated clusters.

The noise studies, instead, were created in R 4.4.2 (https://www.r-pr
oject.org) and added to each meta-analysis following the R codes and
procedures proposed by Acar et al. (2018). These studies are meant to be
null since they match the real experiments in terms of sample size and
number of foci reported, but these latter are randomly distributed across
the brain.

3. Results

For the reappraisal strategy, the final dataset included then 24
studies with a total of 822 participants and 333 foci. The placebo search
procedure resulted in the selection of 19 published papers, resulting in
19 relevant contrasts with a total of 414 participants and 104 foci. Four
of the 15 pain-related studies assessed changes in stage 1, eight studies
assessed changes in stage 2, while three studies assessed both stage 1 and
stage 2 (see Table 1 for all selected studies, and table S1 in Supple-
mentary material for more details about each of them).

3.1. ALE map for increased activity during reappraisal

The resulting reappraisal ALE map showed an increase in brain ac-
tivity in several portions of the frontal gyrus, i.e., medial (cluster 1),
inferior (cluster 2), and middle portion (cluster 3), and in the middle
temporal gyrus (cluster 4). Finally, cluster 5 includes areas spanning
from the supramarginal gyrus, the superior temporal gyrus, and the
inferior parietal lobule (see Table 2, Fig. 2).

3.2. ALE map for increased activity during placebo

The placebo ALE map showed 1 cluster (2 peaks) of increased brain
activity in middle frontal gyrus (see Table 3, and Fig. 2).

3.3. Conjunction and contrast analysis

In the conjunction analysis, no significant clusters of shared brain
activity were found between placebo and reappraisal, although several
regions of the PFC were identified in both the individual ALE maps. In
the contrast analysis, significant clusters of increased activation were
observed specifically for reappraisal (reappraisal vs. placebo), whereas
no significant clusters emerged for placebo (placebo vs. reappraisal).
The reappraisal-related activity involved 3 clusters, the brain areas of
which mostly overlapped with those that emerged in the single meta-
analysis (see paragraphs above), ranging from frontal to temporal re-
gions, with the inclusion also of the insula and the exclusion of the pa-
rietal areas. Further details of the significant clusters are reported in
Table 4.

3.4. Quality assessment of fMRI studies

The quality assessment based on the standardized reporting of fMRI
studies (Poldrack et al., 2008) showed that all studies were of high
quality, with none scoring below 7 (see Table S3 in the Supplementary
material). Overall, 100% of the selected studies for our meta-analyses
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Table 2
Clusters of significant brain activity for Reappraisal. Coordinates X, y, z of local
maxima refer to MNI-space. BA = Brodmann Area; L. = left; R. = Right.

Cluster ~ Areas (BA) X, Y, ALE P Z Cluster
Z score Size
(mm?)
1 L. Medial Frontal -6, 0,031 <0.001 5.63 3368
Gyrus (6) 10,
60
2 L. Inferior Frontal -48, 0.034 <0.001 6.08 3200
Gyrus (45) 32-8
3 L. Middle Frontal -40, 0.020 <0.001 4.26 2280
Gyrus (6) 12,
56
-36, 0.017 <0.001 3.84
14,
40
-38, 0.016 <0.001 3.58
4, 58
-34, 0.014 <0.001  3.36
20,
46
-36, 0.014 <0.001  3.33
8,42
4 L. Middle temporal -54, 0.034 <0.001 6.09 1872
gyrus (22) -38,0
5 R. Supramarginal 58, 0.022 <0.001 4.44 1152
Gyrus (40) -54,
36
R. Superior 52, 0.016 <0.001 3.61
Temporal Gyrus -50,
(39) 30
R. Inferior Parietal 56, 0.016 <0.001 3.58
Lobule (40) -50,
44

provided a description of the image acquisition and processing, as
well as of the fMRI design and statistical analyses. Further, all studies
reported the software/package used, figures and table of the results.
More than a half of studies applied a multiple comparisons correction
(65%).

For what concerns the sample description, only one study (equal to
2% of the whole pool) did not specify the mean age, 2 studies (5%) did
not report the gender, and 11 the handness (26%). Finally, 4 studies
(9%) did not report information about Ethical approval.

3.5. Publication bias

To exclude the potential confound of publication bias, in our study
no significant negative correlation between sample size and number of
foci were found in both reappraisal and placebo ALE meta-analysis
(Placebo: r = .030, p = .903; Reappraisal: r = .134, p = .532).

In addition, the FSN was included between the lower and upper
boundaries for all clusters, both in placebo and reappraisal meta-
analysis. This supports that resulting clusters are sufficiently robust
against the publication bias, and associated with at least the desired
minimum number of contributing studies for all of them. The table with
the details on the FSN for each cluster are reported in supplementary
materials (see Table S4).

