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ABSTRACT

Placebo analgesia refers to the finding that pain is reduced after administration of a
placebo that the patient or volunteer expects to reduce the pain. Expectation is considered a
cognitive process, since it is closely related to the concepts of belief, learning, and memory.
Placebo analgesia is also considered a psychophysiological process, as the expectation of pain
relief leads to biological reactions that mediate the placebo analgesic response. Some researchers
have suggested that the mechanisms underlying placebo analgesia involve emotional processes.
The hypothesis proposed here is that administration of medication said to be an effective
painkiller should reduce negative emotions, and these processes should mediate the placebo
analgesic response.

This thesis describes three experiments that investigated the role of emotional modulation
of, and gender effects in, pain and placebo analgesia. The aim of Report I was to test whether
negative emotions, cortisol and circulating B-endorphin decreased after placebo administration.
Expectancy was manipulated by providing positive versus neutral information about capsules
administrated prior to the pain stimulus. Emotions were manipulated by providing information
about the effects of the pain stimuli versus no information about the pain stimulus. The results
showed that positive information about the drug and information about the pain stimulus
decreased pain, but only in male participants. Reduced pain after placebo administration was not
related to negative emotions, cortisol or circulating f-endorphins. The conclusion from Report I
was that reduction of negative emotions is not necessary to observe placebo analgesia. However,
this finding was not termed conclusive, as placebo administration was performed before the pain
stimulus was applied. Thus, initial levels of negative emotions were probably too low to observe

decreases after placebo administration. Furthermore, all the experimenters were females, a factor



that might have biased the pain report in male participants since previous studies have shown that
males report lower pain to female experimenters.

In Report 11, the finding that male participants reported lower pain to female
experimenters was further investigated. The experiment investigated whether males that report
lower pain to female experimenters at the same time displayed less autonomic activation during
pain. Six experimenters, three females and three males collected data. Heat pain (+48C°) was
induced to the forearm through an aluminum thermode. Autonomic measures consisted of heart
rate variability (HRV) and skin conductance levels. The results showed that male subjects
reported lower pain intensity and arousal to female experimenters compared to male
experimenters. However, there were no similar interactions in the physiological data, suggesting
that the lowered pain report in male subjects reporting to female experimenters was due to a
psychosocial reporting bias.

In Report 111, the methodological shortcomings of Report I were adjusted and the
hypothesis that reduction of negative emotions is a mechanism in the placebo analgesic response
was further investigated. In a within-subjects design, subjects were tested on two separate days,
one day for the placebo condition and one day for the natural history condition. Pain was induced
by a thermode holding +46C°. Cardiac autonomic activation was measured by HRV. Eight
experimenters, four females and four males collected data. Placebo was administrated during the
second of a total of four pain stimulations. The results showed a significant placebo effect on pain
intensity and a concomitant reduction in stress and autonomic cardiac activity. Regression
analyses revealed that subjective stress was the only predictor for the placebo response. Contrary
to expectation, male subjects displayed higher placebo analgesia when a male acted as

experimenter.



In sum, reduction of stress and autonomic arousal is concomitant with the placebo
analgesic response. However, placebo analgesia can be observed without reduction of negative
emotions if initial levels of negative emotions are low. Thus, reduction of stress seems to be one
of several mechanisms in placebo analgesia. The finding that male subjects reported lower pain to
female experimenters in Report II was probably due to a psychosocial reporting bias. However,
the gender of the experimenter seems to be unrelated to placebo analgesia, given the divergent

findings in Report I and III.



INTRODUCTION

In recent years, considerable progress has been made in the understanding of the placebo
effect, and the majority of this knowledge arises from the study of placebo analgesia. Placebo
analgesia is the reduction of pain after information that a painkiller has been administered, even if
an inactive agent has been provided to the individual (Benedetti 1996; Levine and Gordon, 1984).
Thus, placebo effects are beneficial effects of the treatment that are not caused by the biological
action of the treatment, but by the individual’s response to stimuli that signal that effective
treatment has been administrated. The study of the placebo response is most evident in pain
research, even if robust placebo responses have been observed in other conditions such as
depression, Parkinson’s disease, alcoholism, gastro-intestinal disorders, cardiovascular disorders,
asthma, and anxiety disorders. According to Hoffman et al. (2005), there are at least three reasons
that pain is the most studied research area for the placebo response. First, in clinical studies,
placebo induced pain reduction is the best verified instance of this general response. Second,
experimental pain studies offer opportunities for stringent methodological research. Third, brain
imaging studies have offered better insight into the neural mechanisms that underlie placebo
analgesia compared to other placebo responses.

The magnitude of placebo analgesia is highly variable and dependent on contextual
factors (Price et al., 2008), and some researchers question whether the placebo analgesic effect is
clinically relevant (Hrébjartsson and Ggtzsche, 2001). It has been suggested that the placebo
effect might be a result of spontaneous remission, regression to the mean (Fields and Levine,
1984) and other possible confounding variables such as demand characteristics (Hrébjartsson and
Gotzsche, 2001). However, meta-analyses have shown that the placebo effect is a true
phenomenon in clinical trials (e.g. Vase et al., 2002) and several studies of the biological

mechanisms of the placebo effect show that placebos have impact on biological systems (Colloca



and Benedetti, 2005). Due to the fact that clinical trials employ placebo administration as a
control condition, it is reasonable to expect that placebo effects are smaller in clinical trials than
in experimental studies designed to test hypotheses about the mechanisms of the placebo
response (Price et al., 2008).

Placebo analgesic responses can be induced by verbal information that a painkiller has
been administered, but placebo responses can also be induced by non-verbal signals that effective
treatment has been provided, e.g. the ingestion of a tablet or capsule that has previously been
associated with pain relief. Hence, both expectation and classical conditioning are viewed as
major explanatory mechanisms for placebo analgesia.

