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FOREWORD

In the course of my 35 years as a pain researcher and clinician I have had
the opportunity to attend numerous international scientific meetings that
featured plenary talks in which the biopsychosocial model of pain was
discussed. Though many of the presenters were well known and their talks
well organized, all too often I have left these sessions with a feeling of
disappointment. For example, a prominent psychologist might give an
overview of the biopsychosocial model and then spend most of his or her
time talking about studies of the psychology of pain. Likewise, a world-
renowned basic scientist giving a plenary talk might briefly mention the
biopsychosocial model, but then focus his or her talk on novel basic science
findings on the biology of pain with little attempt to relate these findings to
psychological or social aspects of pain.

One of the hallmarks of the biopsychosocial model is its insistence that
pain (and other phenomena such as stress) is best understood when bio-
logical, psychological, and social viewpoints are integrated. This book
exemplifies this approach as few others have. It is written by two interna-
tional experts whose own research programs on pain and stress represent a
gold standard against which others are compared. The systematic and pro-
grammatic nature of their work is impressive, with one study building
logically upon another. Dr Magne Flaten, for example, has conducted a
series of important studies on the role of expectations (placebo, nocebo) in
pain and pain regulation. Dr Mustafa al’Absi is widely recognized for his
program of neurobiological research linking pain to stress, appetite, and
addiction.

In this book, Drs Flaten and al’Absi have assembled a set of well-written
chapters provided by authors, each of whom is a world-class expert in his or
her field. Each chapter provides an up-to-date overview of a key topic in
the pain and stress area. Readers will find many of the chapters to be true
gems. To mention a few of these: Robert Mursin provides a superb
overview of the neurobiology of stress. A key message is the importance
that early learning and social status have in the development of stress and
pain-regulation processes. A chapter by Jamie Rhudy critically appraises
recent studies of pain and emotion and highlights emerging findings that
suggest that problems with emotional modulation may be a risk factor for
persistent pain. Drs Flaten and al’Absi’s own chapter on pain and placebo is

xi



xii Foreword

one of the best in this book because it brings together state-of-the-art
studies dealing with biological processes (endogenous opioids) and psy-
chological processes (instructions, expectations) that are critical to our
current understanding of placebo effects on pain. This chapter is nicely
complemented by a chapter by Drs Amanzio, Plaermo, and Benedetti on
nocebo and pain. This research team is internationally recognized for the
development of novel methodologies for studying both placebo and
nocebo processes and linking these responses to underlying biochemical and
anatomical findings. Finally, Blaine Ditto and his colleagues provide an
excellent overview of studies of pain, blood pressure, and hypertension.
This chapter is one of the best I've seen on this topic since it includes novel
insights into how blood pressure-related hypoalgesia can modulate both
pain and stress.

Clinicians working in the areas of pain and stress will find this book
extremely helpful because it provides research that will help them
understand clinical phenomena they deal with every day. For a clinician,
understanding the biological processes by which stress influences pain, or
the neurobiology of stress and addiction in patients suffering from chronic
pain, is important for several reasons. First, it enables the practitioner to
better understand the varied ways that different individuals cope with
persistent pain or stress. Second, it provides information that can be used to
educate patients in ways that help them reconceptualize pain and stress and
better understand what they can do to manage problematic responses.
Finally, understanding the current literature on pain and stress can help
clinicians better tailor their interventions so as to best address a given
patient’s concerns.

Researchers interested in pain and stress will find this book to be
invaluable. Each chapter highlights important emerging areas of research
and pinpoints key directions for future research. Those looking to develop
their own research agenda and program of research will want this book in
their personal library.

If you are looking for a book that truly integrates the biological, psy-
chological, and social perspectives on pain and stress I encourage you to get
this book. Readers eager to learn about the latest research linking the
different elements of the biopsychosocial model (biological to psycholog-
ical, psychological to social, biological to social) will enjoy this book
immensely. The book exemplifies the best of the biopsychosocial model
and demonstrates how the promise of this model is now being fulfilled.
If you’ve been disappointed by prior plenary talks, review papers, and
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chapters on the biopsychosocial model of pain and stress I encourage you to

give this book a read. This book will not disappoint you. Instead, it will
enlighten, energize, and excite you.

Francis J. Keefe, PhD

Professor, Psychiatry and Behavioral Sciences, Duke Medical Center

Professor of Psychology and Neuroscience, Duke University



CHAPTER 1

Neuroscience of Pain and
Emotion

Matthias J. Wieser, Paul Pauli
Department of Psychology, Biological Psychology, Clinical Psychology and Psychotherapy,

University of Wiirzburg, Wiirzburg, Germany

NEUROANATOMY OF PAIN AND EMOTION

The International Association for the Study of Pain defines pain as an
“unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage”
(International Association for the Study of Pain, 1994, pp. 209-214). This
definition implies that pain and nociception have to be differentiated, with
the latter referring to the physiological processes triggered by tissue damage.
Although nociception normally results in pain, this is not mandatory, and
vice versa, pain may be experienced without nociception. This definition
also clarifies that negative emotions are a constituent of the pain experience,
and therefore a close interaction or overlap between brain processes related
to pain and emotions has to be expected. As a matter of fact, it may be
argued that pain is an emotion, an emotion that requires the presence of a
bodily sensation with qualities like those reported during tissue-damaging
stimulation (Price, 1999).

The pain—emotion interaction is also emphasized by the fact that both
pain and emotions are adaptive responses to survival-relevant challenges in
the environment. Whereas pain’s main functional significance is to alert the
organism that its body integrity is threatened in order to attend to the
source of pain and possibly avoid it, emotion’s functional significance lies in
the detection of motivationally relevant stimuli that may trigger avoidance
or approach behavior. Both pain and emotions thus have an adaptive value
that ensures the survival of the organism.

Nociceptive Pathways

Human nociception is the process of encoding specific somatosensory
information in the periphery and its transduction to the brain. Nociceptors
are peripheral neurons that respond to noxious stimulation and detect

The Neuroscience of Pain, Stress, and Emotion © 2016 Elsevier Inc.
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potentially damaging stimuli (Basbaum & Jessell, 2000). Nociceptors can be
specific to a particular type of stimulus (e.g., mechanical, chemical, or
temperature) or can respond to a variety of noxious stimulations. The latter
nociceptive neurons are referred to as polymodal nociceptors and are more
abundant in the human body in comparison to the stimulation-specific
nociceptors (Ringkamp & Meyer, 2008). The nociceptive signal is trans-
duced to the central nervous system (CNS) by two main types of
nociceptive fibers constituting the starting point of the nociceptive signal
cascade and found throughout the body tissue: the thinly myelinated Ad
neurons, which transmit information about acute and localized pain at fast
conduction speed, and the unmyelinated C fibers, which signal more
widespread pain with slower conduction speeds (Campbell & Meyer,
2006).

After nociceptive stimulation, the Ad and C fibers transmit the noci-
ceptive signals to the CNS. The peripheral A and C fibers terminate in
the dorsal homn of the spinal cord. In turn, second-order neurons are
activated, and the axons of these neurons cross the midline of the spinal
cord directly to the ventral surface of the spinal cord. Ascending pain
signals are then sent to the brain via the spinothalamic tract, whose fibers
project to the intralaminar and ventroposterior nuclei of the thalamus
(Ringkamp & Meyer, 2008). Then two supraspinal neuronal systems can
be differentiated with regard to their primary role within the processing of
nociceptive information: the lateral system, mainly encoding sensory
discriminative components of pain, and the medial system encoding the
affective, motivational component of the resulting pain percept (Apkarian,
2013; Price, 2000).

It is important to note that these ascending nociceptive pathways can be
modulated by descending pathways starting in the brain. These mainly alter
the transmission of nociceptive inputs at the spinal dorsal horn (Kwon,
Altin, Duenas, & Alev, 2014). The periaqueductal gray (PAG) and the
rostroventral medulla (RVM) are two regions known to play a role in the
endogenous control of pain via the inhibitory PAG-RVM-—dorsal horn
pathway (Fields & Basbaum, 1994). Receiving inputs from frontal and
insular cortices, hypothalamus, and amygdala, the PAG has a critical role in
the descending modulation of pain by interacting with the RVM and the
dorsolateral pontine tegmentum (Fields & Basbaum, 1994). The PAG,
parabrachial nucleus, and nucleus tractus solitaries provide input to the
RVM, which has direct connections to the laminae of the dorsal horn
(Millan, 1999, 2002).
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Central Representation of Pain

In the brain, pain is represented in neuronal networks that encompass a
number of subcortical and cortical structures that code various aspects of
pain (Apkarian, Bushnell, Treede, & Zubieta, 2005; Peyron, Laurent, &
Garcia-Larrea, 2000). Functional imaging studies most consistently revealed
the following main brain areas constituting the brain network for acute pain
(see Figure 1): primary and secondary somatosensory cortices, insular cortex
(INS), anterior cingulate cortex (ACC), prefrontal cortex (PFC), and
thalamus (Th) (Apkarian et al., 2005; Price, 2000). The somatosensory
cortex receives input from the lateral nuclei of the Th, whereas the ACC
receives input mainly from the medial portions of the Th via the INS and
further provides the PFC with nociceptive information. The cerebellum
receives direct input from the spinothalamic tract and is one of the
subcortical pain-coding structures together with the caudate putamen,
amygdala, and PAG. Accordingly, sensory and discriminatory aspects of
pain are encoded in somatosensory, lateral thalamic, and cerebellar portions
of the brain, whereas affective and cognitive components of pain are
represented dominantly in the cingulate, insular, and prefrontal areas
(Apkarian et al., 2005; Bushnell, Ceko, & Low, 2013).

Figure 1 The brain network for acute pain. ACC, anterior cingulate cortex; AMY,
amygdala; BG, basal ganglia; PAG, periaqueductal gray; PB, parabrachial nucleus; PFC,
prefrontal cortex; ST and S2, primary and secondary somatosensory cortices. (Adapted
from Bushnell et al. (2013).)
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This network, which has been referred to as the “pain matrix” (e.g.,
Tracey & Mantyh, 2007) and was inspired by the so-called neuromatrix
of pain (Melzack, 1999, 2001), proposes a specific neuroanatomical
representation of pain (as mentioned above). However, this concept has
been challenged with regard to its pain specificity (lannetti & Mouraux,
2010; Legrain, lannetti, Plaghki, & Mouraux, 2011), concluding that
various somatosensory and emotional states have common neural repre-
sentations. Yet, a series of functional magnetic resonance imaging (fMRI)
studies encompassing a large data set (more than 100 participants) and
incorporating various experimental pain approaches revealed activity in the
ventrolateral Th, S2, and dorsal posterior INS to be specific for pain and
distinguishable from other salient events such as social rejection. These
findings identified—at least to some degree—a brain signature that
specifically corresponds to the sensory and affective representation of pain
(Wager et al., 2013).

Given the unbeatable time resolution of electroencephalography (EEG)
and magnetoencephalography (MEG), it is no surprise that studies
employing these techniques were able to disentangle the dual pain sensation
that is typically elicited by a single brief painful stimulus and which is based
on the difference of about 1 sec in conduction times of Ad and C fibers (see
above). These studies found two sequential brain activations in EEG and
MEG recordings from S1 versus S2 and ACC (e.g., Bromm & Treede,
1987; lannetti, Zambreanu, Cruccu, & Tracey, 2005; Ploner, Gross,
Timmermann, & Schnitzler, 2002; Ploner, Holthusen, Noetges, &
Schnitzler, 2002; Timmermann et al., 2001; Tran et al., 2002). The first
early Ad-fiber-mediated brain activation can be further subdivided into an
early (100200 ms after stimulus onset) and a late EEG/MEG response
beyond 200 ms latency (Treede, Meier, Kunze, & Bromm, 1988).

Taken together, these results demonstrate that the perception and
processing of pain and pain-related information are not tied to a single core
neural structure. Rather, the neural substrates of pain share substantial
commonalities with other highly salient sensory or emotional experiences.
Nevertheless, it seems that sensory and affective qualities of (thermal) pain
are represented by a set of regions throughout the brain that are now
collectively known as the “neurological pain signature” (NPS) (Apkarian,
2013; Wager et al., 2013), which—at least for thermal pain—seems to be
dissociated from a general salience signal and correlates better with pain
perception than temperature itself.
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Emotional Networks in the Brain

Although everyone seems to know what an emotion is, we do not have an
unequivocally accepted definition, but a consensus on four key criteria (see
Sander, 2013): (1) Emotions are multicomponent phenomena; (2) emotions
are two-step processes involving emotion elicitation mechanisms that
produce emotional responses; (3) emotions have relevant objects; and
(4) emotions have a brief duration.

Studies on the emotional networks in the brain refer to two taxonomies
of emotions: On one hand, categorical classes of few emotions, for
example, six evolutionarily shaped basic emotions such as joy, fear, anger,
sadness, disgust, and surprise (Ekman, 1992; Ekman & Friesen, 1975), and
on the other hand, dimensions of valence and arousal (see Lang, 2010). As a
consequence, studies on emotional networks in the brain examined brain
responses either triggered by distinct basic emotions via facial expressions
(e.g., Morris et al., 1998) or elicited by emotional stimuli varying in valence
and arousal (e.g., Lang et al., 1998).

The so-called valence hypothesis was to some extent already discussed by
Aristotle in his book Rethoric, who defined emotions (pathos) “as that
which leads one’s condition to become so transformed that his judgement is
affected, and which is accompanied by pleasure and pain” (cited after Sander,
2013). Please note that this definition incorporates pain as the prototype of
negative effect. Several hundred years later Wundt (1905) also suggested that
the dimensions of valence, arousal, and tension underlie emotions (cited after
Sander, 2013). A study by Anderson et al. (2003) using odors varying in
valence and arousal indicated that the orbitofrontal cortex codes the stim-
ulus’s valence, while amygdala activity is associated with the stimulus’s
arousal. Yet, Lang, Bradley, and Cuthbert (2008) developed an extensive set
of picture stimuli varying in valence and arousal allowing one to systemat-
ically examine verbal-cognitive, motoric—behavioral, and physiological—
neural responses to these emotional stimuli. Using such picture stimuli, we
(Gerdes et al., 2010), among others, examined brain activations related to the
elicited valence and arousal. On one hand, negatively valenced stimuli were
found to trigger amygdala, hippocampus, and medial occipital lobe activa-
tions, and especially right amygdala and left caudate body activity increased
with the arousal qualities of these unpleasant pictures. On the other hand,
positively valenced pictures triggered activations in the left occipital regions
and in the medial temporal lobe, and an increase in arousal of these pictures
was associated with activity in the right caudate head extending to the



8 The Neuroscience of Pain, Stress, and Emotion

nucleus accumbens and the left dorsolateral PFC. Thus, the amygdala seems
to play a major role in the processing of unpleasant stimuli, particularly highly
arousing unpleasant stimuli. This conclusion was confirmed by Sabatinelli
et al. (2011), who conducted a meta-analysis that included 157 studies
examining brain responses to emotional scenes and emotional faces. They
also identified the amygdala as the region with most overlap between studies
involved in the processing of these emotional stimuli varying in valence,
followed by regions of the medial PFC, inferior frontal/orbitofrontal cortex,
inferior temporal cortex, and extrastriate occipital cortex.

As pain can be considered unpleasant and highly arousing, these brain
imaging results related to the valence hypothesis suggest that the amygdala
and the PFC are involved in the processing of unpleasant stimuli in general
and in the processing of pain, too. Interestingly, laterality research also
revealed that the frontal regions of the right hemisphere play a special role
in the processing of negative emotions and pain (Pauli, Wiedemann, &
Nickola, 1999a,b).

Models of emotion categories are mostly locationist models when it comes
to the neural underpinnings. Thus, a limited number of phylogenetically
shaped discrete emotion categories (Ekman et al., 1987; Panksepp, 1998)
are hypothesized to result from activity of distinct brain areas or networks
that are inherited or shared with other mammals (Panksepp & Watt, 2011).
Early meta-analyses of emotion category—brain location studies from
Murphy, Nimmo-Smith, and Lawrence (2003) and Phan, Wager, Taylor,
and Liberzon (2002) agreed that the right and left amygdale were prefer-
entially activated with fear and that the rostral ACC was associated with
sadness. Also, both analyses suggest disgust to be related to activations in
the basal ganglia. Whereas Murphy et al. also reported disgust-specific
activity in the INS, Phan et al. found that INS activity was associated
with negative emotions generally. At first glance, these effects speak in
favor of at least a certain degree of functionally specialized brain areas for
different emotion categories. However, even for the most consistent
finding, a fear-amygdala correspondence, Phan et al. (2002) and Murphy
et al. (2003) reported that only 60% and 40% of studies involving fear,
respectively, showed increased activation in the amygdala (for further
analysis of the other brain—emotion associations, see Barrett, 20006). In the
same vein, a more recent meta-analytic review (Lindquist, Wager, Kober,
Bliss-Moreau, & Barrett, 2012) comparing the locationist approach with
the psychological constructionist approach found little evidence that
discrete emotion categories can be consistently and specifically localized to
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distinct brain areas. This meta-analysis favors the constructionist model,
meaning that “emotions emerge when people make meaning out of
sensory input from the body and from the world using knowledge of prior
experience” based on basic psychological operations that are not specific to
emotions (Lindquist et al., 2012, p. 129). Thus, if pain would be an
emotion, this model assumes that pain is the consequence of the processing
of nociceptive system input based on previous experiences.

Fear is of special interest for pain research since animal as well as human
models of fear are based on classical conditioning, and most of these fear
conditioning studies use unconditioned stimuli (US; e.g., mildly painful
electric stimuli) that elicit pain as the unconditioned response (UR). The
conditioned stimulus, mostly an acoustic or visual cue, after association with
the US, elicits fear as the conditioned response (CR). Since the CR and the
UR are expected to be similar, the brain responses elicited by cued fear
stimuli might be related to actual pain experiences. Confirming animal
studies (LeDoux, 1996, 1998) indicating that the amygdala is crucial for
such fear conditioning, we (Andreatta et al., 2012, 2015) and others (e.g.,
Biichel & Dolan, 2000) observed that a cue or a context that becomes
associated with a painful US elicits amygdala activity. However, a 2015
meta-analysis (Fullana et al., 2015) on 27 fear conditioning studies indicated
no amygdala activity but revealed an extended fear network that includes
the central autonomic—interoceptive network, i.e., anterior INS, dorsal
ACC, dorsal midbrain including PAG and parabrachial nucleus, ventro-
medial Th, hypothalamus, and pontomedullary junction.

PAIN AND EMOTION INTERACTIONS

As reviewed above, pain and emotions share neural representations in the
brain (see Wager & Atlas, 2013), mostly in the anterior INS and ACC.
Consequently, one may assume mutual influences via directly shared
representations and intracortical cross talk. However, as we will see below,
the most compelling neural basis of emotional influences on pain so far is
via the activation of the descending pain modulatory system.

Emotional Modulation of Pain

The extensive literature on the effects of emotions on pain consistently
shows that pain is reduced by positive and increased by negative emotions
(for excellent reviews, see Bushnell et al., 2013; Roy, 2015; Wiech &
Tracey, 2009; but see the paragraph on stress-induced hypoalgesia below).
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This conclusion is mainly based on experiments using various affective
stimuli to modulate the participants’ emotions and measuring their effect on
pain processing. Our discussion of the brain processes mediating these
effects of emotions on pain will focus on studies using affective pictures
(emotional scenes or emotional faces) to modulate emotions, as this is the
most frequently used experimental approach allowing a comparison of
results. The interested reader in search for studies using other emotion-
induction modalities is referred to the review by Roy (2015). This
review also summarizes studies that induced positive and negative emotions
by the application of odors (e.g., Villemure, Slotnick, & Bushnell, 2003),
tastes (Lewkowski, Ditto, Roussos, & Young, 2003), affective pictures (e.g.,
Kenntner-Mabiala & Pauli, 2005; Meagher, Arnau, & Rhudy, 2001;
Rhudy & Meagher, 2001; Rhudy, Williams, McCabe, Nguyen, & Rambo,
2005), pain-related pictures (Godinho et al., 2012), films (e.g., Weisenberg,
Raz, & Hener, 1998), music (Roy, Lebuis, Hugueville, Peretz, & Rainville,
2012; Roy, Peretz, & Rainville, 2008), hypnotic suggestions (e.g.,
Rainville, Duncan, Price, Carrier, & Bushnell, 1997), or sentences (e.g.,
Zelman, Howland, Nichols, & Cleeland, 1991). The majority of these
studies reported that unpleasant emotions increase pain ratings and decrease
pain perception threshold and pain tolerance. In contrast but somewhat less
strong, pleasant emotions generally reduce pain ratings and increase pain
perception threshold and pain tolerance. As we will discuss below, these
general emotion effects seem to rely on the descending pain pathways, as
concomitant affective modulations of the lower limb nociceptive flexion
reflex (NFR) strongly suggest (Bartolo et al., 2013; Rhudy et al., 2005;
Roy et al.,, 2012; Roy, Lebuis, Peretz, & Rainville, 2011; Roy, Piché,
Chen, Peretz, & Rainville, 2009).

Visual Emotional Stimuli and Pain Processing

First, functional imaging studies investigated where in the brain emotions
modulate pain processing. These studies showed that the increased
perception of pain during the presentation of negative compared to neutral
or positive affective pictures resulted in enhanced activity of sensory and
affective pain-associated areas like the paracentral lobule and Th, the
anterior INS, and the parahippocampal gyrus and amygdale (Roy et al.,
2009). Since activity in the right INS covaried with the modulation of pain
perception, this study supports theories postulating that the INS serves as an
integrative node for information from ascending interoceptive signals with
more general information within the broader emotional-motivational
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context (Craig, 2003). In sum, fMRI studies suggest that the emotional
modulation of pain seems to result mainly in changes in the affective
component of pain, reflected by variations of activity in the “medial pain
system” comprising the PFC, ACC, and PAG, which encode the affective-
motivational component of pain (Bushnell et al., 2013; Lo
Bushnell, 2008).

Second, somatosensory-evoked potentials (SEPs) were used to examine
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when emotions modulate pain processing. In such studies from our group
we examined how the SEPs triggered by mildly painful electric stimuli
were modulated by simultaneously presented affective pictures inducing
negative, neutral, or positive emotions (Kenntner-Mabiala, Andreatta,
Wieser, Mihlberger, & Pauli, 2008; Kenntner-Mabiala & Pauli, 2005;
Kenntner-Mabiala, Weyers, & Pauli, 2007). As expected, the affective
valence of the pictures modulated pain ratings such that the very same pain
stimulus was rated the most intense and unpleasant when negative pictures
were shown concurrently and least intense and unpleasant during positive
pictures. Most important, we also observed that the N150 of the SEP
varied as a function of the affective valence in concordance with the pain
ratings with lowest amplitudes when pleasant and highest amplitudes when
unpleasant pictures were presented. The P260 of the SEP, however, was
not modulated by the pictures’ valence, but in concordance with the
pictures’ arousal with reduced amplitudes for arousing (positive and
negative valence) compared to neutral pictures (Kenntner-Mabiala & Pauli,
2005). These results were overall replicated in a second study in which
additionally attention was manipulated to focus on the sensory or affective
aspects of the pain stimuli or on the picture stimuli (Kenntner-Mabiala
et al., 2008). Attentional modulation eftects were found only for sensory
pain ratings, with lower pain ratings when attention was focused on pic-
tures compared to attention focused on pain. A similar effect was observed
for the P260, which was further modulated by the pictures’ arousal. The
N150 instead was modulated by valence only, thus replicating (Kenntner-
Mabiala & Pauli, 2005). Based on these and another study from our lab, we
conclude that attention and emotion have distinct effects on pain
processing as reflected in SEPs, with emotions induced before and
during pain processing modulating the N150, while attention modulates
the P260 (Kenntner-Mabiala et al., 2008; Kenntner-Mabiala & Pauli,
2005). Importantly, we did not find comparable effects of emotions on
SEPs triggered by nonpainful somatosensory stimuli. These SEP studies on
the affective modulation of pain processing allow no conclusion about the
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involved brain areas, but demonstrate that emotions affect rather early
stages of pain processing.

Third, in a series of studies it was shown that emotions induced by
affective pictures also modulate spinal nociceptive reflexes, i.e., the RIII
withdrawal reflex or lower limb nociceptive flexion response (NFR)
(Bartolo et al., 2013; Rhudy et al., 2005; Rhudy, Williams, McCabe,
Russell, & Maynard, 2008; Roy et al., 2012; Roy et al., 2011, 2009). This
polysynaptic reflex causes a flexion of the stimulated leg (approximately 90—
180 ms after stimulation), which is consistent with the conduction velocity
of Ad nociceptive afferents (Sandrini et al., 2005). Importantly, the reflex’s
amplitude increases with perceived pain, suggesting that modulation of
NFR amplitude by emotions may reflect spinal nociceptive processes
(Sandrini et al., 2005). These findings strongly suggest that valence-
dependent effects of emotion on pain are mediated by descending
modulatory circuits that alter afferent nociceptive signals at various stages of
pain processing (Tracey & Mantyh, 2007). This idea of a spinal modulation
of pain by emotions is also supported by the aforementioned affective
modulation of the N150 component of nociceptive SEPs (Kenntner-
Mabiala et al., 2008; Kenntner-Mabiala & Pauli, 2005), which occurs in
parallel with the NFR’s temporal window. In addition, it was reported that
heart rate accelerations and skin conductance responses (Rhudy et al., 2005)
to nociceptive stimuli are also modulated by emotions, indicating emotion
effects on autonomic pain responses. Importantly, Roy et al. (2009)
measured both the affective modulation eftects on spinal nociceptive re-
sponses (NFR) and fMRI responses, and this study revealed that the
emotional modulation of the NFR amplitude correlated with pain-evoked
activity in structures receiving direct or indirect nociceptive inputs, such as
the brain stem, Th, cerebellum, amygdala, and medial PFC. Again, this
suggests descending modulatory circuits that alter afferent nociceptive sig-
nals at various stages of pain processing.

Fourth, the arousal induced by emotional pictures also has to be
considered regarding its effect on pain processing. High-arousing positive
emotional stimuli cause more pronounced decreases in pain than
low-arousing stimuli, and highly compared to moderately arousing negative
stimuli result in stronger pain increases (Rhudy et al., 2005, 2008). Thus,
picture valence determines the direction of pain modulation (either
increase or decrease), while the level of arousal determines the strength of
this modulation. However, these pain-enhancing effects of negative pic-
tures have to be distinguished from hypoalgesia induced by strong aversive
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stimulations or stress-induced analgesia. First, there are quantitative differ-
ences. The arousal induced by unpleasant picture stimuli is far less than the
arousal induced by the stimuli used to trigger stress hypoalgesia in humans
(e.g., Trier social stress test, threat of electric shocks) or animals (e.g.,
confrontation with predator). Second, there exist qualitative differences.
The experimental paradigms employed in human studies of stress-induced
analgesia do not manipulate purely emotional processes. For example,
Rhudy and Meagher (2000) showed that anxiety induced by the
announcement of possible electric shocks (instructed fear) lowers pain
thresholds, like negatively valenced pictures do, while fear triggered by the
experience of painful electric shocks prior to pain assessment increases pain
thresholds. However, since participants in the fear group experienced pain
stimuli before pain threshold assessment, the latter effect might be explained
by the engagement of diffuse noxious inhibitory controls (Millan, 2002)
rather than the negative emotion “fear” per se. Similarly, stress induction by
a cognitively demanding task (Yilmaz et al., 2010) introduces confounding
factors, i.e., distraction if pain is tested during the task or fatigue if pain is
tested after the task. As a consequence, cognitive and not emotional effects
on pain are revealed.

In sum, most of the results regarding effects of emotional picture stimuli
on pain processing may be explained by the emotional priming hypothesis
(Lang, 1995). This hypothesis suggests that emotional background stimuli
(e.g., emotional pictures) prime the organism for responses to stimuli of
congruent valence. In human studies, such emotional priming effects are
visible for verbal, autonomic, and central responses as well as reflexes (Lang,
2010; Lang & Bradley, 2010). In the case of a pain stimulus, its processing is
primed, i.e., facilitated, if the organism is in a negative emotional state and
inhibited if the organism is in a positive emotional state. However, we
cannot conclude that these effects are pain-specific since emotions also
modulate responses to other sensory stimulations that are threatening but
not painful, such as breathlessness (Von Leupoldt, Mertz, Kegat, Burmester,
& Dahme, 2006; Von Leupoldt et al., 2010) or loud aversive noise bursts
(e.g., Schupp, Cuthbert, Bradley, Birbaumer, & Lang, 1997).

Emotional Faces and Pain Processing

Only recently have researchers started to investigate the effects of emotional
facial expressions, including facial expressions of pain, on pain processing
(for a review, see Wieser, Gerdes, Reicherts, & Pauli, 2014). Especially the
social importance of nonverbal communication makes facial expressions
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(of pain) an interesting model for studying effects on concurrent pain
processing (Williams, 2002). Until now, the modulation of pain by this
crucial feature in nonverbal emotion communication has rarely been
studied, presumably because facial expressions, compared to other affective
pictures, do not elicit strong emotional states or arousal in the observer (e.g.,
Alpers, Adolph, & Pauli, 2011; Bradley, Codispoti, Cuthbert, & Lang,
2001; Britton, Taylor, Sudheimer, & Liberzon, 2006). As discussed above,
such low-arousing emotional stimuli cannot be expected to have strong
effects on pain processing. However, as revealed by the meta-analysis of
Sabatinelli et al. (2011), the processing of faces is associated with activity in
some of the same brain areas that are activated by pain or that are known to
belong to the higher-order output relays on the PAG in the descending
pain system. Indeed, one of the few studies available on this topic
demonstrated that emotional faces in general compared to neutral facial
expressions increase pain perception accompanied by alterations in
pain-related brain oscillations (Senkowski, Kautz, Hauck, Zimmermann, &
Engel, 2011).

Since faces may express distinct emotions, facial stimuli were also used to
investigate how distinct emotional categories alter pain processing.
Regarding the effects of faces expressing sadness, two previous reports
observed an increase in perceived pain (Yoshino et al., 2012, 2010), and
one study showed that viewing blocks of sad faces compared with blocks of
happy or neutral faces causes participants to report higher pain unpleas-
antness and higher pain intensity (Bayet, Bushnell, & Schweinhardt, 2014).
Thus, the social signal of sadness expressed in another person’s face seems to
enhance pain perception in the observer. Similarly, facial pain compared to
neutral expressions were found to augment pain perception (Mailhot,
Vachon-Presseau, Jackson, & Rainville, 2012).

These findings, again, may be explained by the emotional priming
hypotheses postulating that the facial expression of others induces an
emotional state that facilitates or inhibits the processing of stimuli of
congruent or incongruent valence, respectively. Thus, sad or painful facial
expressions induce negative affect in the observer, and this emotion facil-
itates pain processing. An alternative, more specific theoretical explanation
for the interaction of viewing others’ facial expression of pain and one’s
own sensation of pain is oftered by the Perception—Action Model (PAM) of
empathy (Preston & de Waal, 2002). The PAM proposes that the capacity
to feel the internal state of someone else activates corresponding repre-
sentations in an observer. Indeed, it was found that observing others’ facial
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expression of pain also amplifies one’s own facial and neural responses to
pain, revealing a vicarious effect of facial pain expression (Mailhot et al.,
2012; Vachon-Presseau et al., 2011, 2013, 2012). Similar effects of facial
mimicry were found for other facial expressions (Weyers, Miuhlberger,
Hefele, & Pauli, 2006). Additional support for the PAM derives from
neuroimaging studies indicating that emotions observed in others are
mapped onto a self-reference framework supposed to serve the rapid
understanding of the others’ feelings, goals, and intentions (Jackson, Brunet,
Meltzoff, & Decety, 2006; Jackson, Rainville, & Decety, 2006; Wicker
et al, 2003). Consequently, the PAM would predict selective pain
enhancement by watching pain faces of others compared to other negative
facial expressions, whereas the motivational priming hypothesis would
assume a general enhancement of pain by negative facial expressions, but
not necessarily selectivity of pain faces. Studies directly comparing both
theories are lacking as of now.

Influence of Pain on Emotion

The effects of pain on emotion processing have been investigated rarely,
although from a clinical perspective the high prevalence of mood disorders
in chronic pain suggests effects in this direction (Bair, Robinson, Katon, &
Kroenke, 2003; Campbell, Clauw, & Keefe, 2003). A first study by
Godinho, Frot, Perchet, Magnin, and Garcia-Larrea (2008), on the one
hand, found that pleasant pictures, when paired with pain, are rated less
pleasant and elicit attenuated visual-evoked responses in the EEG. On the
other hand, this study observed no enhanced responses to unpleasant
pictures when paired with pain. In a later study of our own, we asked
participants to display evaluative facial responses congruent and incon-
gruent to pictures of emotional facial expressions during painful or non-
painful pressure stimulation (Gerdes, Wieser, Alpers, Strack, & Pauli,
2012). Normally, voluntary facial muscle reactions registered by means of
electromyogram are facilitated (i.e., fewer errors and faster responses) in
response to pictures displaying muscle-congruent facial expressions, i.e.,
facilitated reactions of the corrugator supercilii muscle in response to
negative facial expressions and facilitated reactions of the zygomaticus
major in response to positive facial expressions. Such effects are interpreted
as motor-compatibility and automatic evaluation of affective stimuli. In
our study, pressure pain generally slowed compatible as well as incom-
patible muscle responses (zygomaticus and corrugator) and resulted in
fewer erroneous incompatible (corrugator) responses to happy faces.
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However, pain did not affect muscle responses to angry faces and affective
ratings. Thus, our results confirm Godinho et al. (2008), pointing to the
notion that pain particularly reduces responses to pleasant stimuli, but
seems to have no exacerbating effect on the processing of negative
emotional stimuli. This observation may be partly explained by the pain-
reducing eftects of distraction, which may dampen the actual facilitatory
effects of pain for unpleasant emotions.

In a further study, we investigated the effect of tonic pressure pain on
the electrocortical correlates of face processing (Wieser, Gerdes, Greiner,
Reicherts, & Pauli, 2012). Here, fearful, happy, and neutral faces were
presented while participants received tonic pressure stimulation.
Face-evoked brain potentials revealed no affective but an attentional
modulation by pain: early and late indices of attention allocation toward
faces (P100 and LPP of the ERP) were diminished during the tonic pain
compared to the control condition. This finding corroborates reports of
an attentional interruptive function of pain (Eccleston & Crombez,
1999), which has been demonstrated for visual processing (Bingel, Rose,
Glascher, & Buchel, 2007) and attentional (e.g., Seminowicz & Davis,
2006; Tiemann, Schulz, Gross, & Ploner, 2010) and memory processes
(Forkmann et al., 2013).

In sum, these studies suggest that experimental pain alters perception
and processing of positive affective stimuli (scenes and faces), although
most effects were observed with regard to attentional mechanisms.
However, little is known about how pain alters the processing of facial
displays of pain specifically. Given the match between observed and
experienced pain, one may argue that selective enhancement and mutual
influences have to be expected. The hypothesis was addressed by a study
by us investigating how a painful stimulation influences the perception of
facial expressions of pain, as well as, vice versa, how a facial expression of
pain modulates pain perception (Reicherts, Gerdes, Pauli, & Wieser,
2013). To this end, participants received painful thermal stimuli while
passively watching dynamic facial expressions (pain, fear, joy, and a neutral
expression). To compare the influence of complex visual with low-level
stimulation, a central fixation cross was presented as the control condi-
tion. Participants were asked to rate the intensity of the thermal stimuli
and also to rate the valence and the arousal triggered by the facial
expressions. In addition, facial electromyography was recorded as an index
of emotion and pain perception. Results indicate that faces in general
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compared to the low-level control condition decreased pain ratings,
suggesting a general attention modulation of pain by complex (social)
stimuli. In addition, the facial responses to the painful stimulation were
found to correlate with the pain intensity ratings. Most important, painful
thermal stimuli increased the perceived arousal of simultaneously presented
fear, and especially pain, expressions of others; and vice versa, pain ex-
pressions of others compared to all other facial expressions led to higher
pain ratings. Thus, we found independent effects of attention and facial
expressions on pain ratings and, vice versa, a selective enhancement of
arousal ratings of pain faces by pain.

These findings allow an important conclusion about a bidirectional
relation between emotion and pain, especially between pain-expressing
faces and pain processing. First, extending previous findings (Mailhot
et al., 2012; Vachon-Presseau et al.,, 2011, 2012, 2013), pain-specific
modulations of pain perception were revealed, such that the highest
pain ratings of painful thermal stimuli were obtained while participants
watched faces of pain compared to other facial expressions. Importantly,
our study revealed that the effect was larger for pain compared to fear
faces, suggesting that the facial expression of pain enhances pain percep-
tion, not only owing to its negative valence but also to its pain relevance.
This finding cannot be explained unequivocally by the motivational
priming hypothesis. Results probably suggest that not only the valence of a
facial expression enhances pain perception, but that the expressed pain
itself primes the sensorimotor system, which might drive a potentiating
proalgesic mechanism (Godinho et al.,, 2012). As mentioned above,
another potential mechanism of pain modification in addition to the af-
fective priming hypotheses has been put forward as the PAM of empathy
(Preston & de Waal, 2002). This model would postulate that the obser-
vation of others” pain activates a similar neural network implicated in the
first-person experience of the very same phenomenon (Jackson, Meltzoff,
& Decety, 2005). Accordingly, the perceived pain expression of others is
mapped on the observer’s own neural representations and as such facilitates
and primes own-pain perceptions. This shared-representations account has
been supported by neuroimaging studies (Jackson, Rainville, et al., 2006).
However, it has to be noted that the overlapping brain responses to pain
and to facial expressions of pain may not indicate shared representations of
actual pain and observed pain, but a much more unspecific response to
salient stimuli (Iannetti, Salomons, Moayedi, Mouraux, & Davis, 2013).
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Neural Bases of Pain-Emotion Interactions

As elaborated above, emotions are strong modulators of pain. Empirical
evidence both from neuroimaging/neurophysiology and from psycho-
physiological paradigms demonstrates that the affective modulation of pain
becomes effective on spinal as well as supraspinal levels (Roy, 2015). On the
one hand, effects of emotions on pain appear to be implemented by
descending pain-modulatory systems, which involve pathways from the
cerebral cortex down to the spinal cord. These networks originate in the
PAG and project to brain-stem nuclei, including the RVM and the locus
coeruleus, and further down to the dorsal horn of the spinal cord (Figure 2).
Effects are either inhibitory or excitatory on spinal cord nociceptive afferent
projection neurons. As outputs from higher-order forebrain regions such as
the ACC, PFC, and amygdala reach the PAG, it seems plausible that these
descending systems could be activated by various psychological factors such

Figure 2 The brain network for emotion-pain interactions (see text). Spinal
modulations of pain by emotions are mediated via the descending pain modulatory
system (green regions). Supraspinal modulations of pain by emotions are mainly
mediated via the ventromedial prefrontal cortex (vmPFC), nucleus accumbens (NAc),
anterior insula (alns), and anterior midcingulate cortex (aMCC) (shown in purple). Gray
regions show parts of the ascending pain pathways as depicted in Figure 1. ACC,
anterior cingulate cortex; AMY, amygdala; BG, basal ganglia; PAG, periaqueductal gray;
PB, parabrachial nucleus; PFC, prefrontal cortex; RVM, rostroventral medulla; S1 and S2,
primary and secondary somatosensory cortices. (Adapted from Bushnell et al. (2013).)
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as cognitive and emotional processes (Fields, 2004; Mason, 2012; Ossipov,
Dussor, & Porreca, 2010). On the other hand, it has to be noted that
ascending nociceptive signals—as soon as they enter the cerebral cortex—
are subjected to a multisensory integration process in which various external
stimuli, including emotional stimuli, can influence the perception of pain,
i.e., its localization, intensity, and unpleasantness (Haggard, lannetti, &
Longo, 2013). Similar mechanisms are postulated as responsible for
manipulations of attentional focus on the pain’s sensory dimension
(Bushnell et al., 2013; Villemure & Bushnell, 2009).

The supraspinal modulation of pain by higher-order cognition in a top-
down manner is nicely supported by studies in which the threat value of
nociceptive stimuli is manipulated by suggesting that they may cause injury.
This manipulation increases pain perception through preactivation of the
anterior midcingulate cortex (aMCC) and anterior INS, during anticipation
of the nociceptive stimulation, and of the aMCC during the actual pain
stimulation (Wiech & Tracey, 2009). In the same vein, hypnotic sugges-
tions to reappraise painful thermal stimuli as more or less unpleasant
specifically affect ratings of pain unpleasantness, an effect presumably linked
to an up- or downregulation of aMCC activity (Rainville et al., 1997). Also
in line with these results are studies showing that the very same reappraisal
strategies proven to be efficient in reducing negative emotions (Gross,
2002) also are successfully used to downregulate pain (Lapate et al., 2012).
The strikingly similar effects of reappraisal on pain and negative emotions
point to the notion that both may rely upon the same lateral-prefrontal and
medial-prefrontal subcortical pathways (Atlas, Bolger, Lindquist, & Wager,
2010; Leknes et al., 2013; Roy, Shohamy, & Wager, 2012).

Woo, Roy, Buhle, and Wager (2015) were able to demonstrate that the
nucleus accumbens and the ventromedial PFC constitute a system that
mediates the effects of self-regulation on pain rating and is dissociable from
the NPS. The fMRI responses of the NPS triggered by pain were not
affected by self-regulation strategies and did not mediate the effects of self-
regulation on pain ratings, suggesting that another brain region or a set of
regions may have this role instead. Together with studies on placebo
analgesia (e.g., Eippert et al., 2009) these findings provide compelling
evidence that higher-order brain areas exert influences on pain experience,
but that fundamentally distinct brain mechanisms can result in similar
modulations of the experience of pain (Ploner, Bingel, & Wiech, 2015)
(Figure 2).
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Since the influence of pain on emotion processing has been almost
neglected in experimental brain research, we can only speculate about
involved brain regions. First studies point to reduced processing of positive
affective stimuli under pain, while others found only reduced processing of
emotional material in general owing to the attentional demand of acute
pain. As mentioned above, the neural bases for such emotion—pain inter-
action may constitute a network of the amygdala (Simons et al., 2014), the
anterior INS (Craig, 2003), and subregions of the ACC (Vogt, 2005).
Particularly the anterior part of the midcingulate gyrus (aMCC) is consis-
tently activated by negative affect and pain and characterized by substantial
connections with subcortical regions involved in negative affect and pain
(the spinothalamic system, PAG, amygdala, nucleus accumbens, and
substantia nigra) (Shackman etal., 2011; Vogt, 2005). This makes the aMCC
an ideal candidate as a mediator structure for pain—emotion interactions.

CONCLUSIONS

Emotions have strong modulatory effects on pain, which may be sum-
marized according to their physiological and psychological mechanisms
within the influential model of pain processing by Price (2000). According
to this model, the experience of pain is represented in the brain via in-
teractions between sensory, cognitive, and affective/motivational systems
(Roy, 2015). Emotion effects on these pain representations may be due to
spinal modulations of nociceptive pathways through descending modula-
tory pathways and/or supraspinal modulations via higher-order brain areas.
Please also note that psychological effects on pain may be partly mediated
through influences of higher-order brain areas such as the medial PFC on
target structures of the descending system (e.g., PAG) and that both
processes may be involved in the reappraisal of pain, anticipation of pain,
and placebo analgesia. On an experimental level, a clear differentiation of
spinal and supraspinal mechanisms contributing to the eftects of emotions
on pain remains a challenge (Apkarian, 2013; Ploner et al., 2015).

As a consequence, when we aim to further elucidate and identify the
neural underpinnings of the emotion—pain interaction, it seems warranted
to measure pain at all possible levels of the pain-processing hierarchy in a
multimethod approach (reflex recordings, measures of autonomic activity,
fMRI, EEG, facial muscle EMG recordings, etc.). As a first step, accounting
for the network rather than the single faculty perspective, the multivariate
pattern analysis approaches to the neural signature of pain may be also
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applied to psychophysiological and behavioral pain-processing measures.
With regard to the underlying neural mechanisms, we think that the time
has come not only to investigate different types of pain modulation in
isolation but also to systematically compare them, which may help to find
more precise definitions of key neural mechanisms underlying pain mod-
ulation at all levels of the neural hierarchy (Ploner et al., 2015). In the long
term, the better understanding of the psychological and neural mechanisms
affecting pain processing will lead to a better understanding of pain itself
and probably improve our understanding of chronic pain and development
of treatments.
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The Neurobiology of Stress
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THE STRESS CONCEPT

Attempts to define “stress” to everyone’s satisfaction have remained elusive.
In the vernacular, stress has become a negatively loaded term. Furthermore,
the word is used to describe both a stimulus (more properly called a stressor)
and a response, inevitably leading to circularity. If a stimulus produces a
stress response, it must be a stressor. If it does not, it is not. The focus of this
chapter is the neurobiology of the stress response and its ramifications, with
some introductory remarks on what may constitute a stressor. The reader is
referred to a number of historical discussions of the stress concept (Cannon,
1932; Lazarus, 1993; Selye, 1946, 1956). Others have argued that stress is no
more or less than a general activation that becomes harmful only if sustained
(e.g., Levine & Ursin, 1991). A more cognitively focused theory is provided
by Ursin and Eriksen (2010), and more biologically/ethologically based
approaches are provided by Koolhaas et al. (2011). For detailed coverage of
the basic neuroendocrinology of stress, the reader is referred to Fink (2010).

For the purposes of this chapter, we take as our starting point the General
Adaptation of Selye (1946) and the Fight—Flight Response of Cannon
(1932). For Selye, the stress response is the nonspecific response of the body
to any demand for change, thus explicitly linking stress to homeostasis.
Although Selye’s definition has been the subject of much discussion and
criticism, it continues to serve as a useful starting point. It is important to note
that Selye used the term “adaptation”; that is, the stress response has developed
through evolution to be adaptive and to further the survival of the individual
and the species. Itis not a maladaptive response perse. See also Herman (2013).

Optimal functioning of the organism is dependent on the maintenance
of a stable internal environment through homeostasis, which is ensured by
the process of allostasis, the dynamic maintenance of stability through
change (McEwen, 1998). The stress response contributes by allocating
energy resources and initiating biological and behavioral processes that
serve to reduce deviations from the optimal state. Homeostasis and allo-
stasis come at a price, using energy resources, and the term allostatic load is
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used to refer to the wear and tear imposed upon the body by allostatic
processes. Sustained activation of the stress system or its inappropriate
activation is both costly and deleterious at several levels, and appropriate
termination of the response is essential to ensure that the catabolic, anti-
reproductive, and immunosuppressive effects are limited. The optimal
response to a stressor is rapid activation followed by rapid deactivation
once the threat to homeostasis is no longer present. When the allostatic
processes demand energy that is not immediately available, the body is
under allostatic load (McEwen, 1998). Not dissimilar to the sustained
activation theory of stress (Levine & Ursin, 1991), allostatic load is
increased (1) when the organism fails to habituate to repeated presentations
of homotypic stressors; (2) when it is exposed repeatedly to heterotypic
stressors, without time to recover between; (3) when the response is
inappropriately prolonged; and (4) when the response is inappropriately
not activated, calling on other compensatory mechanisms (McEwen,
1998). Allostatic load of types 1, 2, and 3 are associated with chronically
elevated levels of hypothalamopituitary—adrenocortical (HPA) activation
and potential deleterious consequences.

The stress response occurs not only in response to what we typically
interpret as negative stimuli and events (predation, threat, etc.), but also in
response to what would typically be regarded as positive events but that
require energy mobilization, for example, sexual behaviors (Koolhaas et al.,
2011; Leuner, Glasper, & Gould, 2010).

THE STRESS STIMULUS

The environment (including both exogenous and endogenous milieux)
presents the organism with several challenges—changes in temperature, the
need to obtain food and water, the threat of attack by both conspecifics and
predators, and the need to find a mate. To survive, flourish, and reproduce
in the face of these and other challenges and the associated threat to
homeostasis, the animal must mobilize energy. The stimulus may be in-
ternal or external, systemic (often not impinging on consciousness), or
psychogenic (associated with anticipation of threat without an existing
physiological insult). Herman and colleagues make the intuitively useful
distinction between “reactive responses’” primarily to internal stimuli (pain,
homeostatic, and inflammatory signals) and “anticipatory responses” to
external stimuli (predators, social challenges, etc.) as well as to memory
programs (Herman et al., 2003).
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For the purposes of pragmatism, any stimulus that elicits what is
generally accepted as a biological stress response is regarded as a stressor.
This must be so because it is impossible at the individual level to reliably
predict which stimulus or set of stimuli will elicit the response. The stimulus
must first be perceived and evaluated and processed at both subcortical and
cortical levels before the stress response system(s) is activated or not. The
elicitation (or not) of a stress response will depend on multiple factors,
including stimulus intensity, valence, and other intrinsic properties, as well
as learning processes, including habituation and sensitization, and early
experience.

The process of identifying a stimulus as a threat or stressor will depend
on both innate mechanisms and learning, and the interactions between
these. Some stimuli are normally automatically interpreted by the brain as
threatening and a stressor (e.g., the sight of a snake), while others will be
perceived as nonthreatening (e.g., the sight of a flower) and these will be
differentially susceptible to fear conditioning (Mineka & Ohman, 2002;
Seligman, 1971). Superimposed on these “prepared” interpretations of
stimuli will be conditioning and learning, which may lead the snake to be
perceived as nonthreatening and the flower even as threatening. Perception
and appraisal are therefore central to whether or not a stress response is
mounted to any particular stimulus or set of stimuli.

Several psychological filtering mechanisms may modulate the inter-
pretation of the stimulus, at least in humans. Distortions of stimulus
expectancies—defense—involve denial of the threat content of the stim-
ulus. Typically, individuals with high defense mechanisms show a low
cortisol response to threat stimuli, but a high and prolonged sympathetic
response (Eriksen, Olft, Murison, & Ursin, 1999).

Studies of the fear circuitry of the brain have contributed to our un-
derstanding of perception and interpretation of a stimulus as threatening or
not. Based on studies of fear conditioning in animals (Phelps & LeDoux,
2005), it is accepted that stimuli (visual, auditory, somatic—including pain
and gustatory) are analyzed at several neural levels in a hierarchical fashion.
Visual and auditory psychogenic stimuli are first processed at the thalamic
level (lateral geniculate and medial geniculate nuclei, respectively) before
information is relayed through two pathways. Low-level analysis of the
stimulus occurs in the amygdala, a central structure in the mediation of the
stress response both for stimulus processing and for mounting the endo-
crine and autonomic motor responses from other brain areas. The thala-
moamygdala pathway represents a shortcut, providing only undetailed
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information, without filtering by consciousness and higher cognitive func-
tions, and represents an evolutionarily primitive pathway. A second, but
slower, pathway involves reciprocal thalamocorticoamygdala projections,
which provide higher level processing.

The lateral amygdala (LA) is regarded as the sensory input gateway,
receiving information from both the thalamus and the cortical areas,
including polysensory areas and the prefrontal cortex (PFC). By inhibiting
the amygdala output, the infralimbic subregion of the PFC plays a role in
extinction of fear. These influences on the LA allow for higher order
cognitive processes such as emotion, imagination, and rumination to
influence amygdala function and subsequent endocrine and autonomic
output from the motor response systems. The LA and the basal nucleus of
the amygdala (B) also receive projections from the hippocampus
providing information about stimulus context. Stress responses and fear
expression responses are thus modulated by the PFC via LA, B, and
intercalated cells of the amygdala (Herman et al., 2003; Tsigos &
Chrousos, 2002).

THE STRESS RESPONSE

The biological stress response has become well described although much
remains to be discovered. Traditionally the stress responses system com-
prises two arms—the HPA axis and the sympathetic nervous system
(SNS), including the sympathoadrenal-medullary (SAM) axis (see
Figure 1). Both arms are influenced by the amygdala and the hypothal-
amus. The first and fastest acting part of the response is SNS activation,
largely equivalent to the fight—flight response of Cannon and the initial
stage of Selye’s alarm response. The HPA axis is slower to respond in terms
of endocrine output.

While the LA acts as the input station of the amygdala, the central
nucleus (CE) acts as the main output station, mediating behavioral and
autonomic expressions of fear, as well as autonomic and endocrine stress
responses by downstream indirect connections to the hypothalamus, to the
central gray area, and to the dorsal motor nucleus of the vagus (Rodrigues,
LeDoux, & Sapolsky, 2009). There are few direct connections between the
LA and the CE. Rather, the information is processed in the B and then
projected to the CE. The B also projects to the striatum, mediating
behavioral instrumental responses such as avoidance and escape, which are
central to coping with the stressor.
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MAIJOR PATHWAYS OF THE TWO ARMS OF THE STRESS
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Figure 1 Schematic overview of the two major arms of the stress response system.
ACTH, adrenocorticotropic hormone; BNST, bed nucleus of the stria terminalis; CRH,
corticotropin-releasing hormone; HPA axis, hypothalamopituitary—adrenal axis; SAM,
sympathoadrenal-medullary system; SNS, sympathetic nervous system. Inhibitory

pathways are represented by dashed lines.
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SNS and the SAM Axis

The SNS influences the cardiovascular system, the gastrointestinal (GI)
tract, respiration, renal, endocrine, and other systems, while the para-
sympathetic nervous system contributes by “withdrawing” and inhibiting
the SNS. The SNS response is mediated by the locus coeruleus (LC)/
noradrenergic system, comprising the noradrenergic cells of the medulla
and pons. The CE projects to the brain stem to increase noradrenaline (INA)
release from sympathetic nerve endings, sympathetic activation, and acti-
vation of the adrenal medulla, resulting in increased adrenaline and NA
levels, arousal, and vigilance, that is, enhanced processing of external cues.
The SAM system releases catecholamines (mostly adrenaline) into the
bloodstream while the SNS with cholinergic preganglionic fibers releases
NA from postganglionic axons. SNS innervation of peripheral organs is
mediated by efferent preganglionic fibers, with cell bodies in the inter-
mediolateral column of the spinal cord. These synapse in the sympathetic
ganglia with postganglionic neurons, which innervate the vascular smooth
muscle, heart, skeletal muscles, gut, kidney, fat, etc. Blood pressure and
heart rate are elevated and energy resources are diverted to the musculature
and away from vegetative functions.

