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Abstract:

Objective: Induction of negative affective states can enhance bodily symptoms in high
habitual symptom reporters among healthy persons, and in patients with irritable bowel
syndrome. The aim of this study was to replicate this effect in patients with fibromyalgia and
chronic fatigue syndrome and to investigate the role of moderators, focusing on alexithymia,
negative affectivity (NA) and absorption.

Methods: Patients with fibromyalgia and/or chronic fatigue syndrome (N=81) and healthy
controls (HC, N=41) viewed series of neutral, positive and negative affective pictures. After
every picture series, participants filled out a somatic symptom checklist and rated emotions
experienced during the picture series on valence, arousal and perceived control.

Results: Patients reported more somatic symptoms after viewing negative pictures (least
square mean (LSM) = 19.40, standard error (SE) = 0.50) compared to neutral (LSM = 17.59,
SE = 0.42; p < 0.001) or positive (LSM = 17.04, SE = 0.41; p < 0.001) pictures, while somatic
symptom ratings of HC after viewing negative picture series (LSM = 12.07, SE = 0.71) did
not differ from ratings after viewing neutral (LSM = 11.07; SE = 0.59; p = 0.065) or positive
(LSM = 11.10, SE = 0.58; p = 0.93) pictures. NA did not moderate the symptom-enhancing
effect of negative affective pictures, whereas the alexithymia factor ‘difficulty identifying
feelings (DIF)’ and absorption did (p = 0.016 and p = 0.006, respectively).

Conclusion: Negative affective states elicit elevated somatic symptom reports in patients
suffering from fibromyalgia and/or chronic fatigue syndrome. This symptom-enhancing effect
is greater in patients having higher difficulty to identify feelings and higher absorption scores.

The results are discussed in a predictive coding framework of symptom perception.

Key words: Fibromyalgia, Chronic Fatigue Syndrome, negative affect, alexithymia,

absorption, somatic symptom reporting
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List of abbreviations

CFS = Chronic Fatigue Syndrome

DIF = difficulty identifying feelings

FetCO, = fractional end-tidal CO,

FMS = Fibromyalgia Syndrome

FSS = functional somatic syndromes

HC = healthy controls

IAPS = International Affective Picture System
NA = negative affectivity

SAM = Self-Assessment Manikin

SCL = skin conductance levels
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Introduction

Functional somatic syndromes (FSS), like fibromyalgia syndrome (FMS) and chronic fatigue
syndrome (CFS), are characterized by chronic and debilitating somatic symptoms
insufficiently explained by physiological dysfunction. Although the complex and
multifactorial nature of FSS is not completely understood, one clue is the higher prevalence of
mood and anxiety disorders in FSS (1). FSS patients score higher, on average, on personality
traits associated with disturbed emotional processing such as negative affectivity (NA) and
alexithymia, compared to healthy controls and patients with comparable symptoms
originating from diseases with clear physiological dysfunction (1-3). NA can be defined as
the tendency to experience negative emotional states (4). Alexithymia refers to a general
deficit in emotion processing and regulation (5), comprising difficulty identifying feelings
(DIF), difficulty describing feelings and externally-oriented thinking (6). Particularly the DIF-
scale is associated with FSS (2).

Recent theoretical accounts that rely on a predictive coding framework suggest that symptoms
experienced by FSS patients can be understood within a general account of symptom
perception (7). In this framework, the experience of symptoms is seen as the end-result of an
inferential process in which the brain interprets and modulates interoceptive input in the light
of “predictions” (priors) about the cause of this input. Depending on their relative precision
(statistical confidence), the eventual percept may be more determined by priors or by
prediction errors related to somatosensory input (7). Contextual cues (such as affective state),
characteristics of the person (such as personality traits or past experiences) and their
interactions may influence the relative contribution of priors and prediction errors in the
symptom experience (8,9), see Figure 1. Consequently, the relationship between physiological

dysfunction and the conscious experience of symptoms may vary between and within persons.

