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The neurocognitive pathways by which placebo effects operate are

poorly understood. Positron emission tomography (PET) imaging was

used to assess the brain response of patients with chronic abdominal

pain (irritable bowel syndrome; IBS) to induced intestinal discomfort

both before and after a 3-week placebo regimen. A daily symptom

diary was used to measure symptom improvement. Increases in right

ventrolateral prefrontal cortex (RVLPFC) activity from pre- to post-

placebo predicted self-reported symptom improvement, and this

relationship was mediated by changes in dorsal anterior cingulate

(dACC), typically associated with pain unpleasantness. These results

are consistent with disruption theory [Lieberman, M.D., 2003.

Reflective and reflexive judgment processes: a social cognitive

neuroscience approach. In: Forgas, J.P., Williams, K.R., von Hippel,

W. (Eds.), Social Judgments: Explicit and Implicit Processes. Cam-

bridge Univ. Press, New York, pp. 44–67], which proposes that

activation of prefrontal regions associated with thinking about negative

affect can diminish dACC and amygdala reactivity to negative affect

stimuli. This is the first study to identify a neural pathway from a

region of the brain associated with placebos and affective thought to a

region closely linked to the placebo-related outcome of diminished pain

unpleasantness.
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Introduction

Placebo effects and the power of belief over physical outcomes

in the body have a history as long as medicine itself. Only recently,

however, have the neural bases of these psychophysiological

phenomena begun to be examined. Current research has shown

that placebos can produce changes in brain activity similar to the

pharmacological agents they are replacing. For instance, placebos

administered in the treatment of depression have been shown to

alter brain activity in much the same way as fluoxetine, an effective

antidepressant medication (Mayberg et al., 2002). Such findings

suggest that the final result of placebo administration may mimic

the effects of active agents; however, the mediating neurocognitive
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process by which ingesting a placebo and placebo-related beliefs

lead to these final neural results has not yet been examined. In

other words, it is unknown what placebo-specific neural activity

sets in motion the subsequent symptom-specific changes in brain

activity. In a positron emission tomography (PET) study of placebo

effects on visceral pain, we investigated a possible mediating

mechanism derived from disruption theory (Eisenberger et al.,

2003; Lieberman, 2003; Lieberman et al., 2003), which suggests

that thinking about affective processes has the unintended effect of

diminishing the reactivity of brain regions involved in the auto-

matic generation of negative affect.

Neuroimaging research on placebo effects has focused primar-

ily, though not exclusively, on the neural outcome of placebo

effects—identifying changes in the brain regions that most directly

relate to subjective changes in symptoms, and comparing these

changes with those stemming from active pharmacological agents

(de la Fuente-Fernandez et al., 2001; Leuchter et al., 2002; May-

berg et al., 2002). This research has been critical in demonstrating

that top-down, belief-related placebo effects modulate the activity

of brain regions ordinarily affected by other treatments that pre-

sumably operate through bottom-up mechanisms that are not belief-

related. Such work speaks to the longstanding concern regarding

whether placebo effects and other expectancy effects are real,

experimental artifacts, or self-presentational effects (Hrobjartsson

and Gotzsche, 2001). It is not clear from previous neuroimaging

studies, however, whether the neural regions that have been iden-

tified are the neural correlates of the placebo effect or the neural

correlates of the placebo effect’s downstream consequences on

symptom outcomes. Though a drug and a placebo may both affect

brain region X, the drug may do so directly, whereas placebo effects

are typically mediated by placebo-induced thoughts.1

In previous studies, right prefrontal cortex, anterior cingulate

and striatal dopamine have each been implicated in placebo effects,

but it is not clear that these are all plausible neurocognitive

candidates for transforming placebo-induced thoughts into altered

experience. Petrovic et al. (2002) recently compared placebo-

induced analgesia to opioid-induced analgesia and found that

whereas both placebos and induced opioids led to similar changes
1 There are also placebo effects that stem from classical conditioning

(Amanzio and Benedetti, 1999); however, the neuroimaging research that

has been done to date has not focused on this type of effect. Our comments

are thus limited to placebo effects in which prior conditioning to an active

agent has not occurred.
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in the rostral anterior cingulate and brainstem, only the placebo led

to increased activity in right prefrontal cortex (x = 30, y = 30, z =

�6). Though Petrovic et al. suggested this region may be involved

in cognitive regulation of pain, a neurocognitive model of this

process has yet to emerge. We begin with a brief review of the

neuroanatomy of pain and then describe how disruption theory

(Eisenberger et al., 2003; Lieberman, 2003), a model of the

cognitive regulation of affect, may be applied in the context of

pain and placebo effects.

