
Abstract. Aim: We examined whether activation of
serotonergic descending pathways improves pain inhibition
during exercise in patients with chronic fatigue syndrome
(CFS) and comorbid fibromyalgia (FM) in comparison with
rheumatoid arthritis (RA) and sedentary, healthy controls in a
double-blind randomized controlled trial with cross-over
design. Patients and Methods: Three female CFS/FM patients,
one female RA patient and two healthy women were randomly
allocated to the experimental group (2 ml of citalopram
intravenously) or the placebo group (2 ml of 0.9% NaCl
intravenously). Participants performed a submaximal exercise
protocol, preceded and followed by an assessment of
endogenous pain inhibition. Seven days later, groups were
crossed over. Results: Significant side-effects were observed in
all, but one participant immediately after intravenous
administration of citalopram. One CFS/FM patient withdrew
because of severe post-exertional malaise. Conclusion: It was
decided that proceeding with the study would be unethical. No
conclusion could be made regarding pain inhibition during
exercise in CFS/FM compared to RA and controls. 

Chronic pain is the most debilitating symptom in many
medical conditions, including rheumatoid arthritis (RA)

and fibromyalgia (FM). Sensitivity to pain results from the
outcome of the battle between pain facilitatory and
inhibitory pathways. One function of the descending
inhibitory pathway is to ‘focus’ the excitation of the dorsal
horn neurons by suppressing surrounding neuronal activity
(1), a role attributed to the ‘diffuse noxious inhibitory
controls (DNIC)’ phenomenon (2). In cases of chronic pain
and central sensitization, the descending pain-inhibitory
pathways, including DNIC, are aberrant (3, 4). Besides
DNIC, another mechanism is characteristic of central
sensitization: enhanced temporal summation of second
pain or ‘wind-up’. Wind-up refers to the progressive
increase of electrical discharges from the second-order
neurons in the spinal cord in response to repetitive C-fiber
stimulation, and is experienced in humans as increased
pain (5, 6). 

Malfunctioning of central pain-inhibitory pathways in
people with chronic pain becomes particularly apparent to
clinicians during physical activity and exercise interventions:
both isometric and aerobic exercise activates endogenous
opioid and adrenergic pain-inhibitory mechanisms in healthy
individuals, while it increases experimental pain ratings in
patients with central sensitization (7, 8). It remains, however,
unclear whether descending serotonergic pathways are
responsible. Unraveling the mechanisms responsible for
impaired pain inhibition in response to exercise in people
with chronic pain and central sensitization might be crucial
in developing appropriate drug treatments to prevent post-
exertional malaise. Whilst endogenous opioid and adrenergic
pain-inhibitory mechanisms appear to account for activation
of pain inhibition during exercise in healthy individuals (9,
10), direct evidence is lacking. 
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Likewise, DNIC is aberrant in people with central
sensitization, but the precise mechanism remains to be
revealed. It is suggested that DNIC implies systems that are
opioid-mediated (11). Studies examining the nature of pain-
inhibitory systems activated by the spatial summation model
in patients with chronic pain are essentially lacking.
Therefore, the question remains whether impaired DNIC in
patients with chronic pain and central sensitization is due to
malfunctioning of opioid-mediated pain inhibition. 

The present study aimed at examining the contribution of
endogenous opioid pain-inhibitory mechanisms during
exercise in two chronic pain populations: those with RA and
those suffering chronic fatigue syndrome (CFS) and
comorbid FM. We modulated endogenous opioid and
serotonergic pain-inhibitory mechanisms during exercises by
using selective serotonin reuptake inhibitor (SSRI) during the
DNIC and temporal summation (TS) model in response to
exercise. Indeed, SSRIs activate serotonergic descending
pathways that recruit, in part, opioid peptide-containing
interneurons of the dorsal horn (12). The study aimed at
examining whether activation of serotonergic descending
pathways improves pain inhibition during exercise in patients
with RA and those with CFS/FM.