In this sense, FSS may represent one extreme end of this continuum: somatic symptom
experiences seem to be determined largely by priors predicting symptoms and only to a small

extent by somatosensory input. Several experimental studies have shown that persons with
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high habitual symptom levels and patients with FSS show a reduced within-person
correspondence between induced physiological changes and self-reported symptoms (10-11).
In addition, brain imaging studies have revealed that FSS patients show stronger activation of
affective networks after symptom induction (12,13). This pattern of results suggests that
elevated symptom reports in FSS patients reflect stronger affective responding to
interoceptive information, possibly at the expense of detailed sensory-perceptual processing.
In this framework, interoceptive information resulting from negative affective states might be
interpreted by the brain as symptoms indicative of physical dysfunction when confidence in
symptom-related priors is high, and when prediction errors related to somatosensory input are
imprecise (low signal-to-noise ratio). A number of studies showed that the mere induction of
negative affective states through picture viewing while assessing symptom reports leads to
elevated physical symptom reports, particularly in healthy high habitual symptom reporters
(14-16) and in patients with irritable bowel syndrome (IBS; 17), while no group differences
were found in physiological arousal while viewing the pictures. In addition, it appeared that
this effect was more pronounced in persons who also had difficulty to identify feelings (DIF),
and who were more easily absorbed and immersed in sensory and emotional experiences
(absorption; 15,18).

The first goal of this study was to replicate these results in a new group of FSS patients,
namely FMS/CFS patients. We expected that patients, more so than healthy controls, would
report more physical symptoms after viewing negative compared to positive or neutral
pictures. The second goal of this study was to investigate the role of potential moderators in
this patient group. For instance, patients may vary regarding NA, which may affect the
intensity of the affective states as induced by the pictures and, consequently, the degree of
overlap between negative affective states and aversive somatic sensations. Furthermore, we
wanted to investigate if this effect would be more pronounced in patients with difficulty
identifying feelings (DIF) and absorption, as has been found in healthy high habitual

symptom reporters (15).
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Methods

Participants

Patients with a doctor-based diagnosis of CFS and/or FMS were recruited through the
Psychiatry Departments of University Hospital Gasthuisberg (Leuven) and East Limburg
Hospital (Genk) and through the Rheumatology Center in Genk. After inclusion, participants
also filled out a questionnaire checking for the 1994 CDC criteria of CFS (19) and the 2010
ACR criteria for FMS (20). Exclusion criteria for patients were a body mass index > 35,
pregnancy, an electronic implant, uncorrected hearing problems, alcohol- or drug dependence,
anorexia or bulimia nervosa, a history of psychosis and a chronic cardiovascular, respiratory
or neurological disorder. Patients were first informed about the study by their physician, who
brought them in contact with the researcher if they were interested in participating. After
recruiting about half of the patient sample, recruitment of healthy controls (HC) started
through local advertisement. An additional exclusion criterion for HC was any history of
psychiatric disorders. To have sufficient power for the analyses concerning possible
moderators within the patient group, we decided to recruit double the number of patients to
HC. In order to have a similar distribution of age and sex in patients and HC, HC were
recruited by means of frequency sampling: HC could only participate if sufficient patients
from the same age range (18-20; 21-25; 26-30; and so on) and of the same sex had
participated. This was accomplished by advertising for specific age ranges. For the sake of
simplicity, sampling based on age and sex was carried out independently from each other.
Taking into account the 2:1 ratio between patients and HC, the minimal required total sample
size was 102 (34 controls, 68 patients) for a power of 0.95 in detecting medium sized effects
at a= 0.05. All participants provided written informed consent at the start of the study.
Participants were asked to abstain from smoking, caffeine and sports for four hours prior to
the test session, and from alcohol 24 hours prior to the test session. The study was approved

by the Medical Ethical Committees of the University Hospital Gasthuisberg, Leuven and East
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Limburg Hospital, Genk. All participants received financial compensation of 75 euros and

travel costs.

Design

This study was part of a larger study involving four experimental paradigms administered to
the same participants, aiming to investigate symptom perception in FMS and CFS patients.
Participants went through the MINI Neuropsychiatric Interview (21), filled out an online
questionnaire battery at home and participated in a test session in the hospital. Only the results
of the picture viewing paradigm are reported here. Data collection took place between

October 2014 and December 2016.

Affective stimuli

Two hundred and sixteen pictures were selected from the International Affective Picture
System (IAPS) and were grouped into three categories (positive, negative, neutral; 72 pictures
per category) based on normative data (22). Pictures within one picture category had similar

valence and arousal ratings in the normative data. Only low disgust pictures were included.