At the same time, the hypothalamus is activated by the amygdala (largely
indirectly; Herman et al., 2003) to release corticotropin-releasing hormone
(CRH), and HPA activation ensues. Thus the two arms of the stress
response system are both closely connected with amygdala and brain-stem
function. Through its projections to the amygdala, the SNS enhances long-
term storage of aversive emotional memories in the hippocampus and
striatum. Noradrenergic responses to stressors may be modulated by higher
centers such as the mesocortical/mesolimbic systems (influencing affect and
anticipation); the amygdala and hippocampus, modulating the stress output
(initiation, propagation, and termination of the response); and the arcuate
nucleus, modulating pain.

The HPA Response

CRH is secreted from cells of the medial parvocellular division of the
paraventricular nucleus (PVN) of the hypothalamus into the hypophyseal
portal system and acts on CRH receptors in the anterior pituitary to release
adrenocorticotropic hormone (ACTH) into the systemic circulation. CRH
and its receptors are found also in extrahypothalamic structures, including
limbic areas and the arousal systems of the LC and spinal cord, as well as in
several peripheral tissues—adrenal medulla, heart, prostate, gut, liver,
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kidney, and testes. CRH receptors comprise two subtypes—CRH-R1, the
most abundant in the anterior pituitary but also found throughout the brain,
and CRH-R2, found in both peripheral tissues and subcortical brain areas.

ACTH is, together with a-MSH (melanocyte-stimulating hormone)
and the endogenous opioids B-endorphin and encephalin, a product of
cleavage of the proopiomelanocortin (POMC) molecule. Vasopressin
(AVP) may synergistically interact with the CRH system to activate the
anterior pituitary, although, by itself, AVP has little corticotropic action
(Tsigos & Chrousos, 2002).

There are few direct projections between the amygdala and the PVN.
Rather, amygdala influence over HPA activity is mediated by projections of
the amygdala to the bed nucleus of the stria terminalis. Additionally, the
PVN is influenced by input from the nucleus of the solitary tract, the
Raphé nuclei, the subfornical organ, the thalamus, other hypothalamic
areas (dorsomedial nucleus, medial preoptic area, lateral hypothalamic area,
arcuate nucleus, etc.), the hippocampus, the PFC, and the lateral septum.
Thus responses to both psychogenic and systemic stressors are mediated
by brain-stem structures, allowing for an integrated response (Herman
et al., 2003).

Circulating ACTH from the anterior pituitary leads to secretion from
the adrenal cortex of glucocorticoid (GC) hormones, including cortisol
and corticosterone. ACTH also stimulates release from the adrenal cortex of
the neurosteroid dehydroepiandrosterone, a precursor for testosterone and
dihydrotestosterone.

The HPA and SNS arms interact. NA and CRH stimulate each other,
partly through o-1-NA receptors, and both systems are self-regulating
through autoregulatory feedback loops. Both systems are regulated by the
same central neurotransmitter systems and both are stimulated by serotonin
and acetylcholine. Negative feedback systems involve GCs, gamma-
aminobutyric acid (GABA), ACTH, and opioid peptides. NA-stimulated
glycogenolysis is facilitated by GCs, being just one example of the inter-
dependence of the HPA and SAM systems. In addition to facilitating energy
mobilization, the HPA axis functions to inhibit the sympathetic and
adrenomedullary systems and to terminate the immediate defense response,
while promoting behavioral adaptation (de Kloet & Joéls, 2013; Munck,
Guyre, & Holbrook, 1984).

GCs stimulate the release of stored energy (gluconeogenesis) by glyco-
genolysis, lipolysis, and proteolysis and act on several, if not most, organ
systems, including the brain, the immune system, and the reproductive
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endocrine system. GC effects are exerted at cytoplasmic receptors but also
have membrane effects via endocanniboid mobilization (de Kloet & Joéls,
2013). Activated cytoplasmic receptors migrate to the cell nucleus where
they interact with DNA to activate specific hormone-response genes, also
inhibiting other transcription factors including NF-kB, which are positive
regulators of genes involved in the activation and growth of immune cells,
among others (Tsigos & Chrousos, 2002).

GCs act on two nuclear receptors, high-affinity mineralocorticoid re-
ceptors (MRs) and low-affinity GC receptors (GRs). The levels of circu-
lating GCs activate these receptors differentially, with resting levels
stimulating primarily MRs and high levels stimulating GRs and MRs. This
differential activation forms the basis of the inverted U-shaped curve
relating GC levels to cognitive performance and organismic function
(Herbert et al., 2006). Poor performance is associated with moderate
activation of the MRs and no activation of GRs, as well as with high ac-
tivations of both. Performance is enhanced when most of the MRs and
some of the GRs are activated (de Kloet & Joéls, 2013).

Because the GCs are relatively accessible to measurement in blood,
urine, saliva, hair, and feces and because they are relatively stable, they are
commonly used indices of the stress response, particularly in field and
clinical settings. Measurement of the sympathetic arm and SAM is less
straightforward because of the rapidity of the response. Peak serum levels of
cortisol are generally found at 15—20 min after the HPA system is activated,
allowing a reasonable time for sampling, in contrast to ACTH and sym-
pathetic activation, with rise times of seconds and less stability (Eriksen
et al., 1999). GC levels in other tissues and body fluids have different rise
times, which need to be taken into account in laboratory or field studies.
The development of assays for GCs in hair is particularly useful for esti-
mating long-term output of the axis (Stalder & Kirschbaum, 2012).
Noninvasive measures in animal laboratory and field studies, primarily in
feces, are increasingly used, avoiding the complications of handling and
anesthesia (Lane, 2006; Rehbinder & Hau, 20006).

Interpretation of GC levels must take into account that much (c. 95%)
of the GCs secreted from the adrenal cortex are bound to corticosteroid-
binding globulin (CBG; transcortin) (Henley & Lightman, 2011).
Thus only about 5% of secreted GCs are available for acting on tissue
receptors. CBG levels may themselves be aftected by stress. Some stressors
in animals (e.g., inescapable shock and chronic social stress) downregulate
levels of CBG, increasing free levels of GCs available to the tissues
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(e.g., Fleshner et al., 1995; Spencer et al., 1996). CBG also binds pro-
gesterone, and women on oral contraceptives have elevated levels, lower
salivary cortisol levels, and higher total cortisol levels following the Trier
Social Stress Test (Kumsta, Entringer, Hellhammer, & Wist, 2007). The
choice of measurement (free, bound, or total GC) will depend on
whether the experimenter is concerned with total output of the HPA axis
or only the biologically active component.

In nonstresstul situations, CRH and AVP are secreted in a pulsatile
fashion with a circadian pattern generated by inputs from the suprachias-
matic nucleus (Lightman et al., 2008; Walker, Terry, & Lightman, 2010).
Pulsatile activity increases in the early hours of the active cycle, manifest in
increased GC levels in the early moming in humans (the opposite in
nocturnal species), and a fall through the day, reaching a nadir in the
evening. The cycle is affected by factors such as light and feeding schedules,
with light being the most potent zeitgeber, and by stressors.

The output of the HPA system is modulated by several factors,
including AVP of magnocellular origin, cytokines, inflammatory mediators,
and angiotensin II. Furthermore, although adrenocortical secretion of
cortisol is primarily under the influence of ACTH, the adrenal cortex also
receives innervation from the autonomic nervous system.

STRESS RESPONSE INTERACTIONS WITH OTHER SYSTEMS
Immune System

Cytokines and other humoral mediators of the immune system are potent
activators of the stress response and the inflaimmatory cytokines tumor
necrosis factor-a (TNF-a), interleukin (IL)-1, and IL-6 stimulate the HPA
axis. Because these are too large to cross the blood—brain barrier, several
mechanisms have been suggested to explain how this is mediated. These
include vagal stimulation, penetration of the brain at areas lacking a blood—
brain barrier (the circumventricular organs, such as the median eminence,
the organum vasculosum laminae terminalis, or the area postrema), selective
active transport into the brain, stimulation of peripheral tissues whose
products can penetrate the blood—brain barrier (e.g., endothelial cells), or
infiltration of the brain by immune cells (Dunn, 20006).

In the opposite direction the HPA has primarily inhibitory effects on the
immune system. However, the effects of stress on immune function depend
on duration, intensity, and choice of measure. The well-known immu-
nosuppressive effects of high levels of GCs are manifest in altered traffic
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and function of immune cells, reduced cytokine levels and mediators of
inflammation, lower effects of these at target organs, and increased synthesis
of anti-inflammatory agents (lipocortin 1, IL-10, IL-1 receptor antagonist;
Mawdsley & Rampton, 2005). And chronic sustained stress, in for example
depression or bereavement, is associated with impaired immune response as
well as sustained high levels of GCs (Irwin, Daniels, & Weiner, 1987). At
lower levels, however, GCs may have an immune-stimulatory effect,
temporarily increasing production of the proinflammatory cytokines IL-6
and TNF-o (Mawdsley & Rampton, 2005). Acute and experimental
stress 1s associated with immune enhancement, with increased levels
of proinflammatory cytokines (Maes et al., 1998), similar to the effects of
adrenal infusion (Sondergaard, Ostrowski, Ullum, & Pedersen, 2000).
Sympathetic innervation of the lymphoid tissues, particularly the spleen,
impinges on the immune response (Janig, 2014) and may have immunosup-
pressive, anti-inflammatory, or immune-potentiating effects. This will in turn
feed back to the central nervous system, affecting cytokine levels in the brain
and sickness behaviors (Dantzer, 2005). Lymphocytes also carry receptors for
products of the HPA axis (CRH and GCs), and CRH secreted at post-
ganglionic SNS neurons at inflammatory sites has proinflammatory properties.

Reproduction

The stress response is associated with inhibition of the hypothalamogonadal
system and reproductive behavior. CRH inhibits the actions of
gonadotropin-releasing hormone neurons at the hypothalamic level, and
GCs have inhibitory effects at the pituitary level (gonadotrophs) and at the
gonads, also reducing sensitivity of the target tissues to sex steroids (Tsigos &
Chrousos, 2002). Inflammatory stress also inhibits the reproductive system
via cytokine-induced secretion of CRH and POMC-derived peptides.

Growth Hormone

Chronic elevation of GCs is associated with suppression of growth hor-
mone (GH) and somatomedin C, but acute elevation of GH may be seen at
stress onset or after acute administration of GCs. This effect may be
mediated by activation of GC-responsive elements in the promoter region
of the GH gene. GCs stimulate somatostatin at the hypothalamus, decrease
production of thyroid-stimulating hormone, and inhibit the conversion of
the relatively inactive thyroxin to active tri-iodothyronine (Tsigos &
Chrousos, 2002).
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Pain

Because stress—pain interactions are covered by others in this volume, only a
brief overview will be given here. Stress response systems impinge on
nociception in at least two ways. The first is via the SNS. Descending
projections arising from noradrenergic and serotonergic neurons in the
brain stem provide tonic control of spinal afferent projections in the dorsal
horn, providing a stress-induced suppression of pain. The second pathway
involves secretion of endogenous opioids that bind to afferent neurons,
“on” and “oft” cells in the brain stem, and cortical and subcortical neurons
(Schlereth & Birklein, 2008). Cortical structures involved include the
PFC, anterior cingulate gyrus, insula, and amygdala. Brain-stem structures
involved include the periaqueductal gray, dorsoreticular nucleus, nucleus
tractus solitarii, and parabrachial nucleus.

Stress may modulate nociception by inducing opposite eftects—
analgesia or hyperalgesia. Both may be subject to conditioning and involve
the amygdala and brain stem (Strobel, Hunt, Sullivan, Sun, & Sah, 2014).
Stress-induced analgesia (SIA) is mediated by cortical mechanisms, the CE
of the amygdala, distinct subregions of the hypothalamus, periaqueductal
gray, rostroventral medulla (activating “oft” cells), and spinal cord (Butler &
Finn, 2009). SIA may be either opioid-mediated (naloxone sensitive) or
non-opioid-mediated. Opioid-mediated analgesia is associated with brief
stressors, while non-opioid-mediated analgesia is associated with intense
longer-lasting stressors (McEwen & Kalia, 2010). Because the HPA system
contributes to the release of endogenous opioids, it is implicated in opioid
mechanisms of stress analgesia (see Butler & Finn, 2009). Immune cell
products may also mediate local analgesia at inflammation sites.

Stress-induced hyperalgesia is associated with repeated or chronic
stressors, either psychogenic or physical, and anxiety. In humans, SIA is
associated with fear, while hyperalgesia is associated with anxiety (Rhudy &
Meagher, 2000). Stress exacerbates pain associated with chronic disorders
such as inflammatory bowel disease and fibromyalgia, and there is high
comorbidity between aftective disorders and pain. A number of experi-
mental animal models of human stress-induced hyperalgesia have been
employed, including forced swim, cold, and restraint, as well as psychogenic
stressors such as social defeat, water avoidance, chronic mild stress, maternal
deprivation, and models of posttraumatic stress disorder (PTSD). Neural
substrates include the cortex (PFC, cingulate and insular cortex), amygdala,
rostroventromedial medulla (activating “on” cells), periaqueductal gray,
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and spinal cord. As with SIA, both arms of the stress response system are
implicated (Jennings, Okine, Roche, & Finn, 2014).

In summary, the stress response system is antireproductive, antigrowth,
catabolic, and often immunosuppressive and antinociceptive—these being
temporarily beneficial but deleterious in the long term.

TERMINATION OF THE STRESS RESPONSE

The stress response system must be terminated to conserve resources and to
avoid potential deleterious side effects of the response. Sustained activation
of the sympathetic system leads to chronic high heart rate and elevated
blood pressure, placing the cardiovascular system at risk. Chronic inhibition
of vegetative systems such as the GI tract may put those organs at risk of
injury. Chronic inhibition of the GI system is associated with disturbances
of motor and digestive function, and chronic immunosuppression leads to
vulnerability to infections.

Chronic stress is associated with CRH hyperdrive, and downregulation
of GRs in the hippocampus and PFC, thus removing a break from the
system. As long ago as 1986, Sapolsky proposed the cascade theory of aging,
whereby high levels of GCs impair the GR receptors in the hippocampus,
which in turn results in increased levels of GCs (Sapolsky, Krey, & McE-
wen, 1986). Shutoft of the HPA axis is both rapid and delayed. Immediate
shutoff, occurring within minutes, is mediated by membrane GR mecha-
nisms and direct actions on the pituitary and the PVN, mediated by
mobilization of endocannabinoids, while delayed shutoff is mediated by
genomic actions.

Chronically high levels of GC place the brain at risk for neuronal
dysfunction and damage, as well as deficits in cognitive performance,
particularly on tasks involving the hippocampus (Herbert et al., 20006).
Aging accompanied by high levels of GCs is associated with lower
hippocampus volume as well as with impaired performance in spatial
learning tasks and delayed recall (Lupien, McEwen, Gunnar, & Heim, 2009).
Nontermination of the response due to dysfunction of feedback mechanisms
is also associated with melancholic depression. In humans at least, the stress
responses may be inappropriately and chronically activated by rumination
and worry (“anticipatory stress”; Herman et al., 2003). Such activation of
cognitive and noncognitive processes might be a particular aspect of the
human condition that puts us at risk for affective disorders but may at the
same time provide us with a unique problem-solving capacity.
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The amygdala is positively regulated by chronic stress, a feed-forward
rather than a feedback loop. Chronic stress leads to increased expression
of CRH in the CE, and GC implants into the amygdala increase GC re-
sponses to acute stress. Chronic stress furthermore upregulates POMC
mRNA expression and enhances the capacity for ACTH release at the
pituitary. At the adrenal level, chronic stress results in hyperplasia and hy-
pertrophy in the zona fasciculate and elevated responsiveness.

INDIVIDUAL VARIATION IN THE STRESS RESPONSE

Cortisol levels in humans are heavily under genetic influence (see Herbert
et al., 2006). However, the response to a stressor is modulated by the ex-
pectations of the organism as to how it will be able to master the challenge
(control). If the stimulus represents a situation with which the animal has
coped in the past, the response will be modulated by response outcome
expectancies (Ursin & Eriksen, 2010). Rats that have learned to avoid foot
shocks by responding to a warning signal show attenuated corticosterone
activation on reexposure to the warning signal (Coover, Ursin, & Levine,
1973). Similarly, parachute jumpers show an attenuated stress response after
learning that they can survive the first training jumps (Ursin, Baade, &
Levine, 1978). Negative response outcome expectancies and lack of control
are associated with hopelessness and disturbances in homeostasis. These
cognitive mechanisms of stimulus and response expectancies are mediated
by the cortex and the limbic system.

In addition to stimulus properties (intrinsic and learned) and expec-
tancies, other experiential factors will influence the amplitude of the stress
response. In addition to the effects of prenatal stress (see Maccari, Krugers,
Morley-Fletcher, Szyt, & Brunton, 2014, for a review), the eftects of early
life conditions in animals have attracted a renewal of interest. In summary,
early-handled rats develop into stress-resistant adults in terms of HPA
function and behavior (Levine, 2005). Rats separated from their mothers
for significant periods (typically 3 h) over the first 14 days of life develop
stress-sensitive phenotypes (e.g., Lippmann, Bress, Nemeroft, Plotsky, &
Monteggia, 2007). Such studies have commonly used undisturbed non-
handled animals as the control group for these two conditions. However,
because the constant presence of the mother is an abnormal situation for
the wild rat, such a control group is inappropriate (Levine, 2005). The
three conditions (early handling, maternal separation, and nonhandling)
should be considered as qualitatively different, and at best the nonhandled
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condition is a comparison rather than a control condition. An ecologically
more valid approach is to study animals in an environment conducive to
“natural” maternal behaviors, which would allow the mother to leave the
pups several times during the day to forage.

A number of studies have carefully explored those perinatal factors that
influence the adult stress responsiveness in rats, most importantly mother—
pup interactions (see Zhang, Labonte, Wen, Turecki, & Meaney, 2013, for
a review). Pups reared by mothers who naturally show high levels of licking
and grooming and arched-back nursing are similar to early-handled animals
in showing resistance to stressors in adulthood, while those of mothers
showing low licking and grooming and low arched-back nursing resemble
maternally separated animals. The effects of low maternal behaviors are
mediated by methylation of the GR gene, downregulating the inhibitory
influence of the hippocampus on the PVN and enhanced activation of the
HPA system during a sensitive developmental period. There is evidence for
a similar epigenetic phenomenon in humans, and in rats at least it appears to
be transmittable across generations. A postmortem study of suicide victims
has demonstrated higher levels of methylation of the GR gene in the
hippocampi of those who had been exposed to abuse as children compared
to those not so exposed and to nonvictims of suicide (McGowan et al.,
2009). Although studies of methylation in human brain tissue are limited,
studies of methylation of GRs on peripheral lymphocytes are used as
proxies for brain effects. And results similar to those of McGowan et al.
(2009) on brain tissue but from studies of GR methylation on lymphocytes
suggest that GRs on lymphocytes are indeed valid proxies (Perroud
et al., 2011).

Initially, the programming effects of early experience on stress respon-
siveness were interpreted in terms of a cumulative stress hypothesis and a
triple-hit model (de Kloet & Joéls, 2013). Genetic vulnerability plus early
adverse conditions plus a third “precipitatory” stressor in adolescence or
adulthood increases the risk for somatic and behavioral disorders. But an
alternative view to this is the “mismatch hypothesis,” by which animals (or
humans) exposed to adverse conditions during upbringing function better
under stressful conditions in adulthood and less well under low-stress
conditions. Similarly, those exposed to low-stress conditions during up-
bringing would be at a disadvantage when later exposed to stressful con-
ditions. Experimentally, there is support for both the cumulative stress and
the mismatch views and a number of attempts have been made to integrate
the approaches (e.g., Homberg, 2012; Nederhof & Schmidt, 2012).
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In animals, stress responsiveness is related to social status (Sakai &
Tamashiro, 2005). Dominant baboons under stable social and environ-
mental conditions in the wild exhibit lower levels of cortisol than sub-
dominant animals (Sapolsky, 1989). And dominant rodents in a colony
setting may have a more efficient HPA feedback, returning to control levels
faster than subdominants after removal from a visual burrow housing system
(McKittrick et al., 2000). In humans the relationship between social status
and cortisol is more complex and will depend on the conditions under
which the measurements are taken and an appropriate definition of social
status. Rather, cortisol levels in humans may be more related to perceived
status and self-esteem rather than to an arbitrary classification of social status
and rank (Liu, Wrosch, Miller, & Pruessner, 2014).

The potential influence of the microbiome on stress responsiveness has
been illustrated. Bacteria of the GI tract may directly affect levels of neu-
rotransmitters in animals and humans (Lyte, 2011; Mayer, Knight,
Mazmanian, Cryan, & Tillisch, 2014). And manipulations of the micro-
biome in young animals have significant effects on adult emotional be-
haviors and stress responses (e.g., Sudo et al., 2004).

THE STRESS RESPONSE AND AFFECTIVE DISORDERS

The relationship between psychiatry and stress relies on the diathesis—stress
model (Monroe & Simons, 1991). While not necessarily being the cause of a
psychiatric disorder, the stress response, in combination with other factors
(genetic, developmental, etc.), contributes to several disorders, particularly
depression. Melancholic depression is associated with hypersecretion of
CRH, HPA activation, and immunosuppression. Predisposing factors
include 5-HT transporter gene alleles and adversity. A role for stress systems
in depression is also indicated by Cushing syndrome. These patients, with
excessively high levels of cortisol, exhibit cognitive impairments and
heightened risk for depression. And depression has for a long time been
known to be associated with enhanced levels of cortisol and dysfunctional
feedback mechanisms within the HPA system (Altemus & Gold, 1990;
Stokes, 1995).

Learned helplessness (LH) in rats, an experimental model for depression,
involves exposing animals to a number of uncontrollable and unpredictable
aversive stimuli. Such animals later exhibit an inability to learn, increased
turnover and reduced levels of NA in the nucleus coeruleus, as well as
resistance to dexamethasone (Overmier & Seligman, 1967; Vollmayr &
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Henn, 2003; Weiss, Simson, & Simson, 1989). Although there are parallels
between LH and depression, there are important differences. LH is tran-
sient, lasting only 2 or 3 days, although it may be reinstated by cues asso-
ciated with the inducing stimuli or context (Maier, 2001); but human
depression is not context dependent. While LH in rats requires a certain
minimum number and intensity of shocks (e.g., a minimum of 50 foot
shocks at 1 mA), a far lower number of shocks at the same intensity induces
a long-lasting increase in vigilance in the sudden silence test, an effect not
seen after the LH induction procedures (van Dijken, Mos, van der Heyden,
& Tilders, 1992; Murison & Overmier, 1998), reflecting an anxiety-like
state rather than a depression-like state. Thus even stressors of the same
modality but of different durations do not invariably produce the same
effects, and the effects are qualitatively different. While the LH effect may
be prevented by treatment with the opioid antagonist naltrexone, indi-
cating opioid mediation, the eftects of a shorter shock regimen are not, at
least on some outcome measures (Overmier & Murison, 1994).
Hypocortisolemia has been associated with a number of symptoms,
including PTSD, atypical seasonal depression, fibromyalgia, autoimmune
disorders, and hypothyroidism. A number of studies, both human and
animal, suggest that HPA dysfunction may be a risk factor for PTSD or
PTSD-like symptoms rather than a consequence (Cohen et al., 2006;
Milde, Sundberg, Roseth, & Murison, 2003; Yehuda & LeDoux, 2007).
Like depression, PTSD is associated with lower hippocampal volume.
Studies of Vietnam veterans and their twins suggest that low hippocampal
volume represents a familial vulnerability rather than a consequence of
trauma (Pitman et al., 2006). A 2013 review of human data suggests that
vulnerability to PTSD is associated with lower GC responsiveness at the
time of or shortly after the trauma, associated with a preexisting high
sensitivity to GCs (van Zuiden, Kavelaars, Geuze, OIff; & Heijnen, 2013).
An alternative is that the hypocortisolemia is a consequence of earlier
trauma, excessive secretion of GCs, and a subsequent downregulation of the
system or overshoot (Fries, Hesse, Hellhammer, & Hellhammer, 2005).

CONCLUSIONS

In summary, stimuli perceived as a threat to homeostasis trigger endocrine
and autonomic responses with the purpose of increasing and appropriately
channeling energy resources needed to cope with the threat while inap-
propriate bodily functions are inhibited. The responses are organized in a
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hierarchical and interdependent manner and are modified by cognitive
functions. Termination of the responses is necessary to avoid persistent wear
and tear on the body. The stress response impinges on multiple systems,
including reproduction, growth, immune function, and pain. For most of
these, the effects are not straightforward and depend subtly on the nature,
intensity, and duration of the stress.
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CHAPTER 3

Emotional Modulation of Pain
Jamie L. Rhudy

Department of Psychology, The University of Tulsa, Tulsa, OK, USA

Pain is tremendously malleable. One of the first to document this was
Beecher (1959), who found that soldiers wounded in battle requested fewer
analgesics and reported less pain than civilians undergoing surgery with
similar tissue damage. From these observations he hypothesized that the
psychological state of the individual contributed to the pain experienced.
Later, Melzack and Wall (1965) published the gate-control theory and
provided the first mechanism by which emotions could influence pain. This
theory suggested that inhibitory neurons in the spinal cord could regulate
incoming nociceptive signals. Further, these neurons could be influenced
by central controls, thus causing hypoalgesia (reduced pain) or even anal-
gesia (elimination of pain). Much more is now known about the biological
mechanisms of pain control and how emotions can engage them (Chapters
1 and 2). Indeed, publications on emotion and pain have increased expo-
nentially since Melzack and Wall’s paper (Figure 1), with a sharp increase in
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Figure 1 Number of publications by year that reference pain and emotion. As seen,
the number of publications has grown exponentially since the early 1970s, with a
particularly sharp increase in the mid-to-late 1990s. These data were obtained by
conducting a combined search of Medline and PsycINFO using the search terms “pain”
and “emotion or affective.”
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the mid-to-late 1990s (likely due to the birth of affective neuroscience).
This chapter will examine what is currently known about emotional
modulation of pain.

A BRIEF INTRODUCTION TO SOME TERMS

In this review, nociception refers to the neural signals promoted by intense,
potentially harmful stimulation. Pain is the affective and sensory experience
that can result from supraspinal processing of nociception. Emotional/affective
processing refers to the neural signals associated with appetitive and defensive
system activation (described below). Emotions/affects are state-like conscious
experiences associated with these neural signals, whereas affectivity refers to
stable, trait-like, emotional experiences. Although stress can refer to any
organismic changes in response to disrupted homeostasis, here it will be
used to mean the negative emotional state (distress) that results from dis-
rupted homeostasis.

PAIN AND EMOTION WITHIN A MOTIVATIONAL CONTEXT

It is helpful to consider the emotion—pain relationship from within a
broader motivational context. For organisms to survive, they must recog-
nize and discriminate stimuli that are dangerous (e.g., predator) from those
that are important for species survival (e.g., mate). As a result, neural systems
have evolved to subserve these functions (Figure 2) (Lang & Davis, 2006).
The appetitive system is activated by survival-promoting stimuli (e.g., sex,
food) and results in appetitive behaviors (e.g., sustenance, procreation) and
positive emotions. By contrast, the defensive system is activated by harmful
or potentially harmful stimuli (e.g., predator, somatic threat) and results in
defensive behaviors (e.g., withdrawal, attack) and negative emotions. Thus,
emotions are the subjective experiences that result from activation of
motivational systems and they imbue perception with a hedonic tone (like
vs dislike).

Two orthogonal dimensions (valence and arousal) capture much of the
variance in self-reported emotions (Figure 3) (Bradley, Codispoti, Cuthbert,
&Lang, 2001 ), but see Tellegen, Watson, and Clark (1999) for another
model. Valence refers to the pleasantness—unpleasantness of emotional
experience and provides information about the motivation system activated
(appetitive or defensive, respectively). Arousal refers to the intensity of the
emotional experience and serves as an indirect readout of the degree of
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MOTIVATION SYSTEMS
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Figure 2 A hypothetical figure depicting the relationship between emotion and pain
within a motivational context. Biologically relevant stimuli differentially activate the
appetitive and defensive systems, which, in turn, results in emotion/affect, as well as
other psychological states such as pain and orgasm. Stimuli that promote survival elicit
positive affect via the appetitive system. Conversely, dangerous or threatening stimuli
elicit negative affect via the defensive system. As can be seen, part of the variance in
the experience of pain is shared with negative affect; however, unlike most emotional
experiences (e.g., anxiety), pain also has a distinct sensory characteristic that provides
information about location and intensity. An analogous experience emanating from
activation of the appetitive system would be sexual orgasm, which has pleasant
affective and sensory characteristics and promotes approach behaviors.
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Figure 3 Valence (pleasantness vs unpleasantness) and arousal (low vs high) are two
dimensions used to characterize variability in emotional experience. Pleasant emotions
are associated with appetitive activation, whereas unpleasant emotions are associated
with defensive activation. Yet, these experiences can vary in how arousing they are;
more arousing emotions are psychologically more intense and promote greater
motivation. Some researchers have characterized emotional experience from two
orthogonal dimensions at a 45° rotation from valence and arousal. They refer to these
dimensions as positive activation and negative activation (e.g., Tellegen et al.,, 1999).
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motivation system activation. Thus, intense emotions are associated with
greater arousal and motivation for appetitive/defensive behaviors.

Pain is a part of the defensive system and helps organisms detect and
avoid somatic dangers. Pain system activation results in negative affect (pain
and negative affect overlap in Figure 2) that promotes avoidance and
learning so that danger can be circumvented in the present and future.
Given this, pain and emotions are naturally linked. Nociceptive input
triggers an unpleasant experience without which there would be no
motivation to avoid harmful stimuli. However, activation of the pain sys-
tem also results in sensory experiences that help determine the intensity and
location of the threat (pain and negative affect nonoverlap in Figure 2).

Given the interconnectedness of emotion and pain systems, it is no
surprise that they influence one another. As stated, pain system activation
results in negative affect; therefore, pain inherently influences emotions.
Interestingly, relief from pain not only reduces negative affect, but also
increases positive affect via the dopaminergic reward system (Navratilova
et al., 2012). Pain can also have long-term consequences on emotions. For
example, chronic pain increases risk for affective disturbance (e.g., Kroenke
et al., 2011) and impairs emotional awareness and decision-making (e.g.,
Jietal., 2010). Although there are many relationships between emotion and
pain (for a review, Lumley et al., 2011), this chapter will focus specifically
on emotional modulation of pain.

The strongest causal evidence comes from studies in which both
emotion and pain are experimentally induced; therefore, greater weight
will be given to those studies. Further, it is important to first consider
emotional modulation of pain in healthy humans because disruptions of the
pain and/or emotion systems in clinical populations influence the emotion—
pain connection.

EMOTIONAL MODULATION OF PAIN IN HEALTHY HUMANS

A number of models/theories have been put forth to explain the emotion—
pain relationships: reciprocal inhibition (Smith & Wolpin, 1989), cogni-
tive/memorial (Litt, 1996), attentional (e.g., Cornwall & Donderi, 1988),
attribution (Nisbett & Schachter, 1966), parallel processing (schema
modification) (Leventhal & Everhart, 1979), and perceptual—defensive—
recuperative (Bolles & Fanselow, 1980). Although many of these explain
certain aspects of the relationships, none provides a comprehensive
explanation.
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Motivational priming theory (MPT) was proposed by Lang and
colleagues (Bradley et al., 2001; Lang, 1995) to explain the relationship
between emotions and outputs/responses from appetitive and defensive
systems. MPT argues that activation of a motivational system primes it, thus
facilitating responses from the same system and inhibiting responses from
the opposite system. For example, priming the defensive system with
aversive stimuli leads to facilitation of startle (defensive reflex), whereas
priming the appetitive system with pleasurable stimuli inhibits startle.
Furthermore, the degree of motivation system activation plays a role: low
levels of appetitive/defensive activation result in little inhibition/facilitation
of motive system responses, whereas greater appetitive/defensive activation
results in greater inhibition/facilitation.

Given that pain is part of the defensive system, some have used MPT to
characterize the effects of emotion on pain (e.g., Kenntner-Mabiala &
Pauli, 2005; Mini, Rau, Montoya, Palomba, & Birbaumer, 1995; Rhudy &
Meagher, 2001c¢). Indeed, MPT explains much of the observed eftects in
healthy humans.

Observation 1: Positive Emotions Generally Inhibit Pain,
Whereas Negative Emotions Generally Enhance Pain

Emotions evoked by painful stimuli (pain-related emotions) tend to direct
attention toward pain, whereas emotions evoked by nonpainful stimuli
(pain-unrelated emotions) tend to direct attention away from pain.
Nonetheless, emotional modulation of pain does not appear to depend on
the emotion source or on the specific emotion.

Pain-Related Emotions

In three innovative studies, Rainville, Bao, and Chretien (2005) used hyp-
notic suggestion to induce anger, fear, sadness, relief, and satisfaction about
painfully hot water. They found that pain intensity and unpleasantness were
increased by negative emotions and decreased by positive emotions
(regardless of the emotion). In contrast to this study, most others have
manipulated only pain-related negative emotions. For example, Cornwall and
Donderi (1988) used a stressful interview or a warning about the pain test to
induce anxiety and found that they enhanced pressure pain. Two studies
used verbal threat of painful shock (never delivered) to induce anxiety and
found it reduced heat pain thresholds (hyperalgesia) (Haslam, 1966; Rhudy
& Meagher, 2000). Similarly, Weisenberg, Aviram, Wolf, and Raphaeli
(1984) found that lights predicting the delivery of a painful shock generated
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anxiety and enhanced pain. Dougher, Goldstein, and Leight (1987) had
participants read pain-related (e.g., slamming finger in car door) and pain-
unrelated (e.g., walking down a dark alley) statements and found that only
pain-related anxiety enhanced pain. Ploghaus et al. (2001) presented a
neutral cue prior to a painful heat stimulus, but on some trials the cue was
followed by more intense painful heat to cause anxiety. The cue ultimately
led to hyperalgesia that was associated with activity in the entorhinal cortex
of the hippocampal formation. Williams and Rhudy (2007b) paired mildly
painful shocks with pictures of facial expressions. For some participants,
shocks were paired with fearful expressions and for others they were paired
with happy expressions. Later, the expressions were presented during pain
testing in the absence of shocks. Fear expressions previously paired with
shock produced hyperalgesia. Interestingly, happy facial expressions previ-
ously paired with shock did not modulate pain, suggesting some stimuli
produce fear conditioning (negative affect) and hyperalgesia more readily.
What is more, pain-related negative emotions can activate brain-
to-spinal cord mechanisms to enhance spinal nociception. Willer, Boureau,
and Albe-Fessard (1979) assessed the nociceptive flexion reflex (NFR),
a physiological marker of spinal nociception (Skljarevski & Ramadan, 2002),
and found that pain and NFR were enhanced when participants anticipated
a strong electric shock. Similarly, Hubbard et al. (2011) found NFRs were
enhanced by a cue that signaled the possible delivery of a painful abdominal
shock, relative to a cue that signaled no abdominal shock would occur.

Pain-Unrelated Emotions

Unlike pain-related emotions, numerous different emotion manipulations
have been used to evoke pain-unrelated emotions. Worthington (1978)
found that pleasant imagery, compared to neutral, had no eftect on cold
pressor pain; however, pain was reduced if the participants had choice over
the imagery content, regardless of valence. Thus, imagery-evoked emotions
may need to be personally relevant to have an effect. Indeed, personally
relevant sad imagery was found to (a) decrease cold pressor pain tolerance
(hyperalgesia) relative to personally relevant angry, pleasant, and neutral
imagery (Smith & Wolpin, 1989) and (b) increase cold pressor pain ratings
relative to recall of angry and joyful memories (Burns, Kubilus, & Bruehl,
2003). Further, Bruehl, Carlson, and McCubbin (1993) found personally
relevant pleasant imagery increased happiness, reduced fear and anxiety, and
reduced pain, relative to social-demand (told to reduce pain) and no-
instruction controls.
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Two studies found that reading sad statements enhanced pain relative to
neutral statements (Berna et al., 2010; Willoughby, Hailey, Mulkana, &
Rowe, 2002), an effect associated with activity in the supraspinal regions
involved with mood and pain regulation (dorsolateral prefrontal cortex,
inferior frontal gyrus) (Berna et al., 2010). Additionally, Zelman, Howland,
Nichols, and Cleeland (1991) found elative statements produced higher
cold pain tolerance (hypoalgesia) and depressive statements produced lower
tolerance (hyperalgesia), whereas Carter et al. (2002) found that anxiety-
related statements and depressive statements decreased pressure pain toler-
ance (hyperalgesia) relative to neutral statements, but that elative statements
had no eftect.

Cogan, Cogan, Waltz, and McCue (1987) had participants listen to
humorous audiotapes and found that participants who laughed had
increased ischemia thresholds (hypoalgesia) relative to those under condi-
tions that controlled for attention and interest. Roy, Peretz, and Rainville
(2008) found that heat pain intensity and unpleasantness were lowest during
pleasant music, relative to neutral and unpleasant music. Stancak, Ward, and
Fallon (2013) found that the presentation of short (4-s) unpleasant sounds
(e.g., crying) enhanced laser-evoked pain relative to neutral (e.g., traffic)
and pleasant (e.g., laughter) sounds, and their electroencephalogram data
suggested that the hippocampal formation was involved, thus corroborating
the findings of Ploghaus et al. (2001) discussed earlier.

Weisenberg, Tepper, and Schwarzwald (1995) found that a humorous
(comedy) movie clip resulted in higher cold pressor pain tolerances
(hypoalgesia) relative to a neutral (science) clip. In a follow-up study, this
group measured cold pressor pain before, immediately after, and 30 min
after emotional film clips (Weisenberg, Raz, & Hener, 1998). Humor
(comedy) increased cold pressor tolerance relative to sad (holocaust) and
neutral (nature) clips, but only at 30 min postassessment. Zillmann, de
Wied, King-Jablonski, and Jenzowsky (1996) presented film clips that were
supposed to be unpleasant/arousing (war scenes), unpleasant/unarousing
(discussion of war experiences), pleasant/arousing (sex scene), pleasant/
unarousing (dinner date), and neutral/unarousing (nature). However,
manipulation checks found that pleasant clips were more arousing than
unpleasant clips and the unpleasant clips did not differ in arousal. As a result,
ischemia and cold pressor pain were inhibited during pleasant clips, but
unpleasant clips did not enhance pain.

Villemure, Slotnick, and Bushnell (2003) examined the influence of
computer-delivered pleasant and unpleasant odors on heat pain and also
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manipulated attention by having participants focus either on the pain or on
the odors. Interestingly, valence and attention had independent effects: pain
unpleasantness was lower during pleasant odors and higher during un-
pleasant odors (regardless of the attentional focus), whereas pain intensity
was lower during odor focus and higher during pain focus (regardless of
odor valence). Using the same paradigm, Villemure and Bushnell (2009)
demonstrated that pleasant odors reduced pain-related activity in the
anterior cingulate cortex, medial thalamus, and sensory cortices. Although
Villemure and Bushnell did not include a neutral control, other laboratories
found that, compared to neutral, sweet odors reduced cold pressor pain
(Prescott & Wilkie, 2007), pleasant odors reduced heat pain (but only in
women) (Marchand & Arsenault, 2002), and unpleasant odors enhanced
cold pressor pain (Martin, 2006).

To promote standardization of emotion-induction procedures across
studies and laboratories, Lang, Bradley, and Cuthbert (2001) created the
International Affective Picture System (IAPS), a set of pictures that vary in
content and include normative valence and arousal ratings (CSEA, 20006).
The first known experiment to use IAPS to modulate pain was that of Mini
et al. (1995). They presented randomized pictures for 6 s (with a random
interpicture intervals), during which painful electric stimuli were delivered.
Relative to neutral, pain was inhibited by pleasant pictures and enhanced by
unpleasant pictures, and pain was strongly correlated with picture valence
ratings (r= —0.90, p < 0.0001). A series of studies by Rhudy and col-
leagues used the same experimental design, but measured both pain and
NFR (Palit et al., 2013; Rhudy & Bartley, 2010; Rhudy, Bartley, et al.,
2013; Rhudy et al., 2010; Rhudy et al., 2012; Rhudy, Williams, McCabe,
Nguyen, & Rambo, 2005; Rhudy, Williams, McCabe, Rambo, & Russell,
2006; Rhudy, Williams, McCabe, Russell, & Maynard, 2008). These
studies found pain and NFR were enhanced during unpleasant pictures and
reduced during pleasant pictures. Given that NFR was modulated, this
indicates that positive and negative emotions engage brain-to-spinal cord
circuits to modulate spinal nociception. Subsequent studies by this group
found that emotional modulation of pain and NFR are mediated by in-
dependent mechanisms (Rhudy, Williams, et al., 2006) and do not vary
across menstrual phases in women with or without premenstrual dysphoric
disorder (Rhudy & Bartley, 2010; Rhudy et al., 2014), even though
emotional modulation of pain/NFR is enhanced by natural increases in
estrogen (Rhudy, Bartley, et al., 2013).



Emotional Modulation of Pain 59

Other laboratories have shown that emotional pictures modulate
markers of supraspinal nociception. Kenntner-Mabiala and Pauli (2005)
found that pain and pain-evoked event-related potentials (ERPs; N150)
were enhanced by unpleasant pictures and inhibited by pleasant pictures,
although the unpleasant versus neutral comparison was nonsignificant.
Further, Roy, Piche, Chen, Peretz, and Rainville (2009) used functional
magnetic resonance imaging (fMRI) and confirmed the notion that
emotional modulation of pain and NFR is mediated by different modu-
latory mechanisms. Emotional modulation of pain was associated with
activity in the orbitofrontal cortex, subgenual anterior cingulate cortex,
cuneus, and insula, whereas emotional modulation of NFR was associated
with activity in the dorsolateral prefrontal cortex, parahippocampal gyrus,
thalamus, amygdala, and brain-stem nuclei.

Importantly, emotional pictures modulate experimental pain evoked by
a variety of stimuli. For example, emotional pictures modulate heat pain
(Wunsch, Philippot, & Plaghki, 2003), cold pressor pain (Meagher, Arnau,
& Rhudy, 2001; Rhudy, Dubbert, Parker, Burke, & Williams, 2006; de
Wied & Verbaten, 2001), pressure pain (Kenntner-Mabiala, Weyers, &
Pauli, 2007), laser-evoked pain (Stancak & Fallon, 2013), and jaw pain
induced by saline injection (Horjales-Araujo et al., 2013). Interestingly, this
last study found that emotional modulation of jaw pain was noted only in
participants with a genetic polymorphism associated with high expression of
the serotonin transporter gene (5-HTTLPR), suggesting that serotonin
plays a role in emotional modulation of pain.

Observation 2: Degree of Motivation System Activation
Affects the Degree of Pain Inhibition/Facilitation

As noted, valence reflects which motivational system is activated
(pleasant = appetitive, unpleasant = defensive), whereas arousal provides
an indirect readout of the degree of motivational system activation. Two
studies independently manipulated valence and arousal (Rhudy et al.,
2010; Rhudy et al., 2008) and found that pain and NFR are facilitated by
unpleasant pictures and inhibited by pleasant pictures, but the degree of
picture-evoked arousal was associated with the degree of facilitation/
inhibition (Figure 4). Specifically, the most arousing unpleasant
pictures (mutilation) led to the greatest facilitation and the most arousing
pleasant pictures (erotica) led to the greatest inhibition. This valence-by-
arousal interaction was later confirmed by an independent laboratory
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Figure 4 Empirical evidence demonstrating that, under conditions of low-to-moderate
affective arousal induced by emotional picture viewing, negatively valenced emotions
enhance pain and spinal nociception (nociceptive flexion reflex; NFR), whereas posi-
tively valenced emotions inhibit pain and spinal nociception (adapted from Rhudy
et al, 2010). Further, the greater the arousal (x axis values represent average arousal
ratings of each picture content), the greater the degree of facilitation/inhibition.
Dashed (unpleasant emotions) and solid (pleasant emotions) lines represent the lines
of best fit for the relationship between arousal level and pain and NFR. As noted by the
R? values for these lines, the arousal/intensity effect is stronger on pain perception
than on NFR.

(Roy, Lebuis, Peretz, & Rainville, 2011) and is consistent with the
Zillmann et al. study described earlier.

In a series of provocative studies, Whipple and Komisaruk examined
self-applied vaginal stimulation on experimental pain in women (for a re-
view, Komisaruk & Whipple, 2000). They found that pressure exerted
against the anterior vaginal wall increased pain threshold by 53%, but did
not affect tactile thresholds. This was not due to distraction, because several
attentional controls were included. In a second study, pleasurable vaginal
stimulation increased pain threshold by 84%, and in the subset of women
who were able to achieve orgasm, pain threshold increased by 107% and
pain tolerance by 75%. Therefore, highly arousing pleasure can profoundly
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inhibit pain. Unfortunately, analogous studies have not been conducted
in men.

Given that low-intensity emotions should produce little (if any) inhi-
bition/facilitation of pain, this could explain why some emotion manipu-
lations failed to modulate pain (e.g., Burns et al., 2003; Smith & Wolpin,
1989; Weisenberg et al., 1998) and why personally relevant imagery
modulates pain better than nonrelevant imagery (Worthington, 1978).
Unfortunately, many studies fail to assess measures of valence and arousal to
confirm these hypotheses.

One limitation of studies that manipulate arousal, however, is that
arousal level is often confounded with the content of the manipulation
(e.g., pictures of families elicit pleasant affect with low arousal, erotica elicits
pleasant affect with moderate arousal). Indeed, one study found that pic-
tures did not modulate pain if they did not contain human bodies, even
though they elicited similar self-reported valence and arousal compared to
pictures with bodies (Godinho, Magnin, Frot, Perchet, & Garcia-Larrea,
2006). These findings are intriguing and warrant further study; however,
it is important to consider that subjective arousal is an indirect indicator of
motivational activation, and pictures that include human bodies (e.g.,
erotica, mutilation) are more likely to activate motives (in humans) than the
non-body pictures used in the Godinho et al. study (e.g., fashionable
clothes, perfume, motorcycles). Future studies are needed to manipulate
valence and arousal using all body-related pictures.

Observation 3: Emotional Stimuli that Elicit Simultaneous
(and Equal) Defensive and Appetitive Activation Have No

Net Effect on Pain

MPT states that pleasant stimuli activate the appetitive system to inhibit
pain and unpleasant stimuli activate the defensive system to enhance pain,
but it also implies that stimuli that elicit a mix of appetitive and defensive
activation will have a zero net effect on pain, because simultaneous inhi-
bition and facilitation cancel each other out. This issue has rarely been
studied, but a few observations support it. For example, Meagher, Arnau,
and Rhudy (2001) assessed cold pressor pain following the presentation of
erotic pictures. Women reacted with sexual arousal (appetitive) and disgust
(defensive), resulting in no modulation of their pain response. However,
men reacted with only appetitive activation and pain was inhibited. In
another study, Rhudy and Meagher (2003a) evoked negative emotion by
presenting a painful shock. They found that heat pain thresholds were
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modulated when participants reacted with fear (defensive), but no pain
modulation was observed when participants reacted with fear (defensive)
and humor (appetitive).

Observation 4: Emotions Modulate All Pain-Related
(Defensive) Outcomes in Parallel

If pain and pain-related responses emanate from defensive activation, then
all should be inhibited by appetitive activation and facilitated by defensive
activation. As previously noted, emotional modulation of the NFR (e.g.,
Rhudy et al., 2005; Rhudy et al., 2008; Willer et al., 1979) and pain-
evoked ERPs (e.g., Kenntner-Mabiala & Pauli, 2005) parallel the modu-
lation of pain. Similarly, studies have shown that emotional pictures
modulate pain-evoked skin conductance response, pain-evoked heart rate
acceleration, and pain-evoked blink magnitude (Rhudy, McCabe, &
Williams, 2007; Rhudy et al., 2008; Williams & Rhudy, 2007a), as well as
experimental head pain and the nociceptive blink reflex (a physiological
marker of trigeminal nociception) (Williams & Rhudy, 2009).

INTENSE NEGATIVE EMOTIONS INHIBIT PAIN: A REVISION
TO MPT

A number of studies have found that intense, highly arousing negative
emotions inhibit pain. Willer (1980) repeatedly presented a cue that
announced the possible delivery of an intense (70-mA) shock during NFR
testing. The cues produced NFR inhibition (hypoalgesia) that was reversed
by naloxone, suggesting the involvement of endogenous opioids. This was
subsequently replicated (Willer & Albe-Fessard, 1980; Willer, Dehen, &
Cambier, 1981) and extended to show the effect could be attenuated by
anxiolytics (Willer & Ernst, 1986). In three studies, Rhudy and Meagher
(2001a) used fear conditioning to pair a light with an intense, highly
arousing shock (12.4 mA). Presentation of the light during heat pain pro-
duced hypoalgesia, but only in participants experiencing intense fear and
arousal. This study emphasizes the importance of arousal level, because
Williams and Rhudy (2007b) found that conditioned fear produced
hyperalgesia when the shock (5 mA) elicited negative emotion with low-
to-moderate arousal. Rhudy and Meagher (2000, 2003a, 2003b) and
Rhudy, Grimes, and Meagher (2004) examined the effect that threat and
delivery of a painful (12.4 mA) shock had on heat pain. When shock eli-
cited intense, highly arousing negative emotions, hypoalgesia was always
produced.
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Even intense, highly arousing, pain-unrelated, negative emotions inhibit
pain. Pitman, van der Kolk, Orr, and Greenberg (1990) presented a
combat-related video (Plafoon) to war veterans with post-traumatic stress
disorder (PTSD) and healthy controls and then tested heat pain. The PTSD
group experienced an opioid-mediated hypoalgesia, whereas controls
experienced hyperalgesia. Importantly, the PTSD group reacted with
greater negative affect (e.g., fear) and arousal than controls. Janssen and
Arntz (1996) presented a live spider to spider phobics, which produced
negative affect, high arousal (sympathetic activation), and an opioid-
mediated hypoalgesia; however, it is unclear if phobic stimuli reliably
elicit hypoalgesia (cf., Janssen & Arntz, 1997). Janssen and Arntz (2001)
found that a first-time parachute jump produced anxiety (that correlated
with B-endorphin levels) and opioid-mediated hypoalgesia on electric and
pressure pain outcomes. Weisenberg et al. (1995) found that watching a
horror movie clip resulted in higher cold pressor pain tolerances (hypo-
algesia) relative to a neutral (science) clip. Rhudy and Meagher (2001b)
assessed heat pain thresholds before and after negative emotion induction
from startling noise bursts. Hypoalgesia was observed in women, whereas
hyperalgesia was observed in men. Explaining this, manipulation checks
found that women reacted to the noises with intense negative emotion and
high arousal, whereas men reacted with negative emotion but low-
to-moderate arousal. And finally, two studies paired a neutral cue with
nonpainful unconditioned stimuli (noise bursts plus stressful mental arith-
metic) and tested the effect of the cue on electric pain threshold and
tolerance (Flor, Birbaumer, Schulz, Grusser, & Mucha, 2002; Flor &
Grusser, 1999). The cue produced hypoalgesia that was partially mediated
by opioids.

As a result of these findings, Rhudy and colleagues proposed a revision
to MPT (Figure 5), arguing that MPT characterizes the effect of emotions
on pain only when motivational systems are low-to-moderately activated
(Rhudy & Meagher, 2001¢; Rhudy & Williams, 2005). This explains why
most studies find negative emotion-induced hyperalgesia, because the
emotion-induction procedures (e.g., pictures, sounds, imagery) should not
produce active defense (fight or flight) and intense, highly arousing,
negative emotions in nonclinical samples. By contrast, when negative
emotion induction involved a somatic threat (e.g., highly painful shocks),
cues paired with severe somatic threat (e.g., light paired with highly painful
shock), feared phobic stimuli (e.g., live spider), or life-threatening events
(e.g., parachute jump), it evoked highly arousing negative emotions and
hypoalgesia.
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Figure 5 Hypothetical graph depicting the influence of emotion on pain modulatory
processes. Available evidence suggests that the influence of emotion on pain is
determined by a valence x arousal interaction. At low-to-moderate levels of arousal
(emotional intensity), negative emotions enhance (facilitate) pain, whereas positive
emotions reduce (inhibit) pain. Further, the degree of facilitation/inhibition is deter-
mined by the arousal level (i.e., there is greater facilitation/inhibition as arousal in-
creases to moderate levels). However, under conditions of high arousal (very intense
emotions, e.g., fear, panic, orgasmic pleasure) pain is inhibited, regardless of the
emotional valence.

Therefore, the relationship between negative emotions and pain is
nonmonotonic, such that low-to-moderately arousing negative emotions
result in hyperalgesia, whereas highly arousing negative emotions result in
hypoalgesia. Functionally, it would be adaptive to promote environmental
scanning, vigilance, and sensory intake as a means to improve threat
detection in situations associated with low-to-moderate threat (in which
less intense negative emotion would predominate) (Meagher, Ferguson,
et al., 2001; Walters, 1994). Thus, hyperalgesia would be adaptive because
it promotes detection of somatic threats and recuperation from tissue
damage that might have happened during a time of high threat. However,
when threat is present and imminent (situations in which intense negative
emotion would predominate), pain and pain-related behaviors could
interfere with active defense (fight or flight), so they are inhibited (Bolles &
Fanselow, 1980; Meagher, Ferguson, et al., 2001).

Importantly, pain modulation is not simply determined from arousal
alone, because the relationship between positive emotions and pain is
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monotonic. Indeed, there is no known published study that found that
positive emotions enhanced pain. Rather, positive emotions always inhibit
pain as long as adequate appetitive activation was elicited. This probably
explains why sexually arousing stimuli produce the most reliable pain in-
hibition, because sexual stimuli evoke reliable appetitive motivation even
when the individual has not been deprived (Bradley et al., 2001). Indeed,
when appetitive stimulation produces intense, highly arousing, positive
emotions (orgasmic pleasure), profound hypoalgesia is elicited (Komisaruk
& Whipple, 2000).