4. Discussion

Placebo and reappraisal both alter the subjective experiences of
distress or pain through mechanisms of reinterpretation, namely
changing the meaning of the aversive experiences/stimuli. The simi-
larity of these psychological processes raised the hypothesis of a po-
tential overlap in their neural mechanisms (Chiffi et al., 2019, 2021; van
der Meulen et al., 2017). However, although considerable efforts have
been made to identify the neural correlates underlying reappraisal and
placebo effect separately, no recent studies have systematically
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Fig. 2. ALE maps of Reappraisal (red-yellow) and Placebo (blue-green). Cluster-level FWE correction at p = 0.05, cluster-forming threshold at p = 0.001. dIPFC =
dorsolateral prefrontal cortex; dmPFC = dorsomedial prefrontal cortex; vIPFC= ventrolateral prefrontal cortex; mTG = middle temporal gyrus; iPL = inferior pa-

rietal lobe.

Table 3
Clusters of significant brain activity for Placebo. Coordinates x, y, z of local
maxima refer to MNI-space. BA = Brodmann Area; L. = left; R. = Right.

Cluster Areas (BA) X,Y,Z ALE P VA Cluster Size
score (mms)
1 R. Middle 44, 0.016 <0.001 4.62 920
Frontal Gyrus 30, 26
(©) 52, 0.010 <0.001 3.46
20, 34
Table 4

Clusters of significant brain activity in the contrast analysis between Reappraisal
vs Placebo. Coordinates x, y, z of local maxima refer to MNI-space. BA =
Brodmann Area; L. = left; R. = Right.

Cluster  Areas (BA) XY, Z P VA Cluster Size
(mm?)
1 L. Superior Frontal -7.5,13.4, <0.001 3.29 2848
Gyrus (6, 8) 57.9
0, 22, 52 0.001 3.09
2 L. Inferior Frontal -50.6, 28.4, <0.001 3.29 2840
Gyrus (47) -9
-44, 24, 0.008 2.41
-4.7
3 L. Middle Temporal -55.6, 0.001 3.09 1568
Gyrus (22) -36.8, 0.2

compared these findings so far. The present study aims to fill this gap by
applying a coordinate-based ALE meta-analysis method (Laird et al.,
2005) to fMRI studies investigating reappraisal strategy and the placebo
effect using a whole-brain approach. The meta-analytic method can
provide a thorough understanding of the common and specific neural
pathways involved in each process, helping to clarify whether the
overlap in psychological processes is due to overlapping neural
networks.

Our findings on the neural correlates of reappraisal largely replicate
previous meta-analyses, confirming the involvement of several domain-

general cognitive control regions, such as the DMPFC, DLPFC, VLPFC,
and the parietal lobule together with temporal regions (Buhle et al.,
2014; Frank et al., 2014; Grecucci et al., 2013b, 2017, 2020; Messina
et al., 2015; Monachesi et al., 2023; Morawetz et al., 2017). The con-
sistency of these findings across studies confirms the involvement of
these regions in reappraisal and highlights their role in managing
emotional responses, modifying the initial perception of a stimulus and
enabling reinterpretation through cognitive control. In particular,
existing literature suggests that both the DLPFC and the DMPFC are
involved in the network of control-related prefrontal areas that facilitate
emotion regulation by engaging in response inhibition and executive
control functions (Grecucci et al., 2013a,b; Morawetz et al., 2017).
Furthermore, the left VLPFC has been found to be involved in response
selection and inhibition, thus representing a central hub for the mech-
anisms of reinterpretation compared to other forms of reappraisal
(Ochsner et al., 2012).

With regard to the placebo effect, we confirmed the involvement of
the DLPFC. The DLPFC may be related to appraisal mechanisms known
to be crucial for placebo effects, especially those driven by verbal sug-
gestions, which have been shown to influence hormonal, autonomic,
and physiological responses to pain and stress (Benedetti et al., 2006;
Crum et al., 2011). According to the meaning model of the placebo
(Chiffi et al., 2019, 2021), the effects of placebo interventions are se-
miotic in nature, resulting from the meanings patients attribute to the
treatment context, rather than the treatment itself. These meanings,
shaped by expectations and suggestions, form the basis of how patients
conceptualise care and illness (Brody, 2018).

In particular, appraisals are key to many active treatments, especially
psychotherapies that aim to change the way patients perceive events
through techniques such as cognitive restructuring (Ashar et al., 2017).
For instance, depressed patients’ ability to use these skills during ther-
apy predicts relapse rates one year later (Strunk et al., 2007).
Pre-treatment expectations also strongly influence therapy outcomes
(Gaston et al., 1989), while perceived physician empathy can reduce the
severity of cold symptoms and enhance the immune response (Rakel
etal., 2011). Placebo-related increases in brain activity typically include
the dorsolateral and ventrolateral prefrontal cortex (DLPFC/VLPFC),
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and the orbitofrontal cortex (OFC) (Ashar et al., 2017; Wager and Atlas,
2015). Consistently we found increased activation of the DLPFC.

