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CHAPTER 4
Nocebo hyperalgesia in patients with 

fibromyalgia and healthy controls: 
An experimental investigation of 

conditioning and extinction processes 
at baseline and one-month follow-up
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ABSTRACT

Nocebo effects are adverse treatment outcomes that are not ascribed to active treatment 

components. Potentially, their magnitude might be higher in patients with chronic pain 

compared to healthy controls since patients likely experience treatment failure more 

frequently. The current study investigated group differences in the induction and 

extinction of nocebo effects on pressure pain at baseline (N=69) and 1-month follow-up 

(N=56) in female patients with fibromyalgia and matched healthy controls. Nocebo effects 

were first experimentally induced via classical conditioning combined with instructions 

on the pain-increasing function of a sham TENS device, then decreased via extinction. 

One month later, the same procedures were repeated to explore their stability. Results 

suggest that nocebo effects were induced in the healthy control group during baseline 

and follow-up. In the patient group, nocebo effects were only induced during follow-up, 

without clear group differences. Extinction was only observed during baseline in the 

healthy control group. Further comparisons of nocebo effects and extinction indicated 

no significant changes across sessions; possibly suggesting their overall magnitudes were 

stable over time and across groups. In conclusion, contrary to our expectations, patients 

with fibromyalgia did not have stronger nocebo hyperalgesia; instead, they might be less 

responsive to nocebo manipulations than healthy controls.

Perspective: Current study is first to investigate group differences in experimentally 

manipulated nocebo hyperalgesia between chronic pain and healthy populations at 

baseline and 1-month follow-up. Since nocebo effects are common in clinical settings, 

their investigation in different populations is essential to explain and minimize their 

adverse effects during treatment.

Keywords: nocebo effect; classical conditioning; pressure pain; hyperalgesia; fibromyalgia
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INTRODUCTION

Nocebo effects, which are adverse treatment outcomes unrelated to active treatment 

components, can occur in clinical or laboratory contexts after receiving an inert or 

active treatment[1]. They are presumably guided by negative expectations and can be 

induced and reduced by learning mechanisms[2–5]. An example of nocebo effects is the 

experiencing of side-effects after disclosing the potential side-effects of a medication, 

regardless of its pharmacological properties[6]. Various studies have investigated whether 

nocebo effects can be experimentally induced in healthy or in patient populations (e.g., 

with chronic back pain, post-operative pain, gastrointestinal disorders, or Parkinson’s 

disease)[7–10]; however, to date, no study has directly compared the magnitude 

of nocebo effects between a patient and a healthy sample. Research with healthy 

participants indicates that nocebo hyperalgesia can be induced via classical conditioning 

and instructional learning, or their combination, with mixed findings on whether nocebo 

hyperalgesia could be extinguished by extinction[5,11–13]. One study in patients with 

chronic low back pain has combined conditioning of pain increase with a verbal suggestion 

that stated both positive and negative effects of a sham opioid treatment and found 

that placebo, instead of nocebo, effects were induced; possibly due to the ambiguity 

surrounding the verbal suggestions[10]. Conditioned nocebo effects need to be further 

investigated using pure verbal suggestions of pain increase, especially in chronic pain 

conditions such as fibromyalgia where the underlying etiopathogenesis is unclear[14].

Differences may exist in the extent in which patients with persistent physical symptoms, 

such as fibromyalgia, and healthy individuals are susceptible to nocebo effects. Firstly, 

patients have a higher cumulative exposure to treatments, which, given the existing 

challenges in diagnosing and treating fibromyalgia[14] and patients’ possible dissatisfaction 

surrounding disease management[15,16], may have resulted in more negative treatment 

experiences surrounding treatment failure and patient-doctor exchanges[2,17,18]. 

Speculatively, along with biological dispositions, repetitive exposure to negative 

treatment experiences could establish nocebo effects that give rise to the emergence 

or aggravation of symptoms, and might even propagate symptom chronification over 

time[18–20]. Resultantly, patients may be more susceptible to acquiring stronger nocebo 

effects than healthy controls, which may be possibly harder to decrease via extinction[21]. 

Secondly, fear-conditioning studies have shown learning deficits during pain processing 

in fibromyalgia[22–25]. In particular, deficits related to contingency learning have been 

found, where a conditioned stimulus (CS+) paired with an unconditioned stimulus (US) 

could not be differentiated from another CS that is not paired with the US (CS-)[22]. This 

could eventually lead to problems with identifying safety cues in the environment that 

are not predictive of upcoming pain[22,23]. As such, these learning deficits may also 

4
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result in (stimulus) generalization of nocebo hyperalgesia, for instance making patients 

distinguish less clearly between safe and unsafe pain cues. However, the exact underlying 

mechanisms contributing to nocebo effects in fibromyalgia have not yet been unraveled.

With the goal of elucidating the role of nocebo hyperalgesia in fibromyalgia, the current 

study is the first to investigate group differences in inducing and decreasing nocebo 

effects on pressure pain in female patients with fibromyalgia compared to matched 

healthy controls. Since the majority of nocebo literature is based on findings from healthy 

participants, this allows us to examine whether patients have a larger magnitude of 

nocebo effects, which might be harder to decrease. Additionally, we explore whether 

inducing and decreasing nocebo effects after one month yields comparable findings with 

the baseline, to examine either the potential stability or progression of these effects over 

time. Previous literature is limited on the persistence of nocebo effects over time[10,26]. 

Nocebo effects on experimental pressure pain will be firstly induced by conditioning 

combined with verbal suggestions on the pain-increasing function of a sham TENS device, 

and afterwards decreased by extinction. Next, the stability of nocebo effects will be 

explored at one-month follow-up. Associations between psychological characteristics 

and the nocebo effect will also be explored for individual differences in the magnitude 

of nocebo effects.

METHODS

Study Design
This study is part of a larger prospective study on patients with fibromyalgia (ICTRP 

Identifier: NL8244) and has been approved by the Medical Ethical Committee Leiden-Den 

Haag-Delft (NL67541.058.18). The current study consists of two experimental sessions 

taking place at baseline and one-month follow-up (see Figure 1). During the baseline 

session, nocebo effects on pressure pain were experimentally induced in all participants 

via classical conditioning combined with verbal instructions about the pain-worsening 

function of a sham Transcutaneous Electrical Nerve Stimulation (TENS) device. With 

this procedure, the aim was to condition participants to expect more experimental pain 

in response to the sham activation of the TENS device. Next, an extinction procedure 

followed to examine the decrease of potentially induced nocebo effects on pain. All 

participants were invited to the lab for a second time after one month to take part in 

nearly the same experimental procedure to investigate the stability of these effects over 

time. The main difference was that at the 1-month follow-up, the nocebo conditioning 

and extinction procedures were preceded by a recall testing phase, where we aimed to 

assess the magnitude of recalled nocebo effects after the baseline session.
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Figure 1. Illustration of the study design. Participants took part in a baseline session and a fol-
low-up session after one month. Both lab sessions consisted of pain calibrations, sham TENS 
calibrations, instructions about the pain-worsening function of the TENS device, learning phase 
trials of nocebo conditioning and testing phase trials. The only difference between sessions was 
that the follow-up session began with a recall testing phase after which instructions about TENS 
function were repeated. During the learning phase of nocebo conditioning, participants received 
a moderate pressure pain stimulus when the sham TENS device (labeled as DNS device for par-
ticipants), was supposedly activated, whereas they received a slight pressure pain stimulus when 
DNS was supposedly deactivated. In the testing phase, participants received a slight pressure pain 
stimulus regardless of supposed DNS (de)activation.

Participants
Sample size was calculated using G*Power 3.1[27]. Since to the best of our knowledge 

previous literature was not detected comparing nocebo effects in healthy and patient 

populations, it was decided to choose a minimal effect size that is considered clinically 

relevant[28], i.e., a medium effect size (Cohen’s d = 0.5, f = 0.25) was selected for the 

planned primary analyses for the baseline and follow-up parts of the study. To conduct 

a mixed-design ANOVA with two groups and two repeated measurements with an alpha 

level of .05, a total sample size of N = 54 (27 per group) was needed, per session, to 

demonstrate a power of .95.