Materials and apparatuses
Dependent variables

Affective evaluation of each picture series was assessed with the digital Self-Assessment
Manikin system (SAM; 23). Participants rated their affective state during picture viewing on
the dimensions valence (very sad — very happy), arousal (very calm — very excited) and
perceived control (very low — very high perceived control) on a continuous scale (range 0-18).
This method is a widely used and valid way to assess affective responses (23).

Physical symptoms experienced during picture viewing were measured with a symptom
checklist rating ten physical symptoms on a 5-point (1: not at all — 5: very strong) Likert

scale. The following symptoms were assessed: tight feeling in the chest, heart pounding,
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stomachache, headache, fatigue, difficulty breathing, faster heart rate, nausea, dizziness,
muscle ache. This resulted in a symptom score ranging from 10-50. This checklist has

previously been used in similar paradigms (15,16).

Trait Questionnaires

Negative affectivity (NA) was measured with the NA scale of the trait version of the Positive
and Negative Affect Schedule (PANAS; 24). The respondent has to indicate on a 5-point
Likert scale how often they experience ten negative emotions in daily life. The NA scale has
been shown to have adequate construct validity and internal consistency (Chronbach’s o =
0.89; 25), and high stability (test-retest reliability, r = 0.81; 24).

Alexithymia was measured with the Toronto Alexithymia Scale (TAS-20; 6), which consists
of 20 statements measured on a five-point scale (completely disagree — completely agree).
Only the difficulty identifying feelings (DIF) subscale (range 7-35) was used in this study.
The DIF scale has been shown to have acceptable internal consistency (Chronbach’s o = 0.78)
and good construct validity (26), and the TAS-20 has been shown to have adequate stability
(test-retest reliability, r = 0.77; 6).

Absorption was measured with the Tellegen Absorption Scale (27). Participants indicate
whether each of 39 statements apply to them (true/not true). Total scores range from 0-39,
with higher scores indicating higher levels of absorption. The scale has been shown to have
high internal consistency (Chronbach’s a = 0.88) and stability (test-retest reliability, r = 0.91;

27).

Physiological recordings
Heart rate, skin conductance levels and fractional-end tidal CO, (FetCO,) levels were
recorded continuously in order to assess physiological arousal during picture viewing.
Three disposable ECG electrodes (diameter 24mm, Kendall™) were placed under the left and

right clavicle and at height of the left lower ribs to measure heart rate. The signal was sampled
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at 1000 Hz and fed into a Couldbourn V75-04 Bioamplifier (Allentown, PA). The ECG
recording was visually inspected and processed offline with Artiifact (28). Average heart rate
during each picture series was derived from the R-R intervals.

Skin conductance levels (SCL) were recorded with two reusable 8-mm electrodes filled with
K-Y jelly placed on the palm of the non-dominant hand. The signal was sampled at 10Hz and
fed into a Couldbourn VV75-04 Bioamplifier (Allentown, PA). SCL recordings were visually
inspected and processed offline in MatLab R2015a (Mathworks inc, Massachusetts, USA).
Average SCL in the ten seconds prior to the start of a picture series were subtracted from
average SCL during that picture series. The difference scores were logarithmically
transformed (log10(difference score + 3.10)); the constant was added to handle negative
scores.

FetCog,, an index of breathing in excess of metabolic needs, was measured with a nose cannula
connected to an infrared capnograph (Poet RC, Criticare, Milwaukee, USA in East-Limburg
Hospital; Capnogard, Novametrix, Wallingford, USA in the University Hospital of Leuven).
FetCO, data was recorded at 50H. The signal was visually inspected and processed offline

with PSPHA (29). Average FetCO, was calculated for each picture series.