We did not observe activation in the ACC, which has been frequently
reported in the context of PA, particularly for its role in pain modulation
(Amanzio et al., 2013; Diekhof et al., 2011; Shi et al., 2021). Method-
ological reasons may explain the inconsistency. Previous studies also
included ROI-related foci of activation (e.g., Diekhof et al., 2011), while
others focused primarily on pain stimuli (e.g., Amanzio et al., 2013),
rather than a broader range of negative stimuli. These choices may have
led to the detection of ACC activation. Indeed, the heterogeneity of
experimental designs has previously been identified as a factor
contributing to divergent evidence on the involvement of different brain
regions in placebo-related networks, given the complexity of factors
potentially involved in placebo (Lui et al., 2010; Ploghaus et al., 2003).

Most surprisingly, the conjunction analyses did not reveal any sig-
nificant overlap in the neural activation patterns between reappraisal
and placebo effects. Thus, while both processes consistently engage the
PFC, which is strongly associated with appraisal and cognitive control,
the lack of clear common activations suggests that the specific control
mechanisms may not be the same. This result is intriguing in light of
some observations. Some of us (Monachesi et al., 2023) conducted an
exploratory meta-analysis to identify brain regions associated with
deactivation during reappraisal (contrast: no-regulation > reappraisal).
The results showed decreased brain activity in portions of the frontal
lobe (medial frontal gyrus) as well as in regions of the limbic system
(amygdalae, basal ganglia) (see also previous meta-analysis Buhle et al.,
2014). Interestingly, the studies on placebo analysed for the current
research showed similar brain regions associated with deactivations
during placebo (superior, middle and medial frontal gyrus, and limbic
structures such as amygdalae, thalamus, insula), pointing to an equiv-
alent efficacy in managing emotional reactivity. Both processes seem to
reduce emotional responses by modulating similar brain networks
involved in emotion generation. Likewise, Diekhof et al. (2011) pro-
vided the first evidence, although questionable, of overlapping activity
between reappraisal and placebo in the ACC and insula.

However, the results of our contrast analysis suggest a distinction
between the two processes, showing that they predominantly engage
differently lateralized portions of the PFC. Reappraisal appears to acti-
vate the left DLPFC, whereas placebo activates the right DLPFC. This
raises the thought-provoking possibility that these two forms of
appraisal and cognitive control processes, although similar in purpose,
operate through lateralized distinct neural circuits.

The right DLPFC in the placebo effect is consistent with its involve-
ment in higher-order cognitive functions, such as decision making and
expectation (Lui et al.,, 2010). It is critical for integrating
expectancy-related information with sensory input and for generating
reflective responses to negative affect (Koyama et al., 2005; Lieberman
et al., 2004). The right DLPFC has also been implicated in the modula-
tion of pain through beliefs and perceived control (Lui et al., 2010;
Zubieta et al., 2009), as evidenced by its involvement in the modifica-
tion of perceived pain intensity during suggestion-induced pain under
hypnosis (Raij et al., 2009). In support of this role, transcranial magnetic
stimulation (TMS) studies have shown that stimulation of the right
DLPFC, as opposed to the left, can increase pain tolerance, as measured
by the cold pressor test (Graff-Guerrero et al., 2005; Lui et al., 2010;
Zubieta et al., 2009). Furthermore (similarly), the right DLPFC has also
been associated with inhibitory control processes. Studies have shown
that modulation of the right DLPFC, such as through TMS and trans-
cranial direct current stimulation (tDCS), enhances placebo effects and
improves inhibitory control. This involvement of inhibitory control
processes is particularly relevant for interpreting the placebo-related
activation, as it highlights the possibility that placebo effects may
involve the suppression of anticipatory emotional responses or mal-
adaptive expectations in line with the right DLPFC function (Martz et al.,
2018; Tu et al., 2021; Wang et al., 2023).

In the reappraisal strategy, on the contrary, the specific involvement
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of the left DLPFC also emerged when it has been contrasted with another
form of reappraisal (i.e., perspective taking, Messina et al., 2015) or with
fear extinction (Pico-Pérez et al., 2019), highlighting its role in cognitive
control, especially in supporting the active manipulation of emotional
information and in maintaining the choice goals (Ochsner et al., 2012).