The expectations about pain differ from other sensory expectancies by their affective
component. The most widely used definition of pain is the one formulated by The International
Association for the study of Pain; “an unpleasant sensory and emotional experience associated
with actual or potential tissue damage, or described in terms of such damage” (IASP, 1979). This
definition states that pain has two core components, both a sensory and an emotional component.
Thus, placebo treatment for pain may affect cognitive expectancies about whether stimuli are
worthy of attention, and emotional expectancies about personal harm (Wager, 2005). It is,
therefore, reasonable to assume that placebo analgesia involves emotional modulation as well as
cognitive interpretations. If a person in pain receives information that a treatment that reduces the
pain is administrated, the expectation of reduced pain should reduce stress and negative emotions
as well — and the decrease in negative emotions are parts of the placebo analgesic response. The
reports in the present thesis investigates whether reduction of negative emotions are among the

mechanisms in placebo analgesia.
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BACKGROUND

Conditioning and expectancy

Placebo responses have been construed as arising from classical conditioning or from the individual’s
expectancy of a particular drug response. The classical conditioning theory states that the effects of
drugs are unconditioned stimuli (US), and neutral stimuli reliably associated with the ingestion of a
drug, e.g. its’ taste and smell, can become conditioned stimuli (CS) (Ader, 1997). Such conditioned
stimuli can elicit responses that are similar to or, under some conditions, opposite to the drug response
(e.g. Ramsay and Woods, 1997). The association between the context in which the treatment takes
place and the treatment that is being provided can be conditioned consciously through the expectation
that the CS signals the presence or non-presence of the US (Rescorla, 1988; Benedetti et al., 2003).
The expectancy theory, on the other hand, states that placebo responses are mediated via an
expectancy of a particular drug response (Montgomery and Kirsch, 1997). When information is
provided to the individual that a particular drug has been administrated, the expectancy of a specific
drug-generated response can be induced, and this “response expectancy” can, in turn, generate a
physiological and psychological response mimicking the drug response. In this view, expectancies are
ongoing predictions about the potential threat and emotional value of the upcoming stimuli, and
expectancies are linked to the situational context which includes prior experience with pain, drugs,
and beliefs about the treatment (Kirsch, 1985). The information carried in expectancies may be
integrated with incoming sensory input to shape subjective pain and emotion. This integration is,
however, based on the fact that expectancies must be maintained in memory until the predicted
sensory events occur (Wager, 2005).
It has been argued that conditioned placebo responses are mediated via expectancy (Montgomery and
Kirsch, 1997). The few direct tests performed so far have provided mixed results. Montgomery and

Kirsch (1997) cannot be considered a test of whether conditioned responses are mediated via
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expectancy, since they applied the placebo (i.e. the conditioned stimulus) only once, which is probably
sub-optimal for conditioning to occur. Price et al. (1999), in a conditioning study on placebo
analgesia, found support for the expectancy theory, whereas Klinger et al. (2007) displayed results
suggesting that both conditioning and expectancy were equally involved as mechanisms in the placebo
response. However, the placebo response generated via conditioning showed longer lasting effects
than placebo induced via expectancy. The available evidence suggests that expectancy induced by
verbal information about treatment effects can generate placebo responses. The evidence further
suggests that placebo responses can be generated by pharmacological conditioning without mediation
of conscious expectancy (e.g. Benedetti et al., 1999; 2003). Benedetti et al. (2003) showed that
placebo analgesia induced via conditioning could be completely reversed by verbal information,
lending support to the expectancy theory. However, also in Benedetti et al. (2003), administration of
the serotonin agonist sumatriptan was paired with a conditioned stimulus. The unconditioned effects
of sumatriptan is to decrease cortisol and increase growth hormone. When the conditioned stimulus
was applied alone, after being paired with sumatriptan, decreased cortisol and increased growth
hormone could be seen, and these conditioned responses were not modified by instruction.

Thus, the results so far indicate that both expectancy and conditioning seem to be viable and
independent explanations of placebo effects, but the role played by each mechanism could apply to
different response systems. Expectancy could play a role in conscious processes like pain, whereas
conditioning could have a role in unconscious regulation of e.g. hormonal secretion. The controversies
over the relative roles of expectancy and conditioning have clearly shed light over the mechanisms in
the placebo effect, however, there is reason to believe that there might be interacting effects between
conditioning and expectancy that are at play, but yet poorly investigated. One such example could be
possible interactions between expectancies created by verbal suggestion and expectancies generated

from non-verbal environmental cues (Hoffman et al., 2005).
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Biological basis of the placebo analgesic response

It is now established, beyond reasonable doubt, that placebo analgesia is partly mediated via
endogenous opioids, since the opioid antagonist naloxone partly reverses the placebo response
(Benedetti 1996; Levine and Gordon 1984; Grevert et al. 1983). Endogenous opioids, or endorphins,
consist of at least three sub-classes: B-endorphin, the enkephalins, and the dynorphins. There are also
different classes of endorphin receptors, the p, d, K, €, and o receptors. The p and 6 receptors are
involved in supraspinally mediated analgesia.

B -endorphin is an agonist, and naloxone acts as an antagonist at both the p and d receptors, but the
affinity of B-endorphin and naloxone is stronger to the u compared to the o receptor. Interestingly,
morphine is an agonist at the p but considerably less so at the 6 receptor. This line of reasoning
suggests the involvement of B-endorphin and the p-receptor in placebo analgesia.

The endogenous opioids act centrally to decrease pain impulses, since placebo analgesia can

be specific to the site where, e.g., a placebo cream has been administrated, and the placebo response
cannot be observed at other sites where the cream was not applied (Benedetti et al. 1999; Montgomery
and Kirsch, 1996). Moreover, circulating beta-endorphin was not related to placebo analgesia in three
studies (Johansen, Brox and Flaten, 2003; Roelofs et al. 2000; Flaten et al., 2006).