Procedure

During the picture viewing experiment, participants viewed three series of pictures (neutral,
positive, negative). For every participant, 60 pictures (20 for each series) were randomly
selected from the IAPS picture pool. Each series consisted of 1) a 40-second baseline, in
which “The picture series will start in a few moments” was presented on the screen, and 2) a
160-second picture series (20 pictures viewed for eight seconds each). The order of the
pictures within one series was randomized, the order of the series was counterbalanced across
participants. Heart rate, SCL and FetCO, levels were measured continuously during picture

viewing
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After every picture series, participants rated the picture series on valence, arousal and
perceived control using the SAM ratings scale, and filled out the symptom checklist. There
was a one-minute break in between the ratings and the start of the new picture series.
Statistical analysis

To investigate differences between patients and HC in symptom reporting after picture
viewing, separate mixed model analyses with picture category as within-subject factor and
group as between-subject factor were carried out on different dependent variables: valence
ratings, arousal ratings, perceived control ratings, symptom checklist scores, heart rate, SCL
and FetCO2. We expected that more symptoms would be reported after negative vs. neutral
and positive pictures, and that this effect would be more pronounced in patients than in HC.
We expected no differences in physiological measures. Because of the unbalanced design,
follow-up comparisons (t-tests with stepdown Bonferroni correction) were made both in the
case of a significant main effect of group and in the case of a significant group*picture series
interaction effect.

To investigate moderation effects of individual difference variables on symptom reporting
after picture viewing within the patient group, similar analyses were carried out on the patient
group alone, with picture category as within-subject factor and each of the trait variables (NA,
absorption and DIF) as between-subject variables in separate analyses. When appropriate,
follow-up comparisons were made with post-hoc t-tests with Tukey-Kramer correction for
multiple comparisons. We expected that particularly patients scoring high in NA, absorption,
or DIF, would report more symptoms after negative compared to positive/neutral picture
viewing. When one of the trait variables appeared a significant moderator of this effect, we
investigated the mediator role of that trait in the association between patient status (patients
vs. HC) and the effect of affective state on symptom reporting with a simple mediation
analysis using ordinary least squares path analysis (30). The effect of affective state on

symptom reporting was quantified as ‘symptoms after negative series — (Symptoms after
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neutral series + symptoms after positive series)/2)’ and this newly created variable was used
as the dependent variable in the mediation analysis.
All analyses were carried out with SAS 9.4. The mediation analyses were performed with the

PROCESS procedure for SAS (30).

Results

Sample characteristics

Eighty-one patients (mean age: 42.11, SD = 40.62; 71 women) and 41 HC (mean age: 42.37,
SD = 11.38; 36 women) participated in the experiment. All participants were white. Thirty-
nine patients (49.4%) met the criteria for both CFS and fibromyalgia as determined by the
1994 CDC criteria for CFS (19) and the 2010 ACR criteria for fibromyalgia (20). Thirty-four
patients (43.0%) met the criteria for fibromyalgia, but not for CFS. Two patients met the
criteria for CFS alone, and four patients did not meet the criteria for CFS or fibromyalgia
(Table 2). Because these four patients had a recent doctor-based diagnosis, they were not
excluded from the study. Patients fulfilling the criteria for fibromyalgia alone did not differ
from patients fulfilling the criteria for both fibromyalgia and CFS with regards to NA, DIF or
absorption. Moreover, there was no main or interaction effect of diagnosis on symptom,
valence, arousal or control ratings. Therefore, in the remainder of the analyses, the patient
group was treated as a whole.

Descriptive sample statistics are displayed in Table 1. Briefly, patients scored higher on NA
and DIF compared to HC, whereas no difference was found for absorption. Prevalence of
psychiatric comorbidities and medication use in the patient group are displayed in Table 2.
Heart rate data of 11 subjects (3 HC, 7 patients), FetCO, data of 14 subjects (1 HC, 13
patients) and skin conductance data of 9 subjects (5 HC, 4 patients) could not be used due to

technical problems. Two patients did not fill out the online questionnaire battery.
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Patients vs. HC: SAM-ratings (Table 3)

SAM-ratings for arousal and control were moderately correlated across the different picture
categories (0.25 < r < 0.53 for arousal ratings, 0.49 < r < 0.76 for control ratings). Valence
ratings for the positive and neutral condition were significantly correlated to each other (r =
0.37), but were not correlated to valence ratings in the negative condition. A main effect of
group (patients vs. HC) was found for valence ratings (F1120 = 7.73, p = 0.006) and control
ratings (Fi1110=10.84, p = 0.001), but not for arousal ratings (F1120 = 1.14, p = 0.29). Patients
overall rated the picture series as more unpleasant and had lower feelings of control in all
picture series. No significant group x picture type interaction effects were found for the SAM-
ratings. However, follow-up analyses showed that the effect of group on valence ratings was
significant in the positive (t120 = 1.52 , p = 0.042) but not in the neutral (ti20 = 2.58, p = 0.22)

or negative (t120 = 2.49, p = 0.22) picture category.