4
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All participants were required to be between 18 and 65 years, fluent in the Dutch language, 

and able to sign an informed consent form. Since fibromyalgia is more prevalent in women 

than men[29], the current sample consisted of only females to increase the comparability of 

current findings with existing literature. Healthy controls were matched to patients based 

on sex, age, and education level. Education level was assessed using the Verhage scale[30], 

where primary education up to higher general secondary education was categorized 

as lower education, and higher vocational education up to university education was 

categorized as higher education. Patients were required to have a fibromyalgia diagnosis 

by a rheumatologist, which was verified during the telephone screening by patients’ 

self-report of the year, location, and the provider of their diagnosis. Additionally, all 

participants, including healthy controls, filled in the Fibromyalgia Survey Questionnaire[31] 

to verify the presence or absence of key fibromyalgia symptoms in each group. Patients 

were excluded if they received a medical diagnosis other than fibromyalgia explaining 

their chronic pain symptoms (e.g., rheumatoid arthritis, polyarthritis) or had severe 

physical or mental co-comorbidities that were not related to fibromyalgia (e.g., cancer, 

schizophrenia). Patients were allowed to continue treatment as usual and were specifically 

asked not to make any changes to their usual dose of analgesic medication 24 h prior to 

the measurements. Healthy controls were excluded if they had chronic pain complaints 

(≥3 months) in the past or present, a fibromyalgia diagnosis, severe physical or mental co-

morbidities that could interfere with the study protocol, current pain on the measurement 

days (common types of pain such as localized muscle soreness after work-out rated ≤ 3/10 

on the Numeric Rating Scale were included), or used analgesic medication within 24 h prior 

to the measurements. The common exclusion criteria for both groups were: pregnancy 

or breastfeeding, color blindness, injuries or wounds on the non-dominant hand or arm, 

refusal to remove possible artificial nails or nail polish covering the thumbnail of the non-

dominant hand, an unsuccessful pressure pain calibration procedure, i.e., not being able 

to stably distinguish between pressure intensities during pressure pain calibration, and 

as an additional safety measure due to the brief TENS activation: carrying a pacemaker or 

implanted pumps, or having implanted metals in the non-dominant hand or arm.

Participants were recruited via advertisements, such as flyers shared at various 

fibromyalgia patient organizations, pain rehabilitation centers, or Facebook. A portion of 

the healthy control sample was recruited via the Dutch online registry for neuroscience 

Hersenonderzoek.nl (www.hersenonderzoek.nl). Study participation involved taking part 

in the telephone screening, filling out baseline questionnaires at home, and attending 

two lab sessions, one at baseline and one at one-month follow-up. Participants received 

an ascending share of the total reimbursement in each lab session, in order to provide 

an extra motivation to complete the study. All participants received €50 compensation 

for completing all study parts with additional reimbursement of travel costs to the 
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lab. If a participant dropped out or was excluded during the calibration procedure, the 

compensation amount was adjusted based on the amount of time spent in the study. 

Participants gave verbal informed consent for the information collected during the 

telephone screening, digital informed consent for the online questionnaire, and signed 

informed consent for the experimental data collection in the lab.

Pressure Pain Application
Pressure pain is an ecologically valid stimulus type for disorders involving musculoskeletal 

pain[32], such as fibromyalgia[11]. Pressure pain was induced on the thumbnail of the non-

dominant hand using a custom-built automatic pressure administrator called Pneumatic 

Electronic Pressure Pain Administrator (PEPPA) (see Figure 2), engineered by the Support 

for Research, Laboratory and Education (SOLO) team of Leiden University based on a 

prototype design from Karolinska Institute in Sweden[33]. To apply pressure pain, the 

thumb of the non-dominant hand was inserted in a transparent cylinder hand piece built 

by the Development and Instrumental Affairs department of Leiden University Medical 

Center (LUMC). Pressure was applied to the middle of the thumbnail via a piston with a 1 

cm2 probe, which automatically moved up and down by the pressured air supplied by an 

air compressor. Each pressure stimulus lasted 2.5 s, with a 30 s inter-stimulus interval. As 

a safety measure, the extension air of the cylinder was limited to 80 kPa, corresponding to 

a thumb force of 15 kgf/cm2, which is the maximum pain tolerance in healthy participants 

that is known to be safe for pain administration[34]. Nevertheless, the current study took 

extra precautions by not exceeding the maximum thumb force of 13 kgf/cm2 for both 

patients and healthy participants. Additionally, an emergency stop button was provided 

for participants to stop the pressure administration if they could no longer endure the pain. 

E-prime version 3.0 (Psychology Software Tools, Pittsburg, PA) was used for presenting the 

pressure pain stimuli and for entering participants’ pain ratings after each trial.

Figure 2. Picture on the left depicts the components of PEPPA. The first is the main device con-
taining the electronics and pneumatics, the second is the emergency stop button, and the third 
is the hand piece for applying pressure to the thumbnail. Picture on the right demonstrates the 
thumb insertion into the hand piece.

4
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Pain Measure
Following each experimental pressure stimulus, participants rated their pain intensity 

on a Numeric Rating Scale (NRS), with the end points 0 representing no pain and 10 

the worst pain imaginable. Participants rated their pain by positioning a pointer on a 

digital horizontal line with anchors, each line representing a decimal on the 0-10 NRS. 

Participants were instructed to rate above zero (thus 0.1 upwards) when they started to 

feel pain next to a pressure sensation.

Pressure Pain Calibration
The calibration procedure consisted of three parts, with 5-minute breaks in-between, 

to minimize sensitization or habituation from repeated stimulus administration. Breaks 

were extended by one minute, up to five minutes, if the participant indicated still having 

pain ≥1 on the NRS. No participant has asked for a break exceeding the initial five 

minutes. Pressure intensities were administered starting from 1 kgf/cm2 with 0.5 kgf/cm2 

increments until participants rated ≥ 5.5 on the NRS or until 13 kgf/cm2 was reached. By 

choosing the highest intensity scored as zero on the NRS and the highest scored pressure 

intensity, 3 intermittent pressure intensities were calculated that were equidistant from 

each other in magnitude. Together, these five intensities were then randomly administered 

three times to determine the pressure intensities rated 0 (ranges 0-1), 2.5 (ranges 2-3), 

5 (ranges 4.5-5.5) on the NRS to determine the non-painful, slight, and moderate pain 

intensities, respectively. Next, a calibration check followed where the pressure intensities 

for no pain, slight pain, and moderate pain were randomly administered with slight pain 

presented thrice and the rest presented twice. The experimenter controlled whether 

the pain ratings were within the targeted ranges; if not, adjusted pressure intensities 

were based on E-prime’s calculations using standard formulas (see Supplemental File 

I). If manual adjustments were not possible due to the requirement of less pressure 

than the minimum or more pressure than the maximum amount that PEPPA could safely 

administer, participants were excluded.

Experimental manipulation of nocebo effects

Sham TENS device
A sham TENS device (Bentrotens T37, Bentronic Gesellschaft fuer Medizintechnik GmbH, 

Wolnzach, Germany) was used as conditioned stimulus in the conditioning paradigm, 

wherein a chip was inserted to cease the device from sending any electrical signals 

after 1 minute. The device was renamed as “Dermal Nerve Stimulation” (DNS) device 

to prevent possible preconceptions about TENS from interfering with the experimental 

manipulations. Participants were given a fake device leaflet that read: “DNS is a device that 
stimulates nerves via electrical signals. This stimulation helps increase the communication 
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between the nerve cells. Nerve cells in the skin communicate with other nerve cells in the 
spine via electrical signals. The DNS device can influence these signals, for example, by 
increasing the intensity of the signals coming from a painful stimulus. When these signals 
are sent from the spine to the brain, you become aware of the sensation of pain. The 
DNS device applies electrical signals via electrodes attached to your skin. An advantage 
of DNS is that a light and an (almost) unnoticeable signal is sufficient to influence the 
communication between the nerve cells; and therefore, to increase your pain sensation.” 
After participants read the leaflet, the experimenter further explained that the clinical 

use of DNS is to increase sensations, e.g., to treat numbness that might occur after a 

surgery or an accident, and that the purpose of the current study is to investigate whether 

there is a difference in pain sensitivity between patients with fibromyalgia and healthy 

participants. The real purpose of the experiment, i.e., the investigation of nocebo effects, 

was not disclosed until the end of the study to not bias any pain-related expectations. A 

sham calibration procedure followed, where the intention was not to actually calibrate 

the DNS device but to demonstrate how electrical signals feel on the skin to increase the 

believability of DNS device function. After cleaning the skin with alcohol, two electrodes 

were attached vertical to each other on the radial side of the forearm of the non-dominant 

hand. While the experimenter slowly increased the electrical intensity, participants were 

asked to indicate the moment that they just noticed a sensation, which was told to be the 

intensity they would eventually receive throughout the experiment. In reality, all electrical 

activity stopped after 1 minute. A flashing light allowed the DNS device to appear as if 

it was still working.