It has been suggested that the circuitry underlying placebo analgesia is the same circuitry that
modulates pain in animals (Fields and Price, 1997). The best studied of these systems is the
periaqueductal gray (PAG) in the brainstem, with projections to an area in the ventral medulla.
Injections of morphine-like substances in these areas produce analgesia, most likely because of
inhibitory descending pathways to the spinal cord that inhibit transmission of pain signals. Electrical
stimulation of the PAG or ventral medulla has the same effect. Thus, it is suggested that endogenous

opioids activate the PAG or ventral medulla, causing inhibition of pain signals from the periphery
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(Fields and Price, 1997). This view has been supported in imaging studies that shows that the PAG is
activated during the anticipation phase after placebo administration (Wager et al., 2004; Liberman et
al., 2004), suggesting that release of endogenous opioids might be activated prior the placebo
response. Further evidence to support the role of endogenous opioids in placebo analgesia comes from
studies of the endogenous peptide cholecystokinin (CCK) and a CCK-antagonist, proglumide
(Benedetti et al., 1995; 1996). The CCK is simultaneously released with endogenous opioids and
antagonizes their analgesic effects while proglumide enhances the opioid effect (Hoffman et al.,
2005). Thus, the pharmacological basis of the placebo analgesic response might be a function of the
balance between endogenous opioids and endogenous CCK.

Studies using positron emission tomography (PET) have found that the same brain regions are
affected by both placebo and opioid antagonists, indicating that the mechanisms of placebo analgesia
and opioid induced analgesia are to some extent similar (Petrovic et al., 2002). Furthermore, Wager et
al. (2004), employing functional magnetic resonance imaging (fMRI), found that placebos decreased
nociceptive signals along the pain pathways and in the thalamus, anterior insula and the caudal part of
the rostral anterior cingulate cortex, regions that are central in pain processing in the brain and that
have a high number of opioid receptors (Zubieta et al., 2001; 2003; Willoch et al., 2004). Moreover,
these brain regions are termed the affective pain network (Wager, 2005), as they are closely linked to
the subjective feeling of pain (Craig et al., 2000). In sum, neuroimaging studies of placebo analgesia
have shown that psychological mediators of placebo analgesia are related to brain structures involved
in emotional regulation (Price et al., 2008).

An important question is whether placebo administration alters nociceptive input, or if it only
affects the judgment and evaluation of pain. Several studies have shown that placebo has an effect on
cognitive processing of pain (e.g. Wager et al., 2004), but few have investigated if placebos have a

suppressing effect on nociceptive processing prior to subjective evaluation, thereby showing that
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placebo has an active psychobiological effect on pain transmission. Wager et al. (2006) and Watson et
al. (2007) tested this hypothesis with laser evoked pain potentials and both studies found that early
nociceptive signals were modulated by placebo information. These findings provide evidence that
placebo analgesia is due to reduced pain transmission to the brain, which is consistent with the idea

that expectations and conditioned stimuli generate activity in pain-inhibitory descending pathways.

Emotions and placebo analgesia

The majority of studies investigating the mechanisms in placebo analgesia have focused
on the impact of expectation and conditioning, and there is little debate that these factors are
important psychological factors in placebo analgesia. However, it is unlikely that expectation and
conditioning are the only factors that are responsible for the placebo effect on pain given the
close relationship between pain and emotions.

It has been proposed that reduction of negative emotions could be an important factor in
experimental placebo analgesia (Price, 1999; Vase et al., 2003; 2005), and in clinical practice it is
common to observe that anxiety increases pain experience (Tracey and Mantyh, 2007). Several
studies have shown that negative emotions increase pain perception (Rhudy and Meagher, 2000;
2003; Keogh and Cochrane, 2002), although this may be dependent on the intensity of emotional
arousal. In most studies investigating the impact of emotions on pain perception, emotions have
typically been produced by films (Zillmann, et al., 1996), affective pictures (Meagher et al.,
2001) and odours (Villemure et al., 2003), that were independent of the pain stimulus used to
assess pain sensitivity (Rainville et al., 2005). Price (1999) proposed that pain related emotions
are triggered by the immediate unpleasantness of pain as a function of the context and the
cognitive interpretation of the meaning of pain and the anticipation of future consequences of the

pain experience. Thus, according to Price (1999), pain related negative emotions should increase
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concomitant with stimulus intensity, a prediction that has been supported in several studies
(Flaten et al., 2003; 2006; Johansen et al., 2003). Pain itself is a potent stressor (Johansen et al.,
2003), and high levels of negative affect and arousal from pain stimulation may activate the
endogenous opioid system (Rhudy and Meagher, 2001). Thus, the relationship between
emotional activation and pain can be described as an inverted U, where pain is perceived highest
with moderate negative emotions and lowest with positive and highly negative emotions.
According to Rhudy and Meagher (2001), negative emotions of low to moderate intensity may
increase attention towards and amplify pain via neural circuits in the amygdala and PAG that also
modulate startle responses. As in pure pain studies, attention could possibly also play a role in
placebo analgesia. It is possible that administration of placebo induces an affective or
motivational state that reduces the attention towards the painful stimuli. The motivational state
that regulates attention can be partly under conscious control, and the effects of placebo serve as
a safety signal and permit attention to be directed to other stimuli than pain (Wager et al., 20006).
Consequently, attention may be conceived as a mediator of emotion effects rather than a
confounding factor.

Studies by Vase et al. (2003; 2005) have shown that placebo analgesic responses may
partially be mediated by reductions in anxiety levels. Similar results have also been obtained in
pain studies, where subjects reporting higher levels of anxiety report increased pain compared to
subjects scoring lower on anxiety measures (McGlashan et al., 1969; Staats et al., 2001). The
reduction in anxiety levels, as observed in Vase et al’s (2003; 2005) studies, was closely related
to expectations, however less clear than the relation between pain ratings and expectations of
treatment effect on pain. As shown above, reduced negative affect is associated with decreased

pain, and it can be predicted that if information about a painkiller reduces stress and negative

emotions, then pain should be reduced as well. However, Vase et al’s (2003; 2005) findings
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suggest that anxiety is just one of many possible emotional states that may modulate the placebo
analgesic effect. This view is also supported in pain studies by Rhudy and Meagher (2001; 2003)
where subjects react with various emotional feelings, ranging from fear to surprise under noxious
stimulation. The latter notion fits well with results from neurobiological placebo studies that find
activation of distinct, but overlapping networks involved in processing of sensory and affective
aspects of nociceptive stimuli (Wager et al., 2004; Kong et al., 2006; Craggs et al., 2007),
implying that a broad specter of emotions could be important for the placebo analgesic response.
Petrovic et al. (2005) found that subjects with large placebo responses displayed decreases in
neuronal activity in the emotional networks of the cortex, suggesting that placebo effects are
strongly linked to neuronal emotional modulation.