Pain unpleasantness and anterior cingulate

The experience of pain can be divided into sensory and

affective aspects, corresponding to the sensory intensity and the

unpleasantness of pain, respectively (Melzack and Casey, 1968;

Price, 2000). In recent years, neuroimaging work has suggested

that these two aspects of pain are neurally dissociable as well.

Whereas the sensory aspects of pain, including its intensity and

location, are represented primarily in somatosensory cortex and the

insula (Peyron et al., 1999; cf. Coghill et al., 1999), pain unpleas-

antness is represented in the dorsal anterior cingulate (dACC;

Peyron et al., 2000; Rainville et al., 1997; Tolle et al., 1999).

Additionally, patients who have had their anterior cingulate surgi-

cally removed report that they are still able to feel the intensity of

pain, but are no longer bothered by it (Foltz and Lowell, 1962). In

contrast, a patient who had his somatosensory cortex removed

could still report pain distress despite difficulties in reporting on

sensory aspects of the pain (Ploner et al., 1999).

We take the established relationship between dACC’s response

to painful stimulation and experienced pain unpleasantness as a

starting point for our investigation. We assume that changes in the

dACC represent one possible end result of a placebo’s neuro-

cognitive effects in the domain of pain analgesia.2 Using dACC

changes as a neural anchor or endpoint indicative of changes in the

unpleasant experience of pain, functional connectivity analyses

(Lieberman et al., in press; Poldrack et al., 2001) can be used to

determine which other brain regions may be modulating the

reactivity of dACC and the subjective reports of pain. Functional

connectivity analyses are entirely correlational, and thus cannot

determine causal links directly. Such links can be inferred with

greater confidence to the extent that a strong theoretical rationale

and preestablished neural pathways suggest a route by which the

effects may be achieved. Disruption theory (Lieberman, 2003)

posits that right ventrolateral prefrontal cortex (RVLPFC), the

same region identified by Petrovic et al. (2002) in the cognitive

regulation of pain, is well-suited to transform placebo-induced

beliefs into at least some of its known subjective and neural

outcomes.

Disruption theory

Disruption theory (Lieberman, 2003) proposes that the reflec-

tive conscious processes that are engaged in response to automatic
2 It is possible that dACC changes represent a combination of changes

to pain unpleasantness, pain intensity, and attention to pain (see Eisenberger

and Lieberman, in press, for a review). Subjectively, each of these could

contribute to placebo effects, so in this study we have not tried to

differentiate between these different contributors. We have focused on pain

unpleasantness because this has been most directly and frequently

associated with dACC in the context of pain.
negative affective processes tend to inhibit or ‘disrupt’ the very

same negative affective processes by virtue of a hardwired feed-

back mechanism. Reflective, nonautomatic, conscious processes,

marked by intentionality, effort, awareness, and propositional

structure, are typically used sparingly because they are fragile

and limited, despite their flexibility (Wegner and Bargh, 1998). For

example, keeping one phone number in mind is relatively easy, yet

keeping two in mind simultaneously is nearly impossible. Thus,

people tend to be ‘cognitive misers’ (Fiske and Taylor, 1991),

using as little of this limited resource as possible so that it will be

available when it is really needed. If the cognitive miser view is

correct, then it would be advantageous to have an alarm system

that signals when reflective conscious processes are really needed.

Previous theories (LeDoux, 1996; Schwarz and Bless, 1991)

suggest that negative affect serves precisely this function. Disrup-

tion theory hypothesizes that once negative affect has sounded the

alarm and set reflective processing in motion to respond to the

current situation, it is adaptive to have the alarm turned off or at

least muted a bit. If the negative affect alarm continues to sound at

the same ‘volume’, it is likely that some reflective processing

resources will be consumed by attending to the alarm, rather than

operating on the environment to respond to whatever caused the

negative affect. Consider the extreme case of panic when the sense

of anxiety and alarm is so overwhelming that the individual is

essentially paralyzed, unable to respond to real threats in the

environment effectively.

Disruption theory suggests that primates evolved a hardwired

feedback mechanism such that the activation of brain regions

associated with reflective processing responses to negative affect

will disrupt, at least to some extent, the activity of brain regions

that generate the negative affect alarm. Such a disruption mecha-

nism would keep the distracting effect of an automatic affect alarm

to a minimum once the alarm has been initially registered,

promoting a more efficient and focused response to the event(s)

activating the alarm.