Patients and Methods

This was a double-blinded randomized controlled trial with cross-
over design. The study took place at the Research Unit of the
University Hospital Antwerp (Belgium) and was approved by the
Ethical Committee of the University Hospital Antwerp and the
Federal Agency for Medicines and Health Products (EUDRA CT
number 2010-020498-17) and is registered by ClinicalTrials.gov
(NCT01154647).

Participants. The present study aimed at enrolling two chronic pain
populations: those with RA and those with a typical central
sensitization image i.e. individuals fulfilling the criteria for both
CFS and primary FM. Furthermore, healthy sedentary pain-free
controls were included. Each study participant was female and aged
between 18 and 65 years. The CFS/FM group complied with the
diagnostic criteria for FM as defined by the American College of
Rheumatology (13) and the Centre of Disease Control criteria for
CFS (14). At the time of study participation, healthy controls did
not have any pain complaints. Sedentary was defined as having a
sedentary job and performing <3 h moderate physical activity/week
(15). Participants were not pregnant, <1 year postnatal, and were
asked to stop anti-depressive medication and other analgesic
medication two weeks prior to study participation, not to undertake
physical exertion, and to refrain from consuming caffeine, alcohol
or nicotine on the day of the experiment. 

Based on an a priori power analysis, we aimed at enrolling three
groups of subjects: 20 patients with FM and CFS, 20 patients with
RA, and 30 healthy sedentary pain-free controls. Sample size was
calculated based on a power analysis (0.80), based on our previous
study on spatial summation (3) and a study of temporal summation
in FM patients (4). 

Procedure. In order to evaluate whether activation of serotonergic
descending pathways improved pain inhibition during exercise,
patients were allocated to a placebo group or an experimental group
that received intravenous citalopram, an SSRI.  The experiment
started with an evaluation of the functioning of endogenous pain
inhibition, as presented in Figure 1. After this evaluation,
participants performed a standardized submaximal exercise protocol,
followed again by the assessment of the efficacy of endogenous pain
inhibition. This protocol was repeated in cross-over design 7 days
later, accounting for the long half-life of citalopram and for the
eventual fatigue and pain complaints of the patients. 

Endogenous pain inhibition. The efficacy of endogenous pain
inhibition was assessed by a procedure of TS and spatial summation
of noxious stimuli, as described by Cathcart et al. (16). This
procedure evaluates the degree of TS or wind-up in response to 10
applications (pulses) of the Fisher algometer (Force Dial model
FDK 40; Wagner Instruments, Greenwich, UK) at pressure pain
threshold intensity at the dorsal surface of the right hand middle
finger midway between the first and second distal joints, and at the
middle of the right-hand side trapezius belly of the right arm. The
participants were asked to rate the intensity and unpleasantness of
the pain of the 1st, 5th and 10th pulse on a verbal numerical rating
scale (0=no pain to 10=worst possible pain). DNIC was assessed by
replicating the TS assessment associated with a conditioning
stimulus for eliciting DNIC. The conditioning stimulus was an
occlusion cuff at the left arm inflated to a painful intensity and
maintained at that level while TS was elicited. This procedure is
explained in depth elsewhere and seemed reliable (16). The outcome
measure for TS is the difference between the 10th and the 1st pain
rating score before cuff inflation. The measure for DNIC is the
difference between the 10th pain rating score before occlusion and
the 10th during occlusion. This means that 8 TS scores and 4 DNIC
scores were obtained per test site (finger and shoulder) for each
participant.

Submaximal exercise test. The submaximal exercise protocol
consisted of the exercise protocol of the Aerobic Power Index Test
(using an increase of 25 W every minute). The Aerobic Power Index
Test is a reliable and valid submaximal exercise testing protocol for
chronic pain patients and healthy individuals (17). Participants had
to cycle (60 r/s) on an electromagnetically braked ergometer
(Gymna Ergofit Cycle 407 MED; Gymna, Bilzen, Belgium) until
submaximal heart rate (75% of 220−age bpm). 