To summarize, a modified version of MPT that takes into account the
degree of motivational activation can explain the emotion—pain relation-
ships. This theory predicts that pain modulation is determined from a
valence by arousal interaction, with arousal (emotional intensity) used as an
indirect measure of motivation system activation.

EMOTIONAL MODULATION OF PAIN IN CLINICAL
POPULATIONS

Disorders of emotion (e.g., depression) and pain are often comorbid (e.g.,
Bair, Robinson, Katon, & Kroenke, 2003), and there is evidence that af-
fective disturbance might serve as a risk factor for chronic pain (e.g., Carroll,
Cassidy, & Coté, 2004; Casey, Greenberg, Nicassio, Harpin, & Hubbard,
2008). Moreover, emerging evidence suggests that dysfunctions within
emotion circuitry might promote disorders of both affect and pain (e.g.,
Lapate et al., 2012; Neugebauer, Galhardo, Maione, & Mackey, 2009).
This could lead to higher thresholds to experience positive emotions, lower
thresholds to experience negative emotions, prolongation of negative
emotions, or augmented levels of negative emotions in patients. In addi-
tion, chronic pain patients may have a reduced capacity to engage pain-
inhibitory mechanisms (e.g., Lautenbacher & Rollman, 1997). Thus, pos-
itive emotions and intense negative emotions may not be able to elicit
hypoalgesia as they do in healthy individuals. For these reasons, it is
important to examine emotional modulation of pain in chronic pain
populations to determine whether the emotion—pain relationship is altered
and/or contributes to pain persistence. Indeed, these studies generally find
there is a link between enhanced negative emotions and pain and a failure
of positive emotions to reduce pain.

Three studies manipulated emotion and pain in patients with irritable
bowel syndrome (IBS). Posserud et al. (2004) evoked stress (Stroop test and
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mental arithmetic) in patients with IBS and controls and found patients had
an abnormal stress response (e.g., higher reported stress, corticotropic
releasing hormone) and experienced hyperalgesia in response to rectal
distention. No controls experienced distention-related pain, so it is unclear
whether hyperalgesia was specific to (or enhanced in) the IBS group.
Similarly, Dickhaus et al. (2003) exposed patients with IBS and controls to
noise stress (conflicting music) or relaxing sounds (ocean waves) and found
that stress elicited greater negative emotions and enhanced pain in response
to rectal distension in the patients. By contrast, Bach, Erdmann,
Schmidtmann, and Monnikes (2006) evoked stress (anticipation of public
speaking) in patients with IBS and controls and found that the patients
reacted with greater stress reactivity (faster heart rate), but rectal distention
discomfort was not altered by stress in either group.

de Tommaso et al. (2009) examined the effect of emotional pictures on
laser-evoked pain in patients with migraine without aura and controls.
Surprisingly, emotional modulation of pain was not observed in either
group; however, they used low-arousal pictures, so modulatory eftects may
have been attenuated.

Three studies manipulated emotion and pain in patients with
fibromyalgia (FM). Armnold et al. (2008) presented mutilation, unpleasant
(nonmutilation), neutral, and pleasant pictures to participants with FM,
back pain, or somatoform disorder and pain-free healthy controls. In
general, unpleasant and mutilation pictures enhanced pain relative to
neutral pictures (mutilation enhanced more). Unfortunately, the study may
have been underpowered, because there was a marginal group difterence in
emotional modulation that was not explored further. Rhudy, DelVentura,
et al. (2013) used mutilation, neutral, and erotic pictures to study emotional
modulation of electric pain and NFR in patients with FM, patients with
rheumatoid arthritis (RA), and controls. All three groups demonstrated
emotional modulation of the NFR, suggesting that descending modulation
of spinal nociception was intact. However, emotional modulation of pain
was observed only in RA and controls, not FM. Similarly, Kamping,
Bomba, Kanske, Diesch, and Flor (2013) used unpleasant (mutilation,
attack), neutral, and pleasant (nudes, babies) pictures to study laser-evoked
pain in FM and controls. They found controls had normal emotional
modulation of pain intensity, but emotional modulation of pain was dis-
rupted in FM (pain higher during pleasant and unpleasant). Further, while
processing pain during pleasant pictures, patients with FM had less brain
activation in the right ventral anterior cingulate cortex, bilateral insula,
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right secondary somatosensory cortex, and left orbitofrontal cortex, sug-
gesting supraspinal mechanisms were disrupted.

Rhudy and colleagues also studied emotional modulation of pain/NFR
in disorders known to increase risk for chronic pain: major depression
(Terry, DelVentura, Bartley, Vincent, & Rhudy, 2013) and insomnia
(DelVentura, Terry, Bartley, & Rhudy, 2014). As with FM, emotional
modulation of pain, but not NFR, was disrupted in these groups. These
data are consistent with the study noted earlier that found that individuals
with a genetic risk for affective disturbance also fail to show emotional
modulation of pain (Horjales-Araujo et al., 2013). As a result, Rhudy and
colleagues argue that failure to emotionally modulate experimental pain
could be a phenotype for risk of pain and affective disturbance, perhaps
resulting from an inability to modulate pain signals once they reach the
brain (even though spinal nociception is modulated).

A few studies have experimentally manipulated emotions and examined
the effect on clinical (nonexperimental) pain. Gannon, Haynes, Cuevas,
and Chavez (1987) asked controls and patients with frequent migraine or
tension-type headache to engage in a stresstul mental arithmetic task. Over
68% of headache patients developed a headache, compared to only 25% of
controls. Davis, Zautra, and Reich (2001) exposed women with FM or
osteoarthritis to either sad or neutral imagery followed by the recall of a
stressful interpersonal conflict. Stress-induced increases in clinical pain were
enhanced by the sad imagery, but only in the FM group. Furthermore,
increased pain was associated with decreased positive aftect in FM. Montoya
et al. (2005) presented pleasant and unpleasant pictures to patients with FM
or non-FM musculoskeletal pain. Unpleasant pictures enhanced FM pain
relative to pleasant pictures and a no-picture control, whereas emotional
modulation was not present in the non-FM group. Burns (2006) asked
patients with chronic lower back pain (CLBP) and controls to recall
personally relevant sad and angry events. Compared to sadness, anger eli-
cited significantly greater back muscle tension, blood pressure, and pain in
patients with CLBP. By contrast, controls showed similar physiological
responses to sadness and anger. Unfortunately a neutral control condition
was not included in many of these studies.

Consistent with experimental evidence, correlational studies generally
find that day-to-day fluctuations in negative emotions exacerbate chronic
pain and that there are deficits in the beneficial effects of positive emotions
(e.g., Bruehl, Liu, Burns, Chont, & Jamison, 2012; Davis, Zautra, & Smith,
2004; Harrigan, Kues, Ricks, & Smith, 1984; Labus, Mayer, Chang, Bolus,
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& Naliboft, 2007; van Middendorp et al., 2008; Staud, Price, Robinson, &
Vierck, 2004).

SUMMARY AND IMPLICATIONS

Experimental evidence from healthy humans suggests that positive emotions
generally inhibit pain/nociception, and negative emotions generally facilitate
pain/nociception, with greater inhibition/facilitation occurring (to a degree)
with greater emotional intensity. Preliminary evidence suggests a role for
serotonin in these effects (Horjales-Araujo et al., 2013). Further, emotional
modulation is more reliable when it is tested using within-subject designs,
standardized emotional stimuli (e.g., IAPS pictures), and punctate pain
stimuli (e.g., electric, laser). Greater variability is found with tonic measures
of pain (e.g., cold pressor), perhaps resulting from difficulties manipulating
and generating emotions that persist over the total duration of the pain test.
Nonetheless, data supporting emotional modulation are surprisingly consis-
tent across emotion-induction strategies and pain stimulus modalities.

However, when negative emotions are intense, are highly arousing, and
promote active defense (fight or flight), they inhibit pain/nociception via
opioid mechanisms. But, intense negative emotions that elicit active defense
are relatively rare; therefore, negative emotions should enhance pain and
nociception in most circumstances.

The emotion—pain relationship can be characterized by a modified
version of MPT that takes into account emotional valence and the degree
of motivation system activation. Further, it has several implications. First,
pain regulation strategies should use positive emotions with at least mod-
erate arousal, because positive emotions with low arousal may have no
effect on pain. Second, individual differences in subjective and physiological
emotional reactivity (valence, arousal) should be measured in emotional
modulation research. And third, arousal/intensity level 1s particularly
important for determining the effect of negative emotions. Indeed, if some
individuals react with moderate arousal and others react with high arousal,
the net effect of negative emotion may average to zero at the group level.

Clinical findings indicate that emotions can play an important role in
some pain disorders (e.g., FM, IBS) and a disruption of supraspinal circuits that
mediate emotional modulation of pain may be involved. However, there are
currently too few studies that have examined these issues in clinical pop-
ulations; thus, additional experimental and longitudinal research is needed.
But, if the current findings hold up, it could mean that: (1) preexisting deficits
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in emotional modulation confer risk for chronic pain, (2) deficits in supra-
spinal circuits may need to be reversed before affective strategies can be used
to manage pain, and (3) new technologies may need to be developed to
reverse emotional modulation deficits and improve pain management (e.g.,
real-time fMRI to improve emotional regulation).
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CHAPTER 4

Sex Differences in Pain
and Stress

Emily J. Bartley, Roger B. Fillingim

University of Florida, Pain Research and Intervention Center of Excellence, Gainesville, FL, USA

INTRODUCTION

The prevalence and societal impact of chronic pain are staggering.
Chronic pain affects 100 million U.S. adults and produces costs exceeding
$600 billion annually; indeed, chronic pain affects more individuals and
produces greater societal costs than cancer, AIDS, and heart disease
combined (Gaskin & Richard, 2012; Institute of Medicine Committee on
Advancing Pain Research & Education, 2011). While pain affects
individuals from all population groups, abundant evidence suggests that
many common chronic pain conditions are more prevalent among women
than men (Fillingim, King, Ribeiro-Dasilva, Rahim-Williams, & Riley,
2009; Institute of Medicine Committee on Advancing Pain Research &
Education, 2011; LeResche, 1999). Importantly, psychosocial stress rep-
resents a significant risk factor for development and increased clinical
severity of chronic pain, and stress may contribute to sex differences in the
experience of pain (Kulich, Mencher, Bertrand, & Maciewicz, 2000;
McBeth, Morris, Benjamin, Silman, & Macfarlane, 2001; Schell, Theorell,
Hasson, Arnetz, & Saraste, 2008). The purpose of this chapter is to review
the evidence regarding sex differences in pain and to discuss the contri-
butions of stress to these sex differences in pain. First, we will provide an
overview of the literature regarding sex differences in both clinical pain
and responses to laboratory-induced pain. Then, we will briefly discuss the
contributions of stress to pain, including sex differences in stress responses
and their potential contributions to sex differences in pain. Next, we will
highlight the biopsychosocial mechanisms underlying sex differences in
pain and the contributions of stress thereto. The chapter will conclude
with a discussion of overall findings and important directions for future
research.
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SEX DIFFERENCES IN CLINICAL PAIN

Numerous epidemiologic studies have examined whether there are sex
differences in the prevalence of chronic pain. For example, using a general
case definition of chronic pain (e.g., pain on more days than not that has
lasted for at least 3 months), women in the general population are signifi-
cantly more likely to report chronic pain than men (Fillingim et al., 2009;
Institute of Medicine Committee on Advancing Pain Research &
Education, 2011). More recently, in the National Health and Nutrition
Examination Survey (NHANES), the point prevalence of chronic pain
(pain lasting more than 3 months) anywhere in the body was significantly
higher in women (18.3%) than in men (12.9%) (Riskowski, 2014). Prev-
alence of acute pain (pain of <3 months duration) was also significantly
greater in women (13%) than in men (11.4%), but less dramatically so. An
Internet-based survey of more than 27,000 individuals in the United States
found that significantly more women (34.3%) than men (26.7%) reported
chronic pain (Johannes, Le, Zhou, Johnston, & Dworkin, 2010). Other
studies have examined sex differences in specific pain conditions or pain in
specific anatomical locations. For example, in another analysis of NHANES
data, women showed higher prevalence of chronic pain in several, but not
all, body regions as well as higher prevalence of widespread pain than men
(Hardt, Jacobsen, Goldberg, Nickel, & Buchwald, 2008) (see Figure 1).
Additional studies from multiple countries report similar results (Fernandez-
de-las-Perias et al., 2011; Klijs, Nusselder, Looman, & Mackenbach, 2014),
as summarized by Mogil (2012). Thus, the existing findings regarding sex
differences in the prevalence of chronic pain reveal a highly consistent
pattern of greater chronic pain prevalence among women; however, the
magnitude of these sex differences varies across pain locations and across
studies, and the observed sex differences are sometimes statistically signifi-
cant and sometimes not.

The above findings generally derive from studies of adults and do not
reflect any potential influence of age on sex differences in pain prevalence;
however, it is important to acknowledge that sex differences in pain may
vary across the life span. A meta-analysis of studies of pain prevalence in
children and adolescents found that prevalence rates for most types of pain
were greater for girls than for boys and prevalence increased with age (King
et al., 2011). In particular, headache, abdominal pain, musculoskeletal pain,
multiple pains, and general pain were more common in girls, while back
pain showed less evidence of sex differences in prevalence, and lower limb
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Figure 1 Odds of chronic pain conditions for women relative to men. The figure
presents odds (and 95% confidence intervals) of each type of pain for women relative
to men. Respondents were asked if they had a problem with pain that had lasted for at
least 24 h and was not “fleeting or minor.” If yes, then they were asked about the
duration of pain, and chronic pain was defined as pain lasting at least 3 months.
Widespread pain was defined as pain occurring above and below the waist, on both
sides of the body, and in at least one axial location (spine, chest, upper or lower back).
Regional pain was defined as any chronic pain that did not meet criteria for wide-
spread pain. (Data are from Hardt et al. (2008).)

pain was more common in boys. At the other end of the life span, sex
differences in pain prevalence in older adults have been examined in several
studies. Data from the U.S. Health and Retirement Study, a nationally
representative study of adults aged 60 and older, reported higher prevalence
of chronic pain among women than men (Andrews, Cenzer, Yelin, &
Covinsky, 2013). Similar results have been reported by others (Blyth et al.,
2001; Tsang et al., 2008). However, age-related prevalence patterns for
females and males can vary across pain conditions. For example, while joint
pain is increasingly prevalent with age for both women and men, sex
differences in prevalence of migraine, abdominal pain, and temporoman-
dibular disorders generally peak in the reproductive years, with lower
prevalence in females before adolescence and later in life (LeResche, 2000).
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These findings highlight the importance of taking a life-span perspective
when examining sex difterences in pain.

SEX DIFFERENCES IN EXPERIMENTAL PAIN RESPONSES

Because clinical pain can be influenced by multiple uncontrolled factors,
including severity of disease or tissue damage and the effects of treatment,
many investigators have sought to examine sex differences in pain using
carefully controlled laboratory-based pain induction methods. Common
experimental pain stimuli include heat, cold, mechanical pressure, electrical,
and chemical stimuli. The most commonly assessed measures are pain
threshold (the lowest stimulus intensity required to induce pain) and
pain tolerance (the highest stimulus intensity the participant is willing and
able to tolerate). However, in recent years, there has been increased interest
in using more dynamic stimulus configurations to assess pain-facilitatory and
pain-inhibitory processes, including temporal summation of pain and CPM,
respectively (Yarnitsky, Granot, & Granovsky, 2014). This literature has
been thoroughly reviewed and summarized numerous times (Bartley &
Fillingim, 2013; Fillingim et al., 2009; Hashmi & Davis, 2014; Mogil, 2012;
Racine et al., 2012a). Despite varying interpretations of the findings, the
pattern of results is quite clear and inarguable. In laboratory pain studies,
women consistently report lower pain thresholds and tolerances and provide
higher pain ratings in response to suprathreshold stimuli. This is true across
all stimulus modalities that have been tested. However, the magnitude of
these sex differences varies considerably across studies and even within
studies across pain stimuli. With regard to the life-span perspective recom-
mended above, a meta-analysis of sex differences in experimental pain re-
sponses among children and adolescents was published in 2014. This analysis
revealed less consistent sex diftferences in children and adolescents compared
to what has been observed in adults; however, in children over the age of 12,
girls reported greater cold pressor pain intensity and lower heat pain
threshold and tolerance compared to boys (Boerner, Birnie, Caes, Schinkel,
& Chambers, 2014). Unfortunately, limited information is available
regarding sex differences in laboratory pain responses among older adults,
although a previous study showed that older women using hormone
replacement were more sensitive to heat pain compared to both older
women not using hormones and older men, who did not differ from each
other (Fillingim & Edwards, 2001).
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The above studies refer to traditional measures of pain perception, such
as pain threshold and tolerance, which are relatively static and unidimen-
sional, while more recent research has witnessed increased interest in more
dynamic measures of pain-facilitatory and pain-inhibitory functions. Several
studies have examined sex differences in temporal summation of pain,
a measure of pain facilitation, which refers to the increase in pain that occurs
when a fixed painful stimulus is repeatedly administered in rapid succession.
Most of the studies have revealed significantly greater temporal summation
of pain among women than men, in response to both heat and mechanical
stimuli (Fillingim et al., 2009; Racine et al., 2012a), suggesting greater pain
facilitation among women. Regarding pain-inhibitory function, the most
common experimental method for assessment involves testing whether the
ability of a painful stimulus applied to one body site is able to reduce the
painfulness of a second stimulus applied at a remote body site, which is
known as conditioned pain modulation (CPM) (Yarnitsky et al., 2010).
A meta-analysis of studies examining CPM showed that males exhibit
significantly greater CPM than females, suggesting enhanced pain-
inhibitory responses among males (Popescu, LeResche, Truelove, &
Dranggsholt, 2010). However, studies of a different pain-inhibitory process
have revealed that women show greater habituation to sustained heat
stimuli compared to men (Hashmi & Davis, 2010, 2014). Also, as further
discussed below, stress-induced analgesia (SIA) may produce greater pain
inhibition in females than in males (Fillingim et al., 2009). Thus, while
there is considerable variability across studies in the magnitude of the effects,
the literature on sex differences in response to laboratory-induced pain
consistently demonstrates greater sensitivity to pain and increased pain
facilitation among women. While studies of CPM show more robust pain-
inhibitory responses among men, other forms of pain inhibition may be
greater for women.

STRESS AND PAIN: AN INTRODUCTION

Considerable evidence indicates bidirectional interactions between stress
and pain. An acute injury serves as a prime example of this relationship.
As is well known, pain is vital to the survival of the organism. It serves as a
warning signal—signifying the presence of threat and enhancing motivation
toward elimination of the threat or dampening its effects to prevent further
injury. In the case of injury, and accompanying pain, the stress response is
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automatically activated, triggering a series of physiological events intended
to help the organism adapt to the stressor and reach a level of homeostatic
balance. Although this response system is adaptive, as it enables the body to
acclimate to various environmental and internal challenges—a process
known as allostasis (Logan & Barksdale, 2008), the continuous activation of
the stress response may increase health-related burden and facilitate
progression of chronic disease, including persistent pain (McEwen, 1998).
While a discussion of the stress response system is beyond the scope of this
chapter (see Chapter 2 for a more comprehensive review), the following
sections are directed toward discussing the dynamic relationship between
stress and pain.

RELATIONSHIP BETWEEN STRESS AND PAIN

It is not surprising that stress and pain are related, especially given that
multiple neuroendocrine, immune, and autonomic mediators play a role in
stress responsivity as well as neuromodulatory responses that regulate pain
(McEwen & Kalia, 2010). Chapman and colleagues postulate that chronic
pain may develop from dysregulation in endocrine, nervous, and immune
subsystems, a consequence that can lead to supersystem dysfunction. Given
the interactive nature of these systems, dysregulation in one subsystem
would give rise to deficits in another. Hence, the authors posit that tran-
sition from acute pain to chronic pain probably arises from maladaptive
changes within the supersystem, which can lead to systemic pathology and
dysregulation in facilitatory and inhibitory systems responsible for noci-
ceptive processing (Chapman, Tuckett, & Song, 2008).

Numerous animal and human studies have reported on the effects of
stress on both pain inhibition and suppression. If an organism is under threat
from a predator and becomes wounded, the peripheral and central nervous
system pathways that modulate pain expression are activated and facilitate a
set of responses to suppress the perception of pain. This is advantageous in
that it allows the organism to redirect its resources and mobilize energy
toward either escape or approach behavior. Conversely, energy directed
toward focus on the pain would not be beneficial as this would diminish
attention toward protection from the threat. This phenomenon, termed
SIA, is a reduced pain response believed to be mediated by descending
pain-inhibitory circuits and engaged by intense and highly arousing
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stressors (Butler & Finn, 2009; Rhudy & Meagher, 2000; Wagner et al.,
2013).

In contrast, stress can also enhance pain, which is commonly observed in
cases of mild and prolonged stressors (i.e., stress-induced hyperalgesia). For
example, in preclinical studies the same stressor that acutely invokes SIA
produces hyperalgesia with repeated exposure (Jennings, Okine, Roche,
& Finn, 2014). If we consider the systems perspective proposed by
Chapman and colleagues, persistent activation of the stress response will
probably lead to dysregulation in both pain-facilitatory and -inhibitory
processes and enhance vulnerability to chronic pain. Ample evidence im-
plicates persistent stress in pain and functioning in multiple chronic pain
conditions including fibromyalgia (FM), irritable bowel syndrome (IBS),
and temporomandibular disorder. Indeed, healthy individuals with higher
levels of overall perceived distress (as measured by psychological distress and
somatization) have been found to be two to nine times more likely to
develop widespread pain after a follow-up of 12 months (McBeth, Mac-
farlane, Benjamin, & Silman, 2001). Cathcart and Pritchard observed that
daily stress was a significant predictor of increased muscle tenderness and
reduced pressure pain thresholds in individuals with chronic tension-type
headache over a 2-week period (Cathcart & Pritchard, 2008). Further,
among patients with rheumatoid arthritis, Fifield and colleagues found that
on workdays with a higher degree of stressors, patients reported greater
midday pain (Fifield et al., 2004).

Pain is also typically conceived as a potent stressor. The stress associated
with chronic pain can lead to lower quality of life, increased disability,
occupational and economic hardship, and decrements in social well-being.
A number of studies have also reported on the presence of affective distress
in patients with chronic pain, with evidence suggesting that approximately
35% of individuals with chronic pain are affected by various psychiatric
disorders such as depression (Miller & Cano, 2009). Further, the risk of
depression is reported to increase when pain is of a diffuse nature (Lépine &
Briley, 2004). Because women tend to have a higher risk for chronic pain,
as well as stress-related disorders such as depression and anxiety, it has been
suggested that alterations in noradrenergic and hypothalamic—pituitary—
adrenal (HPA) axis activity may give rise to aberrations in opioidergic
functioning and serve as a mechanism underlying sex differences in pain
and stress.
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SEX DIFFERENCES IN NEUROENDOCRINE RESPONSES
TO STRESS

Sexually dimorphic responses in stress regulatory systems have been
implicated in the etiology of sex differences in pain. Although this chapter
primarily focuses on human models, research in animals has demonstrated a
relatively consistent pattern of responses, with female rodents exhibiting
higher basal levels of glucocorticoids and corticosterone, higher peak
amplitudes of corticosterone, and greater levels of adrenocorticotropic
hormone (ACTH) and corticosterone release in response to a stressor
(Bangasser & Valentino, 2012; Kudielka & Kirschbaum, 2005). The
picture appears to be more complex among humans, an effect probably
influenced by numerous factors including variability in the type of stressor
or experimental methodology, hormone status, psychiatric comorbidity,
demographic factors, and outcomes measured. While some studies have
reported no differences among males and females in both basal levels (Allen,
Lu, Tsao, Worthman, & Zeltzer, 2009) and reactivity (Kelly, Tyrka,
Anderson, Price, & Carpenter, 2008; Paris et al., 2010; van Stegeren, Wolf,
& Kindt, 2008) of stress-related hormones such as ACTH or corticosteroids,
others have established clear sex differences, with larger cortisol and ACTH
responses in men. For instance, men had higher cortisol reactivity to a
harassment stressor (Earle, Linden, & Weinberg, 1999), while the same was
observed in another study examining responsivity to a mental stressor (i.e.,
reaction time test and mental arithmetic) (Lovallo, Farag, Vincent, Thomas,
& Wilson, 2006). Interestingly, the latter study found that women had
greater cortisol responses after a standardized postexercise meal, suggesting
differences in metabolic functioning among men and women. In response
to a cold pain induction, Zimmer, Basler, Vedder, & Lautenbacher (2003)
found greater cortisol responses in men compared to women; however,
these effects differed according to the type of stressor. In a study by Stroud,
Salovey, & Epel (2002), men had higher cortisol reactivity in response to an
achievement-oriented task, while women had greater cortisol responses to a
social rejection task. The authors hypothesized that women’s greater
adrenocortical responses to interpersonal rejection may be a potential
mechanism underlying higher rates of aftective distress in this group.

Age also appears to be an important determinant of sex differences in
HPA response patterns. Allen and colleagues (Allen et al., 2009) found no
sex differences in cortisol reactivity to a cold pressor test in children aged
8-18. However, when the groups were compared separately, higher
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cortisol levels were associated with increased pressure tolerance among
boys, while greater cortisol reactivity was related to higher pain intensity
and unpleasantness in girls. Further, in a meta-analysis of sex and age eftects
on HPA reactivity, Otte and colleagues noted that older adults exhibited
large cortisol responses to psychosocial stressors, and these effects were
stronger in women (Otte, Hart, Neylan, & Marmar, 2005). In addition to
age influences, menstrual cycle and hormone status have been found to play
a role in HPA axis and adrenocortical reactivity. For example, Kirschbaum,
Kudielka, Gaab, Schommer, & Hellhammer (1999) assessed responsivity to
a psychosocial speech challenge in 81 healthy adults including women in
the luteal and follicular phases, women using oral contraceptives, and men.
While no sex differences emerged for total plasma cortisol, ACTH
responses were elevated in men compared to women in all groups.
However, women in the luteal phase and men had relatively comparable
salivary cortisol responses, whereas the other two groups had lower free
cortisol responses. Taken together, results from these studies suggest that
HPA axis response patterns appear to differ across males and females, but
multiple unmeasured factors have an impact on these responses, thus
contributing to the complexity of findings across studies.

THE RELATIONSHIP OF STRESS TO CHRONIC PAIN
PREVALENCE IN WOMEN

There is ample evidence reflecting the reciprocal relationship between
stress and pain. Stress can certainly worsen pain-related symptomatology
and individuals with chronic pain are at greater risk for increased sensitivity
to interpersonal and environmental stressors. As mentioned previously,
women have a higher predisposition for development of a number of
chronic pain conditions, including temporomandibular disorder, FM, IBS,
tension-type headache, interstitial cystitis, and chronic fatigue syndrome
(CES), and stress is reported to be a major contributor to the onset and
maintenance of these conditions.

Because of the link between stress and pain, several studies have
investigated alterations in HPA axis and sympathetic nervous system
functioning as a potential etiological factor in chronic pain. While higher
basal levels of cortisol (Chang et al., 2009) and noradrenaline (Posserud
et al., 2004) have been observed in IBS, others have found blunted levels of
cortisol (Bohmelt, Nater, Franke, Hellhammer, & Ehlert, 2005) and ACTH
(Chang et al., 2009) in this group. Upon the induction of a psychosocial
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stressor, patients with IBS have demonstrated higher levels of ACTH
(Posserud et al., 2004) and cortisol (Chang et al., 2009) or no differences in
norepinephrine, cortisol, or ACTH (Dickhaus et al., 2003).

Findings in patients with FM have been just as inconsistent, as there is
evidence of both hyper- and hypocortisolism in this group. In a meta-
analysis of 85 studies examining neuroendocrine activity in FM, IBS, and
CES, the authors found that while hypocortisolism was significantly
observed in CFS, there were no consistent abnormalities in functioning in
IBS or FM (Tak et al., 2011). However, it is important to note that multiple
factors may hinder consistency among studies. For example, in a sample of
patients with FM, Croftord and colleagues observed that approximately half
demonstrated heightened levels of cortisol in the evening hours, compared
with healthy subjects (Crofford et al., 2004). Further, in a study comparing
morning wakening cortisol responses in patients with FM and patients with
shoulder and neck pain (SNP), Riva and colleagues observed that women
with SNP had hypercortisolism, whereas patients with FM had hypo-
cortisolism, upon waking. The authors speculated that the hypercortisolism
observed in regional pain syndrome may be a preliminary step toward
development of hypocortisolism and subsequent widespread pain (Riva,
Mork, Westgaard, & Lundberg, 2012). Overall, results suggest that dysre-
gulation in HPA axis and sympathetic-adrenal-medullary axis activity may
play an important role in the development and/or persistence of chronic
pain, but a number of factors such as the salience of the stressor and the
timing of biomarker collection could influence results.

SEX DIFFERENCES IN SIA

Depending on the nature of the stimulus, stress can induce a hypoalgesic
effect and dampen the perception of pain. A number of preclinical studies
have reported on sex differences in SIA, with several noting greater SIA in
males than in females (Butler & Finn, 2009; Craft, 2003). Moreover,
qualitative sex differences in SIA have been reported, as analgesia
induced by forced swim stress was reversed by either opioid or N-
methyl-D-aspartate blockade in male but not female animals (Mogil,
Sternberg, Kest, Marek, & Liebeskind, 1993). Results from human
studies vary, with some finding no sex differences, whereas others note
greater SIA in females. For example, no sex differences in SIA were
observed in response to a speech induction (al’Absi & Petersen, 2003) or
an argument stressor (Bragdon et al., 2002). In contrast, Rhudy and
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Meagher found that when using radiant heat as a test stimulus and acoustic
startle as the stressor, women exhibited greater SIA (as evidenced by greater
heat pain thresholds), while the opposite effect was observed in men
(Rhudy & Meagher, 2001). Sternberg et al. found that after a period of
treadmill running, women demonstrated greater SIA during a cold
pressor test; however, in the same study, men showed greater analgesia
after a video game competition (Sternberg, Boka, Kas, Alboyadjia, &
Gracely, 2001). Interestingly, there were no sex differences across these
two stress conditions using radiant heat as the pain stimulus. Overall, the
characteristics of the stressor and the nature of the pain being assessed
likely dictate the presence of sex differences in SIA.

MECHANISMS UNDERLYING SEX DIFFERENCES IN PAIN

Multiple biological and psychosocial variables contribute to sex differences
in pain. In addition to differences in stress regulatory systems, male—female
differences in central nervous system processing of pain-related information
could contribute to the observed sex differences in clinical and experi-
mental pain responses. Several studies of brain imaging have examined sex
differences in pain-induced cerebral activation. Overall, these studies show
some sex differences in pain-related brain activation, but there is also
substantial overlap in pain-evoked brain activity between females and males
(Fillingim et al., 2009). More recently, sex differences in functional and
structural connectivity in pain-related networks have been reported, with
women showing greater connectivity of descending pain modulatory sys-
tems, while men showed greater connectivity in salience and attention
networks (Wang, Erpelding, & Davis, 2014). Also, studies in females and
males with migraine and abdominal pain have revealed sex differences in
functional and structural connectivity (Hong et al., 2014; Jiang et al., 2013;
Maleki et al., 2012). Overall, these studies suggest that differences in brain
structure and function between females and males may contribute to dif-
ferences in the experience of pain; however, additional studies are needed
to further characterize the influence of pain-related brain activity on sex
differences in pain.

Reproductive hormones represent another potentially important factor
contributing to sex differences in pain. For example, menstrual cycle
influences on clinical and experimental pain responses have been
demonstrated (Fillingim et al., 2009; Hassan, Muere, & Einstein, 2014).
Considerable evidence indicates that estrogens affect pain responses in a
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complex fashion, as both pain-facilitatory and pain-inhibitory eftects of
estrogens have been reported. For example, use of hormone replacement
among postmenopausal women has been associated with increased risk for
clinical pain and enhanced experimental pain sensitivity. In contrast,
exogenous administration of estrogen reduced muscle pain sensitivity and
enhanced pain-related brain p-opioid receptor binding in healthy women,
suggesting that estrogen enhances endogenous opioid-mediated pain in-
hibition. Also, testosterone has been associated with reduced pain sensi-
tivity (Bartley et al., 2015; Cairns & Gazerani, 2009). Thus, while gonadal
hormones influence pain responses, the magnitude and direction of these
effects remain unclear, and the precise biological mechanisms whereby sex
hormones influence pain responses remain unknown.

Genetic factors may also contribute to sex differences in pain. The
catechol-O-methyl-transterase gene (COMT), which represents the most
widely studied gene in the pain field, has been associated with pain in a sex-
dependent fashion (Belfer et al., 2013). Specifically, a haplotype coding for
low COMT activity was associated with increased capsaicin-induced pain
among women but not men. Another commonly studied pain gene is the
p-opioid receptor gene (OPRMT1). The OPRM1 A118G single-nucleotide
polymorphism (SNP) has been associated with pain in several studies, such
that the minor (G) allele is associated with reduced pain sensitivity
(Fillingim, Wallace, Herbstman, Ribeiro-Dasilva, & Staud, 2008). The
minor (G) allele of this SNP was associated with pressure pain sensitivity,
marginally more strongly in males than in females, and a gene-by-sex
interaction emerged for thermal pain sensitivity, such that the minor
allele predicted lower thermal pain sensitivity in males but higher thermal
pain sensitivity in females (Fillingim et al., 2005). A similar pattern of results
emerged in a clinical study, in which the G allele predicted lower pain and
disability scores 12 months after lumbar disc herniation in males, while
females with the G allele showed greater pain and disability at follow-up
(Olsen et al., 2012).

A translational study demonstrated that both sex and genotype can
interact with stress to influence pain responses. Mogil et al. (2011) examined
the association of the vasopressin receptor (AIVPR1A) with capsaicin-
induced pain. An SNP of AVPR1A was associated with capsaicin pain,
but only among males who reported high levels of stress at the time of
testing, which corroborated the findings observed in mice (Mogil et al.,
2011). These results were further supported by findings that high stress
predicted poorer desmopressin (a synthetic AVPR 1A agonist) analgesia only
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among men with this AIVPR1A genotype. These findings suggest that
vasopressin activates endogenous analgesic mechanisms, except when they
have already been activated by stress, as in males with high functioning of the
AVPR1A receptor. This genotype-by-sex-by-stress interaction indicates the
complexity of biopsychosocial influences on pain.

In addition to biological processes, multiple psychosocial factors
contribute to sex differences in pain. For example, stereotypic gender roles
appear to be associated with experimental pain responses, as women are
more willing to report pain, which has been associated with sex differences
in experimental pain responses. Pain coping may also play a role in sex
differences in pain. Women report higher levels of pain catastrophizing,
which can contribute to sex differences in clinical and experimental pain
responses. Additional pain-related psychosocial processes that may
contribute to sex differences in pain include negative mood, including
depression and anxiety; more detailed discussions of psychosocial contri-
butions to sex differences in pain can be found elsewhere (Fillingim et al.,
2009; Racine et al., 2012b).

CONCLUSIONS

In laboratory settings, mounting evidence supports differences between men
and women with respect to responsivity to painful experimental stimuli,
with women reporting lower pain thresholds and tolerances, higher ratings
of pain, greater pain facilitation, and lower pain inhibition, compared to
men. Similarly, chronic pain prevalence is higher among women. However,
the magnitude of these differences varies by pain location, age, and study.

Multiple biopsychosocial mechanisms are likely to contribute to sex
differences in pain, including variation in brain structure and function, sex
hormones, genetic factors, gender roles, and pain-related coping. Stress has
been identified as a potential precipitant of chronic pain, and several in-
vestigations support the role that stress-related triggers have on the onset
and maintenance of persistent pain. When stressors are prolonged, this may
confer risk for chronic pain by enhancing dysregulation in peripheral and
central nervous system processing and reducing the capacity for recovery
and adaptation. We propose a model that aligns with the systems
perspective paradigm proposed by Chapman et al. (2008), but considers the
role of sex differences on various levels of this system. We postulate that
upon the induction of a stressor (e.g., physical, psychological, social), su-
persystem dysregulation may be facilitated by sexually dimorphic
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differences in coping, as well as male—female differences in neural, endo-
crine, and immune system functioning. Through persistent activation of the
stress response, allostatic load is initiated, which may prompt vulnerability
to chronic pain among women (see Figure 2). Hence, given the prevalence
of chronic pain in women, the extent to which stress has meaningful
implications for susceptibility to pain may be an important consideration
for understanding and eliminating sex-related disparities in chronic pain.
Ultimately, treatment for chronic pain may benefit from taking a systems-
based approach and considering the multiple interactive factors (both
psychosocial and biological) that influence health and human functioning
and the dynamic role that stress plays in these functions.
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Figure 2 Hypothetical role of sex differences in stress and pain. In this model,
physical, psychological, and social stressors activate stress regulatory systems at the
nervous, endocrine, and immune system levels. Persistent activation of stressors leads
to supersystem dysregulation and generates an allostatic load response. This facilitates
aberrations in facilitatory and inhibitory functions in peripheral and central nervous
system processing, an effect that may reduce recovery capacity and enhance risk for
development and maintenance of chronic pain. In turn, persistent pain serves as a
powerful stressor, which could ultimately perpetuate a pain—stress cycle. It is proposed
that sex differences exist at multiple levels of this model. Sex differences in
stress-related coping (A) may give rise to supersystem dysfunction and enhance sex
differences in stress regulatory systems (B). As a result, dysregulation among nervous,
endocrine, and immune systems prompts allostatic load and increases risk for chronic
pain among women (C).
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INTRODUCTION

Beyond the biological and physiological processes there are many other
psychological, behavioral, and sociodemographic factors that directly and
indirectly contribute to maintaining health or causing dysregulation leading
to disease states. Indeed, the biopsychosocial model of health and disease
states that the causes of disease, and its treatment, can be found among
biological, psychological, and environmental factors, not just the biological
factors. Such conceptual framework provides explanation to account for
processes that impact health and are beyond what can be explained using
the traditional biomedical model. For example, an essential distinction of
the biopsychosocial model is its accommodation of the hypothesis that the
state of the brain or mind has consequences on a person’s physical health.
This may sound obvious to many, as the public media and the alternative
medicine industry occasionally make this claim. However, generating sci-
entific evidence that the brain can reduce or increase physical symptoms
with consequences for health has only recently gained momentum. In this
article the evidence that the state of the brain can reduce or increase pain
and pain-related biological responses will be reviewed. This will be un-
dertaken in the context of discussing placebo, its nature, and its impact on
pain and related symptoms.

Pain is often variable across time, and to ascertain that alleviation of pain
is due to the actual treatment, at least three elements must be considered.
First, it is the cure itself, the drug or other treatments, that reduces the
symptom. Additionally, many diseases or symptoms vary in intensity or
severity across time, termed the natural history of the disease. So, second,
periods of intense pain may be followed by periods without or with less pain.
The third factor, which is the topic of this chapter, is that the expectations
the patient has about the treatment may reduce, or under some circum-
stances increase, pain or other symptoms (Colloca, Flaten, & Meissner,
2013).
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EXPECTATIONS

After the ingestion of a painkiller one expects that pain will be reduced. This
expectation of improvement is of course the reason people seek treatment.
Whether this expectation has consequences for the symptom is the question
dealt with in this chapter. Expectations are beliefs that some event will occur
in the future, and response expectations (Kirsch, 1999) are expectations of
how one automatically will react to certain events, for example, the intake
of a painkiller. It is hypothesized that response expectations can generate
autonomic reactions. Expectations are difficult to study, and we know more
about the effects of expectations than about them, but there are at least two
important dimensions of expectations that should be described here: one is
the confidence that the response will occur, that is, how sure the patient is
that the painkiller will reduce pain. The other dimension is the magnitude of
the response, that is, how much the painkiller will reduce the pain
(Bjorkedal & Flaten, 2011; Flaten, 2014).

Expectations are often conceptualized as controlling a top-down system,
in which cognitions and emotions modulate sensory input to the brain or
may modulate the representation of sensory input in the brain. Expectations
thus partly control how we react to events. Stress is one way of reacting to
situations perceived as emotionally negative and uncontrollable, and stress
has been linked to a number of symptoms. Consequently, cognitions and
emotions may affect our health by changing our perceptions and, thereby,
decrease or even increase stress.

PLACEBO ANALGESIA

Since the late twentieth century, studies have attempted to examine
experimentally the nature of the placebo effect and to identify its psy-
chological, cognitive, and neurobiological mechanisms. One example is a
study by Levine and Gordon (1984) that examined how expectations can
reduce pain, termed placebo analgesia. Postoperative pain was studied in
dental patients who had their third molars extracted under local anes-
thesia. Without subsequent treatment, postoperative pain will increase for
at least 4 h after the operation (Levine, Gordon, & Fields, 1978). Levine
and Gordon (1984), however, used a natural history control group that,
instead of an analgesic drug, received intravenous infusions of saline,
controlled by a pump that gave no cues to the patient that the infusion
was being performed. The procedure was performed so that the natural
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history group received the same amount of saline as an “open infusion”
group. In that group, saline was administered by a person sitting at the
patient’s bedside; the patient was told that a powerful painkiller was being
administered. The only difference between the natural history group and
the open infusion group was that the latter group was told it was getting
an infusion that could reduce the pain, whereas the natural history group
did not receive this information. The result was a decrease in reported
pain in the open infusion group compared to the natural history group of
about 1.5 cm on a 10 cm scale. As the only difference between the groups
was the information they had received about the pain treatment, the
reduced pain report in the open infusion group must have been due to
the expectation of reduced pain in this group, and the reduced pain was
then a placebo analgesic response. Another group received an open
infusion of naloxone, that is, they were led to believe that they received a
painkiller but actually received an opioid antagonist. This group displayed
a smaller reduction in pain than the first open infusion group, indicating
that the placebo analgesic response was mediated by endogenous opioid
activity.

THE NEUROBIOLOGICAL BASIS OF PLACEBO ANALGESIA

One of the findings that has been replicated in multiple studies is that
placebo-induced analgesia is mediated by the endogenous opioid pathway.
This has been demonstrated, for example, by the finding in multiple
studies that naloxone reduces placebo analgesic responses (reviewed
in Carlino, Pollo, & Benedetti, 2011; Meissner et al., 2011). Adminis-
tration of naloxone is indirect evidence that endorphins are involved in
placebo analgesia. Lipman et al. (1990) showed increased B-endorphin
sampled from cerebrospinal fluid in chronic pain patients after intrathecal
saline, but only in the patients showing a placebo analgesic response. In
patients not showing a placebo response, no change in B-endorphin was
observed.

It should be noted that while the observation that naloxone reverses, at
least partially, the placebo response was found in multiple studies (Grevert,
Albert, & Goldstein, 1983), some studies did not provide such evidence,
suggesting a different pathway mediating placebo analgesia. Vase, Robinson,
Verne, and Price (2005) showed large placebo analgesic responses in patients
with irritable bowel syndrome, but naloxone did not reduce the placebo
response. Amanzio and Benedetti (1999) showed that the way in which
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expectations were induced determined whether the placebo response was
naloxone-reversible or not. They found placebo analgesia induced by verbal
information to be completely antagonized by naloxone. However, placebo
analgesia induced via classical conditioning was naloxone-reversible only if
the subjects had experienced that morphine reduced pain. If the subjects had
been exposed to a nonopioid painkiller, on the other hand, subsequent
placebo analgesic response was not reduced by naloxone. These observations
clearly suggest some heterogeneity in the eftect of placebo, possibly due to
individual differences, conditions, and methodological applications of the
placebo manipulation. This issue is further illustrated next.

One central issue has been the role of endorphins and their antagonism
by naloxone in experimental and clinical pain. As reviewed in ter Riet, de
Craen, de Boer, and Kessels (1998) most studies on experimental pain
have shown that naloxone does not increase pain ratings, indicating that
painful stimulation does not elicit endorphin release. This is a critical point
when interpreting the finding that naloxone reverses placebo analgesia: if
naloxone increased pain, then this would indicate that what seemed like
antagonism of a placebo analgesic response would be due to antagonism of
pain-elicited (and not placebo-elicited) endorphin release. Thus, it is
crucial that naloxone can be shown to not affect pain in this type of
experiment.

Studies on clinical pain, on the other hand, have shown that naloxone
administration can increase pain levels. This complicates the interpretation
of naloxone-induced reduction in placebo analgesia. Therefore, other
methods have also been employed to investigate the neurobiological
mechanisms underlying placebo analgesia. Benedetti et al. (1998) recorded
respiration under the influence of a placebo, as one effect of opioids is
respiratory depression. It was hypothesized that a placebo respiratory
depressant response should be correlated with a placebo analgesic response,
and a placebo depressant response was indeed observed, which is indirect
evidence that placebo analgesia is mediated by endorphin release.

One objective way of assessing whether placebo analgesia is a psycho-
biological process is by recordings of electroencephalographic responses to
painful stimuli. Experimentally induced pain stimuli with abrupt onset
generate event-related or evoked potentials that can be detected in the
electroencephalogram (Apkarian, Bushnell, Treede, & Zubieta, 2005;
Granovsky, Granot, Nir, & Yarnitsky, 2008). The event-related potentials
(ERPs) reflect cortical activity in response to pain stimulation. The potentials
are highly correlated with pain report (Granovsky et al., 2008). Since
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placebo analgesic responses are hypothesized to reflect reduced pain expe-
rience, not just pain report, placebo analgesia should be associated with
reduced evoked potentials in response to pain stimuli. Such findings would
support the idea that placebo analgesia is mediated by endogenous opioid
descending inhibition leading to attenuated pain signal to the brain.

The role of the descending inhibition of pain transmission has been
demonstrated in other studies. Watson, El-Deredy, Vogt, and Jones (2007)
found that experimentally induced pain to the arm elicited cortical activity
that was reduced by application of placebo cream. A placebo analgesic
response was also seen in pain report. Wager, Matre, and Casey (20006)
found smaller pain-elicited potentials in a placebo condition compared to a
natural history condition, but only for the first half of the stimulations. In
the second half of the experiment, no difference was found between the
conditions, possibly owing to habituation to the painful stimulation.
Aslaksen, Bystad, Vambheim, and Flaten (2011) as well found reduced
ERPs in response to painful stimulation under the influence of a placebo.
Together, these studies support the hypothesis that placebo analgesia is
due to reduced pain signals to the brain.

Another illustration of this central modulation has been demonstrated by
information manipulation. Goffaux, Redmond, Rainville, and Marchand
(2007) told one group of subjects that the application of the second
stimulus would decrease their pain, while another group was told that the
second painful stimulus would increase pain. Pain ratings were reduced or
increased according to the direction of the information, and pain-elicited
reflexes, measured by electromyographic responses from the stimulated
leg, were also changed according to the information. Moreover, ERPs
recorded at about 200 ms and later showed large differences between the
groups, with smaller potentials in the group that expected the second
painful stimulus to reduce the pain. This study has been replicated
(Bjorkedal & Flaten, 2012) and provides evidence that expectations can
reduce pain signals to the brain, since both the pain-reflex and the ERPs
were reduced by information that a second noxious stimulus would
reduce pain.

In addition to data collected using surface and peripheral measures, there
is also evidence from brain imaging studies that the placebo analgesic effect
is partly due to activation of a descending pain modulatory pathway.
Eippert, Finsterbusch, Bingel, and Buchel (2009) showed that pain-elicited
activity in the spinal cord, in the segment in which the relevant pain
pathway synapses with second-order neurons transmitting the pain signal to



104 The Neuroscience of Pain, Stress, and Emotion

the brain, was reduced under the influence of a placebo. This fits well with
another finding by Eippert et al. (2009), in which administration of
naloxone reduced reported placebo analgesia and reduced neural responses
in pain-related areas of the brain, including the thalamus, the insula, and the
rostral anterior cingulate cortex. Naloxone was also found to modulate
placebo-induced responses in important structures of a descending pain
control system that involves the periaqueductal gray and the rostral
ventromedial medulla. This descending system can inhibit, or under some
circumstances increase, pain. Furthermore, naloxone abolished placebo-
induced coupling between the rostral anterior cingulate cortex and the
periaqueductal gray, which predicted neural and behavioral placebo effects,
and activation of the rostral ventral medulla, a key part of the descending
system that mediates pain modulation. Wager et al. (2004) reported that the
prefrontal cortex was activated after administration of the placebo, but
before administration of the painful stimulus. This activation fits well with
the idea that expectations associated with cortical activity controlled activity
in the pain-modulatory network that involved the periaqueductal gray.
Exactly how expectations can control the descending system is still un-
known, however.

In summary, reported studies, including those using brain imaging,
support the hypothesis that placebo analgesia is due to activation of a top-
down system, involving prefrontal cortical areas that control a pain-
modulatory system that involves opioid mechanisms. However, other
mechanisms are probably involved and an interactive influence may also
produce different patterns of placebo effects in different populations.
Indeed, some studies have shown that placebo analgesia may be opioid-
independent, while other studies indicate that these effects are found in
certain groups and are influenced by the nature of the placebo manipula-
tion. Defining these different patterns of placebo-related activation and
outcome should enhance our understanding of this process and how it
could influence pain perception.

SOCIAL FACTORS AND PLACEBO MODULATION OF PAIN

It has been long recognized that social factors influence pain perception.
Aslaksen, Myrbakk, Hoeifedt, and Flaten (2007) had male and female exper-
imenters induce pain in and record pain from male and female students. They
showed that male participants reported lower pain to female experimenters,
compared to male participants who reported pain to male experimenters.
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Figure 1 Pain intensity reported by male and female subjects tested by male and
female experimenters. Pain intensity is reported on 100 mm visual analogue scales.
Vertical bars are 1 standard error of the mean. (Reprinted from Aslaksen et al. (2007)
with kind permission of the publisher.)

The pain reported to the female experimenters was almost 50% lower than the
pain reported to the male experimenters (Figure 1). Interestingly, the auto-
nomic response to painful stimulation, indexed by heart rate variability, which
assesses the balance between sympathetic and parasympathetic activity, was
similar in both sexes. Hence, the female experimenter seems to have induced a
bias in the male participants to report less pain, whereas the experience of pain,
indexed by the physiological reaction, may have been the same for both sexes.
Such a response bias constitutes a serious threat to pain measurement
reliability. It could also play a role in placebo analgesia.

The issue of reporting has been identified as a possible reason for the
placebo effect. This issue can be addressed using methods of assessment that
are informed by a more robust theoretical frame of reference. In the context
of placebo, Allan and Siegel 2002 suggested that placebo responses can be
explained by signal detection theory. Thus, pain report can be modulated by
the consequences of reporting that pain was reduced or not. After pain
medication has been administered, there will be an expectation in the patient
and the health personnel that pain should be lower. Furthermore, saying that
pain is not alleviated could have undesired consequences for the patient: it
may seem like the patient is questioning the physician’s credibility, or the
patient may be classified as difficult. Thus, administration of pain medication
may induce a bias toward reporting lower pain, which can lead to reports of
lower pain in the absence of the actual experience of lower pain.
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This response bias can be mitigated by using more objective measures,
including physiological correlates of pain. ERPs refer to components that
can be extracted from the electroencephalogram recorded at the time of
painful stimulation (Granovsky et al., 2008). The painful stimulations
give rise to components that are correlated with reported pain. To that
end, some studies (Aslaksen et al., 2011; Wager et al., 2006; Watson
et al., 2007) have shown that these components are reduced under placebo
analgesia. These observations are important for at least two reasons: the
smaller ERPs are an indication that the cortical response to the painful
stimuli is reduced and that placebo analgesia is due to neurobiological
processes that reduce transmission of the pain signal before it reaches the
brain. Hence, reduced ERPs are evidence that placebo analgesia is not
entirely due to response bias, although response bias probably explains a part
of the placebo eftect.

Other studies that have used functional magnetic resonance imaging and
positron emission tomography have as well found reduced activity in brain
areas involved in pain processing, further supporting that placebo analgesia
is caused by processes that reduce pain in the brain (Wager et al., 2004,
Wager, Scott, Zubieta, 2007).

The roles of social factors have been illustrated in various studies both
clinically and experimentally, and several studies in humans and rodents
suggest that the social environment can modulate pain (e.g., Aslaksen et al.,
2007; Loggia, Mogil, & Bushnell, 2008; Langford et al., 2006). The concept
of empathy is of central importance, as empathy means that you can take
the viewpoint of another person and, by doing this, experience some of the
same sensations as the observed person. In an experimental study, Loggia
et al. (2008) made participants first like or dislike another person, before
that person and the participant were exposed to painful stimuli. Participants
who watched a person they liked receive painful stimuli reported more pain
themselves, compared to participants who watched a person they did not
like receive painful stimulation. These findings were extended by positive
correlations between empathy and pain ratings, suggesting that higher pain
scores were related to empathy.

Animal studies using rodents have obtained comparable results. Langford
et al. (2006) observed a similar phenomenon in rodents, as they reported that
mice exposed to cage mates displayed higher pain sensitivity compared to the
same mice exposed to other mice they had never met before. When mice
observed a cage mate in pain, pain sensitivity in a different modality was
increased, indicating that nociceptive mechanisms in general were sensitized.
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In summary, while pain does have physiological and biological signa-
tures peripherally and centrally, it can be directly modulated by descending
inhibitory and excitatory inputs. These findings show that the social
environment can modulate pain and pain report. Thus, the studies show
that the social environment can modulate physiological processes. This in
turn suggests that the social environment can affect physical health.

ONE OR MULTIPLE PLACEBO EFFECTS?

The placebo eftect is due to the expectation that one has received active
and effective treatment for a symptom or disease. Expectations are thus a
common factor for all types of treatment, whether it be treatment against
pain, Parkinson disease, heart failure, or other diseases. The question is
whether different expectations generate different reactions in different
diseases. Expectations of analgesia are different from expectations that
treatment should reduce the symptoms in Parkinson disease. Do these two
expectations generate different physiological reactions?