Disruption theory posits RVLPFC as a focal point because it is

involved both in reflective conscious responses to negative affect

and the disruption of activity in the neural sources of negative

affect in the amygdala and anterior cingulate. RVLPFC has been

implicated in numerous studies of inhibition generally (Aron et al.,

2003; Garavan et al., 1999; Iversen and Mishkin, 1970; Konishi et

al., 1999), and overcoming negative affect more specifically

(Eisenberger et al., 2003; Hariri et al., 2000; Monchi et al.,

2001; Small et al., 2001).

A number of studies have also implicated VLPFC in negative

affective processes (Eugene et al., 2003; Gottfried et al., 2002;

Markowitsch et al., 2003); however, disruption theory suggests that

this region supports the labeling, interpretation, and thought about

negative affect rather than the generation or experience of negative

affect itself. Five studies have shown greater VLPFC activation

when individuals were required to make explicit judgments of

affect present in pictures compared to when the affective valence of

the pictures was incidental to the judgment dimension (Cunning-

ham et al., 2003; Gorno-Tempini et al., 2001; Gur et al., 2002;

Nakamura et al., 1999; Narumoto et al., 2000). One of these studies

found VLPFC to be more active for negative judgments than

positive judgments (Cunningham et al., 2003). A sixth study found

VLPFC activity when individuals were required to make proposi-

tional appraisals of affective stimuli (Schaefer et al., 2003). There

are other areas that have also been implicated in reflective

processing of affect including dorsomedial PFC and ACC (Crosson
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et al., 1999; Teasdale et al., 1999); however, these regions have not

been implicated in most studies of inhibition. It is the joint

involvement in inhibition and reflective emotional processing that

is central to disruption theory.

RVLPFC also has the neuroanatomical connections necessary

to inhibit negative affective processes. RVLPFC comprises Brod-

mann area (BA) 47, as well as BA44 and BA45 in the human, and

is considered homologous with primate area 12 in lateral orbito-

frontal cortex (LOFC; Ongur and Price, 2000). LOFC has dense

projections to the amygdala and dACC (Carmichael and Price,

1995; Cavada et al., 2000; Vogt and Pandya, 1987). Most specific

to a disruption account of placebo analgesia, electrical stimulation

of LOFC in rats diminishes pain behavior in response to painful

stimulation (Zhang et al., 1997) and has been implicated in some

aspect of pain processing in nearly a dozen imaging studies (see

Petrovic et al., 2000, Table 2).

In the context of placebo effects on pain, we propose that the

thoughts, beliefs, and expectations associated with taking a place-

bo, such as thoughts about the expected reduction in pain unpleas-

antness, lead to increased activation in RVLPFC. This activation,

according to disruption theory, should to some degree inhibit the

activations in dACC associated with pain unpleasantness, which

should bring about symptom improvements and diminished expe-

rience of pain. In other words, increased activity in RVLPFC

should be related to self-reported symptom improvement, but this

relation should be mediated by changes in dACC activity, which is

more proximally related to the experience of pain.

Overview of the study

Patients with irritable bowel syndrome (IBS) were scanned using

PET both before and following 3 weeks of taking a placebo (or

active drug) for their gastrointestinal symptoms. IBS is a common

syndrome characterized by chronic, recurrent abdominal pain and

discomfort (associated with altered bowel habits). It is distinguished

from inflammatory bowel disease by the lack of any detectable

organic manifestation in the gut (Drossman et al., 2000). This has

led researchers to posit that IBS symptoms may be a consequence of

a hyperactive neural response to normal visceral activity (Mayer et

al., 2001). One benefit of recruiting IBS patients for a study

examining placebo effects is that they respond to placebos at a high

rate (Spiller, 1999) relative to the range of placebo response rates

found in other domains and clinical populations (Beecher, 1955;

Brown et al., 1992; Kissel and Barrucand, 1964).

On scan day 1 (‘pre-placebo’), patients were scanned both at

rest and during controlled rectal stimulation, known to produce

physical discomfort similar to IBS symptoms (Mertz et al., 1995).

Patients were then given pharmacologically inactive pills to take

daily for the next 3 weeks, and were told that the pill might

diminish their IBS symptoms. Patients kept a symptom diary

starting a week before scan day 1 and continuing throughout the

3 weeks of placebo administration. On scan day 2 (‘post-placebo’),

after having taken the placebo for 3 weeks, patients were again

scanned multiple times at rest and during rectal stimulation.