Patients vs. HC: symptoms (Table 3)

Symptom ratings were highly correlated across the different picture categories (0.81 < r <
0.93). There was a main effect of picture category (F»120 = 15.67, p < 0.001) and group (F1.120
=85.92, p < 0.001) on symptom ratings, and a trend for a group x picture category interaction
effect (F2120 = 2.66, p = 0.074). Follow-up tests indicated that patients reported significantly
more symptoms in the negative compared to the neutral (t10 = 5.89, p < 0.001) and positive
(t120 = 6.57, p < 0.001) picture category, and reported less symptoms in the positive compared
to the neutral (tio = 2.74, p = 0.029) picture category. However, there were no significant
differences between picture categories in the control group (ti20 = 1.93, p = 0.11 for negative
VS positive, tjo = 2.32, p = 0.065 for negative vs neutral, tizo = 0.09, p = 0.93 for neutral vs

positive).
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Patients vs HC: physiological data

No main or interaction effects were found for heart rate or FetCO,. Patients had overall higher
SCL (main effect of group: F1111 = 4.70, p = 0.032) while watching the picture series, but
SCL did not differ between picture categories (picture category: F, 113 = 0.99, p = 0.37; picture

category x group: Fz111=2.33, p = 0.10).

Within patients: effect of negative affectivity

Patients scoring higher on NA reported more symptoms after watching all picture series (main
effect of NA: F173 = 7.02, p = 0.010). However, this effect did not differ by picture series
(picture category x NA interaction effect: F, 75 = 0.24, p = 0.79). Patients scoring high on NA
also found the picture series overall more unpleasant (F17s = 5.29, p = 0.024) and more
arousing (Fy17s = 6.88, p = 0.010), and felt overall less in control while watching the picture
series (F17s = 9.16, p = 0.003). The picture category x NA interaction effects were not
significant for valence, arousal and control ratings. NA was unrelated to physiological

measures during picture viewing.

Within patients: effect of absorption

A significant absorption x picture category effect on symptom ratings (F,77 = 5.39, p = 0.006)
and a trend for a main effect of absorption on symptom ratings (F1 77 = 3.90, p = 0.052) was
found. Follow-up analyses indicated that while symptom ratings were significantly higher in
the negative versus neutral or positive picture series for patients with higher absorption scores
(all p-values < .001 when absorption = average or 1 SD above average), symptom ratings
didn’t differ between picture categories for patients with lower absorption scores (p = 0.16 for
negative vs. positive and p = 0.17 for negative vs neutral for patients with absorption scores 1
SD below average), see Figure 2. Absorption scores were unrelated to valence and arousal

ratings and to physiological measures during picture viewing.
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Within patients: effect of difficulty identifying feelings

A significant DIF x picture category effect on symptom ratings (F27s = 4.33, p = 0.016) was
found. The main effect of DIF on symptom ratings was not significant (F; 7= 0.87, p = 0.35).
Follow-up analyses indicated that while symptom ratings were significantly higher in the
negative versus neutral or positive picture series for patients with higher DIF scores (all p-
values < 0.001 when DIF = average or 1 SD above average), symptom ratings did not differ
significantly between different picture categories for patients with lower DIF scores (p =
0.052 for negative vs. positive and p = 0.20 for negative vs neutral for patients with DIF
scores 1 SD below average), see Figure 3. Patients scoring higher on DIF rated all picture
series as more unpleasant (main effect of DIF on valence ratings: F1 75 = 5.78, p = 0.019) and
felt less in control during the picture viewing (main effect of DIF on control ratings: F;7s =
5.35, p = 0.023). No significant interaction effects were found. DIF was unrelated to arousal

ratings and physiological measures.

Mediation analyses

The total effect of patient status on the symptom difference score was significant (¢ = 1.14, p
= 0.039), indicating that patient status was associated with the symptom difference score
when DIF or absorption were not taken into account.