There are varying views on the placebo response. One is the view that
the mind controls the body in specific ways and that specific expectations
have specific effects. Thus, an expectation that a pain-relieving cream is
applied to one hand should have an eftect on that hand and not at other
extremities. This indeed was what Benedetti, Arduino, and Amanzio
(1999) and Montgomery and Kirsch (1997) found in separate studies.
A placebo analgesic response that was specific to one part of the body and
not to other parts could be viewed as supporting the hypothesis that
expectations have specific effects on some organs or response systems, and
not others.

Watson, El-Deredy, Bentley, Vogt, and Jones (2006) used a procedure
similar to Benedetti et al. (1999), with placebo cream applied to one arm and
not the other, and with pain stimulation to both arms. The results were that
one-third of the participants responded with a specific placebo response,
that is, placebo analgesia was observed in the arm on which the placebo
cream was applied, but not in the arm without the placebo cream. How-
ever, one-third of the participants displayed placebo responses in both arms.
These findings are consistent with the conclusion that placebo response is a
general psychophysiological reaction that affects multiple response systems.
However, the results could also indicate that the descending pain-
modulatory system is more specific in some individuals, which should be
evident in more specific placebo responses in those participants.
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The view presented here is that a general psychophysiological mechanism
involved in stress and homeostatic regulation participates in shaping, directly
and indirectly, the placebo response. Indeed the placebo response is seen as a
regulation of psychophysiological processes, including pain. This view is
supported by the outcome (both physiological and behavioral) observed in
response to various types of treatments. As indicated by several authors
(Aslaksen & Flaten, 2008, Aslaksen et al., 2011; Flaten et al., 1997; Petersen
etal.,2012; Scott et al., 2007), receiving information that a painkiller has been
administered reduces stress and negative emotions, which can improve
several symptoms. Pain, for example, is often increased by negative emotions
such as anxiety and tension, and a reduction in anxiety reduces pain. Thus,
changes in general psychophysiological processes such as stress and anxiety
may produce the results termed placebo effect. Several studies have shown
that placebos can change the level of general arousal, supporting the idea that
at least part of the placebo effect is a general process related to arousal and
possibly homeostatic mechanisms (Flaten, 1998; Flaten, 2010; Flaten &
Blumenthal, 1999; Flaten, Asli, & Blumenthal, 2003) that can be recorded by
psychophysiological methods (Flaten, 1993).

EMOTIONAL VALENCE AND AROUSAL MODULATE PAIN

Emotional valence refers to the content of the emotion, that is, basically
whether the emotion is positive or negative. The context in which pain is
experienced can modulate the unpleasantness of pain. Situations that induce
negative emotions often increase pain, whereas situations that generate
positive emotions often reduce pain. Thus, one way in which placebos may
act is by reducing negative emotions or increasing positive emotions and
thereby reducing pain via emotional modulation.

Several experiments have shown that negative emotional valence in-
creases pain, and positive emotions decrease pain (Rhudy et al., 2008). In
such studies, emotions were manipulated using photos from the Interna-
tional Affective Picture System, and pain was induced after offset of the
pictures to control for the confounding effect of attention to the pictures.
Rhudy et al. (2008) found that pain report, as well as the nociceptive
flexion reflex and skin conductance responses, decreased as positive
emotional valence increased. The effect is not large, but is reliable.

The relationship between pain and emotional valence suggests that
emotional arousal could be important for pain modulation, since highly
positive and highly negative emotions are associated with larger arousal.
When arousal and valence are both at high levels, as in severe stress, pain is
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reduced, termed stress-induced analgesia. Flor and colleagues have shown
that conditioned stress, induced by presenting a conditioned stimulus that
had been paired with a difficult task and a distracter, reduced pain, and this
was mediated via opioid mechanisms (Flor & Grusser, 1999). Thus, the
relationship between emotional valence and/or arousal to pain seems to
hold for positive emotions and moderately intense negative emotions, but
not for intense negative emotions.

THE ROLE OF EMOTIONS IN PLACEBO RESPONDING

Administration of treatment for pain alleviates negative emotions, which
reduces pain and initiates a negative feedback loop (Flaten, Aslaksen, Finset,
Simonsen, & Johansen, 2006; Price et al., 1999). Aslaksen and Flaten (2008)
(Figure 2) administered experimental painful heat stimuli before and after
administration of capsules containing corn starch, that is, placebos, with
information that the capsules contained a powerful painkiller. In the natural
history control condition, the participants received the painful stimulation
but no capsules and no information. Placebo analgesia was observed in the
lower pain report when participants received information that a painkiller
had been administered. Reported stress correlated with the placebo anal-
gesic response, so stress reduction due to the placebo effect was associated
with reduction in pain. Heart rate varability is a commonly used index of
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Figure 2 Left panel: Reported pain intensity before and after administration of a
placebo in the placebo condition. In the control condition, pain was administered five
times to control for the natural history of pain, but no information and no capsules were
administered. The placebo analgesic response is the difference between the conditions
in pain tests 1-4. Right panel: Reported stress levels before and after administration of a
placebo in the placebo condition. In the natural history control condition, pain was
applied without any treatment or suggestion of treatment. (Reprinted from Aslaksen
and Flaten (2008) with kind permission from the publisher.)

0 pre



110 The Neuroscience of Pain, Stress, and Emotion

sympathetic and parasympathetic influences on heart rate, and this measure
provided more objective stress data, and there was lower sympathetic
activation to painful stimulation after administration of a placebo. The same
result has also been reported by Pollo, Vighetti, Rainero, and Benedetti
(2003). Thus, placebo analgesia was correlated with reduced stress and
negative emotions, suggesting the possibility that stress-reduction properties
may mediate placebo effects.

The study by Aslaksen and Flaten (2008) could not establish the di-
rection of causality between stress and pain. It could not be determined
whether the reduced stress led to reduction in pain, or vice versa. To
investigate the causal relation between perceived stress and placebo effects,
stress should be recorded in the absence of pain. Aslaksen et al. (2011) did
just this, and recorded stress in the absence of pain, to observe whether
information that a painkiller was administered reduced stress. Experimental
heat pain was presented before and after administration of a placebo with
information that it was a powerful painkiller. The placebo reduced stress in
two measurements after placebo, about 10 and 25 min after placebo
administration, and the reduced stress explained 17% and 26% of the
variance in the placebo analgesic response at these two time points.
Nevertheless, the hypothesized stress-reduction properties of placebo and
its mediating effect on pain warrant further research.

Scott et al. (2007) found that administration of a placebo reduced pain as
well as negative affect. The lower negative affect was observed after placebo
administration, but prior to pain administration, so the reduced negative
emotions were not confounded with the reduction in pain. Thus, placebo
reduced negative emotions prior to and independent of the subsequent
reduction in pain, which indicates a causal link from reduced negative affect
to lower pain. Another result in Scott et al. (2007) was that positive
emotions increased after administration of placebo. These findings are in
agreement with Vase et al. (2005), who recorded emotions in the absence
of pain, as Scott et al. (2007) and Aslaksen et al. (2011) did. Vase et al.
(2005) first presented phasic painful stimuli for an extended period of
20 min, and after this phase of the study expectations of pain levels and
anxiety were recorded in the absence of painful stimuli. Subsequently, a
second phase in which painful stimulation was presented for 20 min was
carried out. It was shown that expected pain levels, desire for pain relief,
and anxiety together accounted for 58% of the placebo eftect in the second
phase of the experiment. However, the reduction in expected pain was the
only unique predictor of placebo analgesic response. These findings were
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replicated clinically by Petersen et al. (2012), who exposed patients with
postoperative pain to a placebo such that the patients with postoperative
pain received open or hidden administrations of lidocaine, a topical anal-
gesic. The placebo reduced the area of hyperalgesia, and the placebo effect
was correlated with reduced negative aftfect.

A definitive test of the hypothesis that placebo analgesia is reduced by
high negative emotions can be performed by inducing negative emotions to
investigate whether these emotions reduce placebo analgesia. Lyby, Asli,
Forsberg, and Flaten (2012) did exactly this. They induced negative
emotions by instructing healthy subjects that an electric shock would be
administered to the fingers during a period of about 10 min. Startle eye-
blink reflexes were elicited as a physiological measure of negative emotions,
as the startle reflex is increased by negative emotions. The results showed
that the placebo effect was abolished by the induced fear and was most
pronounced in subjects who were highest in measures of fear of pain. Fear
of painful stimulation is high in some individuals, and these individuals
show more signs of stress and negative emotions when pain is impending.
Administration of the placebo resulted in a reduction in startle eyeblink
reflex amplitude. However, this effect was abolished by the negative
emotions induced by telling subjects they would get an electric shock, and
the reduction in placebo analgesia was strongest among subjects high in fear
of pain. Thus, the fear completely abolished the placebo analgesia, espe-
cially in subjects who had high scores on measures of fear (Figure 3).

Taken together, these findings suggest that a placebo reduces stress and
negative emotions. These reductions possibly mediate the pain-attenuating
effects of placebo, that is, placebo analgesia. Conversely, increased stress
reduces or abolishes placebo analgesia.

INDIVIDUAL DIFFERENCES IN PLACEBO
ANALGESIC RESPONSES

As discussed above, it has been shown that emotions modulate pain, and this
observation is important in understanding why there are individual differ-
ences in placebo responses. Individual differences in personality traits or
other stable characteristics of individuals are problematic for methodological
reasons. Causal inference cannot be made from findings of correlations
between placebo analgesic responding and personality measures. However,
the observation that a particular trait may be associated with an increase or
decrease in placebo analgesia can be translated into an experimental test
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Figure 3 Condition-by-test interactions in the startle reflex (A) and in reported pain
intensity (B). Vertical bars denote +1 standard error of the mean. Negative numbers
indicate a reduction in pain or startle reflex compared to the pretest, whereas positive
numbers indicate an increase in response compared to the pretest. NH, natural history;
P, placebo; PF, placebo + fear. Startle reflex data show fear potentiated startle in the
PF condition, in which the participants expected a shock to the fingers. The pain in-
tensity data show that the induced fear abolished the placebo analgesia. (Reprinted
from Lyby et al. (2012) with kind permission from the publisher.)

of this hypothesis (e.g., Lyby et al., 2012). To examine individual difter-
ences in placebo effects, all subjects are usually exposed to both the placebo
and the natural history conditions in order to compute a placebo response
for each individual that can be correlated with measures of individual
differences, such as a personality test. Within-subject designs must therefore
be employed. Such designs may induce variability due to the order of the
conditions, as the subjects often are more nervous at the beginning of
the first session, and pain may be higher in that session. This may reduce
the placebo response. Thus, the placebo response can be underestimated
in subjects when the placebo session is run before the natural history
session.

A few studies have examined the extent to which a trait measure of
emotions can affect placebo analgesia. Lyby, Aslaksen, and Flaten (2010,
2011) showed that high fear of pain, a trait measure of how fearful in-
dividuals are of painful stimulation, reduced placebo analgesia. Further-
more, individuals high in fear of pain reacted with increased stress when
anticipating painful stimulation and they reported increased pain. In sum,
these findings suggest that increased levels of stress or negative emotions
reduce placebo analgesic responding. This is most pronounced in subjects
high in fear of pain, as they react with increased fear and nervousness in the
anticipation of pain.
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IMPLICATIONS FOR TREATMENT OF PAIN

The studies presented in this chapter show that information that effective
treatment has been administered can reduce stress and other negative
emotions. This may in turn contribute to reduction of pain perception. The
extent to which induction of positive emotion is also involved in the
placebo effect has been investigated less, however. Thus, modulation of
emotions is one mechanism that mediates the placebo response.

This has implications for treatment of pain and possibly other symp-
toms. When the health personnel providing treatment manages to reduce
stress and other negative emotions, the treatment has more of an effect.
This is shown by, for example, Petersen et al. (2012): when pharmaco-
logical treatment against pain is administered without the patient’s
knowledge, the treatment has less of an effect compared to when the same
amount of drug is administered with the patient’s knowledge. The psy-
chosocial context in which treatment is administered can explain part of
the total effect of the treatment. Expectations are part of the psychosocial
context, and when the patient is reassured that the treatment is effective,
stress and negative feelings wane, and pain and possibly other distressing
symptoms are reduced.

CONCLUSIONS

Research on the effect of expectations of treatment outcomes demonstrates
that the benefit of treatment is increased when drug therapy (or other
treatment) is paired with positive expectations about the therapy. These
effects seem to occur across populations and conditions. Psychosocial fac-
tors, among other factors, influence pain and may be influenced by placebo
effects. Processes involved in the placebo effects are well explained by an
integrative approach of medicine guided by the biopsychosocial model, that
health, disease, and treatment are dependent on multifaceted factors that
include social, psychological, cultural, and biological factors.
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INTRODUCTION

A placebo effect is the effect that follows the administration of a placebo,
that is, of an inert pharmacological or physical treatment. It is important to
point out that the inert treatment is given along with contextual stimuli, for
example, verbal suggestions of clinical improvement that make the patient
believe that the treatment is real and eftective. Therefore, a placebo would
be better defined as an inert treatment plus the context that tells the patient
a therapeutic act is being performed. The nocebo effect is a phenomenon
that is opposite to the placebo effect. To induce a nocebo eftect, the inert
substance is given along with a negative context, for example, verbal
suggestions of clinical worsening, so as to induce negative expectations
about the outcome. The term nocebo (“I shall harm”) was introduced in
contrast to the term placebo (“I shall please”) by some authors to distinguish
the pleasing from the noxious eftects of placebos (Kennedy, 1961; Pogge,
1963; Kissel & Barrucand, 1964; Hahn, 1985, 1997). Therefore, if the
positive psychosocial context, which is typical of the placebo effect, is
reversed, the nocebo effect can be studied. To differentiate nocebo effects
and placebo effects from spontaneous remission and other confounding
factors, they are calculated as the symptom diftference between a nocebo-
treated or placebo-treated group and a no-treatment group (Fields &
Levine, 1984).

From an ethical point of view, the investigation of the nocebo eftect is
difficult to carry out. In fact, whereas the induction of placebo responses is
certainly ethical in many circumstances (Benedetti & Colloca, 2004), the
induction of nocebo responses represents a stressful and anxiogenic pro-
cedure, because verbally induced negative expectations of symptom
worsening may lead to a real worsening. Certainly, a nocebo procedure is

The Neuroscience of Pain, Stress, and Emotion © 2016 Elsevier Inc.
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unethical in patients, and this is one of the main reasons much less is
known about nocebo phenomena.

NEGATIVE EXPECTATIONS MAY LEAD
TO CLINICAL WORSENING

Many nocebo and nocebo-like effects are present in daily life and in
routine clinical practice (Benedetti, Lanotte, Lopiano, & Colloca, 2007;
Colloca & Benedetti, 2007). For example, negative diagnoses and prog-
noses can lead to an amplification of pain intensity and, more in general,
negative communication within the healing context may have important
effects on patients’ emotions (Wells & Kaptchuk, 2012; Holloway,
Gramling, & Kelly, 2013). Likewise, nocebo and nocebo-related eftects
may occur when distrust toward medical personnel and therapies is present.
In this case, unwanted effects and side effects may occur as the result of
negative expectations (Flaten, Simonsen, & Olsen, 1999; Barsky, Saintfort,
Rogers, & Borus, 2002), and these may reduce, or even conceal, the
efficacy of some treatments. For example, it has been found that verbal
suggestions can change the direction of nitrous oxide action from analgesia
to hyperalgesia (Dworkin, Chen, LeResche, & Clark, 1983). Another
example is the health reports that are commonly issued in Western
societies; negative warnings sent out by the mass media may have an
important impact on the perceived symptoms of many people. In a study
on headaches caused by mobile phone use, no evidence of radio-
frequency-induced headache and pain was found, so the authors
concluded that the pain increase was likely to be due to a nocebo effect
(Oftedal, Straume, Johnsson, & Stovner, 2007). Diseases with an important
psychological component, like irritable bowel syndrome, are also aftected
by nocebo effects; sedatives and opioids in postoperative pain management
have been found to be influenced by nocebo eftects as well (Manchikanti,
Pampati, & Damron, 2005; Svedman, Ingvar, & Gordh, 2005). Similarly,
some negative expectation-inducing procedures, like voodoo magic, may
lead to symptom worsening. Finally, the fear-avoidance model of pain can
be seen as a sort of nocebo-like effect, whereby the fear of pain may lead to
pain worsening (Vlaeyen & Linton, 2000; Leeuw et al. 2007).

A 2014 meta-analysis investigated nocebo effects in pain (Petersen et al.
2014). Only studies that investigated nocebo effects as the effects that fol-
lowed the administration of an inert treatment along with verbal sugges-
tions of symptom worsening and that included a no-treatment control
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condition were eligible. The authors found that the overall magnitude of
the nocebo effect was moderate to large and highly variable. Moreover, in
studies in which nocebo effects were induced by a combination of verbal
suggestions and conditioning, the effect size was larger than in studies in
which nocebo effects were induced by verbal suggestions alone. Impor-
tantly, as the magnitude of the nocebo effect is variable and sometimes
large, this meta-analysis demonstrates the importance of minimizing nocebo
effects in clinical practice (Petersen et al. 2014).

In the clinical trials setting, patients who receive a placebo often report
a high frequency of adverse events (see Figure 1(A)). Amanzio, Corazzini,
Vase, and Benedetti (2009) compared the rates of adverse events reported
in the placebo arms of clinical trials for three classes of antimigraine drugs:
nonsteroidal anti-inflammatory drugs, triptans, and anticonvulsants. It was
found that the rate of adverse events in the placebo arms of trials with
antimigraine drugs was high. In addition, and most interestingly, the
adverse events in the placebo arms corresponded to those of the anti-
migraine medication against which the placebo was compared. For
example, anorexia and memory difficulties, which are typical adverse
events of anticonvulsants, were present only in the placebo arm of these
trials. These results suggest that the adverse events in placebo arms of
clinical trials of antimigraine medications depend on the adverse events of
the active medication against which the placebo is compared. These
findings are certainly in keeping with the expectation theory of placebo
and nocebo effects, even if a role for learning in the form of conditioning

A) Negative psychosocial context (B) Expectancy-induced changes

around the patient and therapy: in the patient’s brain:
Clinical trial setting Experimental setting

i— AEs in active medication

e o
°
Sample
b o

population « AEs in placebo grou
q p group

Figure 1 Two ways to analyze nocebo as a whole: the clinical trial setting (A) and the
experimental setting (B).
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with active treatments cannot be ruled out (Amanzio, 2011). Similar
findings were obtained by Mitsikostas, Mantonakis, and Chalarakis
(2011) for headache, Mitsikostas, Chalarakis, Mantonakis, Delicha, and
Sfikakis (2012) for fibromyalgia, Hiuser, Bartram, Bartram-Wunn, and
Tolle (2012) for diabetic peripheral neuropathy, and Papadopoulos
and Mitsikostas (2012) for neuropathic pain. These authors emphasized
how dropouts due to nocebo effects may confound the interpretation of
many clinical trials.

In both experimental and clinical settings, as also pointed out in the
meta-analysis by Petersen et al. (2014), it has long been known that the
perceived intensity of a painful stimulus following negative expectation of
pain increase is higher than in the absence of negative expectations. For
example, expectation of painful stimulation amplifies perceived unpleas-
antness of innocuous thermal stimulation (Sawamoto et al. 2000), and the
level of expected pain intensity alters perceived pain intensity. In fact, by
using two visual cues, each conditioned to one of two noxious thermal
stimuli (high and low), Keltner et al. (2006) showed that subjects reported
higher pain when the noxious stimulus was preceded by the high-intensity
visual cue. In another study, Benedetti, Amanzio, Casadio, Oliaro, and
Maggi (1997), Benedetti, Amanzio, Vighetti, and Asteggiano (2006)
showed expectation-induced hyperalgesia in both the clinical and the
experimental settings. In the clinical setting, the situation was a post-
operative manipulation that induced expectations of pain increase, so that
the patients were given an inert treatment that they expected to be painful
(Benedetti et al., 1997). A straightforward increase in pain was found, and
this also occurred in the experimental setting using the tourniquet tech-
nique, whereby ischemic pain was induced in one arm (Benedetti et al.,
2006). These effects can be quite powerful, and sometimes pain can be
generated from a nonpainful stimulus. For example, a study by Colloca,
Sigaudo, and Benedetti (20082) used a nocebo procedure, in which verbal
suggestions of painful stimulation were given to healthy volunteers before
administration of either tactile or low-intensity painful electrical stimuli.
This study showed that these anxiogenic verbal suggestions were capable of
turning tactile stimuli into pain, as well as low-intensity painful stimuli into
high-intensity pain. Therefore, by defining hyperalgesia as an increase in
pain sensitivity and allodynia as the perception of pain in response to
innocuous stimulation, nocebo suggestions of a negative outcome can
produce both hyperalgesic and allodynic effects. In general, several studies
have shown that negative expectations have a dramatic effect on pain
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perception. Indeed, many works have shown that nocebo eftects occur in
different painful conditions, ranging from experimental to clinical pain
(e.g., Varelmann, Pancaro, Cappiello, & Camann, 2010; Elsenbruch et al.
2012; Sanderson, Hardy, Spruyt, & Currow, 2013; van den Broeke, Geene,
van Rijn, Wilder-Smith, & Oosterman, 2013).

The open—hidden (expected—unexpected) approach has also proven to
be useful in understanding the importance of expectations in nocebo-
related phenomena. In this case, open and hidden interruptions of treat-
ments have been studied. An “open” interruption is performed by a
doctor, who tells the patient that the treatment has been discontinued.
A “hidden” interruption is carried out by a computer and the patient does
not know about the interruption: he or she believes that the therapy is still
being administered. Benedetti and collaborators (Benedetti et al. 2003;
Colloca, Lopiano, Lanotte, & Benedetti, 2004) studied the effects of open
(expected) versus hidden (unexpected) interruptions of morphine in
postoperative patients. These patients, after having received morphine for
48 h, underwent either open or hidden interruption. In the open con-
dition, they were told that morphine had been stopped; in the hidden
condition, morphine was stopped without telling them anything. After
interruption of morphine, the pain increase was larger in the open group
than in the hidden group. At 10 h after morphine interruption, more
patients of the open group requested further painkillers than in the hidden
group. Therefore, the hidden interruption of morphine prolonged the
postinterruption analgesia. This suggests that the open—hidden difference
relates to the fact that in the open condition fear and negative expectations
of pain relapse (because analgesics are no longer provided) play an
important role.

Nocebo effects can also be learned through observation, which
indicates that social learning plays an important role. Vogtle, Barke, and
Kroner-Herwig (2013) and Swider and Babel (2013) studied simulta-
neously but independently subjects observing a model who simulated
more pain in association with either a red light (Swider & Babel, 2013) or
the application of an ointment on the skin (Vogtle et al. 2013). After
the observation phase, the experimental subjects showed robust nocebo
responses, that is, hyperalgesic responses, following the presentation of the
red light, and this was correlated to empathy scores (Swider & Babel,
2013). Likewise, substantial nocebo responses were found after the
observation of the ointment application, and this was correlated to pain
catastrophizing (Vogtle et al. 2013). In addition, Swider and Babel (2013)



122 The Neuroscience of Pain, Stress, and Emotion

found a gender effect, whereby nocebo hyperalgesia was greater after a
male model was observed compared to a female model, regardless of the
sex of the experimental subject.

Negative expectations and nocebo effects can spread across individuals
very quickly through the propagation of negative information and
communication, and this may produce biochemical changes that have a
negative impact on health. Within this context, high-altitude headache has
been studied as a model for the investigation of the products of cyclo-
oxygenase, that is, prostaglandins and thromboxane (Benedetti, Durando, &
Vighetti, 2014). In this experimental model, a subject (the trigger) receives
negative information about the risk of headache at high altitude and dis-
seminates this negative information across a number of other subjects. In
one week, this negative information propagated across 36 subjects. This
nocebo group showed a significant increase in headache and salivary
prostaglandins and thromboxane when at high altitude compared to the
control group. In this novel experimental model (Benedetti et al. 2014),
negative information propagated across 36 subjects in one week. Hundreds
or thousands of subjects might get “socially infected” in longer periods of
time, thus emphasizing the possible important role of negative social
communication in the dissemination of symptoms and illness across a
population.

Therefore, observation and social interaction are important in the
nocebo phenomenon, and some personality traits may play a key role,
because a correlation was found between the magnitude of the nocebo
hyperalgesic responses and empathy and catastrophizing (Vogtle et al.
2013). These findings may have implications both in the clinical trial
setting and in medical practice. In the first case, observation of others must
be taken into consideration whenever a clinical trial is performed. Patients
participating in a clinical trial may be influenced by observing other pa-
tients in the same trial. For example, communication among patients
enrolled in the same clinical trial is common, and this may influence either
positively or negatively the therapeutic outcome. In the second case,
doctors and psychologists must consider the possible negative impact that
the observation of unsuccessful treatments may have on their patients.
This holds true not only in routine medical practice but also in daily life as
well, whenever others’ suffering and negative outcomes are observed, for
example, through the media. Social observational learning can lead to a
negative emotional contagion across individuals, with the consequent
activation of nocebo mechanisms.
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CHOLECYSTOKININ IS A MEDIATOR
OF NOCEBO HYPERALGESIA

In 1997, a trial in postoperative patients was run with the nonspecific
cholecystokinin CCK-A/CCK-B (or CCK-1 and -2) receptor antagonist
proglumide (Benedetti et al. 1997). The situation was a postoperative
manipulation that induced expectations of pain worsening. It was found
that proglumide prevented nocebo hyperalgesia in a dose-dependent
manner, even though it is not specifically a painkiller, thus suggesting
that the nocebo hyperalgesic effect is mediated by CCK. In fact, a dose as
low as 0.05 mg was totally ineffective, while a dose increase to 0.5 and 5 mg
proved to be effective. As CCK 1is also involved in anxiety mechanisms, it
was hypothesized that proglumide affects anticipatory anxiety (Benedetti
et al. 1997; Benedetti & Amanzio, 1997). Importantly, this effect was not
antagonized by naloxone. However, owing to ethical constraints, these
effects were not investigated further in these patients.

To better understand the mechanisms underlying nocebo hyperalgesia
and to overcome the ethical constraints inherent to the clinical approach,
a similar procedure was used in healthy volunteers in whom experi-
mental pain was induced (Benedetti et al., 2006). It was found that the
oral administration of an inert substance, along with verbal suggestions
of hyperalgesia, induced both hyperalgesia and hyperactivity of the
hypothalamic—pituitary—adrenal (HPA) axis, as assessed by means of ad-
renocorticotropic hormone and cortisol plasma concentrations. Both
nocebo-induced hyperalgesia and HPA hyperactivity were blocked by the
benzodiazepine diazepam, which suggests the involvement of anxiety
mechanisms. By contrast, the administration of the mixed CCK-A/
CCK-B receptor antagonist, proglumide, blocked nocebo hyperalgesia
completely, but had no eftect on HPA hyperactivity, suggesting a specific
involvement of CCK in the hyperalgesic but not in the anxiety
component of the nocebo effect. Interestingly, neither diazepam nor
proglumide showed analgesic properties on baseline pain, as they acted on
the nocebo-induced pain increase only. These data suggest that a close
relationship between anxiety and nocebo hyperalgesia exists, but also that
proglumide does not act by blocking anticipatory anxiety, as previously
hypothesized (Benedetti et al., 1997; Benedetti & Amanzio, 1997); rather
it interrupts a CCK-ergic link between anxiety and pain. Therefore, in
contrast to the anxiolytic action of diazepam, proglumide blocks a
CCK-ergic pronociceptive system, which is activated by anxiety and is
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responsible for anxiety-induced hyperalgesia. Support for this view comes
from a social-defeat model of anxiety in rats, in which CI-988, a selective
CCK-B receptor antagonist, prevents anxiety-induced hyperalgesia
(Andre et al. 2005).

Nocebo hyperalgesia is thus an interesting model to better understand
when and how the endogenous pronociceptive systems are activated. The
pronociceptive and antiopioid action of CCK has been documented in
many brain regions (Benedetti, 1997; Hebb, Poulin, Roach, Zacharko, &
Drolet, 2005; Benedetti et al., 2007). It has been shown that CCK reverses
opioid analgesia by acting at the level of the rostral ventromedial medulla
(Mitchell, Lowe, & Fields, 1998; Heinricher, McGaraughty, & Tortorici,
2001) and activates pain-facilitating neurons within the rostral ventromedial
medulla (Heinricher & Neubert, 2004). The similarity of the pain-
facilitating action of CCK both on brain-stem neurons in animals and on
nocebo mechanisms in humans may represent an interesting starting point
for further research into the neurochemical mechanisms of nocebo-induced
hyperalgesia.

It is worth pointing out that the discrepancy between anxiety-induced
hyperalgesia and stress-induced analgesia may be only apparent. In fact,
stress is known to induce analgesia in different situations, both in animals
and in humans. Indeed, when one is under stress, the threshold of pain is
increased. However, the nature of the stressor is likely to play a central role.
In fact, whereas hyperalgesia may occur when the anticipatory anxiety is
about the pain itself (Sawamoto et al. 2000; Koyama, McHaftie, Laurienti,
& Coghill, 2005; Benedetti et al., 2006; Keltner et al., 2006), analgesia may
occur when anxiety is about a stressor that shifts the attention from the pain
(Willer & Albe-Fessard, 1980; Terman, Morgan, & Liebeskind, 1986; Flor
& Grusser, 1999). We should therefore use these two definitions in two
different ways (Colloca & Benedetti, 2007). In the case of anxiety-induced
hyperalgesia, we are talking about anticipation of pain, in which attention is
focused on the impending pain. We have seen that the biochemical link
between this anticipatory anxiety and the pain increase is represented by the
CCK-ergic systems. Conversely, we should refer to stress-induced analgesia
whenever a general state of arousal stems from a stressful situation in the
environment, so that attention is now focused on the environmental
stressor. In this case, there is experimental evidence that analgesia results
from the activation of the endogenous opioid systems (Willer & Albe-
Fessard, 1980; Terman et al., 1986).



Nocebo and Pain 125

IMAGING THE BRAIN DURING NEGATIVE EXPECTATIONS

Modern brain imaging techniques have been fundamental to our under-
standing of the neurobiology of negative expectations. It should be noted
that no inert substance is given in these studies, and the experimenter
typically uses verbal suggestions. Therefore, in this case it is better to talk
about nocebo-related eftects. Typically, the experimenter tells the subject
about the forthcoming pain so as to make the subject expect a painful
stimulation, and both the anticipatory phase and the poststimulus phase are
analyzed.

By using this experimental approach, Sawamoto et al. (2000) found that
expectation of painful stimulation amplifies perceived unpleasantness of
innocuous thermal stimulation. These psychophysical findings were
correlated to enhanced transient brain responses to the nonpainful thermal
stimulus in the anterior cingulate cortex (ACC), the parietal operculum,
and the posterior insula. This enhancement consisted in both a higher in-
tensity signal change (in the ACC) and a larger volume of activated voxels
(in parietal operculum and posterior insula). Therefore, expecting a painful
stimulus enhances both the subjective unpleasant experience of an innoc-
uous stimulus and the objective responses in some brain regions.

Opverall, negative expectations may result in the amplification of pain
(Koyama, Tanaka, & Mikami, 1998; Price, 2000; Dannecker, Price, &
Robinson, 2003), and several brain regions, like the ACC, the prefrontal
cortex (PFC), and the insula, have been found to be activated during the
anticipation of pain (Chua, Krams, Toni, Passingham, & Dolan, 1999;
Hsieh, Stone-Elander, & Ingvar, 1999; Ploghaus et al., 1999; Porro et al.,
2002, Porro, Cettolo, Francescato, Baraldi 2003; Koyama et al., 2005;
Lorenz et al., 2005; Keltner et al., 2006). These effects are opposite to those
elicited by positive expectations, whereby expectations of reduced pain are
investigated. In fact, in some studies in which both positive and negative
outcomes have been studied with the same experimental approach, mod-
ulation of both subjective experience and brain activation has been found.
For example, in a study by Koyama et al. (2005), as the magnitude of
expected pain increased, activation increased in the thalamus, insula, PFC,
and ACC. By contrast, expectations of decreased pain reduced activation of
pain-related brain regions, like the primary somatosensory cortex, the
insular cortex, and the ACC. In a different magnetoelectroencephalo-
graphic study in which a source localization analysis was performed, Lorenz
et al. (2005) found modulation of the dipole in the secondary
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somatosensory cortex by nocebo-like and placebo-like suggestions. The
dipole was modulated in the same direction as expectations, shrinking when
a decrease in pain was expected and expanding when an increase in pain
was anticipated.

In another study, Keltner et al. (2006) found that the level of expected
pain intensity alters perceived pain intensity, along with the activation of
different brain regions. By using two visual cues, each conditioned to one of
two noxious thermal stimuli (high and low), these investigators showed that
subjects reported higher pain when the noxious stimulus was preceded by
the high-intensity visual cue. By comparing the brain activation produced
by the two visual cues, they found significant differences in the ipsilateral
caudal ACC, the head of the caudate, the cerebellum, and the contralateral
nucleus cuneiformis. Interestingly, the imaging results of this study indicate
that expectation and noxious stimulus intensity act in an additive manner
on afferent pathways activated by cutaneous noxious thermal stimulation.

Somewhat different from the previous studies, Kong et al. (2008)
investigated nocebo responses by administering an inert treatment, which
the subjects believed to be hyperalgesic. These investigators showed
that, after administration of the inert treatment along with negative sug-
gestions, subjective pain intensity ratings increased significantly more on
nocebo regions compared with the control regions in which no expectation
manipulation was performed. Functional magnetic resonance imaging
analysis of hyperalgesic nocebo responses to identical calibrated noxious
stimuli showed signal increases in brain regions including bilateral dorsal
ACC, insula, superior temporal gyrus, left frontal and parietal operculum,
medial frontal gyrus, orbital PFC, superior parietal lobule, and hippocampus;
right claustrum/putamen, lateral prefrontal gyrus, and middle temporal
gyrus. Functional connectivity analysis of spontaneous resting state showed a
correlation between two seed regions (left frontal operculum and hippo-
campus) and a pain network including bilateral insula, operculum, ACC,
and left primary somatosensory and motor cortices. Therefore, nocebo
hyperalgesia may be predominantly produced through an aftective—cogni-
tive pain pathway (medial pain system), and the left hippocampus may play
an important role in this process.

We have used activation likelihood estimation meta-analysis, a state-of-
the-art approach, to search for the cortical areas involved in pain antici-
pation in human experimental pain models (Palermo, Benedetti, Costa, &
Amanzio, 2015). What can we say about activated foci considering pain
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anticipation? During expectation of hyperalgesia, activated foci have been
found in the dorsolateral PFC, inferior frontal gyrus, anterior insula (Al)
cortex, midcingulate cortex (MCC), and medial dorsal nucleus of the
thalamus. We further provided a meta-analytic connectivity model
(MACM) within the MCC and AIC as selected seed region of interest. The
identified networks of coactivation are largely overlapping and seem to
have a common origin in the dorsolateral (BA 9,46) and medial PFC (BA
32). Importantly, the MACM allows meta-analyses to look for global
coactivation patterns across a diverse range of tasks, thus responding to the
question “for a given region what tasks elicit activation?” In particular, the
specific preidentified seed regions (Al and ACC) were analyzed in terms of
the functional activation behavioral domains. Interestingly, once again Al
and ACC produced very consistent results. Behavioral domains embraced
the main categories of action (imagination, inhibition, and execution),
emotion, and perception (pain and interoception). Importantly, since the
paradigms used in the selected studies analyzed the period of “expected
hyperalgesia,” as the time between the beginning of the scan and the
beginning of the stimulus, and as the nocebo response also occurs through
negative verbal suggestions when inert substances are not administered, the
pain anticipation phenomenon may be considered as a way to elicit and
study the nocebo response (Palermo et al., 2015) (see Figure 1(B)).

Early enhancement of pain signals in the dorsal horn of the spinal cord
has also been found in a study in which nocebo hyperalgesia was inves-
tigated in combination with spinal functional magnetic resonance imaging
in healthy volunteers (Geuter & Biichel, 2013). The local application of an
inert nocebo cream on the forearm increased pain ratings compared with a
control cream and also reduced pain thresholds on the nocebo-treated
skin. Pain stimulation induced a strong activation in the spinal cord at
the level of the stimulated dermatomes C5/C6, and comparison of the
nocebo with the control condition revealed enhanced nocebo-related
activity in the ipsilateral dorsal horn of the spinal cord. Therefore, the
nocebo hyperalgesic effect envisages a pain-facilitating mechanism at a
very early stage of pain processing, that is, in the spinal cord, well before
cortical processing.

CONCLUSIONS

Nocebo is a frequent, clinically relevant phenomenon. A better under-
standing of the nocebo response and of nocebo-related effects is essential for
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physicians to mitigate its impact on clinical practice and to improve the
therapeutic outcome. Translational research in this area is a future challenge
and priority. The objective is to find a way to manage, and possibly treat,
nocebo effects to reduce them to a minimum for the benefit of patients. All
these findings highlight the important role of cognition and emotion in the
therapeutic outcome. In particular, nocebo and nocebo-related effects may
represent a vulnerable point that should be minimized when patients
receive a treatment. Therefore, a better understanding of the psychological
and biological underpinnings of nocebo is in order.
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INTRODUCTION TO PAIN AND FEAR

Pain is “[an] unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage”
(Merskey & Bogduk, 1994). For this reason, both defensive and recuperative
behaviors are evolutionarily advantageous, and optimizing learning about
possible cues of imminent harm can be valuable. However, there are cir-
cumstances in which these behaviors and learning processes can become
dysfunctional, a situation commonly seen among individuals who suffer from
chronic pain. Clinical definitions of chronic pain conditions typically revolve
around a critical time point, which marks a transition from a “healthy” pain
response to a persisting pain that is not proportionate to the current state of
injury (Merskey & Bogduk, 1994). A 2006 study of prevalence found that
approximately 19% of Europeans suffer from chronic pain and that this
condition has a severe impact on their social and work lives (Breivik, Collett,
Ventafridda, Cohen, & Gallacher, 2006). The disability that patients expe-
rience has been shown to be largely mediated by fear of pain (for a review
and meta-analysis of this relationship see Zale, Lange, Fields, & Ditre, 2013),
and this specific fear can be even more disabling than the pain itself
(Crombez, Vlaeyen, Heuts, & Lysens, 1999). In this chapter, we will discuss
the relationship between pain and fear, including a number of pathways of
influence through which they can interact.

Pain Processing

Contemporary models of pain processing emphasize the multifaceted na-
ture of the pain experience (Garcia-Larrea & Peyron, 2013; Peyron,

The Neuroscience of Pain, Stress, and Emotion © 2016 Elsevier Inc.
http://dx.doi.org/10.1016/B978-0-12-800538-5.00007-8 All rights reserved. 133


http://dx.doi.org/10.1016/B978-0-12-800538-5.00007-8

134 The Neuroscience of Pain, Stress, and Emotion

Laurent, & Garcia-Larrea, 2000). For instance, a three-tiered hierarchical
model has been proposed, which divides neural pain processing into three
networks: nociception, attentional—perceptive, and affective—reappraisive
(Garcia-Larrea & Peyron, 2013). In this model, the first network (noci-
ception) relates to the processing of incoming signals from the spinal cord
that are projected to the posterior thalamus, and therefore refers to the
activity that occurs before conscious perception (including transduction
and transmission). The second network, attentional-perceptive, includes
the mid- and anterior insula, anterior cingulate cortex (ACC), prefrontal
cortex (PFC), and posterior parietal cortex. The role of this network is to
perceive pain and to allocate attentional resources accordingly. The third
network is the affective—reappraisive network. Including the orbitofrontal
cortex, perigenual cingulate, and anterolateral PFC, this network is
involved in assigning emotional value to the pain experience. It can also
modulate pain perception via the descending pain modulatory system
owing to direct links with the periaqueductal gray (PAG). For the purpose
of this review, we note the predominance of affective and cognitive in-
fluences in the final pain percept. In addition, the flow of information is
bidirectional, with many connections between networks, consistent with the
idea of a generative model: constantly in flux and updating with new input
(Figure 1).

Fear Processing

There are a number of neuroimaging studies that have tried to elucidate the
neural correlates of fear in humans; a 2009 systematic review identified 46
studies that used either functional magnetic resonance imaging (fMRI) or
positron emission tomography to compare the brain’s response to a
threatening versus safe stimulus (Sehlmeyer et al., 2009). The authors
identified three core regions that were consistently activated: amygdala,
ACC, and insula (Figure 2). The amygdala is a region that has received
much attention in studies of fear conditioning and is the focus of much
debate. While research with animals and early research with humans
identified the amygdala as a “hub” for fear, the specificity and necessity of
the amygdala for the experience of fear have been questioned (Adolphs,
2013; Barrett & Satpute, 2013; Guillory & Bujarski, 2014). For example, a
review of intracranial electrophysiology research reported that while
stimulation of the amygdala often does result in self-reported fear, it is not
the only region to elicit this response (insula and parahippocampal gyrus
also evoked a similar response). In addition, it is possible that self-reported
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Figure 1 Summary of brain regions commonly implicated in pain processing. Regions
labeled are those described by contemporary models of pain processing (Garcia-Larrea
& Peyron, 2013). Regions marked with (*) are also part of the neurologic pain signature
(NPS; Wager et al., 2013). The postcentral gyrus (SI) is not part of the NPS (Wager et al.,
2013), nor the pain matrices described by Garcia-Larrea and Peyron (2013); however, it
has traditionally been included in neurological models of pain processing (Peyron
et al,, 2000) and shows modulated activity in response to pain during changes in both
attention and mood (Villemure & Bushnell, 2009; Wiech et al., 2008).

fear is associated with another region being activated because of its con-
nections with the amygdala (Guillory & Bujarski, 2014). Furthermore,
meta-analytic approaches using neuroimaging data show that the amygdala
is also part of a salience network, which is in line with its activation by most
arousing stimuli (both positive and negative; Barrett & Satpute, 2013).
While in animal research amygdala activation is the hallmark of fear pro-
cessing, it has been suggested that drawing the same conclusion from hu-
man data should be done cautiously. The alternative view to a localized and
specific region for fear processing is a distributed network of regions, which
will vary depending on the content of the threatening stimulus (Adolphs,
2013; Gross & Canteras, 2012). In addition to activation of the amygdala,
insula activation is commonly reported in human studies of fear, and it has
been proposed that this region is differentially activated depending on the
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Figure 2 Summary of brain regions commonly implicated in fear learning. Regions
marked with (*) were identified by a systematic review of human fear conditioning
studies (Sehlmeyer et al., 2009). Regions marked with “Acq” are commonly implicated
in fear acquisition memory, regions marked with “Gen” are involved in the general-
ization of fear, and regions marked with “Ext” are implicated in fear extinction memory.

uncertainty of the feared event, whilst the ACC has been associated with
approach and avoidance learning (Sehlmeyer et al., 2009). However,
further research is still needed before a consensus on the nodes within this
network may be reached, as well as their respective roles in the fear

experience.

Pain and Fear

In the perceptual-defensive—recuperative (PDR) model of Bolles and
Fanselow (1980), pain and fear are conceptualized as antagonistic motiva-
tional states. The role of fear is to organize defensive behavior when pain is
expected, while pain motivates recuperative behaviors with the aim of
promoting recovery. Critically, in this model, pain does not elicit fear.
Rather it is the expectancy of pain that elicits fear. This expectancy is
formed by a perceptual system that identifies the salient features of an
aversive event and associates them, via associative learning mechanisms,
with a cue. The model consists of three sequential phases: perceptual,



The Neuroscience of Pain and Fear 137

defensive, and recuperative. In the perceptual phase, the salient features of
the painful stimulus are detected and associated with contingent cues or
contexts. This association is formed with the aim of constructing a predictor
for the painful event. Future presentations of the painful event will be
compared to the expectation and any discrepancy is incorporated and used
to refine future predictions. When pain is expected, fear is elicited. Fear is a
motivational system that organizes behavior and perception, for example,
by selectively facilitating the perception of escape pathways and the se-
lection of a behavior given the current environment. In addition, fear can
inhibit other motivational systems by competition. This competition can
take the form of response competition (e.g., we perform an action for
defense, which prevents us from simultaneously carrying out a different
action), motivation competition (e.g., fear might outweigh our motivation
for socializing), or perceptual competition (e.g., we no longer notice other
stimuli that are not relevant for defense). The final stage of the model
occurs once pain has occurred: recuperation. This stage is characterized by
behaviors that promote recovery and take precedence over other motiva-
tional systems.

Thus, in the PDR model fear precedes pain and can have an inhibi-
tory effect on pain (i.e., stress-induced analgesia (SIA)). However, if fear is
prolonged (which Bolles and Fanselow (1980) refer to as anxiety), then it
can have the opposite effect and increase perceived pain intensity (i.e.,
hyperalgesia) (see the Section Psychophysiological Response: Stress). The
other side of the bidirectional relationship, that is, the effect of pain on
fear, is less clear, although Bolles and Fanselow (1980) do emphasize that
pain does not elicit fear, stating that they “... reject the idea ... that a
noxious US [unconditioned stimulus] can arouse the fear motivational
system” (Bolles & Fanselow, 1980, p. 295). Instead, fear can be elicited by
worries about pain, such as the cause of pain or a misinterpretation about
the level of bodily injury signaled by the pain. This specific fear—fear of
pain due to the beliefs about pain or possible reinjury—has been termed
“pain-related fear” and features heavily in the fear-avoidance model of
chronic musculoskeletal pain (Lethem, Slade, Troup, & Bentley, 1983;
Vlaeyen & Linton, 2000, 2012).

Pain-Related Fear

Chronic pain refers to pain that persists beyond the expected point of
healing (Merskey & Bogduk, 1994) and current fear—avoidance models
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posit possible pathways through which this can occur. It is proposed that
individuals who have catastrophic pain beliefs and misinterpret their pain
as being highly threatening are more prone to become afraid of move-
ments that they believe will worsen their pain (or result in reinjury).
These negative pain beliefs can stem from threatening pain-related in-
formation (Houben et al., 2005) or a predisposing negative affectivity.
The fear they experience (i.e., pain-related fear), as posited by Bolles
and Fanselow (1980), is a motivator for defensive behavior that can
lead to disuse and disability (Crombez et al., 1999; Leeuw, Goossens,
et al., 2007; Swinkels-Meewisse, Roelofs, Oostendorp, Verbeek, &
Vlaeyen, 2006).

A growing number of studies are providing evidence that pain-related
fear is a key factor in maintaining chronicity and, therefore, an essential
consideration for therapy (den Hollander et al., 2010; de Jong, Vlaeyen,
Onghena, Goossens, et al., 2005; Vlaeyen, de Jong, Sieben, & Crombez,
2002). However, less commonly discussed is the conceptualization and
definition of pain-related fear, which has stimulated debate over its
assessment and its proposed role in chronic pain (Wideman et al., 2013).
The term is typically used to refer to beliefs about damage and/or pain
caused by movement, fear of certain movements and activities, and
avoidance of such movements and activities (Pincus, Smeets, Simmonds, &
Sullivan, 2010). If fear is defined as an emotional state that evokes three
response systems, cognitive, psychophysiological, and behavioral (Lang,
Davis, & Ohman, 2000), then the same template can be applied to pain-
related fear: an emotional state experienced when the threat of pain is
present. This results in a cognitive, psychophysiological, and behavioral
response. The strength of the fearful state is dependent on pain-related
beliefs and expectations about the likelihood of pain.

An important distinction to consider is between pain-related fear and
pain-related anxiety. Fear is a response to a specific threat, which is
characterized by escape behaviors, while anxiety refers to a prolonged
affective state in response to an uncertain environment and is character-
ized by avoidance (Gray & McNaughton, 2000; McNaughton & Corr,
2004; Sylvers, Lilienfeld, & LaPrairie, 2011). Another distinction is
between pain-related fear and phobia, the latter being characterized by
the recognition that the fear is irrational—this is not the case in pain-
related fear, during which patients are convinced that avoidance is
necessary to protect them against further injury (Vlaeyen, de Jong, Sieben,
et al., 2002) (Box 1).
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Box 1 Fear and Anxiety

Fear and anxiety commonly share several characteristics. They are future-
oriented negative affective states, and they both refer to anticipation of
danger or discomfort with tense apprehensiveness. There are also differences,
and fear and anxiety can be placed at opposing ends of several conceptual
spectra: duration, cue specificity, and function. The view proposed by Bolles and
Fanselow (1980) is that anxiety is a “prolonged-duration, ill-defined variety”
(p. 300) of fear, whereas Lang et al. (2000) distinguish fear and anxiety by the
instigating event: an explicit and identifiable stimulus evokes fear, whereas a
less explicit or more generalized cue results in anxiety. Furthermore,
McNaughton and Corr (2004) emphasize a “sharp (functional, behavioral and
pharmacological) distinction between fear and anxiety” (p. 286), in that the
function of fear is to move an individual away from danger and the function of
anxiety is to facilitate approaching danger.

In addition to these conceptual differences it has been shown that the
expression of fear, compared to the expression of anxiety, relies on different
neural structures. Specifically, the fear-potentiated startle response to cue-
induced fear relies on the central nucleus, while sustained anxiety (from
contextual conditioning) relies on the bed nucleus of the stria terminalis (Lang
et al, 2000). Cued and contextual conditioning are well-established paradigms
to investigate fear and anxiety in humans (e.g., the NPU-threat test (Schmitz &
Grillon, 2012)), and therefore in some cases a shift in terminology to cued and
contextual fear (see Meulders et al., 2011, 2013) may be more informative. These
terms are more closely related to the phenomena under investigation in
experimental settings and allow us to disentangle and focus upon specific el-
ements of complex states such as fear and anxiety.

The Acquisition of Pain-Related Fear

Pain-related fear can be acquired and extinguished via associative learning
mechanisms, such as classical (Pavlovian) conditioning (Pavlov, 1927). In a
typical classical conditioning procedure a neutral stimulus (conditioned
stimulus: CS) is paired with an aversive stimulus (unconditioned stimulus:
US) so that, after repeated pairings, this initially neutral stimulus starts to elicit
a conditioned response (CR) that can share similarities with the uncondi-
tioned response (UR) to the US, but which may also be quite different. The
idea is that the CS—US association is stored in memory, so that the presence of
the CS activates the memory representation of the US, thereby eliciting a
CR. In a differential conditioning paradigm the response to this CS+ is
compared to the response evoked by a control stimulus that is never paired
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with the US (CS—). This CS-US association can be formed through direct
experience, by observing someone else experiencing the association, or by
being verbally instructed about the association (Olsson & Phelps, 2007;
Rachman & Crespigny, 1977). The formation of these associations occurs in
the lateral nuclei of the amygdala, from which projections via the central
nuclei evoke a fear response (Gross & Canteras, 2012; Maren, 2001). This
pathway underlies learning through direct experience and observation, but
learning through language (i.e., instructional conditioning) is also reliant
upon higher-order regions (Olsson & Phelps, 2007). Learning by instruction
seems to require a cortical representation of the aversive stimulus that is
conveyed to the amygdala via the insula (Phelps et al., 2001), and also relies
more heavily on the left amygdala nuclei, consistent with the laterality of
language processing (Olsson & Phelps, 2007).

While there are a number of studies investigating the mechanisms and
neural correlates of fear learning, the studies described below have focused
specifically on the acquisition of pain-related fear by associative learning.
First, acquisition of pain-related fear through direct experience has been
demonstrated using a range of paradigms. For example, in the voluntary
joystick movement paradigm (Meulders, Vansteenwegen, & Vlaeyen,
2011), movements in one plane (e.g., horizontal) were part of a predict-
able condition, while movements in the other plane (e.g., vertical) were
part of an unpredictable condition. In the predictable condition, one
movement was paired with a painful electrocutaneous stimulus (CSp+),
while the other was never paired with a pain-US (CSp—). Results showed
that participants were more afraid of making the CSp+ movement than
the CSp— movement. During the unpredictable condition, neither
movement was paired with painful stimuli; instead they occurred during
the intertrial interval at random time points. Despite these two movements
(CSul, CSu2) never being paired with a painful stimulus, participants were
still more fearful of these movements than the CSp— movement. This
experiment demonstrates the difference between a cued pain-related fear
elicited by the CSp+ movement and a more generalized pain-related
anxiety elicited by the CSul and CSu2 movements. Second, the obser-
vation of painful expressions can also serve as a US to condition pain-
related fear toward a previously neutral stimulus (Goubert, Vlaeyen,
Crombez, & Craig, 2011). Using both a cold pressor task and warm water
immersion task, Helsen et al. (Helsen, Goubert, Peters, & Vlaeyen, 2011;
Helsen, Goubert, & Vlaeyen, 2013) found that when a participant views a
model displaying a painful facial expression during either task, he or she
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will rate more pain-related fear than when he or she views a model with a
neutral facial expression. Third, learning by instruction is perhaps the least
researched of these three pathways (Olsson & Phelps, 2007). However, it
may be of particular relevance in chronic pain conditions, when we
consider the possible effect of health care information communication.
Research has demonstrated that simply being informed about the con-
tingency between two events can result in a fear response being elicited by
the CS+ (Phelps et al., 2001; Van Dessel, de Houwer, Gast, & Smith,
2014), and thus informing patients that a certain movement will be painful
may be sufficient to lead to avoidance of that movement. This might be
the reason there is often an association between patients’ and their health
care providers’ fears (Houben et al., 2005).

