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Abstract: Patients recovered from a COVID-19 infection often report vague symptoms of fatigue or
dyspnoea, comparable to the manifestations in patients with central sensitisation. The hypothesis
was that central sensitisation could be the underlying common aetiology in both patient populations.
This study explored the presence of symptoms of central sensitisation, and the association with
functional status and health-related quality of life, in patients post COVID-19 infection. Patients who
were previously infected with COVID-19 filled out the Central Sensitisation Inventory (CSI), the
Post-COVID-19 Functional Status (PCFS) Scale and the EuroQol with five dimensions, through an
online survey. Eventually, 567 persons completed the survey. In total, 29.73% of the persons had a
score of <40/100 on the CSI and 70.26% had a score of ≥40/100. Regarding functional status, 7.34%
had no functional limitations, 9.13% had negligible functional limitations, 37.30% reported slight
functional limitations, 42.86% indicated moderate functional limitations and 3.37% reported severe
functional limitations. Based on a one-way ANOVA test, there was a significant effect of PCFS Scale
group level on the total CSI score (F(4,486) = 46.17, p < 0.001). This survey indicated the presence of
symptoms of central sensitisation in more than 70% of patients post COVID-19 infection, suggesting
towards the need for patient education and multimodal rehabilitation, to target nociplastic pain.

Keywords: COVID-19; persisting symptoms; fatigue; nociplastic pain; functional status; central
sensitisation

1. Introduction

Currently, the outbreak of the coronavirus disease 2019 (COVID-19) pandemic is still
a serious global public health concern. This novel coronavirus, was first discovered in
Wuhan, China, in 2019 and afterwards rapidly spread throughout the world, causes a
disease that manifested itself with fever, cough, encephalitis, myalgia, fatigue, muscle
weakness, arthralgia, anosmia, and impairment in other bodily functions in the acute
phase [1–5]. While mild symptoms are reported in approximately 85% of the cases, a sub-
stantial proportion of patients with COVID-19 develop acute respiratory distress syndrome
(ARDS) and critical illness [6]. Up to 17% of cases needed high-dependency/intensive
care unit treatment due to hypoxemic pulmonary failure [7]. Besides the impact on the
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respiratory system, coronaviruses had an effect on other systems as well including the
central nervous system, cardiovascular system, musculoskeletal system, and gastrointesti-
nal system [2,3,8–11]. As the COVID-19 pandemic continues, signs and symptoms, such
as persistent fatigue or depression, which continue or develop after acute COVID-19 are
reported, and are denoted as “long COVID” [12].

In patients who are suffering from chronic non-specific pain, central sensitisation (i.e.,
an amplification of neural signalling within the central nervous system that elicits pain hy-
persensitivity [13]) often serves as an underlying neurophysiological mechanism to explain
the manifestations [14]. Especially, in patients in whom there is an absence of a clear origin
of nociceptive input or absence of enough tissue damage to explain the experienced pain,
disability, and other symptoms, central nervous system sensitisation is often proposed.
Central sensitisation has been denoted as an important contributor or a common aetiol-
ogy in a variety of chronic musculoskeletal conditions, including fibromyalgia, chronic
fatigue syndrome, and irritable bowel syndrome [15]. Despite the lack of a solid outcome
measurement, the Central Sensitization Inventory (CSI) was previously introduced as a
screening instrument for clinicians to help identify patients with central sensitisation [15].
In post COVID-19 patients, potential long-term secondary effects on the musculoskeletal
system such as muscle weakness, decreased muscle mass, and myopathies have been
brought to attention [16]. Persisting symptoms are a frequently reported complaint in
patients recovered from COVID-19 infection with at least one symptom, particularly fa-
tigue and dyspnoea [17]. Fatigue is also one of the core symptoms in central sensitisation
disorders [18], leading to the hypothesis that central sensitisation might be the underlying
common aetiology in patients with chronic pain and patients post COVID-19 infection.