Patient status was significantly associated with DIF (a = 5.551, p < .0001) and DIF was
significantly associated with the symptom difference score (b= 0.147, p = 0.004). Most
importantly a bias-corrected bootstrap confidence interval for the indirect effect (ab = 0.817)
based on 10 000 bootstrap samples did not include zero (0.0942 — 2.391), supporting the
hypothesis of DIF as a mediator. The direct effect of patient status on the symptom difference
score was not significant (¢’ = 0.327, p = 0.59), indicating that patient status was not
significantly associated with the symptom difference score when DIF was taken into account,
supporting the hypothesis that the relationship between patient status and affective modulation

of symptom reporting is fully mediated by DIF (Figure 4).
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Patient status was not associated with absorption (a = -1.292, p = 0.36). Therefore, we did not

perform the mediation analysis on absorption.

Discussion

Eighty-one patients diagnosed with FMS and/or CFS and 41 HC viewed a negative, positive
and neutral picture series. After each picture series, participants rated their emotional state on
valence, arousal and perceived control, and filled out a symptom checklist. We expected that
1) participants would report more somatic symptoms after watching negative compared to
neutral and positive pictures, 2) this effect would be larger in FSS patients compared to HC,
and 3) this effect would be more pronounced in patients with higher NA, DIF and absorption.

Overall, participants reported more somatic symptoms after viewing negative compared to
neutral and positive pictures. In contrast to our expectations, the group X picture category
interaction effect did not reach significance, suggesting an equal effect of negative mood on
symptom reporting for patients and HC. However, the interpretation of this interaction effect
is complicated by the unbalanced design. Follow-up analyses indicated that the effect of
picture category on symptom reporting was significant in the patient group but not in the
healthy control group, confirming our first two hypotheses. These results corroborate earlier
findings from our group obtained in non-clinical high habitual symptom reporters (14-16).
Like in these previous studies, this difference could not be explained by group differences in
state NA, arousal or physiological activity in the negative picture series.

In a predictive coding framework of symptom perception, the conscious experience of
symptoms is the end-result of an inferential process in which somatosensory input is
interpreted and modulated by the brain in the light of “priors” about the cause of the
somatosensory input through a hierarchical prediction error minimization process. Prediction
errors are defined as the portion of input that is not predicted by the prior. The relative
contribution of the prior and the somatosensory input to the subjective experience depends on

their relative precision (7,31). More confident priors and less precise prediction errors

Copyright © 2017 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



resulting from somatosensory input (low signal-to-noise ratio) will result in a larger influence
of the prior on the final percept (Figure 1). The paradigm described in this study is set up in
such a way that somatosensory input is low and thus imprecise (no explicit symptom
induction), while symptom-related priors might gain confidence by prompting the participants
for symptoms with the symptom checklist. In negative affective states, prediction errors
resulting from priors predicting somatic dysfunction and prediction errors resulting from
priors predicting negative affective states may largely overlap. This might especially be the
case in FSS patients, who have an augmented affective-motivational response to somatic
stimuli, possibly at the cost of detailed perceptual-sensory processing (10-13). Assuming that
FSS patients have more confident symptom-related priors (strengthened by regular doctor
visits, high health anxiety, ...), priming such priors through a symptom questionnaire while
inducing negative affective states will result in FSS patients reporting more symptoms in
negative compared to neutral/positive affective states.

The second aim of this study was to investigate possible moderators of this effect within the
patient group, with a focus on NA, DIF and absorption. It is reasonable to assume that the
relative contribution of priors and prediction errors to the eventual symptom experience varies
within the FSS patient group. Individuals high in NA are known to have an increased
motivational-affective response to both affective (32) and somatic stimuli (33). This enhanced
affective processing may go at the expense of detailed sensory-perceptual processing (34),
causing the prediction errors related to negative affective states and somatic symptoms to
largely overlap. Therefore, we expected that patients who scored higher on NA would report
more somatic symptoms after viewing negative affective pictures. While NA was associated
with higher symptom checklist scores overall, this was not dependent on the affective content
of the pictures. Thus, our results did not support the hypothesis that affective modulation of
symptom perception in functional syndrome patients is moderated by NA. However, our
results showed that the influence of negative affective states on somatic symptom reporting