Nocebo Conditioning with Verbal Suggestions
Nocebo effects on pressure pain were induced through conditioning and verbal 

suggestions using the DNS device. Participants were instructed that when the DNS device 

was activated, the text “DNS on” would appear on the computer screen, signaling that 

the device would increase their pain sensitivity, and that the “DNS off” message would 

appear when the device was deactivated and would not have any influence on their 

pain sensitivity. DNS on/off messages were presented for 2.5 s using E-prime version 

3.0 (Psychology Software Tools, Pittsburg, PA) and were color-coded in either orange or 

purple, counterbalanced across participants. After the message disappeared, participants 

received a painful pressure stimulus on their thumbnail for 2.5 s, which was rated on the 

NRS after each trial with an inter-trial interval of 30 s. The learning phase consisted of 20 

trials, where DNS was supposedly activated in half of them. During the experimental trials 

of the learning phase, i.e., when DNS was supposedly activated, participants received a 

moderately painful pressure intensity on their thumbnail; during the control trials, i.e., 

when DNS was supposedly deactivated, they received slight pain. All trials were semi-

randomized and not presented more than twice in a row.

4
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Testing phase: Nocebo Effects and Extinction
Directly after nocebo conditioning, a testing phase including extinction took place. The 

testing phase consisted of 16 experimental (DNS on) and 16 control (DNS off) trials, which 

were all paired with only slight pain on the thumbnail regardless of the supposed DNS (de)

activation, to no longer reinforce the conditioned nocebo effects. After the first 6 testing 

phase trials, which were used to determine the magnitude of the nocebo effect after 

nocebo conditioning[11,35,36], a 10-minute break took place. Following this short break, 

participants were told that the next part of the experiment would be similar to before 

and that the DNS on/off text would appear signaling DNS (de)activation. No additional 

verbal suggestions were provided about extinction. Then, the remaining 26 trials ensued. 

All trials were semi-randomized and not presented more than twice in a row.

The remaining magnitude of nocebo effects after extinction was determined based on 

the final 6 testing phase trials (3 experimental and 3 control) [11,35,36].

Stability of nocebo effects and extinction across sessions
The same nocebo conditioning and extinction procedures were repeated at one month 

follow-up. The main difference was that nocebo conditioning and testing phases were 

preceded by a recall testing phase, to identify the magnitude of nocebo effects recalled 

after the extinction procedure in the baseline session. The recall testing phase consisted 

of 6 trials paired with only slight pain, half of which were experimental (DNS on) trials and 

the other half control trials (DNS off). All trials were semi-randomized and not presented 

more than twice in a row.

Self-report measures
The Dutch versions of various questionnaires were used to assess participants’ clinical 

and psychological characteristics, which were filled in once before arriving to the first lab 

session. The Fibromyalgia Survey Questionnaire (FSQ)[31], which is based on the American 

College of Rheumatology 2010/2011 diagnostic criteria, was filled in by both groups to 

assess the presence or absence of key symptoms of fibromyalgia. A Fibromyalgia Severity 

(FS) score was calculated by summing the symptom severity score, ranging between 

0-12, and the widespread pain index, ranging between 0-19; a cut-off score of FS ≥12 

was considered reliable to satisfy the diagnostic criteria[37]. Those with FS <12 who had 

already received a fibromyalgia diagnosis were considered to be improving[37].

The Fibromyalgia Impact Questionnaire (FIQ)[38] was filled in by patients to assess their 

functional disability related to fibromyalgia (Cronbach’s α = 0.85). The first item consists 

of 11 questions on physical functioning, which is scored by taking the mean of all ratings 

ranging between 0 (always) and 3 (never). The second item assesses how many days 
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they felt good in the past week, scored inversely between 0 and 7, and the third item 

assesses how many days of work they missed in the past week, scored between 0 and 7. 

Items 4-10 assess the severity of various symptoms, ranging between 0 (no impairment) 

and 10 (maximum impairment). The first 3 scores are subjected to a normalization 

procedure, after which all scores are averaged and if a patient didn’t answer all questions 

an equalization calculation was employed. The scores range between 0-100, where an 

average patient scores 50 and higher scores indicate a larger functional disability[38].

The short version of the Depression Anxiety and Stress Scale (DASS-21)[39] was filled in 

by all participants to assess the negative emotional states of depression, anxiety, and 

stress subscales (depression subscale Cronbach’s α = 0.83; anxiety subscale Cronbach’s 

α = 0.73; stress subscale Cronbach’s α = 0.87). The scale consists of 21 statements that 

are rated between 0 (did not apply to me at all) and 3 (applied to me very much or most 

of the time). Scores from each subscale are summed and then adjusted to range between 

0-42 per subscale for comparability with DASS-42, with higher scores indicating greater 

symptom severity.

The Life Orientation Test-Revised (LOT-R)[40] was used for assessing dispositional optimism 

in all participants (Cronbach’s α = 0.73). The LOT-R is a 10-item measure consisting of 

positive, negative, and filler items rated on a 5-point scale between 0 (strongly disagree) 

and 4 (strongly agree). To calculate optimism, the negative items were reverse coded and 

then summed with the positive items, resulting in a total score ranging between 0-24, 

with higher scores indicating higher optimism.

The Pain Catastrophizing Scale (PCS)[41] was used for assessing pain catastrophizing 

thoughts in all participants (Cronbach’s α = 0.91). PCS is a 13-item measure consisting 

of rumination, magnification, and helplessness subscales, which is rated on a 5-point 

scale between 0 (not at all) and 4 (all the time). To calculate a PCS score, a sum score of 

all items was calculated, ranging between 0-52, with higher scores indicating more pain-

catastrophizing thoughts.

The Body Vigilance Scale (BVS)[42] was used for assessing participants’ attention to bodily 

sensations (Cronbach’s α = 0.93). The first three items in the BVS are directly rated on an 

11-point scale between 0 (never) and 10 (always), whereas the fourth item consists of 

15 sub-items that are rated separately. To calculate the BVS score, ratings in the fourth 

item were averaged and afterwards summed with the first three items, ranging between 

0-40, with higher scores indicating greater focus on bodily sensations.

4
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The Pearlin Mastery Scale (PMS)[43] was used for assessing the psychological coping 

resources of all participants based on self-mastery (Cronbach’s α = 0.74). The PMS consists 

of 7 items rated between 1 (strongly disagree) and 5 (strongly agree). Items are summed 

up, ranging between 7-35, with higher scores indicating greater levels of mastery.

The state scale of State-Trait Anxiety Inventory short-form (STAI-S-6)[44] was used for 

assessing state anxiety on the day of experimentation in all participants (session 1: 

Cronbach’s α = 0.77; session 2: Cronbach’s α = 0.81). The scale consists of 6-items that 

are rated on a 4-point scale between 1 (not at all) and 4 (very much so). Positive items 

were reverse coded and then the sum of all items was calculated. Scores were adjusted 

to range between 20-80 for comparability with STAI-S.

Patients rated their clinical pain and fatigue levels on the day of experimentation using 

11-point scales between 0 (no pain/fatigue) and 10 (worst pain/fatigue imaginable), with 

higher ratings indicating greater symptom severity. Lastly, exit questionnaires were filled 

in at the end of the study on the perceived aim of the study, perceived effect of DNS on 

pain sensitivity, trust in the experimenter, perceived competence of the experimenter, 

and perceived experiment length. The first item required an open-ended answer, whereas 

the rest of the items were rated on a 0-10 NRS, with higher scores indicating higher 

intensity. The perceived experiment length was anchored “exactly long enough” around 

5/10 on the NRS.

Procedure
Interested individuals were screened for eligibility via a telephone call, which took 

approximately 10-20 min. A verbal informed consent was obtained prior to screening. If 

eligible, participants were invited to the lab sessions, 2-2.5 h each, at the Leiden University 

Treatment and Expertise Center (LUBEC; Leiden, the Netherlands). Before the first lab 

appointment, participants were asked to fill in an online battery of questionnaires 

(Qualtrics, Provo, UT) at home taking about 20-30 min, before which they digitally 

provided an informed consent. After arriving at the lab, explanations were provided about 

the upcoming experimental procedures and that the study participation was voluntary. 

After all questions were answered, the experimenter controlled if the participant fulfilled 

the eligibility criteria for the day of testing, and then the informed consent form was 

signed. All participants filled in an online questionnaire to assess their current state 

anxiety levels, where only patients were asked to additionally indicate their current pain 

and fatigue levels. A brief demonstration of the PEPPA followed, involving practicing 

the thumb insertion and pain ratings, and then the pressure pain calibration ensued. 