In studies where patients were asked to rate their expected pain levels and their desire for
pain relief (Vase et al., 2003; Verne et al., 2003), the results displayed that both factors
independently, and the interaction between desire and expectation, explained about 40 % of the
variance in pain intensity. In the studies by Vase et al. (2003) and Verne et al. (2003), anxiety
levels were reduced after placebo administration, a finding that was supported in a later study by
Vase et al. (2005). The findings from the studies by Vase et al. (2003; 2005) and Verne et al.
(2003), that support the desire-expectation model proposed by Price and Barrell (1985; 2000),
suggest a clear connection between placebo analgesia and emotional factors. A possible problem
in studies like Vase et al. (2003; 2005) and Verne et al. (2005), where participants rate their
expectation and emotional state before the experimental procedure, is the possibility that these
ratings may be viewed as a sort of social contract (Wager, 2005). Thus, the reporting of
expectations and emotions prior to the pain procedure may establish a norm and a commitment

which shapes the later self reports during pain.
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In contrast to findings that suggest that emotional modulation is important in placebo
analgesia, Flaten et al. (2006) found that placebo analgesia might be observed without a
concomitant reduction of negative emotions. This could especially be true when initial levels of
negative emotions are too low to observe a decrease after placebo administration. Vase et al.
(2003; 2005) suggested that the mechanism of emotional modulation in placebo analgesia has an
effect on the sympathetic nervous system. This is plausible since several studies have established
that pain sensations increase sympathetic activity as measured by skin conductance (Rhudy and
Meagher 2003) and heart rate variability (Rainville et al., 2005). Pollo et al. (2003) tested the
hypothesis that placebo analgesia is accompanied by modulations in the cardiovascular system by
measuring heart rate variability. The results from Pollo et al. (2003) showed that the low
frequency cardiac responses were decreased during placebo analgesia, suggesting that reduction
of cardiac autonomic arousal is a part of placebo analgesia.

The hypothesis put forth in the present thesis is that, for a person experiencing pain,
administration of a treatment together with information that it is a potent painkiller should reduce

negative emotions and concomitant autonomic arousal, thereby decreasing pain sensation.

Gender effects in pain and placebo analgesia

There is general agreement that there are differences between females and males in
perception and experience of pain (Berkley, 1997; Fillingim, 2000; Arendt-Nilsen, 2004).
Females experience more pain related symptoms in greater frequency and in more bodily areas
across the lifespan than males (Unruh, 1996). In the study of sex and gender differences there are
terminological differences that are relevant; the term “sex” refers to biologically based
differences, while the term “gender” refers to socially based phenomena (Greenspan et al., 2007).

Thus, differences between females and males can be attributed to multiple factors, from genes
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and reproductive hormones to socio-cultural and environmental factors. Findings from
neuroimaging studies also indicate that there might be sex differences in cortical activation
during pain stimulation (Paulson et al., 1998; Zubieta et al., 2002). In experimental studies, there
are several findings showing that females have significantly lower pain thresholds and lower pain
tolerance and rate equally intense stimuli as more painful than males do (e.g. Edwards et al.,
1999; Fillingim, 1999). The sex differences in pain perception are also reflected in psychosocial
attitudes towards societal gender roles; In general, gender roles refers to a society’s widely
assumed set of characteristics for each gender and may compromise beliefs regarding appropriate
pain behaviors (Kaéllai et al., 2004).

Robinson et al. (2001) found evidence of stereotypical masculine and feminine pain behaviors
and that members of both sexes believe that males are less sensitive to pain than women. Such
gender role expectations have been found to significantly predict pain threshold, pain tolerance
and pain unpleasantness (Wise et al., 2002). Moreover, several studies indicate that gender role
expectations also influence pain report (Levine and De Simone, 1991; Robinson and Wise, 2003;
Sanford et al., 2002). The stereotypical male role in western societies characterizes men as stoic
and intending to impress women with their ability to withstand pain, while the female role
expects women to exhibit increased sensitivity in order to evoke protective behavior in men
(Levine and De Simone, 1991).

The main finding of gender role effects on pain report in western societies is that male subjects
report lower pain to female experimenters compared to male experimenters (Levine and De
Simone, 1991; Kaillai et al., 2004; Aslaksen et al., 2007), while the results regarding females that
report to male experimenters are mixed. A possible explanation for the lack of consensus on
female subjects’ pain report to male experimenters could be that gender roles are in change, at

least in western societies. Aslaksen et al. (2007) tested whether the previous findings of gender
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effects in pain reports could be explained by changes in autonomic parameters. The results
showed the expected pattern, with male subjects reporting lower pain to female experimenters.
However, the lower pain report in males could not be explained by autonomic factors, and it was
therefore concluded that the effect of experimenter gender on pain reports probably was
psychosocial. In studies were subjective pain reports are used, the possible interaction between
experimenter and subject gender could threaten the reliability and the validity of the results, and
it has been recommended (Greenspan et al., 2007) that the sex of the experimenter should be
reported in scientific pain studies.

Given the robust findings in pain studies that males are less sensitive to pain than females,
are there gender and sex differences in placebo analgesia?
Studies of post-operative pain have revealed that females experience more severe post-operative
pain and require more morphine than men to achieve similar degree of pain relief (Cepeda and
Carr, 2003; Aubrun et al., 2005). This might be explained to some degree by a decrease in p-
opioid receptor availability and suppression of endogenous opioid responses to pain during low
oestrogen states (Zubieta et al., 2002; Smith et al., 2006). Placebo analgesia is, at least partly,
mediated by endogenous opioids, and it is therefore likely to expect that there are gender
differences in placebo analgesic responses due to differences in opioid responsiveness. In a
review of studies on opioid analgesia (Craft, 2003) it was suggested that agonists which act
preferentially at p-receptors are more powerful in male rodents than females, but act in the
opposite direction in humans. However, possible sex and gender differences in placebo analgesia
are sparse in the literature (Klosterhalfen and Enck, 2008), and it is one of the present thesis goals

to explore this issue further.
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GENERAL RESEARCH QUESTIONS
The major concern in the work underlying the present thesis was to investigate the effect of
emotional modulation as a mechanism in placebo analgesia. This approach is meant to be supplemental to
the explanations of placebo analgesia as a phenomenon that arises from expectation and/or conditioning.
During the time of the experimental work, the issue of psychosocial effects that affect the placebo response
and pain report in the laboratory has been another major research question, and the impact of subject and

experimenter gender on these variables have been included.