The Generalization of Pain-Related Fear
Novel stimuli that are similar to the CS+ can evoke the same response as the
CS+-, despite never being paired with the US. The strength of the response
diminishes as similarity to the CS+ decreases: a phenomenon termed stim-
ulus generalization (Ghirlanda & Enquist, 2003; Honig & Urcuioli, 1981;
Kalish, 1969; Lissek, 2012). In an extension of the voluntary joystick
movement paradigm (Meulders, Vandebroek, Vervliet, & Vlaeyen, 2013)
participants carried out movements with varying degrees of similarity to the
CS+ and CS— and results showed a generalization gradient in which pain-
related fear was generalized to the movements that were proprioceptively
similar to the original CS+ movement, but not to those that were similar to
the CS—. In the unpredictable condition (in which CSs did not predict the
pain) participants showed generalized fear of all of the novel movements,
which demonstrates the effect of the context on the generalization of the
response. Similar findings were obtained in a study with fibromyalgia patients
(Meulders, Jans, & Vlaeyen, 2015). Generalization of fear of painful move-
ment is not only based on perceptual equivalence between stimuli, but can
also occur by virtue of the symbolic relationship between movements and
pain-relevant stimuli (Bennett, Meulders, Baeyens, & Vlaeyen, 2015).
Evidence for the neurobiological mechanisms underlying generalization
is largely from animal studies, although an fMRI study acquired data that
are in line with the current view from animal literature: pattern separation
or completion (i.e., determining whether the CS+ and a novel stimulus are
different or similar, respectively) is the result of a mediating effect of the
hippocampus on either the ventromedial PFC (for separation) or the
amygdala (for completion) (Lissek, 2012).
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The Extinction of Pain-Related Fear

Extinction of fear learning takes place when a CS+- is repeatedly presented
in the absence of the US, resulting in a decrease in the CR. Extinction is
not the unlearning of the previously acquired association—instead a new
association is formed that inhibits the behavioral expression of the previous
association (Hermans, Craske, Mineka, & Lovibond, 2006; Milad & Quirk,
2012). This process occurs by regulation of amygdala activity by prefrontal
regions (ventromedial PFC), specifically, the connection between the
lateral and the central nuclei, so that the CS is no longer able to evoke a CR
via the central nucleus (Milad, Rosenbaum, & Simon, 2014; Sotres-Bayon,
Cain, & LeDoux, 2006).

The clinical analog of extinction, used as a treatment to reduce pain-
related disability in chronic pain patients, is graded exposure in vivo
(GEXP). By exposing patients to their feared movements (CS+) the
expected US (a catastrophic outcome such as reinjury) is challenged and
disconfirmed. Thus, when the feared consequence does not occur, patients
may reevaluate the threat value of the movement. The main principles of
GEXP are (1) informing patients of the paradoxical effects of avoiding pain,
(2) gradual exposure to feared movements, and (3) challenging catastrophic
thoughts (mental representations of US) by activating the fear network and
presenting new information that disconfirms the initial expectation (de
Jong, Vlaeyen, Onghena, Goossens, et al., 2005; Vlaeyen, de Jong, Sieben,
et al., 2002).

The main aim of GEXP is to reduce functional disability. However,
pain-related fear and even pain severity have also been shown to improve
after treatment, despite not being a main therapeutic target. Studies have
so far demonstrated that GEXP is effective for chronic low back pain
(CLBP) (Vlaeyen, de Jong, Geilen, Heuts, & van Breukelen, 2001;
Vlaeyen, de Jong, Geilen, Heuts, & van Breukelen, 2002; Woods &
Asmundson, 2008), complex regional pain syndrome (CRPS) type I
(de Jong, Vlaeyen, Onghena, Cuypers, et al., 2005), upper extremity pain
(de Jong, Vlaeyen, van Eijsden, Loo, & Onghena, 2012), and post-
traumatic neck pain (de Jong et al., 2008). The single-case experimental
design studies of CLBP (Vlaeyen et al., 2001; Vlaeyen, de Jong, Geilen,
et al.,, 2002) and CRPS (de Jong, Vlaeyen, Onghena, Cuypers, et al.,
2005) both showed a significant reduction in pain-related fear. This
change was still present at follow-up (6 months for CRPS, 1 year for
CLBP). In a randomized controlled trial similar results were found: 93% of
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CLBP patients were no longer categorized as having “high” fear post-
treatment, a criterion of clinical significance (Woods & Asmundson,
2008). In addition, a therapy with similar principles has also been shown to
be effective at normalizing neural circuits in pediatric CRPS patients
(Becerra et al., 2014).

Further research is needed to bridge the gap between experimental
research into extinction and graded exposure in clinical populations. The
experimental evidence is usually highly controlled, yet in clinical settings
there are numerous confounds and complexities. Therefore, given that the
behavioral evidence shows that GEXP can be effective at reducing pain-
related fear, a better understanding of the mechanisms that drives this
change may contribute to more effective and customized treatments for
patients with chronic pain.

THE MODULATION OF SELF-REPORTED PAIN
BY PAIN-RELATED FEAR

A number of experimental studies have demonstrated that there is a strong
predictive relationship between pain-related fear and pain intensity
(Etherton, Lawson, & Graham, 2014; George, Dannecker, & Robinson,
2006; Hirsh, George, Bialosky, & Robinson, 2008; Sullivan, Thorn,
Rodgers, & Ward, 2004). However, this relationship is not consistently
replicated (Gheldof et al., 2010; Sullivan et al., 2009; Wideman et al., 2013;
Wideman & Sullivan, 2011), and a 2013 meta-analysis found that the
relationship between pain-related fear and disability is not mediated by pain
intensity, despite pain intensity being related to a number of negative
outcomes, such as depression and disability (Zale et al., 2013).

While this evidence shows that pain-related fear can affect pain
experience (in some circumstances), it does not explain how this modu-
lation occurs. Perhaps the difficulty in defining the link between pain-
related fear and pain experience is due to the fact that pain-related fear
is a complex construct, with many possible pathways of influence. To
further explore this issue it might be helpful to examine the various
components of pain-related fear. As defined earlier pain-related fear is an
emotional state that evokes a response, which can be cognitive, behav-
ioral, and psychophysiological. Each of these components may influence
pain perception in a unique way and will therefore be discussed
individually.
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Emotion: The Fearful State

Pain-related fear is first and foremost an emotional state. In general,
negative emotion leads to higher pain intensity ratings and reduced pain
tolerance, while positive mood decreases perceived pain intensity (Wiech &
Tracey, 2013). Research has largely focused on the effect of stress or anxiety
on pain processing (Wiech & Tracey, 2009) and has struggled to dissociate
the contribution of emotion and attention on the observed eftects
(Villemure & Bushnell, 2009; Villemure, Slotnick, & Bushnell, 2003).
Nonetheless, by combining odors with painful stimulation, Villemure et al.
(2003) could induce either a pleasant or an unpleasant mood, and by
changing task demands they could direct attention toward either the painful
stimulation or the odor. They found that attention affected the perceived
intensity of pain, while mood affected the perceived unpleasantness of pain.
In a replication of this study using fMRI, it was found that mood modu-
lated pain-related activity in a number of regions of interest: ACC, medial
thalamus, and primary and secondary somatosensory cortex (SI and SII).
Further functional connectivity analyses indicated that attention and mood
modulation involve dissociable neural networks, with the mood-related
network including the ACC, lateral inferior frontal cortex, and PAG
(Villemure & Bushnell, 2009). Furthermore, it has been demonstrated that
viewing unpleasant pictures is associated with lower pain tolerance, and this
effect 1s more pronounced when the unpleasant picture is injury related
(de Wied & Verbaten, 2001). This research implies that mood and attention
influence pain perception via dissociable networks. However, if a stimulus
is feared, then its capture of attention is (almost) automatic (Pessoa, Kastner,
& Ungerleider, 2003) and, consequently, whilst it may be theoretically
interesting to consider the effect of fear as an emotional state separate from
the contribution of attention, it may not be practically relevant.

Cognitive Response: Attributions, Expectations,

and Attention

Inherent to pain-related fear is the concept of pain beliefs; to fear pain, one
must also believe that it is harmful. Within certain limits this is adaptive;
however, if an individual has a tendency to believe that the pain he or she
feels is indicative of something terrible, then he or she is likely to show
higher levels of pain-related fear than an individual who does not feel that
pain is a sign of bodily damage (Arntz & Claassens, 2004). This magnifi-
cation of the threat value of pain is a defining characteristic of pain
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catastrophizing, along with a feeling of helplessness and a lack of inhibition
of pain-related thoughts (Quartana, Campbell, & Edwards, 2009). The
fear—avoidance model (Vlaeyen & Linton, 2000) proposes that pain cata-
strophizing is a risk factor for the development of pain-related fear. Indeed,
research has shown that an individual who scores high in pain cata-
strophizing—who thinks that pain is highly threatening—will also develop
high pain-related fear (Leeuw, Houben, et al., 2007; Vlaeyen et al., 2004).

As posited by Bolles and Fanselow (1980), another prerequisite for pain-
related fear is the expectancy of imminent pain. This expectancy is a pre-
diction made on the basis of previous experience and with an associated
degree of certainty (Bubic, von Cramon, & Schubotz, 2010; Biichel, Geuter,
Sprenger, & Eippert, 2014). Considering that it has been advanced to consider
the brain as containing a generative model of the world, which is constantly
updating its predictions based on the discrepancy (or prediction error) be-
tween its expectations and the sensory input (Friston, 2010). These prediction
errors have been shown to drive fear conditioning and are an integral part of
most learning models (McNally, Johansen, & Blair, 2011). Therefore, our
previous experiences lead us to construct predictions about the future, when
these predictions are tested any discrepancy leads us to update our model. In
addition, when our prediction about the future is that pain is imminent, we
will mobilize a defensive response that includes components that influence
our experience, feeding back into our generative model.

The second phase of the PDR model (Bolles & Fanselow, 1980) is the
defensive response that is organized by the motivational state of fear. This
defensive response includes a perceptual component that will aid us in
escaping threat. For example, attention can be used to filter relevant and
irrelevant information. It is well established that painful stimuli capture
attention, especially if they are perceived as highly threatening (Crombez,
Eccleston, Baeyens, & Eelen, 1998). This effect has been demonstrated
using a modified dot—probe task: a task that uses reaction times to a visual
target to quantify the time taken to either engage attention (when a target is
spatially congruent) or disengage attention (when a target is spatially
incongruent) from a visual cue. In the modified version of this task used by
Van Damme et al. (Van Damme, Crombez, Eccleston, & Goubert, 2004;
Van Damme, Lorenz, et al., 2004; Van Damme, Crombez, Eccleston, &
Koster, 2006; Van Damme, Crombez, Hermans, Koster, & Eccleston,
20006) the cue took two forms: one was associated with pain (CS+) and one
was not (CS—). When the cueing procedure was exogenous (that is, the
cue was not a reliable predictor of target location), then participants showed
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greater attentional engagement but no differences in attentional disen-
gagement. However, when the cue was a good predictor of the target
location (an endogenous cueing procedure), then both increased attentional
engagement and increased disengagement were present on CS+4 compared
to CS— trials. Van Damme, Crombez, Hermans, et al. (2006) suggest that
the difference in findings between the two cueing procedures is due to
attentional disengagement requiring top-down processes that can be
engaged only by a predictive cue.

This research establishes the phasic effects of fear on attention; however,
the relationship between pain-related fear (as a trait) and attention is still
debated. Studies have shown that pain-related fear is related to an attention
bias to threatening stimuli (Goubert, Crombez, & Van Damme, 2004;
Keogh, Ellery, Hunt, & Hannent, 2001; Peters, Vlaeyen, & van Drunen,
2000; Yang, Jackson, & Chen, 2013; Yang, Jackson, Gao, & Chen, 2012),
although this relationship has not consistently been replicated (Asmundson,
Wright, & Hadjistavropoulos, 2005; Roelofs, Peters, Fassaert, & Vlaeyen,
2005; Roelofs, Peters, & Vlaeyen, 2002). These inconsistencies highlight
the need for further research in this area. In addition, current empirical
methods allow us only to infer attentional shifts based on behavioral
changes and therefore, it is possible that the variability in results is due, at
least in part, to differences in the underlying mechanism being measured or
the sensitivity of the measures. Another possibility is that the allocation of
attention to painful stimuli may be inhibited in the presence of competing
nonpain goals (Schrooten et al., 2012).

Whether or not it is pain-related fear that increases attention, the
consequence of increased attention to pain (as a response of the defensive
system activated when pain is expected) is altered pain perception. When a
noxious stimulus is attended to it is often perceived as more intense than
when it 1s ignored, and neuroimaging studies have shown that when a
participant is distracted from noxious stimulation, pain-processing areas
(e.g., SI and SII, thalamus, insula, and ACC) show decreased activity
(Wiech, Ploner, & Tracey, 2008), and a top-down modulation from the
cingulofrontal cortex on the PAG and posterior thalamus has been pro-
posed (Valet et al., 2004). Attention can modulate sensory perception via
top-down mechanisms that include changes in functional connectivity
between sensory regions, modulation of the spatial integration of sensory
inputs, and baseline shifts in neuronal firing rates (Pessoa et al., 2003; Wiech
et al., 2008). Research in this area is mostly on other sensory modalities
(such as visual processing), as the experimental manipulation of attention to
pain is inherently problematic—pain is highly salient and will almost always
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be prioritized over other incoming stimuli. However, research does suggest
that many attentional mechanisms are not modality-specific and so may
influence pain perception in the same way that they influence, for example,
visual perception (Pessoa et al., 2003).

One such mechanism is the so-called “baseline shift,” in which frontal
and parietal regions generate top-down biasing signals. These signals result in
an increase in baseline firing rates in the target neuronal population—single-
cell recording studies have reported rates of 30—40% higher—resulting in an
increased likelihood that the stimulus will “win” the competition for re-
sources (Pessoa et al., 2003). Second, and in addition to this baseline shift,
changes in functional connectivity between sensory pain-processing areas
can occur (Ohara, Crone, Weiss, & Lenz, 2006). This suggests that during
the anticipation and experience of pain, directed attention results in
increased synchrony between regions involved in the encoding of the
sensory properties of the painful stimulus. A third mechanism by which
attention can modulate pain perception is via spatial summation of painful
stimulation. This is characterized by an increase in pain intensity when the
area being stimulated increases, possibly owing to task-dependent changes in
receptive field sizes. To test this hypothesis, Quevedo and Coghill (2007)
presented participants with pairs of painful stimuli and asked them to rate the
intensity of the stimuli using different rating strategies (to manipulate the
focus of attention). Results indicated that during directed attention there
was a spatial summation of the two pain stimuli that led to higher pain
intensity ratings compared to divided attention.

In sum, we tend to engage our attention more strongly to, and are
more resistant to disengaging our attention from, a pain cue compared to a
“safe” stimulus. A result of this increased attention to cues of pain is an
increase in perceived pain intensity, due to mechanisms that alter the
activity of pain-processing regions. One caveat to this conclusion is that
in our natural environment threatening stimuli do not occur in
isolation—we are usually engaged in an ongoing task. Research has
demonstrated that slowed attentional disengagement from threatening
stimuli can be overridden by the current task (Schrooten et al., 2012;
Vromen, Lipp, & Remington, 2014).

Behavioral Response: Selecting the Best Course of Action

The behavioral component of the defensive response evoked by fear in-
volves selecting the best course of action given the current environment
(Bolles & Fanselow, 1980). A key cortical structure in the selection of
aversively motivated action is the anterior midcingulate cortex (aMCC), a
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region implicated in pain, negative affect, and cognitive control processes
(Shackman et al., 2011). This region is active during both anticipation and
escape from pain, its activity is amplified by action-outcome uncertainty,
and it encodes punishment prediction errors during the reversal of learned
fear. Therefore, Shackman et al. (2011) propose the “adaptive control
which considers the aMCC a “hub” that uses information
about punishment to control aversive-motivated action. This function is

b

hypothesis,’

crucial when automatic responses conflict with current goals. For example,
a 2014 study used a voluntary joystick movement paradigm, in which one
movement is consistently paired with a painful electric shock (CS+) and
one movement is not (CS—), to demonstrate that a concurrent reward
can attenuate avoidance behavior during the CS+ movement. During
the CS+ movement participants were significantly slower compared to the
CS— movement; however, if a monetary reward was also paired with the
CS+ movement, then this slowing was no longer present—although
participants still reported being fearful of the CS+ movement (Claes,
Karos, Meulders, Crombez, & Vlaeyen, 2014). Studies with chronic pain
patients have found that in situations of high goal—conflict patients report
higher levels of pain intensity (Hardy, Croftord, & Segerstrom, 2011) and
pain-related fear (Karoly, Okun, Ruehlman, & Pugliese, 2007). However,
experimental research of different conflicting situations indicates that the
relationship between goal-conflict and pain-related fear and pain
perception may be mediated by perceived control (Schrooten, Wiech, &
Vlaeyen, 2014).

Psychophysiological Response: Stress

The amygdala, a primary region of interest in fear processing, receives
many inputs from the central nucleus and targets a number of regions that
eventually result in a wide variety of physiological responses, including a
stress response (Lang et al., 2000). While an acute stress response can result
in increased pain thresholds, a phenomenon termed SIA (Bolles &
Fanselow, 1980; Butler et al., 2005), chronic stress can have the
opposite effect, stress-induced hyperalgesia (SIH) (Jennings, Okine,
Roche, & Finn, 2014), depending on whether stress is acute (SIA) or
chronic (SIH). The pathways underlying both SIA and SIH are thought to
be highly similar, although owing to their complexity further research is
needed to elucidate the exact mechanisms. Both human and animal studies
have implicated descending pain-facilitation pathways, from ACC through
amygdala, PAG, and rostral ventromedial medulla. In addition, many
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neurotransmitter imbalances have been shown to facilitate the processing
of noxious stimuli in states of stress. The main pathway underlying the
stress response is the hypothalamic—pituitary—adrenal axis. The primary
stress hormone of this axis is cortisol (a glucocorticoid), which self-
regulates via a negative feedback loop including the amygdala (Black-
burn-Munro & Blackburn-Munro, 2003; Dedovic, Duchesne, Andrews,
Engert, & Pruessner, 2009). Research has demonstrated that in a chronic
stress state cortisol dysfunction can lead to increased pain sensitivity, that is,
SIH (Hannibal & Bishop, 2014). For example, a 2013 study compared
cortisol measures with neuroimaging in both a chronic pain and a healthy
population (Vachon-Presseau et al., 2013). Patients had significantly
higher basal cortisol levels than healthy controls and cortisol levels were
positively related to pain-related activity in the anterior parahippocampal
gyrus, which was in turn related to patients’ pain intensity ratings. A path
analysis suggested that hippocampal volume was a risk factor for increased
levels of cortisol, this increased cortisol enhanced the parahippocampal
activity, and the increased activity then led to higher pain intensity ratings
(Vachon-Presseau et al., 2013).

CONCLUSIONS AND EMERGING ISSUES

There is a body of research supporting the idea that pain-related fear is a
factor in developing and maintaining disability in chronic pain. However,
the impact of pain-related fear on pain perception, specifically perceived
intensity of pain, has not been as heavily researched. Considering the sig-
nificant role of affective processes in the pathway from nociception to pain,
it is worth exploring the influence pain-related fear can have in this
pathway. The difficulty in exploring these interactions is that both fear and
pain processing rely on a widely distributed network of regions. Charac-
terizing the bidirectional direct and indirect connections between these
networks and subnetworks is inherently problematic.

The approach to this complex interaction taken here is to view each
component of fear separately and focus on self-reported perceived pain
intensity. A number of possible pathways of influence have been identified,
such as decreased pain tolerance and increased perceived pain unpleasant-
ness as a result of mood manipulation, an effect that is even stronger when
primed with pain-related negative images (de Wied & Verbaten, 2001).
With regard to the effect of attention, a number of possible mechanisms
have been proposed that could explain why increased attention to painful
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stimulation may result in increased perceived pain intensity. These mech-
anisms include an increase in baseline firing rates, increased functional
connectivity, and spatial summation of incoming sensory signals (Pessoa
et al., 2003). The psychological side of the pain-related fear and attention
relationship is still unclear, mainly limited by available methods for inferring
attentional changes. However, one tentative conclusion is that the threat of
pain results in increased attentional engagement and decreased disengage-
ment, unless this would conflict with the current task demands (Legrain
etal., 2009; Van Damme, Crombez, et al., 2004; Vromen et al., 2014). This
effect of higher-order functions, such as prioritizing goal achievement, is
also apparent in the selection of appropriate action in the face of a perceived
threat (Claes et al., 2014). The effect of behavioral responses to fear on
perceived pain intensity seems to be largely indirect—possibly mediated by
perceived control (Crombez, Eccleston, De Vlieger, Van Damme, & De
Clercq, 2008; Wiech et al., 2008). The final pathway discussed was stress, a
clear illustrator of the distinction between an acute (adaptive: SIA) response
versus a chronic (maladaptive: SIH) response (Butler & Finn, 2009; Jennings
et al., 2014).

There are still many unanswered questions, however, the first of which
being the role of unpredictability. It has been proposed that we are
constantly making predictions about future events, and this “predictive
brain” theory has grown increasingly popular in the neuroscientific and
psychological fields of research (Bubic et al., 2010). If the expectancy of
pain results in fear, then the remaining question is, what is the effect of
varying certainty in our pain expectancy? If our predictions are often
erroneous, then there is high uncertainty in the environment; the construct
of psychological entropy has been introduced to explain the occurrence of
anxiety as a result of this uncertainty (Hirsh, Mar, & Peterson, 2012). Hirsh
et al. (2012) propose that uncertainty is subjectively experienced as anxiety
and that an individual, as in any self-organizing system, will strive to reduce
uncertainty by acquiring beliefs and rules that constrain the system. The
idea that we try to constrain uncertainty is also relevant to chronic pain
patients who may engage in the acquisition of rules to help them reduce
anxiety in the face of uncontrollable, spontaneous pain (Grupe & Nitschke,
2011; Whitson & Galinsky, 2008).

A second emerging issue is related to our currently available method-
ologies. An increasing body of evidence is utilizing methods such as
functional or effective connectivity to investigate the relationship between
brain regions and create a more “network-focused” approach to investigate
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the neural basis of pain and fear. However, these methods typically do not
allow for the dynamic nature of these networks, and the emergence of
time varying connectivity methods has demonstrated that the correlation
between networks (such as the default mode and default attention net-
works) is related to fluctuations in mental state (as assessed using concurrent
electroencephalography—fMRI) (Chang, Liu, Chen, Liu, & Duyn, 2013).
These methods are still new, and there is debate about the best approach to
assess these internetwork relationships (Cribben, Wager, & Lindquist,
2013). However, they do raise new research questions that we can tackle
concerning the role of intra- and internetwork coherence in the interac-
tion between widely distributed and variable networks, such as those in
fear and pain.

In conclusion, there has been much progress since the seminal work by
Bolles and Fanselow (1980) on the relationship between fear and pain. In
addition, understanding the mechanisms mediating the bidirectional
influence has aided in the development of therapies for chronic pain.
However, there are still outstanding issues that require investigation, such
as the role of unpredictability and controllability, which could add to our
current understanding of the interaction between fear and pain. In addi-
tion, methodological and statistical advancements allow increasingly
complex models of the neural activity that may underlie the interactions
between fear and pain that we observe on a behavioral and physiological
level.
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The history of placebo analgesia is marked by controversy about the
magnitude of its effects and whether placebo (and nocebo) phenomena are
best understood as statistical problems or as biological/psychological pro-
cesses. Claims about the efficacy of placebos have ranged from “extremely
powerful” (Beecher, 1955) to almost negligible (Hrobjartsson & Getzsche,
2001) since the 1950s. It is generally agreed that the magnitudes of placebo
and nocebo effects are highly variable across studies (Petersen et al., 2014;
Vase, Riley 11, & Price, 2002; Vase, Petersen, Riley 111, & Price, 2009). Yet
the sources of this variability remain somewhat mysterious—do they arise
from the physical and psychosocial setting or within the subjective expe-
riences of those who have placebo and nocebo responses. The resolution
of this question would make placebo much less of a nuisance for industry
and more importantly a potential advance for health care professionals who
want to enhance the efficacy of their treatments. After all, placebo and
nocebo components are potentially embedded in all types of treatments.
This chapter explores this mystery, beginning with questions about
possible environmental and physical causes of placebo responses. Learning
mechanisms, such as classical conditioning, are explored in relation to these
environmental factors. However, the main focus of this chapter is on
causes that exist within the experience of someone receiving a placebo,
starting with dimensions such as “expectation,” “desire for relief,” and
possible distortions in memory. Particular emphasis is given to placebo and
nocebo effects that are instantiated by verbal suggestion without condi-
tioning, because they provide ideal instances of how phenomenal
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experience is a major cause of changes in pain and its associated neural
mechanisms. We also consider the possibility that nocebo responses can be
partly mediated by verbal suggestion and have dynamics similar to that of
placebo responses. We think these considerations are extremely important
because of their value in understanding mind—brain—body relationships and
their practical influence in health care practice.

ENVIRONMENTAL AND PHYSICAL CAUSES OF PLACEBO
AND NOCEBO RESPONSES

Although it is clear that the simulation of an active medical treatment, such
as sham treatment, is sometimes followed by large reductions in symptoms
in both individuals and groups of patients, it is usually not obvious whether
the improvement is due to the effect of placebo. The reduction in symp-
toms may simply reflect the natural course of a disease or condition. Failure
to appreciate this point has bedeviled and confused placebo research from
its beginning. The physical placebo agent itself is a dummy treatment such as
sham surgery, a sugar pill, and magnets. The placebo effect is the difference in
mean treatment effect between sham and no treatment control conditions
across two groups of patients or at different times within the same group of
patients (crossover studies) (Fields & Price, 1997). The placebo response refers
to the improvement in symptoms in an individual that results from the
experience of receiving a therapeutic intervention, regardless of whether
the intervention is a “real” treatment or just a simulation (Vase, Price,
Verne, & Robinson, 2004; Vase, Norskov, Petersen, & Price, 2011).

EXTERNAL CAUSES

Conditioning

After patients or pain-free volunteers are given repeated effective treat-
ments, subsequent administration of a placebo treatment is often sufficient
to produce an analgesic effect. Some have proposed a stimulus substitution
model of classical conditioning (e.g., Pavlovian model) (Jensen et al.,
2012; Wickramasekera, 1985). This model of learning emphasizes envi-
ronmental “stimuli” and responses and does not require a conscious as-
sociation between the “inert” aspects of the treatment or medication (e.g.,
shape and color of pill) and the results of a biologically active agent.

Others are neutral as to whether a conscious association is necessary
(Amanzio & Benedetti, 1999; Laska & Sunshine, 1973). However,
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Montgomery and Kirsch (1997) provide evidence that although placebo
analgesia can be partly explained by conditioning, it requires a conscious
expectation of pain reduction because, in contrast to participants who
remain deceived, participants who are informed about the real causes of
their pain reduction during conditioning trials do not have subsequent
placebo responses. Moreover, conditioning may be sufficient for placebo
effects, yet it can also be produced by verbal statements alone (Amanzio &
Benedetti, 1999; Price, Craggs, Verne, Perlstein, & Robinson, 2007; Vase,
Robinson, Verne, & Price, 2003; Vase, Robinson, Verne, & Price, 2005)
and by all of the psychosocial factors that are present in the context of the
treatment. Finally, verbal suggestion and conditioning have been shown
to make additive contributions to placebo analgesia (Amanzio & Bene-
detti, 1999).

Simulation of Active Therapies and Social

Observational Learning

One has to wonder what constitutes “conditioning stimuli” (CS), for
which there are endless candidates. After all, when patients receive a
treatment, there are many cues to which they can attend and these cues are
embedded in the behavior and appearance of the persons carrying out the
treatment, the physical aspects of the treatment itself, and the overall
environment. It might appear convenient to pick out the most salient cues
and call them CS, but this approach would always involve presuppositions
and would ignore the enormous variability in the manner and degree to
which people attend to specific cues. Most critically, it would ignore the
meanings that patients give fto the therapeutic context. Benedetti and his col-
leagues suggest that placebo phenomena reflect simulation of an active
treatment (Amanzio, Pollo, Maggi, & Benedetti, 2001; Price, Finniss, &
Benedetti, 2008). Studies that compare analgesic effects across “open” and
“hidden” conditions illustrate the notion of simulation. The overall effec-
tiveness of analgesic drugs was tested in clinical postoperative settings using
open and hidden injections of traditional painkillers such as buprenorphine
(Amanzio et al., 2001; Benedetti et al., 2003; Levine, Gordon, & Fields,
1978). When patient groups were given an injection in a standard open
manner, pain ratings and/or amount of analgesics needed for effective relief
were considerably less in comparison to administration by a hidden drug
infusion pump. In the hidden condition, the clinician is not present and the
patient is unaware that the treatment is being administered (Levine et al.,
1978). Open-hidden differences directly reflect placebo analgesic effects
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(Amanzio et al., 2001; Benedetti et al., 2003; Colloca, Lopiano, Lanotte, &
Benedetti, 2004; Levine et al., 1978). Verbal suggestion was not included in
some of these studies and so it is not a necessary condition for a placebo
response. Verbal suggestion is also unnecessary when placebo effects are
induced in study participants as a result of observing others receiving an
effective analgesic treatment, a form of social observational learning
(Colloca & Benedetti, 2009). Finally, placebo analgesic responses can be
induced when only verbal suggestions are given during a treatment that the
patient has never experienced before (Amanzio & Benedetti, 1999; Price
et al., 2007; Vase et al., 2003, 2005).

Thus, it is noteworthy that placebo analgesic responses can be instan-
tiated in multiple ways, through conditioning, simulation of a treatment,
observing someone else receiving an analgesic treatment (Colloca &
Benedetti, 2009), and verbal suggestion alone (Amanzio & Benedetti,
1999; Vase et al., 2003, 2005). Some of these external means of inducing
placebo analgesia can be combined and have been shown to be additive
(Amanzio & Benedetti, 1999). Given multiple external causes of placebo
analgesia, perhaps the proximal causes are within the experience of the
persons receiving a treatment or medication.

EXPERIENTIAL CAUSES OF PLACEBO ANALGESIC
RESPONSES: EXPECTATION, DESIRE FOR RELIEF,
AND EMOTIONS

Several studies provide converging lines of evidence that expected pain
intensity and desire for relief and emotional feelings of relief (“reward”)
serve as proximate mediators of placebo responses, as has been reviewed
elsewhere (Price et al., 2008; Zubieta et al., 2005; Zubieta, Yau, Scott, &
Stohler, 2006). Expectation and desire for a specific outcome are two
factors that determine the magnitudes of some types of positive and
negative emotional feelings (Price & Barrell, 1984; Price, Barrell, &
Barrell, 1985; Price et al., 2008; Price & Barrell, 2012). Since desire and
expectation also constitute dimensions of emotions related to receiving
and expecting results from medical treatments, then desire and expectation
and hence emotions and emotional regulation may well be pivotal in
mediating placebo analgesia (Price et al., 2008; Price & Barrell, 2012). A
series of studies of evoked rectal pain in patients with irritable bowel
syndrome (IBS) provided support for this general hypothesis (Craggs,
Price, & Robinson, 2014; Price et al., 2007; Vase et al., 2003, 2004, 2005;
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Verne, Robinson, Vase, & Price, 2003). Except for one study that used a
standard clinical trial design (Verne et al., 2003), each study used a single
verbal suggestion to enhance placebo analgesia: “The agent you have just
received is known to powerfully reduce pain in some patients.” These
studies used repeated rectal distension stimuli (seven stimuli, 20 s each) and
an experimental design involving baseline, placebo (rectal saline gel), and,
in some studies, active analgesic treatment (rectal lidocaine gel) as shown
in Figure 1. As discussed elsewhere (Price et al., 2008; Vase et al., 2003,
2004), ratings of expected pain and desire for relief accounted for large
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Figure 1 Pain ratings were collected subsequent to each of the 20-s rectal balloon
distensions. The mean pain ratings in response to each of the seven rectal distensions
are shown for the group given the standard placebo instructions (top) and the
enhanced placebo instructions (bottom). Pain ratings after intrarectal lidocaine gel
application are shown in the top panel. (Based on data presented by Craggs et al. (2014)
and Price et al. (2007).)
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amounts of variability in pain ratings (e.g., 77%) during the placebo
condition (Vase et al., 2003, 2005). In another analysis of IBS patients,
changes in desire/expectancy ratings predicted changes in pain ratings
across natural history and placebo conditions (i.e., placebo responses) (Vase
et al.,, 2004). Changes in expectation and desire along with the multi-
plicative interaction between them (i.e., desire X expectation) accounted
for 38% of the variability in placebo responses (corresponding to a cor-
relation coefticient of r = 0.62). This analysis suggests that both desire for
pain relief and expected pain intensity contribute to placebo analgesia, and
a main factor is a multiplicative interaction between desire for pain
reduction and expected pain intensity. This interaction is consistent with a
desire—expectation model of emotions in which ratings of negative and
positive emotional feelings are predicted by multiplicative interactions
between ratings of desire and expectation (Price & Barrell, 1984; Price
et al., 1985, 2008). When patients with IBS rated desire, expectation, and
anxiety during placebo analgesia, all three variables decreased during the
same time that the placebo effect increased (Vase et al., 2005). These three
mediating variables of placebo analgesia are not static, but change
dynamically over time, possibly as a result of feedback from early results
and perception of the dynamic aspects of the treatment procedure itself.
The experiences of the process of being treated may be integrated with
experiencing the results of treatment.

Qualitative results that corroborate the rating scale data were obtained
by interviews of patients of this earlier (Vase et al., 2005) study (Vase et al.,
2011). Patients’ reports of their direct experiences showed that they
considered their prospects of treatment as well as their attitudes toward the
treatment provider soon after the beginning of treatment but to a lesser
extent later on.

A MODEL OF SOMATIC SELF-REINFORCING FEEDBACK
IN PLACEBO (NOCEBO) EFFECTS ON PATIENTS WITH IBS

Emotions, Somatic Focus, and Feedback

Based on several interrelated experiments, Geers and his colleagues argue
that the placebo effect is most likely to occur when individuals have a goal
that can be fulfilled by confirmation of the placebo expectation, consistent
with the desire—emotion model and the explanation just given (Geers,
Weiland, Kosbab, Landry, & Helfer, 2005; Geers, Helfer, Weiland, &
Kosbab, 20006). The results of Geers and colleagues demonstrated a role for
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desire for an effect across a variety of symptom domains, including those
related to approach and avoidance goals. They also found that the degree of
somatic focus has a moderating influence on desire and expectation in the
context of placebo effects. Somatic focus reflects the disposition to focus on
body functions and to be vigilant to changes in them. In an experiment that
induced expectations of unpleasant symptoms, individuals who expected
they were taking a drug but given placebo tablets reported more placebo
symptoms when they closely focused on their symptoms (Geers et al., 2005,
2006). This type of interaction also has been proposed for approach or
appetitive goals. Thus, Lundh (1987) proposed a cognitive—emotional
model of the placebo effect in which positive suggestions for improvement
in physical health led individuals to attend selectively to signs of
improvement. This idea is supported by Jensen and Karoly’s (1991)
observation that placebo effects related to pleasant symptoms (e.g., feeling
arousal or energized) are supported by increases in desire for an effect.
Focusing more closely on symptoms can enhance their significance as well
as their implications. In the case of approach goals such as focusing on
“improvement in physical health” (Lundh, 1987) or “feeling energized”
(Jensen & Karoly, 1991) an increased desire for an effect would facilitate
placebo responses. In contrast, decreases in desire for an effect would be more
likely to contribute to placebo responses associated with avoidance goals
such as terminating or reducing pain. In the case of avoidance goals,
decreased desire is generally accompanied by decreased negative emotions
(Price & Barrell, 1984; Price et al., 1985). Nocebo responses may have
similar dynamics. Thus, if catastrophic meanings are enhanced as a result of
somatic focusing, nocebo eftects could be developed in association with
increased desire to avoid negative consequences. These types of influences
can occur during both explicit placebo or nocebo treatments, but more
importantly, even when active treatments are given. For example, when
patients closely notice signs of pain relief, this perception provides “evi-
dence” that the treatment has been effective regardless of whether the
treatment is a placebo or an active medication. Placebo effects, and for that
matter nocebo effects, are potentially embedded in active treatments
depending on what patients are told, the behavior and appearance of the
caregivers, and numerous other psychosocial contextual factors that occur
during treatment.

If focusing on bodily symptoms or cues operates as a kind of feedback
that supports factors underlying placebo responding, increasing the degree
or frequency of somatic focusing could increase the magnitudes of placebo
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responses over time. One way to increase somatic focusing is to increase the
frequency of test stimuli during experiments that utilize evoked pain. As
discussed above, ratings of desire, expectation, and anxiety decrease over
time along with the increase in placebo effect (Vase et al., 2005). As shown
in Figure 1, it took 3—4 min for the placebo effect to increase to its
maximum level under conditions wherein stimuli were applied seven times
during 10 min (Price et al., 2007). This same pattern of increase was found
in two previous experiments that applied stimuli at much longer intervals of
once every 10 min (Vase et al., 2003, 2005), taking 15-20 min to reach a
maximum placebo effect. In all three experiments the placebo effect
increased to its maximum level during the first three stimuli, suggesting that
feedback from stimuli, not just the passage of time, is critical. Thus, feed-
back from the test stimuli serve as cues that signal increasing pain relief, and
more frequent test stimuli lead to more rapid pain reduction. Taken
together, the studies of Geers, Vase, Price, and their colleagues support a
placebo mechanism wherein goals, desire, expectation, and consequent
emotional feelings codetermine the placebo response. Somatic focus pro-
vides a self-confirming feedback that facilitates these factors over time,
leading to less negative emotional feelings and higher expectations of
avoiding aversive experiences. In other contexts, somatic focus could lead
to positive feelings about obtaining pleasant consequences, such as feeling
healthy, invigorated, or energized (Lundh, 1987; Price et al., 2008). In
any case, the stimuli of the experiment can help confirm that the treatment
is working if someone is expecting it to work. Since the stimuli self-
reinforce expectations of pain reduction, reduce desire for relief, and
consequently reduce negative emotions, the placebo effect increases more
rapidly over time with higher frequencies of test stimulation. A similar
dynamic may work for nocebo responses, such as the increase in symptoms
over time as a result of catastrophic thinking and expectations related to
threatening cues.

NEUROIMAGING EVIDENCE FOR A SELF-REINFORCING
PLACEBO ANALGESIC MECHANISM

The account just made for a self-reinforcing mechanism suggests that the
placebo response can develop quickly as a result of active psychological
factors (somatic feedback, desire, expectation, and emotions) and then is
maintained by self-confirmation of treatment effectiveness. If so, then brain
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mechanisms that generate the placebo response should be active in close
temporal proximity to the treatment administration and less active later on.
Since the above account also demonstrates that the stimuli themselves, and
not just time, generate the critical feedback, then brain mechanisms that
generate the placebo response should be triggered by the test stimuli. We
provide support for both predictions.

This discussion should be prefaced by acknowledging that many brain
areas decrease or increase their activity in relationship to placebo analgesia.
Thus, several studies have shown that several pain-processing areas of the
brain and spinal cord dorsal horn decrease their neural activity during placebo
analgesia (Amanzio, Benedetti, Porro, Palermo, & Cauda, 2013; Eippert,
Finsterbuch, & Bingel, 2009; Eippert & Biichel, 2013). Similarly, many
brain areas that are likely to be involved in generating placebo analgesia
increase their neural activity during placebo analgesia (Amanzio et al., 2013;
Biichel, Geuter, & Eippert, 2014; Craggs, Price, Perlstein, Verne, &
Robinson, 2008; Craggs et al., 2014). These areas include those known to
be involved in reward/aversion, emotions, and the classical descending
pain-inhibitory pathway (Basbaum & Fields, 1978). The last includes a core
rostral anterior cingulate cortex (rACC)—amygdala—periaqueductal gray
(PAG)—-rostroventral medulla—spinal cord connection, wherein pain-
related signals are inhibited in the dorsal horn of the spinal cord
(Basbaum & Fields, 1978; Mayer & Price, 1976).

Decreases in Neural Activity during Placebo Responses of
Patients with IBS

Using the experimental paradigm discussed above for analysis of placebo
effects in patients with IBS, a large placebo was produced in patients with
IBS by a verbal suggestion (“The treatment you are being given ...”) and
this effect was accompanied by large reductions in visceral-evoked neural
activity (as measured by BOLD) in the thalamus; first and second so-
matosensory cortices (i.e., S-1 and S-2); anterior, mid-, and posterior insular
cortices; and ACC, all areas that are part of the pain matrix (Price et al.,
2007). The widespread reduction in these areas, including those at early
levels of processing (e.g., thalamus, S-1), is consistent with a descending
brain-to-spinal cord mechanism. Clearly, more direct measures of spinal
cord processing, such as that provided by Eippert et al. (2009), are needed.
In any case, widespread reduction of neural activity in pain-related areas
tends to rule out a mechanism of modulation that would involve only
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selective effects on forebrain areas involved in cognitive processing of pain
without effects at earlier stages.

Increases in Placebo-Generating Brain Activity in IBS

(“Early” vs “Late” Periods of the Placebo Response)

In our studies of patients with IBS and patients with neuropathic pain large
placebo effects were induced when a verbal suggestion was given combined
with visual information associated with this suggestion (i.e., coating the
rectal catheter with saline gel while verbally suggesting that “The agent you
have just received is known to powerfully reduce pain in some patients”)
(Petersen et al., 2012; Price et al., 2007; Vase et al., 2003, 2005; Verne et al.,
2003). Neuroimaging of the patients with IBS provided analysis of brain
regions that were activated more during placebo analgesia than during the
untreated baseline natural history condition (Craggs et al., 2008). Activated
areas known to be involved in the classic brain—spinal cord modulatory
system included the rACC and bilateral amygdalae, consistent with the
classic descending control mechanism (Figure 2). These same placebo-
activated regions are also known to be involved in emotions and
emotional regulation, functions that are currently considered to be a part of
endogenous pain modulation (Flaten, Aslaksen, & Lyby, 2013; Petrovic
et al., 2005). However, a later study showed that increased activation also
occurred in relation to other phenomena likely to be involved in main-
taining memory for the placebo suggestion, developing meanings associated
with the suggestion and treatment, and linking these meanings to expec-
tations of pain reduction (Craggs et al., 2014). Thus, some placebo-activated
regions were those involved in neurolinguistic processes and memory, such
as the parahippocampal gyrus, medial aspects of the left temporal lobe, and
left lentiform nucleus. Other regions activated by placebo are known to
comprise a network involved in associative thinking and included the left
precuneus, posterior cingulate, and aspects of the temporal lobe (Craggs
et al., 2008, 2014). These regions were most active during the first 4 min of
the placebo condition, presumably at a time wherein subjects were
attending to the memory of the placebo suggestions and to somatic feed-
back, as described earlier. This is also the same time during which the
placebo effect increased to its maximum level (Figure 1, lower panel). This
temporal profile of placebo-induced brain activations is consistent with the
idea that the placebo effect increases early in its development as a result of a
self-reinforcing confirmation of the efficacy of the treatment (Craggs et al.,
2008, 2014; Geers et al., 2005, 2006; Vase et al., 2003, 2005, 2011).
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Figure 2 Schematic of general relationships between three central nervous system
networks that interact during placebo analgesia that result from verbal suggestion
and/or simulation of an effective treatment (top box): (1) Semantic processing and
memory (Craggs et al., 2014 (1-5)); (2) expectation, desire, and emotion (Wager et al.,
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This profile is partially consistent with another imaging study of placebo
analgesia that used electrical and heat stimulation (Wager et al., 2004).
Neural activity increased in several brain areas involved in generating pla-
cebo responses in this study, including the orbitofrontal cortex (OFC),
dorsolateral prefrontal cortex (DLPFC), rACC, and midbrain PAG, during
periods of anticipation and/or stimulation. These areas have been suggested
to have roles in expectation and working memory (DLPFC) (Miller &
Cohen, 2001; Wager et al., 2004); motivation, desire, and reward (nucleus
accumbens) (Wager et al., 2004; Zubieta et al., 2006); and descending
modulation (PAG). Thus, all of these activated areas of the central nervous
system are likely to be involved in expectation, motivation, and emotion
and many of these areas overlap with those involved in pain modulation
(Figure 2).

Our analysis of increased neural activity in patients with IBS showed
changes over time (Craggs et al.,, 2008). During the first 5 min of the
placebo condition there was increased activity in areas of the temporal lobe
(involved in memory) and the precuneus. These areas are involved in
associative thinking, during which one makes unconstrained associations
unrelated to the immediate external environment (Bar, Aminoff, Mason, &
Fenske, 2007). There was also increased activity in the left and right
amygdalae, areas involved in emotions and in inhibition of pain. Activity in
all of these areas subsided somewhat during the latter 5 min of the placebo
condition. Apparently, the greatest neurophysiological “work” in gener-
ating the placebo effect occurred during the early part of the placebo
condition. This is a time when patients were likely to make associations
between remembered suggestions about the placebo agent, somatic cues
that suggest whether or not the agent is working, and their expectations
about pain reduction. This is likely to involve associative thinking (Bar
et al., 2007; Craggs et al., 2008). It is during the time period immediately
after the placebo administration that the placebo effect is self-enhancing.
Once the placebo effect is established, it may be more passively main-
tained later.

Neural Activities that Link Verbal Suggestion, Memory, and
Meaning to Pain Modulation

The critical role of somatic feedback over time is further demonstrated by
comparing placebo-generating brain activity across two groups of patients
with IBS, one that received standard instructions about possibly receiving
placebo, similar to a clinical trial, and the other that received a verbally
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enhanced placebo suggestion (i.e., “The agent that you are being given is
known to powerfully reduce pain in some people.”) (Craggs et al., 2014).
The pain ratings of the former and latter are shown in the top and bottom
panels of Figure 1, respectively. In comparison to the group receiving
standard instruction, the group that received a verbal suggestion showed
large increases in neural activity in areas involved in memory and semantic
processing, areas that are likely to process the placebo suggestions. These
areas, in turn, are also linked to brain areas involved in emotions and
expectations, and consequently placebo/nocebo eftects (Figure 2).

The functional magnetic resonance imaging contrast of brain areas
showing greater activity during verbally enhanced placebo compared to
standard placebo treatment revealed a network of brain areas that has
established roles in recent and long-term memory as well as semantic/
linguistic processing (hippocampus, parahippocampal gyrus, angular gyrus,
BA 39, superior temporal gyrus) (Figure 2). Thus, the angular gyrus is an
integrative region involved in heteromodal semantic processing, including
verbal processing (Bonner, Peele, Cook, & Grossman, 2013), and the
parahippocampal gyrus has been shown to participate in paralinguistic
elements of verbal communication and in semantic memory encoding
(Rankin et al., 2009). In the case of enhancement of placebo analgesia by a
verbal suggestion, this memory—semantic processing network is likely to
sustain the memory of the recent placebo suggestions and their meaning.
Patients have to hear the suggestion(s), understand what it means, retain a memory of
it, and then link the meaning to expectations and feelings about reduced pain. The
sequence of these steps is accompanied by corresponding activation within
areas of the brain that generate and maintain placebo analgesia (Figure 2).

Neural Responses Linking Test Stimuli to Somatic Feedback

Comparison of results between these two groups also supports the somatic
feedback hypothesis in showing that the differences in placebo-generating
areas occurred in close association with the onset of each of the test stim-
uli (Figure 3). Thus, areas of the memory—semantic network have greater
activity in the enhanced placebo condition in comparison to the standard
placebo condition. Yet this difference begins immediately or within the first
4-5 s after the onset of the test stimulus (e.g., parahippocampal gyrus, left
and right superior temporal gyri) (Figure 3). Average BOLD activity from
15 brain regions also shows this group difference in temporal development
(Figure 3, lower right panel). This pattern of results further confirms that
the onset of the test stimulus itself serves as a cue for activating brain activity
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Figure 3 Representative BOLD activity curves showing greater activity in e-PL than in
s-PL (right lentiform nucleus at top left, right and left superior temporal gyrus at lower
left and right, respectively). The lower right graph shows average activity from the 15
areas. Many of these regions are typically associated with language-related functions,
semantic processing, and memory. Note that in all cases the separation of the curves
for the e-PL condition (solid line) and s-PL condition (dashed line) begins very near the
stimulus onset and becomes increasing larger as the stimulus continues. (Based on
data presented by Craggs et al. (2014).)

associated with memory and meaning of the placebo suggestion. The cuing
of the meaning of the placebo suggestion by the stimulus also helps explain
why the placebo analgesic effect develops more rapidly when test stimuli
are given more rapidly as described earlier. These results extend the
explanation that somatic focus and feedback from the stimuli themselves act
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to reinforce and enhance placebo analgesia over time. The role of test
stimuli as signaling impending pain reduction also was evident in pain-
processing brain areas of the brain, including posterior thalamus, insular
cortex, and ACC (Craggs et al., 2014). Large reductions in neural activity of
these areas emerged within seconds after the onset of the test stimulus, again
supporting the somatic feedback hypothesis.

NOCEBO RESPONSE

The nocebo response is also influenced by verbal suggestions, for example,
“this treatment will increase pain” (Benedetti et al., 2003; Johansen, Brox, &
Flaten, 2003; Vase etal., 2003). In line with placebo effects, nocebo effects can
be induced by conditioning (Benedetti, Amanzio, Vighetti, & Asteggiano,
2006; Colloca, Sigaudo, & Benedetti, 2008; Colloca, Petrovic, Wager,
Ingvar, & Benedetti, 2010; Elsenbruch et al., 2012; Kong et al., 2008)
and social observations (Vogtle, Barke, & Kroner-Herwig, 2013), but
verbal suggestions alone may be highly efficient in inducing nocebo effects
(Benedetti, Amanzio, Casadio, Oliaro, & Maggi, 1997; Benedetti etal., 2003).

The dynamics of nocebo and placebo effects appear to be largely similar.
In the first of the series of IBS studies described above, patients were
exposed not only to baseline and placebo but also to a nocebo condition, in
which the rectal saline gel was combined with a verbal suggestion to
enhance pain levels: “the agent you have just been given is known to
significantly increase pain in some patients” (Vase et al., 2003). In this study,
there was a trend for the pain levels to be higher in the nocebo condition
compared to the baseline condition, but the nocebo effect was not quite
statistically significant, probably because of the relatively low number of
patients. Interestingly, however, the pain levels in the nocebo condition
remained high over the entire 50 min of testing and were higher toward the
end of testing, which is similar to the growth of the placebo effect over
time. The contribution of expected pain levels and emotional feelings has
been investigated less in relation to nocebo compared to placebo effects.
Still, in a study of healthy volunteers exposed to rectal balloon distention
Schmid et al. (2013) found that expected pain levels measured on a visual
analogue scale prior to treatment administration significantly predicted pain
levels in the nocebo group and accounted for 37% of the variance in the
pain level. In this study, state-anxiety levels were not increased in the
nocebo group, but anxiety levels have previously been found to be
significantly enhanced in the nocebo condition compared to a control
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condition (Elsenbruch et al., 2012). This finding is consistent with studies
showing that cortisol levels increase during a nocebo effect, indirectly
suggesting that anxiety and stress responses related to hyperactivity of the
hypothalamic—pituitary—adrenal axis are implicated in the nocebo effect
(Benedetti et al., 2006; Johansen et al., 2003).

Brain imaging studies have shown that the nocebo effect is associated
with enhanced activity in the superior temporal gyrus (Kong et al., 2008),
which is involved in semantic processing, and the hippocampus, which is
involved in working memory (Bingel et al., 2011; Kong et al., 2008). The
nocebo effect is also associated with enhanced activity in the left OFC,
bilateral ACC, and insula, all of which are involved in affective—cognitive
pain modulation (Bingel et al., 2011; Kong et al., 2008; Schmid et al.,
2013). These findings suggest that participants may be integrating verbal
suggestions for increased pain with previous experiences as well as with
present perceptions of threat and expectation of pain increase, thereby
leading to enhanced pain levels. Thus, overall dynamics of the psycho-
logical mediators and the brain areas involved in nocebo and placebo re-
sponses appear to share similar features. Studies that differentiate placebo
and nocebo responses need to be further investigated.

CONCLUSIONS: FUTURE DIRECTIONS IN RELATING BRAIN
ACTIVITY TO PSYCHOLOGICAL VARIABLES ASSOCIATED
WITH PLACEBO AND NOCEBO

Large placebo effects that accompany corresponding decreases in activity
within symptom-related areas of the brain highlight both the psychological
and the biological reality of the placebo response. However, elucidating the
relationships between cognitive and emotional factors to placebo responses
is an enormous challenge, as is determining their neurobiological
underpinnings. Psychological studies of placebo analgesic responses have
included progressively more variables, such as expectancy, desire, somatic
focus, and type of goal. Measures of these variables can be potentially
incorporated into brain imaging and other types of neurobiological studies,
so that explicit mechanistic hypotheses about these factors can be tested at
more refined psychological and neurobiological levels. Such improvements
should provide increasing potential for utilizing knowledge of these
mechanisms in clinical research and practice. However, beyond this rela-
tively straightforward approach, there remains a need to characterize pla-
cebo responses and effects in a much more refined manner. Thus, the
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following questions could serve as guidelines for studies of placebo/nocebo
responses that are mediated by suggestion: (1) How is the placebo sug-
gestion experienced? (2) How do the suggestions, context, and somatic
feedback lead to increased expectations of relief? (3) How do expectations
coupled with desires lead to emotions that evoke the placebo response and,
for that matter, the nocebo response? (4) How do emotional feelings
change the experience of symptoms such as pain and anxiety? (5) What are
the neural causes and correlates of (1-4)?