was larger in patients scoring high on DIF and absorption. Individuals scoring higher on DIF
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have more difficulties with regulating emotions. Moreover, it has been suggested that the
inability to correctly identify, classify and interpret emotions is related to an increased
confusion between the changes in bodily states that accompany a negative emotional state and
changes in bodily states that are a sign of disease (i.e., symptoms; 35). DIF might thus express
itself in a reduced detailed sensory-perceptual processing and a larger overlap between
prediction errors related to affective and somatic stimuli. Our follow-up exploratory
mediation analysis further indicated that DIF was a full mediator of the relationship between
patient status and the symptom difference score, suggesting that the difference in affective
modulation of symptom reporting between patients and HC can be explained by a difference
in DIF. The tendency to become absorbed in experiences also acted as a moderator of
affective modulation of symptom reporting within the patient group. Individuals scoring high
on absorption have a heightened focus towards internal sensations (18). In negative affective
contexts, this might lead to a large overlap between affective and somatic prediction errors
and very low precision. Increased interoceptive attention, in combination with confident
priors, might cause the system to selectively sample these signals that confirm symptom-
related priors (7).

Our findings have some important clinical implications. First, we showed that FSS patients
are particularly vulnerable to experience and report somatic symptoms in negative affective
states. Secondly, we demonstrated the importance of alexithymia, and more specifically the
DIF construct, both as a moderator of this effect within the patient group and as a mediator of
the difference between patients and HC in this effect. This implies that FSS patients with high
DIF especially might benefit from treatments training emotion identification/recognition.
Although research on treatments targeting emotional awareness and emotion regulation
strategies in FSS patients is currently lacking (36), results from experimental studies are
promising (37). Third, in accordance with the predictive coding account, patients sensitive to
affective modulation of symptom perception might benefit from treatment reducing precision

of symptom-related priors (e.g. by targeting rumination and reducing health anxiety) and
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augmenting the precision of somatosensory input (e.g. with “interoceptive differentiation
training” and/or by reducing the internally focused attention).

The current study with a well-validated paradigm in a large patient sample showed substantial
variation in the variables of interest (NA, alexithymia and absorption). This made it possible
to draw valid conclusions on possible moderators of affective modulation of symptom
reporting within the patient group. However, comparing the patient group with a substantially
smaller group of HC complicated the interpretation of main and interaction effects involving
patient status. Another issue is that the patient and control group differed inherently on
variables such as medication use, and the presence of psychiatric illnesses such as depression
and anxiety disorders. This is inevitable when recruiting a patient group representative of the
FMS/CFS population, but it may complicate the interpretation of the results. A last drawback
of the study was that the TAS-20, a self-report questionnaire, was used as a measure of
alexithymia. It can be argued that individuals with high levels of alexithymia might not be
well-suited to assess their own ability to deal with emotions (38). Despite this critique the
TAS-20 is still the most used method to measure alexithymia in FSS research (39). However,
future studies focusing on the relationship between alexithymia, state NA and symptom
reporting might benefit from using a multimodal approach to measuring alexithymia.

In sum, we demonstrated that inducing negative affective states elevated somatic symptom
reports, especially in patients suffering from FMS and/or CFS. However, this difference
between patients and HC disappeared when adjusting for differences in DIF. Both DIF and
absorption were significant moderators of the effect within the patient group. These findings
add to our understanding of the affective modulation of symptom perception, and can have

important implications for treatments to reduce somatic symptoms in FSS patients.
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List of figures

Figure 1. Simplified visual representation of the predictive coding perspective on functional
somatic symptoms (see 7 for further elaboration). In cases where a symptom-related prior
(hypothesis about the cause of the somatic input; full line) is precise and the somatic input
(dashed line) is imprecise, the eventual experience (dotted line) will be determined largely by
the prior and to a lesser extent by the somatic input. The precision of the prior is determined
by expectations and previous experiences, while the precision of the somatosensory input is
influenced by the intensity of the input and the amount of detail in sensory-perceptual
processing. Expectations and detail of processing can in turn be influenced by the affective
context and personality traits such as negative affectivity (NA), difficulty identifying feelings
(DIF) and absorption.

Figure 2. Interaction effect between absorption (continuous variable measured by the
Tellegen Absorption Scale) and picture category (neutral vs. positive vs. negative) on
symptom ratings after picture viewing. Symptom ratings were estimated by the full model for
patients (n = 81) with an average, 1 standard deviation below average and 1 standard
deviation above average absorption score. Error bars denote standard errors.