Next, written and verbal instructions were provided about the DNS device, after which 

electrodes were attached on participants’ arm and the sham calibration of the DNS device 
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took place. Directly afterwards, after a non-painful practice trial, the nocebo conditioning 

and testing phases began. When the experiment finished, the experimenter left the room 

and participants did a 4-minute relaxation task in the form of a guided breathing exercise 

instructed via headphones to help recover from the potential stress arising from pain 

administration. At the end of the session, patients were assisted in downloading an app 

on their phone for rating their daily pain intensity in the coming 3 weeks, which was a 

procedure pertaining to the larger patient study and will not be addressed in the current 

paper.

The follow-up lab session took place one month later at LUBEC. The procedure was 

the same as during the baseline session, with two exceptions. First, the pressure pain 

calibration was shorter. The pain ratings from the baseline session were used here to 

replace the first calibration step, i.e., ascending series, since pain thresholds were not 

expected to change over one-month. However, the remaining calibration steps, i.e., 

random series and calibration check, still took place to check whether the pressure 

intensities from the ascending series were successfully rated again within the targeted 

pain ranges, and if necessary, adjustments were made using the same formulas. Second, 

the experimental manipulations now began with 6 additional (recall) testing phase trials 

to measure the magnitude of recalled nocebo effects remaining from the baseline session. 

After a 5-minute break, participants were orally reminded again about the function of 

the DNS device, and then the nocebo conditioning and extinction procedures ensued as 

before with a 10-minute break halfway into the experiment. At the end of the session, 

participants completed the relaxation task, filled out exit questionnaires, and were 

reimbursed for their participation.

Statistical Analyses
Data analyses were conducted using the R software environment, version 4.1.0[45]. 

ANOVA assumptions of normality, homogeneity of variances, and sphericity were 

checked with QQ plots, Levene’s test, and Mauchly’s test of sphericity, respectively. When 

sphericity was violated, either the Greenhouse-Geisser correction (epsilon < 0.75) or 

the Huynh-Feldt correction (epsilon > 0.75) was considered[46]. Statistical outliers were 

detected based on z-scores (z < -3 or z > 3) of the dependent variable. A p-value below 0.05 

was considered statistically significant unless indicated otherwise. Partial eta-squared 

(ηp
2) was calculated as the effect size of ANOVA. A partial eta-squared effect size around 

0.01 is considered small, 0.06 considered medium, and 0.14 considered large[47]. Cohen’s 

d was calculated as the effect size of pairwise t-tests, where 0.2 is considered small, 0.5 

considered medium, and 0.8 considered a large effect size[47]. To check whether groups 

were successfully matched on age and education level, an independent-samples t-test 

was conducted on the mean age between groups, and a chi-square test was conducted 

4
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on the education level (lower vs higher) between groups, respectively. Independent-

samples t-tests were used for analyzing between-group differences in calibration 

intensities, perceived effect of DNS on pain sensitivity, trust in experimenter, perceived 

competence of the experimenter, and perceived experiment length. Because of multiple 

comparisons, a Bonferroni correction was applied such that a p-value below 0.01 was 

considered statistically significant.

As a manipulation check, it was examined whether learning has occurred during nocebo 

conditioning in both sessions. Four paired-sample t-tests were conducted on the mean 

pain ratings between experimental and control trials during the learning phase of 

nocebo conditioning in each session to identify whether the associations of “DNS on” 

with moderate pain and “DNS off” with slight pain were correctly made by each group. 

Moreover, open-ended answers describing the perceived aim of the study were checked 

to see whether any participants identified the DNS as a sham device.

To investigate whether nocebo effects were successfully induced during nocebo 

conditioning in both sessions and whether this induction of nocebo effects differed 

between groups, a 2 x 2 mixed-design ANOVA was conducted per session, with group 

(patient vs healthy control) as between-subjects variable and trial type (experimental 

vs control) as within-subjects variable on the average pain ratings from the first 3 

experimental and first 3 control trials of the testing phase. When a significant interaction 

effect of group by trial type was detected, Bonferroni-corrected pairwise comparisons 

were applied to more closely examine the manipulation effects between experimental 

and control trials in each group.

To examine the change in nocebo effects after extinction in both sessions and whether 

this extinction in nocebo effects differed between groups, a different analysis plan was 

chosen including difference scores to facilitate the interpretation of findings. A 2 x 2 

mixed-design ANOVA was conducted per session, with group (patient vs healthy control) 

as between-subjects variable and time (nocebo conditioning vs extinction) as within-

subjects variable on the difference scores. The difference score after nocebo conditioning 

was calculated by subtracting the average pain ratings given to the first 3 control trials 

from the first 3 experimental trials of the testing phase. The difference score after 

extinction was calculated by subtracting the average pain ratings given to the last 3 

control trials from the last 3 experimental trials of the testing phase. The difference score 

after nocebo conditioning determined the magnitude of nocebo effects, whereas after 

extinction, it determined the magnitude of nocebo effects remaining after extinction. 

By comparing the difference scores after nocebo conditioning and after extinction, we 

investigated whether the magnitude of nocebo effects was significantly lower after 
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extinction. When a significant interaction effect between group and time was detected, 

Bonferroni-corrected pairwise comparisons were applied to determine the manipulation 

effects between nocebo conditioning and extinction on nocebo effects in each group.

To explore the stability of the induction and extinction of nocebo effects across sessions 

and whether this differed between groups, a 2 x 5 mixed-design ANOVA was conducted 

with group (patient vs healthy control) as between-subjects variable and time (nocebo 

conditioning and extinction from sessions 1 and 2, and the recall testing phase from 

session 2) as within-subjects variable on the difference scores. The difference score after 

the recall testing phase was calculated by subtracting the average pain ratings given to 

the 3 control trials from the 3 experimental trials. If a significant interaction effect was 

detected between group and time, Bonferroni-corrected multiple pairwise comparisons 

were computed to determine the time level differences in each group. To examine the 

stability of induction of nocebo effects across sessions, Bonferroni-corrected pairwise 

comparisons were applied between the time levels 1) nocebo conditioning in sessions 

1 and 2, 2) nocebo conditioning in session 1 and the recall testing phase in session 2. 

To examine the stability of extinction across sessions, Bonferroni-corrected pairwise 

comparisons were applied between the time levels 1) extinction in sessions 1 and 2, 2) 

extinction in session 1 and the recall testing phase in session 2. A p-value below .025 

was considered to indicate a statistically significant lack of stability in the induction or 

extinction of nocebo effects across sessions.

To allow for the assessment of extinction efficacy for a subgroup of participants who 

were observed to be susceptible to learning nocebo effects, sensitivity analyses were 

conducted for the extinction of nocebo effects after removing nocebo non-responders, 

i.e., participants with difference scores equal to or below zero, from the analyses. The 

same analyses were subsequently conducted in the subgroup of nocebo responders for 

the extinction of nocebo effects and for the stability of extinction across sessions. To allow 

for the assessment of nocebo and extinction efficacy for participants who could be clearly 

differentiated in their fibromyalgia symptomatology, another set of sensitivity analyses 

were conducted after removing patients scoring FS <12 or healthy controls scoring FS ≥12 

on the FSQ, using the same analyses for the induction and extinction of nocebo effects in 

both sessions. Additionally, we checked whether the induced nocebo magnitudes were 

associated across sessions. This was explored with a repeated measures correlation 

analysis conducted for the magnitude of nocebo effects between two sessions firstly 

per group and then after pooling both samples. All sensitivity analyses were reported 

under Supplemental File II.

4
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Lastly, we conducted Pearson’s correlation analyses to examine the relation between 

the magnitude of nocebo effects in session 1 and depression (DASS-21), trait anxiety 

(DASS-21), stress (DASS-21), optimism (LOT-R), pain-catastrophizing thoughts (PCS), body 

vigilance (BVS), and mastery (PMS) in both participant groups, as well as fibromyalgia 

disability (FIQ) in the patient group. Moreover, for each session, we examined the 

relationship between the magnitude of nocebo effect induction and the state anxiety 

(STAI-S-6) and pain and fatigue levels (NRS) on the experiment day.

RESULTS

A total of 81 participants were eligible for participating in the experiment (patients N = 46; 

healthy controls N = 35). Of these, 8 participants (6 patients, 2 healthy controls) were 

excluded during the first session due to problems with pressure pain calibration (i.e., 

pain ratings were lower than the required pain ranges for moderate and slight pain) and 

1 patient dropped out due to misunderstanding the instructions for rating pain intensity. 