We hypothesized that the dACC response to rectal stimulation

would be diminished post-placebo relative to pre-placebo, but only

to the extent that a placebo response occurred, operationalized as

reported symptom improvements. Habituation to the experimental

paradigm may account for general drops in dACC activity across

the time span; however, this should not relate to the changes in

self-reported symptoms. We also hypothesized that the RVLPFC
response would be greater post-placebo relative to pre-placebo as

a function of symptom improvement. Finally, we predicted that the

relation between RVLPFC and symptom improvement would be

mediated by changes in dACC, which would suggest that

RVLPFC has its impact on symptoms by diminishing the reactiv-

ity of the dACC, which in turn is more directly related to symptom

improvements.
Methods

Participants

All participants met Rome I criteria for IBS (Thompson et al.,

1989) and were clinically and endoscopically without inflamma-

tory or other structural intestinal disease. Potential participants

were also excluded if they suffered any major psychiatric disorder,

including clinical anxiety or depression, or scored above 63 on any

two of the nine subscales or global symptom indices on the SCL-

90R (Derogatis and Lazarus, 1994). Patients discontinued periph-

erally acting treatments for IBS at least 7 days before beginning the

screening phase, and centrally acting drugs at least 30 days before

the first screening visit.

Of the 82 patients who were screened, 52 nonconstipated, right-

handed IBS patients were enrolled in the study. Twenty-three of

these patients were randomly assigned to receive placebos (the

other patients were assigned to an active drug condition; data

reported in Berman et al., 2002) and completed an initial PET

session and were eligible for inclusion in subsequent analyses (13

women; mean age 40.7 years, range 25–60 years). Six patients did

not return for a second PET session during week 4 of the study and

two additional patients did not complete a sufficient number of

symptom diary entries to be included in the analyses. Thus, 15

patients in the placebo group successfully participated in the study

to completion; however, one patient’s PET data was corrupted and

was thus excluded from these analyses. No significant differences

were identified between patients who completed the study (six

males, eight females) and those who did not.

Procedure

Initial measures

At the start of a 1-week screening period, patients arrived at the

research unit of the UCLA Neuroenteric Disease Program, where

they received a daily symptom diary to complete each evening for

the duration of the study. After the screening period, patients

returned to the hospital, changed into a hospital gown, then

completed a battery of health and symptom-related questionnaires.

Visual analogue scales (VAS) were also used to measure IBS

symptom intensity and unpleasantness from the past 6 months and

24 h as well as several dimensions of the patient’s present mood

(Gracely et al., 1978).

Patient preparation

After completing the questionnaires, patients were given an

enema and fitted with skin conductance and EKG electrodes, then

instructed to rest quietly for 15 min while baseline physiological

measurements were collected. Separate balloons, inflated by a

computer-driven pump (barostat), were inserted into the sigmoid

colon and rectum using a flexible sigmoidoscopy. For a detailed

account of this procedure, see Munakata et al. (1997). Following



M.D. Lieberman et al. / NeuroImage 22 (2004) 447–455450
insertion, patients rested in a supine position for at least 30 min

before transfer to the PET Center.

Once at the PET Center, patients received an intravenous line.

After resting quietly for 20 min, they were fitted with headphones

that delivered standardized recorded instructions and reduced

extraneous noise. Patients were then placed in the PET scanner.

Eyes were closed during all scans.

Visceral distension

On scan day 1 (pre-placebo), participants were given initial

instructions that they would receive two rectal balloon inflations,

with the first being unperceivable (baseline #1) and the second

feeling like stool or discomfort (rectal inflation #1). During rectal

inflation, the balloon was inflated to a mildly uncomfortable

pressure of 45 mm Hg for 60 s. Patients were then informed that

for the next 2 min, they would be receiving a rectal stimulus that

was significantly more intense than the preceding inflation (sham

#1). Although patients were led to anticipate a more painful rectal

stimulation during this time, no inflation was applied. Another set

of instructions then informed patients that the balloon in their

sigmoid colon would be inflated and deflated rapidly for the next

15 min (noxious sigmoid inflation; one per minute at 60 mm Hg).

Participants were told that during this time, they may feel pressure

or moderate discomfort, and that if the sensation became unbear-

able, they should inform the experimenter who would terminate the

inflation.3 The same series of rectal inflations was then repeated

(baseline #2, rectal inflation #2, sham #2). PET images were

acquired during all baseline, rectal inflation, and sham inflation

conditions, resulting in a total of six scans.

After 3 weeks of placebo treatment, patients returned for a

second PET session (scan day 2, post-placebo). All procedures

described above were repeated. For the purpose of the current

investigation, only the rectal inflations and baseline scans on each

scan day were analyzed.