Figure 3. Interaction effect between difficulty identifying feelings (DIF; continuous variable
measured by the Toronto alexithymia scale) and picture category (neutral vs. positive vs.
negative) on symptom ratings after picture viewing. Symptom ratings were estimated by the
full model for patients (n = 81) with an average, 1 standard deviation below average and 1
standard deviation above average DIF score. Error bars denote standard errors.

Figure 4. Simple mediation model for the direct and indirect effect of patient status (patients
(n = 81) vs. healthy controls (n = 41)) on the symptom difference score, mediated by DIF
(difficulty identifying feelings). The model coefficients are reported in unstandardized form.

*xxp < 001,
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Table 1. Sample demographics and average scores and standard deviations for patients (n = 81) and
healthy controls (n = 41) for the trait questionnaires used.

Patients HC Statistics
Mean SD Mean SD t-value df p-value
Age 42.11 10.62 42.37 11.38 0.12 120 0.90
BMI, kg/m2 24.85 4.93 24.41 3.69 -0.55 103.03 0.62
NA 27.40 8.98 15.98 4.67 9.204 118.95 <.001
Alexithymia - DIF 19.58 3.86 14.02 3.97 6.330 106.16 <.001
Absorption 13.68 7.05 14.98 7.74 0.920 118 .35
% N % N X° df p-value*
Sex 0.001 1 0.98
Men 12.3 10 12.2 5
Women 87.4 71 87.8 36
Smoking status 2.61 2 0.27
Non-smoker 49.4 39 56.1 23
Smoker 30.4 24 17.1 7
Former smoker 20.2 16 26.8 11
Highest educational level 7.49 3 0.058
Primary education 5.2 4 4.9 2
High school 58.4 45 36.6 15
Higher education 36.4 28 58.5 24

HC = Healthy Controls, BMI = Body Mass Index, NA = Negative Affectivity, DIF = Difficulty Identifying
feelings, X* = Chi-Square test. Higher education comprises both college and university.
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Table 2. Psychiatric comorbidities and medication use in the patient group (n = 81).

Psychiatric comorbidity N %

Depressive episode 37 45.7
Panic disorder 8 9.9
Agoraphobia 18 22.2
Social phobia 9 11.1
Obsessive-compulsive disorder 10 12.3
Post-traumatic stress disorder 5 6.2
Generalized anxiety disorder 44 54.3
Somatization disorder 25 30.9
Any of the above 68 84.0
Medication use N %

Anti-depressants 38 46.9
Benzodiazepines 18 22.2
Opioids 26 32.1
Paracetamol 24 29.6
NSAID 16 19.8
Any of the above 61 75.3
Fulfillment of diagnostic criteria* N %

Fibromyalgia alone 34 43.0
CFS alone 2 2.5
Fibromyalgia + CFS 39 49.4
Not meeting criteria 4 5.1

Psychiatric comorbidities were determined by means of the MINI International
Neuropsychiatric Interview, which is based on the DSM-IV criteria for psychiatric disorders.
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Table 3. Least square means (LSM) and standard errors (SE) for SAM-ratings and the symptom
checklist after the three different picture categories, for patients (n = 81) and healthy controls (HC; n =
41).

Group Positive Neutral Negative
Valence ratings HC LSM 15.46% 11.98° 5.85°
SE 0.42 0.58 0.51
P LSM 14.18% 10.83" 4.90°
SE 0.30 0.41 0.36
Patients vs. HC p =0.042 p=0.22 p=0.22
Arousal ratings HC LSM 4.39% 3.95° 7.71°
SE 0.55 0.54 0.60
P LSM 4.26° 4.90% 8.57"
SE 0.39 0.38 0.43
Patients vs. HC p=0.85 p=0.45 p=0.49
Control ratings HC LSM 14.38° 13.58% 11.20°
SE 0.67 0.72 0.77
P LSM 12.06% 11.41° 8.40°
SE 0.47 0.50 0.54
Patients vs. HC p =0.012 p =0.015 p =0.010
Symptom checklist HC LSM 11.10° 11.07% 12.07%
SE 0.58 0.59 0.71
P LSM 17.04° 17.59° 19.40°
SE 0.41 0.42 0.50
Patients vs. HC p <0.001 p <0.001 p <0.001

Numbers with the same superscript on one row are not statistically different from each other, after
correction for multiple testing (Bonferroni stepdown method).
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