Thus, while both placebo and reappraisal can be categorized within a
broader framework of cognitive control, our data reveal important dif-
ferences in the neural substrates they recruit, suggesting that they use
different pathways to regulate emotional responses. Specifically, reap-
praisal involves the direct reinterpretation of emotional stimuli, altering
the emotional response before it fully develops. In contrast, placebo
effects are likely mediated by broader, belief driven cognitive processes
such as expectancy and trust in the intervention which shape affective
experience more indirectly. This distinction is supported by the observed
lateralization of activation patterns: while reappraisal predominantly
recruits left-lateralized prefrontal regions associated with top-down
cognitive control, placebo engages more right-lateralized and subcor-
tical regions typically involved in interoception, affective appraisal, and
generative processes. Thus placebo may rely on more bottom-up
mechanisms as shown by emotion-focused strategies like acceptance
(Frederickson et al., 2018; Messina et al., 2021; Monachesi et al., 2023;
Ahmadi Ghoumroudi et al., 2024; Grecucci et al., 2025). Future research
is encouraged to directly compare ALE activation patterns between
placebo and acceptance-based regulation strategies.

We believe that the strong dependence of the placebo effect on
expectation and belief (Benedetti et al., 2005), rather than on a rein-
terpretation of the negative stimulus — as seen in reappraisal, is an
important distinguishing feature between these two processes. This
aligns with the multi-level framework (Braunstein et al., 2017), which
classifies both placebo and reappraisal as explicit emotion regulation
strategies. However, while reappraisal is controlled and requires high
cognitive effort, placebo operates more automatically, relying on less
controlled mechanisms once expectations are set.

Our findings represent a scientific advance that may have bidirec-
tional implications for psychotherapy and clinical contexts. If placebo
effect and cognitive reappraisal rely on different neural circuits, in-
terventions could be better tailored to individual patients. Clinicians
could use reappraisal-based cognitive behavioral therapies (CBT) for
patients needing cognitive control strategies (Clark, 2022), while
leveraging placebo effects in cases where suggestibility and expectations
play a stronger role (Brody, 2018). In therapies such as transcranial
magnetic stimulation (TMS; Burke et al., 2022) or deep brain stimula-
tion (DBS; Mercado et al., 2006), different neural networks could be
targeted to enhance either placebo or reappraisal mechanisms (Li et al,
2023; Qiu et al., 2023).

Conversely, understanding the neural basis of placebo could inform
the development of more effective emotion regulation interventions, in
addition to the reappraisal one (Monachesi et al., 2023). Overall, a
meta-analytic approach can bridge the gap between affective neurosci-
ence and clinical practice, leading to improved therapeutic strategies for
managing pain and emotional distress.

However, the results of the present study should be considered
together with some limitations. Our meta-analysis focused on studies in
which reappraisal was defined as reinterpretation because of its simi-
larity to the placebo effect. However, we acknowledge that the term
“reappraisal” has been used more broadly to refer to cognitive strategies
such as distancing and perspective taking, each of which engages
different neural circuits (Diekhof et al., 2011; Messina et al., 2015;
Powers and LaBar, 2019). The diversity of reappraisal strategies high-
lights the complexity and flexibility of the cognitive control processes
involved in emotion regulation. In order to establish a clear framework
and determine the most appropriate interpretation, it is crucial to
conduct further studies focusing on the relationship between placebo
effects and reappraisal, conceptualized according to its different forms.

Overall, our quality assessment confirms that the selected fMRI
studies adhere to high methodological standards, reflecting both the
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effectiveness of reporting guidelines and the rigor of our selection
criteria. While most studies applied multiple comparisons correction, a
notable portion did not, highlighting room for improvement in statistical
rigor. Additionally, the overall sample description was thorough, though
the omission of handedness details in some studies remains a concern.

Future research in this field could build upon the present findings by
further exploring the relationship between reappraisal and placebo-
related regions. This could involve examining their functional or effec-
tive connectivity profiles using a Meta-analytic Connectivity Modeling
(MCAM) approach, which may offer valuable insights into the extent
and manner in which these two strategies overlap or diverge within
broader network integration (Tan et al., 2022).

5. Conclusion

The placebo effect works by changing patients’ perceptions of their
illness through empathy, care, and understanding. This affective shift in
the meaning of care can lead to positive psychological and neurophys-
iological changes for the patient. In light of this, we focused on cognitive
reappraisal, an emotion regulation strategy that assigns new meanings
to different situations, to explore its potential role in the placebo effect
in a clinical context.

Our meta-analysis shows that while reappraisal and placebo effect
share psychological mechanisms that modify emotional responses, they
engage different neural networks. Specifically, reappraisal was found to
be more closely associated with the activity in the left DLPFC along with
the DMPFC and the VLPFC. In contrast, the placebo effect predominantly
involved the right DLPFC, likely due to the critical role of expectation in
placebo responses. These findings contribute to a deeper understanding
of their underlying mechanisms and relationships. Given the importance
of cognitive reappraisal as an emotion regulation strategy and the
powerful influence of the placebo effect, the deeper understanding of
their underlying mechanisms and relationships provided by our findings
may be useful for developing targeted interventions that can harness
these processes in clinical settings.
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