Symptom diary

Symptom improvement was measured in terms of daily symp-

tom diary response. In a daily diary, patients answered six ques-

tions about their symptoms on a scale of 0 (absent) to 10

(unbearable). Three of the diary items measuring the day’s fre-

quency, severity, and duration of abdominal pain or discomfort

were used to calculate percent symptom improvement from week 1

(pre-placebo) to week 4 (post-placebo), using the following equa-

tion (negative scores indicate improvement):

ðweek 4: frequency�severity�durationÞ�ðweek 1: frequency�severity�durationÞ
ðweek 1: frequency�severity�durationÞ

Image acquisition and analysis

PET was performed by dynamic imaging with a Siemens/CTI

953 tomograph (Siemens-Computer Technology, Inc., Knoxville,

TN), collecting 31 contiguous data planes corresponding to an
3 The sensitization effect of the sigmoid inflations was relevant to the

drug findings reported in Berman et al. (2002); however, they are not

relevant to the placebo hypotheses being tested here and as this time period

was not scanned due to limitations in the number of PET scans that can be

obtained per session; we will not discuss the sigmoid inflations further.
axial depth of 3.375 mm each, in a 128 � 128 image matrix.

Emission scans were reconstructed from projection data with

calculated attenuation correction. After administration of 25 mCi
15O-water in a 10 ml bolus injection of saline, PET data were

obtained during four 30-s frames, and summed for frames 2–4,

which followed entry of tracer into the brain.

Imaging data analysis was carried out using statistical paramet-

ric mapping (SPM’99; Wellcome Department of Cognitive Neu-

rology, Institute of Neurology, London, UK). Images for each

subject were first realigned to their initial image to correct for head

motion, then normalized into a standard stereotactic space as

defined by the Montreal Neurological Institute, and smoothed with

a 12-mm Gaussian kernel to increase signal-to-noise ratio. Com-

parisons were calculated using a significance level of P < 0.005,

uncorrected for multiple comparisons combined with an extent

threshold of 20 voxels—corresponding to a per-voxel, false-posi-

tive probability of less than 0.000001 (Forman et al., 1995). This

method of handling multiple comparisons has been used in

numerous papers (Eisenberger et al., 2003; Lieberman et al., in

press; Poldrack et al., 2001; Wagner et al., 2001). Planned

comparisons were computed as linear contrasts for individual

participants. The resulting contrast images were then used in

random effects analyses at the group level.

The neural response to visceral stimulation (i.e., discomfort or

pain) on an individual scan day was computed as (rectal inflation

scan #1 + rectal inflation scan #2) � (baseline scan #1 + baseline

scan #2). The differential response to visceral stimulation across

the two scan days was computed as [pre-placebo (rectal inflation

scan #1 + rectal inflation scan #2) � post-placebo (rectal inflation

scan #1 + rectal inflation scan #2)].

Functional connectivity analyses were also performed (see

Lieberman et al., in press; Poldrack et al., 2001) by obtaining

signal intensity differences from pre-placebo to post-placebo in

response to visceral stimulation in dACC for each participant.

These values were then entered as regressors into a ‘simple

regression’ analysis in SPM’99 to determine if between-subjects

variation in RVLPFC activity was negatively related to between-

subjects variation in dACC activity. This analysis assesses whether

individuals producing the largest decrease in dACC from pre- to

post-placebo also produce the largest increase in RVLPFC from

pre- to post-placebo. Similarly, symptom improvement scores were

entered as regressors into a simple regression analysis to determine

if between-subjects variation in symptom improvement was related

to between-subjects variation in dACC and RVLPFC activity.
Results

Question 1: Was there a placebo response?

To check for significant symptom improvement, mean symp-

tom levels from pre-treatment (week 1) and post-treatment (week

4) were computed from daily diary ratings of frequency, severity,

and duration of symptoms. Symptom improvement was seen in

71% of the participants, with an average improvement of 8.5%,

t(12) = 2.21, P < 0.05.4 This change is in the range of large effect

sizes (r = 0.54) according to Cohen and Cohen (1983).
4 A group of patients that received the active agent Alosetron

(discussed in Berman et al., 2002) showed a similar level of symptom

improvement (8.4%).
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Question 2: Was the dACC less active in response to visceral

stimulation post-placebo (scan day 2) than pre-placebo

(scan day 1)?

As seen in Table 1, the dACC was active both pre- and post-

placebo. Though the post-placebo dACC Z-score is lower than the

pre-placebo dACC Z-score, the difference is not statistically

significant. This was not entirely unexpected, as it was hypothe-

sized that the dACC activity would change more as a function of

reported symptom improvement, rather than as a function of the

passage of time from scan day 1 to scan day 2 or habituation to the

procedure. Anterior insula was also significantly and similarly

active on both scan days, consistent with the insula’s role in the

sensory response to visceral pain (Peyron et al., 1999).