Adding a verbal suggestion to a medication or treatment can some-
times add significant increases in linguistic and semantic processing asso-
ciated with the suggestion, and these increases are very likely linked to
placebo/nocebo effects. Brain regions associated with this processing
include those that process the memory and meaning of a verbal placebo
suggestion. Suggestion also adds a significant decrease in the activity of
brain areas that process pain. The test stimulus itself seems to cue these
effects and is consistent with previous explanations that somatic focus and
sensory feedback reinforce expectations and other factors that mediate
placebo analgesic effects. Nocebo modulation may work along similar
lines. Placebo and nocebo responses are not static or passive but reflect
enactive cognitive processes that change dynamically over time and with
somatic feedback. These processes can be learned and enhanced, sug-
gesting a potential wealth of opportunity to use placebo factors to enhance
the efficacy of treatments and medications and to diminish nocebo factors.
Manipulations of both placebo and nocebo responses of course need to be
constrained by ethical considerations.
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Chronic pain is one of the most significant public health issues from the
perspectives of prevalence, quality of life (QOL), and costs. The Institute of
Medicine (2011) estimates that over 100 million adults in the United States
experience chronic pain, costing the nation up to $635 million annually.
The problem of chronic pain is not unique to the United States. A
Canadian National Population Health Survey of over 17,000 adults esti-
mates the cumulative incidence of chronic pain over 12 months to be about
36% (Reitsma, Tranmer, Buchanan, & VanDenKerkhof, 2012), and an
international survey covering 18 countries (42,249 people) estimates the
12-month prevalence of chronic pain as 37% in developed countries and
41% in developing countries (Tsang et al., 2008). Chronic pain is also
prevalent in children. A systematic review evaluating the prevalence of
pediatric chronic and recurrent pain (King et al., 2011) estimates a preva-
lence ranging from 4% to 40% depending on the type of pain reported.
The adverse impact of chronic pain is ubiquitous in the lives of those
afflicted. It can compromise not only physical ability but also maintenance
of enjoyable life activities (Gatchel & Schultz, 2014), interfere with sleep
(Onen, Onen, Courpron, & Dubray, 2005), have an impact on social
relationships (Schwartz, Slater, Birchler, & Atkinson, 1991; Turk, 2000),
and disturb mood (Banks & Kerns, 1996; Gureje, 2007), and it is a sig-
nificant determinant of pain-related disability (Tripp, VanDenKerkhof, &
McAlister, 2006). In this chapter, we will specifically focus on depression, a
common psychological comorbidity of chronic pain estimated to aftect
40-60% of people seeking treatment for chronic pain (Banks & Kerns,
1996). This is not to suggest that other affective factors are not important.
For discussion of other negative mood states that have been extensively
examined in chronic pain, namely anxiety and anger, the interested reader

should see Fernandez (2002) and Keefe et al. (2001). We will review the
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epidemiology of depression in chronic pain and the sequential relationship
between the two.

EPIDEMIOLOGY

Although it is generally agreed upon that depression is a common
co-occurring condition for chronic pain patients, the exact prevalence of
depression as a comorbid psychological condition in chronic pain varies
greatly depending on how and where patients are assessed and the criteria
for depression used, such as how it is defined, method of assessment, and
particularly where samples are selected.

A large international survey of 85,088 people (Demyttenaere et al.,
2007) yields the odds ratio of having a mood disorder to be 2.2 [95%
CI = 2.1-2.5] for community samples of people with chronic pain (Gureje
et al., 2008). The large-scale population studies typically report that people
with migraine headaches are 2.2—4 times more likely to have depression
(Hamelsky & Lipton, 2006) than those without migraine. The population-
based survey and interview studies typically report a range of 5-25% of
people with chronic pain also experiencing depression (Breivik, Collett,
Ventafridda, Cohen, & Gallacher, 2006; Carroll, Cassidy, & Cote, 2000;
Currie & Wang, 2004; Demyttenaere, et al.,, 2007; Magni, Caldieron,
Rigatti-Luchini, & Merskey, 1990). In the large Canadian population
survey of 118,533 people, depression was reported by 6% of pain-free
individuals, whereas 20% of those with persistent back pain reported
depression (Currie & Wang, 2004). The likelihood of having depression
increases as the number of painful sites increases (Gerrits, van Oppen, van
Marwijk, Penninx, & van der Horst, 2014).

Among those who present to specialized pain treatment centers, the
prevalence of depression appears to be greater. The prevalence of depres-
sion, for example, is estimated to range from 40% to 60% in the specialized
pain center setting (Bair, Robinson, Katon, & Kroenke, 2003; Banks &
Kerns, 1996; Haley, Turner, & Romano, 1985), whereas it ranges from 6%
to 10% in the pain patients seeking treatment in the primary care setting
(Arnow et al., 2009; Von Korff, Dworkin, LeResche, & Kruger, 1988).
A 2011 study (Wong et al., 2011) showed the prevalence of significant
depressive symptoms based on the standardized self-report measures in
orthopedic clinics and pain clinics in Hong Kong to be 20.2% and 57.8%,
respectively. Specialized pain clinics tend to receive patients whose pain is
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refractory to conventional therapies and the persistence and severity of pain
may be particularly important amplifiers of depression. The epidemiology
studies (Crook, Weir, & Tunks, 1989; Weir, Browne, Tunks, Gafni, &
Roberts, 1992) indicate that chronic pain patients who are referred to
specialized pain centers are likely to have greater pain, functional impair-
ment, emotional distress, and health care utilization, as well as greater use of
opioid analgesics.

Depression adds a significant burden to chronic pain patients, their
significant others, and society. Depression in chronic pain also drives the
costs associated with disability and health care utilization upwards (Katon,
2009).

DEPRESSION AND SUICIDE

One of the significant concerns related to depression is suicide. Depression
in chronic pain presents a particularly difficult concern for clinicians given
the recent increase in misuse of potent opioid analgesics and unintentional
as well as intentional poisoning from them. Fatalistic thoughts and wishes
are common in chronic pain patients.

The available evidence indicates that persons living with chronic pain
may be at greater risk of engaging in suicidal behaviors. An early study
evaluating clinic cases over 6 years (Fishbain, Goldberg, Rosomoft, &
Rosomoft, 1991) showed a greater rate of completed suicide in chronic
pain patients relative to the general population. The risk of suicidality in
chronic pain seems to be compounded by disability and legal issues
(Fishbain, Bruns, Disorbio, & Lewis, 2009). Up to 23% of treatment-
seeking chronic pain patients report suicidal ideation (Edwards, Smith,
Kudel, & Haythornthwaite, 2006; Okifuji & Benham, 2011; Smith, Perlis, &
Haythornthwaite, 2004).

PAIN-DEPRESSION RELATIONSHIPS

There has been much debate about the causal attribution between
depression and pain. An earlier theory suggested that chronic pain is a form
of “masked depression” (Blumer & Heilbronn, 1982). That is, patients’
reports of pain reflect underlying depression because it may be more
acceptable to complain of pain than to acknowledge depression, although
this judgment process does not necessarily occur at a conscious level.
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Although there is no scientific evidence to substantiate it, the claim remains
a popular notion in public and very unfortunately even among some cli-
nicians. Many patients experience undue distress upon facing the assump-
tion that their chronic pain is “all in their head” or that their pain is not
taken seriously because “it is just your depression.”

Alternatively, there is some support that depression follows the devel-
opment of chronic pain (Brown, 1990). A recent study following people
with a history of remitted depression (Gerrits et al., 2014) revealed that the
recurrence of depression was predicted by pain severity but not by chronic
disease status per se. Some studies also suggest that the pain—depression
relationship is not linear but rather is mediated by how individuals with
chronic pain view their plight. For example, we (Rudy, Kerns, & Turk,
1988; Turk, Okifuji, & Scharft, 1995) demonstrated that the relationship
was mediated by a cognitive appraisal that patients exercise in evaluating
their condition. The interaction between cognition and mood in chronic
pain makes sense given the presence of individual differences in depression
among patients with the same diagnoses and comparable pain and physical
findings and led us to ask, given the impact of pain on all aspects of
functioning, “Why aren’t they all depressed?” (Okifuji, Turk, & Sherman,
2000).

There is also some support that the presence of depression places
people at risk of developing chronic pain. It is well established that
depressed people report significant degrees of pain (Stahl, 2002). Longi-
tudinal studies (Dworkin et al., 1992; Gureje, Simon, & Von Korft, 2001;
Jarvik et al., 2005) suggest that depression may be a risk factor for
reporting chronic pain. One study (Leino & Magni, 1993) followed 607
individuals and found that their depressed mood at the baseline and 5-year
follow-up was related to the development of pain symptoms at the
10-year follow-up. However, these results do not necessarily represent a
causal relationship; they simply show the sequential association. It is also
likely that pain and depression influence one another reciprocally.
Hamelsky and Lipton (2006) reported a bidirectional increase in the
likelihood of predicting one from the other between migraine pain and
depression. There are a number of factors that present vulnerability and
protective factors that mediate the relationship (see Figure 1 for a pictorial
representation and Table 1 for a list of the factors). We will now review
specific factors.
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Figure 1 Heuristic model of the pain—-depression relationship.

Table 1 Vulnerability and Resilience Factors for Depression in Chronic Pain

Vulnerability/Exacerbating Factors Resilience/Protective Factors

* Helplessness * Resourcefulness

* Feelings of no self-control * Sense of control

* Low self-efficacy * High self-efticacy

* Catastrophizing * Optimism

* Rigid thinking * Psychological flexibility

* Defeated/overwhelmed * Resilient

* Lack or perceived lack of social ¢ Availability of positive social
support support

VULNERABILITY

As the prevalence rates we presented demonstrate, not all chronic pain
patients become depressed. A range of research has attempted to better
understand this individual difference and to delineate specific factors that
may mediate the pain—depression relationship.

A longitudinal study of over 1000 chronic pain patients with depression
and/or anxiety (Gerrits et al., 2012) showed that the worsening of their
psychological symptoms was predicted by baseline pain severity, number of
pain sites, use of pain medications, and joint pain, although the odds ratios
were quite modest (all <2.0). The literature generally presents that pain
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itself is not a very strong predictor of depression but it is often mediated by
psychological variables (Gillanders, Ferreira, Bose, & Esrich, 2013). There
are several cognitive factors that are implicated in depression in chronic
pain, as well as physical and medication factors.

Cognitive Factor: Catastrophizing

Catastrophizing is a cognitive process whereby a person exhibits an
exaggerated notion of negativity, assuming the worst outcomes and
interpreting even minor problems as major calamities. Catastrophizing has
been found to be instrumental in exacerbating the chronic pain experi-
ence. It is related to worsening pain experience in various situations
including experimentally induced pain in pain-free children (Lu, Tsao,
Myers, Kim, & Zeltzer, 2007) and adults (Edwards, Smith, Stonerock, &
Haythornthwaite, 2006), as well as people with acute and chronic pain
(Geisser et al., 2003; George et al., 2008; Somers, Keefe, Carson, Pells, &
Lacaille, 2008; Sterling, Hodkinson, Pettiford, Souvlis, & Curatolo,
2008).

Catastrophizing has been shown to have significant association with
emotional distress in pain patients with a range of diagnoses (Osborne,
Jensen, Ehde, Hanley, & Kraft, 2007; Shelby et al., 2009; Somers et al.,
2009; Turner, Jensen, & Romano, 2000). This has prompted a question as
to whether catastrophizing is a symptom of emotional distress itself, rather
than a separate construct. Research generally supports the idea that cata-
strophizing and depression are fundamentally different and relatively
independent concepts. For example, a study (Arnow et al., 2011) indicates
that both depression and catastrophizing contribute independently to pain-
related disability in chronic pain patients.

A number of studies have reported results supporting the mediating role
of catastrophizing between pain and depression (Jensen et al., 2002;
Richardson et al., 2009; Wood, Nicholas, Blyth, Asghari, & Gibson, 2013).
A 2014 study (Sturgeon, Zautra, & Arewasikporn, 2014) followed 260
women with fibromyalgia or osteoarthritis who recorded negative and
positive aftect for 30 days nightly. The multilevel analyses suggest that the
day-to-day changes in pain catastrophizing mediate the relationship
between pain and affect. Furthermore, catastrophizing and depression seem
to have an additive impact on pain; Linton et al. (2011) reported that
having one or the other was associated with current pain problems and
outcome, while having both increased the associations substantially.
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Cognitive Factor: Self-Efficacy

A self-efficacy belief is defined as a personal conviction that one can suc-
cessfully execute a course of action to produce a desired outcome in a given
situation. Experimental studies have shown that pain-related self-efficacy is
associated with reports of pain sensitivity in response to noxious stimulation
(Bandura, 1977). Self-efficacy belief also plays a role in clinical presentation
of chronic pain. Lower self-efficacy is consistently related to greater clinical
pain ratings in various chronic pain conditions (Buckelew, Murray, Hewett,
Johnson, & Huyser, 1995; Chong, Cogan, Randolph, & Racz, 2001).

Research has consistently reported the mediating role of self-efficacy
belief in the relationship between pain and depression (Arnstein, 2000;
Miro, Martinez, Sanchez, Prados, & Medina, 2011) in chronic pain.
Furthermore, it is possible that a low level of self-efficacy belief initiates a
chain of adverse sequences by facilitating deactivation and functional
disability that would reduce the level of satistaction with life and social
reinforcement. There is ample evidence showing that a low level of
perceived self-efficacy is related to disability (Benyon, Hill, Zadurian, &
Mallen, 2010; Sarda, Nicholas, Asghari, & Pimenta, 2009). Low levels of
self-efficacy belief also appear to have a direct impact on sleep quality,
which in turn may have an impact on the physical ability of the patient
(Miro et al., 2011). We will return to the role of physical functioning in
depression later in this chapter.

Whereas low self-efficacy beliefs are associated with greater pain and
physical as well as emotional dysfunction, improvement in self-efficacy is
one of the best predictors for successtul rehabilitation for pain patients. An
elevated level of self-efficacy belief at pretreatment tends to predict better
treatment outcome (Buckelew et al., 1996; Kores, Murphy, Rosenthal,
Elias, & North, 1990). Furthermore, successful outcomes of pain therapy
typically show associated improvement in self-efficacy, along with an
improvement in depression and anxiety (Garnefski et al., 2013; Wells-
Federman, Arnstein, & Caudill, 2002).

Cognitive Factor: Sense of Control/Helplessness

A sense of control represents the perceived ability to manage pain or pain-
related problems. How individuals conceptualize their ability to control
pain and associated stress seems to be an important determinant for how
they actually cope with pain. Indeed, increased sense of control has been
shown to be linearly related to greater functionality in chronic pain patients
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(Turner et al., 2000). Furthermore, improvement in control beliefs
following treatment typically has been shown to result in reduction in pain
and disability (Jensen, Turner, & Romano, 2007). The opposite end of the
control spectrum is a sense of lack of control—helplessness. Helplessness is a
central variable in the cognitive—behavioral framework of depression
(Overmier & Seligman, 1967).

Because chronic pain often presents persistent pain despite attempts to
control it, it is not surprising that a sense of helplessness is widely experi-
enced by people with chronic pain. A number of studies have demonstrated
the importance of helplessness and sense of control in influencing the
mental health of pain patients (Keefe, Rumble, Scipio, Giordano, & Perri,
2004). Several studies (Maxwell, Gatchel, & Mayer, 1998; Palomino,
Nicassio, Greenberg, & Medina, 2007; Turk et al., 1995) have demon-
strated that although depression is common in chronic pain, the relationship
between them is not linear but may be mediated by a poor sense of control
and helplessness. The effects of perceived control are not limited to chronic
pain but they significantly influence how people experience pain and
emotional response following an acute pain episode. For example,
perceived controllability of pain during childbirth has been shown to be
associated with lower pain report and distressed emotion up to 6 months
following the delivery (Tinti, Schmidt, & Businaro, 2011).

Since learned helplessness can be experimentally and acutely presented
by creating an inescapable and uncontrollable aversive situation, this
particular cognitive concept has been extensively studied in animals, pain-
free humans, and people with depression. There is a substantial amount of
evidence supporting the relationship between helplessness and depression in
humans as well as animals (Henkel, Bussfeld, Moller, & Hegerl, 2002; Pryce
et al., 2011). There is also an increasing volume of empirical data suggesting
a neurobiological link between the two. Some studies show the neural
correlates in various specific areas of the brain (e.g., prefrontal cortex, dorsal
raphe nucleus, lateral habenula) (Christianson & Greenwood, 2014; Li et al.,
2011; Wang, Perova, Arenkiel, & Li, 2014). Peng et al. (2014) demonstrated
the relationship between helplessness in depression and decreased efficiency
in functional connectivity among various regions of the brain.

Functioning Factors

Physical functioning is reduced in many people with chronic pain. Inability
to do things that are essential, that one values and used to enjoy, is
understandably frustrating. Decreased functioning is a significant predictor
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of depression for many disease statuses (e.g., cancer, stroke) (Landreville,
Desrosiers, Vincent, Verreault, & Boudreault, 2009; Williamson, 2000).
Indeed, reduced ability to engage in activities seems to play a significant role
in depression in chronic pain patients. A longitudinal study (Williamson &
Schulz, 1995) showed that declining level of physical activity as pain per-
sisted over time predicted the level of depression later. Similarly, long-term
functional compromise over time in people with osteoarthritis increases
depressive symptoms (Parmelee, Harralson, Smith, & Schumacher, 2007).
The results from a 2014 study evaluating this relationship in the elderly,
both community residing and those in nursing homes (Lopez—Lopez,
Gonzalez, Alonso-Fernandez, Cuidad, & Matias, 2014), suggest that
although the role of pain itself in depression may be relatively modest, the
perception of how much activity is restricted by pain may mediate the
relationship.

A perhaps less studied area of disability is sexual functioning. A 2014
study of chronic low back pain implicated a significant mediating role of
sexuality for depression in this population (Pakpour, Nikoobakht, &
Campbell, 2014). It is also important to recognize that the physical activity
that shapes one’s lifestyle also contributes to how one views the world and
oneself. A low level of functioning in back pain patients has been found to
relate to catastrophizing (Elfving, Andersson, & Grooten, 2007). Improved
ability to engage in physical activity is known to positively influence self-
efficacy (Cataldo, John, Chandran, Pati, & Shroyer, 2013; McAuley
et al., 2006). Thus, physical and cognitive vulnerability factors of depression
in chronic pain patients are likely to have a rather complex, dynamically
interacting relationship.

RESILIENCY

Resilience is broadly defined as an ability to encompass and exhibit
adaptive coping within a context of significant adversity. There is a wide
range of variability in the amount and nature of adverse effects in response
to stress. This is clearly true in chronic pain patients; a substantial minority
of treatment seekers for chronic pain do not appear to be depressed, and
even lower rates of depression are observed in community samples of
people with persistent pain. A large individual variability in emotional
distress and QOL can be found in chronic pain patients at similar pain levels
with similar pain durations (Okifuji, et al., 2000). In this section, we will
focus on factors that, despite persistent pain, appear to protect or inoculate
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patients from depression and promote more adaptive coping and accom-
modation despite the presence of persistent pain.

The literature points to three protective factors that are particularly
important in building resilience: positive emotion, perceptions of life
control, and social support. Fredrickson, Mancuso, Branigan, and Tugade
(2000) theorized that action tendencies associated with emotion may play a
role in regulating well-being. According to their theory, negative emotion
tends to restrict the focus of the behavioral response to escape or avoidance,
whereas positive emotion enhances the behavioral and coping options.
Moreover, the presence of positive emotion seems critical in modulating
the coping experience whereby resilient people seek ways to enhance
positive emotion that seems to disrupt the relationship between stress and
distress (Affleck & Tennen, 1996; Ong, Bergeman, & Bisconti, 2004).

In the resilience research, positive and negative emotions are considered
related but distinct entities, rather than a continuum. The absence of
positive emotion appears to increase vulnerability to emotional distress
during severe pain. Zautra et al., 2005 conducted 10- to 12-weekly
interviews with women with chronic pain. The multilevel analyses of
pain, mood, and stress yielded that patients with trait-like positivity tend to
experience less negative affect during a high pain period. However, the
situational positive affect, regardless of trait-like positive affect, seems to
protect people from experiencing the negative consequences of high pain.
The results suggest a protective property of the ability to experience pos-
itivity in the face of stressors.

Although it is generally considered that being able to employ positive
affect at a time of difficulty (e.g., pain) offers the basis of resilience, the
emotional experience of both positive and negative valence may modify
how resilience affects pain patients. Mediational model analyses using the
structural equation modeling of 858 chronic pain patients (fibromyalgia)
(McAllister et al., 2015) showed that both positive and negative affects seem
to mediate the effect of resilience on symptom burden.

Karoly and Ruehlman (2006) operationally defined pain resilience as
having low pain interference and emotional distress despite high pain. Of
2407 chronic pain patients who completed the screening inventories,
approximately 30% scored 1 standard deviation above the mean on pain
severity, whereas their emotional and interference scores were 1 standard
deviation below (resilient patients). Those who scored 1 standard deviation
above the mean on all scales (high pain, emotional distress, and interference)
were considered nonresilient patients. Resilient patients showed
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significantly lower levels of pain-related fear, catastrophizing, expectation of
medical cure, and disability than nonresilient patients.

Social support has also been indicated to be an important factor in
building resilience. Marital satisfaction and depression are significantly
related in chronic pain patients (Kerns & Turk, 1984). Negative spousal
response to patients’ pain report is also related to depression in chronic pain
patients (Cano, Weisberg, & Gallagher, 2000). On the other hand, spousal
solicitous response to patients’ pain, although it was related to greater
functional interference, appears to be related to positive emotional conse-
quence (Flor, Kerns, & Turk, 1987; Turk, Kerns, & Rosenberg, 1992). It is
not just the presence of support but how patients value the support that
may also be important. When chronic pain patients experience a high level
of satisfaction with their social support, they are likely to experience less
depression and use active coping strategies (Lopez-Martinez, Esteve-
Zarazaga, & Ramirez-Maestre, 2008).

Resilience may also help people experience less pain particularly when
stress is greater. Friborg et al. (2006) measured pain response to ischemic
pain testing in pain-free people under two stress conditions, which were
manipulated by the nature of the interaction with an experimenter. Those
who scored high on the resilience scale reported significantly lower pain
intensity under high stress than those with a low resilience score, although
the difference was not observed when the stress level was low.

Despite the significant concern of suicide and depression among people
with chronic pain, very little is known about resilience factors that may
protect patients from self-harm. In a longitudinal study of returning
veterans who were deployed to Iraq and Afghanistan (Youssef, Green,
Beckham, & Elbogen, 2013), baseline level of resilience was significantly
related to suicidal ideation at the 3-year follow-up. Given the prevalence of
suicidal ideation and recent increase in opioid-related deaths, an evaluation
of protective factors in the chronic pain population seems warranted.

Posttraumatic stress disorder (PTSD) has been shown to be elevated in
people with chronic pain (Morasco et al., 2013; Sherman, Turk, & Okifuji,
2000). There is some evidence of the neurobiological correlates of resil-
ience. The data on neuroimaging of resilience mostly come from studies
examining PTSD. In those studies, “resilient individuals” are typically
defined as those who were exposed to trauma but did not develop PTSD,
whereas those who developed PTSD are labeled as people with a low level
of resilience. A comprehensive review on the structural and functional
neural circuitries of resilience (van der Werff, van den Berg, Pannekoek,
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Elzinga, & van der Wee, 2013) suggests that resilient people indeed differ
from those who are not resilient in the brain regions known to regulate
emotional and stress experience. For depression, depression-free people,
despite a significant family history (“resilient”), showed smaller volumes of
right hippocampus and dorsomedial prefrontal cortex compared to
depressed people with a family history (Amico et al., 2011). A functional
magnetic resonance imaging study of police officers who were involved in
gunfire attack (Peres et al., 2011) showed a significantly increased activity in
the medial prefrontal cortex and decreased amygdala activity in response to
trauma-related cues in resilient (officers with trauma without PTSD) and in
those with PTSD who received benefit from therapy compared to officers
with significant PTSD symptoms. Research on the neural basis of psy-
chological resilience is still in its infancy; however, the available evidence
thus far seems to demonstrate the ability of resilience to regulate emotion in
response to stress.

PSYCHOLOGICAL FLEXIBILITY

Related to the concept of resilience is the notion of psychological flexi-
bility. The definition of psychological flexibility reflects a multifactorial
process of how a person deals with stress, situations, and people. According
to a comprehensive review of this topic in the context of health (Kashdan &
Rottenberg, 2010), the concept reflects multiple aspects of how persons
contextualize their psychological responses, including (1) flexible accom-
modation of fluctuating situational demands, (2) reconfiguration of psy-
chological resources, (3) modification of perspective, and (4) balancing
competing desires, needs, and life domains. In the domain of chronic pain
management, several factors are considered critical in psychological flexi-
bility: acceptance, mindfulness, value-based processes, and cognitive
defusion.

Acceptance may often be confused with resignation to having pain.
Acceptance of pain is not the same thing as giving up on life because of
pain. Instead, it requires a mental framework to feel pain with realistic
expectation but without avoiding it and without judgmental disapproval
(McCracken & Eccleston, 2003). What seems important is balance between
acceptance and control. The serenity prayer attributed to Reinhold
Niebuhr (2014) captures the need to strike a balance between accepting
what we cannot change and striving to change what we can and asking
for the wisdom to know the difference. Thus, acceptance not only
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encompasses “taking what it 1s” but also extends it to identifying what can
be changed and committing oneself to the change. Acceptance of pain
seems to be positively related to psychological well-being in chronic pain
patients (Viane et al., 2003). Longitudinally, high acceptance early on
predicts low depression at later times in chronic pain (McCracken &
Eccleston, 2005).

A value-based process refers to the ability to identify valued life domains
(activities, relationships, self~image) that can be used to build a set of goals
for an individual to strive to achieve. It is fundamentally an individualized
“wants” list that directs a person’s commitment and priority. In chronic
pain, positive emotional well-being is reported when a person perceives
that he or she lives in accordance with his or her valued commitments
(McCracken & Yang, 2006). Their subsequent prospective study
(McCracken & Vowles, 2008) showed that acceptance and value-based
processes, after controlling for pain severity, predicted 27% of the vari-
ance in depression at later times.

Cognitive fusion refers to the maladaptive thought process in which a
person is constrained in his or her own thought process in experiencing
emotion and directing behaviors. McCracken, DaSilva, Skillicorn, and
Doherty (2014) describe it as “similar to the more familiar concept of
believing a thought versus having a thought and not believing it” (pp. 894).
For example, when a pain flare occurs, one may have the thought “I will
never get better” (fusion) or place the thought in the context of “I am
having a thought that I will never get better” (defusion). The ability to
defuse such thoughts may be protective; indeed, the level of defusion in
chronic pain patients is significantly related to depression after controlling
for age, education, and pain level (McCracken, et al., 2014).

The concept of psychological flexibility is relatively new. However, the
evidence seems to strongly point to it as an important, clinically relevant
factor that may help us understand how people adapt or fail to adapt in a
context of stress associated with chronic pain.

SUMMARY

In this chapter, we reviewed the relationship between chronic pain and
depression. Depression is one of the most prevalent emotional comorbid-
ities in chronic pain. Depression is not just common but also augments the
suffering of people with chronic pain, compromises the quality of their
lives, and raises the costs of health care and disability. There is a modest
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degree of relationship between depression and pain itself, but the rela-
tionship between them seems likely to be mediated by several cognitive
factors as well as physical and medication variables. Those mediating vari-
ables, however, are not independent but interrelated and dynamically
interact with one another to affect the emotional well-being of chronic
pain patients. These are also the variables that are included as treatment
targets in cognitive behavioral therapy of chronic pain; this implicates the
clinical significance of understanding emotion relevant to chronic pain.

We also reviewed the psychological factors that may have a protective
influence on depressive mood in chronic pain, with particular attention to
the concepts of resilience and psychological flexibility. Evidence is quite
encouraging that these positive sides of psychological factors protect patients
from the negative emotional sequelae of pain as well as improving
depression. The neurobiological data also suggest that these protective
factors work on the neural circuitry and responses that are involved in
emotional regulation.

Chronic pain is a complicated condition that is quite challenging as it is a
multidimensional disorder involving biological, physical, and psychosocial
domains. A better understanding of how these factors relate to one another
should lead to further delineation of specific treatment targets, thereby
helping develop effective interventions.
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Addiction, Pain, and Stress
Response

Motohiro Nakajima, Mustafa al’'Absi

University of Minnesota Medical School, Minneapolis, Duluth, MN, USA

INTRODUCTION

Experience of stress and pain can be modified at multiple levels including
genetic, biological, cognitive, behavioral, and social determinants. Sub-
stance use is a global phenomenon that poses threats to health, social, and
economic welfare. Accumulating evidence indicates that acute and chronic
administration of abused drugs induces various neurochemical changes in
the brain and peripheral physiological systems that produce alterations in
the stress response and pain sensitivity. This chapter is aimed at providing a
general overview of how drug use and misuse are associated with pain and
stress. We will briefly discuss findings from studies showing the mediating
role of stress in the link between pain and addiction. Finally, we will discuss
other factors such as sex differences and mental health problems that modify
the associations between drug use, pain, and stress. We will conclude this
chapter by discussing current limitations and future directions.

ADDICTION AND PAIN
Epidemiology of Drug Use

Substance use, including use of opioids, alcohol, tobacco, cannabis,
amphetamine-type stimulants, and cocaine, continues to pose threats to
health, social, and economic welfare locally and globally (SAMHSA, 2014;
UNODC, 2012). It is estimated that between 26 and 36 million people
across the globe consume opioids (UNODC, 2012). While the rate of use
has been generally stable in illicit drugs (UNODC, 2012) or in high-
income countries (Eriksen, Mackay, & Ross, 2012), the prevalence
remains high in low- and middle-income countries, especially among the
youth (Eriksen et al., 2012; UNODC, 2012). In the United States,
approximately 136 million individuals who were 12 years or older were
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current alcohol drinkers, 66 million individuals were current tobacco
product users, and 24 million were current illicit drug users in 2013
(SAMHSA, 2014). The use of illicit drugs showed an increase over the past
15 years (SAMHSA, 2014). More than 21.5 million individuals at the age of
12 or older fall under the category of substance dependence or abuse as
defined by the Diagnostic and Statistical Manual of Mental Disorders, tourth
edition, although only about 10% of them received facility-based treatment
(SAMHSA, 2014).

Substance Use and Pain

Substance use is a risk factor of pain-related morbidity (Ditre, Brandon,
Zale, & Meagher, 2011; Garland, Froeliger, Zeidan, Partin, & Howard,
2013; Sehgal, Manchikanti, & Smith, 2012; Shi, Weingarten, Mantilla,
Hooten, & Warner, 2010). Prescription opioids are commonly abused drugs
(Wilson, 2007) and are a growing public health concern in many countries,
including the United States (Garland et al., 2013; Maxwell, 2011). Various
studies have shown positive associations of drug use, such as opioids
(Edwards et al., 2011; Eriksen, Sjogren, Bruera, Ekholm, & Rasmussen,
2006; Fischer, Lusted, Roerecke, Taylor, & Rehm, 2012; Jamison, Link, &
Marceau, 2009; Macey, Morasco, Duckart, & Dobscha, 2011; Rosenblum
et al., 2003; Trafton, Oliva, Horst, Minkel, & Humphreys, 2004), tobacco
(Andersson, Ejlertsson, & Leden, 1998; Brage & Bjerkedal, 1996; Ekholm,
Gronbaek, Peuckmann, & Sjogren, 2009; Hagg, Fritzell, & Nordwall,
2002; Jakobsson, 2008; Jamison, Stetson, & Parris, 1991; Palmer, Syddall,
Cooper, & Coggon, 2003; Pisinger et al., 2011; Scott, Goldberg,
Mayo, Stock, & Poitras, 1999; Shiri, Karppinen, Leino-Arjas, Solovieva, &
Viikari-Juntura, 2010; Zvolensky, McMillan, Gonzalez, & Asmundson,
2009), alcohol (Brennan, Schutte, & Moos, 2005; Riley & King, 2009; Tsui
et al.,, 2014), and heroin (Tsui et al., 2013), with pain-related symptoms.
Laboratory studies using experimental pain procedures to examine pain
sensitivity among drug abusers also support this relationship. Individuals
who are addicted to opioids or at high risk for opioid abuse have lower pain
tolerance than healthy comparisons (Edwards et al., 2011; Pud, Cohen,
Lawental, & Eisenberg, 2006; Ren, Shi, Epstein, Wang, & Lu, 2009).
Alcoholic patients who were undergoing alcohol withdrawal showed lower
tolerance to heat pain than control individuals matched by gender and age
(Jochum, Boettger, Burkhardt, Juckel, & Bar, 2010). Chronic smokers
during ad libitum smoking (al’Absi, Nakajima, & Grabowski, 2013) and an
initial phase of a quit attempt (Nakajima & al’Absi, 2014) showed lower
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pain tolerance to cold pressor test (CPT) relative to nonsmokers. Smokers
who were administered CPT as part of the laboratory session reported
greater levels of smoking urges and had shorter time until taking up a
cigarette after the pain task than those who did not receive the pain task
(Ditre & Brandon, 2008). Greater precessation pain ratings in the CPT
predicted early smoking relapse (Nakajima & al’Absi, 2011). There is initial
evidence to suggest that withdrawal from drugs enhances sensitivity to pain,
which further increases the likelihood of subsequent drug use (Ditre &
Brandon, 2008; Jochum et al., 2010; Nakajima & al’Absi, 2014). Taken
together, epidemiological and laboratory-based studies strongly suggest
positive associations between drug use and pain sensitivity.

Mechanisms of drug effects on pain perception are likely to involve
multiple pathways. For instance, opioids interact with mu, kappa, and delta
opioid receptors that are widely distributed throughout the brain and the
spinal cord. Activation of those receptors causes analgesic effects by stim-
ulating amino acids and neuropeptides that inhibit neurophysiological
pathways related to nociceptive signals (Garland et al., 2013; Ossipov et al.,
2004). Nicotine binds to nicotinic cholinergic (nACh) receptors in central
and peripheral nervous systems, causing the release of neurotransmitters
such as dopamine, norepinephrine, acetylcholine, glutamate, serotonin,
B-endorphin, and y-aminobutyric acid (GABA), mediating antinociceptive
properties of nicotine (Bannon et al., 1998; Becker, Gandhi, &
Schweinhardt, 2012; Ditre et al., 2011; Shi et al., 2010; Wewers, Dhatt,
Snively, & Tejwani, 1999). Alcohol stimulates N-methyl-D-aspartate,
GABA,, 5-HTj;, and nACh receptors that are associated with enhanced
dopaminergic activity (Egli, Koob, & Edwards, 2012; Vengeliene, Bilbao,
Molander, & Spanagel, 2008) and secretion of P-endorphin from the
hypothalamus.

Substance use in general activates mesolimbic pathways including the
ventral tegmental area, the nucleus accumbens, and the prefrontal cortex
that promote the secretion of dopamine (Benowitz, 2010; Egli et al., 2012),
a known agent responsible for self-administration of addictive drugs and
stress (al’Absi, 2007; Benowitz, 2010). The dopaminergic pathway is
regulated by the endogenous opioid system (Chong, Uhart, & Wand, 2007)
because mu, delta, and kappa receptors are located in the nucleus accum-
bens (Mansour, Khachaturian, Lewis, Akil, & Watson, 1988). Drug-
induced activation of this system has been suggested as one mechanism of
drug reinforcement (Chong et al., 2007). The hypothalamic—pituitary—
adrenal (HPA) axis is also activated by several drugs of abuse and is likely to
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be involved in pain suppression and reinforcement of drug use (see below).
In summary, drug effects on antinociception are mediated by complex
neurobiological cascades including the endogenous opioid system and the
dopaminergic pathway and stress-related response systems including the
HPA axis.

While acute administration of drugs of abuse suppresses pain, repetitive
intake develops tolerance to the drug that could influence drug-related
analgesia. Tolerance is developed when effects obtained with the first
dose are attenuated after repeated doses or increased doses are needed to
reach the effects attained by the original dose (Benowitz, 1988). Further-
more, chronic drug use may lead to dysregulations in the central and pe-
ripheral pain-inhibitory mechanisms (Haghparast, Khani, Naderi, Alizadeh,
& Motamedi, 2008; Zarrindast, Khoshayand, & Shafaghi, 1999) that alter
the severity of withdrawal symptoms and sensitivity to pain. This has been
supported in studies reporting positive associations between withdrawal
symptoms, drug-induced negative affect, and pain sensitivity (al’Absi,
Nakajima, et al., 2013; Ditre & Brandon, 2008; Jochum et al., 2010;
Nakajima & al’Absi, 2014; Pud et al., 2006; Ren et al., 2009). It is possible
that habitual drug users take drugs as a means of self-medication to alleviate
side effects and distress (Khantzian, 1997; Riley & King, 2009). In fact, one
study (Brennan et al., 2005) found that problem alcohol drinkers reported
more severe pain, and using alcohol to manage pain, relative to those who
did not have an alcohol drinking problem. Another study found that male
smokers who cited reduction of craving as a motive to smoke were more
likely to relapse (Nakajima & al’Absi, 2012).

THE ROLE OF STRESS IN THE LINK BETWEEN ADDICTION
AND PAIN

Brief Overview of Stress

Stress 1s associated with both addiction and pain, and evidence indicates that
stress mediates this link. Stress response occurs at biochemical, physiological,
cognitive, and behavioral levels (see Chapter 2 for more details). While
acute or short-lived stress response reflects the adaptive capacity of the
organism to meet environmental challenges, chronic or frequent stress, due
to environment or predispositional characteristic, could lead to prolonged
activation of central and peripheral neurobiological mechanisms that have
pathophysiological consequences (Lazarus & Folkman, 1984; Lovallo,
2004). Maladaptive physiological changes in response to stress cause wear
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and tear of the system (McEwen, 1998), which mediates medical conditions
including chronic pain and unhealthy behaviors such as smoking and
alcohol drinking (McEwen, 1998). In the next sections we will briefly
review the associations of stress with addiction and pain.

Stress and Drug Use

Stress is a well-known risk factor for addiction (al’Absi, 2007; Sinha, 2008).
The link between psychosocial stress and substance use has been consis-
tently reported (al’Absi, 2006; Cohen & Lichtenstein, 1990; Shiftman, Paty,
Gnys, Kassel, & Hickcox, 1996; Slopen et al., 2012; Webb & Carey, 2008).
Studies have shown neurobiological mechanisms of stress and addictive
behaviors (Koob & Le Moal, 1997; Kreek & Koob, 1998; Lovallo, 2006;
Van Bockstaele, Reyes, & Valentino, 2010). Stress involves activation of the
HPA axis, which sensitizes central neurophysiological pathways that are
associated with drug reward (Rouge-Pont, Deroche, Le, & Piazza, 1998;
Rouge-Pont, Marinelli, Le, Simon, & Piazza, 1995; Tidey & Miczek, 1997)
that facilitates self~administration of the drug (Koob & Le Moal, 1997,
Piazza & Le Moal, 1998). In fact, both drug use and stress are independently
linked with dopaminergic activity. Animal studies have shown that the
dopaminergic pathway can be activated by administration of addictive drugs
and moderate levels of stress; however, the system tends to be inhibited
during the absence of drug use and prolonged or unpredictable stress
(Marinelli, 2007). The interplay between stress-related HPA response and
the risk for drug abuse has also been found in human studies (al’Absi, 20006;
Lovallo, 2006; Sinha, 2008; Uhart & Wand, 2009). Altered HPA stress
response or basal activity was found in chronic smokers (al’Absi, Nakajima,
et al., 2013; al’Absi, Wittmers, Erickson, Hatsukami, & Crouse, 2003;
Kirschbaum, Strasburger, & Langkrar, 1993), alcoholic patients (Bernardy,
King, Parsons, & Lovallo, 1996; Errico, Parsons, King, & Lovallo, 1993;
Lovallo, Dickensheets, Myers, Thomas, & Nixon, 2000), individuals with
family history of alcoholism (Croissant & Olbrich, 2004; Dawes et al., 1999;
Sorocco, Lovallo, Vincent, & Collins, 2006; Uhart, Oswald, McCaul,
Chong, & Wand, 2006; Zimmermann et al., 2004), those who were at risk
of engaging in harmful drinking (Nakajima, Kumar, Wittmers, Scott, &
al’Absi, 2013), amphetamine-type substance users (al’Absi, Khalil, et al.,
2013), and opioid-dependent users (Fatseas et al., 2011; Zhang et al., 2008).
Altered HPA response to stress was predictive of relapse to smoking
(al’Absi, Hatsukami, & Davis, 2005; al’Absi, Nakajima, Allen, Lemieux, &
Hatsukami, 2015) and cocaine use (Sinha, Garcia, Paliwal, Kreek,
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& Rounsaville, 2006) as well as drug experimenting and drinking relapse in
the future (Junghanns et al., 2003, 2005; Moss, Vanyukov, Yao, &
Kirillova, 1999). These studies suggest the usefulness of the HPA stress
response in identifying individuals who are at high risk of drug relapse.
Other studies have shown dysregulations in cardiovascular (Roy, Steptoe, &
Kirschbaum, 1994; Straneva, Hinderliter, Wells, Lenahan, & Girdler, 2000)
responses to stress among habitual chronic smokers. These alterations have
been proposed as a risk factor of enhanced pain sensitivity of this group
(Girdler et al., 2005).

Stress and Pain

Acute stress suppresses pain perception (i.e., stress-induced analgesia (SIA);
al’Absi & Petersen, 2003; Butler & Finn, 2009; Janssen, Spinhoven, &
Brosschot, 2001; Rhudy & Meagher, 2000). While the exact mechanism of
this association has yet to be determined, studies have found stress-related
changes in cardiovascular activity (France & Stewart, 1995; Janssen et al.,
2001), baroreceptor activity (France, 1999; Guasti et al., 2002; Sheps et al.,
1989), the endogenous opioid system (al’Absi et al., 2004; al’Absi,
Wittmers, Hatsukami, & Westra, 2008; Girdler et al., 2005; Randich &
Maixner, 1984), and hypothalamic—autonomic activation (al’Absi, Naka-
jima, et al., 2013; France, 1999; Guasti et al., 2002; Nakajima & al’Absi,
2014) as potential mediators. For instance, elevated blood pressure is linked
with reduction in pain (al’Absi, Buchanan, & Lovallo, 1996; al’Absi,
Buchanan, Marrero, & Lovallo, 1999; al’Absi & Petersen, 2003; Ghione,
1996). The HPA system has also been shown to mediate pain perception
(al’Absi, Petersen, & Wittmers, 2002; Lariviere & Melzack, 2000). While
acute stress-related physiological activation attenuates pain, there is evi-
dence that chronic stress is related to enhanced pain perception (Lundberg,
1999). This is indicated in prolonged conditions in which individuals suffer
high levels of mental and physical distress. Impaired adrenocortical activity
has been observed in patients with chronic neck pain (Shahidi, Sannes,
Laudenslager, & Maluf, 2015), irritable bowel syndrome (Dinan et al.,
2006; Fukudo, Nomura, & Hongo, 1998), chronic pelvic pain (Heim,
Ehlert, Hanker, & Hellhammer, 1998; Wingenfeld et al., 2009), chronic
migraine (Patacchioli et al., 2006), low back pain (Muhtz et al., 2013;
Theorell, Hasselhorn, Vingrd, & Andersson, 2000), fibromyalgia (Geiss,
Rohleder, & Anton, 2012; Wingenfeld et al., 2008; Wingenfeld,
Nutzinger, Kauth, Hellhammer, & Lautenbacher, 2010), rheumatoid
arthritis  (Dekkers et al., 2001; Eijsbouts et al., 2005), chronic
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musculoskeletal pain (Generaal et al., 2014), and chronic fatigue syndrome
(Nijhof et al., 2014; Roberts, Wessely, Chalder, Papadopoulos, & Cleare,
2004). Psychiatric disorders such as posttraumatic stress disorder (PTSD)
(Gureje, 2008) and major depression (Bair, Robinson, Katon, & Kroenke,
2003; Gambassi, 2009) have been shown to exacerbate pain. It is possible
that stress-related chronic activation of physiological systems may alter
central mechanisms responsible for modulation of pain.

Taken together, numerous studies have reported that stress is associated
with addiction and pain, respectively. However, to our best knowledge,
very few studies have systematically examined the mediating role of psy-
chobiological stress response in chronic substance use and pain sensitivity. In
the next section, we will discuss data from our laboratory examining this
hypothesis among nicotine-dependent men and women.

Stress as a Mediator of the Link between Addiction and

Pain

We have examined the role of stress in the relationship between pain and
nicotine addiction in two cross-sectional studies (al’Absi, Nakajima, et al.,
2013; Nakajima & al’Absi, 2014). Part of a larger project, which investi-
gated psychobiological determinants of smoking relapse (al’Absi et al.,
2015), this project included chronic smokers and nonsmokers to directly
compare influences of smoking on psychobiological responses to stress and
SIA. The laboratory protocol included the following: (1) 45 min initial
baseline; (2) 40 min pain assessment 1; (3) 20 min rest period; (4) 40 min
pain assessment 2; (5) 20 min rest period. The pain assessment was
included twice: one after rest (rest—pain) and one after stress (stress—pain).
The order of pain assessment (rest—pain condition first or not) was
counterbalanced across participants to minimize order effects. To assess
psychobiological responses to stress, self-report measures of mood as well
as blood and saliva samples for the measurement of stress-related hormones
(adrenocorticotropic hormone (ACTH) and cortisol) were collected at the
end of each period. In addition, cardiovascular measures including blood
pressure (BP) and heart rate (HR) were collected multiple times during
baseline, stress, and rest periods. Subjective craving and withdrawal symp-
toms were assessed from smokers. Public speaking and mental arithmetic
tasks were used as stressors. These tasks have been found to reliably induce
subjective and biological changes (al’Absi et al., 1997) that are similar to
stress-related changes observed in the natural environment. The CPT and
thermal heat pain induction tests were used. Pain threshold and tolerance
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and the short version of the McGill pain questionnaire (MPQ) (Melzack,
1975) were administered to evaluate pain.

The first study (al’Absi, Nakajima, et al., 2013) was conducted when
smokers interested in quitting were smoking at their own pace. Non-
smokers completed the same protocol. The results indicated that reported
distress was higher and positive affect was lower in smokers than in non-
smokers (p < 0.05). Craving and withdrawal symptoms increased in
response to stress in smokers (p < 0.05). Smokers exhibited reduced car-
diovascular (systolic and diastolic BP, HR) and salivary cortisol responses to
stress relative to nonsmokers (p < 0.05). Pain tolerance to CPT was lower
in smokers than in nonsmokers, pain tolerance to thermal heat was higher
after stress than after rest regardless of smoking status, and women had lower
pain tolerance than men regardless of smoking status (p <0.05). When the
model was adjusted for confounding variables (e.g., demographics), we
found smoking group X pain condition interactions (p < 0.05), reflecting
greater heat pain threshold and tolerance poststress compared to postrest in
nonsmokers but not in smokers. Additional correlational analysis further
revealed that greater systolic BP (SBP) was associated with higher pain
tolerance to CPT, and greater SBP and salivary cortisol levels were related
to higher pain tolerance to thermal heat (p < 0.05). In general, reported
distress and withdrawal symptoms (in smokers) were positively linked to
MPQ measures after CPT and thermal heat procedures. These findings
collectively indicate a lack of SIA among smokers. It also suggests
dissociations between subjective and biological responses to stress in
smokers. Smokers reported higher distress than nonsmokers but
cardiovascular and hormonal stress responses were attenuated in smokers
relative to nonsmokers. This blunted stress response profile may be a risk
factor of enhanced pain perception in smokers. The finding of smoking
group difference in SIA and inverse associations of physiological measures
with pain perception support this hypothesis.

Participants then set a quit day and completed the same protocol again
approximately 2 weeks after the previous laboratory session. This study
(Nakajima & al’Absi, 2014) was completed 48 h after smokers quit smok-
ing. Smoking status was verified biochemically. Nonsmokers were tested in
the same time frame without any smoking component. Results of this study
expanded the previous study. In addition to attenuated cardiovascular re-
sponses to stress, smokers showed lower pain tolerance to CPT than
nonsmokers. Pain tolerance to CPT was greater after stress than after
rest (pain condition effect: p < 0.05) and greater in men than in women
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(sex effect: p < 0.05). We also found moderating effects of smoking status
on pain condition. That is, pain tolerance to CPT increased after stress in
nonsmokers but not in smokers (p < 0.05). Also, MPQ scores in response
to CPT tended to increase after stress in smokers but this was not found in
nonsmokers (p < 0.05). Correlations of self-report and physiological
measures with pain measures found in this study were very similar to those
observed in the previous study.

These two studies collectively indicate the importance of the central and
peripheral stress-regulatory mechanisms in the link between pain and
addiction. First, cardiovascular and adrenocortical responses to stress were
attenuated in smokers relative to nonsmokers. Second, these alterations
were associated with enhanced pain perception. Third, nonsmokers showed
evidence of SIA from the two studies, while this was not the case with
smokers. Fourth, stress-induced craving and withdrawal symptoms were
positively related to pain perception. Finally, although direct comparison is
not available, our results suggest that the link between altered stress response
and enhanced pain perception was pronounced during smoking withdrawal
(initial stage of smoking cessation). Taken together, alterations in psycho-
biological stress response may contribute to enhanced pain experience and
lack of SIA in chronic smokers.

The underlying mechanism should be elucidated. Accumulating evi-
dence indicates that acute administration of nicotine (Fertig, Pomerleau, &
Sanders, 1986; Jamner, Girdler, Shapiro, & Jarvik, 1998; Kanarek &
Carrington, 2004; Pomerleau, Turk, & Fertig, 1984) and acute stress (al’ Absi
et al., 1996; al’Absi, Petersen, & Wittmers, 2000; al’Absi et al., 2002) are
linked with analgesia; however, chronic nicotine exposure may dysregulate
this relationship (Ditre et al., 2011; Girdler et al., 2005; Shi et al., 2010). For
instance, repeated drug exposure, including nicotine, is associated with
B-endorphin deficit (Girdler et al., 2005; Scanlon, Lazar-Wesley, Grant, &
Kunos, 1992). Animals repeatedly treated with nicotine show a lack of
hypoalgesia in response to morphine (Zarrindast et al., 1999). Maladaptive
cardiovascular and hormonal adjustments to acute stressors have been found
in habitual smokers (al’Absi et al., 2003; Kirschbaum et al., 1993; Roy et al.,
1994; Straneva et al., 2000). Taken together, our and other studies suggest
that chronic smoking downregulates or desensitizes central and peripheral
functions that are responsible for antinociceptive effects of nicotine
(Nakajima & al’Absi, 2014). We further propose the blunted stress response
as one key component of the enhanced pain sensitivity in smokers. Corre-
lations between stress-related increase in craving and withdrawal symptoms
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and pain found in our studies support relevant literature (Anderson et al.,
2004; Mousa, Aloyo, & Van Loon, 1988; Nesbitt, 1973; Silverstein, 1982),
suggesting that chronic nicotine exposure develops tolerance to nicotine, and
nicotine withdrawal contributes to heightened pain sensitivity, potentially
leading to smoking relapse. While more research is clearly needed to
elucidate the role of stress in the link between pain and addiction, attenuated
stress response pattern has been found in other chronic substance use
(Nakajima et al., 2013; Sinha et al., 2011).

Effects of Opioid Blockade on Addiction and Pain

Studies have been undertaken to examine the extent to which chronic
smoking is associated with altered endogenous opioid mechanisms. This
work is guided by preclinical studies showing that nicotine increases the
release of endogenous opioids (Dhatt et al.,, 1995; Kishioka, Kiguchi,
Kobayashi, & Saika, 2014) and that the endogenous opioid system regulates
the HPA axis (Chong et al., 2007). In this study (al’Absi et al., 2008),
chronic smokers and nonsmokers completed two laboratory sessions in
which they received a placebo or 50 mg of naltrexone using a double-blind
method. The laboratory sessions included pain assessments, CPT, and
thermal heat pain. Self-report measures of mood, blood and saliva samples
for hormonal measures, and cardiovascular measures were collected mul-
tiple times during the study to track changes in response to noxious stimuli.
The protocol included: (1) 30 min initial baseline; (2) administration of a
pill (placebo or drug); (3) 60-min rest; (4) pain assessments (the first pain
(CPT or heat); (5) 20 min rest; (6) the second pain (CPT or heat)); (7)
60 min rest. The order of pain was counterbalanced across participants. The
results indicated that ACTH and plasma and salivary cortisol increased
during the postdrug periods. In addition, in plasma and salivary cortisol, the
increase was pronounced in the naltrexone condition relative to the placebo
condition (p < 0.05). Naltrexone-induced increase in ACTH and plasma
cortisol levels were smaller in smokers than in nonsmokers (p < 0.05). As to
pain measures, female nonsmokers reported greater pain to both CPT and
thermal heat stimuli than male nonsmokers, while this sex difference was
not found in smokers (p < 0.01). Collectively, these findings suggest that
influences of the endogenous opioid system on the HPA function are
altered among chronic smokers.

‘While the underlying mechanism responsible for altered opioid effects on
the HPA axis among chronic smokers is not clear, multiple neurobiological
systems are likely to be involved. Our finding of increased HPA-related
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hormonal levels after opioid blockade exposure is supported by animal
studies showing the direct regulatory effects of B-endorphin on the HPA
axis via inhibition of corticotropin-releasing hormone (CRH) neuronal
activity (Wand, Mangold, El Deiry, McCaul, & Hoover, 1998). Another
proposed mechanism is opioid’s indirect effects on CRH through the locus
coeruleus (LC). The LC is a pontine nucleus that synthesizes norepi-
nephrine, which has been identified as a target in response to stress and
opiates. Opioids inhibit LC, which decreases secretion of norepinephrine,
resulting in regulation of the HPA axis activity (Van Bockstaele et al.,
2010). Attenuation of opioid-related increase in HPA activity among
smokers observed in our study suggests the influence of smoking on the
opioid-HPA link. Nicotine modulates opioid receptors and produces
opiate peptides (Dhatt et al., 1995; Kishioka et al., 2014). It is plausible that
chronic use of nicotine overstimulates opioid receptors and induces struc-
tural and/or functional changes in opioid receptors (al’Absi et al., 2008).
This could in turn disrupt opioid neuronal activity in multiple brain regions
such as the hypothalamus and LC. Our two studies described in the
previous section indicate the link between chronic nicotine exposure
and altered HPA axis. Taken together, we propose that enhanced pain
sensitivity and emotional distress are mediated by dysfunctions of the
endogenous opioid and HPA stress-regulating systems.