The goal of this study was to gain further insight in the presence of central sensiti-
sation as underlying factor for long-term secondary effects in post COVID-19 patients.
Additionally, we evaluated whether there was an association between total scores on the
CSI and the functional status after COVID-19 infection. Therefore, the aim of this study
was to explore the presence of symptoms of central sensitisation, and the association with
functional status and health-related quality of life, in patients post COVID-19 infection.

2. Materials and Methods
2.1. Study Participants

This study used a cross-sectional online survey design with a convenience sample
of individuals self-reporting the presence of a post COVID-19 infection state. The survey
population comprised all Dutch speaking adults, living in Belgium. The sampling frame
consisted of all post COVID-19 patients who were active on social media since the survey
was spread on LinkedIn, Facebook and Instagram several times between 4 June 2021 and
22 August 2021. Additionally, personal contacts of the research group members who were
infected with COVID-19 were asked to complete the online survey. No specific criteria
were imposed regarding the time frame after infection.

On the first page of the survey, all respondents were informed that the survey was
completely anonymous and that the information would only be used for this study. Ad-
ditionally, they were informed about the main goal of this survey. No financial or other
incentives were provided. The survey took around 10 min to complete.

The study protocol was approved by the central ethics committee of Universitair
Ziekenhuis Brussels (B.U.N. 1432021000484) on 26 May 2021. The study was registered
on clinicaltrials.gov (NCT04912778). The study was conducted according to the revised
Declaration of Helsinki (1998).

2.2. Data Collection

The online survey consisted of three validated questionnaires (in a random order)
to evaluate the functional status, health-related quality of life and symptoms of central
sensitisation. Additionally, demographics were questioned (age, sex, time of COVID-19
infection (based on symptoms), availability of a test, length, and weight). In the case that
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respondents underwent a test to confirm a COVID-19 infection, this was denoted as a
confirmatory diagnosis. Respondents without the availability of a COVID-19 test result
were denoted as a presumptive diagnosis.

Symptoms of central sensitisation were assessed with the Central Sensitization In-
ventory (CSI). The CSI consists of 25 symptom-related opinions that the patient had to
score on a 5-point Likert scale [15]. A total score of ≥40/100 indicated the presence of
central sensitisation (sensitivity: 81%, specificity: 75%) [15]. The CSI has good clini-
metric properties for assessing symptoms of central sensitisation and is validated in
Dutch [19,20]. Additionally, respondents were categorised based on central sensitisation-
related severity into three subgroups: (i) low level, (ii) medium level, or (iii) high level of
central sensitisation-related symptom severity using the freely accessible online calculator
(https://www.pridedallas.com/questionnaires, accessed on 19 November 2021) [21].

The post COVID-19 functional status was evaluated by the Post-COVID-19 Functional
Status (PCFS) Scale, using the self-reporting version of this questionnaire [22,23]. This
intuitive scale is ordinal, with 6 steps ranging from grade 0 (no functional limitations) to
grade 4 (severe functional limitations) and grade 5 (death), and covers the entire range of
functional outcomes by focusing on limitations in usual duties/activities either at home or
at work/study, as well as changes in lifestyle.

The EuroQol with five dimensions and three levels (EQ5D-3L) [24] is a standardised
health-related quality of life questionnaire to provide a generic measure of health for
clinical and economic appraisal [25]. The EQ5D-3L consists of a descriptive system and a
visual analogue scale (VAS). The descriptive system contains five dimensions (mobility,
self-care, usual activities, pain/discomfort, anxiety/depression). Each dimension has three
response levels. In the second part of the questionnaire, a standard vertical 20 cm VAS was
implemented to record an individual’s rating for their current health-related quality of life
state. The responses to the EQ-5D dimensions were converted into a single index value for
all health states [26]. Health state index scores generally range from less than zero (where
zero is a health state equivalent to death; negative values are valued as worse than death)
to one (perfect health), with higher scores indicating a higher health utility.