Question 3: Were dACC changes in activity from pre-placebo to

post-placebo negatively correlated with symptom improvement?

Percent symptom improvement from pre-placebo to post-place-

bo, as measured by the daily symptom diary, was entered as a

regressor into a statistical contrast comparing the pain response on

scan day 1 to the pain response on scan day 2. We looked for dACC

voxels whose activity was negatively related to symptom improve-

ment by examining a spherical region of interest (ROI) centered at x

= �2, y = 21, z = 28 with a 20-mm radius (see Table 1a). A cluster

within this radius (see Fig. 1A) centered at x = 8, y = 19, z = 34, was

negatively correlated with symptom improvement (r = �0.69,

P < 0.005), indicating that a greater reduction in dACC response

to visceral stimulation in this region from pre- to post-placebo was

associated with greater self-reported symptom improvement.

Question 4: Was the RVLPFC more active in response to visceral

stimulation post-placebo than pre-placebo?

There was no RVLPFC activation on scan day 1 (even at P <

0.05, a lenient threshold for PET analyses); however, as seen in

Table 1a, there was left-hemisphere VLPFC activation on scan day

1. On scan day 2, this pattern reversed (see Table 1b) with

significant RVLPFC activity but no left-hemisphere VLPFC acti-

M.D. Lieberman et al. / N
Table 1

Neural correlates of pain response pre-placebo (scan day 1) and post-

placebo (scan day 2) 22 days later ( P < 0.005, extent threshold of 10 voxels)

Region Brodmann’s

area

Talaraich

coordinate

Voxels Z

score

(a) Scan day 1 (pain > baseline)

Anterior cingulate 24 B �2 21 28 113 3.59

Insula L �36 6 2 150 3.47

R 38 10 �4 366 4.35

Amygdala L �20 2 �8 125 3.39

VLPFC 47 L �52 37 �7 83 3.09

DLPFC 44 L �65 11 16 335 4.60

45 L �38 38 20 197 3.44

(b) Scan day 2 (pain > baseline)

Anterior cingulate 24 B 0 20 20 362 2.79

R 2 2 33 268 2.84

Insula L �32 10 3 308 3.63

R 36 12 0 179 3.27

VLPFC 47 R 44 37 �2 126 2.93

All coordinates were converted from MNI to Talaraich space.

Fig. 1. (A) Dorsal anterior cingulate region that correlated negatively and

(B) right ventrolateral prefrontal region that correlated positively with

symptom improvement. (C) A scatterplot of relative activations showing

the negative correlation between the dorsal anterior cingulate and right

ventrolateral prefrontal cortex. Each point is a single participant’s change in

activity, in relative units, from scan day 1 to scan day 2.
vation. Comparisons across the two scan days were not significant

in either region of VLPFC. As with the dACC activity, we

expected that RVLPFC changes from pre- to post-placebo would

be a function of symptom improvement rather than the passage of

time or habituation, so this result was not unexpected.

Question 5: Were RVLPFC changes in activity from pre- to

post-placebo positively correlated with symptom improvement?

Percent symptom improvement from pre- to post-placebo was

entered as a regressor into a statistical contrast comparing the pain

response on scan day 1 to the pain response on scan day 2. We

looked for RVLPFC voxels whose activity were positively related

to symptom improvement by examining a spherical region of
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interest (ROI) centered at x = 44, y = 37, z = �2 with a 20-mm

radius (see Table 1b). A cluster within this radius (see Fig. 1B)

centered at x = 30, y = 33, z = �5, was positively correlated with

symptom improvement (r = 0.71, P < 0.005), indicating that

greater RVLPFC increases from pre- to post-placebo were associ-

ated with greater self-reported improvement.

Question 6: Were the changes in RVLPFC and dACC activity from

pre- to post-placebo negatively correlated with one another?

A functional connectivity analysis was computed on the dACC

activation at x = 8, y = 19, z = 34 and the RVLPFC activation at x =

30, y = 33, z = �5 identified in the analyses described in questions

#3 and #5 above. The activations in these two regions were found

to be negatively correlated with one another (r = �.55, P < 0.05)

such that participants who had a larger increase in RVLPFC

activity from scan day 1 to scan day 2 had a larger decrease in

dACC activity from scan day 1 to scan day 2 (Fig. 1C).

Question 7: Was the positive correlation between RVLPFC activity

and symptom improvement mediated by dACC activity?