The following is a list of the main research questions addressed in the present thesis:

1) Is reduction of negative emotions a mechanism in the placebo analgesic response?

2) Is placebo analgesia dependent on the gender of the subject and the gender of the person
obtaining the pain report?

3) Is the experimenter effect on pain reports mediated by autonomic factors?
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Previous research on placebo analgesia allows formulation of this relatively simple model (Fig. 1),

with the inclusion of emotional factors as possible mediators for placebo analgesia.

Fig. 1

”A painkiller has been
administrated”

!

Expectancy of

]

pain relief
A
ﬂ Reduction of
negative emotions

Increased release
of endogenous
opioids

*

!

Pain is reduced

Figure 1. Model of elicitation of placebo analgesia that the present series of experiments aim to test.
The new element in this model (dashed lines), relative to previous studies on placebo analgesia, is the
inclusion of emotional factors thought to mediate the effects of expectancies on physiological processes

related to pain modulation.
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METHODS

Pain stimuli

One of the most common methods to study the nociceptive system and placebo responses in pain
are noxious heat stimuli (Julius and Basbaum, 2001; Baumgartner et al., 2005). These systems,
often based on the Peltier technique, activate nociceptive-specific transduction mechanisms in the
nervous system. The most common way to transfer heat is via an aluminum thermode attached to
the skin, which also is the main pain inducing method employed in this thesis (Reports II and III).
Conductive heating allows computer control over the temperature at the stimulator-tissue
interface, which make precise stimulations possible. A potentially confounding factor could be
variations in the pressure between the thermode and the skin that make differences in conduction,
and thereby heat transfer (Baumgartner et al., 2005). Another possible drawback of the
conductive heat systems, due to slow temperature rise, is concomitant stimulation of low-
threshold mechanoreceptors. Despite these shortcomings, pain induction through computer
controlled conductive heat is seen as a reliable method to safely induce experimental pain in
humans. Another relatively common method to induce pain is the submaximum effort tourniquet
technique (Smith et al., 1966), which was used in Report I (Flaten et al., 2006). The tourniquet
technique induces pain by lack of oxygen in muscle tissue due to inflation of a
spyghmomanometer cuff and an esmarch bandage that is placed the arm of the subject (Smith et
al., 1966; Benedetti, 1996; Flaten et al., 2006). Firstly, the blood is drained through an esmarch
bandage, then the spyghmomanometer cuff is inflated to a certain level to stop the blood flow to
the arm, and then the subject uses a hand exerciser to create ischemia. This ischemic pain is
increasing as long as the cuff is applied, and this type of pain is known to mimic several types of

clinical pain states (Johansen et al., 2003).
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Measures of subjective pain

Pain is an unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage (IASP, 1979). This definition implies that pain has
both a sensory and an emotional component, and it is therefore necessary to measure both. In
most studies, the sensory component is termed intensity and the emotional component is termed
unpleasantness.

The visual analog scale (VAS) and the numerical rating scale (NRS) are the most common
methods to assess subjective levels of pain (Price et al., 1983; Farrar et al., 2001; Rosier et al.,
2002). The VAS has been shown to be more sensitive to small differences in perceived pain
intensity and unpleasantness than scales with verbal descriptors of the pain sensation (Rosier et
al., 2002). In study II and III, we employed pen-and-paper VAS for pain intensity and pain
unpleasantness. The anchoring of the intensity scale was “no pain” and “unbearable pain” written
under the left and right ends of the scale, respectively. The anchoring for the pain unpleasantness
scale was no unpleasantness” and — unbearable unpleasantness”. The difference between pain
intensity and pain unpleasantness was explained according to Price et al. (1983) in report II and
1.

In study I, an 11-point NRS was used, mainly due to the fact that the subjects were attached to the

sphygmomanometer cuff on one arm and had an indwelled veneflon on the other.

Emotional measures

Subjective stress and arousal were measured by four adjective pairs from the Short
Adjective Check List (SACL) (Mackay et al., 1978) in Norwegian translation in all the

experiments in the present thesis. The items from the SACL were chosen for their high factor
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loadings on the stress and arousal factors on the SACL (e.g., O’Neill & Parrott, 1992; Parrot,
1995). The four adjective pairs taken from SACL were tensed — relaxed (stress), nervous — calm
(stress), energetic — tired (arousal) and awake — sleepy (arousal). Previous studies have shown
that stress and arousal measured by the SACL are separate dimensions (e.g. Surawy and Cox,
1987), and this conclusion is supported by factor analytic studies where stress and arousal
emerged as orthogonal factors (Mackay et al., 1978). Arousal was also measured by the nine-
point version of the Self-Assessment Manikin (SAM) arousal scale (Lang, 1980; Bradley and
Lang, 1994) in Report II. Mood was measured by the nine-point version of the SAM (Lang,
1980; Bradley and Lang, 1994) in Report II and III. Both SAM scales had Norwegian
instructions. The SAM scales are validated with the International Affective Picture System
(IAPS; Lang, Ohman, and Vaitl, 1988) and are widely used to measure emotional valence (mood)

and arousal in experimental settings (Bradley and Lang, 1994).

Physiological measures

Physiological arousal of emotions was measured by skin conductance levels and heart rate
variability in Report II and III. Report I employed measurement of cortisol and circulating -
endorphin. Cortisol is known to be released under stress, and plasma cortisol is found to be
elevated during pain (Johansen et al. 2003). The amount of circulating B-endorphins was in
Report I assumed to be a possible indicator of physiological pain level, as the release of -
endorphin is known to increase as the pain increases (Flaten et al., 2006).