2.3. Statistical Analysis

Survey data were collected through LimeSurvey. All analyses were performed in R
Studio version 1.4.1106 (R version 4.0.5). P-values of 0.05 or less were considered statistically
significant. Descriptive statistics were provided as means with corresponding standard
deviation (SD). Two-sample t-tests were performed to evaluate the effect of sex and the
presence of a test on CSI, EQ5D and EQ5D VAS scores. Pearson correlation coefficients were
calculated between total CSI scores, EQ5D scores and EQ5D VAS scores on the one hand
and time since infection and body mass index (BMI) on the other hand. A point-biserial
correlation was calculated between PCFS Scale scores and CSI total scores and between
PCFS Scale scores and EQ5D scores. One-way ANOVA testing was used to explore the
effect of PCFS Scale scores on CSI total scores and EQ5D scores, with corresponding Tukey
HSD test for post hoc comparisons. All analyses were performed on data as observed,
meaning that for respondents with incomplete data, all data that were available was used.

3. Results
3.1. Demographic Statistics

In total, 741 respondents who were previously infected with COVID-19 opened the
survey between 4 June 2021 and 30 August 2021. Of those 741 respondents, 567 started to
complete the survey. Demographics were available for 567 respondents; the CSI was filled
in by 491 persons, the EQ5D-3L by 547 respondents, the EQ5D VAS by 537 persons and
the PCFS Scale by 504 persons. Seventy-seven (13.58%) males and 490 (86.42%) females
completed the survey. Respondents had a mean age of 46.5 (SD: 11.4) years and a BMI of
26.5 (SD: 5.42) kg/m2. Respondents were infected with COVID-19 between 22 January
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2020 and 25 July 2021. The mean time between the infection and the time of completing
this survey was 287 days (SD: 150).

3.2. Symptoms of Central Sensitisation, Functional Status and Health-Related Quality of Life

The mean score on the CSI was 45.9 (SD: 13.1), where 146 (29.73%) of the persons had
a score of <40/100 on the CSI and 345 (70.26%) of a score ≥40/100. In total, 21 respondents
(4.28%) could be classified with a low level of central sensitisation-related symptom severity,
152 (30.96%) with a medium level and 318 (64.76%) with a high level of central sensitisation-
related symptom severity. Table 1 presents CSI scores for the full sample, separated by sex,
the presence of a Covid test and PCFS Scale score. There was a significant difference in CSI
score between males (41.2 (SD 13.8)) and females (46.6 (SD 12.8), t(86.54) = −3.01, p = 0.003),
but not between respondents with a confirmatory or presumptive COVID-19 diagnosis
(t(163.1) = 1.35, p = 0.18). There was a positive correlation (r = 0.09, 95% CI from 0.003 to
0.18) between BMI and the total CSI score (p = 0.04). Additionally, a positive significant
correlation was revealed between total CSI score and time since infection (r = 0.14, 95% CI
from 0.05 to 0.23, p = 0.002).

Table 1. Total scores on the CSI, separated for categorical variables. Abbreviations. N: number of respondents; PCFS:
Post-COVID-19 Functional Status Scale, SD: standard deviation.

Variable Level Mean CSI Score Mean EQ5D Mean EQ5D Vas

Sample 45.9 (SD 13.1) (N = 491) 0.57 (SD 0.23) (N = 547) 56.6 (SD 18.2) (N = 537)
Sex Male 41.2 (SD 13.8) (N = 68) 0.60 (SD 0.23) (N = 75) 61.8 (SD 18.6) (N = 74)

Female 46.6 (SD 12.8) (N = 423) 0.56 (SD 0.23) (N = 472) 55.8 (SD 18.1) (N = 463)
COVID-19

DIAGNOSIS Confirmatory 45.5 (SD 13.2) (N = 390) 0.57 (SD 0.24) (N = 433) 56.6 (SD 17.9) (N = 112)

Presumptive 47.4 (SD 12.5) (N = 101) 0.57 (SD 0.22) (N = 114) 57.0 (SD 19.5) (N = 425)
PCFS Score 0 28.5 (SD 11.8) (N = 35) 0.87 (SD 0.15) (N = 37) 78.4 (SD 15.8) (N = 37)