During the second session, 4 participants (1 patient, 3 healthy controls) were excluded 

due to problems with pressure pain calibration and 8 participants (7 patients, 1 healthy 

control) dropped out for personal reasons (e.g., scheduling issues, testing positive for 

COVID-19). Moreover, due to technical and software-related problems, data could not 

be retrieved from 3 participants (2 patients, 1 healthy control) in session 1 and from 

another 3 participants (2 patients, 1 healthy control) in session 2. Considering that 28% 

of patients and 9% of healthy controls dropped out after the baseline session, a total of 

69 participants (37 patients and 32 healthy controls) were included in session 1 to also 

reach a minimum sample size in the follow-up session, which resulted in a total inclusion 

of 56 participants in session 2 (patients N = 29; healthy controls N = 27). All included 

participants per session were considered for statistical analyses.

Descriptive statistics
Table 1 displays the demographic and health-related characteristics of the sample, and 

Table 2 displays the group means and SDs from psychological characteristics and exit 

questionnaires. The fibromyalgia severity score in the patient group was between 6 and 

26, where 3 patients had scores <12, indicating that they might be in a recovery period; 

all patients were considered for the main analyses. In the healthy control group, scores 

ranged between 0-9, where no healthy participant reached the cut-off score. There were 

no significant group differences in the mean age (t(67) = 1.64, p = .11) or the education 

level (X2(1) = .31, p = .58) of participants, suggesting a successful group matching. Table 

3 displays the means and SDs of calibration values (kgf/cm2). No significant group 

differences were observed for the calibration values of slight and moderate pressure 
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pain intensities in session 1 (slight pain: t(67) = 1.98, p = .053; moderate pain: t(67) = 1.98, 

p = .051) and session 2 (slight pain: t(54) = .70, p = .51; moderate pain: t(54) = .92, 

p = .36). Neither were there any group differences in the perceived effect of DNS on pain 

sensitivity (t(59) = 1.38, p = .17), trust in the experimenter (t(59) = .76, p = .45), perceived 

competence of the experimenter (t(59) = .17, p = .87), or the perceived experiment length 

(t(59) = 1.35, p = .18). Moreover, Table 3 displays the overall mean pain intensity ratings 

and Figure 3A and Figure 3B display the trial-by-trial change in mean pain intensity ratings 

across sessions. Note that in Figures 3A and 3B, an upward trend can be observed in the 

horizontal lines, which is also reflected in Table 3 by an increase in pain ratings during the 

extinction phase, both of which potentially illustrating a pain sensitization across trials.

Table 1
Demographic and health-related characteristics of female participants in the study.

Characteristics

Session 1 Session 2

Patient
(N = 37)

Healthy control
(N = 32)

Patient
(N = 29)

Healthy control
(N = 27)

Age (years) [mean (SD)] 37.81(10.47) 33.56(10.97) 34.21(9.96) 33.78(11.31)

Higher education Level [n (%)] 28(76) 26(81) 21(72) 21(78)

Partner [n (%)] 32(87) 20(63) 25(86) 16(59)

Work status [n (%)]

    Student 13(35) 18(56) 13(45) 15(56)

    Employed 34(92) 32(100) 27(93) 27(100)

        Work (hours per week) [mean (SD)] 24.96(9.99) 26.27(11.67) 26.32(10.11) 27.63(10.74)

    Unemployed 1(3) 1(3) 1(3) 1(4)

    Volunteer work 9(24) 13(41) 10(34) 11(41)

    Run household 16(43) 3(9) 13(48) 3(11)

    Disability pension 7(19) 1(3) 4(15) 1(4)

    Retired 0 1(3) 0 1(4)

Fibromyalgia Severity (FSQ) [median (IQR)] 18(8) 4(3) 17(9) 4(3)

Fibromyalgia Disability (FIQ) [mean (SD)] 40.95(13.48) - 41.06(14.04) -

Fibromyalgia complaints (years) [mean (SD)] 14.51(9.81) - 14.32(8.59) -

Fibromyalgia diagnosis (years) [mean (SD)] 6.59(6.16) - 5.58(3.49) -

4
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Table 2
Group means and SDs for psychological characteristics and exit questionnaires.

Patient Healthy control

Characteristics Mean (SD)

Depression 7.73(6.83) 1.63(2.98)

Anxiety 5.46(5.07) 1.31(2.25)

Stress 14.11(7.53) 4.81(4.28)

Dispositional Optimism 15.73(3.25) 16.78(2.69)

Pain Catastrophizing 12.27(7.66) 7.28(7.63)

Body Vigilance 13.65(7.16) 10.97(6.18)

Self-Mastery 26.16(3.88) 27.91(3.14)

State Anxiety prior to testing during session 1 34.78(7.19) 29.53(7.67)

State Anxiety prior to testing during session 2 35.64(9.57) 28.35(7.49)

Pain prior to testing during session 1 4.32(1.87) -

Pain prior to testing during session 2 4.11(2.03) -

Fatigue prior to testing during session 1 4.59(2.05) -

Fatigue prior to testing during session 2 4.61(1.91) -

Perceived DNS effect on pain sensitivity 4.74(2.33) 3.74(2.80)

Trust in experimenter 9.00(1.00) 9.30(0.87)

Perceived competence of experimenter 9.04(0.90) 9.11(1.22)

Perceived length of study 5.67(1.04) 6.11(1.28)

Note. Total sample size for trait and state characteristics in session 1 was 69 (patient N=37; healthy control N=32) 
whereas for state characteristics in session 2 and exit questionnaires was 56 (patient N=29; healthy control N=27).

Table 3
Group means and SDs for pressure intensity levels (calibration) and pain intensity ratings (recall 
testing phase, nocebo conditioning, extinction) across sessions.

Session 1 Session 2

Patient
(N=37)

Healthy
Control (N=32)

Patient
(N=29)

Healthy
Control (N=27)

Calibration (kgf/cm2) Mean (SD)

    Slight Pain 4.66(1.90) 5.59(2.00) 5.24(2.28) 5.64(2.25)

    Moderate Pain 6.76(2.72) 8.05(2.67) 7.14(2.65) 7.81(2.86)

Recall Testing Phase (0-10 NRS)

    Experimental Trials - - 2.73(0.97) 2.77(0.94)

    Control Trials - - 2.59(0.99) 2.67(1.12)

    Difference Score - - 0.14(0.67) 0.10(0.55)

Nocebo Conditioning* (0-10 NRS)

Learning Phase (20 Trials)

    Experimental Trials 5.71(1.37) 5.70(0.90) 5.70(1.22) 5.49(1.22)

    Control Trials 3.69(1.41) 3.52(1.05) 3.29(1.35) 3.23(1.20)

    Difference Score 2.02(0.50) 2.17(1.03) 2.41(1.11) 2.25(1.13)
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Table 3
Continued.

Session 1 Session 2

Patient
(N=37)

Healthy
Control (N=32)

Patient
(N=29)

Healthy
Control (N=27)

Testing Phase (Trials 1-6)

    Experimental Trials 4.17(1.86) 4.30(1.48) 4.06(1.77) 3.77(1.55)

    Control Trials 3.98(1.82) 3.69(1.53) 3.72(1.77) 3.29(1.32)

    Difference score 0.19(0.74) 0.61(0.62) 0.34(0.91) 0.48(0.72)

Extinction** (0-10 NRS)

Testing Phase (Trials 26-32)

    Experimental Trials 5.09(1.96) 4.65(1.83) 4.97(1.88) 4.43(1.90)

    Control Trials 4.80(1.96) 4.44(1.79) 4.67(1.79) 3.94(1.60)

    Difference score 0.29(0.60) 0.21(0.55) 0.29(0.76) 0.49(0.66)

Note for session 1: *patient sample excluding 1 outlier (N= 36); **patient sample excluding 2 outliers (N = 35)

Assumption checks
The ANOVA assumptions of normality and homogeneity of variances were not violated. 

In cases where Mauchly’s test of sphericity was violated, corrections were made on the 

degrees of freedom. Notably, two patients were detected as statistical outliers based on 

the difference scores after nocebo conditioning (z = 4.04) or after extinction (z = -3.72) in 

session 1. Given the extremity of these statistical outliers and since they had a significant 

impact on the study findings, they were considered not representative of the sample and 

were therefore excluded from the corresponding analyses relating to session 1. For more 

detailed results including these outliers see Supplemental File II. No statistical outliers 

were detected based on data from session 2.

Manipulation check
Results from the paired-samples t-tests showed that learning had successfully occurred 

during the learning phase of nocebo conditioning in both sessions for patients (session 

1 t(36) = 14.43, p < .001; session 2 t(28) = 11.71, p < .001) and healthy controls (session 

1 t(31) = 11.92, p < .001; session 2 t(26) = 10.35, p < .001). Factors such as having prior 

knowledge of, or experience with, a TENS device, and in case of experience finding it 

effective, did not have any significant impact on the magnitude of nocebo effects in either 

session (for more details see Supplemental File III). Moreover, open-ended answers given 

to the perceived aim of the study was aligned with the information provided about the 

study, where no participants suspected that the DNS device was never activated.