Statistical analysis. All data were analyzed using the Statistical
Package for Social Sciences 16.0© for Windows (SPSS Inc.,
Chicago, IL, USA). Given the small sample, non-parametric
statistics were used.  Descriptive data are presented as medians and
ranges, if possible. Comparisons between groups were performed
with Kruskal-Wallis tests.  For comparison of TS within groups, we
compared TS1 with TS3 (before and after exercise with placebo),
TS1 with TS5 (before exercise placebo versus SSRI), and TS5 with
TS7 (before and after exercise with SSRI) with the Wilcoxon signed
ranks test. 

For comparison of DNIC within groups we compared DNIC1
with DNIC2 (before and after exercise with placebo), DNIC1 and
DNIC3 (before exercise placebo versus SSRI), and DNIC3 with
DNIC4 (before and after exercise with SSRI) with the Wilcoxon
signed ranks test. 
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In this way, we analyzed how pain inhibition reacts to exercise
in different patients and if pain inhibition is altered in response to
experimental manipulation with SSRI. This pilot study allowed us to
determine, for example, whether pain inhibition is deficient and
opioid-mediated. 

Results

Three CFS/FM patients, 1 RA patient and 2 healthy controls
participated in this study. The study was prematurely
discontinued due to the intense side-effects of intravenous SSRI.
The demographical variables of the participants are presented
in Table I. Participant 2 did not complete the study because of
an exacerbation of her symptoms after the first exercise test.

Pain thresholds. Pain thresholds were not significantly
different between the three groups or different within the
groups. Results are presented in Table II.

Temporal summation. Comparing the three groups for TS
efficacy, no significant difference was found (p-value ranging

between 0.174 and 0.823). Within the groups, no differences
were revealed (p-value ranging between 0.157 and 1.000).
Evolution of TS is presented in Figure 2. 

DNIC. There was no significant difference for DNIC
between CFS/FM, RA patients and healthy controls, as
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Figure 1. Flow diagram of the study.

Table I. Demographical variables of participants (all female).

Diagnosis Age Illness duration Professional 
(years) (years) situation

1 CFS/FM 47 1.5 Not active
2 CFS/FM 54 10 Not active
3 CFS/FM 48 15 Not active
4 RA 49 8 Part-time
5 CON 24 0 Full-time
6 CON 58 0 Retired

CFS/FM: Chronic fatigue syndrome and comorbid fibromyalgia; RA:
rheumatoid arthritis; CON: controls.



presented in Table III. Also within the groups no differences
could be revealed (p-value ranging between 0.180 and
0.655). Evolution of DNIC is presented in Figure 3. 

Side-effects. One CFS/FM patient withdrew after the first
study day because of severe post-exertional malaise that
lasted until one week later. She had received a placebo. 

Significant side-effects were observed in all but one
participant immediately after intravenous administration of
the SSRI. Two CFS/FM patients felt extremely nauseous and
therefore received an antiemetic drug (Litican) via
intravenous injection. Nausea persisted until one hour after
administration of citalopram. The RA patient indicated
nausea and dizziness immediately after administration of the
SSRI. These side-effects disappeared spontaneously after 30
min. One healthy control was the only participant who did
not show any severe adverse events. This person only
complained of somnolence after the drug injection. The
second control who participated in this study showed
extreme nausea immediately after administration of
citalopram. This person vomited several times and although
an antiemetic agent (Litican) was administered intravenously,
nausea persisted for 36 h.

Discussion

Although the aim of the present study was to evaluate
whether the administration of the SSRI citalopram could
improve descending pain inhibition during exercise, we had
to stop the study after inclusion of only 6 participants
because of intense side-effects. One CFS/FM patient
experienced serious symptom exacerbation due to the
exercise test (under placebo), and four other participants
(patients and controls) suffered intense side-effects
immediately after the administration of the SSRI which
lasted for up to 36 h. Given the severe side-effects observed,
it was decided that proceeding with the study in its present
form would be unethical. The risks were too high, especially
because patients were allowed to return home afterwards. 