OTHER FACTORS
Sex Differences

Sex moderates the relationship between addiction, pain, and stress. First,
sex differences have been reported in patterns of substance use (Grunberg,
Winders, & Wewers, 1991), sensitivity to drugs (Perkins, Jacobs, Sanders, &
Caggiula, 2002; Perkins & Scott, 2008), and psychosocial (Nakajima &
al’Absi, 2012) and neurobiological (al’Absi, 2006; al’Absi et al., 2015)
correlates of drug relapse. For instance, female smokers use smoking to cope
with negative affect (Dicken, 1978; D’Angelo, Reid, Brown, & Pipe, 2001;
File, Dinnis, Heard, & Irvine, 2002), report more distress after exposure to
nonsmoking and smoking-specific stimuli (McKee, Maciejewski, Falba, &
Mazure, 2003; Swan, Ward, Jack, & Javitz, 1993), and generally have more
difficulty quitting (Ward, Klesges, Zbikowski, Bliss, & Garvey, 1997;
Wetter et al., 1999) than male smokers. Changes in hormonal response
to stress are predictive of early smoking relapse in men (al’Absi, 2006;
al’Absi et al., 2015), while trait negative aftect and self-report withdrawal
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symptoms are predictive of cessation failure in women (al’Absi, 2006;
Nakajima & al’Absi, 2012). Menstrual cycle phase correlated with smoking
behavior, craving, and relapse (Bobzean, DeNobrega, & Perrotti, 2014;
Carpenter, Upadhyaya, LaRowe, Saladin, & Brady, 2006) as well as eftects
of opioid blockade (Roche & King, 2015). In addition, there is evidence
showing a link of sex hormones, such as progesterone (Fox, Sofuoglu,
Morgan, Tuit, & Sinha, 2013) and its metabolite allopregnanolone (Allen,
al’Absi, Lando, & Allen, 2015; Anker & Carroll, 2010a, 2010b; Marx et al.,
2006), with cocaine and nicotine dependence. Second, sex differences have
been observed in pain perception, with lower pain tolerance in women
than in men (Bartley & Fillingim, 2013). This may be moderated by sub-
stance use status and pain modality. One study (Girdler et al., 2005) found
that smoking group differences (smokers vs nonsmokers) in ischemic pain
sensitivity were found in women but not in men, whereas smoking group
differences in CPT sensitivity were observed in men only. Another study
(al’Absi, Nakajima, et al., 2013) found lower thermal heat pain tolerance in
nonsmoking women than men; however, this sex difference was reduced
(but still at a statistically significant level) among nicotine-dependent men
and women. Interestingly, these findings were not observed in CPT
(al’Absi, Nakajima, et al., 2013). In summary, neurobiological and psy-
chosocial factors may account for sex differences in addiction and pain
(Bartley & Fillingim, 2013; Fillingim & Gear, 2004).

Mental Health Comorbidity

Mental health problems have been shown to be associated with pain.
Depression and anxiety disorders are very common among chronic pain
sufferers (Jamison & Edwards, 2013; Lepine & Briley, 2004; McWilliams,
Cox, & Enns, 2003). Some studies suggest altered pain sensitivity among
individuals with PTSD (Macey et al., 2011; Mostoufi et al., 2014). A meta-
analysis on epidemiological data showed greater risk of mental health
problems and pain among individuals who have misused prescription
opioids (Fischer et al., 2012). Accumulating evidence also indicates the link
between mental health problems and drug addiction. Patients who have
severe mental illness are 4 times more likely to be heavy alcohol users, 3.5
times more likely to be regular marijuana users, 4.6 times more likely to be
habitual smokers, and 4.6 times more likely to use other drugs (Hartz et al.,
2014). It is possible that comorbidity of mental illness and substance use
disorders modifies pain sensitivity through alterations in central stress,
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emotion, and pain-modulating mechanisms, although this hypothesis has
not been tested directly (Ditre et al., 2011).

In addition, individual differences including family history, socioeco-
nomic and social status, depressive mood and anger, anxiety sensitivity and
withdrawal tolerance, and pain catastrophizing have been shown to be
linked with substance use (al’Absi, Carr, & Bongard, 2007; Brown, Lejuez,
Kahler, Strong, & Zvolensky, 2005; Ditre et al., 2011; Helmerhorst,
Vranceanu, Vrahas, Smith, & Ring, 2014; Kassel, Stroud, & Paronis, 2003;
Lovallo, 2007; Zvolensky, Stewart, Vujanovic, Gavric, & Steeves, 2009).
Polydrug use or concurrent use of two or more drugs is not uncommon
(Agrawal, Budney, & Lynskey, 2012; Baggio, Studer, Mohler-Kuo,
Daeppen, & Gmel, 2014; Ekholm et al., 2009; Peters, Budney, &
Carroll, 2012; Weinberger, Pilver, Hoff, Mazure, & McKee, 2013;
Weinberger & Sofuoglu, 2009) and there is initial evidence suggesting that
concurrent drug use is associated with altered psychophysiological stress
response and cognitive functions (al’Absi et al., 2014; Fox, Tuit, & Sinha,
2013; Lovallo et al., 2000; Weinberger & Sofuoglu, 2009). These could in
turn alter endogenous pain mechanisms.

FUTURE DIRECTIONS AND CONCLUSIONS
Causal Directions

The current literature provides an overview to understand the complex
association of addiction with pain and stress. In general, drugs of abuse such
as opioids, alcohol, and nicotine both have antinociceptive properties and
play an important role in worsening pain conditions (Ditre et al., 2011;
Jochum et al., 2010; Shi et al., 2010). These drugs also stimulate the HPA
axis and dopaminergic pathways that are associated with stress and reward.
It is likely that acute analgesic effects of drugs would be diminished across
time with chronic drug exposure via neuroadaptations in central and
peripheral pain- and stress-regulating systems. These neurobiological
alterations may increase sensitivity to the withdrawal experience and
physical discomfort including pain. As a result, these vulnerable individuals
may use drugs to alleviate these symptoms (see Figure 1).

Studies have shown enhanced pain perception and negative mood
during absence of drug use (Jochum et al., 2010; Nakajima & al’Absi, 2014)
and pain as a risk factor for subsequent substance use (Brennan et al., 2005;
Ditre & Brandon, 2008) and drug relapse (Nakajima & al’Absi, 2011).
While drug use may temporally relieve physical discomfort and negative
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J Analgesic effects physical and
of drugs of abuse emotional
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Figure 1 Proposed pathway of cycle through which chronic drug abuse is linked with
decreased analgesic properties of the drug and increased sensitivity to physical and
emotional discomfort, which leads to further drug abuse. The relationships are
probably mediated by multiple central pain- and stress-regulating systems.

emotional states associated with pain, it facilitates the neuroadaptation
process, enhancing sensitivity to pain and stress when drug use is termi-
nated. This vicious cycle of addiction, pain, and stress has not been directly
tested, and the majority of available data are based on cross-sectional studies.
Thus, it is not clear whether chronic exposure to drugs disrupts the
endogenous opioid system, dopaminergic pathways, and HPA axis, or if
individuals who are predisposed to having heightened sensitivity to pain,
drug-related reward, and stress initiate and maintain drug use and develop
dependence. Longitudinal studies are warranted to examine the trajectory
of substance use, stress vulnerability, and pain sensitivity. Such approach
should also lead to an examination of the extent to which substance use and
psychosocial stress, independently or interactively, affect psychobiological
responses to acute pain as well as identifying those who are more likely to
develop chronic pain conditions in the future.

Effects of Drug Withdrawal on Pain

While accumulating evidence indicates the associations between addiction,
stress, and pain, more research is warranted to identify specific mechanisms.
For instance, the effects of abstinence on stress and pain sensitivity have
not been fully characterized. Cessation of drug use induces changes at
multiple levels including the HPA axis, dopaminergic pathways, and the
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cardiovascular system. There is initial evidence to show changes in psy-
chophysiological responses to stress during acute nicotine withdrawal
(al’Absi et al., 2003; Nakajima & al’Absi, 2014). Opioid blockade eftects on
HPA axis activity are attenuated in patients who were in the early phase of
alcohol withdrawal (Besirli, Esel, Ozsoy, & Turan, 2014). Alterations in
HPA activity have also been reported in opioid withdrawal (Zhang et al.,
2008). However, these studies used a cross-sectional design testing influences
of withdrawal in between-subject comparisons. It would be fruitful to
address this question using repeated assessment of the same individuals across
different drug use conditions (e.g., ad libitum drug use, acute drug with-
drawal). Such methods should provide better understanding of the subjective
and physiological changes due to withdrawal. It is also important to have a
rigorous control of drug withdrawal. Self-report and objective (e.g., bio-
markers) verification of substance use are desirable to have adequate assess-
ment of withdrawal manipulation. The definition of withdrawal should be
carefully determined because it varies across drugs based on factors such as
use pattern of the drug (e.g., accessibility) and metabolism. The duration of a
laboratory session could potentially confound the results. For example, one
study found that nicotine withdrawal symptoms could develop as soon as
after 4 h of abstinence (Morrell, Cohen, & al’Absi, 2008).

Generalization of Laboratory Pain Procedures to Chronic

Pain Model

The extent to which experimentally induced pain is generalizable to the
chronic pain condition is not clear (Fillingim & Gear, 2004). Some studies
have shown effects of pain modality on SIA (al’Absi, Nakajima, et al., 2013;
Girdler et al., 2005; Nakajima & al’Absi, 2014). Future research should
examine different pain stimuli (e.g., CPT, thermal heat pain, ischemic pain,
and electrical pain) and assess the potential usefulness and applicability of
these tests to chronic pain models. Also, as described above, the mediating
or moderating roles of sex differences, mental health comorbidity, family
history of substance abuse, psychosocial factors, and personality traits on
addiction, stress vulnerability, and chronic pain are not well understood.

Research on Intervention Related to Addiction, Pain,

and Stress

Finally, findings from laboratory studies need to be considered in informing
the development of effective treatment strategies and programs. There are
some indications that a combination of psychosocial and behavioral
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interventions and pharmacological treatments could be eftective at reducing
pain. However, there is very little research to elucidate specific components
responsible for these outcomes. Subjective and biological measures that
have been shown to be predictive of substance use, stress, and pain from
laboratory models should be systematically tested in prevention and inter-
vention programs. For example, one could examine patterns of change in
substance use and stress- and pain-related psychobiological measures over
the course of psychosocial and/or pharmacological interventions aimed at
pain management. The intervention could be targeted at the reduction of
stress and/or substance use because both are independently associated with
pain symptoms. These models provide opportunities to assess not only the
effects of intervention on pain sensitivity but also deterrents and protective
factors associated with the intervention. Such models could also help
elucidate the extent to which certain psychological or physiological systems
normalize through the intervention and improve the outcomes. Results of
these could also be helpful in refining models in the laboratory-based
studies to inform future therapeutic developments.

In conclusion, drug addiction plays a role in shaping subjective and
neurobiological regulation of stress and pain perception. Numerous animal
and human studies have shown that chronic drug exposure modifies pain
sensitivity through alterations in central circuits responsible for anti-
nociception. These include the endogenous opioid system, HPA stress-
regulatory system, and dopaminergic reward pathways. Research is
needed to identify causal directions of these relationships. Also, mediators
and moderators shown to be promising in laboratory studies should be
incorporated to inform the development of prevention and intervention
programs and to systematically evaluate their outcomes.
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INTRODUCTION

Some of the most fascinating and potentially clinically important inter-
actions related to pain, stress, and emotion involve blood pressure. In large
measure, this is due to the bidirectional nature of the pathways. For
example, building on the rationale and surgical procedures for pace-
makers, there is growing interest in the use of implantable vagus nerve
stimulators to reduce demand on the heart in people with heart failure
(De Ferrari et al., 2011). At the same time, the cuff electrodes used by
these devices stimulate afferent as well as efterent vagal activity. Inhibitory
effects on a number of aspects of central nervous system (CNS) function
have been observed, and implantable vagus nerve stimulators are now
approved for difficult-to-control epilepsy and depression, and a number of
other applications are under investigation, including the treatment of
chronic pain (Goadsby, Grosberg, Mauskop, Cady, & Simmons, 2014;
Multon & Schoenen, 2005). Similarly, blood pressure can be increased by
both painful and nonpainful stimuli, and blood pressure elevation due to
pain, emotion, or a purely nonemotional physical stimulus can reduce pain
in many individuals. This review will address empirical and theoretical
aspects of this area including a brief discussion of potential clinical
implications such as silent myocardial ischemia (SI) and the development
of chronic pain.

HISTORICAL OVERVIEW

Current understanding of the relationships between blood pressure and
pain can be traced to innovative experiments in two laboratories in the
1970s. Noting previous anatomical and pharmacological findings suggesting
an overlap in brain centers involved in blood pressure regulation and pain,
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Zamir studied the effects of experimentally induced hypertension in rats
(induced by a renal artery clip; restriction of blood flow to a kidney can
produce hypertension by activation of the renin—angiotensin—aldosterone
system) on responses to a hot plate (Zamir & Segal, 1979). Rats with
experimental hypertension displayed significantly delayed paw licking
compared to those in two control groups. This hypoalgesia was reduced by
administration of the opioid antagonist naloxone and subsequent surgical
removal of the stenotic kidney. Zamir also extended this research to
humans, finding that unmedicated hypertensive individuals had higher pain
threshold levels during electrical stimulation of dental pulp than individuals
with normal blood pressure levels (Zamir & Shuber, 1980).

A second line of early research in the area focused more explicitly on
feedback of information about systemic blood pressure, building on long-
standing speculation about the ability of peripheral blood pressure re-
ceptors to influence aspects of CNS function beyond those involved in
cardiovascular control (Dworkin, Filewich, Miller, Craigmyle, & Pickering,
1979). Rats with intact or denervated baroreceptors received either a
placebo or a blood pressure-elevating drug (phenylephrine) and were
placed in a situation in which wheel running could reduce the probability
of receiving an electric shock. Phenylephrine significantly reduced wheel
running but only in rats with intact baroreceptors. The limitation to rats
with intact baroreceptors eliminated some alternative explanations
(e.g., drug-induced fatigue) and indicated the importance of baroreflex
activity in blood pressure-related modulation of CNS activity. Although
the researchers were not specifically interested in the phenomenon of pain
(e.g., the effect of blood pressure on wheel running may have been more
related to decreased anxiety than pain), they raised the fascinating idea that
high blood pressure might be learned response.

These experiments set the stage for many others using similar methods
(e.g., animal research using different procedures to produce acute or sus-
tained increases in blood pressure) and issues (e.g., the possible involvement
of the baroreflex and endogenous opioid mechanisms). Following its
publication in Science, the Dworkin (1979) paper was especially influential.
On the other hand, it is important to note that this area of study falls within
a broader context of interest in the inhibition of psychological function by
cardiovascular activity that extends back in time much longer—indeed, for
millennia. For example, there are anthropological reports of the use of
carotid massage (a sort of early vagus nerve stimulation) for the treatment of
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insomnia (Schlager & Meier, 1947). Relatedly, in 350 BCE (approxi-
mately), Aristotle discussed relationships among variables such as blood
flow, body size, alcohol consumption, and sleep (Aristotle, 350 BCE).
Anticipating much later research on the impact of blood pressure-related
baroreflex stimulation on CNS function, he noted that “persons who
have the blood vessels in the neck compressed become insensible.”
Admittedly, the meaning of the translated word “insensible” is open to
interpretation, and even though the topic of the discussion is sleep it could
be argued that this was the simple observation that physical disruption of
blood flow to the brain can produce unconsciousness (vs a more functional
effect). However, he continues “persons whose veins are inconspicuous ...
are addicted to sleep ... (in contrast) those whose veins are large are, thanks
to the easy flow through the veins, not addicted to sleep.” In describing the
results of early experimental evaluations of the carotid baroreflex, Waller
(1862) supports this view, stating “It is easily ascertained that the symptoms
above described are not owing to compression of the carotid artery, as they
may be produced without obliterating the calibre of the artery.” Thus,
people have been aware of associations among vasoconstriction, increased
blood pressure, baroreceptor and vagal stimulation, and CNS inhibition for
a very long time.

Many years later, modern psychophysiology was essentially invented in
the 1960s, when John Lacey observed that responses to reaction time
stimuli varied depending on when the stimulus was administered within the
cardiac cycle (Lacey & Lacey, 1978). In particular, he found that participants
responded less quickly when the stimulus was presented during the period
of maximal baroreceptor stimulation, the systolic phase, as opposed to the
diastolic phase. Lacey had the insight to suspect that this curious association
reflected an important psychophysiological relationship.

THE BAROREFLEX

While not all of the findings on blood pressure—pain interactions can be
explained by the baroreflex, it is important to understand the basics of this
key homeostatic reflex. That said, one useful thing to note at the outset is
that although this is typically referred to in the singular (“the” baroreflex),
pressure-sensitive cells (baroreceptors) are embedded in the walls of arteries
in several areas of the body and compensatory responses can be elicited by
changes in flow in any area. Indeed, though a common expression, it is
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even somewhat inaccurate to refer to baroreceptors as pressure-sensitive
cells as they do not measure blood pressure per se. Rather, baroreceptors
are a subset of mechanoreceptors sensitive to stretch that can be found in
many areas outside as well as within the cardiovascular system. However,
given the crucial importance of ensuring proper blood flow to the brain,
the primary baroreflex circuit begins with baroreceptors located in the
aortic arch and carotid sinus (Figure 1).

Information about blood flow in these areas is conveyed to the nucleus
of the solitary tract in the medulla by afferents in the vagus and glosso-
pharyngeal nerves. If an adjustment to heart rate is required, outgoing vagal
activity is adjusted by intermediary centers in the nucleus ambiguus and
dorsal motor nucleus. For example, standing up leads to a decrease in
baroreceptor stretch and a reduction in outgoing vagal activity to the heart,
promoting a compensatory increase in heart rate. Outgoing sympathetic
nervous system activity to the heart and blood vessels is also increased. This
negative feedback system can dampen sympathetic activity in response to
an increase in blood pressure. Of crucial importance in the present context,
the inhibition of CNS activity extends beyond processes involved in
cardiovascular control. For example, other connections include a number

Other Areas Involved
in Pain Control Blood Flow to Brain

\ Nucleus of the Cranialik

/ Solitary Tract € Carotid Baroreceptors

Cranial X
Caudal Ventrolateral
Medulla Aortic Baroreceptors —a Blood Flow to

Nucleus Ambiguus Rest of Body

Blood Pressure
A

Vagus (Cranial X)
Cardiac Output
A

¥ Heart
\> Vascular Resistance

Figure 1 Schematic diagram of the sinoaortic baroreflex including possible pathways
to pain control areas. See text for more details.
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of areas involved in sensation and pain such as the nucleus raphe magnus,
locus coeruleus, and caudal ventrolateral medulla (Randich & Gebhart,
1992).

Highlighting the fact that baroreceptors are “simple” stretch receptors
that can have widespread effects on CNS function, it is interesting to note
that the system can be misled by an external stimulus into responding as
though blood pressure has decreased or increased. For example, though less
common in today’s culture, “necktie fainting” was not unusual at one time
and remains an exclusionary criterion in the clinical evaluation of syncope.
That is, external pressure over the carotid sinus can distort blood vessels.
Even without an increase in systemic blood pressure, the combination of
normal pressure and mechanical distortion can open cation channels and
depolarize baroreceptors, triggering “compensatory”” heart rate deceleration
and vasodilation that may lead to dizziness and perhaps fainting. As will be
discussed in more detail later, researchers have taken advantage of the ability
to stretch baroreceptors with different pharmacological and physical
manipulations.

ANIMAL RESEARCH ON BLOOD PRESSURE-RELATED
HYPOALGESIA

Zamir and Dworkin’s studies were soon followed by a number of inter-
esting and largely consistent experiments on blood pressure-related hypo-
algesia in animals. In addition to acute elevation of blood pressure by
phenylephrine (Dworkin et al., 1979) and sustained elevation of blood
pressure by attachment of a renal clip (Zamir & Segal, 1979), other models
of hypertension produced reduced pain. For example, expansion of blood
volume using Ficoll (Maixner & Randich, 1984), deoxycorticosterone
acetate (Zamir, Simantov, & Segal, 1980), and dietary sodium loading
(Afolabi, Mudashiru, Abdullateef, & Alagbonsi, 2013) decreased sensitivity
to several pain stimuli, though some did not observe this effect (Sitsen &
de Jong, 1984b) and others found it limited primarily to animals with a
genetic predisposition to hypertension (Friedman, Murphy, Persons, &
McCaughran, 1984; Randich, 1986).

Research implicating the baroreflex accumulated. For example,
Randich and Hartunian (1983) extended Dworkin’s findings in several
respects. Blood pressure elevation by phenylephrine reduced sensitivity to a
more classical pain test (tail flick to radiant heat). The magnitude of the
effect was correlated with degree of heart rate deceleration and, once again,
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eliminated by denervation of the baroreceptors. Comparable results were
reported by Maixner and Randich (1984). Electrical stimulation of the
nucleus of the solitary tract was found to reduce pain (Aicher & Randich,
1990; Lewis, Baldrighi, & Akil, 1987), and the involvement of descending
pain modulation was indicated by the ability of a spinal cold block to
eliminate the reduction in pain produced by a surgical procedure (occlusion
of the abdominal aorta) that increased blood pressure and baroreflex activity
(Thurston & Randich, 1990). Similarly, renal clip hypertension leads to
reduced spinal transmission of pain information as indicated by the number
of Fos-immunoreactive cells (Lima, Albino-Teixeira, & Tavares, 2002).
Lima and colleagues suggest that blood pressure-related hypoalgesia may be
due to a circuit involving the nucleus of the solitary tract, the caudal
ventrolateral medullary reticular formation, and descending inhibition of
spinal pain transmission.

Comparable results were obtained in a large number of studies using a
genetic model of hypertension, the spontaneously hypertensive (SHR) rat
(Hoffmann, Plesan, & Wiesenfeld-Hallin, 1998; Maixner, Touw, Brody,
Gebhart, & Long, 1982; Saavedra, 1981; Sitsen & de Jong, 1984a; Taylor,
Roderick, St Lezin, & Basbaum, 2001; Wendel & Bennett, 1981; Zamir
et al., 1980). Similar to rats with experimental hypertension, the hypo-
algesia of SHR rats appears to depend on having intact baroreceptor
connections to the nucleus of the solitary tract (Maixner et al., 1982) and
subsequent inhibition of spinal transmission of pain information (Randich
& Robertson, 1994).

Perhaps more important, this has been observed across the age span,
including young, prepubertal SHR rats (Maixner et al., 1982; Saavedra,
1981; Sitsen & de Jong, 1984a; Wendel & Bennett, 1981). While, at first
glance, the observation of lower sensitivity to pain in young SHR rats may
seem noncontroversial and supportive of the overall picture, it raises what is
probably the key theoretical and clinical puzzle in the area, since these rats
do not yet display high blood pressure.

Thus, the question becomes: does this research area indicate a rela-
tionship between blood pressure and pain, a relationship between risk for
hypertension and pain, a relationship between cardiovascular control
mechanisms and pain, or all of the above? A relationship between risk for
hypertension and pain in currently normotensive individuals (as is discussed
below, similar results have been obtained in humans) does not preclude the
involvement of the baroreflex as part of the process but requires elaboration

of the idea.
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Another ongoing puzzle is the involvement of endogenous opioids.
Hypoalgesia in SHR rats has often been found to be naloxone or
naltrexone reversible (e.g., Maixner et al., 1982; Saavedra, 1981; Wendel &
Bennett, 1981; Zamir et al., 1980), and other interactions involving opioid
activity have been observed. For example, Hoftman et al. (1998) found that
SHR rats were more sensitive to the pain-reducing effects of morphine
than a comparison group of Wistar-Kyoto rats. Although it is possible
that this was due to some peripheral effect of morphine, administration
of an opioid blocker that does not cross the blood—brain barrier
(N-methylnaloxone) did not reduce hypoalgesia of SHR rats (Sitsen & de
Jong, 1984b). In addition, hypoalgesia produced by experimental elevation
of blood pressure (Zamir & Segal, 1979; Zamir et al., 1980) and electrical
stimulation of the nucleus of the solitary tract (Lewis et al., 1987) has been
found to be naloxone reversible. Thus, descending inhibition appears to be
at least partly mediated by endogenous opioid activity, though there may be
other opioid and nonopioid mechanisms. Previous reviews of this topic
cover various aspects of the animal literature (Bruchl & Chung, 2004;
Bruehl, McCubbin, & Harden, 1999; France & Ditto, 1996; France, 1999;
Ghione, 1996; Koltyn & Umeda, 2006; Maixner, 1991; Randich &
Maixner, 1984; Sacco et al., 2013; Zamir & Maixner, 1986).

HUMAN RESEARCH ON BLOOD PRESSURE-RELATED
HYPOALGESIA

As noted above, Zamir and Shuber (1980) found that unmedicated hy-
pertensive individuals were significantly less sensitive to electrical stimula-
tion of dental pulp compared to normotensive individuals. Comparable
results have been obtained in a number of other studies, though the
literature involving human participants is smaller owing to ethical and
methodological constraints including individual needs and differences in
antihypertensive treatment.

Ghione, Rosa, Mezzasalma and Panattoni (1988) used electrical stim-
ulation of dental pulp to measure pain in 42 individuals with established
hypertension, 34 with borderline hypertension, 43 outpatients with
problems other than hypertension, 18 medical staft members, and 19
medical students. On the one hand, the diversity of the sample is useful,
though, on the other hand, it complicates interpretation of the results. Not
surprisingly, hypertensive patients were generally older than the control
participants. However, no significant correlations between age and
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reported pain were observed and the significant group differences between
hypertensive (both established and borderline) patients and controls were
maintained following statistical control of potential confounds. Guasti et al.
(1995) studied a less diverse but tighter sample of 67 drug-free men ages
30-50 who were referred for assessment of ambulatory blood pressure.
Men who were subsequently determined to have hypertension had higher
pulpar shock pain threshold and tolerance values than similarly aged
normotensive men. Although, obviously, there are no direct analog to
animal pain tests such as the hot plate test, the results of other studies
indicate that these trends are not limited to verbal behavior. For example,
Rosa, Vignocchi, Panattoni, Rossi, and Ghione (1994) found that
hypertensive individuals required stronger shocks to elicit a defensive
eyeblink response, suggesting that this phenomenon does not reflect
simply willingness to report pain. Lower ratings and higher pain thresholds
and tolerance levels have been observed among hypertensives in a number
of other studies involving shock (Ghione et al., 1985; Rosa, Ghione,
Panattoni, Mezzasalma, & Giuliano, 1986), heat (Ditto, Lewkowski,
Rainville, & Duncan, 2009; Rau et al., 1994; Sheps et al., 1992), and
mechanically induced pain (Schobel et al., 1996, 1998).

While the need for clinical intervention varies among hypertensives and
the literature examining the effects of antihypertensive medications on pain
sensitivity in hypertensives is small, it is interesting to note that several
studies have found that treatment can lead to an increase in sensitivity to pain
(Guasti et al., 1998, 2002; Rosa & Ghione, 1990), though one did not
(Ghione et al., 1988).

Similar to the animal research, there is also clear evidence that risk for
hypertension in humans is associated with a diminished sensitivity to pain.
These studies focus on having a normative elevation of blood pressure
(Al Absi, Petersen, & Wittmers, 2000; Bruehl, Carlson, & McCubbin,
1992; Bruehl, Chung, Ward, Johnson, & McCubbin, 2002; Fillingim &
Maixner, 1996; Frew & Drummond, 2009; Lewkowski, Young, Ghosh, &
Ditto, 2008; Myers, Robinson, Riley, & Sheffield, 2001) and/or a family
history of the disorder.

In an important early study of the effects of family history, France,
Adler, France and Ditto (1994) found that inexperienced female blood
donors with a confirmed parental history of hypertension reported signif-
icantly less pain during the procedure than women without a parental
history of hypertension. This study anticipated application of this research
to the area of clinical and chronic pain. Since the effect was limited to more
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anxious, inexperienced blood donors, it also raised the possible involvement
of acute cardiovascular reactions in the phenomenon.

More controlled (but possibly more artificial) laboratory studies
observed similar associations between family history and reduced pain due
to electric shock, the cold pressor test, and several stimuli that produce local
ischemia (AI'Absi et al., 2005; AI’Absi, Buchanan, & Lovallo, 1996;
Bragdon, Light, Girdler, & Maixner, 1997; Campbell & Ditto, 2002; Cook,
Jackson, O’Connor, & Dishman, 2004; D’Antono, Ditto, Rios, &
Moskowitz, 1999; Ditto, France, & France, 1997; France, Ditto, & Adler,
1991; France & Stewart, 1995), though effects have not been observed by
all (AI'Absi et al., 2000; Ghione et al., 1988; Guasti et al., 1999).

France and colleagues used the shock-induced nociceptive flexion
reflex (NFR) in this context. In general, offspring of hypertensives
required stronger shocks to elicit a reflex withdrawal response of the
biceps femoris muscle as detected by electromyography (France, Froese, &
Stewart, 2002; France & Suchowiecki, 2001; Page & France, 1997). In
addition to providing objective evidence of a reduced sensitivity to pain
in offspring of hypertensives, these differences in a relatively simple
spinally mediated withdrawal reflex, which were not observed with
elicitation of a non-pain-related reflex (France et al., 2002), further
support the notion that hypoalgesia is at least partly due to descending
inhibition of spinal pain transmission. Nevertheless, additional research is
required as the effect was not observed in two studies (Al’Absi et al.,
2005; Edwards et al., 2007), though in both cases NFR assessment was
embedded in a complex protocol including other manipulations that may
have obscured eftects.

Although most of these studies employed young adult or middle-aged
participants, several studies have observed eftects among children. Ditto,
Seguin, Boulerice, Pihl and Tremblay (1998) studied the joint effects of
parental history of hypertension and normative elevation of systolic blood
pressure on the response of 14-year-old boys to mechanical finger pressure.
In analyses limited to those with a confirmed medical history, boys who
had a parental history of hypertension and above average blood pressure
had significantly lower average and maximum pain ratings than boys at
lower risk for eventual hypertension. In a larger group that included
participants whose blood pressure was measured but medical history could
not be confirmed, boys with above average systolic blood pressure were
also found to tolerate finger pressure longer than boys with lower blood
pressure.
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While the results differ somewhat for boys and girls and difterent pain
stimuli, similar cross-sectional findings were obtained by Haas, Lu, Evans,
Tsao, and Zeltzer (2011) and Drouin and McGrath (2013). Even more
intriguing was the observation of an association between family history of
hypertension and reduced crying in neonates who received a vitamin
injection after birth (France, Taddio, Shah, Pagé, & Katz, 2009). It is not
clear if this (1) is unrelated to the larger literature on blood pressure-
related hypoalgesia, (2) reflects a genetic effect that is manifest at birth,
or (3) indicates that a new perspective on blood pressure-related hypo-
algesia may be required. Although speculative, McCubbin (2009) suggests
that it may be the last and that blood pressure-related hypoalgesia could be
the result of intrauterine influences. Indeed, this is a plausible explanation
for the results of France et al. (2009), since reduced crying was observed
only among babies whose mothers had a parental history of hypertension
(owing to the low prevalence of hypertension in the mothers and fathers
of the children, family history of hypertension was operationalized in
terms of the babies’ grandparents) as opposed to those whose fathers had a
parental history of hypertension. Thus, they may have developed in a
more “stressed” environment than babies whose fathers had a parental
history of hypertension and the results may fall into the general context of
research indicating that early exposure to stress and stress hormones can
have an impact on pain modulation. For example, returning briefly to the
animal literature, an interesting study found that neonatal rats who
received a one-time injection of pain-inducing carrageenan subsequently
developed hypoalgesia and higher blood pressure (Chu et al., 2012).
Though this may seem inconsistent with the idea that baroreflex stimu-
lation is involved in the process, Chu et al. (2012) suggest that hypoalgesia
may have been the result of a postcarrageenan predisposition to exag-
gerated blood pressure reactivity that eventually led to sustained high
blood pressure.

Indeed, some studies in humans have found that individual differences
among children in sensitivity to pain are prospectively associated with blood
pressure. In two projects, Campbell and colleagues reassessed participants in
the study of Ditto et al. (1998), examining laboratory blood pressure at age
19 (Campbell et al., 2002) and ambulatory blood pressure at age 22
(Campbell, Ditto, Seguin, Sinray, & Tremblay, 2003). In both cases, lower
pain sensitivity at age 14 was found to predict greater increase in blood
pressure above and beyond what would be predicted based on age 14 blood
pressure alone, suggesting that hypoalgesia is associated with some
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dysregulation of blood pressure control mechanisms. These findings were
replicated and extended by Drouin and McGrath (2013), who administered
a different pain stimulus (finger prick for a blood draw) to a larger sample
including both boys and girls.

In sum, though the human literature is smaller than the animal litera-
ture, especially in terms of research with youth, and the causal arrows seem
complex and multidirectional, the overall pattern of results is fairly
consistent. For example, the previously discussed results from children and
young adults are consistent with those from young SHR rats, who display a
reduced sensitivity to pain before the onset of sustained high blood pressure
(Maixner et al., 1982; Saavedra, 1981; Sitsen & de Jong, 1984a; Wendel &
Bennett, 1981).

That said, one feature of the human literature is less clear. Somewhat
surprisingly, despite fairly consistent results indicating the involvement of
endogenous opioids in experimental animals, most human studies that
administered either naloxone or naltrexone to participants have not
observed an impact on blood pressure-related hypoalgesia (Al’Absi, France,
Harju, France, & Wittmers, 2006; Bruehl et al., 2002; Edwards, Ring,
France, Mclntyre, & Martin, 2008; France et al., 2005; McCubbin &
Bruehl, 1994; Ring, France, et al., 2008; Schobel et al., 1998), though
more positive evidence was obtained in several blocking studies (Bruehl
et al., 2010; Frew & Drummond, 2009; Lewkowski et al., 2008;
McCubbin, Helfer, Switzer, Galloway, & Griftith, 2006) as well as related
research. For example, similar to research suggesting greater sensitivity to
the pain-reducing effects of morphine in SHR rats (Hoffmann et al., 1998),
a form of transcutaneous electrical nerve stimulation (TENS) thought work
by engaging endogenous opioid activity (low-frequency TENS) was found
to produce greater pain reduction in normotensive individuals at risk for
hypertension compared to those at lower risk (Campbell & Ditto, 2002).
Based on the collective results of studies with humans and experimental
animals, most reviewers have reached the somewhat unsatisfying but
probably correct conclusion that both opioid and nonopioid mechanisms
are involved in blood pressure-related hypoalgesia (Bruehl & Chung, 2004;
Bruehl et al., 1999; France & Ditto, 1996; France, 1999; Ghione, 1996;
Koltyn & Umeda, 2006; Maixner, 1991; Randich & Maixner, 1984; Sacco
et al., 2013; Zamir & Maixner, 1986), operating in the brain, spinal cord,
and perhaps periphery, for example, involving vascular sympathetic activity
or subclinical neuropathy (Edwards, Ring, Mclntyre, Winer, & Martin,
2008).
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CLINICAL IMPLICATIONS

While many researchers remain interested in theoretical issues related to the
association between blood pressure and pain, this is largely an elaboration of
earlier animal work (Marques-Lopes et al., 2012), and recent research has
tended to focus more on clinical implications. For example, does blood
pressure influence clinical pain? In general, this seems to be the case. As
noted earlier, risk for hypertension was associated with decreased sensitivity
to needle-related pain during blood donation (France et al., 1994) and
injections (France et al., 2009), as well as reduced postsurgical pain (France
& Katz, 1999). Beyond pain induced by medical procedures, several studies
have found inverse relationships between hypertension or risk for hyper-
tension and nonclinical daily aches and pains (D’Antono et al., 1999; Hagen
et al., 2005; Stewart, France, & Sheffield, 2003; Stovner & Hagen, 2009).

In fact, perhaps the most important application of this area has been to
the study of serious chronic pain. However, among individuals with
chronic pain the blood pressure—pain relationship is usually reversed, that is,
higher blood pressure is associated with greater pain. Bruehl and colleagues
(Bruehl & Chung, 2004; Bruehl et al., 1999) discuss a number of studies
that indicate this is due to a reversal of the typical negative association
between blood pressure and pain rather than the elevation of blood pressure
by pain, arguing that this is due to exhaustion of pain control mechanisms.
For example, baroreflex sensitivity may be reduced owing to repeated
engagement of the system.

One interesting study that supports this idea used the technique of
phase-related external suction (PRES). PRES is focused suction over the
carotid sinus that stretches baroreceptors. It can be applied in brief bursts
such as during the systolic or diastolic phase of the cardiac cycle. In addition
to maximizing stretch when administered during the systolic phase, suction
during the diastolic phase is a useful “placebo control” since it is impossible
for participants to distinguish the point in the cardiac cycle at which suction
is applied. Normally, PRES during the systolic phase decreases response to
an acute pain stimulus relative to PRES during the diastolic phase
(Dworkin et al., 1994; Rau et al., 1994). However, this was reversed in a
group of chronic low back pain patients (Brody et al., 1997).

Several studies suggest that baroreflex sensitivity is reduced in certain
types of chronic pain (Chung et al., 2008; Maixner et al., 2011; Reyes del
Paso, Garrido, Pulgar, & Duschek, 2011). Ironically, given the importance
of the baroreflex in blood pressure control, this may set the stage for the
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development of hypertension, and one study found that the prevalence of
hypertension in chronic pain patients was almost twice the rate observed in
a control group (Bruehl, Chung, Jirjis, & Biridepalli, 2005)! This may point
to the importance of blood pressure control among individuals with
chronic pain.

Another potentially important clinical implication of blood pressure-
related hypoalgesia is SI. Although painful angina is clearly unpleasant, it
serves an important warning of the need for medical care. Inverse re-
lationships between blood pressure and degree of experimentally induced
pain have been observed in cardiac patients (Falcone, Auguadro, Sco-
nocchia, & Angoli, 1997; Shefhield et al., 1997). More important, inde-
pendent of the severity of coronary atherosclerosis, higher blood pressure
has been found to be associated with reduced angina even in the very
controlled context of exercise stress testing. Interestingly, both patients with
higher resting blood pressure (Ditto et al., 2010; Falcone et al., 1997,
Krittayaphong & Sheps, 1996) and those who experienced large but
temporary increases in blood pressure during exercise (Bacon et al., 20006;
Ditto, D’Antono, Dupuis, & Burelle, 2007; Go, Sheftield, Krittayaphong,
Maixner, & Sheps, 1997) experienced less pain. As a result, higher blood
pressure may increase the risk of SI. While there are certainly other risk
factors for SI, blood pressure-related hypoalgesia may be especially relevant
given the strong association between blood pressure and risk for
atherosclerosis.

CONCLUDING THOUGHTS

Research on the links between blood pressure and pain has yielded
important insights concerning the regulation of cardiovascular activity, pain,
and emotion and clinical phenomena such as chronic pain and SI (Figure 2),
despite a number of ongoing questions such as the role of endogenous
opioid activity. The relationship between the risk for hypertension and
hypoalgesia is also unclear, though accumulating research suggests this is
due to acute blood pressure reactivity. As noted at the outset, acute
pharmacologically induced elevation of blood pressure can reduce pain
(Dworkin et al., 1979; Randich & Hartunian, 1983). There is even some
buffering of pain by short-term cardiac cycle effects (Edwards, Inui, et al.,
2008; Edwards, McIntyre, Carroll, Ring, & Martin, 2002). In addition to
studies indicating a relationship between pain and the degree of change in
blood pressure produced by exercise, a number have observed inverse
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Figure 2 Simplified diagram of possible connections between cardiovascular activity
and pain. For clarity, not all connections are noted, for example, part of the impact of
emotion on pain may be mediated by blood pressure response.

relationships between pain and degree of short-term cardiovascular response
to the pain protocol (Bragdon et al., 1997; Campbell, Holder, & France,
2006; Ditto et al., 1997; France & Stewart, 1995; Vassend & Knardahl,
2004). This may explain some of the variation in findings concerning the
impact of parental history of hypertension and pain. As noted earlier, most
but not all studies point to a relationship. This may depend on the degree to
which those with a family history display an exaggerated blood pressure
response (e.g., France & Stewart, 1995). In sum, while some studies do not
support this conclusion (e.g., Schobel et al., 1996) and all of these phe-
nomena do not require a common explanation, it seems parsimonious to
suggest that hypoalgesia among nonhypertensives can be produced by a
short-term increase in blood pressure that also stimulates the baroreflex.
One final interesting topic is the sociobiological origin of this rela-
tionship. Blood pressure-related hypoalgesia is often discussed in the
context of stress-induced analgesia and there are many empirical and
theoretical connections. However, this begs an important question. Simply
put, why would the brain require information about peripheral blood
pressure to let it know the organism is in a stressful situation? It is possible
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that blood pressure-related hypoalgesia is one of several redundant mech-
anisms to ensure an adaptive stress-related decrease in pain. Alternatively, it
is interesting to consider the fact that this relationship is probably very old
from an evolutionary perspective. For example, variations of the baroreflex
are present in fish, lizards, and snakes. Although research is limited, a 2006
review linked exercise-related analgesia to blood pressure-related hypo-
algesia, noting inverse relationships between blood pressure response to
exercise and sensitivity to experimental pain stimuli (Koltyn & Umeda,
2006). This is supported by a more recent study (Ring, Edwards, &
Kavussanu, 2008) and the research discussed above linking angina to
magnitude of blood pressure response to exercise stress testing. Thus, while
speculative, blood pressure-related hypoalgesia may be an early mechanism
of stress-induced analgesia once triggered primarily by vigorous reflexive
withdrawal responses that influence blood pressure. Regardless, there are
fascinating relationships among pain, blood pressure, hypertension, and
cardiovascular control mechanisms with important theoretical and clinical
implications.
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INTRODUCTION

This chapter addresses two widespread and debilitating conditions that
have troubled the lives of patients, researchers, and physicians for decades:
chronic pain and chronic fatigue. Both of these syndromes are poorly
understood by specialists, even though the symptoms are well described by
patients. The consequences of this lack of understanding are alarming:
people who sufter from chronic pain and chronic fatigue have to persistently
cope with low quality of life, they lose their jobs owing to the inability to
endure traditional hours at work, they suffer from depression and anxiety,
and they often live isolated lives. Similarly, the health care system is faced
with enormous expenses linked to the treatment of these patients, as they
require prolonged attention of medical professionals and long-lasting stays
in the hospital, followed by intensive rehabilitation. In addition, the efficacy
of medication is often limited and can even lead to dependency.

Chronic pain and fatigue remind professionals that the human body is a
fallible system, and therefore, much of the current research is trying to
uncover the pathophysiology of these two conditions. Through the un-
derstanding of pathophysiology, treatment and diagnosis can improve on
many levels: identification of new biomarkers can make the detection of
the syndrome quicker, more reliable, and more eftective, leading to more
accurate diagnosis. Similarly, biomarkers can be employed to investigate the
pharmacologic responses to therapeutic interventions, allowing valuable
insight into the mechanisms of the syndromes. By using the correct bio-
markers, the development of new, more helpful and disease-specific ther-
apeutical methods can be enabled. When developing new treatment
options, the aim is to achieve long-lasting effects while minimizing side
effects and to encourage patients in their recovery through the setting of
manageable, encouraging, short-term goals. Therefore, by understanding
the pathology of chronic pain and fatigue, researchers will be able to
identify useful biomarkers, which will allow for the development of
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treatment options, both psychological and pharmacological, that will
eventually make way for recovery.

CHRONIC FATIGUE
Background

Chronic fatigue is a condition that can be most commonly described as
persistent and irrepressible tiredness that interferes with normal day-to-day
functioning. It is often accompanied by diffuse migratory pain that mani-
fests itself in the form of headaches, joint and muscle pain, or back pain, but it
can be present elsewhere in the body, too. Common for chronic fatigue
patients are also mental health issues such as depression and disruption in
normal cognitive functioning. Short-term memory, problems with executive
functioning, and impairments in concentration can be often seen. Even
simple mental tasks for which the patient has to focus leaves him or her
fatigued and discouraged. Other symptoms include lack of motivation,
constant energy deficit, drowsiness, and apathy. The length of persistence of
these symptoms is truly debilitating, as individual episodes of impaired well-
being may last 6 months or longer. Such chronic fatigue can result in decades
of wearing existence.

The symptoms present in chronic fatigue can be often linked to a wide
range of other diseases, making it difficult for practitioners to diagnose correctly
and to explore the causality of this syndrome. Often, chronic fatigue syndrome
is misunderstood, misperceived, and thus goes untreated. The famous
Canadian physician William Osler, also nicknamed the “Father of Modern
Medicine,” in 1889 said: “In all forms there is a striking lack of accordance
between the symptoms of which the patients complain and the objective
changes discoverable by the physician.” This applies very accurately to chronic
fatigue. However, the fact that the syndrome is difficult to diagnose and
difficult to treat does not mean that it is not real. After decades of uncertainty
and doubtfulness by the medical professionals, chronic fatigue is now accepted
as a medical condition, giving patients the much needed validation and
assurance.

Chronic fatigue is relatively widespread, and it has been estimated that as
much as 10% of the world’s population suffers from this condition at some
point in their lifetime (Nordqvist, 2015). But, as a result of the lack of
understanding of the syndrome’s causes, only 15% of all chronic fatigue
sufferers are thought to have been given the correct diagnosis. It is
important to note that even when the diagnosis is correct, the prognosis of a
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recovery is rather slim—as of this writing, there is no efficient treatment
that leads to reconvalescence.

The understanding of what causes the syndrome is actively evolving,
and much research is now dedicated to uncovering the links between the
symptoms and the pathophysiology. Currently, the most commonly
considered possibilities of chronic fatigue causes are psychiatric disorders,
metabolic disorders, certain types of medications, untreated infections,
exposure to chemicals, cancer, weight, problematic lifestyle, and many
more. Research lends a lot of support to the hypothesis that a wide variety
of triggers can give rise to a series of events that cause hypothalamic—
pituitary—adrenal (HPA) axis dysfunction.

In the upcoming sections, the possible pathophysiology of chronic
fatigue is outlined. The main features of the neurological abnormalities in
the syndrome, as well as the changes in the brain caused by white
matter abnormalities, psychoneuroimmunological interactions, and neu-
roinflammation are defined. In addition, the available diagnostic procedures
are described. Following is a description of the most widely used psycho-
logical treatment, namely cognitive behavioral therapy, and mindfulness-
based therapy and graded exercise therapy. This account gives a
fairly comprehensive picture of the current understanding of chronic
fatigue.

PATHOPHYSIOLOGY
Neurological Abnormalities

Interestingly, research investigating endurance performance has shed light on
the possible mechanisms underlying chronic fatigue. A link has been found
between the patterns of neuronal processes and the level of muscle activity.
The study showed that muscle nerve impulses have an inhibitory effect on
the primary motor area of the brain during a task that requires great energy
exertion. Therefore, when the body is under a lot of physical strain, the brain
prompts inhibition of muscle performance, protecting the body from going
beyond its physiological limits (Hilty, Langer, Pascual-Marqui, Boutellier, &
Lutz, 2011). Furthermore, research employing functional magnetic reso-
nance imaging (MRI) showed that it is the thalamus and the insular cortex
that are involved in the halting of the ongoing high-energy activity to
protect the organism (Hilty, Langer, Pascual-Marqui, Boutellier, & Lutz,
2011). These areas are normally both involved in the analysis of possible
threat situations, such as pain or hunger.
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However, the above findings can be generalized to chronic fatigue
patients only with extreme caution. Even though it might seem straightforward
to explain the tiredness of these patients by drawing a link to the processes at
the level of muscle activity, the fact remains that chronic fatigue patients
experience the debilitating tiredness even in the lack of exceptional exer-
tion. Very simple chores, cognitive functioning, or short periods of physical
movement leave the patients exhausted and unable to do anything else.
Therefore, research has proposed to look further, beyond the motor system.

Assuming that the main perturbations of the chronic fatigue syndrome
lie in the central nervous system, the functioning of the blood—brain barrier
has been investigated in hopes of shining more light on the pathophysi-
ology of this syndrome. It has been hypothesized that one of the main
reasons for such debilitating symptoms in chronic fatigue patients is the
dysfunctional permeability of the blood—brain barrier (Bested, Saunders, &
Logan, 2001). The study showed that there are numerous elements of the
central nervous system that can be detrimental to the normal permeability
of the blood—brain barrier in chronic fatigue syndrome; namely viruses,
cytokines, nitric oxide, stress, the lack of essential fatty acids, and more. The
dysfunction of the blood-brain barrier functioning is thought to cause
cellular dysfunction in the central nervous system, as well as abnormalities in
neuronal transmission in patients with chronic fatigue. Therefore, research
concluded that more resources should be dedicated to the study of the
various elements of the central nervous system that show such detrimental
effects in chronic fatigue patients.

Psychoneuroimmunological Interactions

The brain is greatly influenced by the immune system, and vice versa. In
this interaction, the HPA axis and the sympathetic nervous system play
crucial roles. Normal functioning of the immune system is actively hindered
by stress exerted on mental well-being. This mechanism is mediated by
certain hormones, such as cortisol. Cortisol is released upon the experience
of stress. Prompted by abnormalities outside the brain, the release of cortisol
gives rise the possible occurrence of neurological symptoms, mediated
by neurotransmitter release in response to stress hormone activation.
Furthermore, the presence of neuropsychiatric conditions in patients
suffering from chronic fatigue syndrome was also linked to the abnormal
cytokine synthesis by glial cells in the central nervous system.
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HPA

The HPA axis has a very important role in the human body. It mediates
the psychoneuroendocrine function of the stress response and immunity.
The HPA axis synthesizes cortisol, a hormone closely linked to energy
metabolism. This makes HPA disruptions crucial to chronic fatigue
syndrome, and much research was devoted to investigating the relationship
between the dysfunctional HPA axis and chronic fatigue syndrome. The
link between a variety of markers of unstimulated salivary cortisol activity
(markers included the cortisol awakening response, the circadian profiles of
participants, and the diurnal cortisol slopes) in daily tasks of chronic fatigue
patients, and the fatigue observed in healthy subjects, was investigated. The
results revealed a gradual decrease in the effect of the cortisol awakening
response increase in chronic fatigue patients relative to healthy subjects.
Furthermore, the increase in cortisol awakening response and diurnal
cortisol slopes were both linked to fatigue in both chronic fatigue patients
and healthy subjects (Powell, Liossi, Moss-Morris, & Schlotz, 2013).
Postexertional malaise has also been studied in reference to the cortisol
awakening response, a marker of endocrine abnormalities linked to fatigue.
Research found that having advanced stress management skills was linked to
greater activity of the cortisol awakening response, which was linked to
lesser experience of postexertional malaise in chronic fatigue patients (Hall
et al.,, 2014). Clearly, these results further highlight the importance of
understanding and maintaining the HPA axis functionally intact.

Neuroinflammation

Neuroinflammation is one among other possible causes of chronic fatigue
syndrome. A greater amount of inflammatory markers in chronic fatigue
patients with critical cognitive dysfunction is typical for regions of the
brain such as the amygdala, thalamus, and midbrain. Furthermore, in
chronic fatigue patients who suffered from greater amounts of pain,
increased amounts of inflammatory markers were found in the thalamus
and cingulate cortex. Chronic fatigue subjects suftering from depression
had greater amounts of inflammatory markers in the hippocampus
(Nakatomi et al., 2014). Such findings could potentially lead to the
development of biologically based tests for the diagnosis of chronic fa-
tigue, which would immensely help physicians in improving the patients’
quality of life.
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Directly linked to the fact that the brain experiences greater neuro-
inflammation in conditions such as chronic fatigue is the fact that the brain
also exhibits greater amounts of inflammatory cell-signaling proteins, cy-
tokines. Cytokine levels are significantly correlated with the amounts of
leptin. Leptin, found in the blood, has been found to be important in terms
of the daily fluctuations of fatigue—it is directly linked to the self-reported
changes in tiredness in chronic fatigue patients, further underlying the
importance of cytokines in neuroinflammation (Brent et al., 2012; Stringer
et al., 2013).

Along with the chronically activated immune system, another possible
role in the development of chronic fatigue is played by oxidative and
nitrosative stress. Research found that when the immune-inflammatory
pathways as well as oxidative and nitrosative stress are persistently active,
such activation results in a variety of self-preserving and self-intensifying
pathological processes that are linked to the development of chronic
fatigue syndrome. The cause of such persistent activation of oxidative and
nitrosative stress, as well as the immune-inflammatory pathways, lies in
chronic, sporadic, and opportunistic infections; bacterial translocations;
autoimmune feedback; and abnormalities in mitochondrial functioning, as
well as the inhibition of antioxidant functioning. Such instances then result
in neuroinflammation, brain hypometabolism/hypoperfusion, toxic effects
of nitric oxide and peroxynitrite, lipid peroxidation and oxidative damage
to DNA, secondary autoimmune responses aimed against abnormal lipid
membrane components and proteins, mitochondrial abnormalities with a
dysfunction of energy metabolism (e.g., compromised ATP production),
and abnormal intracellular signaling pathways. All of these variables then
contribute to self-intensifying feed-forward loops, leading to persistent
activation of oxidative and nitrosative stress and autoimmune pathways,
which act to maintain and worsen the symptoms of chronic fatigue
(Morris & Maes, 2014).

White Matter Abnormalities

A 2014 study, employing modern imaging methods, investigated whether
the central nervous systems of chronic fatigue sufferers bears any differences
from the brains of healthy subjects. This study was conducted with the aim
of discovering a biomarker unique to chronic fatigue, which would make
the diagnosis of this syndrome easier. The results found three important
differences in the brains of the two subject groups. First, using MRI, the
study showed that, overall, the white matter of chronic fatigue syndrome
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patients is significantly reduced in volume compared to the white matter of
healthy subjects. This result was perhaps unsurprising, as chronic fatigue
syndrome has been previously linked to neuroinflammation, which is
known to negatively influence the structure and density of white matter
structures. Second, using diffusion-tensor imaging, the study discovered
uniform disruptions in a certain nerve tract of the right hemisphere of
patients suffering from chronic fatigue—the right arcuate fasciculus. The
right arcuate fasciculus is an area that connects the frontal and temporal
lobes of the brain. In addition, the degree of disruption in the right arcuate
fasciculus was correlated to the acuteness of the syndrome. Third,
researchers observed consistent thickening of gray matter at the frontal and
temporal lobes, connected with the deteriorated right arcuate fasciculus
(Zeineh et al., 2014). These exciting results give ground to further research
that may allow the exploration of changes in the chronic fatigue patients’
brains.