Heart rate variability is a reliable method to measure the contribution of autonomic
control on cardiac function (Tousignant-Laflamme and Marchand 2006), and when accurately
measured, it can be employed as an indicator of sympatho-vagal balance. High frequency heart

rate (0.15-0.4 Hz) is largely attributable to variations in parasympathetic control of the heart
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function (Berntson et al., 1997), while low frequency (0.04 — 0.15 Hz) reflects mainly the
baroreflex-dependent sympathetic cardiac activity (Pomeranz et al., 1985), but also elements of
parasympathetic activity (Akselrod et al., 1985). Malliani et al. (1991) recommended the use of
the ratio of LF and HF instead of using the absolute value of either, a notion that was supported
by Friedman and Thayer (1998), at least for physiological and psychological states that are
known to be associated with increased sympathetic and decreased vagal activity. Experimental
studies have shown that acute pain increases sympathetic activity (Rhudy and Meagher, 2003;
Rhudy et al., 2004; Terkelsen et al., 2005; Rainville et al., 2005), and we employed the ratio of
low frequent to high frequent activity as a measure of sympatho-vagal balance in Report II and
III. In addition to heart rate variability, skin conductance levels were used in Report II. Skin
conductance is a pure measure of sympathetic arousal as the sweat glands in the hands are
innervated exclusively by the sympathetic branch, and previous studies have shown that pain

stimulation increases skin conductance levels (e.g. Rhudy and Meagher 2003).
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SUMMARY OF RESEARCH REPORTS

Report I (Flaten MA, Aslaksen PM, Finset A, Simonsen T, Johansen O. Cognitive and Emotional

factors in placebo analgesia. Journal of Psychosomatic Research, 2006; 61:81-89.)

The aim of this study was to test whether the effect of expectancy on pain is mediated via
reduction of negative emotions. First, we investigated whether the administration of a placebo
reduced negative emotions. Second, we tested whether positive information about the drug
produced higher pain relief than neutral information. Expectancy was manipulated by informing
one group that the provided drug was a potent painkiller (Positive information), whereas one
other group got information that that the drug would have only minor effect on pain (Neutral
information). In addition, information about the effects of the pain stimulation (Tourniquet) was
manipulated by informing half of the participants about the physiological effects of the pain
stimulus, and the other half received no information about the pain stimulus. The experiment was
run at the University Hospital of North Norway, and all the experimenters in this study were
female nurses employed at the Department of Clinical Research.

Both male and female subjects were assigned in the study. The design of the study was a 2 Drug
Information X 2 Pain Information X 2 Gender between-subjects design. All of the subjects
received 500mg of acetaminophen, a dose that should not have any significant effects on pain
given the relatively painful stimulus. Pain intensity, pain unpleasantness, stress and arousal were
measured by numerical rating scales, ranging from O to 10. Physiological stress was measures by
plasma cortisol. The tourniquet was applied for a maximum of 45 minutes or until the subjects

reported 10 on the numerical rating scales on pain intensity or pain unpleasantness. In addition,
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plasma levels of B-endorphin were measured to test whether circulating B-endorphin might have
analgesic effects.

If the placebo response was mediated by a reduction in negative emotions, we expected that the
group receiving positive information about the drug would display lower pain and lower levels of
negative emotions compared to the group receiving neutral information about the drug. If
information about the pain stimulus reduced negative emotions induced by the pain stimulation,
then this information should also reduce pain.

The results showed that male subjects in the neutral information/no pain information
group had lower pain tolerance compared to the other groups. There were no reductions in stress,
arousal, B-endorphin or cortisol levels after information that a painkiller was administrated. Thus,
placebo administration did not decrease negative emotions in the present design. Information
about the effects of the pain stimulus and information that a painkiller was administrated
decreased pain intensity, but only in male subjects.

The results from Report I cannot be termed conclusive about the possible effects of
reduced negative emotions in placebo analgesia. Firstly, the placebo was administrated prior to
the application of the tourniquet. Thus, the initial levels of negative emotions might have been to
low to observe a reduction in emotional parameters. Second, the experimenters had knowledge of
which condition the participants were allocated to, that could have changed the experimenters’
behavior toward the subjects. Thirdly, the pain inducing method employed produced an
increasing pain due to ischemia as long as the tourniquet was applied, this could have caused
difficulties in detecting a reduction in negative emotions, since the pain and stress were
increasing as long the pain stimulus was applied. There was no effect of circulating f-endorphin
on pain or emotions, and this finding is in line with previous studies (Johansen et al., 2003) that

suggest that B-endorphin only has an analgesic effect in the central nervous system.
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The finding that only males showed a placebo response raised interesting novel questions,
as there have been few earlier attempts to explore possible gender differences in placebo
analgesia (Klosterhalfen and Enck, 2008). Previous studies (Levine and De Simone, 1991; Kallai
et al., 2004) have shown that male subjects report lower pain to female experimenters compared
to when testing is done by male experimenters, and the findings on gender effects in Report I fits
nicely with former studies. However, placebo analgesia was seen in males only after positive
information, whereas pain scores after neutral information and no pain information was similar in
male and female subjects. Thus, there was no main effect of gender, implying that the mere

presence of a female was not the crucial factor.

Report II (Aslaksen PM, Myrbakk IN, Hgifgdt R, Flaten MA. The effect of experimenter gender

on autonomic and subjective responses to pain stimuli. Pain, 2007; 129:260-68.)