Score 1 37.3 (SD 13.1) (N = 44) 0.73 (SD 0.12) (N = 46) 72.3 (SD 12.7) (N = 46)
Score 2 44.4 (SD 10.8) (N = 187) 0.63 (SD 0.15) (N = 188) 60.7 (SD 13.1) (N = 188)
Score 3 50.7 (SD 11.1) (N = 208) 0.45 (SD 0.22) (N = 216) 47.3 (SD 15.2) (N = 216)
Score 4 61.3 (SD 10.9) (N = 17) 0.15 (SD 0.11) (N = 17) 34.1 (SD 14.5) (N = 17)

Concerning the PCFS, 37 persons (7.34%) had no functional limitations (grade 0),
46 (9.13%) had negligible functional limitations (grade 1), 188 (37.30%) reported slight
functional limitations (grade 2), 216 (42.86%) indicated moderate functional limitations
(grade 3) and 17 (3.37%) reported severe functional limitations (grade 4). Figure 1 presents
the CSI scores for each level of the PCFS Scale.

The mean EQ5D-3L index score was 0.57 (SD: 0.23) and the EQ5D VAS mean score
was 56.6 (SD: 18.2) (Table 1). For the mobility component of the EQ5D-3L, 56.96% of the
respondents had no problems, 40.36% had some problems with mobility and 2.68% was
confined to bed. For the self-care component, 86.98% reported no problems, 12.30% some
problems and 0.72% was unable to wash or dress himself/herself. For usual activities,
17.67% had no problems, 62.66% some problems and 19.67% was unable to perform usual
activities. No pain or discomfort was reported by 10.42%, moderate pain or discomfort
by 74.59% and extreme pain or discomfort by 14.99%. For anxiety/depression, 57.40%
indicated not being anxious or depressed, 38.39% was moderately anxious or depressed
and 4.20% was extremely anxious or depressed. There were no statistically significant
correlations between EQ5D or EQ5D VAS scores and BMI or time since infection. There
was a significant difference in EQ5D VAS scores between males (61.8 (SD 18.6)) and females
(55.8 (SD 18.1), t(96.51) = 2.56, p = 0.01), but not between respondents with a confirmatory
or presumptive COVID-19 diagnosis (t(163.5) = 0.20, p = 0.84). No significant differences
in EQ5D scores were found for sex (t(100.1) = 1.14, p = 0.26) or COVID-19 diagnosis
(t(185.2) = −0.03, p = 0.98).
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Figure 1. Boxplot of total score on the CSI by PCFS Scale score for all respondents. The red line is
presents the cut-off value of the CSI at 40/100 to denote a person as having symptoms of central
sensitisation. Abbreviations. CSI: Central Sensitization Inventory, PCFS: Post-COVID-19 Functional
Status Scale.

3.3. Association between Symptoms of Central Sensitisation, Functional Status and Health-Related
Quality of Life

A significant positive correlation was revealed between PCFS Scale scores and CSI
scores (r = 0.52, 95% CI from 0.45 to 0.58, p < 0.001). Statistically significant negative
correlations were revealed between CSI scores and EQ5D scores (r = −0.58, 95% CI from
−0.51 to −0.63, p < 0.001), CSI scores and EQ5D VAS scores (r = −0.50, 95% CI from −0.43
to −0.56, p < 0.001) and PCFS Scale scores and EQ5D scores (r = −0.61, 95% CI from −0.56
to −0.67, p < 0.001) (Figure 2).
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Based on a One-way ANOVA testing, there was a significant effect of PCFS group
level on the total CSI score at the 5% level (F(4,486) = 46.17, p < 0.001). Post hoc comparison
using the Tukey HSD test indicated that mean score for the PCFS group 0 was significantly
lower than for PCFS 1 group (mean difference of 8.82 (95% CI from 1.87 to 15.76), p = 0.005).
Additionally, the mean difference in CSI score between PCFS groups 1 and 2 (mean differ-
ence of 7.09 (95% CI from 1.95 to 12.22), p = 0.002), groups 2 and 3 (mean difference of 6.33
(95% CI from 3.24 to 9.42), p < 0.001), and groups 3 and 4 (mean difference of 10.60 (95% CI
from 2.86 to 18.34), p = 0.002) were statistically significant. Similarly, there was a significant
effect of PCFS group level on the EQ5D score at the 5% (F(4,499) = 83.41, p < 0.001). Post
hoc comparison using the Tukey HSD test indicated a statistically significant difference in
EQ5D scores for all level comparisons of the PCFS Scale. All post hoc tests can be found in
Figure 3.
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4. Discussion