Regarding endogenous pain inhibition after exercise and
the effect of citalopram on descending pain inhibition, we
cannot draw conclusions based on this small sample. We
were unable to reveal any significant difference between the
three groups, before and after cuff occlusion, before and after
exercise, with placebo or citalopram, etc. The sample is too
small and the findings are not consistent. In addition, study
results regarding pain inhibition may be biased due to the
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Table II. Pressure pain thresholds (PPT) for the three groups (median and range).

PPT CFS/FM RA CON Kruskal-Wallis 
N=3 or N=2 (PPT2) N=1 N=2 p-value

Finger 1 8.95 (5.00-10.00) 6.30 6.93 (6.00-8.00) 0.807
Finger 2 6.40 (3.20-9.60) 8.10 7.58 (7.00-8.10) 0.924
Wilcoxon p-value 0.180 / 0.180
Shoulder 1 2.20 (2.10-3.60) 3.15 3.28 (3.00-3.50) 0.807
Shoulder 2 2.28 (1.40-3.20) 4.50 3.88 (3.80-3.90) 0.165
Wilcoxon p-value 0.180 / 0.180

CFS/FM: Chronic fatigue syndrome and comorbid fibromyalgia; RA: rheumatoid arthritis; CON: controls.

Table III. Values for diffuse noxious inhibitory controls (DNIC) for the three groups (median and range).

DNIC CFS/FM RA CON Kruskal-Wallis 
N=3 or N=2 (DNIC 3&4) N=1 N=2 p-value

Finger 1 −1.00 (−2.00-−1.00) –0.50 0.25 (0.00-1.00) 0.122
Finger 2 −0.50 (−1.00-1.00) 1.00 −0.25 (−1.00-0.00) 0.454
Finger 3 0.00 (0.00-0.00) 1.50 −0.50 (−1.00-0.00) 0.223
Finger 4 −0.50 (−1.00-0.00) 0.00 0.00 (−1.00-1.00) 0.823
Shoulder 1 0.00 (0.00-1.00) 0.00 1.33 (0.00-3.00) 0.885
Shoulder 2 −0.83 (−2.00-−1.00) 1.00 −1.17 (−2.00-0.00) 0.343
Shoulder 3 −1.00 (0.33-−2.33) 1.00 −5.00 (−2.00-1.00) 0.398
Shoulder 4 1.00 (0.67-1.33) 0.00 0.42 (−0.16-1.00) 0.497

CFS/FM: Chronic fatigue syndrome and comorbid fibromyalgia; RA: rheumatoid arthritis; CON: controls.



intense side-effects experienced. Moreover, at baseline, no
significant differences were found between patients and
controls for the degree of wind-up and the efficacy of DNIC.

Nevertheless, we are convinced of the relevance of
reporting these findings, particularly as regards the claimed
link between CFS and depression or anxiety. Although
comorbid depression is a common emotional response to any

chronic illness, some patients with CFS are not clinically
depressed. These patients are poorly served when depression
is the only diagnosis they are offered. Comorbid depression
in CFS has been perceived as evidence that CFS is an
atypical manifestation of depression. Ongoing research into
specific brain, hormonal, and immunologic abnormalities
consistent with CFS will undoubtedly continue to shed new
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Figure 2. Evolution of temporal summation (TS). TS value=10th pain − 1th pain score; TS 1=Placebo, before occlusion, before exercise; TS
2=Placebo, after occlusion, before exercise; TS 3=Placebo, before occlusion, after exercise; TS 4=Placebo, before occlusion, after exercise; TS
5=SSRI, before occlusion, before exercise; TS 6=SSRI, after occlusion, before exercise; TS 7=SSRI, before occlusion, after exercise; TS 8=SSRI,
before occlusion, after exercise.