In this study, we followed up the results from Report I on the experimenter effect on pain
report. The aim of the study was to test whether previous observations (Levine and De Simone,
1991; Kéllai et al., 2004, Flaten et al., 2006) of male subjects reporting lower pain to female
experimenters have a physiological basis. More precisely, it was tested whether male subjects
that report lower pain to female experimenters also display less autonomic activation during pain
stimulation. Autonomic measures were heart rate variability and skin conductance levels. The
design employed was a 2 subject gender X 2 experimenter gender X 15 pain tests mixed design.
Six experimenters, three females and three males collected data. All experimenters were
psychology students of the master or clinical program with the exception of one male that was a

Ph.D student in psychology. Heat pain (+48C°) to the forearm was delivered through a contact
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thermode via the computer controlled TSA II system. The duration of the stimuli were 12
seconds at +48C°. Pain intensity, pain unpleasantness, stress and arousal were measured on 10
point VAS scales. Mood was measured by the nine point Self-Assessment Manikin Mood scale
(Lang, 1980, Bradley and Lang, 1994). The experimenters collected pain and emotional
measurements at four occasions during pain testing.

The results showed that male subjects reported lower pain intensity to female
experimenters, compared to male subjects that reported to male experimenters. Female subjects,
on the other hand, reported the same level of pain intensity to both male and female
experimenters. The subjective arousal data displayed a significant interaction between
experimenter and subject gender, male subjects reported lower arousal when tested by female
experimenters. Thus, the effect of experimenter gender was found for other variables than pain.
The physiological data did not display the same interactions as the subjective data, that is, the
lower pain and arousal reports in male subjects was not due to sympatho-vagal changes induced
by the female experimenters. A limitation in Report II was that three minute period of R-R
interval measurement, is in the lower area to obtain a reliable estimate of HRV. These findings
gives partially support to the traditional gender role expectations where males are expected to
report less pain and affect in the presence of a female. However, female subjects did not report
higher pain to male experimenters as could be expected from the traditional gender role
expectations. The studies that shows the impact of experimenter gender on pain report (Levine
and De Simone, 1991; Kéllai et al, 2004; Aslaksen et al., 2007) raises important methodological
issues in pain research where subjective pain report is a central measure. Other studies have
shown that different environmental factors, such as experimenter status (Kallai et al, 2004) or
race (Weisse et al., 2005) also contribute to variance in pain report, and if these variables are not

controlled, there may be threats to the reliability and the validity of pain research.

30



Report III (Aslaksen PM, Flaten MA. The relation of stress to placebo analgesia. Psychosomatic

Medicine, In Press).

Flaten et al. (2006) tested the hypothesis that placebo analgesia is dependent on reduction
of negative emotions. In that study, there was not found evidence that emotional modulation was
necessary to observe placebo analgesia. However, the Flaten et al. (2006) study had
methodological shortcomings that reduced the opportunity to be conclusive about the role of
emotional effects in the placebo analgesic response. These shortcomings were indentified and
improved in Report III. The experiment in Report III was designed to capture reductions in
negative emotions by employing a within subjects design, where subjects participated on two
separate days, one day for the placebo condition and one day for the natural history control
condition. To avoid a possible floor effect on emotional measures, as could have affected the
results in Flaten et al. (2006), the placebo was administrated during the second pain test. This
would also be comparable to a clinical situation where uses of painkillers are motivated by the
experienced pain. In report III, the experimenters were unaware of which condition the subjects
were allocated to before the experiment started to avoid differences in the experimenters’
behavior before the experimental procedure started (Gracely et al., 1985). In addition, the finding
in Flaten et al. (2006) where only males reported a placebo effect was followed up by employing
experimenters of both genders to test whether placebo analgesia may be modulated by gender
interactions in the lab. Pain and subjective emotions were measured with the same methods as in
Report II. Pain induction was performed with the TSA II. The duration of the stimuli was 240
seconds (+46C°) each, and subjective measures were performed after 180 seconds duration of the
stimuli. Physiological responses to pain stimulation were measured by heart rate variability.

Epoch sizes for heart rate variability were 180 seconds, to avoid that the interaction between the
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experimenters and the participants during measurement of pain and emotions should affect the
HRYV measures.

The results showed that pain intensity and stress were decreased in the placebo condition
compared to the natural history condition. Administration of placebo lowered the sympathetic
component of cardiovascular activity (lowered LF/HF ratio), an effect that lasted until after the
second post test. There were no placebo effects on mood or arousal. Analysis of predictors of the
placebo effect on pain intensity revealed that subjective stress was the only direct predictor. In a
control regression analysis, to test whether stress was decreased as a function of lowered pain, the
results showed that pain reduction was not a significant predictor for the placebo effect on stress
Thus, lowered pain could not explain the observed stress reduction. In the analysis of predictors
of stress, we found that improved mood and reduced cardiac sympathetic activity predicted the
stress scores. The analysis of the effect of experimenter gender on placebo analgesia showed that
male subjects tested by male experimenters reported a higher placebo effect than male subjects
reporting to female experimenters. In the overall pain data, when the pain intensity ratings from
both conditions were combined, male subjects tested by female experimenters reported lower
pain compared to male subjects reporting to female experimenters.

The results from Report III suggested that modulation of stress is probably an important
variable in placebo analgesia, at least when stress levels are high enough to observe a decrease.
The HRV data showed a decrease in the LF/HF ratio after placebo administration. This effect

lasted until the second post-test, after that point, the ratio increased
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DISCUSSION

The conclusions from Report I and III suggests that placebo analgesia can be observed
under various levels of initial emotional activation. In Report I, the information and
administration of the placebo medication were given prior to the pain stimulation, at a time where
emotional levels were low. Thus, as the results from Report I suggest, the desire to experience
pain relief is probably not crucial to create an expectation of pain relief and thereby observe
placebo analgesia. However, it could be argued that the timing of the placebo administration in
Report I was not optimal to mimic a clinical setting were a patient seeks treatment for a painful
symptom. In Report III, the timing of the placebo administration was changed to a point where
subjects experienced both stress and arousal due to the pain stimulation. That timing made it
possible to measure the reduction in emotional activation after placebo administration, and the
results showed that the reduction in stress predicted the placebo response. Furthermore, the
regression analyses displayed that the reduction in pain was not responsible for the decrease in
stress, as could be argued since when pain is reduced, so is the stress levels.