4
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Induction of nocebo effects in session 1
A 2 x 2 mixed-design ANOVA showed a significant interaction effect between group and 

trial type in session 1 (F(1,66) = 6.36, p = .01, ηp
2 = .08) and a main effect of trial type 

(F(1,66) = 23.43, p < .001, ηp
2 = .27), but no main effect of group (F(1,66) = .04, p = .84, ηp

2 
< .01). Bonferroni-corrected pairwise comparisons between the trial type levels at each 

group showed that the mean pain ratings in experimental trials were significantly higher 

than control trials in the healthy control group (p < .001, d = .41). In the patient group, 

however, the mean pain ratings were not significantly higher in the experimental trials 

compared to control trials (p = .13, d = .10). Figure 4 displays the magnitude of induced 

nocebo effects, across sessions and groups.

Figure 4. Mean pain intensities from the first 3 experimental (DNS on) and first 3 control (DNS off) 
trials of the testing phase across groups and sessions. Sample sizes per group are excluding the 
outliers. If a group x trial type interaction was found, significance levels were presented between 
groups. If only a main effect of trial type was found, significance levels were presented across 
groups. Error bars indicate ± SE. ***: p < .001; n.s.: not significant.

Extinction of nocebo effects in session 1
A 2 x 2 mixed-design ANOVA showed a significant interaction effect between group 

and time in session 1 (F(1,65) = 10.35, p = .02, ηp
2 = .14), but no main effect of time 

(F(1,65) = 2.72, p = .10, ηp
2 = .04) nor a main effect of group (F(1,65) = 2.07, p = .15, 

ηp
2 = .031). Bonferroni-corrected pairwise comparisons between time levels at each 

group showed that the mean difference score was significantly lower after extinction 

compared to nocebo conditioning in the healthy control group, indicating a significant 

4
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decrease in nocebo effects (p < .001, d = .68). In the patient group, the mean difference 

score was higher after extinction compared to nocebo conditioning; however, this was 

not significant (p = .34, d = .20). Figure 5 displays the magnitude of nocebo decrease after 

extinction, across sessions and groups.

Figure 5. Difference scores based on the first 6 trials (nocebo conditioning) and last 6 trials (extinc-
tion) of the testing phase across groups and sessions. Sample size per experimental manipulation 
consists of all participants in a given session excluding the outliers. If a group x time interaction 
was found, significance levels were presented between groups. If only a main effect of time was 
found, significance levels were presented across groups. Error bars indicate ± SE. ***: p < .001; 
n.s.: not significant.

Induction and extinction of nocebo effects in session 2
For the induction of nocebo effects in session 2, the 2 x 2 mixed-design ANOVA showed 

that there was no interaction effect (F(1,54) = .41, p = .52, ηp
2= .01) nor a main effect of 

group (F(1,54) = .75, p = .39, ηp
2 = .01), but there was a significant main effect of trial type 

(F(1,54) = 13.85, p < .001, ηp
2 = .20), where experimental trials (M = 3.91, SE = .22) were 

rated significantly higher than the control trials (M = 3.50, SE = .21), indicating that nocebo 

effects were induced across groups. Since this overall finding did not align with the nocebo 

results from session 1, post-hoc analyses were conducted to get a better insight into the 

potential group differences in nocebo induction in session 2. Pairwise comparisons of trial 

type levels at each group showed that the mean pain ratings were significantly higher 

in experimental trials compared to control trials in the healthy control group (p = .002, 

d = .33); however, not significantly higher in the patient group (p = .054, d = .19).
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Moreover, for the extinction of nocebo effects in session 2, the 2 x 2 mixed-design ANOVA 

showed that there was no interaction effect (F(1,54) = .06, p = .81, ηp
2 = .001), nor a main 

effect of group (F(1,54) = .92, p = .34, ηp
2= .02), or time F(1,54) = .03, p = .87, ηp

2= .001), 

giving no indication for extinction of nocebo effects across groups.

The stability of nocebo effects and of extinction across sessions 1 and 2
Figure 6 displays the fluctuations in difference scores across all experimental 

manipulations, with patients showing a relatively more stable trend and lower nocebo 

effects compared to the healthy control group. The 5 x 2 mixed-design ANOVA showed 

there was no significant interaction effect (F(3.59,179.64) = 1.95, p = .11, ηp
2 = .04) nor 

a main effect of group (F(1,50) = 2.25, p = .14, ηp
2 = .04), but there was a significant 

main effect of time (F(3.59,179.64) = 2.54, p = .048, ηp
2 = .05). Pairwise comparison of 

the time levels showed that the magnitude of nocebo effects was significantly higher 

(M = .33, SE = .13) after nocebo conditioning in session 1 compared to the recall testing 

phase in session 2 (p = .01, d = .44). Compared to session 2, the magnitude of nocebo 

effects after nocebo conditioning in session 1 was not statistically different (p = .98, 

d = .03). This indicates that the magnitude of nocebo effects induced during the baseline 

session were significantly decreased at one-month follow-up, and that the efficacy of the 

nocebo conditioning paradigm did not significantly differ between sessions. Moreover, 

pairwise comparisons showed that the difference score after extinction in session 1 did 

not significantly differ from the difference score after the recall testing phase in session 

2 (p = .05, d = .26). Also, the difference scores after extinction in session 1 and 2 were 

not significantly different (p = .65, d = .22). This indicates that the magnitude of nocebo 

effects observed after extinction at baseline was not different from the magnitude of 

nocebo effects recalled after one-month, and that the efficacy of the extinction paradigm 

did not statistically differ between sessions.

Questionnaires
Pearson’s correlation analyses indicated that there was no significant relation between 

the magnitude of nocebo effects during session 1 and each of the nine questionnaire 

scores (FIQ: r = -.05, p = .79; DASS depression: r = -.08, p = .49; DASS anxiety: r = -.09, 

p = .42; DASS stress: r = -.03, p = .81; BVS: r = .03, p = .81; PCS: r = -.04, p = .78; PMS: 

r = .13, p = .28, LOT-R: r = .06, p = .64; state anxiety session 1: r = -.09, p = .45; state anxiety 

session 2: r = .06, p = .65). Moreover, patients’ pain and fatigue levels on the experiment 

day were not significantly related to the magnitude of nocebo effects (pain session 1: 
r = .20, p = .24; pain session 2: r = -.08, p = .69 fatigue session 1: r = .02, p = .93; fatigue 

session 2: r = .09, p = .66).

4
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DISCUSSION

The current study investigated potential group differences in inducing and decreasing 

nocebo effects on experimental pressure pain in female patients with fibromyalgia and 

matched healthy controls. Additionally, the stability of nocebo effects at a one-month 

follow-up was examined. Nocebo effects on pressure pain were experimentally induced 

through classical conditioning with verbal suggestions, and were decreased via extinction. 

Our results suggest that nocebo effects were induced in the healthy control group, but 

not in the patient group during the baseline session, although this group difference was 

not robust. Nocebo effects decreased in the healthy control group after extinction. 

During the follow-up session, nocebo effects were induced across both groups; however, 

insights from post-hoc investigations suggest that this effect was primarily observable in 

the healthy control group, generally aligning with our results from the baseline session. 

However, unlike the baseline session, extinction was not observed in either group. 

Moreover, across all participants, the magnitude of nocebo induction and decrease 

appeared stable over 1-month, although note that only less than half of participants 

qualified as nocebo responders in both sessions. Contrary to our hypotheses, we did 

not find stronger nocebo effects, or more resistance to extinction, in the patient group 

compared to healthy controls. Instead, patients with fibromyalgia might be less responsive 

towards the experimental manipulation of nocebo effects than healthy controls.

Current literature on the experimental investigation of nocebo effects is largely based 

on findings from healthy samples[13], with only a number of studies focusing on 

patients with acute post-operative pain[7] or with chronic pain complaints from irritable 

bowel syndrome[8]. In these studies, nocebo effects were induced by providing verbal 

suggestions about the pain-increasing function of a placebo agent[7,8]. The role of 

classical conditioning in inducing nocebo effects in chronic pain conditions is far less 

researched[10]. In healthy participants on the other hand, the nocebo conditioning 

paradigm has been found to successfully induce nocebo effects on a variety of pain 

modalities, such as heat, electrical, and pressure pain[5,11,12]. In line with previous 

research, we found that nocebo effects were induced on pressure pain in the healthy 

control group in both sessions; however, our findings in the patient group were somewhat 

elusive. Nocebo effects were observed in the patient group only during the follow-up 

session. However, when including one patient who had an unlikely large nocebo score 

(i.e., an outlier), significant nocebo effects were observed during baseline, and group 

difference at 1-month follow-up were not clear. Thus, the group differences found in 

the current study were not robust. Additionally, it was observed that a lower percentage 

of patients than healthy controls were nocebo responders in each session. Thus, the 

current data suggests that patients with fibromyalgia either could be equally or less 

4
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responsive to the experimental manipulation of nocebo effects compared to healthy 

controls. Future studies might consider including equivalence testing or Bayesian statistics 

in their methodology to better establish whether group differences were not observable.