In 2017, the International Association for the Study of Pain (IASP) introduced the term
nociplastic pain as mechanistic pain descriptor in addition to nociceptive and neuropathic
pain [27]. The underlying mechanism of nociplastic pain is central sensitisation, whereby
several dysfunctions within the central nervous system, including altered sensory process-
ing in the brain, altered activity in brain-orchestrated nociceptive facilitatory pathways,
and poor functioning of endogenous analgesia, can lead to an increased responsiveness
to a variety of sensory inputs and/or hypersensitivity to external stimuli such as light,
sound or chemical substances [14]. The aim of this study was to evaluate whether there
were indications for symptoms of central sensitisation to explain persisting symptoms in
patients post COVID-19 infection. Based on the CSI, a screening questionnaire to identify
the presence of symptoms of central sensitisation, 70.26% of the respondents reported total
CSI scores of ≥40/100, indicating the presence of central sensitisation in this population.
Furthermore, when classifying patients according to the level of central sensitisation-related
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symptom severity, 4.28% were classified as low level, 30.96% as medium level and 64.76%
as high level. Therefore, this online survey is suggestive for the presence of symptoms of
central sensitisation in post COVID-19 patients. Mean values of 45.9 (SD: 13.1) on the CSI
were revealed in this population, which was in line with values obtained in patients with
chronic low back pain (total score of 41.6 (SD: 14.8)) [19] and a large group of 368 chronic
pain patients (total score of 43.88 (SD: 17.67)) [20]. In healthy persons, mean values of 21.55
(SD: 10.92) [20] and 28.9 (SD: 13.5) [19] were reported in datasets of 49 and 40 persons,
respectively. These reference data were observed in studies with other designs; therefore,
they only provide a rough indication to better interpret the currently observed findings
in post COVID-19 patients. Future studies could further explore the suggestion of cen-
tral sensitisation as an underlying mechanism of persisting symptoms in post COVID-19
patients by a thorough evaluation of the underlying pain state. Quantitative sensory test-
ing, i.e., a widely used method to measure patients’ verbal and behavioural response to
quantifiable sensory stimuli, may be used to assess detection and/or pain thresholds, tem-
poral summation (as measure of imbalanced pain facilitation by controlling for increasing
evoked pain by fixed repetitive stimuli) and conditioned pain modulation (as measure of
imbalanced pain inhibition by controlling for the ability to reduce evoked pain by a second
stimulus) [28], while offset analgesia and functional neuroimaging could evaluate cerebral
pain processing [29]. In line with previous research in patients with chronic pain, less
efficacious conditioned pain modulation, as an indirect measure for the functioning and
efficiency of the endogenous descending nociceptive inhibitory systems in humans [30–32]
(presumably due to a shift between nociceptive facilitation and nociceptive inhibition),
increased nociceptive facilitation [33] and decreased pain thresholds [34,35] are expected if
the stated hypothesis based on this online survey is valid.