We hypothesized that the positive relationship between

RVLPFC changes from scan day 1 to scan day 2 and symptom

improvement would be mediated by changes in dACC activity.

That is, RVLPFC was expected to have its effect on symptom

improvement by reducing dACC activity, which would lead to

symptom improvement. Because each of the zero-order correla-

tions between the three factors were significant, the prerequisite for

running mediational analyses was fulfilled (Baron and Kenny,

1986). The analysis (see Fig. 2) indicated that dACC activity did

mediate the direct path from RVLPFC to symptom improvement

(Sobel test, Z = 1.98, P < 0.05). After controlling for dACC

activity, the remaining path from RVLPFC to symptom improve-

ment was no longer significant (P > 0.13) and the amount of

variance accounted for in symptom improvement dropped 60%

from an r2 = 0.50 to r2 = 0.18.

Habituation and other effects

We noted earlier that changes in dACC from pre- to post-

placebo that were related to self-reported symptom improvement

are not likely to be the result of habituation and other effects. We

performed an analysis of covariance (ANCOVA), removing symp-

tom improvement as a nuisance variable, to determine if any

activity in dACC could be attributed to habituation and other
Fig. 2. The mediating role of dorsal anterior cingulate (dACC) between

right ventrolateral prefrontal (RVLPFC) and symptom improvement.

Numbers are standardized coefficients. The number in parentheses indicates

the direct effect of RVLPFC on symptom improvement, before the

inclusion of the dACC mediator in the regression. *P < 0.05, **P < 0.005.
effects once placebo effects were removed. At our strict signifi-

cance and extent threshold levels, no activations were found in

dACC or elsewhere in the brain. When we lowered our extent

threshold to a more lenient criteria of 10 voxels, we did find a

region of left dACC (x = �10, y = 28, z = 44) that was significantly

less active (Z = 2.68, P = 0.004), suggesting that nonplacebo

effects were also altering the dACC response over time. This

region of activity did not, however, overlap with the region in right

dACC associated with the symptom improvements.
Discussion

This is the first neuroimaging study to investigate the func-

tional contribution of RVLPFC in the placebo response. Petrovic

et al. (2002) had previously observed that RVLPFC was activated

during placebo analgesia but not during opioid analgesia. In the

current study, we observed a strong positive correlation between

pre- to post-placebo increases in RVLPFC and subjective reports

of symptom improvement. Mediational analyses indicated that

this relationship was mediated by dACC such that increased

activity in RVLPFC was associated with decreased activity in

dACC, which in turn was negatively correlated with symptom

improvement. The regions of RVLPFC and dACC involved in

this mediation process are close to those found by Petrovic et al.

(2002) (x = 30, y = 30, z = �6 in RVLPFC) and Rainville et al.

(1997) (x = 3, y = 20, z = 30 in dACC). They are also similar to

the regions observed in a study of social pain, which also

demonstrated the same mediational pattern such that right ventral

PFC effects on social pain were mediated by dACC changes

(Eisenberger et al., 2003).

These results suggest that placebos may operate, in part, by

increasing thoughts about the affective aspects of the pain (i.e., ‘‘I

believe I am going to be less bothered by pain now’’) associated

with increased activity in RVLPFC. As predicted by disruption

theory, any activation of RVLPFC is expected to inhibit dACC

activity, which in turn should diminish pain unpleasantness. Such

a process is consistent with previous research indicating that

expectations play an important role in placebo effects (Mont-

gomery and Kirsch, 1997), as expectations typically involve

affective thoughts about current and future pain experiences. It

remains an open question, however, whether expectation and

belief processes have their effect on RVLPFC during the infla-

tions themselves or if RVLPFC’s response to pain was altered as

a result of belief processes during the 3 weeks of placebo

administration between scanning sessions. Disruption theory is

most consistent with belief processes having their effect during

the inflations. Because thought processes during the inflations

were not assessed, we cannot rule out the possibility that

processes before the second scan were driving the RVLPFC

activations.

Additionally, because we did not assess the extent to which

participants engaged in affective thought processes related to their

beliefs and expectations, we cannot say whether RVLPFC activity

was a result of these thought processes or some other nonaffective

processes. Obtaining retrospective self-report of affective thought

would have proved problematic as such self-reports are often in

error (Nisbett and Wilson, 1977). Moreover, if participants knew

that such self-report measures were going to be taken, it could well

have altered the content of the thought processes that did occur

(Wegner, 1989).
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While disruption theory may provide a neurally plausible route

by which belief and expectations might produce placebo effects,

we do not mean to suggest that this is the only route by which

placebo effects occur in the brain. Numerous studies have also

shown that placebo effects can result from conditioning proce-

dures. In these studies, participants are usually exposed to an active

agent that is then replaced with a placebo (e.g., Amanzio and

Benedetti, 1999). In our study, participants were not exposed to an

active agent at any time, and thus our study does not speak to this

mechanism by which placebo effects also occur. Thus, while other

pathways to placebo effects may exist, this paper has presented the

first evidence of a multistep neural path from placebo to brain to

subjective report.