The only emotional measure that was significantly related to the placebo response was
stress. A possible explanation is that the measure of stress employed in the present thesis measure
some core elements of negative affect. This notion is supported by a factor analytic study
investigating the factor structure of the SACL (Mackay et al., 1978), where the adjectives
measuring stress displayed the highest factor loadings on the negative affect factor. The other
emotional measures that were employed were arousal and mood, and it is possible that these
measures are less likely to be affected by placebo administration in a painful setting, that is, even
if the pain decreases, it is still perceived as painful as shown by the pain ratings in Report III.
However, in Report 111, stress was significantly predicted by changes in the mood scale, showing

a relation between the emotional measures employed. It could be argued that the subjective
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emotional measures that were employed in the present thesis are somewhat restricted. Other
similar studies have used more specific emotional measures as anxiety (Vase et al., 2003; 2005;
Verne et al., 2003) to investigate the impact of emotional modulation in placebo analgesia. The
measures that were employed in the present thesis are thought to be sensitive to changes in basic
emotional states, and less sensitive to psychological traits, as a measure of anxiety could possibly
be. However, the emotional measures employed in the present thesis are widely used and
validated as measures of stress, arousal and emotional valence in emotional studies (Mackay et
al., 1978; Parrott, 1993; Bradley and Lang, 1994; Backs et al., 2005; Asli and Flaten, 2008). The
divergent results concerning effects of emotional modulation in Report I and III supports the
notion that there is not one single placebo effect, even for the placebo effect on pain (Colloca and
Benedetti, 2005). Nevertheless, in both reports induced expectation of pain relief was shown to
affect pain sensations, even if the context of the experimental procedure and the administration of
placebo differed.

Report IT and III relied on the ratio of low-frequent to high frequent heart rate variability
(LF/HF) as a measure of sympathovagal balance, and it was assumed that an increase in this ratio
should be related to an increase in sympathetic cardiac activity. It has previously been argued that
the LF/HF ratio is a less precise marker of sympathetic cardiac control (Berntson et al., 1997) due
to the fact that the LF activity to some extent also is modulated by parasympathetic activity.
However, both Terkelsen et al. (2005) and Rainville et al. (2005) have shown that acute pain
stimulation increases the LF component and decreases the HF component, and the results from
the present thesis are in line with those studies. Theoretically, it is plausible that a stressor like
pain stimulation should increase the sympathetic cardiac activity, given the findings that pain
increases skin conductance levels, which is a clean measure of autonomic sympathetic activity

(Rhudy and Meagher, 2003; Rhudy et al., 2004). Moreover, Pollo et al. (2003) found a decrease
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in the cardiac LF activity after placebo administration, supporting the results from Report III
regarding decreased sympathetic cardiac activity in placebo analgesia. There are, however, two
possible interpretations of the reduced LF/HF ratio in Report III. First, the reduced pain itself
could be the mechanism behind the reduction in LF activity. Second, endogenous opioids that
were activated after placebo administration could have a direct inhibitory effect in the
cardiovascular system (Pollo et al., 2003). The regression analyses in Report III showed that
reductions in the LF/HF ratio was not a predictor for the placebo effect on pain, lending support
to the possibility that endogenous opioids could have decreased the sympathetic component of
cardiac activity. The effects of endogenous opioids are, however, known to be complex, and
future research should investigate possible effects on emotional modulation created by release of
endogenous opioids.

In sum, the measures in Report I1I of subjective stress and sympathetic cardiac activity
points to the conclusion that perceived stress and concomitant autonomic arousal decreases after
placebo administration. This finding showing emotional modulation in the placebo response
could possibly be important for conditions other than pain. For instance, the knowledge that
expectancies of positive treatment outcome reduce negative emotions could be important in
treatment and caregiver-patient interactions in conditions that are known to have elements of
negative emotions attached.

The conclusions in Report I and II regarding the effect of gender interactions could
possibly have several implications for designs in pain studies. Firstly and mainly, the results
show that experimental pain reports are dependent on the social context in the lab, and future
studies should report and control these factors. At least, the possible error variance induced by the
interaction between experimenter and subject gender should be kept under experimental control.

Secondly, measurements of physiological effects of pain stimulation that allow objective
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measurement of pain perception should be included in experimental studies in addition to
subjective measures. Furthermore, the results from Report II suggests that also other feelings that
are reported to an experimenter of the opposite gender might be biased, a finding that could be
important for studies of other processes than pain and placebo. An important question is whether
the findings of psychosocial influence on pain reports in experimental studies can be true for
clinical situations. Obviously, the motivation to report pain to an experimenter differs from report
to a health care professional, and future studies should test whether the findings from laboratory
studies can be found in clinical settings. However, in a study performed in a pain clinic (Weisse
et al., 2005), it was shown that psychosocial factors such as employment status and race affected
pain report in patients.

The results in Report I suggested that there might be interactions between experimenter
and subject gender on pain reports in placebo analgesia since only male subjects displayed a
significant placebo response and that all the experimenters were females. However, the results in
Report I1I did not support the hypothesis that placebo analgesia is larger in male subjects
reporting pain to female experimenters. Nonetheless, when the pain scores in both the placebo
and the natural history conditions were collapsed, the previous findings (Levine and De Simone,
1991; Kallai et al., 2004; Aslaksen et al., 2007) that male subjects’ reports lower pain to female
experimenters were supported. The divergent results regarding experimenter effects in placebo
analgesia (Report I and III), suggests that factors other than the gender of the experimenter is
important for placebo analgesia. It is a common observation that the magnitude of placebo
analgesia shows large variability (Price et al., 2008), and further research could focus on

individual differences that contributes to variability in placebo responses.
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@)

(i)

(1i1)

OVERALL CONCLUSIONS
The main findings in the present thesis can be summed up as follows:
Reduction of stress is found to be concomitant with the placebo analgesic response. This
is supported by the finding that autonomic activation is decreased after placebo
administration (Report III). However, placebo analgesia can be observed in the absence of
reduced negative emotions if initial levels of negative emotions are sufficient low (Report
D).
Placebo analgesia is probably not systematically dependent on the gender of the subject or
the gender of the experimenter, given the divergent findings in Report I and III.
The effect of experimenter gender on pain report is probably a pure psychosocial effect,
since there was no interaction between experimenter gender and subject gender in the

autonomic data in report II.
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