Figure 3. Evolution of diffuse noxious inhibitory controls (DNIC). DNIC value=10th pain score before cuff occlusion − 10th pain score after cuff
occlusion; DNIC 1=Placebo, before exercise; DNIC 3=SSRI, before exercise; DNIC 2=Placebo, after exercise; DNIC 4=SSRI, after exercise.



light onto the aetiology of this frustrating illness, with
possibilities for finding diagnostic markers that can be used
to more easily identify CFS. 

Although the debate about CFS as a medical or psychiatric
condition will likely continue, it is not likely that depression
will be proven to be the primary cause (18). Depressed or
anxious patients do not respond this way to SSRIs as
observed in the present study, otherwise the drug would not
be licensed for their use. Depressive patients usually benefit
from antidepressants, while the literature concerning the
effect of SSRIs for chronic pain in non-depressed patients is
controversial. The benefits of SSRIs compared to placebo in
non-depressed patients are controversial and likely to be
small (19, 20). Moreover, side-effects are frequently seen in
non-depressed patients (21, 22). Different studies focused on
the citalopram challenge test. During this test, an acute oral
or intravenous administration of citalopram (10 or 20 mg) is
used to evaluate central serotonin activity and function in
vivo (21, 22). This SSRI activates serotonergic descending
pathways that recruit, in part, opioid peptide-containing
interneurons of the dorsal horn and it is the most selective
serotonin reuptake inhibitor that potentiates serotonergic
transmission by selectively blocking serotonin reuptake (23).
Variability in acute responses to serotonin challenge probes,
determined using either neuro-endocrine responses or
functional imaging, can be used to measure variability in the
serotonergic system (24, 25). 

In psychiatric diseases with a known altered function of the
serotonin system, changes in the neuroendocrine response to
serotonergic stimulation have been shown. For instance in
major depression, a blunted hormonal response has repeatedly
been reported (26). In healthy individuals, citalopram
challenge tests resulted in normal neuro-endocrine responses:
a prompt increase in prolactin and cortisol levels, reaching a
maximum peak level 30 min after the start of the
administration. In addition, side-effects appeared within 15-
30 min after citalopram administration. Significant increases
in nausea and side-effects were observed in healthy
volunteers compared to placebo or compared to depressed
individuals (21). This may explain why our study
participants, not suffering major depressive disorders,
presented intense side-effects. These findings emphasize the
fact that while CFS/FM and depression share symptoms and
may coexist, it is not likely that depression is the primary
cause for CFS/FM. Considering our study, many and intense
side-effects were reported, suggesting that the participants
reacted seriously to the acute administration. CFS/FM
patients possibly do not show a blunted serotonin response,
but this hypothesis requires further research, as do possible
treatment approaches.

Of course, we should be careful in formulating hypotheses
and conclusions based on the present small sample. The study
was stopped because of the serious side-effects. We thought it

was unethical to continue the study while the goal was to
assess the possible benefit of citalopram on endogenous pain
inhibition at rest and during exercise in CFS/FM and RA
patients. Besides the small sample, blinding was not
efficacious because of the side-effects. Both participants and
researcher became unblinded during the procedure. 

Despite the restrictions of this study, it opens new
perspectives for further research into serotonergic activity in
different non-depressed chronic pain patients. While a body
of literature on chronic pain is currently available, only few
studies have made direct comparisons between different
chronic pain conditions. Comparison of various chronic pain
disorders is crucial for unravelling the differences and
similarities in the nature of chronic pain, especially to steer
treatment. In the present study for example, a chronic pain
condition with a joint pathology (RA) was compared with
chronic pain in patients without peripheral abnormalities but
with evidence for central sensitization (i.e. CFS/FM). 

Besides the finding that acute intravenous administration
of citalopram induced intense side-effects in four out of the
five participants, the present study did not reveal any
significant differences in TS and DNIC (before and after
exercise) between the different groups or any significant
effect of citalopram on pain inhibition. Further study is
required to unravel pain inhibition and serotonergic activity
in these chronic pain patients.
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