One concern in the current study is that we did not have a

natural history group that underwent both scanning procedures

without receiving placebos. Because of the prohibitive expense of

scanning, we relied on scanning the placebo group both before and

after taking the placebos for 3 weeks. One might, at first glance,

think that any changes from pre- to post-placebo might be

attributable to the passing of time or habituation effects, but if

this were the case, the reductions in dACC from pre- to post-

placebo should be unrelated to changes in symptomology in the

intervening 3 weeks. placebo In other words, individuals might

have become habituated to the scanner procedure from scan day 1

to scan day 2, but this should lead to a main effect decrease in

dACC activity over time without any changes related to the

magnitude of self-reported symptom change during the intervening

3 weeks. We found no main effect decrease in dACC activity that a

habituation account would predict. Rather, the variance in dACC

from pre- to post-placebo was better accounted for by the change in

self-reported symptomology. Habituation effects were also present,

but these effects were associated with a different region of dACC

from the placebo-related effects.

The only other way habituation effects could provide an alter-

native account for our data is if the initial scanning procedure caused

the participants’ daily IBS symptoms to abate to the same extent that

it caused participants to habituate neurally to the scanner procedure.

In this scenario, participants who habituated more to the scanner

procedure would also have fewer self-reported IBS symptoms in the

intervening 3 weeks, thus artificially producing the correlation we

observed between ACC change and symptom change across the two

time points. Several of the authors of this paper (Naliboff et al.,

2001) have conducted a longitudinal PET imaging study of IBS

patients that suggests this possibility is unlikely. In that study, which

included neither a placebo nor an active drug component, IBS

patients participated in six visceral stimulation protocols over 1

year, the first and last including PET imaging. Naliboff et al. found

some habituation in the ACC to the pain induction and scanner

procedure; however, symptom reports remained stable over the

course of the year. In other words, habituation to the scanner

procedure did not lead to diminished symptoms outside the scanner.

This suggests that although it is likely that there were some ACC

changes in our study that can be attributed to habituation, those

changes would not have covaried with the symptom reports.

Consequently, the ACC changes that did covary with symptom

reports were likely the result of the placebo induction.

Finally, it could be argued that spontaneous remission could

have also produced the symptom improvements seen from scan

day 1 to scan day 2. In this case, the absence of a natural history

group would leave placebo effects confounded with spontaneous

symptom improvements. The Naliboff et al. (2001) longitudinal
study found that IBS symptoms were quite stable over the course

of six assessments in a 1-year period. Thus, it seems unlikely

that spontaneous recovery would account for the results of this

study.

While a natural history group would have provided additional

controls for spontaneous changes in symptom levels, we note that

several recent placebo pain studies that have used natural history

groups (Amanzio and Benedetti, 1999; Benedetti et al., 2003; Vase

et al., 2003) have not found significant variation over time in the

natural history group. One of these studies (Vase et al., 2003) also

focused on IBS patients. The lack of time effects in natural history

groups suggests that the inferential cost of leaving them out of our

study is a reasonable trade-off for the cost of scanning a control

group twice.

In summary, we examined the placebo effect for pain in a

population of IBS patients. These individuals reported significant

symptom improvements over the course of a 3-week placebo

regimen. The dACC reactivity to physical discomfort was reduced

from pre- to post-placebo to the extent that participants reported

symptom improvement. Conversely, the RVLPFC response to

physical discomfort increased from pre- to post-placebo to the

extent that participants reported symptom improvement. The

changes in activity in these two brain regions were negatively

correlated and a mediational analysis revealed that changes in

dACC mediated the relationship between RVLPFC and symptom

changes. This suggests that whereas dACC activity may be most

directly associated with symptom improvement in response to the

placebo administration, the RVLPFC may produce the dACC

changes and serve a more central role in placebo effects. Given

that placebo effects depend on the belief that the placebo will

improve some condition that is causing distress, and given that

RVLPFC has been associated with affective thought and the

inhibition of affect, thought, and behavior, RVLPFC may serve

to convert placebo-related beliefs into the neural, behavioral, and

experiential placebo effects that have fascinated humans through-

out time.
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