But how do these findings align with previous literature which suggests that patients could 

be at risk of developing nocebo effects[1,6,21,48,49]? One methodological explanation 

could be that the experimental pain intensities administered in the current study may 

not have been high enough to induce fear in patients, as higher pain intensities have 

been found to be associated with larger nocebo hyperalgesia, mediated through fear[50]. 

Patients’ ongoing pain experiences in real-life might have been more intense than our 

administered pressure pain intensities, which might have led patients to experience less 

fear of pain during nocebo manipulations compared to healthy controls.

Another potential explanation could be related to group differences in pain-reporting 

variability. A recent study in patients with osteoarthritis of the knee has shown that 

accuracy in experimental pain-reporting correlates negatively with responsiveness to 

a placebo[51]. The implication of this finding is that the ability to direct one’s attention 

inwardly, rather than externally, could be related to being able to resist external cues that 

contribute to placebo responses, and thereby lead to more accurate reporting of pain 

experiences due to a higher awareness of bodily sensations[51,52]. We did not assess 

this in the current study, but we speculate that patients’ attention towards pain might 

have been more inwardly-directed compared to healthy controls, potentially due to 

their ongoing pain experiences in daily-life which might affect the salience networks in 

the brain[53]. If so, patients might have been less influenced by the sham activation of 

the TENS device, i.e., the external (placebo/nocebo) cue. However, preliminary findings 

e.g., on a heartbeat perception task, have shown a reduced awareness in fibromyalgia 

patients compared to healthy controls[54,55]. Thus, further research is warranted on the 

interoceptive awareness of pain and attention to placebo/nocebo cues in fibromyalgia.

Moreover, patients with fibromyalgia have been previously found to suffer from 

contingency learning deficits where safety cues in the environment could not be distinctly 

identified[22,24]. Potentially, the inability to identify safe pain cues from unsafe ones may 

have implications for the strength of nocebo hyperalgesia induction, although the current 

data is insufficient to support this argument. To get a better insight into whether the US-CS 

contingency awareness plays a role in nocebo learning, future research could consider 

including additional measurements of contingency awareness between the experimental 

and control (i.e., safety) cues during the testing phase. This could be useful in identifying 

whether the ability to learn the predictive cues in the environment (contingency learning) 

intersects with expectations of adverse treatment outcomes (nocebo effects).
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The same experimental procedures were repeated at follow-up. The overall magnitudes 

of nocebo effects and their extinction did not statistically differ across sessions. However, 

group differences observed during baseline were no longer clearly present during follow-

up, which could be potentially explained by two things. Firstly, nocebo learning might 

have been more strongly reinforced in patients than healthy controls after repeating 

the experimental procedure for a second time. Secondly, due to drop-outs, a smaller 

sample was included in the follow-up analyses than in the baseline analyses, which might 

have influenced the group effects in the follow-up session. A closer look into the recall 

testing phase tells us that the magnitude of nocebo effects recalled after one month was 

comparable to the magnitude of effects remaining after the extinction procedure during 

the baseline session. The passing of one month probably had no additional influence on 

the further extinction of nocebo effects. Also, no spontaneous recovery[56], i.e., return 

of nocebo effects, was detected during recall testing phase. Although the inclusion of 

the recall-testing phase was necessary in the study design, its potential interference on 

the subsequent nocebo conditioning procedure cannot be ruled out; nevertheless, our 

manipulation check indicates that participants did not detect any discrepancy in the DNS 

device function throughout the experiment and regular breaks were included to reduce 

any contrast between procedures. A study limitation was that our conclusions on the 

stability of nocebo induction could not be based on a pure comparison between the 

nocebo induction procedures in both sessions, as the potential influence of additional 

procedures which took place in between, i.e., extinction procedure during baseline and 

recall testing phase, cannot be overlooked. Future studies might consider including a 

control group without these additional manipulations to purely examine the role of 

follow-up period length on nocebo stability. Also, longer follow-up periods might present 

different outcomes in stability, especially if disease progression also occurs on the side.

As a study limitation, the potential influence of floor effects due to small nocebo scores 

cannot be ruled out entirely. The generalizability of our findings using the nocebo 

conditioning paradigm on pressure pain requires further replication in healthy and chronic 

pain populations. Moreover, the pain sensitization observed in the current study was 

unique, and this issue has not been raised previously in nocebo studies using pressure 

pain or other pain modalities[5,11,57]. During extinction, an overall increase in pain 

ratings was observed as a result of pain sensitization; our sensitivity analyses suggest that 

extinction took place once the nocebo effects were induced in either group. Considering 

that conditioned nocebo responses are common in clinical practice[6], future research 

is recommended to take these points into consideration when designing nocebo studies 

in chronic pain conditions.

4
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To conclude, the current study is first to investigate group differences in conditioned 

nocebo effects in patients with a chronic pain condition and healthy controls. Contrary 

to our expectations, we did not find stronger nocebo effects on pressure pain in patients 

with fibromyalgia compared to healthy controls, if anything, patients might be less, or 

potentially equally, responsive to the experimental manipulation of nocebo effects as 

compared to healthy controls. This finding could be related to the current methodological 

limitations as well as the potential learning differences in patients. Moreover, the overall 

magnitudes of nocebo effects and their extinction were stable over 1-month. Considering 

that conditioned nocebo responses are common in clinical settings, further investigation 

of nocebo effects is essential to minimize their detrimental role during treatment.
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CHAPTER 4 SUPPLEMENTARY MATERIALS

Supplemental File I
Formulas used during pressure pain calibration

Step 1: Ascending Series
During this step, participants receive an increasing amount of pressure stimuli (kgf/cm2) 

and rate their subjective pain intensity after each stimulus (0-10 Numeric Rating Scale 

(NRS)). When a certain pain threshold has been reached (> 5.5 NRS), the Ascending Series 

stops. Based on the participant ratings, 5 pressure stimulus intensities are calculated that 

are to be used during Randomized Series. This is done by taking the stimulation intensities 

on which the lowest (highest stimulus intensity rated between 0-1) and the highest 

(highest stimulus intensity rated between 4.5-5.5) pain rating was given, and calculate the 

3 values that lie in between (with equal distances between each two subsequent values), 

ending up with 5 intensities in total. If participants did not rate their pain between 0-1 or 

the 4.5-5.5 ranges, the adjustments were made by E-prime using the following formulas:

• Lowest pressure intensity:
 If there are no pressure intensities that are scored 0-1, the lowest possible pressure 

intensity (1 kgf/cm2) will be chosen.

• Highest pressure intensity:
 Interpolation: When there are no pressure intensities rated between 4.5-5.5, the 

highest pressure intensity is calculated using the first pain rating higher than the 

higher bound (5.5) and the first pain rating that is lower than the lower bound (4.5). 

These ratings are then used to interpolate and calculate the pressure intensity that 

corresponds to the middle value of the highest pressure intensity (5.0).

 Extrapolation: When there are no pressure intensities rated between 4.5-5.5, and no 

pressure intensities rated lower than the lower bound (4.5) or no pressure intensities 

rated higher than the higher bound (5.5) , the two pressure intensities corresponding 

to the first two ratings higher than the higher bound, or the first two ratings lower 

than the lower bound, respectively, are used to extrapolate the pressure intensity 

that corresponds to the middle value of the highest pressure intensity (5.0).

Step 2: Randomized Series
During this step, participants receive each of the 5 pressure intensities 3 times. This 

results in a total of 15 pressure stimuli. Using ratings of the pressure intensities entered 

in randomized series, 3 pressure intensities that are directly used in the experiment are 

calculated. These pressure intensities correspond to: no pain (0-1), slight pain (2-3), and 

moderate pain (4.5-5.5).

4
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• No Pain:
 Extrapolation: When there are no pressure intensities rated between 0-1, the two 

pressure intensities corresponding to the first two ratings higher than the higher 

bound (1) are used to extrapolate the pressure intensity that corresponds to the 

middle value of no pain range (0.5).