Infectious Causes

It seems that in some portion of chronic fatigue patients, there is an in-
fectious insult preceding the development of the debilitating syndrome.
Research has focused on the investigation of various infectious agents to
determine whether it is these that are responsible for the symptomatology
seen in chronic fatigue patients. Some of the investigated infections include
infectious mononucleosis/glandular fever (caused by the Epstein—Barr virus)
(Hickie et al.,, 2006; Katz, Shiraishi, Mears, Binns, & Taylor, 2009;
Montoya et al., 2013), Q fever (caused by the Coxiella burnetii pathogen),
and infections caused by the Ross River virus (Hickie et al., 2006), as well
as human herpesvirus 6 infections (Montoya et al., 2013).

In a study with 253 participants, glandular fever, Q fever, and infections
caused by the Ross River virus were investigated. Six groups of symptoms
were identified and thereafter measured in patients with the aforemen-
tioned infections. The symptom groups included, first, “acute sickness,”
which described the immediate pains of headaches and fevers. Second,
“irritability” outlined the mental well-being of patients and the changes in
their moods. Third, “fatigue” measured the exhaustion either after physical
exertion or after rest; “musculoskeletal pain” described the pain in limbs
and joints; “mood disturbance” reported the depressive state of the patients.
Last, “neurocognitive disturbance” detailed the cognitive disruptions
experienced by these patients. Not surprisingly, it was the “fatigue”
symptom group that correlated most strongly and consistently with
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functional abnormalities experienced by these patients. The results of the
study suggested that the fatigue experienced by these patients after they had
been diagnosed with the infection decreased with time. At 6 weeks, the
fatigue was experienced by 35% of all participants, but this number grad-
ually dropped to 12% at 6 months, which is the time requirement for a
diagnosis of chronic fatigue. In 12 months, the incidence decreased to 9%.
Thus, the study’s results suggest that the chronic fatigue experienced by
some of the patients who have dealt with a glandular fever, Q fever, or
infections caused by the Ross River virus is caused by the response of the
host organism to the infection. These troublesome symptoms, in some
cases, persisted as long as 12 months. These data show that chronic fatigue is
a relatively common sequela for patients who have contracted the afore-
mentioned infections, and the syndrome is often long-lasting. In this way,
such patients create a subgroup of all chronic fatigue patients, distinguish-
able by the evidence of causality of their symptoms (Hickie et al., 2000).
The goal of future research is to develop biomarkers that could effectively
pinpoint those infectious patients likely to develop full-blown chronic
fatigue syndrome and to develop efficacious interventions for alleviation of
symptoms and improvement of the quality of life.

In the case of infectious mononucleosis, a study was designed with 1-
and 2-year follow-ups to investigate whether some of the patients expe-
rience postinfection chronic fatigue syndrome. Fatigue is a common
symptom among infectious mononucleosis patients, and thus the study
included only those who experienced persistent fatigue 6 months after
recovery. Three hundred one (13% of the original sample) such patients
were identified. At 12-month follow-up, 7% of patients experienced
chronic fatigue, while at 24-month follow-up, this included 4% of patients.
From these results, the authors concluded that patients with infectious
mononucleosis, or glandular fever, are at a risk of developing chronic fa-
tigue syndrome. Reportedly, women and those having greater fatigue are
at a greater risk of developing a persistent chronic fatigue syndrome that
persists 6 months or longer. In this manner, infectious mononucleosis
patients form another subgroup of patients that are at risk of developing
chronic fatigue (Katz et al., 2009). In future research, this subgroup should
be carefully investigated and other risk factors, demographical or psycho-
logical, should be assessed.

The risk of chronic fatigue syndrome in patients with human
herpesvirus 6 infections and glandular fever has been investigated. A
sample of 30 patients suffering from chronic fatigue was selected. These
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patients also exhibited elevated levels of IgG antibody titers against human
herpesvirus 6 and the virus causing glandular fever—Epstein—Barr virus.
A double-blind, placebo-controlled trial was carried out in which a
portion of patients received placebo and a portion received valganciclovir,
an antiviral medication effective in the treatment of infections caused by
herpesviruses. Valganciclovir is often used to treat infections like glandular
fever or other human herpesvirus 6-caused infections. Levels of mental as
well as physical fatigue were recorded, along with assessments of cognitive
functioning. Monocytes, neutrophil counts, and cytokine levels were the
chosen markers of disease progression. A range of symptoms in patients
administered valganciclovir improved significantly more than the symp-
toms in placebo patients, at 9 months after baseline. These symptoms
included mental fatigue, cognitive function, and fatigue severity, and these
improvements were evident as early as 3 months after treatment. Mono-
cyte and cytokine levels also responded to the antiviral treatment.
Therefore, the authors of this study concluded that treatment with val-
ganciclovir in a group of patients with human herpesvirus 6 infections and
glandular fever is clinically beneficial to cognitive and physical func-
tioning, independent of a placebo eftect. These improvements are thought
to be brought about by immunomodulatory and/or antiviral effects. In the
future, research in a larger patient sample with longer treatment duration
and longer follow-up has been proposed to be designed (Montoya et al.,
2013).

The above findings clearly point to the possibility that in some chronic
fatigue patients, an infection may have caused the dramatic physiological
and mental changes. Whether the cause of chronic fatigue syndrome lies in
the infectious agent per se or rather in the powerful immune response to
that agent remains unclear. If it were the case that the syndrome was caused
by the infectious agent, then it would be important to investigate whether
it might be possible to treat these patients with the correct long-term
antimicrobial medication. Infectious causes seem to be a crucial avenue
for future research, in the hope to elucidate the mechanisms of chronic
fatigue syndrome.

As evident from the aforementioned research, there seems to be a
plethora of possible causes of the chronic fatigue syndrome. Neurological
changes, white matter abnormalities, infectious causes, neuroinflammation,
and interactions with the immune and endocrine systems all offer some
limited insight into the mechanisms of the syndrome. It is important to note
that because the possible causes are so numerous, and because the research is
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so far very inconclusive, it might be the case that chronic fatigue syndrome
is actually evolving. In addition, it is important to consider that a different
cause altogether may be in control of the development of the syndrome
in different patients. Therefore, it seems that rather than treating chronic
fatigue patients as one homogeneous group, research would benefit from
creating subclasses of patients whose syndrome is underlined by varying
causalities.

DIAGNOSIS

Because tiredness is such a widespread symptom of not only diseases but
also syndromes, lifestyles, and states, it is especially hard to diagnose
chronic fatigue. Currently, physicians are restricted to the diagnosis
through patients’ self-reports, as no lab tests for the diagnosis of chronic
fatigue are available. Because there are no tests for the diagnosis of chronic
fatigue by itself, the usual strategy in the diagnosis of this condition is to
employ diagnostic tests to either rule out or confirm any possible disorders
or conditions that could be causing the symptoms secondarily. If a con-
dition is confirmed, for example, if the patient is found to suffer from
anemia, then it is the anemia that has to be treated for the fatigue
symptoms to diminish. However, such method of diagnosis is often “hit or
miss,” as it can be virtually impossible to test for all the possible causes of
chronic fatigue. Therefore, many patients suffering from this condition
often go undiagnosed, which in turn halts the hope for treatment and
recovery.

Primary evaluation of chronic fatigue syndrome is so far possible only
through a careful evaluation of the patient’s medical history. Any fatigue
that is persistent and unexplainable by extraordinary exertion or lack of rest
has to be clinically considered. Moreover, chronic fatigue should always be
considered if the patient also experiences other classes of symptoms that
prevent with the patient’s daily functioning at work, personal life, and
concentration, such as mental fog and cognitive dysfunction.

There is a lot of emphasis on developing diagnostic tools that would
allow for the detection of chronic fatigue syndrome. Scientists have
discovered protein biomarkers in the spinal fluid of chronic fatigue patients
that are drastically distinct from the proteins found in the spinal fluid of
healthy individuals. Such findings indicate that the malfunction of central
nervous system proteins is crucial in chronic fatigue. According to the
results of this study, patients suffering from chronic fatigue carry 738
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proteins unique to this syndrome. Future research aims to identify the
biomarker proteins that, after running diagnostic tests, would ofter
conclusive results as to whether the patient suffers from chronic fatigue. If
such protein biomarkers are identified, it would then be possible to
introduce specific treatments that would aim to attend to the specific
protein biomarker pathway. Such approach could result in highly efticient

treatments that would treat chronic pain where it originates (Schutzer et al.,
2011).

TREATMENT
Cognitive Behavioral Therapy

Cognitive behavioral therapy, or CBT, is a therapeutical method aimed at
establishing the most effective ways of symptom management. Through
identifying problematic cognitions and behaviors, CBT aims to relieve the
symptoms (affective, physical, social, etc.) of chronic fatigue, thus
improving the patient’s quality of life. CBT approaches chronic fatigue in
one of the following two ways. The main goal of therapy is either (a) to
change the patients’ cognitions about the syndrome, thus shifting their
perception toward a healthier perspective, or (b) to improve the patients’
quality of life by helping them achieve a better understanding of their
syndrome and teaching them how to manage their physical disability
without straining them unnecessarily. Thus, this approach addresses the
practicalities associated with the syndrome, instead of directly attempting to
ameliorate the patients’ physical or mental capacity (Price, Mitchell, Tidy,
& Hunot, 2008).

Generally, CBT aims to achieve the following outcomes: get a better
understanding of the fluctuating energy levels by monitoring the patients’
daily activities, and consequently developing a plan of daily tasks at the right
times, to minimize strain and exhaustion; maximize the efficacy of the daily
activity plan by creating a routine sleeping pattern; establish varied targets of
therapy, to keep the patient motivated; learn skills to gain control of various
emotions and cognitions regarding the symptomatology of the syndrome,
eliminating catastrophic thoughts; work on the patients’ self-esteem by
identifying their strengths and consequently utilizing them to maximize the
outcome of therapy.

Various review studies found that CBT is an effective tool in managing
chronic fatigue symptoms. According to one study, patients who undergo
CBT suffer from less severe fatigue, in comparison with patients who do
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not receive treatment or who receive only the usual care from a physician.
Specifically, 40% of patients who attended CBT saw clinical improve-
ment, while 26% patients in usual care experienced alleviation of chronic
fatigue symptoms. This review also addressed the longevity of the bene-
ficial CBT effects. At follow-up (1-7 months after completion of CBT
program, depending on the study), the patients who had successfully
finished the CBT treatment showed that the improvements they gained
through therapy persisted also long term. The most significant improve-
ment was seen in decreased fatigability. This review also contrasted CBT
with other types of therapy used to treat chronic fatigue: relaxation
methods, counseling and support, and other types of psychological
interventions. This comparison found that CBT patients, upon successful
completion of treatment, suffered from less severe fatigability, experienced
more effective physical functioning, and saw improvements in depression
and anxiety. These results were not very consistent at follow-up, however,
highlighting possible drawbacks of CBT (Price et al.,, 2008). Another
review found similar results regarding the improvements in fatigue,
physical functioning, and other common symptoms, adding that patients
who received CBT were also more likely to maintain consistent school
attendance. However, this review concluded that even after such
improvements, patients were unlikely to return to work (Chambers,
Bagnall, Hempel, & Forbes, 2006).

A large trial was carried out in the United Kingdom to assess the
effectiveness of group CBT. This study compared group CBT with
counseling and support and with usual medical care. The main outcome
measure in this study was the Short Form-36 survey, investigating the
mental and physical health of the participants. Further outcome measures
included a specific fatigue scale and a scale investigating anxiety and
depression, as well as an overall health and well-being measure. Measures of
physical health and cognitive functions were included too. Data were
collected at baseline and at 6- and 12-month follow-up after the initial
evaluation. The results showed that group CBT was more eftective than the
other interventions, but its improvements were limited. Specifically, the
patients who attended group CBT saw no significant improvements in their
quality of life, cognitive function, work status, or health care utility mea-
sures. This is an interesting outcome, because the majority of the said
variables were found to be improved when patients attended individual
CBT. However, group CBT did improve the patients’ mood and strength,
and it also decreased overall tiredness, outcomes that are also reliably seen in
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individual CBT. The fact that patients experienced improvements in
strength (in terms of both energy and endurance) is of crucial importance, as
this allowed them to normalize their daily activities substantially (O’'Dowd,
Gladwell, Rogers, Hollinghurst, & Gregory, 2006).

Research has been carried out to investigate the usefulness of family-
based CBT, focusing mostly on the efficiency of treatment in terms of
improving school attendance and work ethic. Compared with psycho-
education, it was found that in terms of school attendance and
recovery rates, both treatment groups benefited from the given inter-
vention. This improvement was maintained at the 24-month follow-up
for both groups. Family-based CBT vyielded important significant im-
provements in emotional and behavioral adaptation in the long term,
whereas the effects seen in patients who received psycho-education
treatment suggested deterioration in these measures (Lloyd, Chalder,
& Rimes, 2012).

Apart from the type of CBT received by patients suffering from chronic
fatigue, research found that the therapy relationship is of crucial importance
to the outcomes, too. The outcome expectations and the trust between the
therapist and the patient, as well as the perception of posttreatment malaise,
are important variables. Research found that to effectively assist in the
alleviation of fatigue-perpetuating factors, the efficiency of CBT depends
on all previously mentioned variables. Therefore, not only should stress be
put on choosing the right type of CBT for the patient, but importance
should also be given to creating and managing a positive therapy rela-
tionship, preferably from the very beginning of CBT (Heins, Knoop, &
Bleijenberg, 2013).

Mindfulness-Based Therapy

Mindfulness-based therapy aims to shift the attention of the patient away
from the ever-persistent fatigue in a very specific way—toward the patient’s
purpose in the current moment. Mindfulness offers a nonjudgmental space
for learning to accept the syndrome and the symptoms that come with it
and to in turn make these cognitions peaceful. Through the development
of such awareness, detrimental beliefs held against the self and the syndrome
can be recognized, and other, more adaptive, positive and accepting
schemes can be cultivated.

One of the main symptoms of chronic fatigue is stress. Patients may feel
stressed because of their limited functioning, but simultaneously, stress might
be the cause of their problems, too. It is often found that patients who sufter
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from chronic fatigue have adrenal exhaustion—characterized by over-
production of the stress hormones adrenalin and noradrenalin. These hor-
mones are secreted in stressful, so-called fight-or-flight situations, making the
body highly alert. Chronic fatigue patients are thought to have long-lasting
and intense activation of their adrenal system, leading to abnormalities and
malfunction. Anything can be a potential stressor—family, employment,
relationships, or physical activity with inadequate recovery time.

In such instances, when patients recognize that the stressors in their life
are worsening their condition, mindfulness-based therapy can be very
helpful. A number of programs aimed at chronic fatigue patients have been
developed, primarily addressing the said stressors, as well as sources of
anxiety, fatigue, and depression. One such approach that has proved effi-
cient is so-called mindfulness-based cognitive therapy. This approach in-
tegrates mindfulness techniques with some aspects of CBT, to maximize the
prevention of depressive relapse and change the perception of both internal
and external stressors. Mindfulness-based cognitive therapy was found to
improve the patients’ quality of life and fatigability symptoms. The results
were comparable to the results obtained from CBT studies; however, the
improvement in symptoms was more rapid when patients practiced
mindfulness (Fjorback et al., 2013).

Research addressing the shortcomings of CBT investigated the use of
mindfulness-based cognitive therapy administered after the completion of a
CBT program in patients who did not reach recovery and alleviation of
symptoms. The study found that patients were satisfied with the accessi-
bility, engagement, and helpfulness of the mindfulness-based program. The
outcome showed that the patients who participated and completed
mindfulness-based cognitive therapy saw improvements in fatigability,
whereas the symptoms of patients who did not participate in this program
remained unchanged and severe. In addition, the follow-up measures found
that the improvements gained through mindfulness-based cognitive therapy
were maintained up to 6 months after the completion of treatment.
Furthermore, patients who engaged in mindfulness experienced improve-
ments in their mood, catastrophic thinking, unhelpful cognitions about
fatigue-related emotions, and self~compassion (Rimes & Wingrove, 2013).

Graded Exercise Therapy

Graded exercise therapy is a form of intervention that employs physical
activity as its main method of treatment for chronic fatigue. The physical
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activity is introduced gradually, often in the form of gentle stretching, with
duration of as little as 5 min per day for individuals who have been
physically inactive owing to chronic fatigue. As the patient gains strength,
the intensity of physical exertion is increased over time. This form of
therapy is highly controlled, and to be done correctly, it has to be followed
according to a strict, balanced exercise plan, which includes mandatory
periods of rest, too. The main aim is not to overexercise and not to push
the body to its limits, which would be detrimental to the patient’s health.
If the physician and the patient manage to develop a suitable plan of
physical activity, this can be efficient in alleviating the burdens of disturbed
sleep, low mood, pain, and other symptoms related to chronic fatigue,
allowing the patient to improve the quality of life (Edmonds, McGuire, &
Price, 2004).

Research evaluating the efficacy of graded exercise therapy in alleviating
the symptoms of chronic fatigue found that after the completion of treat-
ment, patients felt significant improvements in fatigue and energy levels.
The mechanism of this improvement was thought to be a reduction in
concentration on symptoms through the focus on physical activity, rather
than the increase in fitness (Moss-Morris, Sharon, Tobin, & Baldi, 2005).
Another study suggests combining CBT with graded exercise therapy to
make patients aware of their body and its limits, recognizing the signals
when their body has had enough exercise. In this way, the prevention of
relapse depends on the principles of self~-management, self-awareness, and
respect for one’s own mental and physical limitations (Nijs, Paul, &
Wallman, 2008).

The same study also recognizes, however, that graded exercise therapy,
especially when the patient’s boundaries are not respected, can be severely
detrimental to both the patient’s mental and his or her physical health.
Graded exercise therapy has been known to worsen the chronic fatigue
symptoms through promotion of immune dysfunction and through the
exertion of inappropriate strain on the body and mind (Nijs et al., 2008).
Similarly, a large-scale Norwegian study found that as many as 79% of
patients who underwent graded exercise therapy actually perceived that
their symptoms had worsened as a result (Bjorkum, Wang, & Waterloo,
2009). Therefore, the effectiveness of graded exercise therapy must be
treated with caution. Extra focus should be put on the cognitive factors
during this type of therapy, to prevent relapse and exacerbation of
symptoms.
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CHRONIC PAIN
Background

Pain is a symptom of a vast variety of injuries and disorders, but it can
sometimes be the cause of a disorder itself. Pain is fully produced by the
nervous system, and therefore, anything that has an impact on the nervous
system potentially bears the capacity to disrupt pain signaling, too. Chronic
pain is a syndrome characterized by persistent, ongoing pain that
lasts for 3 months or more. It troubles more people than one would
expect—outcomes of several epidemiological studies, gathering data from
different countries in the world, showed that prevalence of chronic pain in
the general population can range anywhere from 12 to 80% (Abu-Saad,
2010). In Norway, approximately 30% of adults have experienced chronic
pain, a number high enough to make chronic pain the main reason for
long-term sick leave and physical disability affecting employment (Nielsen,
Steingrimsdottir, Berg, & Hanes, 2011).

Chronic pain has a debilitating impact on the patients’ quality of life,
taking a toll on their physical and emotional state, resulting in the loss of
fitness needed for work motivation and affecting their employability,
financial security, and self-esteem. The effects of chronic pain are also very
detrimental on the economy—chronic pain patients require longer hospital
stays, frequent rehabilitations, more frequent outpatient visits, and a range
of necessary therapeutical interventions, resulting in enormous health
care costs.

Chronic pain is not directly caused by tissue damage, although it may
precede the development of chronic pain. Therefore, the focus of chronic
pain research is not on the structural changes in the body, but rather, the
focal point is the sensitivity of the nervous system. One’s choices of lifestyle,
diet, and physical activity all have an impact on sensitizing the nervous
system to an extent of dysfunction. Therefore, chronic pain is more than
“Just” pain—it is influenced by many factors, some of these being social,
psychological, biological, cultural, environmental. Currently, there is no
single, fully efficient treatment for chronic pain. Therefore, clinicians have
to choose a broad approach of evaluating each patient. Psychological
therapy, seconded by medication, is necessary for alleviating the symptoms
and coming to an understanding of the events that preceded the devel-
opment of chronic pain. Physical therapy is useful for restoring the body’s
tissue. In this section, the mechanisms of pain will be outlined, and
pathophysiology and available treatment will be defined. A variety of
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suggestions for future research will be identified, aiming to give an accurate
description of the aspects of chronic pain that the scientific community has
been focusing on.

MECHANISMS OF PAIN

When the body encounters a painful stimulus, nociceptive receptors start
firing. As the nociceptors fire, powerful chemicals are released by the
injured cells. These are identified by other nerves, which then intensify the
pain signal. This whole process is called nociception, and it leads to the
subjective perception of a painful stimulus by an individual. This perception
depends on a myriad of factors, such as the unique and distinctive tolerance
to pain of each person, the person’s emotional and physical well-being, his
or her attitude toward pain, and the context in which the painful stimulus
occurs. This makes the perception of pain a highly individual experience,
making it difficult for researchers to develop a better understanding of the
condition.

Chronic pain, unlike acute pain, which signals immediate danger and
the need to be careful, is persistent and continuous. Nociceptors, the pain
receptors, fire constantly in the nervous system, making the pain a
continuous sensation. At the beginning, there might be a trigger for the
nociceptive receptors to start firing—the stimuli can be of thermal, me-
chanical, or chemical character, such as an injured back or untreated
infection. However, the cause might be ongoing, caused by conditions
such as arthritis or cancer. Acute pain recedes once the tissue has recov-
ered. In the case of chronic pain, however, the nociceptors keep firing
despite tissue recovery. Individuals suffering from chronic pain experience
one or more of these conditions—spontaneous pain, with no obvious
cause; hyperpathia, characterized by firing of nociceptive receptors that
exceeds the expectation after injury; hyperalgesia, exacerbated intensity of
pain with no further experience of a painful event; secondary hyperalgesia,
in which the sensitivity to pain extends to intact, uninjured tissue; and
allodynia, characterized by the experience of pain from a stimulus that
does not normally activate nociceptors. The resulting chronic pain often
manifests in the form of migraines, back pain, arthritis pain, neck pain,
neurogenic pain, and so on. Back pain is the most common form of
chronic pain. It has been reported that patients suffering from chronic
back pain have lowered quality of life, mainly affecting their physical and
mental health. Of these patients, 28% experience reduced physical ability.
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Chronic pain sufferers are also three times more likely to be in fair or bad
health and four times more likely to have mental health problems than
adults with no chronic pain condition (US Department of Health &
Human Services, 20006).

To gain a better understanding of chronic pain, it is important to
explore the characteristics of the different nociceptive receptors. Noci-
ceptors can be either stimulus specific, and thus respond to chemical,
thermal, or mechanical injury of the body, or polymodal, meaning they
respond to any of the said types of stimuli. These types of receptors are
usually located in the periphery and can be sensitized over a prolonged
period of time by recurrent application of the stimuli. These polymodal
nociceptors, which play an important role in the peripheral sensitization of
receptors, are thought to mediate the development and permanency of
chronic pain.

From the polymodal receptors, the noxious information travels up the
spinal cord and terminates in the brain. The axons in the central nervous
system differ in terms of myelination—the greater the myelination, the
faster the stimulus transmission. The myelination of axons is sensitive to
injury-related changes in transmission. The more myelinated axons in the
central nervous system are considered to have greater sensitivity to the
changes in myelination as a result of injury. Therefore, if injury causes
abnormalities in myelination (and thus the myelin cannot perform its
protective and nourishing function), the mechanisms that convey action
potentials along the axons can become dysfunctional. With such abnor-
malities in action potential mechanisms, we can often see excessive elec-
trical activity within the nerves themselves, which in turn causes an increase
in the nociceptors’ firing rate, resulting in more severe perception of the
noxious stimulus.

PATHOPHYSIOLOGY

Dysfunction at the Molecular Level

The cell bodies of nociceptors can be found in the dorsal root ganglia of the
spinal cord. It is here, in the dorsal root ganglia, that the nociceptors have
their intricate genetic infrastructure and metabolic apparatus. The genetic
infrastructure is thought to be especially important in terms of the various
pain states. In terms of chronic pain, the following intracellular factors have
been known to occur. First, it has been noted that in chronic pain, even the
neurons that are typically not designed to transmit pain information start



Chronic Pain and Fatigue 271

synthesizing a chemical that is normally present when noxious stimulus is
transferred through nociceptors—substance P. If a neuron starts synthesiz-
ing substance P, the resulting activity may be perceived as pain, even in the
lack of injury.

Similarly, the perception of pain can be affected by the presence and
expression of sodium channels. Sodium channels are present in every
neuron that is capable of generating action potentials, mediating the passage
of sodium ions through the cell membrane. Past research showed that a
unique mutation of sodium channels plays an important role in a rare
genetic disorder, which is characterized by the inability to feel pain (Fer-
tleman et al., 2006). Often, genetic mutations in sodium channels do not
disable their functionality completely, but merely change it. That is the case
in another disorder, erythromelalgia, a rare genetic disorder with very
painful symptoms (Drenth et al., 2005), and other illnesses with painful
symptomatologies (Fertleman & Ferrie, 2006). Therefore, it is obvious that
the genetic infrastructure of a cell that mediates the function of sodium
channels may induce the perception of chronic pain even in the absence of
a painful event.

Chemical Factors

Apart from the aforementioned substance P, there are also other com-
pounds that are synthesized and released in the presence of noxious
stimuli. These compounds modulate nerve excitability and thus the
perception of pain, and include the amino acids gamma-aminobutyric acid
and glycine, various peptides, and the nucleoside adenosine, whose
function is to dampen the signal transmitted by nociceptors. Any damage
or abnormalities of these compounds, in terms of their molecular foun-
dation and changes to the intensity of synaptic input, have the capacity to
cause long-term or even indefinite changes in the nociceptors. Such
indefinite changes in nociceptor functioning may in turn be responsible
for certain aspects of chronic pain.

Peripheral Nervous System Abnormalities

Certain abnormalities in the spinal cord have been thought to contribute to
the perception of chronic pain. These abnormalities include phenomena
such as central sensitization, wind-up, and microglial activation. Central
sensitization refers to a situation in which the nociceptive receptors in the
dorsal horns of the spinal cord become sensitized by prolonged presence of
noxious stimuli in the periphery, caused by, for example, tissue damage or
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inflammation. Wind-up refers to the perceived intensification of the in-
tensity of pain. This occurs over time, when a certain nonnoxious stimulus
is applied recurrently above a critical rate. Such recurrent stimulation of
group C peripheral nerve fibers then consequently causes gradual increases
in electrical response in the corresponding spinal cord neurons. Last, but not
least, microglia are located within the spinal cord and their major role is to
mediate inflammatory processes. There is clear evidence showing that
microglia have a role in the direct induction of peripheral injury-induced
pain, as well as the maintenance of chronic pain (Hains & Waxman,
1994; Tsuda, Inoue, & Salter, 2005).

White Matter Abnormalities

A number of studies have found structural abnormalities in the brains of
chronic pain patients, relative to the brains of healthy individuals. A 2013
study investigated two groups of patients. Upon recruitment to the study,
each patient group had experienced pain for at least 3 months. At
12-month follow-up, the population of patients was split into two
groups—those who still experienced pain and those in whom the pain had
ceased. Diffusion tensor imaging was employed to study the white matter
structure of these patients. The picture that emerged clearly indicated that
the structure of the white matter in patients with persistent chronic pain
differed from the white matter structures in patients who had recovered.
Namely, it was the white matter structures connecting the medial
prefrontal cortex and the nucleus accumbens, both known for their
implication in pain, that showed abnormalities. Neuroimaging data were
also collected at baseline, and the results showed an extraordinary degree of
consistency—in most cases, those patients in which white matter abnor-
malities were seen at baseline had persistent chronic pain and the white
matter structures remained abnormal at the 12-month follow-up. The
same applies to the other sample of subjects—those who did not develop
chronic pain showed intact white matter structures, both at baseline and at
follow-up. The authors of this study suggested that abnormalities in these
structures can in the future be used as a biomarker to distinguish the
patients who will develop chronic pain from those who will not. Such
ability to pinpoint the predisposition to chronic pain would be greatly
beneficial in reducing the longevity of this burdensome syndrome and
would offer a degree of insight yet unprecedented in chronic pain syn-
drome (Mansour et al., 2013).
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Psychoneuroimmunological Factors

The nonneuronal contributors that play important roles in the develop-
ment and sustainment of chronic pain include immune cells, neuro-
inflammation, cytokines, cortisol, the HPA axis, and others. Another
important factor in chronic pain is the observed decrease in gray matter
volume in the brain, which results in changes in thickness of the cortex
(Baliki, Schnitzer, Bauer, & Apkarian, 2011). Another important factor is
the reorganization of the networks in the brain that process pain-associated
information, with much of the research focusing on the hippocampus
(Baliki et al., 2011).

Furthermore, patients suffering from chronic pain often have an
abnormally functioning HPA axis, manifesting the principal adaptation
inflicted by the noxious stimulus, which is also thought to influence the
structure and function of the hippocampus (McEwen & Kalia, 2010). The
abnormal functioning of the HPA axis, which in turn influences the
structure and function of the hippocampal network, is thought to be caused
by the allostatic load and its sensitivity to the detrimental eftects of
continuously elevated levels of glucocorticoids (Mirescu & Gould, 2006).
Such changes are crucial when the body tries to adjust its functioning in
accordance with the chronic pain, as the unpredictability about the up-
coming pain, the intensification of pain by premediated anxiety, and
negative emotions are thought to activate the hippocampal network rele-
vant to the processing of pain (Vachon-Presseau et al., 2013). Further
research found that chronic pain may amount to an allostatic load in
patients who are more prone to stress, causing permanent plastic changes in
the brain that induce the worsening of the patient’s condition (Vachon-
Presseau et al., 2013).

The research investigating the pathophysiology of chronic pain has also
focused on the role of the adaptive immune system, by the study of
cytokines. Cytokines are small secreted proteins whose main function
relates to interactions and communication between cells. There are two
functional types of cytokines: pro- and anti-inflammatory. Research
showed that certain types of cytokines are implicated in both the induction
and the longevity of chronic pain by directly activating nociceptors.
Specific inflammatory cytokines are also believed to play a role in
inflammation- or nerve injury-caused central sensitization, thereby
prompting the development of conditions such as hyperalgesia or allodynia
(Sherman & Loomis, 1994; Zhang & An, 2007).
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Chronic pain is also thought to depend on plastic changes in the body’s
stress network (Gatchel, Peng, Peters, Fuchs, & Turk, 2007), in which the
hormone cortisol 1s a key factor. The stress network is mediated by elevated
levels of cortisol. When the body is under long-lasting, unknown, and
unmanageable threat, it adapts its functioning of metabolic activity to match
the environmental demands. Such adaptation may ultimately cause
abnormal responses of the stress system, prompting pathophysiological strain
as a result (McEwen, 1998). This state of pathophysiological strain is also
termed allostatic load, and it is instrumental in the persistence and inten-
sifying of the perception of pain (Borsook, Maleki, Becerra, & McEwen,
2012).

TREATMENT
CBT

Patients with chronic pain looking for psychological therapy are most often
advised to participate in CBT. CBT is now a widely used tool for the
management of pain. With the help of a therapist’s guidance, the patient
who experiences chronic pain learns how to shift his or her attention from
the pain toward the aspiration for recovery. CBT teaches that it is the
person him- or herself who holds the key to the recovery gate. It teaches
that individuals themselves are responsible for their own experiences and
attitudes. This approach can be applied to many of the cognitions held by
chronic pain patients. The patient learns to pinpoint and understand
negative patterns in thoughts and behavior that are linked to the syndrome.
Once these are identified, the patient then goes on to establish the skills
needed to change the negative behavioral and mental patterns. Once these
skills are successfully put into practice, chronic pain-related symptoms are
expected do decrease, while the quality of life is expected to increase.
CBT is also efficient for becoming in control of stress. In stressful situ-
ations, the brain releases noradrenaline and serotonin, which affect pain
control. In chronic pain patients, stressful situations can especially exacerbate
the perception of pain. By learning and applying the CBT techniques, the
arousal that has an influence on the release of noradrenaline and serotonin is
reduced. In this manner, the body can gradually normalize its response to
pain, and it can also increase the efficacy of its innate pain relief response.
Patients who completed CBT, in comparison to those who received no
treatment, saw a small, but statistically significant, improvement in pain and
the resulting disability, as well as average improvements in mood and the
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tendency for catastrophism. Greater improvements at follow-up were seen
in mood (Williams, Eccleston, & Morley, 2012). In addition, CBT has been
shown to help patients with their illness perception; as a result of therapy,
they were able to identify, manage, and replace the troubling perception of
their condition (Siemonsma et al., 2013).

When addressing specific types of chronic pain, reviews showed the
following. Patients who received CBT for chronic back pain saw im-
provements in pain, engagement in physical activities, quality of life
associated with health, and depression (Hoffman, Papas, Chatkoft, &
Kerns, 2007). In terms of chronic headaches, patients who completed
CBT experienced 30—60% alleviation of symptoms. These effects were
long-lasting, and in some patients, the symptoms never returned
(Andrasik, 2007). Patients suffering from chronic orofacial pain who
completed a course of CBT experienced long-lasting improvements in the
intensity of pain, depression, and engagement in physical activity that was
previously impossible because of pain (Aggarwal et al., 2011). CBT is also
known to be effective for other pain-related disorders, such as fibromy-
algia and arthritis.

The advantages of CBT lay in its tailoring to different age groups—it is
effective in both adults and children. Furthermore, a wide range of inno-
vative CBT delivery formats has been developed, and it is now possible to
hold CBT online, or on the phone; without having to compromise on
efficiency.

Mindfulness

Mindfulness in chronic pain syndrome focuses on shifting the focus of the
patient away from the pain. Rather, the attention is turned to the process of
observing the patient’s thought patterns, feelings, sensations in the body.
Mindfulness aims to do this in a fully nonjudgmental way—without placing
pressure on the patients and without subjecting them to criticism for how
much pain they are experiencing. By exploring mindfulness, chronic pain
patients learn how to respond to pain thoughtfully rather than adversely
react to it.

One of the main symptoms seen in chronic pain patients is cata-
strophizing. Patients often engage in these harmful cognitions, whereby
they exacerbate the perception of pain by ruminating about all its adverse
impacts on daily functioning. The lack of efficacious treatment is another
aspect of the syndrome that the patients often catastrophize about,
persuading themselves that they will never be healthy because there is not
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one drug that could make them feel better. In this way, patients feel the
pain much more deeply and persistently. Catastrophizing is often accom-
panied by stress, anxiety, and depression, all of which make the goal of
recovery harder to reach.

Through mindfulness, chronic pain patients learn to adopt a fresh
outlook, to take recovery step by step and set small goals. Any expectations
should ideally be dropped. Such approach makes the patient’s journey to
health filled with acceptance. Patients learn to acknowledge their pain
without fear and anger. There is a set of strategies the patients are
encouraged to employ. First, a “brain scan” refers to the mental exercise of
concentrating the focus to individual body parts and thus working against
the brain, which wishes to minimize the pain and the awareness of it. This
approach encourages acceptance and awareness of the whole body.
Furthermore, breathing exercises are a vital part of mindfulness. They, too,
aim to work against the brain. When the body feels pain, the brain reacts
instantaneously, increasing the heart rate, inducing negative thoughts, and
making breathing difficult. By employing the breathing exercises in
mindfulness, the patient learns how to slow his or her breathing and calm
his or her thoughts. This is a form of a grounding exercise. All attention is
focused on making the body more relaxed, and the breathing more
effortless. Last but not least, distractions are another powerful aspect of
mindfulness. When pain is present, the patient is encouraged to spend some
time engaging in a healthy, distracting activity of his or her choice. This
may be listening to music, reading a magazine, or enjoying a cup of coffee.
In this manner, the patient spends his or her energy in a much more positive
way than when focusing on the pain (Gardner-Nix & Costin-Hall, 2009).

Research has shown that chronic pain patients can benefit from
mindfulness in many ways. These include alleviation of bodily pain and
negative mental symptoms, such as depression (Esmer, Blum, Rulf, & Pier,
2010) and catastrophizing, and decreased distress and disability (McCracken
& Thompson). Mindfulness is most probably not more eftective than CBT,
but it is still a good therapy option, teaching patients patience, acceptance,
and self-awareness, which can be utilized to alleviate some of the debili-
tating symptoms of chronic pain.

Acceptance-Commitment Therapy

Acceptance-commitment therapy (ACT) is another therapeutical interven-
tion used for the treatment of chronic pain. It possesses certain characteristics
similar to those of CBT and mindfulness: it teaches patients to reduce the
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avoidance strategies they have created for themselves as a way of keeping
away from pain. In addition, through cognitive techniques, patients learn to
disengage their harmful, negative thoughts that are linked to their actions.
Coming closer to the desired goals and values in life is one of the main facets
of ACT. Through these approaches, the patients gradually work to accept
their situation and learn to refocus their energy away from the efforts of
symptoms management and pain reduction. The main idea is to put as much
as possible of the patient’s attention at the desired private experiences
(emotions, thoughts, and symptoms including pain) that are routinely
avoided when struggling with chronic pain syndrome.

Through ACT, patients are intensely present-focused. They learn to step
away from their emotions connected to pain. They are encouraged to
develop their psychological flexibility and courage to experience pain. This
can be achieved by paying close attention to their thoughts, feelings, and
perceptions just they way they are—patients are encouraged not to change
them. This acceptance enables them to act in a compatible manner with
their therapy goals and way of life. ACT aims to help the patient understand
that when the patient perceives pain in his or her body, it is the struggle he
or she wages with pain that makes his or her hardship. The perception of the
noxious stimulus is barely a reflex necessary for survival, functioning to alert
us to danger. Therefore, the principles of commitment and acceptance are
especially helpful when attempts to medicate the pain have failed and when
the causes and sustaining factors of chronic pain are unknown.

Research has shown that ACT has proven beneficial in re-introducing
previously enjoyable activities with friends and family, involvement in
work, and the self-satisfaction that follows (McCracken & Eccleston, 2004).
In addition, ACT has been shown to significantly decrease the perceived
amount of pain in chronic pain patients (Dahl, Wilson, & Nilsson, 2004). A
number of studies have shown that the changes in perception that follow
the successful completion of ACT can be very helpful in managing chronic
pain. ACT has been shown to improve both mental and physical func-
tioning of chronic pain patients; it has been shown to improve their mood,
stability, and emotional flexibility and, therefore, it is comparable to the
efficient CBT (Bach & Hayes, 2000; Vowles & McCracken, 2008;
Wetherell et al., 2011).

Graded Exercise Therapy

Oftentimes, pain flares up because of overexertion or because of going
without rest for long periods of time. In this way, the body’s comfort zone
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is exercised, leading to hypersensitization, in which even small amounts of
exertion lead to heightened levels of pain. When patients experience pain,
their natural response is to stop the activity they are doing and rest. In many
patients, negative cognitions about physical activity and movement are
developed. These are often accompanied by stress and shame and frustra-
tion. Avoiding and dreading physical movement because of the anticipated
pain leads to an unfortunate cycle, in which long periods of inactivity are
common.

Inactivity is among the main behavioral issues seen in chronic pain
patients. As much as half of the waking hours of a chronic pain patient can
be spent passively resting (Keefe & Lefebvre, 1994). Such long periods of
inactivity are highly detrimental to the patient’s mental and physical well-
being. In addition, they become progressively more dependent on their
caregivers and family members, and their tolerance for physical movement
and for daily challenges dramatically decreases. Patients become stressed,
often bitter, and the hope of recovery seems distant. It is difficult for them
to increase their activity levels, and efforts often result in unsuccessful
attempts that are too painful and strenuous.

Graded exercise therapy encourages patients who have developed a
sedentary lifestyle to start moving more. This is done in a highly controlled,
gradual manner. Clear short-term goals are set and reinforcement of the
patient’s efforts is frequent, to boost and sustain motivation. The goal of
graded exercise therapy is to break the cycle of inactivity, by very slowly
increasing the level of activity during the day. The patient can thus keep
progressing in order to rebuild physical strength and tolerance to pain,
which leads to alleviation of symptoms.

CONCLUSION

As we have seen, both chronic fatigue and chronic pain syndromes are very
complex conditions that scientists are only beginning to understand. Thanks
to advances in technology, and to the extensive funding that has been
devoted to researching these conditions, an emerging picture is starting to
unfold—that the neuropathologies of these syndromes have certain com-
mon variables. Interestingly, neuroimmunological dysfunctions, changes in
the major components of the central nervous system, abnormalities of the
HPA axis, and structural changes in white matter structures, as well as flaws
in the functioning of cytokines and cortisol, have been implicated in both
of these conditions. Figure 1 shows an overview of the identified



Chronic Pain and Fatigue 279

Pathophysiology Chronic fatigue Chronic pain
Neurological abnormalities X X
e Motor system X
e Blood-brain-barrier X
e Sodium channels X
e Nociceptors X
Psychoneuroimmunological X X
interactions
Neuroinflammation X X
White matter abnormalities X X
Infectious causes X
Peripheral nervous system X
dysfunction

Figure 1 Overview of the pathophysiology of chronic pain and chronic fatigue.

pathophysiology in both syndromes, showing significant overlap in a
number of disordered physiological processes associated with chronic pain
and chronic fatigue syndromes.

Future research should focus on expanding our knowledge of the
pathophysiology present in these syndromes and using this knowledge to
develop reliable biomarkers for better, quicker, and well-grounded diag-
nosis. In both of these syndromes, CBT, which aims to modify these pa-
tients’ perceptions of and consequent reactions to pain, has proven
beneficial. Similar efficiency has been observed for mindfulness programs
and ACT. With our knowledge of the pathophysiology expanding,
potentially leading to the successful use of biomarkers, there is also great
room for improvement in the availability of these therapies to a variety of
chronic pain and fatigue patient populations.
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INTRODUCTION

This book was set out to address the connection between emotions, stress,
and pain, an important research and clinical issue that needed an organized
synthesis and research agenda. Pain is the most common complaint among
people seeking treatment from physicians or practitioners of alternative and
complementary medicine. We also know that stress has various physio-
logical and psychological effects that help explain many of the factors that
exacerbate and maintain pain. A better understanding of how emotions,
stress, and pain interact and a better understanding of how such interactions
can worsen or improve painful conditions would be valuable to pain cli-
nicians and to others working in the field of psychosomatic and behavioral
medicine.

Throughout this book, leaders in the field provided comprehensive,
thoughtfully developed, integrative reviews of the literature and proposed
future directions for the field. The chapters thoroughly described many
facets of the interactions among stress, emotions, and pain (acute and
chronic); and they discussed these facets using a unique approach by
focusing on the interaction of factors that influence pain regulation in basic
and clinical contexts. The chapters included reviews of the neuroscience of
pain and stress; reviews of the neurobiological mechanisms involved in the
interaction of stress, emotions, and pain; and integration of basic science to
highlight the translational flavor of this work.

Because stress is closely related to the concept of emotion, the chapters
covered the role of various emotions in pain. The importance of individual
differences in stress regulation, emotion, and pain perception is also apparent
throughout the chapters presented in this book. For example, individual
differences in fear of pain, anxiety, depression, and other addictive or chronic
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conditions were discussed. The chapters also focused on cognitive factors that
mediate the effects of stress and emotion on pain. For example, two chapters
discussed the role of patients’ expectations during treatment and the so-called
placebo and nocebo responses in the context of stress modulation.

Fundamental Processes Linking Stress, Emotions, and Pain

In the first chapter, Wieser and Pauli provided an overview of the neural and
cognitive processes that underlie acute pain and they elucidated how emo-
tions can modulate these processes. Wieser and Pauli introduced the neural
substrates of pain perception and emotions, and they discussed how these
phenomena are related. Wieser and Pauli paid special attention to how facial
expressions of emotion can affect pain; they highlighted the emotional
priming hypothesis, which states that facial expressions of others induce
emotional states that facilitate processing of stimuli that are of the same
valence and that inhibit processing of stimuli that are of opposite valence.
Hence, sad and painful facial expressions should induce negative affect that,
in turn, increases pain processing. Their chapter provides basic information
that creates a foundation for subsequent chapters.

In addition, Wieser and Pauli discussed the Perception—Action Model,
which states that when a person feels the internal state of another person, this
activates the corresponding representations in the observer. The theoretical
view presented by the authors is that emotion can modulate pain at different
levels of pain transmission and at different levels of the processing system,
i.e., at both spinal and supraspinal levels. Furthermore, studies on placebo
analgesia support this hypothesis. Pain may also aftect emotional perception,
although the field needs more research and is a promising area for future
studies.

In the second chapter, Murison presented a detailed overview and
background of the effects of stress, with a particular focus on the neuro-
biology of stress. Murison carefully discussed definitions of stress and how
the stress response has been evaluated both in animal and in human
experiments. The context of this work is defining the deleterious eftects of
stress on response systems that are critical to health and adaptation. Factors
that influence the stress response include situational attributes that influ-
ence perception of stress. Hence, stress impacts on the biological and
behavioral response are integrated into the presented literature within this
chapter. Complementing this is an examination of the neurobiological
correlates, both central (cortical, limbic, and brain-stem structures) and
peripheral (hypothalamopituitary—adrenal response, the sympathetic
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nervous system, and the sympathoadrenal system), that may mediate the
effects of these processes on the stress response.

Murison’s review provides an interesting perspective that guides the
reader to understanding how stress, emotions, and individual difference
factors have neurobiological signatures, and how these signatures may
mediate the effects of stress on pain perception in basic and clinical contexts.
Addressing the link between these stress-response patterns and pain regu-
lation represents an exciting area for future investigation. Furthermore, to
capitalize on relevant evidence of the importance of efficient regulation of
the stress response in terms of activation and cessation of the response,
future research is needed to understand how the lingering effects of stress
(i.e., delayed recovery after exposure to acute stress) may reduce risk and/or
manage pain perception. Indeed, this is a significant area of investigation
that requires researchers to account for various types of stressors, including
biological, cognitive, psychological, and social factors.

In the third chapter, Rhudy provided a thoughtful review and dis-
cussion of emotional modulations of pain, making a clear case for factors
that make pain a malleable experience that is responsive to various
emotional states. The motivational framework described by Rhudy pre-
sents a clear conceptual model to understand the interactive connections
between emotions and pain. Features that influence these associations are
defined with a focus on valence and related arousal. For example, positively
valenced emotions, which are associated with reduced pain, are also related
to greater arousal, while emotions with negative valence and low-to-
moderate arousal are associated with enhanced pain. Yet the author pre-
sented evidence indicating that high arousal connected with negatively
valenced emotions may inhibit pain. The importance of this framework is
its relevance to evidence demonstrating that poor modulation of emotions
is related to risk for chronic pain. The clear implication of this model is the
need to better define the dynamic processes and moderators that are
involved in poor emotion regulation and the nature of the link between
these processes and pain. Clear definitions of such processes and relations
will set the stage for targeted efforts that address emotion-related risk factors
to prevent chronic pain.

In the fourth chapter, Bartley and Fillingim focused on sex differences in
the experience of clinical and experimental pain. The literature examining
these differences has demonstrated a greater frequency of chronic pain
conditions among women than among men; and laboratory studies have
shown that females, compared to males, exhibit greater sensitivity to painful
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stimuli. Bartley and Fillingim carefully discussed some of the mechanisms
that may be responsible for these sex differences, including multiple bio-
logical and psychological factors, and they discussed how these sex differ-
ences relate to stress-response regulation. This is an area that is ripe for more
research focusing also on sex-specific psychosocial factors that could
translate to clinical practice. Indeed, better understanding of the differential
role of stress in pain exacerbation among men and women could enhance
both diagnoses and treatment of pain.

Mechanisms Mediating the Influence of Psychological

Factors on Pain

One of the primary thrusts of this book was to account for the psycho-
logical factors that mediate the effects of stress on pain. Two issues related to
psychological and cognitive processes that influence pain were addressed in
three chapters related to placebo, nocebo, and interactions with other
cognitive processes (Chapters 5, 6, and 8). The placebo and nocebo effects
result from expectations that symptoms will either improve or worsen,
respectively. These expectations can be induced via verbal information,
through personal experience (e.g., classical conditioning), or by watching
others receive treatment (social observational learning).

The chapter by Vase and Price focused on memory and meaning
related to the placebo and nocebo effects, whereas the chapter by Flaten
and al’Absi focused on the emotional consequences of receiving a placebo.
In line with findings presented by Rhudy (Chapter 3), it is indicated that
placebo effects can be partly explained by a reduction in negative emo-
tions, with a consequent reduction in pain. This idea also fits well with the
chapter on nocebo by Benedetti et al., in which it was proposed that
nocebo effects are due to an increase in anxiety or fear. Pain-inhibiting
and -facilitating mechanisms have been identified from both biochem-
ical and anatomical points of view; thus, it makes sense to think of placebo
and nocebo eftects as psychobiological processes that may influence the
treatment of conditions involving pain.

Benedetti et al. also discussed the difference between anxiety-induced
hyperalgesia and stress-induced analgesia; and they proposed the idea that
negative emotions sometimes inhibit and sometimes facilitate pain. These
effects may be explained by the direction of one’s attention, either away
from or toward the pain. This pattern of effects has important clinical
implications, and managing the direction of attention is already used in
some psychological therapies against pain.
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One goal for further research and clinical applications is to understand
how placebo effects may be strengthened and how nocebo effects may be
avoided. Additional research is needed to better understand the clinical
significance of placebo and nocebo effects and the robustness of such eftects
in patients receiving medical or other therapeutic treatments for pain
maintenance or reduction. This is a difficult, yet important, field to study
because of its implications in clinical work.

As noted by Vase and Price, placebo and nocebo effects are not static;
rather, they result from cognitive and emotional processes that change over
time. Closely tied to this idea is the hypothesis that placebo eftects can be
modulated by somatic feedback, in the form of autonomic or other
interoceptive reactions to treatment. These interesting notions have also
received little attention, but they warrant attention given their potential to
enhance the efficacy of treatments and medications and to diminish nocebo
effects.

The chapter by Biggs, Meulders, and Vlaeyen nicely complements
other chapters by discussing the interaction of fear and pain perception.
The authors presented data to explain the complex nature of the associ-
ation between fear and pain, including their bidirectional influences. They
also reviewed work related to the emotional, cognitive, behavioral, and
psychophysiological factors that facilitate the influence of fear on the
experience of pain. Biggs et al. also discussed cognitive factors, such as
expectancy and pain beliefs, which may contribute to enhanced fear and,
thus, increased pain. One important facet of their discussion is the evi-
dence they presented regarding the potential for individual differences in
fear of pain to serve as a risk factor for developing chronic pain. Given its
potential as a risk factor, it is important to carefully define and understand
the nature of fear of pain. Understanding how fear of pain is acquired,
generalized, and extinguished could prove useful in developing clinical
studies to test novel interventions that target fear of pain in groups that are
at high risk of developing chronic pain.

Clinical Implications

Considering the prevalence and impact of chronic pain, several chapters of
this book focused on psychological conditions that may increase vulnera-
bility to chronic pain and on conditions that may sustain such pain. Okifuji
and Turk presented (Chapter 9) a nicely developed review in which they
examined the association between chronic pain and depression and the
vulnerability and resilience factors that modify this association. In addition
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to addressing the epidemiology of pain and discussing factors that moderate
the relationship between pain and depression, Okifuji and Turk provided
insight into the nonlinear nature of the pain—depression relationship.
Okifuji and Turk also reviewed a range of factors that may mediate the link
between depression and pain; and they articulated a case for how targeting
these factors may provide therapeutic benefits for individuals who experi-
ence chronic pain.

In Chapter 10, Nakajima and al’Absi discussed the interaction between
stress and pain as well as the impact of substance use on the regulation of the
stress response and pain perception. The complex nature of these associa-
tions remains an open area for research at both preclinical and clinical levels;
and addressing the influence of genetic, biological, cognitive, behavioral,
and social factors on these associations will be critical. The role of a
substance-use disorder in the relationship between stress and pain is likely to
be complicated by the motivations that drive substance use (e.g., as a way to
cope with pain), although the nature of motivational influence has not been
clearly delineated.

In Chapter 11, Ditto, Horsley, and Tavis focused on the connection
between hypertension risk and hypoalgesia, an interesting relationship that
has been observed over the past few decades. Ditto et al. carefully addressed
the literature and defined the effects of pain on sympathetic nervous system
activity. They also reviewed literature demonstrating that increases in blood
pressure can decrease pain, an association that is evidenced in both acute
and sustained elevations of blood pressure observed in studies with animals
and in studies with humans. This observation has been replicated across
laboratories and across populations, even though the mechanisms mediating
this connection remain not well understood. In their chapter, Ditto and
colleagues provided an excellent empirical and theoretical framework to
explain these associations and they discussed the psychological and bio-
logical processes involved. They also provided a discussion of the clinical
implications of this phenomenon, such as unrecognized (silent) myocardial
ischemia and the development of chronic pain.

Future work must better define the mechanisms mediating the hypo-
algesic effects of blood pressure; and future work must also address the role
of central processes (psychological/cognitive and neurobiological) that
regulate pain and blood pressure. Such work could lead to translational steps
that improve diagnostics and that fuel the development of intervention
strategies related to both blood pressure and pain regulation.
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In Chapter 12, Stiles presented the syndromes of chronic fatigue and
chronic pain, i.e., their diagnosis, underlying pathophysiology, and treat-
ment. The syndromes are similar in that they have unknown origins, can be
severely debilitating, and are not yet managed with effective treatments.
Furthermore, a number of pathophysiological mechanisms seem to be similar
across the two syndromes, including dysregulation at the cortical level,
abnormalities of the hypothalamic—pituitary—adrenal axis, structural changes
in white matter, and abnormal functioning of cytokines and cortisol. Thus,
Stiles recommended that future research focus on these pathophysiologies to
develop reliable biomarkers that improve diagnosis.

Taken together, the chapters in this book provide a comprehensive
and integrative account of existing literature on the interaction among
stress, emotions, and pain regulation in multiple contexts. Furthermore,
the authors challenge the field to bridge gaps in existing knowledge by
defining the manner by which various emotional and psychosocial factors
influence pain and by suggesting how to translate this knowledge into
clinically useful information and practices.
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