The exact underlying pathogenetic mechanisms of central sensitisation are not yet
fully unravelled; however, it is suggested that infectious agents play a role in, for example
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) [36]. It was previously
proposed that several viruses (Epstein-Barr virus [37,38], cytomegalovirus [39], human
herpesvirus 6-8 [40–42] or bacteria such as mycoplasma [43]) trigger ME/CFS and may
reactivate under various conditions, thereby inducing inflammation and immune dys-
regulation [36]. In comparison to healthy controls, patients who underwent a COVID-19
infection presented with dysregulated immune response (decreased T, B and NK cells
and increased inflammatory cytokines) [44], indicating that immune dysfunction plays
critical roles in disease progression [45]. Additionally, viral infections also lead to neuroin-
flammation with the activation of microglia and astrocytes, which leads to the release of
proinflammatory cytokines and chemokines [46]. Central cytokines and chemokines play a
role in inducing hyperalgesia and allodynia, while a sustained increase leads to chronic
widespread pain at several body locations, suggesting that neuroinflammation drives
widespread chronic pain through central sensitisation [47]. Therefore, neuroinflammation
is expected to play a role in persisting symptoms after COVID-19 infection as well [48,49].

In this survey, it was also revealed that the degree of functional limitations was
significantly associated with the degree of symptoms of central sensitisation. The PCFS
Scale measured the impact of symptoms on the functional status of patients after COVID-19
infection, whereby previous research already revealed a gradual increase in impairment
in work and usual activities and the intensity of symptoms from grade 2 to 4 on the
PCFS Scale [50]. The current study demonstrated gradual increases in symptoms of central
sensitisation in all grades (except death) of the PCFS Scale, ranging from no symptoms up to
severe functional limitations. Thus, it seems that patient-reported consequences of COVID-
19 and their effect on functional status are associated with symptoms of central sensitisation.
Furthermore, statistically significant negative correlations were found between PCFS Scale
score and EQ5D utility and VAS scores, indicating that a higher impact of symptoms on the
functional status of patients after a COVID-19 infection was associated with lower health-
related index scores and lower health-related quality of life. This correlation has also been
reported in patients with lumbar degenerative disorders, whereby the authors evaluated
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whether the EQ5D score could be derived from other currently used questionnaires with
negative (i.e., not accurate) results [51]. Therefore, it might be hypothesised that despite
the association between the PCFS Scale and health-related quality of life in patients post
COVID-19 infection, both questionnaires are evaluating different aspects and are not
interchangeable. The PCFS Scale could be used at the time of hospital discharge, and
to monitor functional status after hospital discharge [50], which could potentially help
clinicians to determine an appropriate treatment strategy at the early stages after COVID-19
infection [52]. Nevertheless, this only provides an indication about the functional status of
these patients, and not the health-related quality of life.

One of the limitations of this online survey is the unequal sex distribution with a
higher response rate of females compared to males. Male patients have higher odds
of requiring intensive treatment unit admission and higher odds of death compared to
females, although there is no difference in the proportion of males and females with
confirmed COVID-19 [53]. Nevertheless, it appeared that female post COVID-19 patients
were more likely to respond to this online survey than males. Additionally, patients who
were associated with a patient support group on social media and who were interested in
post COVID sequelae were more likely to receive the link to the survey, which may have
caused a selection bias. Moreover, the survey was only spread in the Flemish speaking
part of Belgium. Therefore, the results cannot be generalised towards all patients who
underwent a COVID-19 infection. Finally, in this survey, only one evaluation took place,
namely after infection with COVID-19. Other study designs with a longitudinal aspect
(for example a cohort study in 1000 respondents without symptoms) in which evaluations
are performed at several time points could have provided information about causality.
More information on existing comorbidities, medication use, the presence of structural
dysfunctions, psychological factors or severity of COVID-19 infection in addition to pre-
infection status should be recorded in future studies to evaluate their potential influence
on the relation between symptoms of central sensitisation and COVID-19 infection.

5. Conclusions

This online survey indicated the presence of symptoms of central sensitisation in a
sample of post COVID-19 infection patients. Moreover, the more functional limitations
due to COVID-19 infection, the higher the degree of symptoms of central sensitisation. The
results of this study suggest the need for multimodal rehabilitation and patient education
in patients after COVID-19 infection.
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