• Slight Pain:
 Interpolation: When there are no pressure intensities rated between 2-3, slight pain 

is calculated using the first pain rating higher than the higher bound (3) and the first 

pain rating that is lower than the lower bound (2). These ratings are then used to 

interpolate and calculate the pressure intensity that corresponds to the middle value 

of the slight pain range (2.5).

 Extrapolation: When there are no pressure intensities rated between 2-3, and no 

pressure intensities rated lower than the lower bound (2) or no pressure intensities 

rated higher than the higher bound (3), the two pressure intensities corresponding 

to the first two ratings higher than the higher bound, or the first two ratings lower 

than the lower bound, respectively, are used to extrapolate the pressure intensity 

that corresponds to the middle value of the slight pain range (2.5).

• Moderate Pain:
 Interpolation: When there are no pressure intensities rated between 4.5-5.5, 

moderate pain is calculated using the first pain rating higher than the higher bound 

(5.5) and the first pain rating that is lower than the lower bound (4.5). These ratings 

are then used to interpolate and calculate the pressure intensity that corresponds to 

the middle value of the moderate pain range (5.0).

 Extrapolation: When there are no pressure intensities rated between 4.5-5.5, and no 

pressure intensities rated lower than the lower bound (4.5) or no pressure intensities 

rated higher than the higher bound (5.5), the two pressure intensities corresponding 

to the first two ratings higher than the higher bound, or the first two ratings lower 

than the lower bound, respectively, are used to extrapolate the pressure intensity 

that corresponds to the middle value of the moderate pain range (5.0).

Step 3: Calibration Check
During this step, participants receive the 3 pressure intensities calculated during the 

Randomized Series for a final check. No pain intensity (0-1) is presented twice, slight 

pain intensity (2-3) is presented thrice, and moderate pain intensity (4.5-5.5) is presented 

twice in a randomized order, where the no pain and moderate pain intensities are never 

presented subsequently (or other way around). No adjustment is necessary when at least 

1/2 no pain intensities, 2/3 slight pain intensities, and 1/2 moderate pain intensities are 

rated within the correct ranges.
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• No Pain:
 When none of the no pain intensities were rated 0-1, extrapolation to a pain rating 

of 0.5 is used to adjust the no pain intensity.

• Slight Pain:
 When none of the slight pain intensities were rated 2-3, interpolation or extrapolation 

to a pain rating of 2.5 is used to adjust the slight pain intensity. When only one of the 

slight pain pressure intensities were rated in the slight pain range, interpolation or 

extrapolation is still used, using this one rating within the slight pain range.

• Moderate Pain:
 When none of the moderate pain intensities were rated 4.5-5.5, interpolation or 

extrapolation to a pain rating of 5.0 is used to adjust the moderate pain intensity.

Note on the interpolation/extrapolation: When the first two (or three, however much) 

pressure intensities higher than the higher bound or lower than the lower bound have 

the same rating, the median of these pressure intensities and the pressure intensity 

corresponding to the next rating is used for extrapolation. However, when the first two (or 

three, however much) pain ratings higher than the higher bound and lower than the lower 

bound have the same pressure intensities, nothing is done. When the pressure intensities 

used for interpolation are the same, the interpolation will result in the same pressure 

intensity. Same for extrapolation, when the pressure intensities used for extrapolation 

are the same, the extrapolation will result in the same pressure intensity.

4
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Supplemental File II

Results from the sensitivity analyses

Sensitivity Analyses
It was identified that nocebo effects were induced in 65% of all participants (54% of 

patients and 78% of healthy controls) in session 1, i.e., the difference scores after nocebo 

conditioning were above zero. In session 2, this was the case in 66% of all participants 

(62% of patients and 70% of healthy controls). 43% of all participants (37% of patients 

and 52% of healthy controls) participating in both sessions were nocebo responders in 

each session. As part of sensitivity analyses, the same analyses for the extinction of 

nocebo effects were conducted for only the nocebo responders. To assess the extinction 

efficacy in session 1, a 2 x 2 mixed-design ANOVA analysis was conducted with 43 nocebo 

responders (patient N = 18; healthy control N = 25). The results showed no significant 

interaction effect (F(1,41) = 1.45, p = .23, ηp
2= .03) nor a main effect of group (F(1,41) = .24, 

p = .63, ηp
2 = .01), but there was a significant main effect of time (F(1,41) = 38.78, p < 

.001, ηp
2 = .49). After extinction in session 1, the mean difference score was significantly 

reduced by 0.43 (SE = .07) NRS points across groups. Moreover, to investigate the 

extinction efficacy in session 2, the same 2 x 2 mixed-design ANOVA was conducted with 

37 nocebo responders from session 2 (patient N = 18; healthy control N = 19). The results 

showed no significant interaction effect (F(1,35) = .35, p = .56, ηp
2= .01) nor a main effect 

of group (F(1,35) = .45, p = .51, ηp
2 = .01), but there was a significant main effect of time 

(F(1,35) = 4.35, p = .04, ηp
2 = .11). After extinction in session 2, the mean difference score 

was significantly reduced by 0.28 (SE = .13) NRS points across groups.

Moreover, to investigate the stability of nocebo reduction between groups and across 

sessions, the same 5 x 2 mixed-design ANOVA analysis was conducted with 22 participants 

(patient N = 8; healthy control N = 14) who were nocebo responders in both sessions. The 

results showed no interaction effect (F(4, 80) = .16, p = .96, ηp
2 = .01) nor a main effect of 

group (F(1,20) = .009, p = .92, ηp
2 = .00), but there was a significant main effect of time (F(4, 

80) = 8.65, p < .001, ηp
2 = .30). Similar to earlier findings, Bonferroni-corrected pairwise 

comparisons between extinction in session 1 and the recall testing phase in session 2 

were not statically different (p = .10) and neither was the comparison between extinction 

in session 1 and 2 (p = .07).

Moreover, removing 3 patients with FS <12 did not significantly influence the findings on 

the induction and extinction of nocebo effects in both sessions.
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Furthermore, there were no statistically significant associations in the magnitude of 

nocebo effects between sessions in the patient group (r(25)= .22, p = .27) nor in the 

healthy control group (r(25)= .07, p = .74). After pooling the samples, the results were 

the same (r(52)= .18, p = .18).

Results without the exclusion of outliers

Induction of nocebo effects in session 1
Without excluding one patient outlier, the results no longer showed an interaction 

effect (F(1,67) = 2.81, p = .09, ηp
2 = .04), nor a main effect of group (F(1,67) = .01, 

p = .93, ηp
2 = .00), but there was a significant main effect of trial type (F(1,67) = 21.67, 

p < .001, ηp
2 = .24), where mean pain ratings were significantly higher in experiments 

trials (M = 4.24, SE = 0.20) compared to control trials (M = 3.79, SE = 0.21), indicating that 

nocebo effects were induced across groups.

Extinction of nocebo effects in session 1
Without excluding two patient outliers, the results no longer showed an interaction 

effect (F(1,67)= 2.84, p = .09, ηp
2 = .04), nor a main effect of group (F(1,67)=1.09, p = .29, 

ηp
2 = .02), but there was a significant main effect of time (F(1,67) = 4.63, p = .04, ηp

2 = .06), 

with a significant reduction of nocebo effects of 0.23 NRS points (SE = .10) after extinction 

across groups (p = .04).

4
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Supplemental File III

Assessment of prior experience with a TENS device

During baseline questionnaire assessment, all participants were asked to categorically 

indicate (yes/no) to their prior knowledge of and experience with a TENS device, and in 

case of experience whether they found it was effective in reducing pain.

Statistical Analyses

Frequency of responses were calculated. As a manipulation check, 6 One-Way ANOVAs 

were conducted to investigate whether:

1. Prior TENS knowledge influenced nocebo response (in sessions 1 and 2)

2. Prior TENS experience influenced nocebo response (in sessions 1 and 2)

3. Prior TENS efficacy influenced nocebo response (in sessions 1 and 2)

Bonferroni corrections were applied, where a p-value below .008 was considered 

statistically significant

Results

Only a small number of participants had prior knowledge of (Npatient = 17, Nhealthy = 3) 

and experience with (Npatient = 8) a TENS device. Amongst those who have experience, 4 

patients found that it was effective in reducing pain.

Regarding TENS, neither having knowledge (session 1 F(1,68) = .22, p = .64; session 2 

F(1,55) = .52, p = .47), experience (session 1 F(1,68) = .05, p = .82; session 2 F(1,55) = .03, 

p = .86), nor perceived efficacy (session 1 F(1,8) = 4.38, p = .08; session 2 F(1,4) = 1.86, 

p = .27) influenced nocebo responses.
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